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1 Defining and calling functions

A function is a block of statements. A function must have a name, which follows the rule of naming
identifiers. The statements inside any function are executed only when the function is called from
another calling function. A function is called by a statement which consists of the function name
followed by parentheses (). After the called function is executed, the calling function resumes its
execution from the point it arrived. A function can be called any number of times, from the same
or different calling functions, or not called at all. The main() function is a special function which
is called by the operating system when the program starts.

1 void Fun1() // The definition of function Fun1()
2 {
3 cout << "Fun1() starts." << endl;
4 cout << "Fun1() ends." << endl;
5 }
6 void Fun2() // The definition of function Fun2()
7 {
8 cout << "Fun2() starts." << endl;
9 cout << "Fun2() ends." << endl;

10 }
11 void Fun3() // The definition of function Fun3()
12 {
13 cout << "Fun3() starts." << endl;
14 cout << "Calling Fun1() from Fun3():" << endl;
15 Fun1();
16 cout << "Fun3() ends." << endl;
17 }
18 int main() // The definition of function main()
19 {
20 cout << "main() starts." << endl;
21 cout << "Calling Fun1() from main():" << endl;
22 Fun1();
23 cout << "Calling Fun3() from main():" << endl;
24 Fun3();
25 cout << "main() ends." << endl;
26 return 0;
27 }
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When this program is executed, its output will be as follows:

main() starts.
Calling Fun1() from main():
Fun1() starts.
Fun1() ends.
Calling Fun3() from main():
Fun3() starts.
Calling Fun1() from Fun3():
Fun1() starts.
Fun1() ends.
Fun3() ends.
main() ends;

The functions in the previous example do not have parameters, indicated by the empty parentheses.
A function can have one or more parameters separated by commas. The default parameter passing
method is passing by value which is explained in the following example:

1 void Fun(int y) // Initially y=5 which is the value of x when calling Fun(x)
2 {
3 cout << y << endl; // Prints 5 on screen when Fun(x) is called with x=5
4 y=7; // y value becomes 7, while the value of x does not change
5 cout << y << endl; // Prints 7 on screen when Fun(x) is called
6 cout << x << endl; 6 // x is not visible from here
7 }
8
9 int main()

10 {
11 int x=5;
12 Fun(x);
13 cout << x << endl; // Prints 5 on screen, because x value did not change
14 cout << y << endl; 6 // y is not visible from here
15 return 0;
16 }

In the previous example, we call x the actual parameter, while we call y the formal parameter. x
and y are local variables. A local variable is visible only inside its block of statements.

A function can have a return value which can be received by the calling function. The type of
the return value is specified before the function name in the function definition. A function returns
its value by a return statement, which ends the function execution. If the function does not return
a value, the return type is specified as void and no return statement exists, such as the previous
example. A function can have at most one return value. The return value of the main() function
is passed to the operating system and used for error reporting.
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The following example illustrates the usage of a function with 3 integer parameters and an integer
return type:

1 int MulMod(int a, int b, int c)
2 {
3 int r = (a * b) % c;
4 return r;
5 }
6 int main()
7 {
8 int x = 5, y = 7, z = 3;
9 int t = MulMod(x, y, z); // set t = (5×7) mod 3 = 2

10 cout << t << endl; // Print 2 on screen
11 int s = MulMod(y, 4, z-1); // set s = (7×4) mod 2 = 0
12 cout << s << endl; // Print 0 on screen
13 return 0;
14 }

2 Function declaration, default parameters, and overloading

In the previous examples, the function definition precedes function calls in the file. It is possible
that function calls precedes the function definition such that the function declaration (prototype)
precedes function calls. The parameter variable names can be omitted from function declarations.

