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Lecture 2-3: C Programming

Mohamed Zahran (aka Z)
mzahran@cs.nyu.edu
http://www.mzahran.com

< %
,..p-(“( 2
LA M

"
vAS A

Many slides of this lecture are adapted from Lewis Girod, CENS Systems Lab
http://lecs.cs.ucla.edu/~girod/talks/c-tutorial.ppt
and Clark Barrett



Brian Kernighan Dennis Ritchie

In 1972 Dennis Ritchie at Bell Labs writes C and in 1978 the
publication of The C Programming Language by Kernighan &
Ritchie caused a revolution in the computing world



Why C?

* Mainly because it produces code that runs nearly as
fast as code written in assembly language. Some
examples of the use of C might be:

— Operating Systems

— Language Compilers

— Assemblers

— Text Editors

— Print Spoolers

— Network Drivers

— Modern Programs

— Data Bases

— Language Interpreters
— Utilities



Your first goal: Learn C!

* Resources
— KR book: "The € Programming Language”
— This week's lectures
— Additional online resources linked from website

 Learning a Programming Language
— The best way to learn is to write programs

— S’ral:’rc using the virtual machine environment to play
wit

— Work your way through examples from lectures, KR,
and/or additional online tutorials

— Once you are comfortable writing simple programs in C,
take a look at Lab 1
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Writing and Running Programs

#include <stdio.h>
/* The simplest C Program */

int main(int argc, char **argv)

{
printf(“Hello world\n™);
return 0;
}
$ gcc -wall -g my_program.c -0 my_program _Wa” _g ?
tt.c: In function “main':
tt.c:6: parse error before “x'
tt.c:5: parm types given both in parmlist and separately
tt.c:8: "x' undeclared (first use in this function)
tt.c:8: (Each undeclared identifier is reported only once
tt.c:8: for each function it appears in.)
tt.c:10: warning: control reaches end of non-void function
tt.c: At top level:
tt.c:11: parse error before “return'

b Mmy_program
What if it doesn’t work?




About C

Hardware independent
Programs portable to most computers
Case-sensitive

Four stages

— Editing: Writing the source code by using some IDE or
editor

— Preprocessing or libraries: Already available routines

— compiling: translates or converts source to object code
forj a specific platform source code -> object
code

— linking: resolves external references and produces the
executable module



C Syntax and Hello World

Can your program have
more than one .c file?

What do the <>

mean?

#include <stdio.h>

/* The simplest C Program */
int main(int argc, char **argv) <
{

printf(“Hello world\n”);
return O;




A Quick Digression About the
Compiler

/* The simplest C Program */

int main(int argc, char **argv) Preprocess
{

printf(“Hello world\n™);

return 0;
}
__extension__ typedef unsigned long long int __dev_t;
__extension__ typedef unsigned int __uid_t;
__extension__ typedef unsigned int __gid_t;
__extension__ typedef unsigned long int __ino_t;
__extension__ typedef unsigned long long int __ino64_t;
__extension__ typedef unsigned int __nlink_t;
__extension__ typedef Tlong int __off_t;
__extension__ typedef Tong long int __off64_t;

extern void flockfile (FILE *__stream) ;
extern int ftrylockfile (FILE *__stream) ;
extern void funlockfile (FILE *__stream) ;
int main(int argc, char **argv)
{

printf(“Hello world\n");

return 0;

b my_program
Compile




OK, We're Back.. What is a Function?

#ipclude <stdio.h>
/*| The simplest C Program *
int main(int argc, char **argv

{

printf(“Hello world\n”); |
return 0;

R




What is "Memory“?

char
char [10]
int
float
int64_t

not always...

Addr Value
0
1
2
3
4 |'H (72)
5 |‘e’(101)
6 |T(108)
7 | T(108)
8 |‘o(111)
9 |n’(10)
10 |0’ (0)
11
12




What is a Variable?

declare vs define?

Symbol

Addr

Value

0

char

extern? static? const?

