Some Practice Problems for the C++ Exam

and Solutionsfor the Problems
The problems below are not intended to teach you how to programin C++. Y ou should not attempt
them until you believe you have magtered dl the topics on the "Checkligt” in the document entitled " Computer
Science C++ Exam’.
There are 39 problems. The solutions for the problems are given at the end, after the statement of
problem 39.

1. What isthe exact output of the program below? Indicate a blank space in the output by writing the symbol
[] . Indicae ablank linein the output by writing bl ank |i ne..

#i ncl ude <i ostream h>

mai n()

{
int n =4, k = 2;

cout << ++n << endl:
cout << n << endl;

cout << n++ << endl;
cout << n << endl;

cout << -n << endl;
cout << n << endl;

cout << --n << endl;
cout << n << endl;

cout << n-- << endl;
cout << n << endl;

cout << n + k << endl;
cout << n << endl ;
cout << k << endl;

cout << n << k << endl;

cout << n << endl;
cout << " " << n << endl;

cout << " n" << endl;
cout << "\n" << endl;

cout << " n* n ="; [/ CAREFUL!
cout << n * n << endl;



cout << 'n' << endl;

return O;



2. What is the output of the program below?

#i ncl ude <i ostream h>

mai n()

{
int n = 3;
while (n >= 0)
{

cout << n * n << endl;
__n;

}

cout << n << endl;

while (n < 4)
cout << ++n << endl ;

cout << n << endl;

while (n >= 0)
cout << (n /= 2) << endl;

return O;

3. What isthe output of the program below?
#i ncl ude <i ostream h>

mai n()

{

int n;

cout << (n = 4) << endl;
cout << (n == 4) << endl;
cout << (n > 3) << endl;
cout << (n < 4) << endl;
cout << (n = 0) << endl;
cout << (n == 0) << endl;
cout << (n > 0) << endl;
cout << (n && 4) << endl;

cout << (n || 4) << endl;
cout << (!n) << endl;
return O;



4. What isthe output of the following program?
#i ncl ude <i ostream h>

mai n()

{

enum col or _type {red, orange, yellow, green,

col or _type shirt, pants;

shirt = red;
pants = bl ue;

cout << shirt << " " << pants << endl;

return O;

5. What is the output when the following code fragment is executed?

int i =5 )] =6, k=7, n=3;
cout << i +j * k - k %n << endl;
cout << i / n << endl;

6. What isthe output when the following code fragment is executed?

int found = 0, count = 5;

if (!found || --count == 0)
cout << "danger" << endl;

cout << "count = " << count << endl;

7. Wha isthe output when the following code fragment is executed?

char ch;
char title[] = "Titanic";

ch =title[1l];
title[3] = ch;

cout << title << endl;
cout << ch << endl;

bl ue,

violet};



8. Suppose that the following code fragment is executed.

const int LENGTH = 21,
char nessage[ LENGTH] ;

cout << "Enter a sentence on the line below " << endl;
cin >> nessage;

cout << nessage << endl;

Suppose that in response to the prompt, the interactive user types the following line and presses Enter:

Pl ease go away.
What will the output of the code fragment look like?
9. Suppose that the following code fragment is executed.

const int LENGTH = 21,
char nessage[ LENGTH] ;

cout << "Enter a sentence on the line below " << endl;
cin.getline(nmessage, LENGIH, '\n');

cout << nessage << endl;

a. Suppose that in response to the prompt, the interactive user types the following line and presses Enter:

Pl ease go away.
What will the output of the code fragment look like?

b. Suppose that in response to the prompt, the interactive user types the following line and presses Enter:

Pl ease stop bothering ne.
What will the output of the code fragment look like?

10. Suppose that the following code fragment is executed.
const int LENGTH = 21;
char nmessage[ LENGTH] ;

cout << "Enter a sentence on the line below " << endl;

int i = 0;
do
{
cin >> message[i];
++i ;
}
while (i < LENGTH - 1 && nessage[i] !="\n");

message[i] = "'\0'"; // Term nate string with NUL char.



cout << nessage << endl;

[continued on the next page]



a. Suppose that in response to the prompt, the interactive user types the following line and presses Enter:
Pl ease go away.
What will the output of the code fragment look like?

b. Supposethat the statement "ci N >> nessage[i]; " isreplaced by the Satement
cin.get(nessage[i]);

Now what will the output of the code fragment look like if, in response to the prompt, the interactive
user types the following line and presses Enter?

Pl ease go away.

11. The nested conditional statement shown below has been written by an inexperienced C/C++ programmer.
The behavior of the statement is not correctly represented by the formatting.

if (n < 10)
if (n>0)
cout << "The nunber is positive." << endl;
el se
cout << "The nunber is " << endl;

a. What isthe output of the statement if the variadble n hasthevdue 7? If n hasthevadue 15?

If n hasthevaue- 37

b. Correct the syntax of the statement 0 that the logic of the corrected statement corresponds to the
formatting of the origind statement. Also, replace the blank with an appropriate word or phrase.

c. Correct the formatting of the (origind) statement so that the new format reflects the logica behavior of the
origind statement. Also, replace the blank with an appropriate word or phrase.

12. Theloop shown below has been written by an inexperienced C/C++ programmer. The behavior of the
loop is not correctly represented by the formatting.

int n = 10;

while (n > 0)

n/= 2

cout << n * n << endl;
a. What isthe output of the loop asit iswritten?
b. Correct the syntax of the loop so that the logic of the corrected loop corresponds to the for matting of the
origina loop. What isthe output of the corrected loop?
c. Correct the formatting of the (origind) loop so that the new format reflects the logica behavior of the origind
loop.



13. Remove dl the unnecessary tests from the nested conditiona statement below.

float income;

cout << "Enter your nonthly incone: X
cin >> incone;

if (income < 0.0)
cout << "You are going farther into debt every nonth." << endl;

else if (incone >= 0.0 && inconme < 1200.00)
cout << "You are living below the poverty line." << endl;

else if (incone >= 1200.00 && incone < 2500.00)
cout << "You are living in noderate confort." << endl;

else if (income >= 2500.00)
cout << "You are well off." << endl;

14. Answer the questions below concerning the following fragment of code.

int n;
cout << "Enter an integer: ";
cin >> n;

if (n < 10)
cout << "less than 10" << endl;

elseif (n > 5)
cout << "greater than 5" << endl;

el se
cout << "not interesting" << endl;

a. What will be the output of the fragment above if the interactive user entersthe integer value 0 ?

b. What will be the output of the fragment above if the interactive user entersthe integer value 15 ?
c. What will bethe output of the fragment above if the interactive user enters the integer vadue 7 ?

d. What vduesfor n will cause the output of the fragment aboveto be "not i nteresti ng"?

15. Rewrite the following code fragment sothat it usesa "do. . . whi | e. . . " loop to accomplish the same
task.
int n;
cout << "Enter a non-negative integer: ";
cin >>n;

while (n < 0)



cout << "The integer you entered is negative." << endl;

cout << "Enter a non-negative integer: ";
cin >> n;



16. In the code fragment below, the programmer has amost certainly made an error in the firgt line of the
conditional statement.
a. What isthe output of this code fragment asit is written?
b. How canit be corrected to do what is the programmer surely intended?
int n =5
if (n =0) // NOTE THE OPERATOR!!!
cout << "n is zero" << ".\n";

el se
cout << "n is not zero" << ".\n";

cout << "The square of nis " << n * n << ".\n";

17. What isthe output when the following code fragment is executed?

int n, k = 5;
n=(100 %k ? k +1: k - 1);
cout << "n =" << n << " k =" << k << endl;

18. What is the output when the following code fragment is executed?

i nt n;

float x = 3.8;

n =int(x);

cout << "n =" << n << endl;

19. What isthe output when the following code fragment is executed? Rewrite the fragment to obtain an
equivaent code fragment in which the body of the loop is a ssimple statement instead of a compound statement.

int i = 5;
while (i > 0)
.
__|;
cout << i << endl;
}

20. Thefallowing loopisan endless loop: when executed it will never terminate. What modification can be
made in the code to produce the desired output?

cout << "Here's a list of the ASCII values of all the upper”
<< " case letters.\n";

char letter = "A";
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while (letter <= "'2Z")
cout << letter << " " << int(letter) << endl;

