C Programming Course – LECTURE FIve (NOTES)

What these lecture notes cover

These lecture notes should cover the following topics:

· Why use pointers?

· Dynamic memory allocation: malloc, realloc and free.

· Pointers to struct.

· What's the difference between an array and a pointer.

· structs which contain themselves.

· A common Data Structures – the linked list.

· Memory leaks, rogue pointers and other such horrors.

· Pointers to pointers and pointers to functions.

· The rest of C – those keywords we haven't mentioned.

· Recap of new language used in week five.

Why use pointers

You've probably noticed that in this course there has been a lot of discussion of pointers – but pointers are almost certainly one of the most confusing things about C.  At the moment, it might be quite hard for you to work out exactly why C programmers bore on so much about pointers.  In this lecture, we hope to convince you that pointers are useful even if they are problematic.  You can perfectly well write a substantial and efficient C program without using pointers – you can also write a novel without using the letter 'e' [for example "A Void" by Georges Perec].  You might be making things unnecessarily difficult for yourself though.  Here are some advantages to pointers which are explained in this lecture:

1) If you don't know how big an array is going to be at the start of the program, you can use pointers in a way that works like a variable sized array. 

2) Pointers are the most efficient way to pass large chunks of information around.

3) Using pointers, structures can be made to refer to structures of the same type.  This leads to some interesting and elegant data types.

4) Arrays are pretty much like very limited pointers anyway really.

Of course with these advantages are a couple of disadvantages:

1) Most humans find pointers confusing at first.

2) If you mess up with pointers you really mess up.

Once we've completed this lecture, you'll be in a position to make an informed decision of whether you want to go to the bother of including pointers in your programs.

Dynamic memory allocation

Let's start by talking about that first advantage: getting things which are the right size.  Going back to our "Sieve of Eratosthenes" example – let's say we want to write a program which allows the user to enter a number and it prints all primes between 1 whatever number the user chooses.  How can we go about this?  Well, getting the number from the user isn't a problem – but how do we make sure our array can hold this many numbers?  Well, one approach is to work out how large an array the computer can hold and make your array that large – but this has a couple of problems:

1) If you run the same program on a computer with smaller memory it will break.

2) Your program is using an unnecessarily vast amount of memory – your user might be puzzled why they are taking up so much space on the computer if they only want to use 12.

What you really need is what programmers call dynamic memory allocation – that is to say the ability to choose how much memory (allocate memory) to use when your program is running (dynamically).  The way we do this in C is to use malloc, realloc and free.  These functions are part of the stdlib.h library [Note: on most machines, they are also part of the malloc.h library so don't be surprised if you see programmers #include<malloc.h> instead of #include<stdlib.h>].  Here's a malloc statement in action:

#include <stdlib.h>

#include <stdio.h>

void any_size_array (int);

.

.

.

void any_size_array (int n)

{

    int *array;

    int i;

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

    for (i= 0; i < n; i++)

        array[i]= i;

    for (i= 0; i < n; i++)

        printf ("Element %d is %d\n",i,array[i]);

    free (array);

}

This function doesn't do anything particularly special – it gets memory for an array of 'n' integers, fills them with the integers from 0 to n-1 and then prints them out – finally it frees the memory.  Let's look at how it does it.  The first new statement is that confusing looking:

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

sometimes you will also see people write:

array= (int *) malloc (n * sizeof (int));
This statement is getting enough memory for 'n' integers.  It's working in the following way:

1)sizeof(int) uses the sizeof command to get the size of an int in some measure which is important to the computer – call them bytes for now.

2) malloc(x) reserves enough memory for x bytes and returns a pointer to this reserved memory.  

3) Therefore malloc(n * sizeof(int)) obviously returns a pointer to enough memory for n ints.

4) The optional (int *) bit: malloc returns a void * but the pointer we're setting is an int *.  Recall that we can use a cast to tell the compiler "I know what I'm doing" if we want to set two things of different types to be equal.  (int *) casts the pointer returned by malloc to be a pointer to int not a pointer to void.

