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Dynamic Storage Structures In C

The data structures that we have examined so far in this course, such
as arrays, have all had their memory statically allocated. In other
words, the memory for the variable was reserved when the program
was loaded into memory and once loaded the memory the allocation
could not change, I.e., it was static. Thus, if we declared the array to
contain 10 integer elements, it was not possible once the program
was compiled and loaded into memory to change the number of
elements to 20.

Statically allocated data structures place a fairly severe handicap on
the program developer by forcing them to choose the largest possible
size that might every be needed for their data structures, even if the
majority of the time the program execution does not actually require
that much space for the data structure.

The solution to this problem is to dynamically allocate memory to

data structures while the program is in execution.
r
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Dynamic Storage Structures In C

. Dynamic memory allocation allows the size of a data structure to
expand and contract as needed during the execution of a program as
well as across multiple executions of the same program. Thus, one
execution of the program might require 50 elements in a structure
while another execution of the same program might require 5000
elements.

. As an example, consider the simple database program from the
previous set of notes (Structures In C — Part 3). The array size was
set to hold a maximum of 50 students, if we had 51 students or
50,000 students we would need to modify the program, recompile it,
and execute the new version to accommodate the larger number of
students. If we modified it to hold up to 50, 000 students but only
loaded 10 student’s information, the remaining 49, 990 locations
would be allocated to our program but unused — a terrible waste of
memory.

¢
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Dynamic Storage Structures In C

« Although it is possible for dynamic memory to be used for any
type of data, it Is most commonly used for strings, arrays, and
structures.

« One of the most useful technigues with dynamic memory
allocation is with dynamic allocated structures in which each
structure variable contains a pointer to another structure of the
same type, allowing them to be linked together to form data
structures known as lists, trees, and many other types of data
structures.

« Such structures are often called self-referential structures,
because they contain a member which is a pointer to a structure
of the same type. We’ll see this shortly.

¢
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Dynamic Storage Allocation Functions

« C provides three different mechanisms for allocating
memory dynamically. This Is done with one of three

memory allocation functions which are all declared in the
<stdlib.h> header file. These functions are:

malloc — allocates a block of memory but does not
Initialize it.

calloc —allocates a block of memory and clears it.
realloc — resizes a previously allocated block of memory.

«  Of the three functions, malloc is the most commonly used.
It Is more efficient that calloc, since it does not clear the
memory block that it allocates.

¢
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Dynamic Storage Allocation Functions

The function prototype for malloc IS:

vold *malloc (size t size);

malloc allocates a block of size bytes and returns
a pointer to the first byte in the block. The parameter
size has type size t which is an unsigned integer
type defined in the C library.

allocating a very large block of memory, you can think
of size as just an int. malloc returns a null
pointer if a block of size Is not available.

Unless you are
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Dynamic Storage Allocation Functions

The function prototype for calloc Is:

vold *calloc(size t nmemb, size t size);

calloc IS a better solution when allocating memory
for an array. calloc allocates space for an array
with nmemb elements, each of which Is size bytes

long; It returns a null pointer if the requested space Is
not available. After allocating the memory, calloc

Initializes it by setting every bit in the allocation space
to 0.

”
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Dynamic Storage Allocation Functions

The function prototype for realloc Is:
volid *realloc(void *ptr, size t size);

Once memory for an array has been allocated, you might

find later that it is either too large or too small for current
requirements. The realloc function can resize the array

to better suit current needs. When realloc Is invoked,
ptr must point to a memory block obtained by a previous
call of malloc, calloc, or realloc. The size
parameter represents the new size of the block, which can
be smaller or larger than the original size.

Although realloc does not require that ptr point to

memory that is used as an array, it typically does.
#
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Dynamic Storage Allocation Functions

 When any of the three memory allocation functions is
Invoked to request a block of memory, the function has no
Idea what type of data the programmer is planning to store

In the block, so It cannot return a pointer to an ordinary
type such as an int or char. Instead, the function

returns a value of type void *.

