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Admin

* Exercise 1 is out
* Dueto 22 September 7:00 pm (China Time)
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Content

 C Fundamentals

 Basic I/O
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C Fundamentals
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ldentifiers

* |dentifier is used to name macros, variables, functions, structs, unions, and
other entities in a computer program

« Java and C have similar rules for identifiers, except:
* In C, $ is not allowed in identifiers (though some compilers allow $)
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Rules on ldentifiers

* An identifier is a sequence of letters and digits
— Thefirst character must be a letter
* Theunderscore character _ counts as a letter
» Upperand lower case letters are different

 Identifiers may have any length
— Usually, only the first 31 characters are significant
— Formacro names, only the first 63 characters are significant

* Reserved keywords cannot be used as identifiers!



Examples

counter

Temp_variable 2

1myVariable

$steps

continue

Valid: consists of letters

Valid: consists of letters and digits

Invalid: first characteris not a letter

Invalid: Sis not allowedin C

Invalid: reserved word
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Reserved Keywords

auto
break
case
char
const
continue
default
do

double
else
enum
extern
float
for

goto
if

int

long
register
return
short
signed
sizeof
static

struct
switch
typedef
union
unsigned
void
volatile
while
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Data Types

» Recall: Java has 8 basic data types which have fixed sizes

Size (bytes)

boolean
byte
char
short
Int

long
float
double

1

o B~ 0O B~ NMNDDN P
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Data Types
« C data types:

Data Type Size (bytes)

boolean 1
byte 1
char 21 )
short (short int) 2 Machine-dependent Int |
Int 4 Machine-dependent _ Integra
: : types

long (long int) 8 Machine-dependent
long long (long long int) Machine-dependent _
float 4 Machine-dependent

s Float
double 8 Machine-dependent -

. types
long double 16 Machine-dependent
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Data Type Size

« Sizes of different types
— Usesizeof()tofind out
— Some of the types size may vary from machine to machine

« The following rules are always guaranteed:
e sizeof(char) ==

e sizeof(char) <= sizeof(short) <= sizeof(int) <= sizeof(long) <= sizeof(long
long)
* sizeof(float) <= sizeof(double) <= sizeof(long double)
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Data Types

* Integral types can either be signed or unsigned

signed int vari; // Signed integer
unsigned int var2; // Unsigned integer

int varl; // If signed or unsigned is not present, default is signed



char Data Type

e unsigned char: 0 to 255; signhed char:-1281t0 127

e charis meant to hold 1 ASCII character
* see https://www.asciitable.com/
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Example

@1@@@@@1 What do you see?

* Interpreted as an integer: 65
* Interpreted as an ASCII character: ‘A’
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Variable Declaration

e Similar syntax as Java

» A variable must be declared before it can be used

« A variable may be Iinitialized in its declaration
— Ifvariablename s followed by an equals sign and an expression, the latter serves as an initializer
int 1 =0, j=1, k = 2;

char ¢ = 'A
float £ = 1.

J
25;

 Possible initializers
— Constant
— Expression
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Constants and Literals

» Constants are fixed values that cannot be changed during a program’s execution

 The fixed values are called literals

* Literals
* Integer
 Floating Point
» Character
* String
* Enumeration



Integer Literals

» Used for representing integer-valued constants
« Can be written in decimal (no prefix), octal (prefix @), or hexadecimal (prefix 0x)
« Can have suffix that is a combination of U (unsigned) and L (long) in any order
. No suffix means the literal is of type int

12345

12345u

Oxbeef

081

Ox123uu

Valid

Valid: unsigned

Valid: hexadecimal

Invalid: 8 is not a valid octal digit

Invalid: same suffix is repeated
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Floating Point Literals

« Used for representing real-valued constants

« Can be written in decimal form or exponential form
« Can have suffix ¥ (float)or L (long double)
- No suffix means the literal is of type double

3.1415 Valid (decimal form)
31415e-4 Valid (exponentialform)
31415e-4L Valid:long double

6.22e Invalid:incomplete exponent

.e23 Invalid: missing decimal/fraction part
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Character Literals