[You might be worried a little by the idea of a pointer to void – after all, you learned earlier that void meant "nothing".  A function returning void cannot return anything and a function which is prototyped as taking void as an argument takes no arguments.  A pointer to void simply means a pointer which we don't really know the type of yet.  It is also worth mentioning that most modern compilers do not need a cast in front of a malloc – they just happily convert it without worries.  After all, the whole reason for a pointer to void is to be converted into something else.  However, it is worth putting the cast in because you might run across compilers which are picky about such things.]

Important Note for Visual C++
The compiler we are using in this course is a C++ compiler.  Usually this has not mattered – but in the case of malloc it does.  We have to use the second version of malloc above – that is the malloc with the cast.  This is not necessary in C – but it is necessary in C++.  Therefore we will need to include these casts with malloc whenever we use a C++ compiler.  I have tried to always include the casts in these notes – normally a C programmer would not need them.

Compared with the malloc statement the free statement is quite trivial.  When passed a pointer which has previously been returned by a malloc statement, the free statement tells the computer that that section of memory is no longer reserved and can be freely written into.

We can malloc memory for any type of variable we want to, including structs.

typedef big_struct {

    char name[80];

    char address[120];

    int shoe_size;

    lots of other stuff

} BIG_STRUCT;

void n_big_structs(int);

void n_big_structs(int n)

{

    BIG_STRUCT *sptr;

    sptr= (BIG_STRUCT *)malloc(n * sizeof(BIG_STRUCT));

    .

    . /* Do some processing with our n big structs */

    .

    free(sptr);

}

IMPORTANT RULE: We can use malloc to grab memory and free to free it again. 

(type *)malloc (sizeof(type)) gets enough memory for 1 variable of type type

(type *)malloc (n*sizeof(type)) gets enough memory for n of them.

A virtuous programmer free s all memory that they malloc ed.

[Actually, just about every computer ever built will free all the memory allocated when the program exits – but it is better if your program does the memory freeing itself].

CAUTION:  We now have to be careful about out of memory problems.  A virtuous programmer always checks if they have enough memory left.  malloc returns NULL if it cannot get enough memory just as fopen returns NULL if it has a problem opening a file.  You should  always check this like so:

float *farray;

farray= (float *)malloc(10000 * sizeof(float));

if (farray == NULL) {

    fprintf (stderr,"Out of memory\n");

    exit(-1);

}

Note that here we're breaking the rules and exiting without freeing all the memory.  It's OK to break the rules sometimes – in this case there's a bit of an emergency.  It's hard to know what to do if your program runs out of memory except for drop everything and panic.  Some programmers like to wrapper their malloc in this way:

void *safe_malloc (size_t, char *);

void *safe_malloc (size_t size, char *location)

{

    void *ptr;

    ptr= malloc(size);

    if (ptr == NULL) {

        printf ("Out of memory at function: %s\n",location);

        exit(-1);

    }

    return ptr;

}

This function can then be called like your normal malloc but will automatically check memory like so:

void get_n_ints(int n)

{

    int *array;

    array= (int *)safe_malloc(n * sizeof(int), "get_n_ints()");

    .

    .

    .

}

[You might be worrying about that size_t type in the declaration of safe_malloc.  size_t is a type declared in stdlib.h which holds memory sizes used by memory allocation functions – it is the type returned by the sizeof operation.]

[A final point worth mentioning related to safe_malloc is the special variables __LINE__ and __FILE__ which are used to indicate a line number and a file name.  They are put in by the pre-processor and are replaced by, respectively, an int which is the line number where the __LINE__ tag occurs and a string which is the name of the file.  Therefore a commonly used version is as follows] 

void *safe_malloc (size_t size)

/* Allocate memory or return an error */

{

    void *ptr;

    ptr= malloc(size);

    if (ptr == NULL) {

        printf ("Out of memory at line %d file %s\n",

__LINE__, __FILE__);

        exit(-1);

    }

    return ptr;

}
realloc is the function you would use if you later find out you need even more memory than that.  It works as follows:

int *array;

array= (int *)malloc(100*sizeof(int));

.