21. Writeafunctionnamed "sum from_t 0" that takestwo integer arguments, cal them 'fi r st " and

"l ast ", and returns asits vaue the sum of dl theintegersbetween fi rst and | ast indusve Thus for
example,

cout << sumfromto(4,7) << endl; [/ willprint 22 because 4+5+6+7 = 22

cout << sumfromto(-3,1) << endl; // willprint -5 'cause (-3)+(-2)+(-1)+0+1=-5
cout << sumfromto(7,4) << endl; [/ willprint 22 because 7+6+5+4 = 22

cout << sumfromto(9,9) << endl; // willprint 9

22. Write afunction named "enough” that takes one integer argument, cdl it "goal " and returnsasits
vauethe smales positiveinteger n for which 1+2+3+. .. +n iséa least equa to goal . Thus, for example,
cout << enough(9) << endl; // willprint 4 because 1+2+3+4 [0 9 but 1+2+3<9
cout << enough(21) << endl;// will print 6 ‘cause 1+2+...+6 0 21 but 1+2+ . ..5<21
cout << enough(-7) << endl;// will print 1 because 10 -7 and 1isthesmalest

/' posgitive integer
cout << enough(1) << endl; // willprint 1 because 10 1and 1isthesmalest

/' | pogtive integer

DEFINITION: A postiveinteger d iscdled adivisor of aninteger n if and only if the remainder after n is
divided by d iszero. Inthiscaseweaso say that " d divides n", orthat " n isdivisbleby d". Hereare
some examples:

-> 7 isadivisorof 35; thatis, 35 isdivisbleby 7.

-> 7 isanotadivisor of 27; thatis, 27 isnotdivisbleby 7.

-> 1 isadivisorof 19; thatis 19 isdivisbleby 1 (infact, 1 isadivisor of every integer n).

-> 12 isadivisorof O; thatis, O isdivisbleby 12.

In C and C++ onecantesttheexpresson n % d todeterminewhether d isadivisor of n.

The greatest common divisor of apair of integers m and n (not both zero) is the largest postive integer d
that isadivisor of both m and n. We sometimes use the abbreviation "g.c.d.” for "grestest common divisor.
Here are some examples: 10 istheg.c.d. of 40and50; 12 istheg.cd.of 84and-132; 1 istheg.c.d.
of 256 and 625; 6 istheg.cd.of 6 and 42; 32 istheg.c.d.of O and 32.

23. Writeafunctionnamed'g_c_d" that takes two positive integer arguments and returns as its vaue the
greatest common divisor of those two integers. If the function is passed an argument that is not positive (i.e,
greater than zero), then the function should return the value 0 asasentind vaue to indicate that an error
occurred. Thus, for example,

cout << g_c_d(40,50) << endl; [ will print 10
cout << g_c_d(256,625) << endl; // willprint 1
cout << g_c_d(42,6) << endl; [ will print 6

11



cout
cout

<< g_c_d(0,32) << endl;
<< g_c_d(10,-6) << endl;

/1 will print O (eventhough 32 istheg.c.d.)
/'] will print O (eventhough 2 istheg.c.d.)

12



24. A podtiveinteger n issadto be prime (or, "aprime”) if and only if n isgreater than 1 andisdivisble
only by 1 and n. For example, theintegers 17 and 29 areprime, but 1 and 38 arenot prime. Writea
functionnamed 'i s_pri me" that takes a positiveinteger argument and refurns asitsvauetheinteger 1 if
the argument is prime and returnsthe integer 0 otherwise. Thus, for example,

cout << is_prinme(1l9) << endl; [ will print 1
cout << is_prinme(l) << endl; /1 will print O
cout << is_prinme(51) << endl; /1 will print O

cout << is_prinme(-13) << endl; // willpint O

25. Writeafunction named "di gi t _nane" tha takes an integer argument intherangefrom 1 to 9,
inclusve, and prints the English name for that integer on the computer screen. No newline character should be
sent to the screen following the digit name. The function should not return avaue. The cursor should remain on
the same line as the name that has been printed. If the argument is not in the required range, then the function
should print "di gi t er r or " without the quotation marks but followed by the newline character. Thus, for
example,
the statement digit_name(7); should print seven on the screen;
the statement digit_name(0); shouldprint di git error onthescreenand place

the cursor a the beginning of the next line,

26. Writeafunction named 'r educe" that takes two pogtive integer arguments, cal them "num' and
"denont', treats them as the numerator and denominator of a fraction, and reduces the fraction. That isto say,
eech of the two arguments will be modified by dividing it by the grestest common divisor of the two integers.
The function should return the vaue O (to indicate failure to reduce) if ether of the two argumentsis zero or
negative, and should return thevdue 1 otherwise. Thus for example, if m and n have been declared to be
integer variables in a program, then
m = 25;
n = 15;
if (reduce(mn))
cout << m<< '/' << n << endl;
el se
cout << "fraction error" << endl;
will produce the following output:
5/ 3
Note that thevaluesof m and n were modified by the function cal. Smilarly,
m = 63;
n = 210;
if (reduce(mn))
cout << m<< '/' << n << endl;

el se
cout << "fraction error" << endl;

13



will produce the following output:
3/ 10
Here is another example.

m = 25;
n = 0;

if (reduce(mn))
cout << m<< '/' << n << endl;
el se
cout << "fraction error" << endl;

will produce the following output:
fraction error
Thefunction r educe isdlowed to make cdlsto other functions that you have written.

27. Writeafunction named "swap_f | oat s" that takestwo floating point arguments and interchanges the
vauesthat are stored in those arguments.  The function should return no value. To take an example, if the
following code fragment is executed

float x = 5.8, y = 0.09;

swap_floats (x, y);

cout << x << " " <<y << endl;
then the output will be

0.9 5.8

28. Writeafunction named "sort 3" that takesthree floating point arguments, cdl them "x" , 'y", and "z"
, ahd modifies their vaues, if necessary, in such away asto make true the following inequdities x Oy [ z.
The function should return no value. To take an example, if the following code fragment is executed

float a = 3.2, b =5.8, ¢ =0.9;

sort3 (a, b, c);

cout << a << " " << b << " " << ¢ << endl;
then the output will be

0.9 3.2 5.8
Thefunction sor t 3 isalowed to make calsto other functions that you have written.
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29. Writeafunction named'r ever se" tha takes asits arguments the following:
(1) anaray of floating point values;
(2) aninteger that tdls how many floating point values are in the array.
The function must reverse the order of the valuesinthe array. Thus, for example, if the array that's passed to
the function looks like this:
0 1 2 3 4
| 5.8 2.6 | 9.0 3.4 7.1 |
then when the function returns, the array will have been modified so thet it looks like this:

0 1 2 3 4
| 711 34] 9.0] 2.6 5.8 |

The function should not return any vaue.

30. Writeafunction named "sum’ that takes as its arguments the following:
(1) anarray of floating point vaues,
(2) aninteger that tells how many floaing point vaues are in the array.
The function should return asits vaue the sum of the floating point valuesin the array. Thus, for example, if the
array tha's passed to the function looks like this.
0 1 2 3 4
| 58] 2.6 9.0] 3.4 7.1 |

then the function should return thevdue 27.9 asitsvaue

31. Writeafunctionnamed"l ocat i on_of | argest " tha takesasits arguments the following:

(1) anarray of integer vaues,

(2) aninteger thet tells how many integer vdues arein the array.

The function should return as its vaue the subscript of the cell containing the largest of the valuesin the array.
Thus, for example, if the array that's passed to the function looks like this:

0 1 2 3 4
| 58 ] 26 | 90| 34| 71 |

then the function should return theinteger 2 asitsvaue. If thereis more than one cell containing the largest of
the values in the array, then the function should return the smallest of the subscripts of the cdlls containing the
largest values. For example, if the array that's passed to the function is

0 1 2 3 4 5 6
| 58 ] 26| 91| 34| 70 | 91| 88 |

then thelargest value occursin cdlls 2 and 5, so the function should return the integer vaue 2.

15



32. Writeafunctionnamed" ocati on_of _t arget" that takes asits arguments the following:

(1) anaray of integer vaues,

(2) aninteger that tells how many integer values are in the array;

(3) aninteger "target vaue'.

