
Eachquestionis worth10markseach.

Question 1 [10 marks]
A hetero-literal wordpair is definedasapair of wordshaving no lettersin common.

As examples, "TOM" and"CRUISE" form ahetero-literalwordpair
"WAYNE" and"GRETZKY" donot (becauseof theE andY in eachword).

Write a staticJava methodcalledisHetero() that hastwo String parameters,wordA andwordB.
Themethodshouldreturnaboolean value:true if wordA andwordB form a hetero-literalword pair,
andfalse if they do not. You mayuseany of themethodsin theString class.In particular, you may
wish to usethemethodcharAt(n) to obtainthecharacteratpositionn in theString. Youmayassume
thatthestringscontainonly uppercaseletters.
Question 2 [10 marks]
Considerthemainmethodshown below:
public static void main (String[] args)
{

double x1, y1, x2, y2, distance;
x1 = 2.4;
y1 = 1.5;
x2 = 6.7;
y2 = 3.0;
distance = Math.sqrt( (x2-x1)*(x2-x1) + (y2-y1)*(y2-y1) );
System.out.println( "Distance between points: " + distance );

}

a) [7 marks]
Write a completeclassCPoint thatcouldbeusedby thefollowing mainmethodto give exactly thesame
resultsasthe main methodshow above. You shouldproperlyhide (i.e., encapsulate)any aspectsof your
classthatarenotdirectly usedby themainprogrambelow.
public static void main (String[] args)
{

CPoint p1 = new CPoint(2.4,1.5);
CPoint p2 = new CPoint(6.7,3.0);
double distance = p1.distanceFrom(p2);
System.out.println( "Distance between points: " + distance );

}

b) [3 marks]
Add a method,calledisOnBisector(), to the CPoint class. This methoddetermineswhetherthis
point is on theperpendicular bisector of a line segmentdefinedby two otherPoint objects,p1 andp2,
whicharepassedasparameters.Thatis, it shouldreturnaboolean value:true if thispoint is equidistant
from p1 andp2, andfalse otherwise.Youmayassumethatcomputerarithmeticis perfectlyprecise.

// example usage of isOnBisector() method
CPoint p3 = new CPoint(5.0,1.1);
if( p3.isOnBisector(p1,p2) )

System.out.println( "Yes, p3 is on the bisector." );
else

System.out.println( "No, p3 is not on the bisector." );
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Question 3 [10 marks]
Assumethata linkedlist hasnodesthathave beendefinedby thefollowing:

class Elem
{

public int value;
public Elem next;

}
Write a Java methodthatwill be invokedby a call of theform x.printMerged(y), wherex andy are
bothlinked lists of typeList. Thecontentsof eachlist arealreadysortedin strictly ascendingorder. The
methodshouldprint in ascending order all of thevaluescontainedby theunionof bothlists,onevalueper
line. You mayassumethat the lists have no elementsin common.In your solution,do not sort or modify
either list, write/call any other methods except System.out.println(), or create any new objects.

class List
{

private Elem head;
// fill in rest

}

Question 4 [10 marks]
Lacsap’s triangleis a triangulararrayof integersin which eachrow beginsandendswith therow number,
andeachnumberin theinterior of thetriangleis thesumof two thenumberson eithersidein theprevious
row. Thediagrambelow shows thefirst five rows of Lacsap’s triangle.

1
2 2

3 4 3
4 7 7 4

5 11 14 11 5

Write astaticJavamethodlacsap(), thattakesasingleparameterint n. It shouldprint thefirstn rows
of Lacsap’s triangle,with onerow per line andonespacebetweenthe numbersin a row. For simplicity,
assumethatn >= 1 anddo not try to print thetrianglein thesymmetricalform shown above.
Hint: youwill needto usearraysto storeyour results.

Question 5 [10 marks]
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canbeevaluatedmoreefficiently usingatechniqueknown asHorner’s rule. Horner’s ruleavoidscomputing
thenumerous� � valuesexplicitly, sincethis is redundantandslow, by rewriting andevaluating�����!� in the
form shown below�����!�"�
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Write a recursive methodhorner(), which evaluatesa polynomialusingHorner’s rule andreturnsthe
numericvalueof �����!� . Theparameterdouble[] a holdsthecoefficients 	 � in an array, double x is
thevalueat which thepolynomialis to beevaluated,andint i is a marker you 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)
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All questionsareworth10markseach.
Question 1 [10 marks]
Write a methodto determinewhetheror not anintegerarrayis alreadyin sortedorder. Be efficient. Do not
sort or otherwise modify the array. Returntrue of thearrayis alreadyin ascendingor descendingorder,
otherwisereturnfalse.