. /* Lots of code during which we decide array needs to be bigger */

.

array= (int *)realloc(array, 200*sizeof(int));

.

. /* Lots of code during which we do stuff with the bigger array */

.

free(array);

This starts off by allocating an array big enough for 100 ints.  At some point later we decide that this array in fact needs to be 200 ints but we want to keep the first 100 which we've already calculated.  Realloc does this – the first argument is the pointer to the memory we are resizing and the second argument is the new size.  Note that, of course, we still need to free the realloced memory.

NOTE: Good programmers try to avoid realloc wherever possible – it can be costly!  Every time you realloc, the computer might have to copy your entire array to a new memory location.  If your array is large already then realloc is a bad idea.

Pointers to struct

Recall from previous lectures and worksheets that if we have a struct as follows:

typedef struct great_mathematician {

    char name[80];

    int year_of_birth;

    int year_of_death;

    char nationality[80];

} MATHEMATICIAN;

We can access elements using the . notation – for example:

MATHEMATICIAN fermat;

fermat.year_of_birth= 1601;  /* This margin is too small to contain*/

fermat.year_of_death= 1665;       /* more information about Fermat*/

strcpy (fermat.name,"Pierre de Fermat");

strcpy (fermat.nationality, "French");

If, instead of using a structure, we had used a pointer to a structure, it would work like this:

MATHEMATICIAN *cantor;

cantor= (MATHEMATICIAN *)malloc (sizeof (MATHEMATICIAN));

(*cantor).year_of_birth= 1845;

(*cantor).year_of_death= 1918;

/* Remember to close comments with a diagonal slash */

strcpy ((*cantor).name= "Georg Cantor"); 

strcpy ((*cantor).nationality= "German");

.

.

.

free(cantor);

All that (*cantor). nonsense looks rather confusing.  Recall that a * in front of a pointer means dereference or "the value of whatever it is that my pointer is pointing to".   Therefore, to get at the year of birth of Cantor we must first dereference his pointer with the * to get at the stuff inside the pointer and then use the dot to get at that part of the struct.  Phew!

[*cantor.year_of_birth without the brackets would be incorrect.  This would be the same as *(cantor.year_of_birth) and would be used to refer to a pointer to int called year_of_birth which would be part of the struct called cantor – as opposed to the int called year_of_birth which actually is part of the pointer to struct called cantor.  This is a subtle but important distinction, the upshot of which is that, without the brackets, your program will not compile because the compiler can't find a pointer to int in the struct].

There's a handy shorter way of saying (*cantor).year_of_birth since this type of expression comes up a lot in C.

MATHEMATICIAN *cauchy;

cauchy= (MATHEMATICIAN *)malloc (sizeof (MATHEMATICIAN));

        /* The sizeof Cauchy was quite large */

cauchy->year_of_birth= 1789;

cauchy->year_of_death= 1857;

strcpy (cauchy->name= "Augustin Louis Cauchy");

strcpy (cauchy->nationality= "French");

.

.

.

free(cauchy);
IMPORTANT RULE: If we have a pointer to a structure, we can access elements within the structure using the -> operator.  For example: fptr->name would give us access to the element name of the structure pointed to by the pointer fptr.

Pointers to struct are starting to look a bit complex – so why would anyone use them.  There are two obvious reasons (there is a third, even more compelling reason which we will discuss later):

1) We might want to alter the contents of the structure within a function – recall then that we must use pass by reference and write our function to accept a pointer argument.  For example:

void set_up_turing (MATHEMATICIAN *turing)

{

    turing->year_of_birth= 1912;

    turing->year_of_death= 1954;   /* In tragic circumstances */

    strcpy (turing->name,"Alan Mathison Turing");

    strcpy (turing->nationality,"British");

}

which we could call with:

MATHEMATICIAN alan;

setup_turing (&alan);

2) If our structure is large then it is extremely inefficient to use pass by value.  For example, if we have a huge structure:

typedef struct my_huge_struct {

    int nums[10000];

    float more_nums [10000];

    char and_some_chars [10000];

} HUGE;
then we might want to write a function which does something with one of these structs:

/* This is not a good way to go about things */

void print_some_floats_in_struct (HUGE);

.

