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Recursive Functions 1

Within a function we may of course call another function; we 
have seen many examples of this, mostly the calling of functions
from within the mai n function.

The compiler will allow any function to be called from within a 
function, as long as the argument types are correct. In particular 
this means that within a function we may make a call to the 
same function. In this case the function is said to be recursive.

Using recursive functions can sometimes lead to elegant 
solutions to problems that would be difficult to solve using 
loops; however, inappropriate use of recursion can in some 
cases lead to inefficient programs.
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Recursive Functions 2

If a function makes a recursive call (i.e. a call to itself) every 
time it is run the program will never terminate. As soon as the 
function is called for the first time, it will call itself. Within this 
call, there will be another call. Within this call there will be yet 
another call………..

Consequently recursive calls should always be used in if 
statements so that the function will not always call itself. 
Furthermore, unless the condition in the if statement depends on
input from the user, the recursive call should use different 
arguments. (If the function is called recursively with the same 
arguments and does not depend on input all calls will behave in 
the same way so the recursion will not terminate.)
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Recursive Functions 3

In part 1 we saw how the factorial function might be defined 
recursively in a functional language using a pattern-directed 
style:

f ac 0 = 1
f ac ( n+1)  = n+1 *  f ac( n)

We can use this definition to produce a recursive factorial 
function in C. We need to reinterpret the pattern-directed 
definition in a conditional style (using the standard 
mathematical notation of n! to denote the factorial of n):

i f  n i s 0 n!  = 1
el se n!  = n *  ( n- 1) !
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Recursive Functions 4

We are now ready to write the recursive factorial function. We 
shall return a result of type unsi gned l ong since factorials of 
relatively small numbers can be quite large. The argument will 
be an unsigned integer to prevent attempts to obtain the factorial 
of a negative number.

unsi gned l ong f ac( unsi gned i nt  n)
{  i f  ( n==0)  r et ur n 1;

el se r et ur n n *  f ac( n- 1) ;
}

Observe that this is more concise than any version we could 
write using a loop; we could make it even more concise using a 
conditional expression.
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Recursive Functions 5

Observe that each recursive call has a smaller argument than the
previous one so we can guarantee that eventually we reach 0 and 
the recursion will terminate.

In general, to guarantee termination, we need to make sure that 
the argument to a recursive call is in some sense simpler than 
the argument to the function, so that we eventually reach the 
base case (i.e. the case where there is no recursive call). 
Depending on the context simpler may mean a smaller number, 
a shorter fragment of an array or string, or a smaller data 
structure.
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Recursive Functions 6

If a recursive function has local variables, when each call is 
made a separate copy of these variables will come into 
existence. We can make use of these copies to store data while 
processing other data.

Suppose we want to write a function to input a line of text (of 
arbitrary length) and output the characters in reverse order. We
need to input all of the characters before we can output 
anything. The normal approach would be to store them in an 
array (probably as a string). However if there is no limit to the 
size of a line we cannot declare a suitable array. (Declaring the 
array dynamically is not an option since we will not know the 
length of the line at runtime until it has been input.)
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Recursive Functions 7

We can solve the problem on the previous slide by using a 
recursive approach. Our algorithm will be

i nput  a char act er
i f  i t ' s not  a newl i ne

pr ocess and out put  t he r est  of  t he l i ne
f i nal l y out put  t he char act er

The processing and output of the rest of the line involves 
exactly the same steps as those described above so we can make 
a recursive call to do this processing. Hence the function will be

voi d r ever seI nput ( )
{  char  ch = get char ( ) ;

i f  ( ch! =' \ n' )  r ever seI nput ( ) ;
put char ( ch) ;

}
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Recursive Functions 8

We cannot of course guarantee that the recursion will terminate 
since this relies on the user eventually typing a newline 
character and we cannot predict his behaviour. However, this is 
not a problem specific to the recursive solution – any program 
that reads a line of text will fail to terminate if the user does not 
supply a complete line.

Observe that characters are being stored in many copies of the 
variable ch – a new one comes into existence each time a 
recursive call is made. The number of such copies will of course
depend on how many characters are input but does not have to 
be known in advance.
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Self-Referential Structures 1

A self-referential structure (sometimes described as a recursive 
structure) is a structure whose members include one or more 
pointers to other structures of the same type.

Suppose we are writing an application to support people 
undertaking research in their ancestors. We would need to store 
the information about a person in a structure whose members 
include attributes such as name, date and place of birth, mother
and father.

The type st r uct  per son cannot have members of type st r uct  
per son since it would be impossible for the compiler to work 
out how much memory space such a structure would require.
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Self-Referential Structures 2

The references to the mother and father in our person structure 
need to be pointers to other structures. Hence (assuming that a 
Dat e type has already been declared using a type definition) we 
would need to use a declaration such as

st r uct  per son
{  char  name[ 50] ;

Dat e dat eOf Bi r t h;
char  pl aceOf Bi r t h[ 50] ;
st r uct  per son * mot her ,  * f at her ;

} ;

t ypedef st r uct  per son Per son;
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Self-Referential Structures 2

Since each person has a mother and father we might need a 
potentially infinite amount of space ± however the research into 
ancestors is unlikely to have progressed as far back as the big 
bang.

To make any self-referential structure finite we need to have 
some data items with no reference to another structure of the 
same type. To do this we use the special value NULL which 
indicates a pointer that does not point anywhere. (This value is
declared in the header file st dl i b. h.)

