CIS 381: Tutorial #2



Qutline

® Structure of large C projects
® Variables
® Global and Static
® Bit Operations
® Pointers
® Memory Management

® Structures



Reference

¢ “The C Programming Language” by
Brian Kernighan and Dennis Ritchie, Second
Edition



About C

® C is the most commonly used low-level
language for “system programming”
® C provides:

® |ow-level access to memory

e cfficient mapping between a program and machine
instructions

® C lacks:
® Garbage Collection

® Type Safety



Structure of large C
projects

® This isn’t "Hello World”. Don’t use a single
C file.

® Modularize your code

® Forces you to divide & conquer tough
problems

® FEasier to understand, debug

® Allows code reuse



Structure (contd.)

® Documentation

® Header Files
® Constants
® Function Declarations
® Macros

® Source Files

® Makefile



intlist.h

#ifndef  intlist h
#define  intlist h

/* each entry in the list contains an int */
typedef struct intlist {
int datum;

struct intlist *next;
} INTLIST;

/* initializes the intlist with initial datum n */
INTLIST *init intlist( int n );

/* Inserts an int (n) into an intlist */
int insert intlist( INTLIST *lst, int n );

#endif



intlist.c

#include <stdlib.h>

#include “intlist.h”

/* initializes the intlist with initial datum n */
INTLIST *init intlist( int n )
{
INTLIST *1st;
Lst = (INTLIST *)malloc(sizeof (INTLIST));
lst->datum = n;
lst->next = NULL;

return lst;



program.c

#include <stdlib.h>

#include “intlist.h”

/* execution starts here */
int main()
{
INTLIST *1st;
lst = 1init intlist(1);
insert intlist( lst, 2 );
free( lst );

return 0;



Putting it all together:
MEVGIIE

CC=gcc

CFLAGS=-Wall -g
LIBS=-1lreadline -1lm
0BJS=intlist.o program.o

aE;%C§LQ§JSJ——”””””””’
C) $(CFLAGS) $(0BJS) $(LIBS) -o program

program.o: program.h common.h
$(CC) $(CFLAGS) -c program.c

intlist.o: intlist.h common.h
$(CC) $(CFLAGS) -c intlist.c

clean:
rm -f *.0 program



Putting it all together:
Makefile v.2

CC=qgcc

CFLAGS=-Wall -g
LIBS=-1lreadline -1lm
OBJS=intlist.o
INCLUDES=common.h

all: $(0BJS)
$(CC) $(CFLAGS) $(0BJS) $(LIBS) -0 program

.C.0: $*.h $(INCLUDES)
$(CC) $(CFLAGS) -c $*.c

clean:
rm -f *.0 program



Global, Static and Local

® Variables can differ in their scope (visibility)
and life

Type Visibility Life
Local Within a function Duration of function
Static Within a file/function Duration of program
Global Across different files Duration of program




Local Variables

® Variables declared within a function are
local

® Only visible in the function itself

® | ose their value once the function is
done

® Example:

void local example(void){
int i = 10; //Local Variable
i =1+ 10;

return; //0n return, ceases to exist



Static Variables

® Variables declared using the static qualifier
® Only visible in the function istelf

® Remember value across function invocations

® Example:

void static example(void){
static int i = 10; //Assignment occurs on first invocation

i=1+ 10;

}

static example(); // i = 20
static example(); // i = 30



Global Variables

® Variables declared outside any functions

® Visible across different program files and
functions

int global variable = 10;

int main(){

}

In a different file:

int global variable; // extern declaration - variable 1is
// defined in another file



Bit Operations

® C has 6 operators for bit manipulations: (bitwise
and) &, (bitwise or) |, (bitwise xor)#, (left shift)
<<, (right shift) >>, (one’s complement) ~

® Remember: char (8 bits), int (32 bits) and
short (16 bits)

n & OxOF //Mask off low-order 4 bits of n
n | OXFOOO //Set high-order 4 bits of n
~N //Invert bits of n

n

® Endianness (byte ordering)



Bit Operations (contd.)

® Exercise: Write a function that returns the
n® bit of an integer



Pointers

e A pointer is a variable that holds a location in

memory.

e char foo; // Too holds a character

e char *foo; // foo holds the memory address of a
character

e int foo; // foo holds an integer

e int *foo; // foo holds the memory address of
an int

e struct timeval foo; // Too holds a timeval structure

e struct timeval *foo; // Too holds the memory address of a
timeval structure

e char **foo; // foo holds the memory address of a

memory address of a character



Why use pointers !