.  Some code here

.

void print_some_floats_in_struct (HUGE huge_struct)

{

    printf ("The third float is %f\n",huge_struct.more_nums[2]);

    printf ("The twentieth is %f\n",huge_struct.more_nums[19]);

}

This may seem to be entirely reasonable – and indeed it will work but there's a catch.  Because we're not passing a pointer here we are passing by value.  Remember that when we pass by value, we pass a local copy of the variable which is used locally (and destroyed when the function is over).  In this case, our program will be making a copy of all those 10000 element arrays.  It passes that copy over to the function – which doesn't do a whole lot with it.  That's a whole lot of work – and just to print out a couple of floats.  In this case it would be much better to pass the struct by reference – i.e pass a pointer:  When we pass a pointer, the only thing that is sent to the function is a single pointer – much more efficient than sending a copy of the whole structure:

void efficiently_print_floats (HUGE *);

.

.  Some code here

.

void efficiently_print_floats (HUGE *huge_struct)

{

    printf ("The third float is %f\n",huge_struct->more_nums[2]);

    printf ("The twentieth is %f\n",huge_struct->more_nums[19]);

}

What's the difference between an array and a pointer?

Some of you might have been concerned by the above section – after all, some of our earlier code was quite happily passing around arrays.  Were we being inefficient?  No.  The reason is that, as I've hinted before, an array is pretty much the same as a pointer.  When we pass an array to a function we are really passing a pointer to the start of the array.  This is why we can change the value of array elements within a function – because really, we were passing a pointer all along.

There are a few differences between pointers and arrays:

1) Arrays have memory initialised for them – and therefore we can start using them right away.  Pointers must be initialised to be used.

int a[12];

int *b;

a[3]= 5;   /*sets 4th element of a to 5 */

*a= 3;     /*sets 1st element of a to 3 – same as a[0]= 3; */

b[3]= 5;   /* Error - b is not initialised */

*b= 3;     /* Error – b is not initialised */

2) We can set a pointer to point to something else – we cannot do this with an array.  An array must always point to the block of memory it was initialised with.

int a[12];

int *b;

b= a;     /* Fine, sets b to point to a – note that because a pointer 

          is basically an array we don't need b= &a; */

a= b;     /* Error – we can't make a point at something else */

3) There is no such thing as a multi-dimensional pointer.
int a[12][12];

int *b;

a[0][0]= 3;  /* this is fine*/

b[0][0]= 3;  /* this is always an error */

We can make a pointer behave like a multi-dimensional array by clever storage:

enum consts {ROWS= 12, COLS= 10};

int a[ROWS][COLS];

int x,y;

int *b;

b= (int *)malloc (ROWS * COLS * sizeof(int));

.

.  /* Code to put things into array b */

.

printf ("Element %d, %d is %d\n",x,y,a[x][y])

printf ("Element %d, %d is %d\n",x,y,b[x*COLS+y]);

It is left as an exercise to the reader to prove that, in this example, the expression b[x*COLS+y] if used consistently, will always be equivalent to accessing a 2D array using a[x][y].

Structs which contain themselves

For obvious reasons, we can't include a struct of the same type within itself [and nor can we have mutually inclusive structs – two structs both of which include each other].  Such a self including structure would have infinite size!

struct silly_struct {   /* This doesn't work */

    struct silly_struct s1;

};

However, a struct can include a pointer to a struct of the same type.  Why would you want to do this?  Well, here's one example.  We might be writing a program to store information for a dictionary and we might want each word to have a number of synonyms between 1 and 3.  The synonyms, of course, are themselves words and therefore a good way to represent them might be .  Here's how we'd write such a struct:

typedef struct dict_word {

    char word[40];

    char definition[1000];

    int part_of_speech;  

    struct dict_word *synonym1;

    struct dict_word *synonym2;

    struct dict_word *synonym3;

} DICT_WORD;

We can access the synonyms as follows:

DICT_WORD *word1;

.

