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Characters



How to represent text characters?

• How to associate bit patterns to integers?
– base 2
– 2’s complement

• How to associate bit patterns to floats? 
– IEEE floating point representation (based on 

normalized scientific notation)
• How to associate bit patterns to characters?
– by convention
– ASCII, UTF



ASCII: American Standard Code for 
Information Exchange

• Developed in 60s, based on the English alphabet
• use one byte (with MSB=0) to represent each 

character
• How many unique characters can be represented?

128





C exercise 1: tolower

// tolower returns the corresponding 
// lowercase character for c if c is an 
// uppercase letter. Otherwise, it returns c.
char tolower(char c) {

}

int main() {
char c = tolower(‘A’);
printf(“resulting c is %c\n”, c);

}



C exercise 1: tolower

// tolower returns the corresponding 
// lowercase character for c if c is an 
// uppercase letter. Otherwise, it returns c.
char tolower(char c) {

// test if c is an uppercase letter
if (c < ‘A’ || c > ‘Z’) {

return c;
}

}



C exercise 1: tolower

// tolower returns the corresponding 
// lowercase character for c if c is an 
// uppercase letter. Otherwise, it returns c.
char tolower(char c) {

// test if c is an uppercase letter
if (c < ‘A’ || c > ‘Z’) {

return c;
}

return c + ‘a’ – ‘A’;

} C’s standard library includes
tolower, toupper



C exercise 2: toDigit
// toDigit returns the corresponding integer for c 
// if c is a valid digit character, e.g ‘1’, ‘2’,
// Otherwise, it returns -1.

int toDigit(char c) {

}

int main() {
int d = toDigit(‘8’);
printf(“int is %d, multiply-by-2 %d\n”, d, 2*d);

}



C exercise 2: toDigit
// toDigit returns the corresponding integer for c 
// if c is a valid digit character, e.g ‘1’, ‘2’,
// Otherwise, it returns -1.

int toDigit(char c) {
// test if c is a valid character
if (c < ‘0’ || c > ‘9’) {

return -1;
}

}
int main() {

int d = toDigit(‘8’);
printf(“int is %d, multiply-by-2 %d\n”, d, 2*d);

}



C exercise 2: toDigit
// toDigit returns the corresponding integer for c 
// if c is a valid digit character, e.g ‘1’, ‘2’,
// Otherwise, it returns -1.

int toDigit(char c) {
// test if c is a valid character
if (c < ‘0’ || c > ‘9’) {

return -1;
}
return c – ‘0’;

}
int main() {

int d = toDigit(‘8’);
printf(“int is %d, multiply-by-2 %d\n”, d, 2*d);

}



The Modern Standard: UniCode
• ASCII can only represent 128 characters
– How about Chinese, Korean, all of the worlds 

languages? Symbols? Emojis?
• Unicode standard represents >135,000 characters



UTF-8

• UTF-8 is one encoding form for Unicode
– use 1, 2, or 4 byte to represent a character
– Unicode for ASCII characters have the same ASCII 

value à UTF-8 one byte code is the same as ASCII
• C has no primitive support for Unicode



C Strings



Strings
• String is represented as an array of chars.
– Array has no space to encode its length.

• How to determine string length?
– explicitly pass around an integer representing length

// tolower_string turns every character in character array s 
// into lower case
void tolower_string(char *s, int len) {

for (int i = 0; i < len; i++) {
s[i] = tolower(s[i]);

}  
}



Strings
• String is represented as an array of chars.
– Array has no space to encode its length.

• How to determine string length?
– explicitly pass around an integer representing length
– C string stores a NULL character to mark the end (by 

convention)

void tolower_string(char *s) {

}



Strings
• String is represented as an array of chars.
– Array has no space to encode its length.

• How to determine string length?
– explicitly pass around an integer representing length
– C string stores a NULL character to mark the end (by 

convention)
void tolower_string(char *s) {

int i = 0;
while (s[i] != ‘\0’) {

s[i] = tolower(s[i]);
i++;

}
}



Copying string?

char s[4] = “hi”;
char *h;
h = s; 
h[0] = ‘H’;

printf(“s=%s h=%s\n”,s,h);

does this make a copy of  “hi”?