X
/

‘e’ (101)

OO (N|O|O|R[W|IN|F

=
o

=
=

=
N




Multi-byte Variables

char x;
char y=‘e’;
int z = 0x01020304;

=

Symbol

Addr

Value

0

‘e’ (101)

OO (N|O|O|R[W|IN|F

=
o

=
=

RO~

=
N




Lexical Scoping

(Returns nothing)

1

void p(char x)

{
/¥ p,x */
char y;
/* p,x,y */
char z;
/* p,X,y,z ¥/
}
/*p ¥/
char z;
/* p,z */
void q(char a)
{
char b;
/* p,z,q,a,b */
{ ) char b?
char c;
/* p,z,q,a,b,c */
}
char d; legal?

/* p,z,9,a,b,d (not ©) */
}

/* p,z,q */



ExEr'essions and Evaluation

1+2 %2 2> 1+ 4 2> 5
1+2) *2 > 3 * 2 2> 6

int x=1;
int y=2;
X+y *y 2> X+ 2 * 2 2> X+ 4 > 1+ 4 2> 5

int x=4;

(x < 5) 2> (4 <5) > <true>
x < 4) > (4 <4 >0
(x<5 || x<d) > (<true> |] (X < 4)) > <true>

e




Precedence

« Highest to lowest

* ()
'*,/,cyo

°* + -



Comparison and Mathematical Operators

equal to
less than
less than

or equal

greater than
greater than or equal

not equal

&& logical and
logical or
logical not

plus
minus
mult
divide
modulo

& bitwise and
| bitwise or
A bitwise xor
~ bitwise not
<< shift left
>> shift right




Assignment Operators

X =y assigny to x X +=Yy ass1gn (x+y) to x
X++ post-increment x X -=y assign (x-y) to x
++X pre-increment x X *=y assign (x*y) to x
X-- post-decrement x x /=y assign (x/y) to x
--X pre-decrement x X %=y assign (x%y) to x

int x=5; int x=5;
int y; int y;
Y = ++X; Yy = X++;
/¥ x ==6,y===67% /¥ x ==6,y==5%
int x=5; int x=5;
if (x==6) /* false */ if (x=6) /* always true */
{ {
/* ... */ /* x is now 6 */
} }

/* x is still 5 */ /* ... */



A More Complex Program: pow

/* if evaluated expression is not 0 */
if (expression) {

/* then execute this block */
}

Need braces?

else {
/* otherwise execute this block */

}

X?Y:Z

#include <stdio.h>
#include <inttypes.h>

float pow(float x, uint32_t exp)
{
/* base case */
if (exp == 0) {
return 1.0;

}

/* “recursive” case */
return x*pow(x, exp - 1);

}

int main(int argc, char **argv)
{

float p;

p = pow(10.0, 5);

printf(“p = %f\n”, p);

return 0;



The "Stack”

#include <stdio.h>
#include <inttypes.h>

float pow(float x, uint32_t exp)
{

/* base case */
if (exp == 0) {
return 1.0;

}

/* “recursive” case */
return x*pow(x, exp - 1);
}

int main(int argc, char **argv)

float x 5.0 {

uint32_t exp | 0 | Return1.0 p = pow(5.0, 1);

printf(“p = %f\n”, p);
float x 5.0 A return O;

}
uint32_t exp |1 | Returns.0

int argc 1
char **argv | 0x2342
float p 5.0 Grows

20



Iterative pow(): the "while" loop

float pow(float x, uint exp)
{
int i=0;
float result=1.0;
while (i < exp) {
result = result * x;
T++;
}
return result;

}

int main(int argc, char **argv)
{
float p;
} p = pow(10.0, 5);
printf(“p = %f\n”, p);
return 0;

Toop: : -—
if (condition) { while (condition) {

statements; statements;

goto loop;
}




The "for” loop
[T orlop s st horthand forthi“whle” oop smcture._|

float pow(float x, uint exp) float pow(float x, uint exp)
{ {
float result=1.0; float result=1.0;
int i; int i
i=0; for |(i=0;||(i < exp;ﬂ i++) |{
whiTe |(i < exp) |{ result = result * X;
t = result * x; }

1+4++; return result;

} }
return result;
}

int main(int argc, char **argv)