.  /* Stuff to set up dictionary */

.

printf ("First synonym of %s is %s\n", word1->word, 

      word1->synonym1->word);

IMPORTANT RULE:  We can de-reference multiple levels of pointers with multiple uses of ->. 

A common Data Structure – the linked list 

The ability to include pointers to a struct within itself leads to a number of important data structures which programmers can use.  The most basic of these is the linked list.  A graphical illustration might help.
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The linked list structure will look something like this:

typedef struct list_item {

    information

    struct list_item *nextptr;

} LIST_ITEM;

The idea is that we store a pointer to the first item in the list.  The first item in the list stores a pointer to the second in nextptr.  The second stores a pointer to the third etc.  The last item in the list has its nextptr set to NULL so that we know where the list ends.  [Recall that NULL is a special value in C used to indicate conditions like end of file, or error.  It is convenient for C programmers to set a pointer which doesn't point to anything (yet) to NULL.  That way we can test if a pointer is equal to NULL before trying to follow it.]  As long as we keep track of head_of_list we can access all the info in the list from that single pointer.

So why would we use a linked list instead of an array?  Well there are a number of advantages:

1) We can add items at the head of the list very easily (simply change head_of_list to point at our new item and change the nextptr of the head_of_list to point at the old head_of_list). 

2) We can add items in the middle of the list quite easily (if we add an item in the middle of an array we have to shuffle everyone up one).

3) We can make the list bigger without calling realloc.

On the other hand, it has some disadvantages compared to the array:


1) It's more complicated.  [Don't underestimate this – the simpler the better is a good rule of thumb for programming.  If an array does what you want then don't consider anything more complex.]

2) It's hard work to access the nth element of a linked list.  (You have to start at the first and work down).

3) It's slightly bigger (since each element has the info being stored and the pointer).

We will look at programming with linked lists in the next worksheet.  For now, here's some code which would wander down the linked list we showed above:

LIST_ITEM *tmpptr;

tmpptr= head_of_list;

while (tmpptr != NULL) {

    /* Do something with list item pointed to by tmpptr*/

    tmpptr= tmpptr->nextptr;

}

Memory leaks, rogue pointers and other such horrors

We've hinted before now that pointers can lead to really bad things happening to your program.  Well here's a gallery of some of those horrors.

1) Writing to unassigned memory.  This is about the worst thing that can go wrong with pointers.  It's also extremely easy to do by mistake.  All these examples write to unassigned memory:

int *a;

*a= 3;   /* Writes to a random bit of memory */

int *a;

a= (int *)malloc (100*sizeof(int)); /* malloc memory for 100 ints */

a[100]= 3;  /* Writes to memory off the end of the array */

int *a;

a= malloc (100*sizeof(int)); /* malloc memory for 100 ints*/

.

.  /* Do some stuff with a*/

.

free (a);                    /* free it again */

.

.  /* Do some other stuff during which we forget a is freed */

.

*a= 3;    /* Writes to memory which has been freed – very bad*/

It is extremely easy to make any of these mistakes – especially in a large bit of code.  The worst thing about these type of errors is that they can be so unpredictable.  Writing to unassigned memory is a sure way to cause bizarre things to happen in your program.  It is a little like removing a random bit of a car engine: it might break immediately, it might break 100 metres down the road, it might run for an hour and then explode, it might even continue working.  You simply can't tell what a bug like that will do.  If your code is behaving really oddly then the chances are you have written to some unassigned memory.  One of the authors had some code which would work fine until he added the lines:

float x= 5;

x= x+1;

to a function.  After adding these lines it would always crash.  This sort of problem is typical of the hair-tearing frustration and strangeness of this type of pointer bug.

