
CSCI261 Lecture Questions C++ Functions

This worksheet is for your use during and after lecture. It will not be collected or graded, but I think you will find it a
useful tool as you learn C++ and study for the exams. Explain all false answers for the “True or False” questions; in
general, show enough work and provide enough explanation sothat this sheet is a useful pre-exam review. I will be
happy to review your answers with you during office-hours, via Email, or instant messaging.

1. True or False:Calc%O2 is a valid C++ function name. If false, state why.

Solution: False, function names follow the rules for C++ variable names, also called identifiers.% cannot be
used in C++ identifiers.

2. True or False: You have not written any user-defined functions in Labs 1 through 5. If false, name the function or
functions.

Solution: False, in each lab, at least oneint main() function was written.

3. Write the function definition for a function that returns the sum ofint anddouble arguments as a double value.
Call the functionsilly_sum.

Solution:

double silly_sum( int a, double b )
{

return a + b;
}

4. True or False: The compiler must encounter every function’s prototype or definition before it is used in a program
listing. If false, cite a counter example.

Solution: True.

5. True or False: Every user-defined function must have a prototypein the same source fileas its function definition.
If false, cite a counter example.

Solution: False. Prototypes may be provided in files used with#include statements. Consider, for instance,
that the library function protoypedouble sqrt( double x ); is provided this way via#include <cmath>.

6. (a) Write a function prototype for your answer to question3.

Solution: double silly_sum( int a, float b );

(b) Can you write another, equally correct, function prototype for question3?

Solution: double silly_sum( int, float );
Omitting argument names from prototypes is generally considered apoor programming practice.

7. Write the function definition for avoid function that does not accept arguments and does nothing.

(a) Call the functionSuper_Void.
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Solution:

void Super_Void ( void )
{

return;
}

(b) Now, write a different function definition for the samevoid function that differs by one word.

Solution:
void Super_Void ( )
{

return;
}

void Super_Void ( void )
{
}

void Super_Void ( )
{
}

Either of the first two will work (since the question specifiesonly one word to be different). In general,
these are the 4 ways to write the function definition described. The answer to parta and these three
variations.

8. True or False: There are two different techniques for a programmer to show that a function does not return a value.

Solution: False. The only way to declare avoid function is to use thevoid keyword before the function
name in its prototype or definition.

9. Explain in detail the difference between the two functionprototypes below, and what they mean to the program-
merusingthese functions.

int a( int i, string& s ); int b( int& i, string& s );

Solution: In the functiona, the first argument is provide by value, changes toi within the statements ofa
does not change the value ofi in the caller. The functionb passesi by reference, so changes toi within the
statements ofb will be seen by the caller.

10. What is avoid function?

Solution: A void function does have a return value or return type. It is usefulonly for its side-effects.

11. Write the prototype for a function that returns a Booleanvalue and does not accept any arguments. Call the
functionDecisionMaker.

Solution:
bool DecisionMaker(); or bool DecisionMaker(void);

12. (a) What limitation does the return value have for a (non-void) function that must communicate values back to
its caller?

Solution: A return statement can communicate only one value back to the caller.

(b) What mechanism may be used by a function that must communicate more than one data value back to its
caller?
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Solution: Declare (nonconst) parameters passed by reference, and place extra “return values” in these.

(c) We have learned another technique that might be used — what is it?

Solution: Information could also be passed through files written by a function and read by the caller
after the function has completed.

13. (a) Write a function calledCircleMeasures that is called with the radius of a circle (as adouble) and calculates the
diameter, circumference, and area for the caller.

Solution:

#include <cmath >
using namespace std;
/∗ ∗∗
∗ r e t u r n s t h e area , v a l u e s d i a m e t e r and c i r c
∗ /

double CircleMeasures ( double r, double& diameter , double& circ )
{

const double PI( acos (-1));
diameter = 2*r;
circ = diameter*PI; / / or , 2 ( p i ) r i f you l i k e
return PI*pow(r,2); / / a rea i s p i ∗ r

}

(b) In what ways might your classmates’ answers differ from yours yet still be correct?

Solution: They might return a different measurement than my solution,and provide the other two through
reference parameters. Once we learn aboutvoid functions, they might return all three measurements through
reference parameters.

