Eachquestionis worth 10 markseach.

Question 1 [10 marks]
A hetero-literal word pairis definedasa pair of wordshaving no lettersin common.

As examples, " TOM' and" CRUI SE" form a hetero-literaord pair
"WAYNE" and" GRETZKY" donot(becausef theE andY in eachword).

Write a static Java methodcalledi sHet er o() thathastwo St ri ng parameterswor dA andwor dB.
Themethodshouldreturnabool ean value:t r ue if wor dA andwor dB form a hetero-literaword pair,
andf al se if they do not. You may useary of the methodsn the St r i ng class. In particular you may
wishto usethemethodchar At ( n) to obtainthecharacteatpositionn in theSt ri ng. Youmayassume
thatthe stringscontainonly uppercaséetters.
Question 2 [10 marks]
Considerthe mainmethodshavn below:

public static void main (String[] args)

{
doubl e x1, yl1, x2, y2, distance;
x1 = 2.4;
yl = 1.5
X2 = 6.7;
y2 = 3.0;
di stance = Math.sgrt( (x2-x1)*(x2-x1) + (y2-yl)*(y2-yl) );
Systemout.println( "D stance between points: " + distance );
}
a) [7 marks]

Write a completeclassCPoi nt thatcould be usedby the following mainmethodto give exactly the same
resultsasthe main methodshav abore. You shouldproperly hide (i.e., encapsulateqry aspectf your
classthatarenotdirectly usedby the mainprogrambelow.

public static void main (String[] args)

{

CPoint pl = new CPoint(2.4,1.5);

CPoi nt p2 = new CPoint(6.7,3.0);

doubl e di stance = pl.di stanceFrom p2);

Systemout.println( "D stance between points: " + distance );
}

b) [3 marks]
Add a method,calledi sOnBi sect or (), to the CPoi nt class. This methoddeterminesvhetherthis
pointis on the perpendicular bisector of aline sgmentdefinedby two otherPoi nt objects,pl andp2,
which arepassedisparametersThatis, it shouldreturnabool ean value:t r ue if thispointis equidistant
from pl andp2, andf al se otherwise.You mayassumehatcomputerarithmeticis perfectlyprecise.
/1 exanpl e usage of isOnBisector() nethod
CPoint p3 = new CPoint(5.0,1.1);
if( p3.isOnBisector(pl,p2) )
Systemout.println( "Yes, p3 is on the bisector." );
el se
Systemout.printin( "No, p3 is not on the bisector." );



Question 3 [10 marks]

Assumethatalinkedlist hasnodesthathave beendefinedby thefollowing:
class El em

{
public int val ue;
public El em next;

Write}aJa/a methodthatwill beinvoked by a call of theform x. pri nt Mer ged(y), wherex andy are
bothlinked lists of typeLi st . Thecontentsof eachlist arealreadysortedin strictly ascendingrder The
methodshouldprint in ascending order all of the valuescontainedoy the unionof bothlists, onevalueper
line. You mayassumehatthelists have no elementdn common.In your solution,do not sort or modify
either list, write/call any other methods except Syst em out . printl n(),or create any new objects.

cl ass Li st

{
private El em head,;
[/ fill in rest

Question 4 [10 marks]

Lacsaps triangleis a triangulararrayof integersin which eachrow begins andendswith the row number
andeachnumberin theinterior of thetriangleis the sumof two the numberson eithersidein the previous
row. Thediagrambelov shaws thefirst five rows of Lacsaps triangle.

5 11 14 11 5

Write astaticJaramethod acsap() , thattakesasingleparameter nt n. It shouldprintthefirstn rows
of Lacsaps triangle,with onerow perline and one spacebetweenthe numbersin a row. For simplicity,
assumehatn >= 1 anddo nottry to print thetrianglein thesymmetricaform shavn above.

Hint: youwill needto usearraysto storeyour results.

Question 5 [10 marks]
A polynomialof theform
p(z) =ag+aiz+at’ +... +aix' + ... +a,z"

canbeevaluatedmoreefficiently usingatechniqueknown asHorner’srule. Hornersrule avoidscomputing
the numerous:® valuesexplicitly, sincethis is redundanandslow, by rewriting andevaluatingp(z) in the
form shavn belov

pr)=ay+z - (a1+z-(aa+...+z-(a;i+...+z(ay)...)...))

Write a recursive methodhor ner () , which evaluatesa polynomialusingHorners rule andreturnsthe
numericvalueof p(z). The parametedoubl e[ ] a holdsthe coeficientsa; in anarray doubl e x is
thevalueatwhich the polynomialis to be evaluatedandi nt i isamarkeryou mustuseto keeptrackof
your recursion.If you do not use recursion, you will receive a maximum of 5 marks.

public static double horner (double[] a, double x, int i)



All questionsareworth 10 markseach.
Question 1 [10 marks]
Write a methodto determinewhetheror notanintegerarrayis alreadyin sortedorder Be efficient. Do not
sort or otherwise modify the array. Returnt r ue of thearrayis alreadyin ascendingr descendingrder
otherwisereturnf al se.