The function should determine whether the given target vaue occursin any of the cdls of the array, and if it
does, the function should return the subscript of the cdl containing the target value. If more than one of the cells
contains the target vaue, then the function should return the largest subscript of the cdlls that contain the target
vaue. If thetarget vaue does not occur in any of the cells, then the function should return the sentingl value - 1
. Thus, for example, if the target value that's passed to the function is 34 and the array that's passed to the
function looks like this:

0 1 2 3 4 5 6
| 58| 26 | 91| 34| 70 | 34 | 88 |

then the target value occursin cels 3 and 5, s0 the function should return the integer vaue 5.

33. Writeafunctionnamed'r ot at e_r i ght " that takes as its arguments the following:
(1) anarray of floating point vaues,
(2) aninteger that tells the number of cdlsin the array;
The function should shift the contents of each cdll one place to the right, except for the contents of the last cell,
which should be moved into the cdll with subscript 0. Thus, for example, if the array passed to the function
lookslike this:
0 1 2 3 4
| 5.8 2.6 9.1 ] 3.4 7.0 |
then when the function returns, the array will have been changed so that it looks like this:

0 1 2 3 4
| 701 5.8] 2.6 9.1 | 3.4|

The function should not return avaue.

34. Writeafunctionnamed"shi ft _ri ght" that takesasits arguments the following:

(1) anarray of floating point vaues,

(2) aninteger, cdl it'l ef t ", that tdlsthe leftmost cdll of the part of the array to be shifted;

(3) aninteger, cdl it'r i ght ", that tellsthe rightmost cell of the part of the array to be shifted;

(4) apodtiveinteger, cdl it"di st ance" that tels how many cdlsto shift by.

The function should meke surethat | ef t islessthanorequa to ri ght ,andthat di st ance isgreaer
than zero. If ether of these conditionsfails, the function should return thevalue 1 to indicate an error.
Otherwise it should shift by di st ance cdlsthe contents of the array cells with subscripts running from

| eft to right . Thus for example, if the array passed to the function looks like this:

0 1 2 3 4 5 6 7 8 9 10 ....
| 5.8 26 | 9.1 ] 3.4| 70| 51| 88| 0.3| -4.1| 80| 2.7 | etc. |
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andif | eft hasthevaue 3, ri ght hasthevaue7,and di st ance hasthevaue 2, then the
function should shift the contents of cdlls 3,4,5,6,and 7 totheright by 2 cels, so that when the function
returns, the array will have been changed so that it lookslike this:

0 1 2 3 4 5 6 7 8 9 10 ....
| 5.8 2.6 ] 9.1 | 2?2 | 22?2 | 3.4 | 7.0| 5.1 | 88| 0.3] 2.7 | etc. |

The question marksin cdls 3 and 4 indicate that we don't care what numbers are in those cdlls when the
function returns. Note that the contents of cells 8 and 9 have changed, but the contents of cell 10 is
unchanged. The function need not take any precautions againg the possibility that the cells will be shifted
beyond the end of the array (the caling function should be careful not to let that happen).

35. Writeafunction named "subt ot al " takesasits arguments the following:
(1) anarray of floating point vaues,
(2) aninteger that tells the number of cdlsin the array.
The function should replace the contents of each cdll with the sum of the contents of dl the cellsin the origind
array from the left end to the cdll in question. Thus, for example, if the array passed to the function looks like
this
0 1 2 3 4
| 5.8 2.6 9.1 ] 3.4 7.0 |
then when the function returns, the array will have been changed so that it looks like this:

0 1 2 3 4
| 5.8 ] 8.4 ] 17.5| 20.9 | 27.9 |

because 5.8+ 2.6=84 and 58+ 26+9.1=17.5 and so on. Note that the contentsof cell 0 are not
changed. The function should not return avaue.

36. Writeafunction named "‘concat enat e" that copiesthe cdls of one array into alarger array, and then
copies the cells of another array into the larger array just beyond the contents of the first array. The contents of
the cdlswill beintegers. The arguments will be asfollows:
(1) thefirst array that will be copied;
(2) the number of celsthat will be copied from the firgt array;
(3) the second array that will be copied;
(4) the number of cdlsthat will be copied from the second array;
(5) thelarge array into which dl copying will be performed,
(6) the number of cdlsavallablein thelarge array.
If the function discovers that the number of cellsin the large array is not large enough to hold dl the numbersto
be copied into it, then the function should return O to indicate failure. Otherwiseit should return 1. The
function should not dter the cortents of the first two arrays. To take an example, if the first two arrays passed
to the function look like this:

0 1 2 3 4 5 6 0 1 2 3
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| 58 | 26| 91| 34| 70 | 34| 88 | and | 29| 41| 10| 66 |

then, provided the Sze of the large array is e least 11, the large array should look like this when the function
returns.

0 1 2 3 4 5 6 7 8 9 10
| 58] 26 | 91| 34| 70| 34| 88| 29 | 41| 10 | 66 |

37. Writeafunction named "number _of _mat ches" that comparesthe initia parts of two character
arrays to see how many pairs of cells match before a difference occurs. For example, if the arrays are

0 1 2 3 4 5 0 1 2 3 4
Error! and Error!
then the function should return the value 3 because only thefirgt three pairs of cdlsin the arrays match (cell O
matches cell O, cell 1 matches cell 1, and cdll 2 matches cdll 2). Each of the character arrays will end with the
character whose ASCII vaueis zero; this character, called NUL, isdenoted by ' \ 0' inthe C and C++
programming languages (see the two arrays shown above). The pairwise cell comparisons should not go
beyond the end of ether array. If thetwo arrays are identica al the way to their terminating NUL characters,
return the number of non-NUL characters. The function should take only two parameters, namely the two
character arrays to be compared.

38. Writeafunctionnamed el i m nat e_dupl i cat es" that takes an array of integers in random order
and diminates dl the duplicate integersinthearray.  The function should take two arguments.
(1) anarray of integers,
(2) aninteger that tellsthe number of cdlsin the array.
The function should not return avaue, but if any duplicate integers are diminated, then the function should
change the vaue of the argument that was passed to it so that the new vaue tdlls the number of digtinct integers
inthearay. Hereisan example. Supposethe array passed to the function is as shown below, and the integer
passed as an argument to the functionis 11.

0 1 2 3 4 5 6 7 8 9 10
| 58] 26 | 91| 26 | 70| 70 | 91 | 58 | 58 | 58 | 66 |
Then the function should ater the array so that it looks like this:

0 1 2 3 4 5 6 7 8 9 10
| 58 ] 26 | 91| 70| 66 | 2?2 | 2?2 | 2?2 | 22 | 2?2 | 27 |

and it should change the value of the argument sothat itis 5 ingead of 11. The question marksin the cdls
dfter the 5th cdl indicate that it does not matter what numbers are in those cdlls when the function returns.
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39. Write an entire C++ program that reads a positive integer entered by an interactive user and then prints out
al the pogtive divisors of that integer in a column and in decreasing order. The program should alow the user
to repeat this process as many times asthe user likes. Initidly, the program should inform the user about how
the program will behave. Then the program should prompt the user for each integer that the user wishesto
enter.

The program may be terminated in any of two ways. One way is to have the program hdlt if the user
enters an integer that's negative or zero. In this case the user should be reminded with each prompt that the
program can be terminated in that way. Alternatively, after an integer has been entered and the divisors have
been printed, the program can ask the user whether he/she wishes to enter another integer. In this case, when
the user accidentally enters a zero or negative integer to have its divisors caculated, the program should inform
the user that the input is unacceptable and should alow the user to try again (and again!).

Hereisan illugtration of how the program and the interactive user might interact. The user's responses
to the program are shown in bold italics.

This programis designed to exhibit the positive divisors of

positive integers supplied by you. The programw || repeatedly

pronpt you to enter a positive integer. Each tinme you enter a

positive integer, the programw Il print all the divisors of
your

integer in a colum and in decreasi ng order.

Pl ease enter a positive integer: 36
36
18
12

PNWkAOO

Woul d you like to see the divisors of another integer (Y/ N)? vy
Pl ease enter a positive integer: -44

-44 is not a positive integer.
Pl ease enter a positive integer: O

O is not a positive integer.