14. Using awhile loop, write the function definition forfactorial, a function that returns an integer, accepts a
single integer argumentx and returns the value ofx!. Write a simplemain routine that tests this function.

Solution:

int factorial( int x )
{

int f(1);
while( x > 1 ) {

f *= x;
x--;

}
return f;

}

#include <iostream >
using namespace std;

int factorial(int);
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int main()
{

cout << "Enter x for x! " << flush;
int x;
if( cin >> x ) {

cout << x << "! is " << factorial(x) << endl;
}
return 0;

}

15. Recall from Calculus II that the Taylor series expansionof f (x) = ex is

ex =
∞

∑
n=0

xn

n!

Use your solution for calculatingx! above (question14) to write the function definition for

double exp_taylor_term( double x, int n );

that returns thenth term of the Taylor series for ex.

Solution:

/ / p r o t o t y p e f o r f a c t o r i a l ( )
int factorial( int x );

double exp_taylor_term ( double x, int n )
{

/ / ( a l t e r n a t i v e l y , you c o u l d use t h e pow ( ) f u n c t i o n
/ / f rom t h e math l i b r a r y .
double xpow (1);
for( int p=1; p<=n; p++ ) {

xpow *= x;
}

return xpow / factorial( n );
}

16. Which of the following will the compiler use to distinguish functions by their signatures.

A. Function return type

B. const-ness of function return type

C. Theconst-ness of a user-defined class’ member function

D. The user-defined class containing a member function

E. The argument types

F. The order of argument types

G. The argument names
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H. The order of argument names

I. Theconst-ness of function arguments

Solution: C, D, E, F, I.

17. Consider the following snippet of code:

3 void f( int x, double y );
4 int f( const string& s, int x );
5 double f( string& s, int x );
6 double f( string& s, double y );
7
8 int main()
9 {

10 const string greeting( "hello" );
11 string farewell( "good -bye" );
12 int i( f( greeting , 3 ));
13 f( i, f( farewell , 3.0 ));
14 return 0;
15 }

For the following line numbers, determine which functions
are called, and in what order (identify a function by its pro-
totype’s line number).
(a) Line12.

Solution: f on line 4 (the only f that takes a
const string as first argument).

(b) Line13.

Solution: First f on line6, then its result is pro-
vided as the second argument tof on line3.

18. Consider the following snippet of code:

3 void f( int& x );
4 void f( const int& ) const;
5 bool f( int& );
6 bool f( double y );
7 bool f( int );
8 bool f( double x );
9 void f( int x );

10 void f();

Find the two pairs of functions prototypes with matching
signatures that will cause a compiler error.

Solution: The pair on lines3 and5. The pair on lines
9 and7. The pair on lines6 and8 won’t cause an error
because they are prototypes for the same function sig-
nature (recall that argument names are ignored). The
compiler does not raise an error when it sees the same
prototype twice.

Page 5



CSCI261 Lecture Questions C++ Functions

19. Consider the code snippet below to answer the questions at the right.

4 int add_two( int a, int& b )
5 {
6 b -= 1;
7 a += 1;
8 return a + b;
9 }

10
11 int add_three( int a, int& b, int c )
12 {
13 return add_two( add_two( a, b ), c );
14 }
15
16 int main()
17 {
18 int a = 10;
19 int b = 20;
20 int c = 0;
21
22 cout << add_three( a, b, c ) << " ";
23 cout << a << " " << b << " " << c;
24 cout << endl;
25
26 return 0;
27 }

(a) Does this snippet represent function composition? On
which lines?

Solution: Yes, at line13. The argument of the
outermostadd_two comes from the return value
of anadd_two call.

(b) How many times is line8 traversed by the CPU? What
are the values ofa andb each time?

Solution: See below.

(c) What is printed bymain()?

Solution:

30 10 19 0

Solution: On the next page, I go through this solution in rather fine detail, attempting to explain every step by
the compiler and CPU. Once you become comfortable with functions and the passing of variables by value and
reference, this much detailed analysis is rarely needed. Bythe time the next exam arrives, you should be able to
work this problem out in about 5 minutes.