2) Memory leaks are another rather hideous thing that can happen.  Let's say we write a function like this:

void my_function (void)

{

    int *a;

    a= malloc(100*sizeof(int));

    /* Do something with a*/

    /* Oops – forgot to free a */

}

Now – we've written this function, tested it and it will do everything it's meant to.  Great!  The only problem is that every time we call this function it allocates a small bit of memory and never gives it back.  If we call this function just a few times, all will be fine and we'll never notice the difference.  On the other hand, if we call it a lot then it will gradually eat all the memory in the computer.  Even if this routine is only called rarely but the program runs for a long time then it will eventually crash the computer.  This can also be an extremely frustrating sort of problem to debug.

Sometimes we can do things which make a memory leak inevitable.  For example, if we have a linked list and head_of_list points to the first item, then simply writing:

head_of_list= head_of_list->next; 
can be enough to make that first item in the list lost forever unless we were careful to keep something else pointed at it.

3) Rogue pointers

Sometimes, we can write a program which leaves a pointer pointed to somewhere it shouldn't be.  For example we might write a function which returns a pointer like so:

int *calc_array (void)

{

    int *a;

    int b[100];

    /* Calculate stuff to go in b */

    a= b;  /* Make a point to the start of b*/

    return a;   /* Ooops – this isn't good */

}

What's gone wrong here?  Everything looks legitimate.  However, b is a local array to the function and it will be deleted when the function is over.  When we return a we have returned a pointer which points at some memory which will immediately be released.  a is now a rogue pointer – pointing at things it has no business pointing to.  If we write to a we will be writing to unallocated memory and if we read from a we are likely to get gibberish.

A similar problem can be caused by following NULL pointers.  If, for example, we use the linked list defined above with head_of_list pointing at the top then we could access the second element using:

LIST_ITEM *tmpptr;

tmpptr= head_of_list->nextptr;  /* tmpptr points at item 2 */
and the third element using:

LIST_ITEM *tmpptr;
tmpptr= head_of_list->nextptr->nextptr; /* point at item 3 */

However, the second expression would cause an error if there were only one item in the list. Why is this?  Well, if there were only one item on the list then the first bit of code would set tmpptr to NULL – not a problem unless we try to read or write from it.  The second bit of code, however, would crash.  It would try to access the nextptr element in the struct at memory location NULL.  However, NULL isn't a proper memory location and our program will crash when it tries to read from it.

Pointers to pointers and pointers to functions

There are two more features of pointers that we must mention but which are complex to use.  The first and more common is the pointer to pointer.   A pointer is a type like any other and therefore, should be a valid thing to point at.  Why would we want a pointer to pointer?  A pointer to pointer can be used to implement a flexible multi-dimensional array in pointer's alone.  We may, for example, want a muli-dimensional array of ints which has 3 elements in the 1st row, 4 in the 2nd, 5 in the 3rd etc.  We can set up such an array like so:

enum consts {WIDTH = 20}; 

int i;

int **array; /* declare a pointer to pointer to int */

/* Allocate memory for a number of pointers, one for each row of the array */

array= malloc (WIDTH * sizeof(int *)); 

/* Go down the rows allocating enough memory for each row */

for (i= 0; i < WIDTH; i++) 

    array[i]= (int *) malloc (i+3*sizeof(int));

We can access these elements like a normal array using array[x][y];
Note that we used sizeof(int *) not sizeof(int) in the first malloc – this is because a pointer to int takes up a different amount of memory to an int.

[Note that while we can have a pointer to a pointer to a pointer, we never need to do so since a pointer to pointer to pointer is itself a pointer to pointer.  We never need to declare int *** and it is illegal to do so.]

A pointer to function is rarely used.  It declares a pointer to hold the memory address of a callable function of a certain type.  This pointer can then be accessed to call that function:

/* comp is a pointer to function returning int and taking 2 ints */

int (* comp)(int, int);  

/* fred is a pointer to function returning int * taking no args */

int *(* fred) (void);

/* dave is a pointer to function returning void * and taking an array of int */

void *(*dave) (int []);

We call these with (respectively):

int x,y,z;

int a[20];

int *ptr;

void *ptr2;

.