« Used for representing character constants
* Enclosed in single quotes (')

« Can be plain (single character) or escape (single character preceded by \)

"A’ Valid (plain character)
"\t Valid (escape character): tab
'Aa" Invalid: multiple charactersin single quotes

‘\z' Invalid: not a valid escape character



Escageseguences

Escape sequence Character represented

\a
\b
\f
\n
\r
\t
\V
\ !
\"
\?
\\

Alert (bell, alarm)
Backspace

Form feed (new page)
New-line

Carriage return
Horizontal tab
Vertical tab

Single quotation mark
Double quotation mark
Question mark
Backslash
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Declaring Constants

« Constants can be declared using const qualifier or #define pre-processor

« Such named constants are also called symbolic constants

const float PI = 3.14; #define PI 3.14
const int MAX = 12345; #define MAX 12345
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Type Casting

« Type casting is a way to convert a variable from one data type to another data type
« C performs automatic type casting (implicit type conversion)

int 1 = 2;
double d = 2.5;
i = (int)d; // explicit type casting

1 = d; // d 1s converted to an int
// and then assigned to 1
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Operators

- Java and C share many of the built-in operators
* Arithmetic
« Assignment
* Increment/decrement
 Relational
» Equality and logical
* Bitwise
» C specific operators
 Pointers and reference related operators (*, &, ->)
 Others (sizeof, scope, casting)
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Ogerator Precedence

« Operator precedence determines the sequence in which operators in an
expression are evaluated

« Associativity determines execution for operators of equal precedence

* Precedence can be overridden by explicit grouping using parenthesis: ( and )

24



Operator Precedence Table (not complete)

Unary operators

Arithmetic
operators

Ternary operator
Assignment operators

Operators

Associativity

left to right

! ~ ++ -- + - *(fype) sizeof

right to left

*/%

left to right

left to right

left to right

left to right

left to right

left to right

left to right

left to right

left to right

left to right

right to left

right to left

left to right
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Important Things to Remember

e / denotes integer division If both operands are of integral types
» 5/2 evaluates to 2 (integer part is used, decimal part is truncated)

e % denotes modulo operation
e 5%2 evaluates to 1 (the remainder after dividing 5 with 2)
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Increment/decrement operators

++ --

* Increase (++) or decrease (--) variable by 1
* Canbe applied tovariables, but not constants and ordinary expressions

1++; j>1 i=1+1;
3=~ - ]

* ++and - are called unary operators because they operate on 1 operand

j - 1;
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Increment/decrement operators

K++; Valid if k and counter are
counter--; variables of basic types
VI lsmzS Invalid

(a + b*c)--;

++ and -- can be used postfix or prefix:

= bt Postfix: use the current valueof b in the assignment,
d = D+, then increment b after the assignment

Prefix: increment b first, then assignitto a
a = ++b;
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Increment/decrement operators

1.int a, b, c = 0;
2.

3.3 = ++C;

4.b = Cc++;

What are the values of a, b and c immediately after line 4?
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True and false

 Unlike newer programming languages, C doesn’t have native types for Boolean (logical
true and false)

—Zero (0) is used to denote false

—Conceptually, one (1) is used to denote true
* Any non-zero (positive and negative) value is also treated as true

* Relational, equality and logical operations evaluate to either true (1) or false (0)



“Conversion hierarchy”
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« What happens when operands have different types in an arithmetic expression?
— Implicit type conversion is performed: compiler automatically converts any intermediate values to the

propertype so that the expression can be evaluated without losing any significance

Conversion
hierarchy

long double

double

float

unsigned long int

l0

ng int

int

short

char
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Im|:_)licit Type cConversion Examgle

Suppose:
x= 1li/1i + i*Ff -4d
it 1, X; long | [ float
float fT; | ]
double d; long float
long int 1i;
float
!
float
double
A 4 l
int J double

The final result of the right hand side expression is converted to the type of the
variable on the left of the assignment
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Basic |/O
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Content

* Basic I/O

» Control flow
* |f-else
* Else-if
* Switch
* |terations
* While-loop
* For-loop
* Do-while-loop
* Same syntax as Java
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/O Using Standard C Library