Pl ease enter a positive integer: 109
109

1

Woul d you like to see the divisors of another integer (Y N? m

Pl ease respond with Y (or y) for yes and N (or n) for no.
19



Woul d you |like to see the divisors of another

I nt eger

(Y/N)? n
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Answers
1. The output would be as shown below.

ANPMOPGITOITOIO ' O 01010

2

4
004

[]n

bl ank |ine
bl ank |ine
[IJn* n = 16
n

2. The output would be as shown below. The program contains an endless loop.

OCORLrNPAAPPWNEFLRO!' OFRL MO

[ endl essl y]

w

. The output would be as shown below.

oOcor kb

21



O O
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4. The output would be as shown below.

0 4

5. The output would be as shown below.

46
1

6. The output would be as shown below, because when it isdiscovered that ™ f ound” istrue, the second
haf of the OR expression is not evauated, and thus count isnot decremented.

danger
count = 5

7. The output would be as shown below. The'd in "Titanic" has been changed to an 'i".

Titinic
i

8. The output would be as shown below. Thelinein italicswould be typed by the interactive user.

Enter a sentence on the |line bel ow
Pl ease go away.
Pl ease

The reason that only the word "Pleasg" ispicked up inthe nessage array isthat the extraction operator >>
ignores leading white space characters and then reads non-white space characters up to the next white space
character. Thatis, >> is"word oriented”, not line oriented.

9 a. The output would be as shown below. Thelinein italics would be typed by the interactive user.

Enter a sentence on the |line bel ow.
Pl ease go away.
Pl ease go away.

9b. The output would be as shown below. Thelinein itdicswould be typed by the interactive user.

Enter a sentence on the line bel ow
Pl ease stop bot hering ne.
Pl ease stop botherin

The reason that the entire line typed by the user isnot picked upinthe message aray isthat the
get | i ne ingructionwill read & most 20 characters from the keyboard.

23



10 a. Iftheinteractive user typesonly Pl ease go away. and pressesthe Enter key, then there will be
no output; instead, the program will "hang" and wait for more input. The reason for thisis that the instruction
“"cin >> nessage[i];" removesand discards each white space character that it encounters in the input
gream. (White space characters include the blank character and the newline character aswell as saverd other
control characters) Thus the loop will discard the two blanks in the input and the newline at the end, producing
this condition in the input array:

0 1 2 3 4 5 6 7 8 9 10 11 12
[Pl ["e | a|'s' ["e|'g[' o[ a]'w[al|y]. ]

Since nessage[i] will never pick up the newline character, the only way that the loop can end isfor the
loop variable i toreach the value 20. This cannot happen unless the interactive user types at least eight more
non-white space characters.

b. Theindruction "ci n. get (nmessage[i]; " inputsinto the array whatever character it findsin the
input stream, including dl blank space characters. Thusif the user types Pl ease go away. and presses
the Enter key, then the loop will end when message[ 15] getsthe newline character, and the output will be
exactly the same as the input.

11 a. Theorigind satement isformatted in such away that it appears that the "el se" clause of the Satement
isthedternativetothe'i f (n < 10) " case, but in fact, the C or C++ compiler will treat the"el se™
clause asthe dternetivetothe'i f (n > 0) " dause If n hasthevdue 7, the output will be " The
nunmber is positive". If n hasthevadue 15, then therewill be no output. If n hasthevaue - 3
then the output will be "The numnber is

b. If wewant the statement to behave according the logic that's suggested by the formatting of the
origina statement, we can write

if (n < 10)
{
if (n>0)
cout << "The nunber is positive." << endl;
}
el se

cout << "The nunmber is greater than 10." << endl;

c. If wewant the statement to be formatted so asto reflect the actud logic of the origina statement, we
can write

if (n < 10)
if (n>0)
cout << "The nunber is positive." << endl;
el se
cout << "The nunber is negative." << endl;
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12 a. Since there are no braces surrounding the last two lines of the code, the compiler trests only the
gatement "n / = 2; " asthebody of theloop. Thus n will successvely assumethevaues 5,2, 1, and 0,
a which point the loop will exit and the'cout " statement will print 0. Thevaues 5, 2, and 1 will not be

printed.
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b. If wewant the statement to behave according the logic that's suggested by the formatting of the
origina statement, we can put braces around the last two lines of code to make a compound statement as the

body of the loop:

int n = 10;
while (n > 0)
{
n/= 2;
cout << n * n << endl;
}
In this case the output of the loop will be
25
4
1
0

c. If wewant the statement to be formatted so asto reflect the actud logic of the origina statement, we
can write

int n = 10;

while (n > 0)
n/= 2;

cout << n * n << endl;

13. The conditiona statement should be modified as follows:

if (income < 0.0)
cout << "You are going farther into debt every nonth." << endl;

else if (income < 1200.00)
cout << "You are living below the poverty line." << endl;

else if (inconme < 2500.00)

cout << "You are living in noderate confort." << endl;
el se
cout << "You are well off." << endl;

14 a. Theoutputwill be "1 ess t han 10"
b. Theoutput will be "gr eat er than 15"
c. Theoutput willbe 1 ess t han 10"

26



d. Thereisnovduefor n that will cause the output to be "not
can never be executed!

I nt eresting". That part of the code
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15. Udng do. .. whi |l e. . . inthisgtuaion makesthe code alittle smpler.

cout << "Enter a non-negative integer: ";
cin >> n;

if (n < 0)
cout << "The integer you entered is negative." << endl;

}
while (n < 0);

16 a. The output of the code fragment asit is written will be

nis not zero.
The square of n is O.

The reason for thisisthat the'i f " part assignsthevaue 0 to n, and the value returned by that assgnment
datement is O, sothisistreated as"fas8", which causes the dternative statement to be executed. But even
though the program prints 'n i s not zero. ", infatt, n does have the vaue zero after the conditiona
datement isfinished.

b. The correction consstssmply of replacing 'n = 0" by 'n == 0"

17. The output of the code fragment is as follows:
n =4 k =5
18. The output of the code fragment is as follows:
n =3
Thefractiond part of the floating point vaue is discarded when the valueis cast to integer type.
20. Theloop can be modified asfollows:
while (letter <= "'2")
{

cout << letter << " " << int(letter) << endl;
++l etter;

28



21.

/******************* S U M F R O M T O

ERE IR I b S A S S b b b b b b I B S S

DESCRI PTI ON:  Conputes and returns the sumof all the integers
between "first" and "last" inclusive.

PARAMETERS:

first, last The two "endpoints" of the sequence of integers to be
sunmed.

RETURNS: Returns the sum of all the integers from"first" to
"last". For exanple, if first is 9 and last is 12
then the function will return 42 ( = 9+10+11+12).

If first is 11 and last is 8, then the function
will return 38 ( = 11+10+49+8). If first is 5 and
last is 5, the function will return 5.

ALGORI THM If first <= last, the addition begins at first and
goes up to last. If, instead, first > last, then the
addition begins at first and goes down to | ast.

AUTHOR: W  Kni ght

R R IR S I I I I S R S A I I I S R I B I I R R I A I I R I I I I R S I B I I

/

int sumfromto (int first, int |ast)

{

int i, partial_sum= 0;
if (first <= last)
for (i first; i <= last; ++i)
partial _sum += i;
el se
for (i first; i >=last; --i)
partial _sum += i;
return partial _sum
}
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22.

/************************** E N O U G H R IR I S S S S

DESCRI PTI ON:

PARAMETER

goal

RETURNS:

i f

val ue

return

ALGORI THM

AUTHOR:

Conputes and returns the small est positive integer n
for which 1+2+3+...+n equals or exceeds the val ue of
n goal n .

The integer which 1+2+3+...+n is required to nmeet or
exceed.

Returns the small est positive integer n for which

1+2+3+...+n equals or exceeds "goal". For exanple,
goal has the value 9, then the function will return 4
because 1+2+3+4 >= 9 but 1+2+3 < 9. |If goal has a

| ess than or equal to 1, then the function w|l

the val ue 1.

First the value n = 1 is tried to see if 1 >= goal

If that is not true, then successively |arger val ues
of n are added to a summ ng variable until that sum
reaches or exceeds goal.

