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1. [14 Marks] Circle thecorrectanswerfor eachof thefollowing:

(a) True or False: Everyelementin anarraymustbeof thesametype.

(b) True or False: In Java, onecannotcreateanarrayof objects,only anarrayof refer-
encesto objects.

(c) True or False : An instancevariableof a classcanonly be modifiedby a mutator
method.

(d) True or False: Thedeclarationint[][] table = new table[5][]; is valid.
Thisquestioncontainedatypo. It wasintendedto beint [][] table = new int[5][];.
Eitheranswerfor this questionis thereforeacceptable.

(e) True or False : Multiple constructorsfor anobjectcanbecreatedprovidedthey each
haveadifferentreturntype.

(f) True or False : a.length() invokesamethodto find thelengthof arraya.

(g) True or False : For asequentialsearchto work correctly, thelist mustbesorted.

(h) True or False : Methodsthathave two or morerecursivecallsarealwaysslow.

(i) True or False: Recursionrequires1) abasecaseand2) awayof writing theproblem
asa simplerversionof thesameproblem.

(j) True or False: The declarationint[] list = new int[10]; automatically
initializestheelementsof list.

(k) True or False : A binarysearchworkswell on linkedlists becausethey areeasierto
keepin orderandcanbeof unlimitedlength.

(l) True or False : ’a’ < ’A’ < ’b’ < ’B’ is a valid lexicographicorderingin
Java.

(m) True or False : Givenn elementsto sort,any sortingalgorithmmustcompareevery
possiblepair of elements.

(n) True or False: Array indexesalwaysstartat 0 in Java.
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2. [10 Marks]

In mathematics,amatrix is saidto besymmetrical if thematrix is squareand,for all possible
valuesof i and j, theelementin the ith row and jth columnis equalto theelementin the jth

row andith column.As anexample,thematrix shown below is symmetrical.

5 2 7 0
2 4 9 1
7 9 6 3
0 1 3 4

Completethedefinitionof a methodisSymmetrical sothat it returnstrue if andonly
if theelementsof anarrayform asymmetricalmatrix. In yourmethod,youmayassumethat
thearrayis rectangularbut nootherassumptionsshouldbemade.

public static boolean isSymmetrical (int[][] a)
{

// sol’n shown below only loops over 1/2 the off-diagonal
// elements, comparing them to the other half.
// A solution where i,j loop over all possible values is
// less efficient, but correct.
if (a.length != a[0].length) return false ; // not square
for (int i = 0; i < a.length; i++)
for (int j = 0; j < i; j++)

if (a[i][j] != a[j][i]) return false ;
return true ;

}

3. [10 Marks]

Completethedefinitionof a recursive methodfromBase thathastwo integerparameters:
the first parameter, n, is a non-negative numberand the secondparameter, b, is the base
in which n is written. The methodshouldreturn the base10 value of the number. As
an example,since325

� 17, a call to the methodof the form fromBase(32,5) should
return17. Youshouldassumethat2

�������	�
andthat 
�� � . Notethatthemethodmustbe

recursive. No creditwill begivenfor a non-recursiveversion.

public static int fromBase (int n, int b)
{

if (n < b)
return n ;

else
return n % 10 + b * fromBase(n/10, b);

}
// Bonus: An even better solution might check that n % 10 < b

4. [15 Marks]

A Blip is a singledot at locationx � y which moveswith constantvelocity componentsvx � vy

acrossa computerscreenof sizeWIDTH by HEIGHT. (Note: all valuesareintegers).Fur-
thermore,Blips obey thefollowing constraints:
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� Therangeof valuesfor x � vx is 0 to WIDTH-1 while therangeof valuesfor y� vy is 0 to
HEIGHT-1.

� When a Blip is created,the locationandvelocity valuesare randomlychosenfrom
within their valid range.

� A Blip movesby addingthevelocity componentsto the x andy location. If theBlip
movesoff thescreen,it appearson theothersideby usingmoduloarithmetic.

� If two Blips collide by sharingthesamelocation,they losetheir velocity andbecome
stationary.

Youmustwrite two things:

(a) a Blip classthatobeys theaboveconstraints,and

(b) a mainmethod(ascreensaver!) thatmoves100blip objectsaround.

Themainmethodshouldoperatein aninfinite loop thatmustfirst moveall theblips before
checkingif any of themcollide.

Note:Math.random() returnsa randomdoublevaluex in theinterval 0
�

x 
 1.

class Blip
{

private int x, y, velx, vely;
private static final int WIDTH = 1024;
private static final int HEIGHT = 768;

public Blip()
{

x = (int)(Math.random() * WIDTH);
y = (int)(Math.random() * HEIGHT);
velx = (int)(Math.random() * WIDTH);
velx = (int)(Math.random() * HEIGHT);

}

public void move()
{

x = (x + velx) % WIDTH;
y = (y + vely) % HEIGHT;

}

private void crash()
{

velx = vely = 0;
}

private void checkCrash( Blip other )
{

if( x == other.x && y == other.y ) {
crash();
other.crash();

}
}

public static void main(String[] args)
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{
Blip[] blips = new Blip[100];

while( true ) {

// move all the blips
for( int i=0; i < blips.length; i++ ) {

if( blips[i] == null ) blips[i] = new Blip();
else blips[i].move();

}

// check for collisions
for( int i=0; i < blips.length; i++ ) {

for( int j=i+1; j < blips.length; j++ ) {
// NB: i != j
blips[i].checkCrash( blips[j] );

}
}

}
}

}

5. [10 Marks]

Given the definitionsbelow of the componentsin a linked list, completethe definition of
thesplit() methodbelow to divide onelinked list into two smallerones. two smallerones.
The original list keepsthe front part, andthesplit() methodreturnsa new linked list
containingthebackpart.