« A wvoid * value is a generic pointer — in other words, Its
just a memory address with no implied storage type
assoclated with the address. It really is just and address in
the memory somewhere.
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Null Pointers

*  When any of the memory allocation functions are invoked,
there 1s always a possibility that it will not be able to
locate a block of memory large enough to satisfy the
request.

« If this happens, the function will return a null pointer. A
null pointer is a pointer than points to nothing. It is a
special value that iIs used to indicate that the pointer
references no valid address in the memory. The null
value can be used to distinguish such a pointer from all
other valid pointers.

« After the function returns its pointer value, you must
always check to determine if a null pointer has been

returned.
¢
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Null Pointers

 Null pointers are represented in C by a macro named
NULL (i.e., a C defined constant).

«  This makes it easy to test for null pointer values, as shown
below:

//allocate a 10000 byte block of memory

ptr = malloc (10000); //ptr points to the first byte
//in the allocated block
if (ptr == NULL) {
//allocation failed - take appropriate action!

}

else //continue execution with allocated block

('
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Null Pointers

Similar to what we usually do with file pointers, the
memory allocation function call and the test for the return
of a null pointer are commonly combined into a single
statement as shown below:

//allocate a 10000 byte block of memory
if ((ptr = malloc (10000)) == NULL) {

//allocation failed - take appropriate action!
}

else //continue execution with allocated block

#
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Dynamically Allocated Strings

 Dynamic storage allocation Is often used when
working with strings. Strings are stored as arrays of
characters and it can be hard to anticipate the length of
the array prior to execution.

« By allocating the string dynamically, the decision
about the length of the array can be postponed until
the program is in execution.

 Using malloc to allocate memory for a string Is easy
because C guarantees that a char value requires
exactly one byte of storage.

’
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Dynamically Allocated Strings
« Thus to allocate space for a string of n characters, you would

write:
char *ptr;
ptr = malloc(n+1l);

« The argument to malloc IS n+1 to allow for the *\n’

character.

« The generic pointer that malloc returns will be converted to
char * when the assignment is performed; no cast is required.
(In general, you can assign a void * value to a variable of any

pointer type and vice versa.)

However, If you prefer to cast for clarity, it is legal and would

look like:

ptr = (char *) malloc(n+1l);
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Dynamically Allocated Strings

«  The example on the next page illustrates a simple application of
malloc.

« In this program, two different calls to malloc create arrays of
29 characters.

«  The first pointer returned is used to hold a string of only 4
characters in length. Notice that puts properly prints the

string since the fifth element in the string will be the *\n’.
However, the loop printing the string prints all the uninitialized

locations in the array as well (since | didn’t stop or look for the
‘\n’ character).

« The second pointer returned is used to hold a string of 29
characters, so in the end there will be no uninitialized locations
In the array, so both puts and the loop will properly print the
string. -
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malloc example 1.c

L #include <string.h>
6 #include <stdio.h>
? #define M 29

B int main()

21
18
11
12
13
14
15
16
17
18
1?2
28
21
22
23
24
25
26
27
28
29
]
31
32
33
34

char *ptrl, *ptri: Sitveo pointers te dyvnamically sllocated strings

int i; /Sloop control wvariakls

if ((ptrl = malloc(H)) = HUOLL) {
printf ("Sorry, couldn't allocated memory for ptrlin"):

}/Aend 1f stmt
else {
strepv(ptrl, "Mark"™): puts (ptrl)
for (1 = 0; 1 <« Ny i++) { S/vill print uninitislizs=sd locations in string
printf("Fc"™, *ptrl):;
ptrl++:
}/Fend for stmt
Y//2nd =21== stmt

printf ("\n\n") ;
if ((ptrl = malloc(H)) == NULL) {
printf ("Sorry, couldn't allocated memory for ptrlin"):