1 int MulMul(int a, int b, int c) {return (a * b) * c;}
2 int MulMod(int, int, int); // Variable names can be omitted from declaration
3 int MulAdd(int a, int b, int c) {return (a * b) + c;}
4
5 int main()
6 {
7 cout << MulMod(7, 4, 2) << endl; 4 // Function declaration exists above
8 cout << MulMul(2, 3, 4) << endl; 4 // Function definition exists above
9 cout << MulDiv(5, 8, 3) << endl; 6 // No declaration or definition above

10 return 0;
11 }
12 int MulMod(int a, int b, int c) {return (a * b) % c;}
13 int MulDiv(int a, int b, int c) {return (a * b) / c;}
14 int MulAdd(int a, int b, int c) {return (a * b) + c;} 6

15 // A function can not be defined twice
16 int MulMod(int a, int b, int c); 4 // A function can be declared twice

It is possible to define default values for some formal parameters to be used in case actual param-
eters are not passed. Default values are specified in function definition only if function declaration
does not exist, otherwise they are specified in function declaration only. If a default value for a
formal parameter is specified, default values of subsequent formal parameters must be specified.
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1 int MulMul(int a, int b, int c=2) {return (a * b) * c;} 4

2 // Default value can exist in definition if no declaration
3 int MulMod(int, int=5, int=4); 4

4 int MulAdd(int a, int b=3, int c) {return (a * b) + c;} 6

5 // c must have a default value since b has one
6 int main()
7 {
8 cout << MulMod(7, 3, 2) << endl; 4 // Default values not used
9 cout << MulMod(7, 3) << endl; 4 // MulMod(7,3,4)

10 cout << MulMod(7) << endl; 4 // MulMod(7,5,4)
11 cout << MulMod() << endl; 6 // a does not have a default value
12 cout << MulMul(7, 3, 5) << endl; 4 // Default value not used
13 cout << MulMul(7, 3) << endl; 4 // MulMul(7,3,2)
14 cout << MulMul(7) << endl; 6 // b does not have a default value
15 return 0;
16 }
17 int MulMod(int a, int b=5, int c=4) {return (a * b) % c;} 6

18 // Default values in declaration only

It is possible to overload functions. Overloading functions is defining functions with the same
name but they differ in the number or the types of parameters. It is not possible to define functions
with the same name that differ only in the return type.

1 int Mul(int a, int b, int c) {return a * b * c;}
2 int Mul(int a, int b) {return a * b;} 4

3 double Mul(int a, int b) {return a * b;} 6

4 // Overloaded functions can not differ only in return type
5 double Mul(int a, double b) {return a * b;} 4

6
7 int main()
8 {
9 cout << Mul(7, 3, 2) << endl; 4

10 cout << Mul(7, 3, 2.7) << endl; 4 // Best match is: Mul(int, int, int)
11 cout << Mul(7, 3) << endl; 4 // Best match is: Mul(int, int)
12 cout << Mul(7, 3.0) << endl; 4 // Best match is: Mul(int, double)
13 cout << Mul(7.0, 3.0) << endl; 4 // Best match is: Mul(int, double)
14 return 0;
15 }
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3 Scope and lifetime of variables

A variable scope defines where it is visible. A variable lifetime defines when it is constructed and
destroyed.
All variables defined inside a function are local variables to this function. A local variable is
constructed each time the function is called, and destroyed each time the function ends. It is
visible only after its declaration and inside the block of statements {} to which it belongs. If the
static modifier precedes a local variable declaration, it will be constructed and initialized once, and
destroyed only at the end of the program. Static variables are initialized to zero by default.
All variables defined outside all functions are global variables. Global variables are constructed
at the beginning of the program and destroyed at the end of the program. They are visible inside
all functions after its declaration. Global variables are initialized to zero by default. If the static
modifier precedes a global variable, it will be visible only inside its file.
A variable may become invisible in a block of statements because a variable with the same name
exists in that block.