{
int main(int argc, char **argv) float p;
{ p = pow(10.0, 5);
float p; printf(“p = %f\n”, p);
p = pow(10.0, 5); return 0;
printf(“p = %f\n”, p); }

return 0;



Referencing Data from Other
Scopes

float pow(float x, uint exp) N

{
float result=1.0;

int i;

for (i=0; (i < exp); i++) { —
result = result * x;

return result;

}
} _

int main(int argc,||char **argvb

{

float p;
p = pow(10.0, 5);
printf(“p = %f\n”, p);
return 0;

}




Can a function modify its
arguments?

float p = 2.0; float p = 2.0;

/*¥ p is 2.0 here */ /* p is 2.0 here */
p = pow(p, 5); pow_assign(p, 5);
/* p is 32.0 here */ /* p is 32.0 here */

void pow_assign(float x, uint exp)
{
float result=1.0;
int i;
for (i=0; (i < exp); i++) {
result = result * x;
}
X

= result;



NO!

void pow_assign(float x, uint exp)

{
— float result=1.0;
int 1;
for (i=0; (i < exp); i++) {
result = result * x;
— }
—_— X = result;
}
{
—> float p=2.0;
pow_assign(p, 5);
}

float x m

uint32_t exp
float result |[32.0 7

float p 2.0 Grows




Passing Addresses

address_of(y) ==
memory_at[5] == 101

void f(address_of_char p)

{
memory_at[p] = memory_at[p] - 32;

}

char y = 101; /*¥ y is 101 */
f(address_of(y)); /* i.e. f(5) */
/* y is now 101-32 = 69 */

Symbol | Addr Value
0
1
2
3
char x 4 ‘H (72)
chary 5 ‘e’ (101)
6
7
8
9
10
11

=
N




"Pointers”

“address of” or reference operator: &
“memory_at” or dereference operator: *

void f(address_of_char p)

{
memory_at[p] = memory_at[p] - 32;
}

char y = 101; /¥ y is 101 */ char y = 101; /¥ y is 101 */
f(address_of(y)); /* i.e. f(5) */ f(&y); /* i.e. f(5) */
/¥ y is now 101-32 = 69 */ /¥ y is now 101-32 = 69 */




Pointer Validity

char * get_pointer()
{

char x=0;

return &x;

}

{
char * ptr = get_pointer(Q);
*ptr = 12; /* valid? */

}



Answer: Invalidl

char * get_pointer()

{
—p char x=0;
—p return &x;

}
{

— char * ptr = get_pointer(Q);
—_— *ptr = 12; /* valid? */
—p other_function();

} A

101 | int average 56603

100 | char * ptr 101 Grows




More on Types



Structures

#include <sys/time.h> <

/* declare the struct */
struct my_struct { <
int counter;
float average;
struct timeval timestamp; <
uint in_use:1; <
uint8_t datal[0];
};

/* define an instance of my_struct */
struct my_struct x = { <
in_use: 1,
timestamp: {
tv_sec: 200
}

}s
X.counter = 1; <
X.average sum / (float) (x.counter);

struct my_struct * ptr = &x; <
ptr->counter = 2;
(*ptr) .counter = 3; /* equiv. */




Arrays

/* define an array of 10 chars */
char x[5] = {‘t’,’e’,’s’,’t’,’\0’};

/* accessing element 0 */
X[0] = ‘T’; <

/* pointer arithmetic to get elt 3 */
char elt3 = *(x+3); /* x[3] */ <

/* xX[0] evaluates to the first element;
* X evaluates to the address of the
* first element, or &X[0]) */

/* 0-indexed for Tloop idiom */

#define COUNT 10

char y[COUNT];

int 1i;

for (i=0; i1<COUNT; 1i++) {
/* process y[i] */
printf(“%c\n”, y[il);

}

Symbol Addr Value
char x [0] 100 ‘v
char x [1] 101 ‘e’
char x [2] 102 ‘s’
char x [3] 103 ‘v
char x [4] 104 \O’




How to Parse and Define C Types

int
int
int
int
int

X; /*
*X; /*
x[10]; /*
*x[101; /*
(*x)[10]; /*

int;

pointer to 1int;

array of ints;

array of pointers to int;
pointer to array of ints;

{ ¥

int *x[10];

int (*x)[10];

*/ typedef
*/ typedef
*/ typedef
*/ typedef
*/ typedef

X 1is
an array of
pointers to
int

X is
a pointer to
an array of
int

int
int
int
int
int

T;

*T;
T[10];
*T[10];
1) [10];

Arrays are the primary source of
confusion. When in doubt, use
extra parens to clarify the
expression.