}/Fend 1f stmt
else {
strepy(ptr2, "This=s =tring has 229 characters"); puts (ptrd) ;
for (i = 0; i < H; i++) { //neo wvuninitislized locations in string
printf ("Ece", *ptr2):
ptr2++;
Y/ /2nd for stmt
Y/ S2nd =2ls= stmt
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Output from puts =L s 3

EiEﬁqﬂE@ﬂﬁ@ﬁéﬁhftTﬂgmﬂmﬂmgﬁﬂmt(Mﬂmﬂﬂnnﬂoop—nom
- /| uninitialized positions in string
nﬂ.l"]{ / A

ark FF erver 5.B5\bin;C:\Prog =

Thiz string has 29 characters- Output from puts
This string has 29 characters

Press any ke ' - e
Y Y to continue = Output from loop — note there

are no uninitialized positions in
string the entire allocation was
used.

b

K1 L1y
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Dynamically Allocated Strings

« Recall when we were looking at strings in C that the function
strcat, which concatenated two strings together was

destructive in the sense that the second string was added to the
end of the first string and thus the original first string was lost
after the call.

«  Suppose, we wanted to write our own string concatenation
function that was not destructive like the built-in function but
maintained the original strings and created a new third string to
hold the concatenation of the other two string.

Our function will need to determine the lengths of the two
strings to be concatenated and then call mal1loc to allocate just

the right amount of space for the concatenated string.

«  The program on the next page implements this function.

’

COP 3223: C Programming (Dynamic Structures — Part 1) Page 18 © Dr. Mark J. Llewellyn g’)l




mallo example 1.c ['] sting cancatenation example.c

- _ - - - - a4 _" . _ -

b b L

1 Lynamic SLXUCTUres 1o & - rart L - Maliof SXdmMple 2 -
Awiy=r T 1 N4 W1 fF++arm B Ma»lk Tlawga] 1

2 "."\."A.J.J. ah:lJ._r dl:l.-.-_- I'liI i a.'.'.l.a..': '—'J.—F"—J.J._ra..

4 #include <stdlib.h>
L #include <string.h>
b #include <stdio.h>

SLring concatenatlion

? $define MAX 25 //can handle up to 24 character strings

8

9 char *concatenate (const char *3tringPtrl, const char #*stringPtrl)

18 |

11 char *result5StrPtr; //ptr to the concatenated string - to be returnsd

12

13 if ((resultStrPtr = malloc(strlen(stringPtrl) + strlen(stringPtrzZ) + 1)) == NULL) {
14 printf("Sorry, couldn't allocate that much space for the new string'n");

15 }//end if stmt

16 else |

17 strcpy(resultStrPtr, stringPtrl): //copy string 1 into result string

18 strecat (resultStrPtr, stringPtr2); //stick string 2 onto =nd of result string
19 return resultStrPtr;

28 }//end slse stmt

21 }//=nd concatenate fonction

22
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malloc example 1.c  [¥] sting concatenation example.c

22
23 int main()
24 {
25 char *stringPtrl, #*stringPtr2; Ewo namically allocated strings
26 char *concatenatedStringPtr; Ay ramI 11y allocated resulft string
27
28 if ((stringPtrl = malloc (7)) == HNHULL)
29 printf ("Sorry, couldn't allocate space for string.\n"):
I8 }//end 1if stmt
31 else {
32 stringPtrl = "Havyden ";
33 printf ("First =string i=: %='\n", stringPtrl);
34 if ((stringPtr?2 = malloc(1l2)) == HWUOLL) {
35 printf ("Sorry, couldn't allocate space for string.\n"):;
36 }//end if stmt
37 else {
38 stringPtr2 = "Panettiere";
39 printf("Second string is: %s\n\n\n", stringPtr2):
40 concatenatedStringPtr = concatenate (stringPtrl, =stringPtrcl):;
41 puts (concatenated5tringPtr) ; .
42 }//end sls=s stmt &8 C\Courses\COP 3223 - C Program... EM
:i FOOERE mesE S First string is: Hayden .
Second string is: Panettiere =
45 printf ("\n\n") ;
46 system ("PLAUSE") ; )
47 return 0: Hayden Panettiere
48 }//=nd main function
49 Press any key to continue . . .
v
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Dynamically Allocated Arrays

«  Dynamically allocated arrays have the same basic advantages
as dynamically allocated strings (fairly obvious since strings are
stored as arrays).