1 int a, b=5; // Global variables, a initialized to 0
2 static int c; // c is not visible to other files
3
4 void Fun(int x)
5 {
6 int y, z=7; // Local variables, y not initialized
7 static int r, t=3; // Static local variables, r initialized to 0
8 // r and t are initialized only once per program
9

10 a++; b++; c++; x++; y++; z++; r++; t++;
11
12 if(t==4) {int z; z=20;} // The above z is not affected
13
14 cout << "x=" << x << " y=" << y << " z=" << z
15 << " r=" << r << " t=" << t << endl;
16 }
17
18 int main()
19 {
20 cout << a << " " << b << " " << c << endl; 4 // Prints 0 5 0
21 Fun(2); // Prints x=3 y=(garbage value) z=8 r=1 t=4
22 cout << a << " " << b << " " << c << endl; 4 // Prints 1 6 1
23 Fun(6); // Prints x=7 y=(garbage value) z=8 r=2 t=5
24 cout << a << " " << b << " " << c << endl; 4 // Prints 2 7 2
25 cout << x << " " << y << " " << z << endl; 6 // Not visible here
26 cout << r << " " << t << endl; 6 // Not visible here
27 return 0;
28 }
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4 Recursion

A function can recursively call itself with different parameter values. Each function call has its
separate local variables. A recursive function must contain a non-recursive base case.

1 int Factorial(int n) // Returns n×(n−1)×(n−2)×· · ·×1 = n×Factorial(n−1)
2 {
3 if(n<=1) return 1; // Factorial(0)=1 and Factorial(1)=1
4 int f=Factorial(n-1); // Compute Factorial(n−1)
5 int r=n*f; // Multiply it by n
6 return r;
7 }

For example, calling Factorial(1) will return 1.
Calling Factorial(2) will call Factorial(1), which returns 1, and then multiplies it by 2
and returns 2.
Calling Factorial(3) will call Factorial(2), which returns 2 as we see from the previous
discussion, then multiplies it by 3 and returns 6.
Note that each function call has a separate list of the local variables n, f, r which are different
from the local variables of the other function calls, although they have the same name.

The following is another example on recursion:

1 double Power(double x, int p) // Returns xp where p is integer
2 {
3 if(p==0) return 1; // Base case: x0 = 1
4 if(p<0) return 1.0/Power(x,-p); // x−p = 1

xp

5 return x*Power(x,p-1); // xp = x× xp−1

6 }

5 Examples

1. Write a function that takes an integer and returns true only if it is prime.

1 bool IsPrime(int n)
2 {
3 if(n<=1)
4 return false; // Special case: The numbers 0 and 1 are not prime.
5 int i;
6 for(i=2; i<n; i++)
7 if(n%i==0) // Check whether n is divisible by 1<i<n
8 return false; // n is not prime because it is divisible by i
9 return true; // We reach here only if the loop ends without finding

10 // any integer i that divides n
11 }
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2. Write a function that prints all primes less than m.

1 void PrintPrimesLessThan(int m)
2 {
3 int i;
4 for(i=0; i<m; i++)
5 if(IsPrime(i))
6 cout<<i<<" ";
7 }

3. Write a function that prints the first m primes.

1 void PrintFirstMPrimes(int m)
2 {
3 int i, cnt=0;
4 for(i=0; cnt<m; i++)
5 if(IsPrime(i)) {cout<<i<<" "; cnt++;}
6 }

4. Write a function that takes an integer n and a character c. The function prints c for n times.

1 void PrintSequence(int n, char c)
2 {
3 for(int i=0; i<n; i++) cout<<c;
4 }

5. Write a function that takes two integers s and n and a character c. The function prints s
spaces and then prints c for n times.

1 void PrintSpacesThenSequence(int s, int n, char c)
2 {
3 PrintSequence(s, ' ');
4 PrintSequence(n, c);
5 }

6. Write a function that takes an integer n and a character c. The function prints a filled triangle
of the character c (as shown in the figure when n = 5 and c = ‘ ∗ ‘).

1 void PrintTriangle(int n, char c)
2 {
3 for(int i=1; i<=n; i++)
4 { // *
5 PrintSpacesThenSequence(n-i, 2*i-1, c); // ***
6 cout<<endl; // *****
7 } // *******
8 } // *********
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