Solution: The key to this question is correctly analyzing the steps thecompiler and CPU take during the
execution ofmain. One way to do this is to “trace” through the code, rewriting it with the explicit steps
the compiler automatically adds to the program. I’ve done this below by adding the temporary variables
u1, t1, t2, s1.
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1 #include <iostream >
2 using namespace std;
3
4 int add_two( int a, int& b )
5 {
6 / / ON THE FIRST CALL TO add two , a =10 , b& = 2 0 .
7 / / ON THE SECOND CALL TO add two , a =30 , b& = 0 .
8
9 b -= 1; / / SAME AS b = b − 1 ; <= THIS IS SEEN IN THE CALLER !

10 a += 1; / / SAME AS a = a + 1 ;
11 int s1 = a + b;
12 return s1;
13 }
14
15 int add_three( int a, int& b, int c )
16 {
17 / / CALL add tw o WITH a =10 , b&=20 ONLY THE 2ND ARG MAY CHANGE !
18 int t1 = add_two( a, b );
19 / / RETURNS WITH t 1 =30 , a=10 ( unchanged ) , b&=19
20
21 / / CALL add tw o w i t h t 1 =30 , c =0 , ONLY THE 2ND ARG MAY CHANGE !
22 int t2 = add_two( t1, c );
23 / / RETURNS WITH t 2 =30 , t 1 =30 ( unchanged ) , c=−1
24
25 / / RETURN THE VALUE t 2 =30 , THE 2ND ARG ( b &) IS NOW 1 9 .
26 return t2;
27 }
28
29 int main ()
30 {
31 int a = 10;
32 int b = 20;
33 int c = 0;
34
35 / / CALL a d d t h r e e WITH a =10 , b =20 , c =0 , ONLY THE 2ND ARG MAY CHANGE !
36 int u1 = add_three( a, b, c );
37 / / RETURNS u1 =30 , a , c unchanged , and b i s now 1 9 .
38 cout << u1 << " ";
39 cout << a << " " << b << " " << c;
40 cout << endl;
41
42 return 0;
43 }

All that remains is to trace through the lines of execution, tracking the changes to variable values. The
solution to the second portion of partb areshown in bold.

main vars add three vars add two vars
Line(s) a b c u1 a b c t1 t2 a b s1

Before call on line36 10 20 0
main callsadd three

Before call on18 10 20 0 10 20 0
add three callsadd two

After line 9 10 19 0 10 19 0 10 19
After line 10 10 19 0 10 19 0 11 19
After line 11 10 19 0 10 19 0 11 19 30
add two returnss1=30

Before call on22 10 19 0 10 19 0 30
add three callsadd two

After line 9 10 19 0 10 19 -1 30 30 -1
After line 10 10 19 0 10 19 -1 30 31 -1
After line 11 10 19 0 10 19 -1 30 31 -1 30
add two returnss1=30

After call on22 10 19 0 10 19 -1 30 30
add three returnst2=30

After call on line36 10 19 0 30
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20. Below is a snippet of C++ source from a file namedoops.cxx, and below that is an error listing generated during
a build attempt. Use the space at the right to explain how the code may be changed to resolve each error message.

1 #include <string >
2 #include <cmath >
3 using namespace std;
4
5 int f( int a );
6
7 string g( double f );
8
9 void h( int m, string& n )

10 {
11 return;
12 }
13
14 int main()
15 {
16 double product = j();
17 string text( "abc" );
18 int result;
19 double product_string ;
20
21 product_string = g( product );
22
23 result = h( f(’A’)+h(0,text), "xyz" );
24
25 return 0;
26 }
27
28 double j( void )
29 {
30 return acos (-1)*exp(1);
31 }
32
33 double f( int a )
34 {
35 return j() + a;
36 }

Solution:
Line 16
A prototype for functionj is not provided beforej is
used inmain. Add a protoype forj or place its entire
definition before the functionmain.
Line 21
product_string is declared as adouble, and its
value is set to the return value ofg. But the pro-
toype of g says it returns astring, not adouble.
The compiler can automatically convert between dif-
ferent integer types, and integer types todoubles, but
it won’t automatically convert adouble to a sequence
of ASCII characters.
Line 23
The functionh is a void function — it doesn’t return
a value. But we are attempting to store its “return
value” inresult. Remove the assignment ofresult
to correct this line of code.
Line 33
The prototype for functionf does not match its func-
tion definition. Change the return types off so that
they match.
undefined reference
This is a linking error. A prototype for functiong is
provided, but the function definition, or implementa-
tion, has not been provided. Providing the definition
for string g( double ) corrects this.