® C is pass by value

vold addone( int x ) {

X =X + 1;

int main() {
int x = 1;
addone( x );

printf( “X is %d\n”, x );

return 0;



Why use pointers !

volid addone( int *x )

{

X = *x + 1;

int main() A
int x = 1;
addone( &x );
printf( “X 1s %d\n”, x );

return 0;



* and &

® |n a declaration, * means pointer

® char *foo; //foo 1s a pointer to char

® Elsewhere, ™ means dereference (gets value
stored in a pointer)

® int *a;
o

® printf(“a 1is %d\n”, *a);



* and &

® & is a unary operator
® |t produces the address of an object

® Example:

int a=5;

int *b = &a;

*b = 7;

printf(“a is %d\n”, a);
printf(“b is %d\n”, *b);



Arrays are (constant)
pointers

char arr[7];
char *ptr;
strcpy( arr, “Hello.” );

for( ptr = arr; *ptr I= '\0'; ptr++ )
printf( “Value pointed to is %c\n”, *ptr );
// versus...
for( i =0; i <= 6; i++ )
printf( “Val at pos %d is %c\n”, 1, *(arr + 1) );
// versus...
for( 1 =0; 1 <= 0; 1i++ )

printf( “Val at pos %d is %c\n”, i, arr[i] );

arr = ptr; //



Memory: Stack vs. Heap

e Stack
® Last In First Out (LIFO)

® Memory allocated for automatic variables
within function

® Memory only valid within function
e Heap

® Allocated/deallocated dynamically (malloc,
free)

® Good for duration of program



Stack

int main()

{
char a[1l00];
char *b;

}



Heap

int main()

{

char *a;
struct timeval *tv;
a = (char *)malloc(sizeof(char)*100):

tv = (struct timeval *)malloc(sizeof(struct
timeval)):

free( a );
free( tv );



Don’t try this at home

char *foo() {
char arr[] = “Hello."”;
return arr;

}

int main() A
char *ptr = fool();
printf( “ptr is %s\n”, ptr );
return 0;

}



Things to keep in mind

® Be careful about variable lifetimes
® C has no garbage collection (always free() )

® Never free() something that was not
malloc()ed.

® Never free() twice

® “Thou shalt not follow the NULL pointer,
for chaos and madness await thee at its
end.” (Henry Spencer)



Structures

® Grouping of variables under a common
name

struct coord

{ .
int x;
int y;

b

struct coord origin, X;

origin.x = 0; //Memberwise assignment
origin.y 0;

X = origin; //Copy structure



Structures (contd.)

o typedef
® Used for creating new data type names
typedef int Length;
Length 1, j;
typedef struct coord Coord;

Coord origin; //Compare to “struct coord origin”



Pointers to Structures

® struct coord *p;

® pis a pointer to a structure of type struct
coord

® p = (struct coord *) malloc(sizeof(struct
coord) )

® > can be used to access members using a
structure pointer

® “p->x” is equivalent to “(*p) .x”



Macros

* #something is a pre-processor directive

* pre-processing: separate stage before
compilation

e #define directive used to create macros
No semicolon

e #define namirel)my
#define PI 3.14 k//////////

#define max(a,b) ((a)>(b) ? (a):(b))



Macros (contd.)

® Macros are dumb!

#define square(x) (x*x)
square(3) evaluates to 9
square(2+1) evaluates to 5!

Why ?



Macros (contd.)

® square(2+1) expands €O (2+1*2+1)

® What about square(++x)?

® Macros are not a replacement for functions
® Always use parentheses in macro definitions

® Add an extra set if unsure



Function Pointers

® Remember HWI?

#include <signal.h>
typedef void (*sighandler t)(int);
sighandler t signal(int signum, sighandler t handler);

or

void (*signal(int sig, void (*func)(int)) ) (int);

® What do you pass as handler!

® void foo(int){...}

signal (SIGCHILD, foo);

® How does signal() use handler?!

® handler(5);



Quotes about C

C is "a language that combines all the elegance and
power of assembly language with all the readability
and maintainability of assembly language.”

“C is quirky, flawed and an enormous success.” -
Dennis Ritchie

“A C program is like a fast dance on a newly waxed
dance floor by people carrying razors.”

C is awesome (trust me)



