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Write your answerin the spacehatfollows eachquestion.
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1. [14 Marksg] Circle the correctanswerfor eachof thefollowing:

(a) or False: Every elementin anarraymustbe of the sametype.

(b) or False: In Jasa, onecannotcreatean arrayof objects,only anarrayof refer
encedo objects.

(c) True or[False]: An instancevariableof a classcan only be modified by a mutator
method.

(d) [True]orFalse: Thedeclaratiori nt[][] table = new tabl e[ 5][]; isvalid.
Thisquestiorcontainedatypo. It wasintendedobei nt [][] table = new int[5][]; .
Eitheransweffor this questions thereforeacceptable.

(e) Trueor|False|: Multiple constructorsor anobjectcanbe createdprovidedthey each
have adifferentreturntype.

(f) Trueor[False| a. | engt h() invokesamethodto find thelengthof arraya.
(g) Trueor|False]: For asequentiabearcto work correctly thelist mustbe sorted.
(h) Trueor|[False]: Methodsthathave two or morerecursie callsarealwaysslow.

0] or False: Recursiorrequiresl) abasecaseand?2) away of writing the problem
asasimplerversionof the sameproblem.

() or False: Thedeclarationi nt[] list = new int[10]; automatically
initializestheelementof | i st .

(k) Trueor|False| A binarysearchworkswell on linkedlists becausghey areeasierto
keepin orderandcanbe of unlimitedlength.

() Trueor|[Falsel 'a’ <'A <'b < 'B isavalid lexicographicorderingin
Java.

(m) Trueor[False]: Givenn elementso sort, ary sortingalgorithmmustcompareevery
possiblepair of elements.

(n) or False: Array indexesalwaysstartat 0 in Java.



2. [10 Marks]

In mathematicsa matrixis saidto besymmetrical if thematrixis squareand,for all possible
valuesof i and j, the elementn thei™ row and j columnis equalto the elementn the j
row andi® column.As anexample,the matrix shavn below is symmetrical.
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Completethe definitionof amethodi sSymmet ri cal sothatit returnst r ue if andonly
if theelementof anarrayform asymmetricaimatrix. In your method,you mayassumehat
thearrayis rectangulabut no otherassumptionshouldbe made.

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

{

/1 sol’n shown below only | oops over 1/2 the off-di agona
/1 elenents, conparing themto the other half.

/1 A solution where i,j loop over all possible values is
/1 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]l[j] '=a[j]l[i]) return false

return true ;

}

3. [10 Marks]

Completethe definition of arecursve methodf r onBase thathastwo integerparameters:
the first parametern, is a non-ngatve numberandthe secondparameterb, is the base
in which n is written. The methodshouldreturnthe basel0 value of the number As
an example,since32; = 17, a call to the methodof the form f r onBase( 32, 5) should
returnl?. Youshouldassumehat2 < b < 10 andthatn > 0. Notethatthe methodmustbe
recursve. No creditwill begivenfor a non-recursie version.

public static int fromBase (int n, int b)

{
if (n < b)
return n ;
el se

return n %10 + b * fronBase(n/ 10, b);
}

/1 Bonus: An even better solution nmight check that n %10 < b

4. [15Marks]

A Blip is asingledot atlocationx,y which moveswith constantvelocity componentsy, vy
acrossa computerscreerof sizeWIDTH by HEIGHT. (Note: all valuesareintegers).Fur-
thermore Blips obey thefollowing constraints:



e Therangeof valuesfor x, vy is 0 to WIDTH-1 while the rangeof valuesfor y, vy is 0 to
HEIGHT-1.

e Whena Blip is created the location and velocity valuesare randomly chosenfrom
within their valid range.

¢ A Blip moveshby addingthe velocity componentgo the x andy location. If the Blip
movesoff thescreenijt appear®n the othersideby usingmoduloarithmetic.

¢ If two Blips collide by sharingthe samelocation,they losetheir velocity andbecome
stationary
You mustwrite two things:

(a) aBlip classthatobeystheabove constraintsand

(b) amainmethod(ascreenseer!) thatmoves100blip objectsaround.
Themainmethodshouldoperatein aninfinite loop thatmustfirst move all the blips before
checkingif any of themcollide.
Note: Mat h. r andon() returnsarandomdoublevaluexin theinterval 0 < x < 1.

class Blip

{

private int x, y, velx, vely;

private static final int WDITH = 1024;
private static final int HEl GHT = 768;
public Blip()

{

X (int)(Math.randon() * WDTH);

y (int)(Math.randon() * HElI GHT);
vel x = (int)(Math.randon() * WDTH);
vel x = (int)(Math.randon() * HElI GHT);
}
public void nove()
{
X = (x + vel x) % W DTH,
y = (y + vely) % HEl GHT;
}
private void crash()
{
vel x = vely = 0;
}
private void checkCrash( Blip other )
{
if( x == other.x & y == other.y ) {
crash();
ot her.crash();
}
}

public static void nain(String[] args)



