UNIVERSITY OF TORONTO
FACULTY OF APPLIED SCIENCE AND ENGINEERING
APS105 — Computer Fundamentals
Quiz #2 Solutions
March 12, 1999, 4:10-5:00 p.m.

Exam Type A:

Thisisa"closed book” examination; no aids are permitted.
Calculator Type 4:

No calculators allowed.

Write your answer in the space that follows each question. If more space is required, continue on the back
of the preceding page, and be sure to indicate on the front that you have done so.

The examination has 6 pages.
All questions are worth 10 marks each.
For all questions, you may assume that the following St di n methods are available:

Stdin.getlnt(),Stdin.getDoubl e(),andStdin. getChar().
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Question 1 [10 marks]
Write a method to determine whether or not an integer array is already in sorted order. Be efficient. Do not
sort or otherwise modify the array. Returnt r ue of the array is aready in ascending or descending order,
otherwisereturnf al se.

Notethat thearrays{ },{42},{1,2,6,9,9,11 } and{ 11, 9,9, 6, 2, 1 } are considered sorted, however
{1,3,4,2,0} isnot.

public class Questionl

{
public static boolean isSorted( int[] array )
{
/1 first, test if it is ascending
bool ean i sAscendi ng = true;
for( int i=1; i < array.length; i++ ) {
if( array[i-1] > array[i] ) {
isAscending = false; [// it is not ascending
br eak; /1 maybe it is descending
}
}
if( isAscending )
return true; /1 it is sorted
/1 it is not ascending. test if it is descending
for( int i=1; i < array.length; i++ ) {
if( array[i-1] < array[i] ) {
return fal se; /1 it is not descending either
}
}
/1 it is descending
return true;
}
}



Question 2 [10 marks]

Write anon-recur sive method to reverse the order of the elementsin alinked list. Notethat al elementsare
to be rearranged. You may not use any other methods, such asi nsert (), to help you. Do not needlessly
create new Li st El emobjects.

class ListEl em

{

int val ue;
Li st El em next;

}

cl ass Li nkedLi st

{

private ListEl em head;

public void reverse()

{

Li stEl emrevhead = null;
while( head !'= null ) {

/'l renove the ' head of original |ist
Li st El em ol dHeadEl em = head,;
head = head. next;

/] insert it into the reversed |i st
ol dHeadEl em next = revhead;
revhead = ol dHeadEl em

}

head = revhead;



Question 3 [10 marks]

On the last page of thistest isthe code for the QuickSort routine described in class. Do not write anything
on that page, but you may removeit from the test and write your answer in the space below.

One change has been made to the QuickSort class: the sor t SubAr r ay() method now counts how
many timesit is called while sorting, and qsor t () must initialize and return this value.

You are to determine how many timesthesor t SubAr r ay() method iscalled when given the follow-
ing program. For full marks, you must show how you arrived at your answer.

cl ass Question3

13, 11 };

routine used " );
recursive calls." );

{
public static void main (String[] args)
{
int[] a={6, 3 12, 9, 2, -4,
int nunberOfCalls = QuickSort.gsort( a);
Systemout.print ( "The quicksort
Systemout.println( nunberOCalls + "
}
}
gsort

+- sortSubArray( a, 0, 7))

| after partitioning: a={6, 3 2, -4, 12, 9, 13, 11}
| after swapping pivot: a ={ -4, 3, 2, 6, 12, 9, 13, 11}
| m=3
+- sortSubArray( a, 0, 2)
| | after partitioning: a={ -4, 3, 2, 6, 12, 9, 13, 11}
| | after swapping pivot: a ={ -4, 3, 2, 6, 12, 9, 13, 11}
| | m=20
| +- sortSubArray( a, 0, -1)
| does nothing, returns imedi ately because | >= u
| +- sortSubArray( a, 1, 2)
| | after partitioning: a={-4 3, 2, 6, 12, 9, 13, 11}
| | after swapping pivot: a ={ -4, 2, 3, 6, 12, 9, 13, 11}
| | m=2
| +- sortSubArray( a, 1, 1)
| | does nothing, returns i medi ately because | >= u
| +- sortSubArray( a, 3, 2)
| does nothing, returns imredi ately because | >= u
+- sortSubArray( a, 4, 7))
| after partitioning: a={ -4, 2, 3, 6, 12, 9, 11, 13}
| after swapping pivot: a ={ -4, 2, 3, 6, 11, 9, 12, 13}
| m=6
+- sortSubArray( a, 4, 5)
| | after partitioning: a={-4 2, 3, 6, 11, 9, 12, 13}
| | after swapping pivot: a=1{ -4, 2, 3, 6, 9, 11, 12, 13}
| | m=5
| +- sortSubArray( a, 4, 4)
| does nothing, returns i medi ately because | >= u
| +- sortSubArray( a, 6, 5)
| does nothing, returns imedi ately because | >= u
+- sortSubArray( a, 7, 7))
does nothing, returns i medi ately because | >= u



Question 4 [10 marks]

Some businesses spell out their phone number with letters or a combination of numbers and letters. For ex-
ample, 310-DELL (i.e., 310-3355) isthe phone number for Dell Computer. Using recursion, writeaprogram
(includingamai n() method) that maps a phone number to all possible strings.

The recur sive method must take an integer (i.e., a phone number) as a parameter, plus any additional
parameters you need. It must print out all possible letter and number combinations, one per line. Note that
the phone number may contain more or less than the usual 7 digits.

If given the number 3, your program should print “3”, “D”, “E”, and “F’ (one per line) as solutions. If
given the number 3103355, it must print “310DELL”, “D10DELL", “D10DDJJY’, etc. (in any order, for a
total of 4% 1«1 %4 %4 x4 x4 = 1024 unique solutions). It should quit if anumber < 0 isentered. You do
not need to print out the dash “—" or any other special characters, e.g. parentheses for (905).

The two-dimensional array containing this mapping is given to you; notice that mapping[digit][0] gives
you the first possible mapping string, mapping[digit][1] give the next one (if possible), etc.

cl ass Question4

{
private static String[][] mapping =
{ (o,
{ "1" }, { 2", "A", "B, "C" '}, { "3, "D, "E', "F"}
{ "4", "G, "H, "1™}, { "5, "J", "K', "L" }, { "6", "M, "N', "O }
¢ e, P, "R, ST}, o8, T, Ty, v, {9, tw, X, Y
H
public static void mapPhoneNunber( int nunber, String solution)
{
if( nunber == 0 )
Systemout.println( solution );
el se {
int digit = nunber % 10;
for( int i =0; i < mapping[digit].length; i++ ) {
mapPhoneNunber ( nunber/ 10, mapping[digit][i]+solution );
}
}
}
public static void main( String[] args )
{
while( true ) {
int n = Stdin.getlnt();
if( n<=0) break;
mapPhoneNunber ( n, "" );
}
}
}



QuickSort Codefor Question 3
You may remove this page from the test. Do not write on this page.

cl ass Qui ckSort

{
private static int nunCalls;
public static int gsort( int[] array )
{
nuntCal s = 0;
sort SubArray( array, O, array.length-1);
return nuntCall s;
}
private static void sortSubArray( int[] array, int |,
{
nuntCal | s++;
if( I >=u)
return;
/1 find the pivot val ue
/1 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.
/1 move 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 );
}
}
/1 move the pivot to the correct position
swap( array, I, m);
/1 recursively sort the partitions
sort SubArray( array, |, m1l);
sort SubArray( array, mtl, u );
}
private static void swap( int[] array, int i, int j )
{
int tenp = array[i];
array[i] = array[j];
array[j] = tenp;
}
}