In our example we will use NULL for any unknown mothers or 
fathers.
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Self-Referential Structures 3

The structure of our person hierarchy is not linear. If we wished 
to access the entire hierarchy without using recursion we would 
need very complex coding. However using recursion the coding 
is quite simple.

For example to print the names and dates of birth of a person 
and all of his or her ancestors we could use

pr i nt  per son' s name and dat e of  bi r t h
pr i nt  names and dat es of  bi r t hs of  f at her  and

al l  hi s ancest or s
pr i nt  names and dat es of  bi r t hs of  mot her  and

al l  her  ancest or s

The last two steps will be performed using recursive calls.
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Self-Referential Structures 4

We must ensure that the recursion is not infinite by not 
attempting to make any more calls when a NULL ancestor is 
reached. To be able to check for this our function must take a 
pointer as its argument. Assuming that a function to convert a 
date to a string has been written, the function to print details of a 
person and all of his or her ancestors should be

voi d pr i nt Ancest r y( Per son * p)
{  i f  ( p! =NULL)

{  pr i nt f ( " %s %s\ n" ,  p- >name,  
dat eSt r i ng( p- >dat eOf Bi r t h) ) ;  

pr i nt Ancest r y( p- >f at her ) ;  
pr i nt Ancest r y( p- >mot her ) ;  

}
}
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Dynamic Memory Allocation 1

When attempting to build a self-referential data structure from 
input values it is not feasible to use variables to hold each 
individual structure ± we do not know when writing the program 
how many there will be.
Hence we need to use pointer variables to keep track of where 
we are in the hierarchy and when new structures are to be added 
we need to allocate memory for them at run time using dynamic 
memory allocation.
When a program is being run an area of memory, known as the 
heap, is reserved for this purpose. A number of functions are 
provided in the standard library to allow manipulation of the 
heap ± these are all declared in st dl i b. h.
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Dynamic Memory Allocation 2

The function mal l oc is used to obtain from the heap a block of 
memory large enough to hold a particular piece of data. It takes
as an argument the number of bytes required and returns the 
memory address of the first byte of the memory block.
When using mal l oc the number of bytes required is usually 
obtained by using the si zeof operator. For example to obtain a 
block of memory in which to store a person structure we would 
need to make a call of the form mal l oc( si zeof ( Per son) ) .
The memory whose address is returned by mal l oc could be 
used to store any type of data so its return type must be a pointer 
that can be used to point to any type of data item. Such a pointer 
has the type voi d* and before use must be typecast to the 
desired type.
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Dynamic Memory Allocation 3

To make a pointer p (of type Per son* ) point to a person 
structure in a block of memory allocated from the heap we 
would use

p = ( Per son* ) mal l oc( si zeof ( Per son) ) ;

Hence if I had just discovered the identity of my mother's 
father's mother and wished to store this information in the 
ancestry structure I could use code of the form

Per son * p = ( Per son* ) mal l oc( si zeof ( Per son) ) ;
st r cpy( p- >name,  " Edna Br own" ) ;
/ *  al so need t o set  t he r est  of  

t he new per sons' s member s * /
me- >mot her - >f at her - >mot her  = p;
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Dynamic Memory Allocation 4

In some applications it may be necessary to remove items from 
a dynamically-built data structure. Assuming I now discover 
that the information about my great-grandmother was incorrect I 
may wish to remove the person from the hierarchy. To do this it 
would be possible to simply write

me- >mot her - >f at her - >mot her  = NULL;

However, in an application with regular addition and removal of 
items from dynamic data structures the whole of the heap space 
may eventually be used. We need to release the memory of the 
removed items so it can be re-allocated for later use. To do this 
we use the function f r ee.



11/12/2009 CE112 Autumn Term Part 8 19

Dynamic Memory Allocation 5

The heap-management functions in the standard library keep 
track of what memory in the heap is in use by maintaining a free 
list of addresses of unused blocks. When an address previously 
returned by mal l oc (or one of the other memory-allocation 
functions in the standard library) is supplied as an argument to
the function f r ee the memory block  will be returned to the free 
list. Hence to remove the incorrect ancestor we should use

f r ee( me- >mot her - >f at her - >mot her ) ;
me- >mot her - >f at her - >mot her  = NULL;

Note that the function will work correctly only if its argument is 
the address of a block of memory that was dynamically 
allocated. 
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Dynamic Arrays 1

It is often not known until runtime how large an array must be. 
In many of our examples involving strings we have used 
generously-large character arrays. If the length of a string is 
known we can save memory by allocating space for an array 
whose size is precisely as large as needed. 
In the person structure we allocated 50 characters for the name ±
most names will be much shorter than that so we can avoid 
wasting memory space by simply declaring the member name to 
be a pointer to the first character in an array using char  * name. 
and storing the string in a dynamically-allocated block of 
memory.
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Dynamic Arrays 2

The number of bytes required for a dynamically-allocated array 
can be calculated by multiplying the length of the array by the 
number of bytes required for each item in the array.
In an application such as the ancestors program we would 
normally input names into a large fixed-length character array 
(since there is only one such array not much space is wasted) 
and then copy them into dynamically-allocated arrays of the 
appropriate length. Assuming that the name of an ancestor to be 
stored in the structure pointed to by p has been input into a 
character array called ar r we would use code such as

p- >name = ( char * ) mal l oc(
( st r l en( ar r ) +1) * si zeof ( char ) ) ;

st r cpy( p- >name,  ar r ) ;