ERROR L ISTING

oops.cxx:16: error: ’j’ was not declared in this scope
oops.cxx:21: error: cannot convert string to double
oops.cxx:23: error: void value not ignored as it ought to be
oops.cxx:33: error: new declaration ’double f(int)’ ambiguates old declaration
undefined reference: string ::g( double )
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Beginning with question 21, different functions for you to write are described, each using arrays in a slightly
different and increasing complex way. I have not attempted to provide space for the answers. Use an additional
piece of paper, or better yet, a computer where you can test your solution’s correctness. The solutions for all of
these excercises are provided in one location at the end of the solution PDF. I will also provide a simple testing
program for download (seemy course website) so that you can easily test the correctness of your code.

21. In statistics, the mean or average value of a set ofn data points is the defined by:

x̄=
1
n

n

∑
i=1

xi

Write a C++ function, namedaverage, that accepts two arguments: aconst array of doubles, and a constant
integer representing the number of elements in the double array. The function should return ¯x.

22. Write a void function that accepts six arguments: aconst int array of data, anconst int size argument for
the array, anint argument namedvalue, and twoints passed by reference namednear andfar. The function
should place into thenear andfar the element offset of the array valuenearestvalue, and the element offset of
the valuefarthestfrom value.

For instance: if the argument is passed an array{ 1, 13, 5, 8, 21, 2, 13, 3 } with value 6, it should place
into near the element offset of the element value 5, and intofar the element offset of the element value 21.

23. The Fibonacci sequence is given by:

a1 = a2 = 1, ai = ai−1+ai−2

This sequence of numbers has a long history of study in both the mathematical1 and biological world.2 Now it’s
time to study them in the wonderful world of C++ arrays. Writea function, aptly namedfibonacci that accepts
an array of integers and a constant argument specifying the size of the array.fibonacci should initialize the array
with as many terms of the Fibonacci sequence as it will hold.

24. Recall from Calculus II that all our favorite trigonometric functions have associated∞-series (remember the names
MacLaurin and Taylor?), for instance:

sinx= x−
x3

3!
+

x5

5!
−

x7

7!
+ · · ·=

∞

∑
n=0

(−1)n x2n+1

(2n+1)!

(a) Write a void function namedsine_terms that accepts a non-const double array (call itterms), a constant
size argument for the array, and adouble variable namedx. The function should place intoterms the first
size terms of the MacLaurin series of sinx.

(b) Calculus II also introduced thenth partial sumSn of an∞-series∑∞
i=1ai as simply the sum of the firstn terms:

Sn =
n

∑
i=1

ai

Now write the functionsine_sums that accepts all the same arguments as in parta as well as a second non-
const double array namedsums. sine_sums should first callsine_terms, and then calculate the partial
sums of the terms and place their values intosums. sine_sums should return theSsize partial sum.

Solution: A simplemain() routine is provided on my course website for testing your code. When I run it
against my own solution, I get the following output:

1It is connected to the golden ratio in an incredibly elegant way.
2The minimal packing pattern of sunflower seeds, the turns andridges of sea shells, . . .
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The average of 1 and 0 zeros is 1
The average of 1 and 1 zeros is 0.5
The average of 1 and 2 zeros is 0.333333
The average of 1 and 3 zeros is 0.25
The average of 1 and 4 zeros is 0.2
The average of 1 and 5 zeros is 0.166667
The average of 1 and 6 zeros is 0.142857
The average of 1 and 7 zeros is 0.125
The average of 1 and 8 zeros is 0.111111
The average of 1 and 9 zeros is 0.1
The average of 1 and 10 zeros is 0.0909091
The average of 1 and 11 zeros is 0.0833333
The average of 1 and 12 zeros is 0.0769231
The average of 1 and 13 zeros is 0.0714286
The average of 1 and 14 zeros is 0.0666667
The average of 1 and 15 zeros is 0.0625
The average of 1 and 16 zeros is 0.0588235
The average of 1 and 17 zeros is 0.0555556
The average of 1 and 18 zeros is 0.0526316
The average of 1 and 19 zeros is 0.05
The first 20 Fibonacci terms are 1 1 2 3 5 8 13 21 34 55 89 144 233 377 610 987 1597 2584 4181 6765
Fib term 1 is closest to -1
Fib term 6765 is farthest from -1
Fib term 6765 is closest to 10000
Fib term 1 is farthest from 10000
Fib term 4181 is closest to 4184
Fib term 1 is farthest from 4184
Fib term 2584 is closest to 2585
Fib term 6765 is farthest from 2585
Fib term 5 is closest to 6
Fib term 6765 is farthest from 6
sin(3/2 * PI) = -1 (should be -1)
sin(1) = 0.841471 (should be 0.84147...)

