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C Program Structure:

Declarations:

int main (int argc, char *argv[])

{

declaration;

statements;

}

Other functions

Comments:

Start with 
/*


End with   */


Can not be nested.


A common mistake is to forget the terminating */

C Keywords:

char

short

int 

long

float

double

const

extern

register
static

auto

signed

unsigned
volatile

typedef

struct

union

enum

void

sizeof

do


break

switch

case

continue

while

default

if


else

for

goto

return

C Operators:

()

[]

.

->

++

--

!

~

sizeof



+(unary)
-(unary)

&(address)
*(dereference)

(cast)

*

/

%

+

-

<<

>>

<

<=

>

>=

==

!=

&

^

!

&&

||

?:

=
+=
-=
*=
/=
%=
<<=

>>=

&=
^=
|=

,

C Data Types:
char

signed char

unsigned char

range:

-128 … +127

0 … 255
size:
1 byte
---->
256 possibilities

conversion character:  %c

int (the default type)

short

long

unsigned short

unsigned

unsigned long

Typical sizes and ranges on a 32-bit machine:

short


2 bytes


-215
 ...
+215-1

unsigned short
2 bytes


 0
 ...
+216-1

int



4 bytes


-231  ...
+231-1

unsigned 

4 bytes


 0
 ...
+232-1

long


4 bytes


-231  ...
+231-1

unsigned long
4 bytes


 0
 ...
+232-1

conversion characters:  %d

%u
(modifiers: h, l)

C Data Types: (continued)
float


double


long double

Typical sizes and ranges:

float 


4 bytes

(10+38
(6 significant digits)

double


8 bytes

(10+308 
(15 signif. digits)








note imprecision

conversion characters: %f
%lf  %Lf

Implicit Conversion:
“Promotion” occurs in binary expressions and assignments when the two operands are of different types.


Char, short  ----> int or unsigned


int, float 
  ----> float or double

Note:  arguments in a function call with prototype are treated like assignment. (but beware non-ANSI code!)

CASTS:

(Explicit conversion)

(name of data type) expression

eg. 


(int) 3.14159;


(float) i;

ZERO:

0 integer zero

0.0 the floating-point zero

‘0’

the character zero

‘\0’
the integer zero in a char context

HEXADECIMAL & OCTAL:

0x7a
hexadecimal constant = 7 * 16 + 10

076

octal constant = 7 * * + 6 

= 62

Truth in C:
There is no special “Boolean” data type. “Boolean”-type values are usually stored in variables of type char, short, or int.

zero 

is 

FALSE

non-zero
is 

TRUE   (not necessarily 1)

All relational, equality, and logical operators yield either 0 or 1.

Eg.

float a, b;

a = 3.14159;

b = 2.71828;

The value of (a>b) is 1
The value of (!a) is 0

Logical Operators:
a && b 

1 if both of a, b are TRUE




0 otherwise




if a is FALSE, b is not evaluated.

a || b

1 if either of a, b is TRUE




0 otherwise




if a is TRUE, b is not evaluated.

!a


1 if a is FALSE




0 otherwise

a?b:c

b if a is TRUE




c otherwise




Only one of the expression b, c is evaluated

Example:

int value, num = 5;

value = num > 0 ?:100:10;

OR

if (num > 0)


value = 100;

else


value = 10;

Conditional Execution:
if (expression)


Statement1;

else

statement2;


//the ‘else’ clause is optional

Eg.

if (a < b)  


printf(“a is smaller”);

else


printf(“a is greater or equal”);

Nested ‘if’ statements:

Eg. 

if (a < b)

if (b < c)


d = c;

else


d = a;

The ‘else’ goes with the nearest ‘if’.

Compound Statements:
{


declarations;

//can be used anywhere that a 


statements;


//simple statement can be.

}

eg.


if (a < b)


{



int d, e;



d = a + 1;



e = a + b + 3;


}


else


{



printf(“b is not bigger”);


}

THE EMPTY STATEMENT:

;

eg.


if (a < b)


{



;
//empty statement


}


else


{



int d, e;



d = a + 1;



e = a + b + 3;


}

Looping:
while (expression)


statement;

do


statement;

while (expression);

for (expression1; expression2; expression3)


statement;


//expression 1 and 3 are optional

The above ‘for’ loop is almost equivalent to:

expression1;

while (expression2)

{


statement;


expression3;

//a continue in the statement

}





//jumps here

Special cases in the Loop:
These are the exceptions to escape infinite loops.


for (expression1; expression2; expression3)

{


...


...


continue;


...


...


break;


...


...