Blip[] blips = new Blip[100];
while( true ) {

/1 nove all the blips

for( int i=0; i < blips.length; i++ ) {
if( blips[i] == null ) blips[i] = new Blip();
el se blips[i].mve();

}

/1 check for collisions
for( int i=0; i < blips.length; i++ ) {
for( int j=i+l; j < blips.length; j++ ) {
Il NB: i !=]
blips[i].checkCrash( blips[j] );

5. [10 Marks]

Giventhe definitionsbelon of the componentsn a linked list, completethe definition of
the split() methodbelow to divide onelinked list into two smallerones.two smallerones.
The original list keepsthe front part, andthe spl i t () methodreturnsa new linked list
containingthe backpart.

Thesplitting pointis foundasfollows. The headof thenew linkedlist will bethefirst1 t em
in theoriginallist whoseval ue matcheshekey parameterlf no matchexists,theoriginal
list mustremainintactandspl i t () will returnanemptylist.

Your solution may not create or delete any | t ens, nor may it use arrays.

class lItem

{

public int value ;
public Item next ;

}

cl ass Li st

{

private |Item head;

public List split(int key)

{
Li st newlLi st

new List(); // create new, enpty list

Itemcurrent = head ; // start search at begi nning of I|ist
Item | ast = nul |

bool ean found = fal se ;

while (!found & current !'= null)
{



if (current.value == key) // found item

{

found = true ;

newlLi st. head = current ; // nmake Itemreferenced by 'current’ first
/1 element in list 2
if (current == head) // list 1 will be enpty

head = nul |
el se
last.next = null ; // nake Itemreferenced by 'last’ the
} /1 last elenent in list 1
el se // keep searching

{

| ast = current
current = current. next

}
}
return newli st
}
}
6. [16 Markg]

Supposdhatanarrayis known to containonly integersin therange0 < i < 5. For eachof
thefollowing operationsn suchanarray

i) indicatewhetherit is easierto implementthe operationif thearrayis known to be sorted
in non-decreasingrder and

i) completethe definitionof a methodthatwill performthe operatiorefficiently onasorted
array

(a) Findandreturntheminimumvaluein thearray

public static int mininum (int[] list)

{

/1 assume list !'=null and list.length =0
return list[0];

}

This operationis easiergivenasortedarray
(b) Computeandreturnthe mean(average)of the valuesstoredin thearray

public static double mean (int[] list)

{
int sum= 0 ;
for (int i=0; i < list.length; i++)
sum += list[i]
/1 assume list.length =0

return (doubl e)sunilist.length ;
}



This operationdoesnot benefitfrom thearraybeingsorted.

(c) Createandreturnan arraycontainingthe numberof occurrence®f eachvaluein the
originalarray For example|f theoriginalarraycontainedhevalues{2,3,5,1,0,1,2,1}
thenthe methodshouldproduceanarraycontaining{1,3,2,1,0,1}.

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

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

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

return freq ;

}

This operation(asimplementedyloesnot benefitfrom a sortedarray Now, if younote
thatif the arrayis sortedthat you needto only countuntil you seethe first 5, then
numberof 5’s is just the numberof itemsremainingin thelist. To getcreditfor this
interpretation(i.e. thatthe operations moreefficientif sorted) you mustexplain why.

/1 Alternative solution
public static int[] frequency (int[] list)

{
int [] freq = newint[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 appearsnorefrequentlythan
ary other You mayassumehatthelist containsonly onemode.

public static int nmode (int[] list)

{
int [] freq = frequency(list); // get freq dist’'n from’list’
int node =0 ; // init with an elenment fromthe freq array
for (int i =1; i < freqg.length; i++)
if (freq[i] > freq[node])
node =i ;

return node ;

}

As written, this operationdoesnot benefitfrom a sortedarray However, aspointedout
in the previouspart,otherimplementationsnight.

Note that an improvementis possiblehere: asthe loop iterates,if the currentvalue
of node canbe shown to belarge enoughthatit cannotbe exceededy countingthe
numbersremainingin thelist thenyou canterminatethe loop early (A goodway to



determinghisis to keeptrackof thetotal numberof | i st elementsaccountedor so
far)

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

int freq = newint[6] ;

int i =0 ;
i nt node

0 ;

while (i < list.length & list[i] < 5)
{
final int thisNumber = list[i++]
freq[thi sNunber] ++ ;
if (freq[thi sNunber] > freq[node])
node = thi sNunmber ;
int remaining = list.length - i ;
if (freq[mde] > renmining)
return node ;

}

freq[5] =1list.length - i ;
if (freq[5] > freq[node])
node = 5 ;

return node ;