Here are my solutions for the programming problems:

1 /∗ ∗∗
2 ∗ C a l c u l a t e an av erage
3 ∗ /
4 double average( const double data[], const int size )
5 {
6 double sum(0);
7 for( int i(0); i<size; i++ ) {
8 sum += data[i];
9 }

10
11 return sum/size;
12 }
13
14 /∗ ∗∗
15 ∗ F i b o n a c c i
16 ∗ /
17 void fibonacci( int fib[], const int size )
18 {
19 / / 1 , 1 , 2 , 3 , 5 , 8 , 13 , . . .
20 if( size >= 1 ) {
21 fib[0] = 1;
22 }
23 if( size >= 2 ) {
24 fib[1] = 1;
25 }
26 / / f i l l i n t h e r e s t
27 for( int i(2); i<size; i++ ) {
28 fib[i] = fib[i-2] + fib[i-1];
29 }
30 }
31
32
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33 /∗ ∗∗
34 ∗ r e t u r n s t h e g r e a t e r o f two i n t s
35 ∗ ( a u t i l i t y f u n c t i o n f o r l o c a l i t y )
36 ∗ /
37 int intabs( int a )
38 {
39 / / t h i s i s a common use o f t h e t e r n a r y o p e r a t o r ( see c h a p t e r 2
40 / / l e c t u r e s l i d e s )
41 return a >= 0 ? a : -a;
42 }
43
44 /∗ ∗∗
45 ∗ F i l l n e a r e s t and f a r t h e s t w i t h t h e o f f s e t s o f t h e
46 ∗ d a t a e l e m e n t s t h a t meet t h e named c r i t e r i a .
47 ∗ /
48 void locality( const int data[], const int size , int value ,
49 int& near , int& far )
50 {
51 / / a w i s e p r e c a u t i o n
52 if( !size ) return;
53
54 / / i n i t w i t h f i r s t e l ement
55 near =0;
56 far=0;
57 int d( value -data [0] );
58 int near_distance = intabs(d);
59 int far_distance = near_distance ;
60
61 for( int i(1); i<size; i++ ) {
62 d = value -data[i];
63 d = intabs(d); / / abs v a l u e
64 / / check c l o s e s t
65 if( d < near_distance ) {
66 near_distance = d;
67 near = i;
68 }
69 / / check f a r t h e s t
70 if( d > far_distance ) {
71 far_distance = d;
72 far = i;
73 }
74 }
75 }
76
77
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78 /∗ ∗∗
79 ∗ s i n e t e r m s
80 ∗ /
81 void sine_terms( double terms[], const int size , double x )
82 {
83 / / be s a f e
84 if( !size ) return;
85
86 / / t h e f a c t o r i a l t e rm
87 int factterm (1);
88 / / t h e d e n o m i n a t o r f a c t o r i a l v a l u e
89 double fact (1); / / f a c t o r i a l o f d e n o m i n a t o r
90 / / t r a c k s t h e s i g n o f each te rm
91 double neg(1); / / f i r s t t e rm i s p o s i t i v e
92 / / t h e c u r r e n t power o f x
93 double powx(x);
94 / / powers o f x i n c r e a s e by x s quared
95 double xsquared(x*x);
96
97 /∗ ∗∗∗
98 ∗ Note t h a t neg , powx , and f a c t a re a l r e a d y i n i t i a l i z e d
99 ∗ f o r t h e f i r s t t e rm