Function Types

For more details:
S man gsort

void gsort(void *base, size_t nmemb, size_t size,
int (*compar) (const void *, const void ¥*));

/* function matching this type: */
int cmp_function(const void *x, const void *y);

/* typedef defining this type: */
typedef int (*cmp_type) (const void *, const void *);

/¥* rewrite gsort prototype using our typedef */
void gqsort(void *base, size_t nmemb, size_t size, cmp_type compar);




Dynamic Memory Allocation
For details:
int * alloc_ints(size_t requested_count) $ man calloc
¢ int * big_array;

big_array = (int *)calloc(requested_count, sizeof(int));

if (big_array == NULL) {
printf(“can’t allocate %d ints: %m\n”, requested_count)_

return NULL;
} %m ?

/* now big_array[0] .. big_array[requested_count-1] are
* valid and zeroed. */
return big_array; <«
}




Caveats with Dynamic Memory




Some Common Errors and Hints

/* allocating a struct with malloc() */
struct my_struct *s = NULL;
s = (struct my_struct *)malloc(sizeof(*s)); /* NOT sizeof(s)!! */
if (s == NULL) {
printf(stderr, “no memory!”);
exit(1l);
}

memset(s, 0, sizeof(*s)); <«

/* another way to initialize an alloc’d structure: */
struct my_struct init = {

counter: 1,
average: 2.5,
in_use: 1

}s

/* memmove(dst, src, size) (note, arg order 1like assignment) */
memmove(s, &init, sizeof(init)); <«

/* when you are done with it, free it! */
free(s);
S = NULL;



Dynamic Memory Allocation

void *malloc (size_t size);

void* calloc (size_t num, size_t size);
void free (void™ ptr);

Unary operator sizeof is used to
determine the size in bytes of any data
type. Examples:

— sizeof(double)

— sizeof(int)



Pointers and Arrays in C

* An array name by itself is an address, or
pointer in C.

* When an array is declared, the compiler
allocates sufficient space beginning with
some base address to accommodate
every element in the array.

* The base address of the array is the
address of the first element in the
array (index position 0).

— &num[0] is the same as num



Pointers and Arrays in C

« Suppose we define the following array and
pointer:

int a[100], *ptr;

Assume that the system allocates memory bytes
400, 404, 408, ..., 796 to the array. Recall that
integers are allocated 32 bits = 4 bytes.

— The two statements: ptr = a; and ptr = &a[0]; are
equivalent and would assign the value of 400 to ptr.

* Pointer arithmetic provides an alternative to
array indexing in C.

— The two statements: ptr = a + 1, and ptr = &a[l];
are equivalent and would assign the value of 404 to
ptr.



Pointers and Arrays in C

» Assuming the elements of the array
have been assigned values, the following
code would sum the elements of the
array:
sum = O;
for (ptr = a; ptr < &a[100]; ++ptr)

sum += *ptr;

* Here is a way to sum the array:

sum = O;
for (i = O; i < 100; ++i) a[b] in Cis just syntactic sugar
sum += *(a + i); for
*(a + b)




Strings
Series of characters treated as a single
unit
Can include letters, digits, and certain
special characters (*,7, $)

String literal (string constant) - written in
double quotes
— "Hello"

Strings are arrays of characters
Example:
— char name[] = “test”;

— address of the above string can be expressed
in two ways:
« &name[0]
* hame



Strings

 String declarations

— Declare as a character array or a variable of type char *

char color[] = "blue";
char *colorPtr = "blue";