}

while (expression)

{


...


...


continue;


...


...


break;


...


...

}

Looping Examples:
int i;

for (i=1; i<=10; i++)


printf(“%d\n”, i);

Above is equivalent to:

i=0;

while (++i <= 10)

OR

i=0;

while (i++ <= 9)

OR

i=0;

while (i++ < 10)

double x;

for (x=6.9; ; x *= 2.0)
//infinite loop


printf(“%g\n”, x);

//prints 6.9, 13.8, 27.6 ...

int i, sum;

for (i=0, sum=0; i<10; i++)

//comma operator


sum += i;

Above is equivalent to:

for (i=0, sum=0; i<10; sum += i, i++)



;

//empty statement

//in the comma operator, order is important

The ‘switch’ Statement:
switch (integral expression)

{


case constant1 :



statements;



break;

//this is very important


case constant2 :


case constant3 :



statements;



break;


case constant4 :



statements;



break;


default :


//default is optional



statements;

}

Undesirables:
goto label;


...


...


...

label : statement

an identifier eg. error1

can always be avoided by proper use of other flow-of-control constructs.

Functions:
return_type function_name(parameter list)

{


declarations;


statements;

}

The ‘return’ statement:

· passes control back to the caller.

· returns a value (unless the function is void)

eg.

return expression;

OR

return;
 

//if function is void

There is an implicit return statement at the end of every void statement.

Function Parameters:
· A comma-separated list of variable declarations. Each variable in the list effectively becomes a local variable which has scope of the function block.

· Argument passing in C is always “call-by-value”:

· the function parameters get their values upon entry of the function.

· Changes made to the function parameters in the body of the function do not affect the value of the variables used in the call to the function.

· Arguments in the call to a function must be “assignment-compatible” with the declared parameters to the function.

Eg.

#include <math.h>

Void print_radius(char *str, double x, double y)

{


printf(str, sqrt(x * x + y * y));

}

print_radius(“The radius is %g\n”, 3.53, 4);

Example Program: power of two:
#include <stdio.h>

//function prototype:

static void print_powers(int num_to_print);

int main (int argc, char *argv[])

{


int num_powers;

num_powers = 10;


//hard-coded constant

print_powers(num_powers);
//call to function


printf(“\n”);

}

static void print_powers (int num_powers)

{


int i = 0, power = 1;


while (i++ <= num_powers)


{



printf(“%6d”, power *= 2);



if (i % 3 == 0)




printf(“\n”);


}

}

Arrays:
Defining an array variable:


Type name[num_element]  


Eg.

int num[3];

float values[MAX_NUM_VALUES];

An array definition results in a contiguous memory allocation of 

num_elements * sizeof(type) bytes.

An array variable can be initialized by listing the values in a comma-separated list inside braces.

Eg.


int num[3] = {7, 51, -22};


float values[5] = {2.1, 6.7};




char name[] = {‘F’, ‘r’, ‘e’, ‘d’};


Referring to an array element:

(Array indexing) 

· The first element of the array is index 0. If there are N elements, the last on is index (N-1).

Eg.


int i, sum = 0;


int num[3];


num[0] = 7;


num[1] = 51;


num[2] = -22;


for (i=0; i<3; i++)


{



sum += num[i];


}

There is no array bounds checking and it is often a catastrophic error to use an index that is out of range.

(ie. Less than 0 or greater than (N-1))

Passing Arrays to Functions:
A function that expects an array as an argument can declare that parameter in one of 3 equivalent ways.

Eg.


int sum(int a[5])


{



int i, s = 0;



for (i=0; i<5; i++)




s += a[i];



return (s);


}

When calling a function, the name of the array is used and the address of the first element is the value passed to the function.

Eg.


int my_array[5];


total = sum(my_array);

Passing Arrays to Functions
(an improved example)

Note that in the previous example function that summed an array:

· It only worked for an array of 5.
· The caller of the function can’t be sure (without looking at the source code for the function) that it wasn’t going to modify the array (since effectively an array address gets passed in).
The following example fixes these 2 problems by:

· Passing the number of array elements as a parameter.
· Using the const modifier in declaring the array parameter.
int sum(const int *a, int n)

{


int i, s;


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



s += a[i];


return (s);

}

Calling the function:

int my_array[25], your_array[50];

sum(my_array, 25);

sum(your_array, 50);

sum(my_array, 10);

 //sum only the first 10 elements

sum(&my_array[10], 15) //sums the remaining 15 elements

Multidimensional Arrays:
Arrays of any type are allowed, including arrays of arrays: multi-dimensional arrays.