W  Kni ght

E R R S I S S S R I S R I S S S I R S

/

i nt enough (int goal)

{

int n =1,

sum = 1;

while (sum < goal)
sum += ++n;

return n;
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23. Thereisawdl-known dgorithm cdled "Eudid's Algorithm" for computing the g.c.d. of two positive
integers. The second of the two solutions below employs that agorithm. The first solution employs a somewhat
more sraight-forward search process, in which we Smply try one integer after another, starting with the smaler
of the two arguments, until we find an integer that divides both. For the purposes of the C++ exam, the first
solution is acceptable (even though it is far less efficient than the solution that uses Euclid's Algorithm).

/********************** G C D (VERSI O\I 1)

kkhkkkkhkhkkhkhhkkkkikhkkhkkhkhkkkhkhkhkkk*k

DESCRI PTI ON:  Conputes and returns the greatest conmmon divi sor
(g.c.d.) of the argunments passed to it.

PARAMETERS:

a, b The integers whose g.c.d. will be conputed.

RETURNS: If either argunent is |less than or equal to zero, the
value zero will be returned as a sentinel to indicate
an error. |If both arguments are strictly positive,
then their g.c.d. will be returned. Thus, for
exanple, if paranmeter a has the value 28 and b has

t he
value 70, then the function will return the val ue 14.

ALGORI THM If both argunents are positive, then the smaller of

t he
two argunents is tested to see whether it is a

di vi sor
of both argunents. If it is not, then successively
smal l er integers are tried. |If no comon divisor

| ar ger
than 1 is found, then the |loop will automatically

st op
with trial_divisor having the value 1 because 1 is a
di visor of every positive integer.

AUTHOR: W Kni ght

R SR I S b S b S I b b b I A S S I B S S S S S A S S I S S b S S Sk S Sk S S S S S I b I I S I S b Sk

/

int g_c d (int a, int b)

{

if (a<=0 || b<=0) // a paraneter is not positive
return O; /1l exit and return the error sentine

int trial _divisor;
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trial _divisor = ( a<=b ? a : Db); /Il set it to the smaller

while (a %trial _divisor '=0 || b %trial_divisor !'= 0)
--trial _divisor;

return trial _divisor;

[A verson that uses the Euclidean agorithm is given on the following page]
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/********************** G C D (VERS' O\l 2)

ER I b S b I R S S b S S

DESCRI PTI ON:  Conputes and returns the greatest conmmon divisor

(g.c.d.) of the arguments passed to it.

PARAMETERS:

a, b The integers whose g.c.d. will be conputed.

RETURNS: If either argunent is less than or equal to zero, the
value zero will be returned as a sentinel to indicate
an error. |If both argunents are strictly positive,
then their g.c.d. will be returned. Thus, for
exanple, if parameter a has the value 28 and b has

t he
value 70, then the function will return the val ue 14.

ALGORI THM If both argunents are positive, then Euclid's

al gorithm
for the g.c.d. is enployed. The first integer is

di vi ded
by the second, and then the second is divided by the
remai nder, and then the first remainder is divided by

t he
second, and so on until a remainder of O is obtained.
The g.c.d. will be the divisor that produced O

remai nder.

AUTHOR: W Kni ght

R SR I S b S b S b b b b b S S I B S B S S S I S S S I A b S S Sk b S S S S Sk S b b I I S I S S Sk

/

int g_c d (int a, int b)

{

if (a<=0 || b<=0) // a paraneter is not positive
return O; /1l exit and return the error sentine
int remai nder = a % b; /1 Get remai nder when a is divided by

b.

while (remai nder != 0)
{

a = b;

b = remai nder;

remai nder = a % b;
}
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return b; // Return the divisor that produced a remainder of O.



24,

/************************** I S P R I ME

kkkkkkhkhkhkhkhkkhkkhkhkhkkikhkhkikikhkhkikkk

DESCRI PTI ON:  Det erm nes whether an integer is prine.

PARAMETER
n The integer to be examned to see whether it is

prime.

RETURNS: 1if the integer nis prime;, otherwise it returns O.

ALGORI THM If nis less than or equal to 1, then it is not

prime.
If nis greater than 1, then trial divisors, starting
with 2 and going no farther than n-1 are examned to
determ ne whether they divide n. |[If no divisor |ess
than n is found, then n is prine.

AUTHOR: W  Kni ght

R R R S S I I S S R b S I I S R R R I S I I b S I A S I I I S I I I I

/

int is_prime (int n)
{
if (n <= 1)
return O; // n cannot be prinme if n <= 1.
int trial _divisor = 2;

while (trial _divisor <n & & n %trial _divisor != 0)
++trial _divisor;

/'l When the |loop exits, one of two conditions nust be satisfied:

[/ either trial _divisor will have reached the value n -- which
/1 means that n is prime or else n wll be divisible by
[l trial _divisor, in which case n wll not be prine. The

/'l only exception to this is when nis 2, in which case nis
prime.

if (trial _divisor == n) // n must be prine
return 1;
el se

return O; // n is not prine.

35



36



25.

/********************** D I G I T N A M E

kkkkkkkhkhkhkikhkkhkhkhkhkkhkikikikhkiki*kx

DESCRI PTION: Prints the English nane of an integer from1l to 9.

PARAMETER
n The i nteger whose English nane will be printed.

RETURNS: Void (no val ue).

ALGORI THM A switch statenent selects the appropriate word.
If "n" is not in the range 1,2,3,...,9, then an
error phrase is printed.

AUTHOR: W Kni ght

kkkhkkkhkhkhkhkhkhkkhkhkhhhkhkikhkhkhkkhkhhhhkhhkhkhkhkkhkhhhhkhkhkikhkhkkhkhhhhkhkhkhkhkhkhkkhkhhkhkhkikikhkhkkhkkkkk*k

/

void digit_nanme (int digit_val ue)

{
switch (digit_val ue)
{
case 1 cout << "one"; br eak;
case 2 cout << "two"; br eak;
case 3 cout << "three"; Dbreak;
case 4 : cout << "four"; br eak;
case 5 : cout << "five"; br eak
case 6 : cout << "six"; br eak;
case 7 cout << "seven"; break
case 8 cout << "eight"; break;
case 9 cout << "nine"; br eak
def aul t cout << "digit error" << endl;
}
}
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26.

/************************** R E D U C E R R Sk b b b b S b S S I
DESCRI PTI ON:  Reduces a positive fraction to | owest terns.
PARAMETERS:

num denom The nunerator and denom nator of the fraction to be
reduced. These are reference paraneters, so the

argunents
passed to them may be changed by the function.
RETURNS: 1if the argunents are both positive, 0 otherw se.
ALGORI THM If both argunents are positive, then each of themis
di vided by their greatest common divisor.
AUTHOR: W  Kni ght
R R R S I I I I R S S I I I I R R I B R R I A B I R I I I I R S I I I
/
int reduce (int & num int & denom
{
if (num<=0 || denom<= 0)
return 1;
el se
L
int conmmon = g c_d (num denom;
num /= conmon;
denom /= common;
}
}
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27.

/********************** S WA P F L O A T S

kkkkkkkhkhkhkhkkhkkhkhkhkhkhkikikhkhki*x

DESCRI PTI ON:

PARAMETERS:

a, b

RETURNS:

ALGORI THM
| ocati on,

t he

AUTHOR:

I nt erchanges the values of the two floating point
vari abl es passed to it.

The two paraneters whose values will be interchanged.
These are both reference paraneters, so their val ues

may be changed by the function.

Void (no value).

Stores the value of paraneter a in a tenporary

then copies the value in b into a, and finally copies

stored original value of a into b.

W  Kni ght

E R R S I S S S I R I S R I S

/

void swap_floats (float & a, float & b)

T o
11
—
o -
3
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28. Hereisone solution anong many possible. It usestheswap_f | oat s function of problem 27.

/*************************** S ORT 3

kkkhkhkkhkhkhkhkhkhkhkhhhhkhhkrkhkhkhkhhkkik*k

DESCRI PTI ON:
order.

PARAMETERS:
X, Yy, Z

function.
RETURNS:

ALGORI THM
al r eady

made.

t hen

and

doi ng.

AUTHOR:

Sorts the three values passed to it into increasing

The three floating point nunmbers to be sorted.