.

.

z= (*comp) (x,y);

ptr= (*fred) ();

ptr2= (*dave) (a);
Don't worry too much about pointers to functions.  They are quite rare and are included here so that you recognise them when and if you encounter them.

Other keywords in C

Here, to remind you, is the list of 32 C keywords.

Flow control (6) – if, else, return, switch, case, default
Loops (5) – for, do, while, break, continue
Common types (5) – int, float, double, char, void
For dealing with structures (3) – struct, typedef, union
Counting and sizing things (2) – enum, sizeof 

Rare but still useful types (7) – extern, signed, unsigned, long, short, static, const
Keywords which are pure and unadulterated evil and which we NEVER use (1) – goto 

Wierdies that we don't use unless we're doing something strange (3) – auto, register, volatile

You should now be familiar with if, else, return, switch, case, default, for, while, int, float, double, char, void, struct, typedef, enum, extern, static and sizeof.  You should have heard of (and perhaps be able to recall) break, continue, signed, unsigned, long, short and const (which are rarely used and were covered back in weeks one and two of the course).  This leaves us with union, do, goto, auto, register and volatile.

Let's deal with the three "weirdies" first.  auto is straightforward.  It doesn't do anything whatsoever.  You may find that puzzling.  In fact auto is a hangover from the early days of C when it was used to indicate a variable which was  not static.  Now, of course, that's the default – but auto is left in the language in case very old code uses it.  register hints to the compiler that a variable will be used a lot.  [For people familiar with assembler, it hints that the variable should be stored in a register, naturally.]  Nowadays, compilers are almost always better than people at working out which variables are used most and you should never use register in your code.  Finally volatile tells the compiler that a certain variable might be subject to change without notice and should always be looked up from memory [rather than optimised away in a register].  It might, for example, mean that a pointer is pointing to a bit of memory to read the position of the mouse.

union is a way of making one variable hold a number of different types of information.  For example, if we were writing communication software we might declare a union of all the different types of message we might sent:

typedef struct mess_1 {

    int mess_type;

    char greeting[80];

} MESS_1;

typedef struct mess_2 {

    int mess_type;

    float mess_num;

    float mess_num2;

} MESS_2;

.

.

.

union generic_message {

    int m0;

    MESS_1 m1;

    MESS_2 m2;

    .

    .

    .

} message;

This declares message to be a variable which can hold either a single int (m0) or a structure of type MESS_1 or MESS_2 etc.  For more information about unions consult K&R page 147.

do is pretty simple – it's like a while but all the code is executed at least once and the condition is checked at the end of the loop.  A do loop looks like this:

do {

    commands;

} while (condition);

It is not unreasonable to use do indeed there are situations where it can be handy.  However, there is a good reason to avoid using do if you possibly can.  If you have a loop of any size and somebody comes to look at the end of the loop then they may well be very puzzled.  For example, I once spent 10 minutes puzzling over the following bit of code which someone else had written:

some_confusing_code;

}

while (1);

more_confusing_code;

Unless you realise that somewhere up there is a do statement (with a break statement in it), you can be forgiven for thinking that the while (1) statement will prevent the second bit of code from ever being reached.  If the loop had been written as an ordinary while loop, this confusion would not have happened.

Finally we are left with the much reviled goto statement.  goto is used to move control of a program from one point to another.  For example:

int i= 1;

loopstart:         /* This is a label – the name used is arbitrary*/

printf ("%d bean(s)\n",i);

i++;

if (i <= 5) 

    goto loopstart;  /* This sends control to the label "loopstart"*/

printf ("make five\n");

Is a version of one of our first programs using goto.  We hope you will agree that it is already more confusing than the versions using while or for.