Note that the arrays ,.- , , 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 Question1
{

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

}

Question 2 [10 marks]
Write anon-recursive methodto reversetheorderof theelementsin a linkedlist. Notethatall elementsare
to berearranged.You maynot useany othermethods,suchasinsert(), to helpyou. Do not needlessly
createnew ListElem objects.

class ListElem
{

int value;
ListElem next;

}

class LinkedList
{

private ListElem head;

public void reverse()
{

// fill in rest
}

}
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Question 3 [10 marks]
On thelastpageof this testis thecodefor theQuickSortroutinedescribedin class.Do not write anything
on thatpage,but youmayremove it from thetestandwrite youranswerin thespacebelow.

Onechangehasbeenmadeto the QuickSortclass:thesortSubArray() methodnow countshow
many timesit is calledwhile sorting,andqsort() mustinitialize andreturnthisvalue.

Youareto determinehow many timesthesortSubArray() methodis calledwhengiventhefollow-
ing program.For full marks,youmustshow how youarrivedatyouranswer.

class Question3
{

public static void main (String[] args)
{

int[] a = { 6, 3, 12, 9, 2, -4, 13, 11 };
int numberOfCalls = QuickSort.qsort( a );
System.out.print ( "The quicksort routine used " );
System.out.println( numberOfCalls + " recursive calls." );

}
}

Question 4 [10 marks]
Somebusinessesspell out their phonenumberwith lettersor a combinationof numbersandletters. For
example,310–DELL (i.e., 310–3355)is the phonenumberfor Dell Computer. Using recursion,write a
program(includingamain() method)thatmapsaphonenumberto all possiblestrings.

The recursive methodmusttake an integer (i.e., a phonenumber)asa parameter, plus any additional
parametersyou need.It mustprint out all possibleletterandnumbercombinations,oneperline. Note that
the phone number may contain more or less than the usual 7 digits.

If giventhenumber3, your programshouldprint “3”, “D”, “E”, and“F” (oneper line) assolutions.If
given thenumber3103355,it mustprint “310DELL”, “D10DELL”, “D10DDJJ”, etc. (in any order, for a
totalof / $�01$�0($ / $ / $ / $ / �20�354 / uniquesolutions).It shouldquit if anumber6 3 is entered.Youdonot
needto print out thedash“–” or any otherspecialcharacters,e.g.parenthesesfor (905).

Thetwo-dimensionalarraycontainingthismappingis givento you; noticethatmapping[digit][0]gives
you thefirst possiblemappingstring,mapping[digit][1]give thenext one(if possible),etc.

class Question4
{

private static String[][] mapping =
{ { "0" },

{ "1" }, { "2", "A", "B", "C" }, { "3", "D", "E", "F" },
{ "4", "G", "H", "I" }, { "5", "J", "K", "L" }, { "6", "M", "N", "O" },
{ "7", "P", "R", "S" }, { "8", "T", "U", "V" }, { "9", "W", "X", "Y" }

};

// fill in rest

}
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QuickSort Code for Question 3
Youmayremove thispagefrom thetest.Do not write on this page.

class QuickSort
{

private static int numCalls;

public static int qsort( int[] array )
{

numCalls = 0;
sortSubArray( array, 0, array.length-1 );
return numCalls;

}

private static void sortSubArray( int[] array, int l, int u )
{

numCalls++;

if( l >= u )
return;

// find the pivot value
// use the array[l] point as the pivot
final int pivot = array[l];

int m = l;

// scan the sub-array from l to u,
// partitioning it to 2 groups.
// move values < p to positions <=m in the array
// keep values >= p to positions >m in the array
for( int i=l+1; i <= u; i++ ) {

if( array[i] < pivot ) {
m++;
swap( array, m, i );

}
}

// move the pivot to the correct position
swap( array, l, m );

// recursively sort the partitions
sortSubArray( array, l, m-1 );
sortSubArray( array, m+1, u );

}

private static void swap( int[] array, int i, int j )
{

int temp = array[i];
array[i] = array[j];
array[j] = temp;

}
}
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