— Remember that strings represented as character arrays end with
1 \0 1

e« color has b elements

* Inputting strings
— Use scanf
scanf ("%s", word) ;

* Copies input into word[], which does not need & (because a string
is a pointer)
— Remember to leave space for '\0'



In <ctype.h>

Character Handling Library

Prototype

Description

int isdigit( int c )

Returns true if ¢ is a digit and £alse otherwise.

int isalpha( int c ) Returns true if c is a letter and £alse otherwise.

int isalnum( int c ) Returns true if ¢ is a digit or a letter and £alse otherwise.

int isxdigit( int c ) Returns true if ¢ is a hexadecimal digit character and £alse otherwise.

int islower( int c ) Returns true if c is a lowercase letter and £alse otherwise.

int isupper( int c ) Returns true if ¢ is an uppercase letter; £alse otherwise.

int tolower( int c ) If ¢ is an uppercase letter, tolower returns c as a lowercase letter. Otherwise, tolower
returns the argument unchanged.

int toupper( int c ) If ¢ is a lowercase letter, toupper returns ¢ as an uppercase letter. Otherwise, toupper
returns the argument unchanged.

int isspace( int c ) Returns true if ¢ is a white-space character—newline (' \n'), space (' '), form feed
("\£"), carriage return (' \r '), horizontal tab (' \t "), or vertical tab (' \v')—and
false otherwise

int iscntrl( int c ) Returns true if ¢ is a control character and £alse otherwise.

int ispunct( int c ) Returns true if ¢ is a printing character other than a space, a digit, or a letter and false
otherwise.

int isprint( int c ) Returns true value if ¢ is a printing character including space (* ') and false
otherwise.

int isgraph( int c ) Returns true if ¢ is a printing character other than space (* ') and £alse otherwise.

Each function receives a character (an int) or EOF as an argument



String Conversion Functions
* in<string.h>

» Conversion functions
— In <stdlib.h> (general utilities library)
— Convert strings of digits to integer and floating-

point values
Prototype Description
double atof( const char *nPtr ) Converts the string nPtr to double.
int atoi( const char *nPtr ) Converts the string nPtr to int.
long atol( const char *nPtr ) Converts the string nPtr to long int.
double strtod( const char *nPtr, char Converts the string nPtr to double.
**endPtr )
long strtol ( const char *nPtr, char Converts the string nPtr t0 long.
**endPtr, int base )
unsigned long strtoul (const char *nPtr, |Converts the string nPtr t0o unsigned
char **endPtr, int base) long.




String Manipulation Functions

 String handling library has functions to
— Manipulate string data
— Search strings
— Determine string length

Function prototype Function description
char *strcpy( char *sl, Copies string s2 into array s1. The value of s1 is
const char *s2 ) returned.

char *strncpy( char *sl, Copies at most n characters of string s2 into array
const char *s2, size_t n ) |s1. The value of s1 is returned.

char *strcat( char *sl, Appends string s2 to array s1. The first character of
const char *s2 ) s2 overwrites the terminating null character of s1.
The value of s1 is returned.

char *strncat( char *sl, |Appends at most n characters of string s2 to array
const char *s2, size_t n ) [s1. The first character of s2 overwrites the
terminating null character of s1. The value of s1 is
returned.




String Manipulation Functions

int strcmp ( const char * strl,
const char * str2 )

return value

<0

>0

indicates

the first character that does
not match has a lower value in
ptrl than in ptr2

the contents of both strings
are equal

the first character that does
not match has a greater value
in ptrl than in ptr2



Macros

/* Macros are used to define constants */
#define FUDGE_FACTOR 45.6

#define MSEC_PER_SEC 1000

#define INPUT_FILENAME “my_input_file”

/* Macros are used to do constant arithmetic */
#define TIMER_VAL (2*MSEC_PER_SEC)

/* Macros are used to capture information from the compiler */
#define pBG(args...) \
do { \
fprintf(stderr, “%s:%s:%d: “, \
__FUNCTION__, __FILE__, __LINENO_; \
fprintf(stderr, args...); \
} while (0)

/* ex. DBG(“error: %d”, errno); */