Al'l three paraneters are reference paraneters, so the

argunents passed to them my be changed by the

Void (no val ue).
First x, y, and z are conpared to see if they are

in increasing order. |If they are, no changes are
If x <=y but y >z, then y and z are swapped, and

x and the new value of y (what was z) are conpared

put in correct order.

If x >y, then x and y are swapped so that x < vy.
Next it is necessary to discover where z belongs in
relation to x and y. If y <= z, nothing nore needs

If, instead, z <y, then y and z are swapped and then

x and the new y are conpared and put in order.

W  Kni ght

R b b S b S R I S b S S b b S S R S S b b b S S Rk S S b b b S

/

void sort3 (float & x, float & y, float & z)

{

float tenp;

if (x <=y & & y <=12z) // the values are already in order;

/1 do not hing

else if (x <=vy) // then z <y (or we'd have stopped above)

{

swap_floats (z, y); [/ After this call, y <z and x <=z are

true

conpar e.

/'l but we don't know how x and y

if (x > y)
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swap_floats (x, y); [/ Nowx <y <= z nust be true.

}

else // If neither of the above is true, then we know that y < x

{

swap_floats (x, y); [// After this call, x <y is true.

if (y <=z) [/ the values are now in correct order;
; /1 do not hing

else // it must be the case that z <y

{
swap_floats (y, z); // After this call, y <= z is true.
if (x >vy)
swap_floats (x, y);
}
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29. Thefadlowing function calsthe swap_f | oat s function givenin problem 27.

/************************* R E V E R S E

R b S b S I R I I b b b

DESCRI PTI ON:  Reverses the order of the objects in an array.
PARAMETERS:
a The array of floating point nunbers whose objects
wil |
be reversed.
n The nunmber of objects in the array, starting at cel
0.
RETURNS: Void (no val ue).
ALGORI THM One array index starts at the left end of the array
and
noves to the right, while another starts at the right
end
and noves to the left. Objects in the cells
i ndi cat ed by
these two i ndexes are swapped. The process ends when
the two i ndexes neet or cross each other.
AUTHOR: W  Kni ght
SR I S b b S S I b S b I b S S I B S S I S S I S S S B S S S S b Sk S S S S S Sk S S i I I b I I S I S b I b S
/
void reverse (float a[], int n)
{
int i =0, ) =n- 1;
while (i < j)
swap_floats (a[i++], a[j--]);
}
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30.

/****************************** S U M

kkkhkhkkhkhkhkhkhkhkhhhhhkikhkrkhkhkhkkhhkk*k

DESCRI PTI ON: Cal cul ates and returns the sum of the nunbers in an
array.

PARAMETERS:
a The array of floating point nunbers to be summed
n The nunmber of objects in the array, starting at cel
0.
RETURNS: The sum a[0] + a[1] + . . . + a[n-1].
ALGORI THM A sunming variable is initialized to zero and then
each
floating point value in the array is added in turn.
AUTHOR: W  Kni ght
R SR S b b S S I b i S I b I I I b S I S S S S S I I A S B I S kI S S Bk S S S S i S i b I b B S S S S b i b b
/
fl oat sum (const float a[], int n)
{
float sum so far = 0.0;
i nt i
for (i =0; i < n; ++i)
sumso_far += a[i];
return sumso_far;
}
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31. Hereisthe smplest solution.

/*************

kkkkkkikikhkhkhkkkk*k

* LOCATI ON OF LARGEST

DESCRI PTION: Finds the index of the |argest nunber in an array.
PARAMETERS:

a An array of integers to be scanned.

n The nunmber of objects in the array, starting at cel

0.

RETURNS: The index of the cell containing the |argest integer.
If the largest integer appears in nore than one cell,
then the index of the leftnost cell where it appears
will be returned.

ALGORI THM A variable that will hold the index of the | argest

i nt eger
is initialized to zero, and we pretend to have

scanned
that cell and found that it contains the |argest

i nt eger
seen "so far". Then successive cells are exam ned

and
conpared with the cell containing the |argest integer
so far. When a cell containing a new | argest integer

IS
encountered, the variable that holds the index of the
| argest integer seen so far is nodified to the new

i ndex.

AUTHOR: W  Kni ght

R R R S I I I S R S I I I B R R I B R R I A I R R I I B I S I I I I

/

int location_of largest (const int a[], int n)

{

int best = 0; // Location of the largest so far.
int i;
for (i = 1; i <n; ++i) /] Start conparing at the second cell
if (a[i] > a[best])
best =i



return best;

[Another solution, not as elegant as the one above, is given on the following page.
An INCORRECT solution, commonly given by students, is shown two pages father dong.
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The following solution is not as eegant as the one on the preceding page.

[FrExxxxkxxxkxx | OCATI ON OF LARGEST

IR I I S b S b

DESCRI PTION:  Finds the index of the l|argest nunmber in an array.

PARAMETERS:
a An array of integers to be scanned.
n The nunber of objects in the array, starting at cel

0.

RETURNS: The index of the cell containing the |argest integer.
If the largest integer appears in nore than one cell,
then the index of the leftnost cell where it appears
wi |l be returned.

ALGORI THM A variable that will hold the index of the |argest

i nt eger
is initialized to zero, and we pretend to have

scanned
that cell and found that it contains the |argest

i nt eger
seen "so far". W initialize a "largest_val ue”

vari abl e
to the value a[0]. Then successive cells are exam ned

and
conpared with the value of the |argest integer so

far.
When a cell containing a new | argest integer is
encountered, the variable that holds the index of the
| argest integer seen so far is nodified to the new

i ndex,
and the | argest _val ue vari able is updated.

AUTHOR: W  Kni ght

kkhkkkhkkhkkhkkhhkhkkhhhkhkhhkkhhhkhkkhhhkkhkhhkhkkhhhkkhkhhkhkkhhhkkhk hkkhhhkhkhhkkihkkk ki, k kkk,k*k**%

/

int location_of largest (const int a[], int n)

{

int largest_value = a[0]; // First cell contains |argest so far.
int best = 0; /'l Location of the |largest so far.
int i;
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for (i =1; i < n; ++i)
if (a[i] > largest_val ue)
{
| argest _value = a[i];
best = i;

}

return best;

[A commonly given -- but INCORRECT -- solution is shown on the next page]
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The following is NOT an acceptable solution because it does not allow for the possibility thet al the integersin
the array may be negative or zero.

int location_of |argest (const int a[], int n) // NOT ACCEPTABLE
{

int largest _value = 0; // Assunme the largest value will be > 0.
i nt best; /'l Eventual |ocation of the |argest
val ue.
int i;
=0; I < n; ++i)
if (a[i] > largest_value) // WIIl be true for sonme i only if
{ /1l the array contains at |east one
| argest _value = a[i]; /1 value strictly greater than O.
best = 1i;

}

return best;

}

The incorrect solution above can be corrected by initidizing | ar gest _val ue tothe most negative
possbleinteger value (I NT_M N, which isdefined in the header file <l i m t s. h>) andinitidizng best
to 0.
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32. Hereisthe amplest solution. It searches from right to left and quits when (if) if finds the target.

[*xkxxxxkxkxxxx | OCAT I ON OF TARGET

kkkkkkikhkhkhkkkkk*k

DESCRI PTION:  Finds the index of the cell (if any) where a "target"
I nteger is stored.

PARAMETERS:
a An array of integers to be scanned.
n The nunmber of objects in the array, starting at cel

0.

t ar get The integer that we hope to find in some cell of

array a.

RETURNS: The index of the cell containing the integer "target"”
provided there is such a cell. If there is not, then
the function returns -1 as a sentinel val ue.

If the target integer appears in nore than one cell,
then the index of the rightnost cell where it appears
wi |l be returned.

ALGORI THM The val ue paraneter "n" is used to scan backward

across
the array, looking for a cell containing a copy of
“target". If a copy is found, the search is halted

and
the index of that cell is returned. |If no such cel

(S
found, "n" will run off the left end of the array and
wind up with value -1.

AUTHOR: W  Kni ght

R SR I S S b S b I b i I I b I S I I S I i I S B I b I S S Ik S b S S b i I S S

/

int |ocation_of _target (const int a[], int n, int target)

{

--n; [/ Make n "point" to the last cell of the array.
while (n >= 0 && a[n] != target) // Search right to left
__n;
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return n; // Returns -1 if target is not in array a[].