…

h:

...

...

0x00
‘i’
‘h’s: 0xdeadbefef12345678

...

0x78

0xde



Copying string?

char s[4] = “hi”;
char h[4];
h = s; 
h[0] = ‘H’;

printf(“s=%s h=%s\n”,s,h);

does this make a copy of  “hi”?



Copying string
void strcpy(char *dst, char *src)
{

}

int main()
{

char s[4] = “hi”;
char h[4];
strcpy(h, s);
h[0] = ‘H’;

printf(“s=%s h=%s\n”,s,h);
}



Copying string
void strcpy(char *dst, char *src) {   

int i = 0;
while (src[i] != ‘\0’) {

dst[i] = src[i];
i++;

}
}

int main() {
char s[4] = “hi”;
char h[4];
strcpy(h, s);
h[0] = ‘H’;

printf(“s=%s h=%s\n”,s,h);
}

strcpy is included in C std library.



Copying string
void strcpy(char *dst, char *src) {   

int i = 0;
while (src[i] != ‘\0’) {

dst[i] = src[i];
i++;

}
}

int main() {
char s[4] = “hi”;
char h[2];
strcpy(h, s);
h[0] = ‘H’;

printf(“s=%s h=%s\n”,s,h);
}

Results in out-of-bound write!
Buffer overflow!



Copying string
void strncpy(char *dst, char *src, int n) {   

int i = 0;
while (src[i] != ‘\0’ && i < n) {

dst[i] = src[i];
i++;

}
}

int main() {
char s[4] = “hi”;
char h[2];
strncpy(h, s, 2);
h[0] = ‘H’;

printf(“s=%s h=%s\n”,s,h);
}

strncpy is included in C std library.



A different way of initializing string

char s1[4] = “hi”;
char *s2 = “bye”;
s1[0] = ‘H’;
s2[0] = ‘B’;

printf(“s1=%s s2=%s\n”,s1,s2);

...

OK
Segmentation fault (bus error)



A different way of initializing string

char s1[4] = “hi”;
char *s2 = “bye”;
s1[0] = ‘H’;
s2[0] = ‘B’;

printf(“s1=%s s2=%s\n”,s1,s2);

...

…
0x00

s2:

0x00
‘i’
‘h’s1: 0xdeadbefef12345678

0x21

...

...

...

0x00
‘e’
‘y’

0x0000000087654321‘b’

read-only
memory



The Atoi function
// atoi returns the integer 
// corresponding to the string of digits
int atoi(char *s)
{

}

int main()
{

char *s= “123”;
printf(“integer is %d\n”, atoi(s));

}



The Atoi function
// atoi returns the integer 
// corresponding to the string of digits
int atoi(char *s) {

int result = 0;
int i = 0;
while (s[i] >= '0' && s[i] <= '9') {

result = result * 10 + (s[i] -'0');
i++;

}
return result;

}

‘1’ ‘2’ ‘3’ ‘\0’

result = 1*10+2result = 1 result = 12*10+3 end loop



Array of pointers

char* names[3] = {
“alice”, 
“bob”, 
“clark”

}; 

3*8 bytes

names:

“clark”

“bob”

“alice”

char **namep;
namep = names;

printf(“name is %s”, namep[1]);



The most commonly used array of 
pointers: argv

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

for (int i = 0; i < argc; i++) {
printf(“%s\n”, argv[i]);

}
}

$ ./a.out 1 2 3 
./a.out 1 2 3

argv[0] is the name of the executable



Organization of large C 
programs



Linked list: one big file
typedef struct {

int val;
struct node *next;

}node;

node* insert(node *head, int val) {
node *new_head = (node *)malloc(sizeof(node));
new_head->next = head;
new_head->val = val;

}

int main() {
node *head = NULL;
for (int i = 0; i < 3; i++) 

head = insert(head, i);
}

What if another program also wants to use this linked list
implementation?