Eg.
A two dimensional array:


Float sales[NUM_MONTHS] [NUM_PRODUCTS];

Visualize as picture:

	
	Product1
	Product2
	Product3

	Jan
	231.76
	0.0
	10.50

	Feb
	152.13
	12.18
	0.0

	Mar
	303.87
	54.40
	11.12

	 .
	 .
	 .
	 .

	 .
	 .
	 .
	 .

	Dec
	 .
	 .
	 .


The last index varies the fastest as elements are accessed in storage order.

“Row-major” ordering  (  opposite order to Fortran!

Sales[1] 

the sales for February





(an array of NUM_PRODUCTS elements)

sales[1][2]

the sales for products in February

sales[i][j]

is the same as *ptr





where ptr = &sales[0][0]








+ NUM_PRODUCTS * i + j

Pointers:
A pointer variable is one that can hold the address of a value. (the address in the memory)

The * is used when declaring a pointer variable.

Eg.


int num;


int *ptr;


num = 17;


ptr = &num;

Suppose that the variable ‘num’ happened to get stored at memory address 63051.

Then (after the ‘ptr = &num’ line) the value of the pointer variable ‘ptr’ would be 63051.







ptr


Memory






some other


Location #63051



memory location


‘num’






‘ptr’

Pointers of Different Types:
Eg.


char *ptr1;


//pointer to char


short *ptr2;

//pointer to short


int *ptr3;


//pointer to int


float *ptr4;

//pointer to float


double *ptr5;

//pointer to double


void *ptr6;


//generic pointer

Pointers of different types are not “assignment compatible”.

Only pointer values of the same type can be assigned to a pointer variable.

Exceptions:

· The integer value zero(the NULL pointer).

· Generic pointers.

Eg.


int num;


float x;


ptr3 = &num;


ptr4 = ptr3;

//illegal


ptr4 = &x;


ptr1 = 0;

Dereferencing Pointers: 

A pointer refers to a value by pointing at it. To get the value that is being referred to, we dereference the pointer. This is done with *.

Eg.


int num = 17;


int *ptr = &num; 

//initialization of ‘ptr’

printf(“The value pointed at is %d\n”, *ptr);

num = 42;

printf(“The value pointed at is %d\n”, *ptr);

*ptr = 23;


printf(“The value pointed at is %d\n”, *ptr);


printf(“The value of num is %d\n”, num);

The values printed out by this example would be:

17 42  23  23

Passing Arguments by Reference Simulated Using Pointers:
Argument passing in C is strictly call-by-value. 

The function can not change the value of the variables it is called with.

Simulate call-by-reference by calling the function with the address of the variable instead of the variable itself.

Eg.


int num;


scanf(“%d”, &num);  //variable ‘num’ gets changed

The function must be defined to have pointers as its parameters.

Eg.


Void swap (int *a, int *b)


{



int tmp;



tmp = *a;



*a = *b;



*b = tmp;


}

Function with Pointer Parameter:
(Another example)

//function prototype:

void add(int, int, int *);

int main (int argc, char *argv[])

{


int a, b, sum;


scanf(“%d %d”, &a, &b);


add(a, b, &sum);


printf(“The sum of &d and %d is &d\n”, a, b, sum);

}

void add (int numa, int numb, int *ptr_sum)

{


*ptr_sum = numa + numb;

}

Dynamic Memory Allocation:
#include <stdlib.h>

void *calloc(size_t n, size_t element_size);

Allocates contiguous space in memory for an array of n elements, each requiring element_size bytes. The space is initialized with all bits zero. Returns the starting address of the allocated space if successful, NULL otherwise.

void * malloc(size_t num_bytes);

Allocates contiguous memory space of mun_bytes. Dones not initialize the allocated memory. Return value as for calloc().

void free(void *ptr);

De-allocates the memory space pointed to by ptr, which should be an address previously returned from malloc(), calloc() or realloc().

void *realloc(void *ptr, size_t num_bytes);

Changes the size of the memory block pointed to by ptr to be of size num_bytes bytes. 

Preserve memory contents (but the memory location may change!)

Remaining 3 values get initialized to zeros





Must be a constant expression





Recall that the value of an assignment expression is the value of the l.h.s afterwards.





Comma-separated list of parameter declaration.





The compiler fills in the 4 after counting the number of initiallizers.


Beware: not a null-terminated string!





Same effect as previous example with initializer.





OR int sum(int a[])


OR int sum(int *a)





17





63051





Note the ‘*’ in the parameter declaration.





Note the ‘*’on the left side of assignment.