100 ∗ /
101
102 for( int i(0); i<size; i++ ) {
103 / / f i l l i n t h e te rm
104 terms[i] = (neg*powx)/fact;
105 /∗ ∗∗∗
106 ∗ c a l c u l a t e d f a c t o r s f o r t h e n e x t t e rm
107 ∗ /
108 / / s i g n change
109 neg = -neg;
110 / / n u m e r a t o r = n u m e r a t o r ∗ x ∗ x
111 powx *= xsquared;
112 / / f a c t o r i a l i n c r e a s e s by two i n t e g e r v a l u e s
113 fact *= ++factterm;
114 fact *= ++factterm;
115 }
116 }
117
118
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119 /∗ ∗∗
120 ∗ s i n e s u m s
121 ∗ /
122 double sine_sums( double terms[], const int size , double x, double sums [] )
123 {
124 / / g e t t h e te rms
125 sine_terms( terms , size , x );
126
127 / / c a l c u l a t e p a r t i a l sums
128 double s(0);
129 for( int i(0); i<size; i++ ) {
130 s += terms[i];
131 sums[i] = s;
132 }
133
134 / / r e t u r n t h e p a r t i a l sum o f t h e f i r s t s i z e te rms
135 return sums[size -1];
136 }

25. In mathematics, amatrix is a p × p grid of real (ℜ) or complex (ℜ+ℑ) numbers. Each element of a matrix A is
denoted byai j wherei and j are the row and columnnumbers, respectively. Thetransposeof a matrix A is AT , it
is a matrix with A’s elements reflected across the main upper-left to lower-right diagonal. These examples show
the case forp= 3.

A =





a11 a12 a13

a21 a22 a23

a31 a32 a33



 AT =





a11 a21 a31

a12 a22 a32

a13 a23 a33





More succinctly,AT
ji = Ai j . Write a C++ void functiontranspose that works on square matrices (the number of

rows is equal to the number of columns) with a maximum dimension of MAXP. The matrix should be represented
in C++ by aMAXP×MAXP double array.transpose should accept the array data, and a single constant integral
parameterp (1≤p≤MAXP) representing the size of the input array.transpose should turn the array argument into
its transpose, this is called taking the transposein place.

Solution:

7 void transpose( double array[][MAXP], const int p )
8 {
9 double temp;

10 / / f rom t h e f i r s t t o t h e l a s t row
11 for( int row(0); row <p; row++ ) {
12 / / f rom t h e f i r s t column t o one column b e f o r e t h e
13 / / main d i a g o n a l
14 for( int col(0); col <row; col++ ) {
15 / / swap
16 temp = array[row][col];
17 array[row][col] = array[col][row];
18 array[col][row] = temp;
19 }
20 }
21 }

26. In mathematics, a vectorx is a one dimensional array of numbers, typically visualized“vertically”.
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Vectors may multiply arrays (on the array’s right-hand side) and the result is another vector. We write the following
for the p= 3 case in mathematics:

Ax=





a11 a12 a13

a21 a22 a23

a31 a32 a33









x1

x2

x3



=





a11x1+a12x2+a13x3

a21x1+a22x2+a23x3

a31x1+a32x2+a33x3





Note that the product Ax is another vector of sizep, each element of which is the sum ofp products. The size, or
dimension, ofx must agree with the number of columns in A.3

Vectors in C++ are typically represented by 1d arrays. Complete the C++ void function below.Ax should calculate
the product Ax for any arbitrary 1≤ p≤MAXP.

void Ax( const double A[MAXP][MAXP], const double x[],
double product[], const int p )

Solution:

25 void Ax( const double A[MAXP][MAXP], const double x[],
26 double product[], const int p )
27 {
28 / / f o r each row o f t h e m a t r i x A
29 for( int arow (0); arow <p; arow++ ) {
30 double sum(0);
31 / / f o r each component o f t h e v e c t o r
32 for( int xrow (0); xrow <p; xrow++ ) {
33 / / m u l t i p l y i t by t h e column o f t h e m a t r i x row
34 sum += A[arow ][xrow ]*x[xrow];
35 }
36 / / s t o r e i n t h e v e c t o r p r o d u c t
37 product[arow] = sum;
38 }
39 }

3For purposes of this worksheet, we are only interested in square matrices. So the dimension ofx will also equal the number of rows in A. But
this is not the general mathematical case! In general, a vector x of dimensionn may multiply any matrix with dimensionsm×n, resulting in a new
vectory that ismdimensional (the number of rows of A), and each component ofy is the sum ofn products.
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