list.c



linked list: multiple files
typedef struct {

int val;
struct node *next;

}node;
node *insert(node *head, int val);

list.h

#include “list.h”
node* insert(node *head, int val) {

node *new_head = (node *)malloc(sizeof(node));
new_head->next = head;
new_head->val = val;

}
list.c

$ gcc -c list.c generate object file list.o

$ gcc list.c will not work since main() is not defined

header file includes 
type definitions and 
exported function 

signaturesIf not included, gcc
does have info on the 
node type to compile 

list.c



linked list: multiple files
#include “list.h”
int main() {

node *head = NULL;
for (int i = 0; i < 3; i++) 

head = insert(head, i);
} test1.c

#include “list.h”
int main() {

node *head;
for (int i = 0; i < 3; i++) 

head=insert(head, i);
} test2.c

$ gcc -c test1.c
$ gcc test1.o list.o
$ ./a.out

generate object file test1.o

link test1.o and list.o to form executable  a.out



Exporting global variables
typedef struct {

int val;
struct node *next;

}node;
node *insert(node *head, int val);

#include “list.h”
int debug;
node* insert(node *head, int val) {

...
if (debug > 0) 

printf(“inserted val %d\n”, val);
}

#inde “list.h”
int main() {

debug = 1;
...

}

list.h

list.c

test1.c



Exporting global variables
typedef struct {

int val;
struct node *next;

}node;
extern int debug;
node *insert(node *head, int val);
#include “list.h”
int debug;
node* insert(node *head, int val) {

...
if (debug > 0) 

printf(“inserted val %d\n”, val);
}

#inde “list.h”
int main() {

debug = 1;
...

}

list.h

list.c

test1.c

Declares debug 
variable but does not 

allocate space



C does not have explicit namespace

• Scope of a global variable / function by default is 
across all files (linked together)

• To restrict the scope of a global variable / 
function to this file only, prefix with “static” 
keyword

#include “list.h”
static int debug;
static node* insert(node *head, int val) {

...
if (debug > 0) 

printf(“inserted val %d\n”, val);
} list.c

No other files can use the 
debug variable and insert 

function



static prefixing local variables means 
different things

• Normal local variables are de-allocated upon 
function exit

• Static local variables are not de-allocated
– offers private, persistent storage across function 

invocation

node* insert(node *head, int val) {
static int n_inserts = 0;
...
n_inserts++;
printf(“number of inserts %d\n”, n_inserts);

}

initialized once, 
never deallocated

(like a global 
variable, except 
with local scape)



C standard library

<assert.h> assert

<ctype.h> isdigit(c), isupper(c), isspace(c), tolower(c), toupper(c) ...

<math.h> log(f) log10(f) pow(f, f), sqrt(f), ...

<stdio.h> fopen, fclose, fread, fwrite, printf, ...

<stdlib.h> malloc, free, atoi, rand

<string.h> strlen, strcpy, strcat, strcmp

To read manual, type
man 3 strlenSection 3 of 

manpage is 
dedicated to 
C std library



The C pre-processor

• All the hashtag directives are processed by C 
pre-processor before compilation

• #include <stdio.h>
– insert text of included file in the current file
– with <...> , preprocessor searches system path for 

specified file
– with “...”, preprocessor searches local directory as 

well as system path



C Macros

• #define name replacement_text

#define NITER 10000

int main()
for (int i = 0; i < NITER; i++) {

....
}

}

It’s better to write:
static const int niter = 10000;



C Macros

• Macro can have arguments
• Macro is NOT a function call

#define SQUARE(X) X*X

a = SQUARE(2);

b = SQUARE(i+1);

c = SQUARE(i++);

a = 2*2;

b = i+1*i+1;



C Macros

• Macros can have arguments
• Macro is NOT a function call

#define SQUARE(X) (X)*(X)

a = SQUARE(2);

b = SQUARE(i+1);

c = SQUARE(i++);

a = (2)*(2);

b = (i+1)*(i+1);

c = (i++)*(i++);

Macro is hard to debug, avoid it if you can