« The close relationship between pointers and arrays makes a
dynamically allocated array just as easy to use as a statically
allocated arrays (if you know how to use pointers that Is).

« Although malloc can be used to allocate dynamic arrays, it is
often calloc that is used for this purpose, but will start with
an example that uses mal1oc just to show how its done.

« Unlike, with arrays of characters (strings) where the size of
every element in the array is 1 byte, ordinary arrays contain
elements of various sizes depending on the type of elements in
the array. As aresult the sizeof operator is frequently used.

’
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Dynamically Allocated Arrays

« The sizeof operator Is used to determine the amount space

that is required for each element in the dynamically allocated
array.

«  Suppose that we need to declare an array of n integer values,
where n Is read in from the keyboard when the program begins
execution. We’d need to do something like this:

int *ptr; //a pointer to an integer

scanf (“%d”, n); //read in value of n
//allocate n location each the size of 1 int

ptr = malloc(n * sizeof(int));

#
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[7] string concatenation example. ¢

dyniamic arrays uzing malloc.c

3|
4 $include <stdio

i

L #include <stdlib.h>

[

? int main()

8 {

2 int *ptr; //pointer to an integer used to point to dynamic arraj
18 int mn; ‘numbsr of integers in the array - user input from keybosard
11 int i; ‘loop control variable
12
13 printf ("How many integer walues do vou want to store? \n"):

14 scanf (":d4d", &n); Ffread in n
15 if ((ptr = malloc(n * sizeof(int)) ) == HNUOLL ) {
16 printf ("Sorry, couldn't allocate that much space.n"™);
17?7 Y/ /end 1if stmt
18 else {
19 for (1 = 0; i <« my; i++) 4
28 printf ("Enter number %d: ", i):
21 scanf ("Ed", &ptr[i]l)s S noti pointer being used a5 4 normal array name
22 Y /2nd for stmt
23 printf ("\n'nThe array contains:\n"):
24 for (1 = 0 i < my i++) 4
25 printf ("ptr[:d] = %d\n", i, ptr[il):
26 Y /2nd for stmt
27
28 printf ("\n\n") ;
29 system ("PLUSE™) ;
3a retorn 0;
31 YA/ end =1ls= stmt
32 }//end main function
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[ EX C:\Courses\COP 3223 - C Programming\Spring 200... lElEl-E_hJ
ow many integer values do you want to store? a Two different runs of
nter number B: 3 b the program on
nter numbher 1: & page 23

nter numher 2: 7
nter numher 3: 9

he array contains:

tr[B] = 3
tr[1]l = 5§
tr[2]1 = 7
tr[3]1 = 9 - =
B C:\Courses\COP 3223 - C Programming\Spring 2008\, (L=slsEl eS|
ow many integer values do you want to store? -
nter numbher B: 2
nter numher 1: 4 e
nter numbher 2: b
nter numher 3:- 8
nter numbher 4: 18
nter numbheyr 5= 12
nter numbher 6: 14
nter number Y= 16

tr[A] = 2
trll1]l = 4
trl2] = 6
t»[3]1 = 8B
tr»[4]1 = 18
tr[5]1 = 12
tr[6] = 14
t»[7]1 = 16

réss any key to continue . . .
-
| ;l_‘

COP 3223: C Programming (Dynamic Structures — Part 1) Page 24 © Dr. Mark J. Llewellyn




Practice Problems

1. Write your own version of the strcpy function

similar to the way we wrote the concatenation
function. Make your function non-destructive to both
Input parameters.

.
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