[Ancther solution, which in generd is not as efficient as the one above, is on the next page]
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The following solution is acceptable, dthough it is not in generd as efficient as the one above because it dways
examines every cdl of the array.

/************** LOCAT' ON OF TARGET

IR I I S b S b

DESCRI PTION:  Finds the index of the cell (if any) where a "target"”
i nteger is stored.

PARAMETERS:
a An array of integers to be scanned.
n The nunmber of objects in the array, starting at cel

0.

t ar get The integer that we hope to find in sonme cell of

array a.

RETURNS: The index of the cell containing the integer target,
provided there is such a cell. If there is not, then
the function returns -1 as a sentinel val ue.

If the target integer appears in nore than one cell,
then the index of the rightnost cell where it appears
will be returned.
ALGORI THM A location variable is initialized to -1 in case no
copy
of "target" is found. Then each cell of the array is
exam ned, starting at the left end, and each tine a
copy

"target" is found, the location variable is updated
to

the index of that cell

AUTHOR: W  Kni ght

R SR I S b b S S I b i S I b I B I B S I B I I S S B I S S B S S S kS S Bk S S S S i b i b I b B S S S S b i b b

/

int location_of_target (const int a[], int n, int target)

{

int location = -1; // Target not seen yet.
int i;
for (i =0; i < n; ++i)
if (a[i] == target)
| ocation = i;
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return | ocation;
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33.

[ KRRk Kk Kok ok ok ok kok ok ok ok ok ok ok ok Kk ROTATE RI GHT

LRI I S b b b S b S

DESCRI PTION: Shifts the contents of array cells one cell to the
right,
with the last cell's contents noved to the left end.
PARAMETERS:
a The floating point array to be nodified.
n The nunmber of objects in the array, starting at cel
0.
RETURNS: Void (no val ue).
ALGORI THM The object in the right-npost cell is copied to a
t enporary
| ocation, and then the object each cell to the left
of
the last cell is copied to its inmmediate right
nei ghbor;
t he process noves fromright to left. Finally, the
obj ect
in the tenporary |ocation is copied to the |eftnost
cell.
AUTHOR: W  Kni ght
R R IR S I I I R S S I A I I I S R I B I I R R R I I I S R R A I I R S I I I
/
void rotate right (float a[], int n)
{
float tenp = a[n-1]; // Hold the contents of the last cell.
int i;
for (i =n - 1; 1 >=1; --1)
a[i] = a[i-1];
a[0] = tenp;
}
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34.

[ RHE IRk Kk kkkkkkkkkkk ok Kk Kk kx SHI FT RI GHT

LRI I S b b b S b S

DESCRI PTION: Shifts the contents of sone subarray in an array to
t he
right by a specified nunber of cells.

PARAMETERS:
a The floating point array to be nodified.
l eft The index of the leftnmost cell of the subarray to be
shifted.
ri ght The index of the rightnost cell of the subarray.
di st ance The nunmber of cells by which the subarray will be
shifted.
RETURNS: 1 provided left <= right and distance > 0; returns O
if either of these conditions is violated.
ALGORI THM An index variable is initialized to "point" to the
ri ght nost cell of the subarray to be shifted;
anot her
i ndex variable is initialized to point to the cell to
whi ch the rightnost object will be copied. Then the
copying takes place and the indexes are noved to the
|l eft (decrenented by 1). The occurs repeatedly until
the object in the leftnost cell of the subarray has
been copi ed.
AUTHOR: W  Kni ght

R R b b B S S S i b b b b b I S I S R R A S S S S b b b b b b S S R b b b b S i S I I b b b b S S S R e

/

int shift_right (float a[], int left, int right, int distance)

{
if (left >right || distance <= 0)

return 1;
int i
J

right, [l points to the cell to be shifted
i + distance; // points to the receiving cell

while (i >= left)
{



return O;

[A more degant vergon is given on the next page]
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Hereisadightly more elegant verson.

/*********************** S H I F T R | G H T

LRI I S b S b S S b R

DESCRI PTION: Shifts the contents of sone subarray in an array to
t he
right by a specified nunber of cells.

PARAVMETERS:
a The floating point array to be nodified.
l eft The index of the leftnmost cell of the subarray to be
shifted.
ri ght The index of the rightnost cell of the subarray.
di st ance The number of cells by which the subarray will be
shifted.
RETURNS: 1 provided left <= right and distance > 0; returns O
if either of these conditions is violated.
ALGORI THM An index variable is initialized to "point" to the
ri ghtmost cell of the subarray to be shifted. Then
the object in that cell is copied to the cell that's
"di stance" units to the right. Then the index is
decrenented by 1 and the same process i s repeated.
This continues until all objects in the subarray have
been copi ed.
AUTHOR: W  Kni ght

E R R S I b S S S I R I S S R I S S S I I S

/

int shift_right (float a[], int left, int right, int distance)
{

if (left >right || distance <= 0)
return 1;

int i;

for (i =right; i >=left; --1)

a[i + distance]

afil];
return O;
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35.

/************************* S U B T O T A |_

R I S Sk b R

DESCRI PTI ON:  Repl aces each nunber in an array with the sum of al
t he
numbers up to that location in the original array.

PARAMETERS:
a The floating point array to be nodified.
n The nunmber of objects in the array, starting at cel
0.
RETURNS: Void (no val ue).
ALGORI THM Starting with cell 1 and noving right, the nunber in
each
cell is replaced by the sum of that number and the
sum
that's nowin the cell just to the left.
AUTHOR: W  Kni ght
EE SR I B b SE b S b b b A I b b S b A b S I A S S A S A I A A S S Sk R S A S S S S b b b B I S S S b S
/
voi d subtotal (float a[], int n)
L
int i;
for (i =1; i < n; ++i)
a[i] += a[i-1];
}
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36.

/************************ C O N C ATENATE

kkkkkkhkhkhkhkhkkhkkhkhkkhkkikhkhkhkh*x

DESCRI PTI ON:  Copi es nunbers fromtwo arrays into a third array.

The
numbers fromthe second array are placed to the right
of
t he nunmbers copied fromthe first array.
PARAMETERS:
a, b The arrays from which nunbers will be copied into
IICII
c The array that will receive the copied nunbers.
m n The number of nunbers to be copied fromarrays a and
b
respectively, starting in each case at cell O.
p The capacity of array c.
RETURNS: 1, provided the capacity of ¢ is at |east equal to
t he
number of nunbers that are to be copied fromarrays a
and
b; O is returned if this condition fails.
ALGORI THM If ¢ has adequate capacity, then the leftnmost mcells
of
array a are copied to the leftnost mcells of ¢, and
then the leftnost n cells of b are copied into the
n cells of ¢ lying just to the right of the first m
cells.
AUTHOR: W  Kni ght
EE AR I B b SE b S b b S A I A b A I A b B I A I S A S B I A S b Ak b S A S S S A S b b b B I S S S b S
/
int concatenate (const int a[], int m
const int b[], int n,
int c[], int p)
{
if (m+ n > p)
return 1,
int i, j;
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for (i =
c[i] =
for (j =
cl[i ++]

assi gnnment

return O;

0O; i <m
afil];

0; J < n;
= b[j];

++i )

++j )

I

Il ncrement

and |

after

each
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| KRk Kok Kok ok ok ok ok ok ok ok Kk NUMBER OF MATCHES

R I S b S I

DESCRI PTI ON:  Conpares two NUL-term nated character arrays to
determ ne
how many of the initial characters match

PARAMETERS:

a, b The character arrays to be conpared. Each is
term nat ed
by the NUL character "\O0'.

RETURNS: The number of non-NUL initial matches in the two
arrays.

For exanple, if the arrays contain "boasted" and
"boat s"

(with NUL following the final '"d and 's'
respectively),

then 3 will be returned because "boa" matches "boa".
ALGORI THM The characters are conpared pairw se, starting at
cell O,

until a NUL is reached or a pair of characters does
not

mat ch.
AUTHOR: W  Kni ght

R I b S R RIS I b b S S A Sk RISk b

/

i nt nunber _of matches (const char a[], const char b[])

{
const char NUL = '"\0';

int i =0; // i keeps track of how many pairs of cells nmatch
while (a[i] '= NUL && Db[i] !'= NUL && a[i] == b[i])

++i ;
return i;
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38.