Thesplittingpoint is foundasfollows. Theheadof thenew linkedlist will bethefirstItem
in theoriginal list whosevalue matchesthekey parameter. If nomatchexists,theoriginal
list mustremainintactandsplit() will returnanemptylist.

Your solution may not create or delete any Items, nor may it use arrays.

class Item
{

public int value ;
public Item next ;

}

class List
{

private Item head;

public List split(int key)
{

List newList = new List(); // create new, empty list

Item current = head ; // start search at beginning of list
Item last = null ;

boolean found = false ;

while (!found && current != null)
{
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if (current.value == key) // found item!
{
found = true ;

newList.head = current ; // make Item referenced by ’current’ first
// element in list 2

if (current == head) // list 1 will be empty
head = null ;

else
last.next = null ; // make Item referenced by ’last’ the

} // last element in list 1
else // keep searching
{
last = current ;
current = current.next ;

}
}

return newList ;
}

}

6. [16 Marks]

Supposethatanarrayis known to containonly integersin therange0
�

i
�

5. For eachof
thefollowing operationson suchanarray,
i) indicatewhetherit is easierto implementtheoperationif thearrayis known to besorted
in non-decreasingorder, and
ii) completethedefinitionof amethodthatwill performtheoperationefficiently onasorted
array.

(a) Find andreturntheminimumvaluein thearray.

public static int minimum (int[] list)
{

// assume list != null and list.length != 0
return list[0];

}

This operationis easiergivenasortedarray.

(b) Computeandreturnthemean(average)of thevaluesstoredin thearray.

public static double mean (int[] list)
{

int sum = 0 ;

for (int i=0; i < list.length; i++)
sum += list[i] ;

// assume list.length != 0
return (double)sum/list.length ;

}
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This operationdoesnot benefitfrom thearraybeingsorted.

(c) Createandreturnanarraycontainingthenumberof occurrencesof eachvaluein the
originalarray. Forexample,if theoriginalarraycontainedthevalues� 2� 3� 5� 1� 0� 1� 2� 1�
thenthemethodshouldproduceanarraycontaining� 1� 3� 2� 1� 0� 1� .

public static int[] frequency (int[] list)
{

int [] freq = new int[6] ; // know we only need account for 0 to 5

for (int i = 0; i < list.length; i++)
freq[list[i]]++ ;

return freq ;
}

Thisoperation(asimplemented)doesnot benefitfrom asortedarray. Now, if younote
that if the array is sortedthat you needto only countuntil you seethe first 5, then
numberof 5’s is just the numberof itemsremainingin the list. To getcredit for this
interpretation(i.e. thattheoperationis moreefficient if sorted),youmustexplainwhy.

// Alternative solution
public static int[] frequency (int[] list)
{

int [] freq = new int[6] ; // know we only need account for 0 to 5

for (int i = 0; i < list.length && list[i] < 5; i++)
freq[list[i]]++ ;

freq[5] = list.length - i ;

return freq ;
}

(d) Computeandreturnthe mode. A modeis a valuethat appearsmorefrequentlythan
any other. Youmayassumethatthelist containsonly onemode.

public static int mode (int[] list)
{

int [] freq = frequency(list); // get freq dist’n from ’list’

int mode = 0 ; // init with an element from the freq array

for (int i = 1; i < freq.length; i++)
if (freq[i] > freq[mode])

mode = i ;

return mode ;
}

As written,thisoperationdoesnot benefitfrom asortedarray. However, aspointedout
in thepreviouspart,otherimplementationsmight.

Note that an improvementis possiblehere: as the loop iterates,if the currentvalue
of mode canbeshown to be largeenoughthat it cannotbeexceededby countingthe
numbersremainingin the list thenyou canterminatethe loop early. (A goodway to
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determinethis is to keeptrackof thetotal numberof list elementsaccountedfor so
far.)

// Alternative solution
public int mode(int [] list)
{

int freq = new int[6] ;

int i = 0 ;
int mode = 0 ;

while (i < list.length && list[i] < 5)
{
final int thisNumber = list[i++] ;
freq[thisNumber]++ ;
if (freq[thisNumber] > freq[mode])

mode = thisNumber ;
int remaining = list.length - i ;
if (freq[mode] > remaining)

return mode ;
}
freq[5] = list.length - i ;
if (freq[5] > freq[mode])
mode = 5 ;

return mode ;
}
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