Notethatthearrays{ }, { 42}, { 1,2,6,9,9,11} and{ 11,9, 9, 6, 2, 1 } areconsideredsorted,
however{ 1,3,4,2,0 } is not.

public class Questionl

{
public static boolean isSorted( int[] array )
[l fill in rest

Question 2 [10 marks]
Write anon-recur sive methodto reversethe orderof theelementsn alinkedlist. Notethatall elementsare

to berearrangedYou maynot useary othermethodssuchasi nsert (), to helpyou. Do not needlessly
createnew Li st El emobjects.

class ListEl em

{
int val ue;
Li st El em next;

}

cl ass LinkedLi st

{
private ListEl em head;
public void reverse()

/1 fill in rest



Question 3 [10 marks]
Onthelastpageof this testis the codefor the QuickSortroutinedescribedn class.Do notwrite arything
onthatpage but you mayremove it from thetestandwrite your answelin the spacebelow.
Onechangehasbeenmadeto the QuickSortclass:thesor t SubAr r ay() methodnow countshow
mary timesit is calledwhile sorting,andqgsort () mustinitialize andreturnthis value.
You areto determinehowv mary timesthesor t SubAr r ay() methodis calledwhengiventhefollow-
ing program.For full marks,you mustshov how you arrived atyour answer

cl ass Question3

{
public static void main (String[] args)
{
int[] a={6, 3 12, 9, 2, -4, 13, 11 };
int nunberOfCalls = QuickSort.qgsort( a);
Systemout.print ( "The quicksort routine used " );
Systemout.println( nunberOfCalls + " recursive calls." );
}
}

Question 4 [10 marks]

Somebusinessespell out their phonenumberwith lettersor a combinationof numbersand letters. For
example,310-DELL (i.e., 310-3355)is the phonenumberfor Dell Computer Using recursion,write a
program(includinganai n() method)thatmapsa phonenumberto all possiblestrings.

Therecursive methodmusttake aninteger (i.e., a phonenumber)asa parameterplus ary additional
parametergou need.Ilt mustprint outall possibleletterandnumbercombinationspneperline. Note that
the phone number may contain more or less than the usual 7 digits.

If giventhe number3, your programshouldprint “3”, “D”, “E”, and“F” (oneperline) assolutions.If
giventhe number3103355,it mustprint “310DELL", “D10DELL", “D10DDJJ", etc. (in ary order for a
totalof4-1-1-4-4-4-4 = 1024 uniquesolutions).It shouldquit if anumber< 0 is entered.Youdo not
needto print outthedash*—" or ary otherspecialcharacterse.g.parenthesefor (905).

Thetwo-dimensionalrraycontainingthis mappingis givento you; noticethatmapping[digit][0] gives
you thefirst possiblemappingstring, mapping[digit][1] give the next one(if possible)getc.

cl ass Question4

{
private static String[][] mapping =
{ {70},
{ "1 1}, { 2", "A*, "B, "C" '}, { "3, "D, "E', "F'}
{ "4, "G, "H, "1™}, {"5", "J", "K', "L" }, {"6", "M, "N, "O }
¢ v, P, "R, ST}, {8, T, U, Vv, {9, tw, X, YT
b
[l fill in rest
}



QuickSort Code for Question 3
You may remove this pagefrom thetest. Do not write on this page.

cl ass Qui ckSort

{
private static int nunCalls;
public static int gsort( int[] array )
{
nuntCal I's = O;
sort SubArray( array, 0O, array.length-1);
return nuntCal | s;
}
private static void sortSubArray( int[] array, int I, int u)
{
nuntCal | s++;
if( 1l >=u)
return;
/1 find the pivot val ue
/] use the array[l] point as the pivot
final int pivot = array[l];
int m=1;
/1 scan the sub-array froml to u,
I partitioning it to 2 groups.
/] nmove values < p to positions <=min the array
/'l keep values >= p to positions >min the array
for( int i=l+1; i <=u; i++) {
if( array[i] < pivot ) {
mt+;
swap( array, m i );
}
}
/'l nove the pivot to the correct position
swap( array, I, m);
/'l recursively sort the partitions
sort SubArray( array, |, m1l);
sort SubArray( array, mtl, u );
}
private static void swap( int[] array, int i, int j )
{
int temp = array[i];
array[i] = array[j];
array[j] = tenp;
}
}