Variable arguments

Another obscure corner of the C language which we will cover in this lecture is variable argument lists.  You may (or may not) have wondered how the printf statement manages to take different numbers of arguments.  The key is variable argument lists.  You will find a full explanation of these on page 155 of K&R.  In short, a function which takes a variable number of arguments is declared using:

int printf (char *, ...);  /* Prototype for printf */

[Note: yes, printf returns int – it returns the number of arguments read.  This return argument is rarely if ever used].

A function declared with a ... in the argument list must have all the arguments specified before the ... but may have any number of arguments after these.  The functions included in <stdarg.h> called va_start, va_arg and va_end are used to obtain the arguments in the list. 

Other obscure bits of C

There are various other obscure corners of C that we haven't covered in these lecture notes.  You will almost certainly never need to use these, but in case you come across them here they are.

The bit-wise operators perform operations on the binary representations of data.  You can find them on page 48 of K&R.  The operators are:

& bitwise and

| bitwise inclusive or

^ bitwise exclusive or

<< bitwise left shift

>> bitwise right shift

~ one's complement

The conditional expression can be used to return different values according to a condition:

if (condition)

   x= a;

else

   x= b;

is exactly equivalent to:

x= (expression) ? a : b;

See page 51 of K&R for more info.  

Finally, there are various "tricks" we can do with the preprocessor including conditional compilation.  For example:

#define DEBUG

#ifdef DEBUG

printf ("The value of x at this point is %d\n",x);

#endif
we can then include lots of debugging code in the program and turn it on or off by removing the #define.  The advantage of this is that if we use this method to turn off debugging code then, when we recompile, the debugging code will not be included in the program at all and therefore will not slow it down.   For further examples consult K&R page 90.

We can also define "macros" which work like functions using #define.  For example:

#define PRINT_ERROR(a) fprintf (stderr,a)

would replace all occurrences of PRINT_ERROR followed by a single parameter with the replacement string.  For example:

PRINT_ERROR ("There is a problem\n");

would become

fprintf (stderr, "There is a problem\n");

Macros are almost always a terrible idea and should be avoided in almost all cases for technical reasons.  They are described further in K&R page 89.

That's it.  You have now learned all of the C language.  There are some functions in libraries that we haven't taught you but these work the same as functions you might write yourself.  The difficulty now is to learn how to use the language well.  Subsequent lectures will teach you useful programming techniques, how to be efficient, how to document your code and how to do simple searching and sorting tasks efficiently.

Recap of new language used in week five

stdlib.h includes malloc, realloc and free which are used as follows:

malloc is passed a size – usually calculated using the sizeof function – and returns a pointer to that much free memory.  While not necessary (except in C++ - see note above), it is programmers often cast the malloc to the type of the pointer it is being assigned to.  Some malloc examples are:

int *a;

float **b;

char *c;

a= (int *)malloc(100*sizeof (int));

b= (float **) malloc (10 * sizeof (float *));

c= (char *) malloc (24 * sizeof (char));

malloc returns NULL if it cannot find any free memory to allocate.  The second two examples include "casts" (the float ** part) which are not necessary but which some programmers like to use anyway.

Anything malloc ed must be free d.  A free statement takes as its argument a pointer to a memory location which was returned by malloc.

realloc changes the size of a memory block which a malloc ed pointer points at.  It takes as an argument, a pointer to some previously malloc ed memory and a new size for the block.  It returns a pointer to a new block of memory which has the new size and the same contents as the previous block.

We can access elements within a pointer to struct using the -> construct.  For example:

typedef struct address {

    int house_no;

    char street[80];

    char town[80];

    int tel_no;

} ADDRESS;

ADDRESS *dave;

dave= (ADDRESS *)malloc(sizeof (ADDRESS));

dave->house_no= 73;

strcpy (dave->street,"Example Street");

strcpy (dave->town,"Madeupton");

dave->tel_no= 0800123456;

Structures can contain pointers to struct of the same type as themselves.  This allows the creation of a number of useful data constructs.  For example, a linked list of text lines might be declared as so:

struct t_list {

    char line[80];

    struct *tlist next;

} T_LIST;

This last example is particularly important and will be discussed in later lectures.
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