[Frxxxxxkxxxx  E L] MI NATE DUPLI CATES

R I S b S S R

DESCRI PTI ON:  Exam nes an array of integers and elim nates al
duplication of values. The distinct integers are al
noved to the left part of the array.

PARAMETERS:
a The integer array to be nodified.
n The nunmber of integers in the array, starting at cel
0.
This is a reference paraneter; its value will be
changed
I f necessary to indicate the nunber of distinct
i nt egers
that end up in the left part of the array.
RETURNS: Void (no val ue).
ALGORI THM At all tinmes during the algorithm an integer keeps
track
of the last cell of the subarray containing all the
di stinct integers that have been found and noved to
t hat
subarray. Another integer npves along the unexam ned
portion of the array. Each tine a new integer is
encountered, it is checked against all the integers
in
the subarray of distinct integers to see whether it
shoul d be added to that subarray.
AUTHOR: W  Kni ght
SR I S b b b S I b S S I b S S I A S S I S S I S S S I S A B S Sk S Sk S S S S S b I b B I S b b I b S
/
void elimnate_duplicates (int a[], int & n)
{
int last_unique = 0; // Keeps track of the end of the subarray
of

/'l integers known to be all different.
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for (i = 1; i <n; ++i) // Start i at the second cell (nunber
1).

{
/'l Determ ne whether a[i] is already present anpng the
integers in

/'l cells a[0],...,a[last_unique].
int j = 0;
while (j <= last_unique && a[i] '= a[j])
++j ;
i f (j > last_unique) /1l then a[i] is not present
earlier,
a[ ++l ast _unique] = a[i]; [// so put a[i] into the list of
/] all different integers.
}
n = last _unique + 1; // Mdify n so that it tells the nunber of
/[l distinct integers in the processed
array.
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39.

/******************************************************************

*k k%%

PROGRAMVER:

W I i am Kni ght

DATE COWPLETED: July 10, 1998

COWPI LER
DESCRI PTI ON:
NOTE:

characters

into

Borl and C++ for W ndows95

This program pronpts an interactive user to enter
positive integers, and it prints all the positive
di visors of each positive integer entered.

|f the user enters one or nore non-numeric

when pronpted for an integer, the programwl| go

an endl ess | oop.

R R b b B i S S I b b b b I S S I R AR i S S S S b b b b b S R b b b b B S S I I b b b S S S S S I

****/

#i ncl ude <i ostream h>

/********************* G L O B A L C O N S T A N T S

**************/

const int FALSE = 0, TRUE = 1;

| xxxxxxxxxxxxxxxxx EUYUNCTI ON PROTOTYPES

************/

void print_initial_explanation (void);
voi d get _nunmber_fromuser (int & n);
void print_divisors (int n);

int user_w shes to repeat (void);

/**************************** MA | N

*******************************/

int main (void)

{

int users_integer;



print_initial_explanation();

do
{

get _nunber _from user (users_integer);

print _divisors (users_integer);

}

whil e (user_w shes to _repeat());
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[FrRrxx®&xx% P R NT I NI T 1 AL EXPLANATI ON

kkkkkkkk*x

DESCRI PTI ON: This function prints sone text on the screen.

PARAMETERS: None.
RETURNS: Void (no val ue).
VWRI TTEN BY: W  Kni ght

R b b S b R I b S S b b S R R S S b S b S R R bk b S S b S I R

****/

void print _initial _explanation (void)

{

cout << "\n\nThis programis designed to exhibit the positive
\nll;

cout << "divisors of positive integers supplied by you. The\n";

cout << "programw || repeatedly pronpt you to enter a
positive\n";

cout << "integer. Each tine you enter a positive integer,
t he\ n";

cout << "programw |l print all the divisors of your integer
in\n";

cout << "a colum and in decreasing order.\n\n";
}

[FrRxFF&xFAXFAIEX G ET NUMBER FROM USER

kkkkkkikikhkhkhkkkk*k

DESCRI PTI ON: This function pronpts an interactive user for a
positive
i nteger, reads the integer, and returns it in the
vari abl e passed to this function.

PARAMETER
n The positive integer supplied by the user. This is
a
reference paraneter. It is intended that the
ar gunment
passed through this parameter will receive a new
val ue.
RETURNS: Void (no val ue).
ALGORI THM The user is pronpted for the positive integer. |If
t he
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i nteger entered by the user is zero or negative, the

user will be infornmed that the input is not positive
and will be given another chance to enter valid
dat a.
The function will not exit until the user has
ent ered
val i d dat a.
WRI TTEN BY: W  Kni ght

E R R S I S S S S S R I S R I S S S I R S S O

****/

voi d get _nunber _fromuser (int & n)

{
do
{ o
cout << "Please enter a positive integer: ";
cin >>n;
if (n <= 0)
cout << '\n' << n << " is not a positive integer.\n";
}
while (n <= 0);
}
R R R

/1| COMMENT: Inthefunction "get number from user ", if theinteractive user entersa

/1 non-numeric character in response to the prompt for a positive integer, then the program will gointo / /
an endlessloop. That can be avoided as follows:

/'] placean '"#i ncl ude <stdlib. h>" directive a thetop of the program, and then use thisloop:
/1 do

/1 {

/1 cout << "Please enter a positive integer: ";
/1 cin >> n;

/1 if (!cin.good()) // cin.good() returns O if cin >> n has
failed

/1 {

I cout << "\n\n *** Non-nuneric data entered. Prograni;
/1 cout << " cannot recover, so wll exit. *** \n\n" <<
endl ;

/1 exit (1); [/ ABORT THE PROGRAM (exit is defined in
stdlib.h)

/1 }

/1

/1 if (n <= 0)

I cout << '\n' << n << " is not a positive integer.\n";
I }

/1 while (n <= 0);
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/******************** P R I N T D I V I S O R S

kkkkkkhkhkhkikhkhkhkhkkhkikikikh*k

DESCRI PTI ON: This function prints all the divisors of a positive
integer in a colum and in decreasing order.

PARAMETER
n The positive integer whose divisors will be printed.
RETURNS: Void (no val ue).
ALGORI THM First the value of nis printed. Then, starting
with
t he next possible smaller divisor (n/2), each
i nt eger
down to 1 is tested to see if it is a divisor of n,
and every divisor is printed.
VWRI TTEN BY: W  Kni ght

R b b B S S S S b b b b b S S I S R SRR S S S S b b b b b R R b b e S S I b b b b I S S S b b

****/

void print_divisors (int n)
{

cout << n << endl;

int trial _divisor;

for (trial _divisor = n/ 2; trial_divisor >=1; --
trial _divisor)

if (n %trial _divisor == 0)
cout << trial _divisor << endl;

cout << endl
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[Frxx*xxxxxxx USER WI SHES TO REPEAT

*kkk k%

*kkkkkkk*k

DESCRI PTI ON: This function determ nes whether an interactive user
wi shes to enter another positive integer.
PARAMETERS: None.
RETURNS: TRUE if the user wishes to repeat, FALSE if not.
ALGORI THM The user is asked to type Y for "yes, | wish to
repeat”
or Nfor "no, | do not". The user's response is
t hen
read fromthe keyboard, and if it is neither Y nor N
(the |l ower case versions of these characters are
al so
accepted), then the user is asked to re-enter
response.
VWRI TTEN BY: W  Kni ght
R SR S b b S S I b i S I b I I I b S I S S S S S I I A S B I S kI S S Bk S S S S i S i b I b B S S S S b i b b
****/
int user_w shes to _repeat (void)
{
char response;
cout << "Would you like to see the divisors of another”;
cout << " integer (Y N? ";
cin >> response;
while (response !="Y" & & response !="y" && response !="N
&& response !=
Inl)
{ |
cout << "\nPlease respond with Y (or y) for yes and N (or
n)ll’

}
i f

els

cout << " for no." << endl;

cout << "Would you like to see the divisors of another";

cout << " integer (Y/'N)? ",
cin >> response;

(response == "Y' || response == "'y')
return TRUE;
e
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return FALSE;

70