« Recall: C provides a set of header files (standard C library) that you can use to
write your code

C provides a standard library which consists of the following headers:

assert.h float.h math.h stdarg.h stdlib.h
ctype.h limits.h setjmp.h stddef.h string.h
errno.h locale.h signal.h stdio.h time.h

* You don’t have to start from scratch!
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/O Streams

« C provides functions with input and output capability

« From the program’s point of view, data input and data output are made possible
through files

* Every C program has access to 3 such files: stdin, stdout, stderr

File Description Remarks
stdin Standardinputfile = Connected to the keyboard

stdout  Standardoutputfile Connected tothe screen

stderr Standard error file Connected to the screen
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/O Functions

« C Input/output functions can be classified into 2 types:
« Non-formatted input/output
e getchar
e putchar
e gets
e puts

* Formatted input/output
e printf and its variants
e scanf and its variants
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How To Use a Function

* Find its manual or documentation
* |n Linux terminal, use the man command
* You can also search online

« This website provides a pretty good documentation for the standard C library:
https.//www.tutorialspoint.com/c_standard_library/index.htm

« What to look for in the function manual?
* Whatthe function does
« What header file(s) to include
* What are the arguments to the function
* Whatis the return type
* What happens in case of errors


https://www.tutorialspoint.com/c_standard_library/index.htm
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Erintfgz

e printf() writes a string to the standard output stream (stdout)
 The string Is formatted using additional arguments that follow the initial string.
« %d format specifier to display the value of an integer variable.
e %C to display character,
% T to display float variable,
e %s to display string variable
* To generate a newline, we use “\n” in C printf() statement.

char ch = ‘A’;
printf("Character is %c \n", ch);



Format specifiers in C

Format Specifier
7%C

%e or %E

%t

%hi

%1d

%1f

%Lf

%11i or %11d

BX or %X
%2

Type

Character

Signed integer
Unsigned int

Scientific notation of floats
Float values

Signed integer (short)
Long

Double

Long double

Long long

Octal representation
Pointer

String

Hexadecimal representation
Prints % character
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scanfgz

e scanf() accepts input from the standard input stream (stdin).

* The format of the expected items is specified, and it returns the number of items
successfully scanned

* The format specifier %d is used in scanf() statement. So, the value entered is
received as an integer and %s for string.

« Ampersand is used before the variable name in scanf() statement.

char ch;
scanf("%c", &ch);
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Control flow
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Control flow: if-else statement

if (expression . .
(exp ) * If expression evaluates to true, statement is
statement

) executed

*Recall: true =» non-zero;
false= zero

if (x !'= 0.09)

y /= X; if (a > b)
max = a;
if (c == "' ') { else
++blank_counter; max = b;

printf("Found another blank\n");
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Conditional expression (ternary operator

expr, ? expr, . expr,

* expr, isevaluated first

* Ifexpr, evaluates to true, then expression expr, is evaluated
and that is used as the value of the expression

* Otherwise, expr,is evaluated and that is used as the value of
the expression

« Example:

z =(a>b)?a:b; /*z=max(a, b) */
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Boolean exgressions

What can go in the condition of an if statement?

* Boolean expressions:

e numeric comparisons: (x>0) (day<=7),
(x==y), (day!=7)

* logical operators: l, &&, || (not, and, or)
(x>0 && x<7)



NWEN 241: 46

Writing Boolean exgressions

Mostly, boolean expressions are straightforward,
There are just a few traps:

« == |s the "equals" operator for simple values,
= IS assignment
(age ==15) Vs (age=

* But only use == for numbers (or characters, or references)
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Using else-If statement

« Can put another if statement in the else part:

if ( {(condition1) ) {
(actionsto perform if conditionl1 is true)

}
elseif ( {condition2) ) {

(actions to perform if condition 2 is true (but not condition 1) )

}
elseif ( {condition3) ) {

(actions to perform if condition 3 is true (but not conditions 1, 2))

}

else {
(actions to perform if other conditions are false)
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Traps with Boolean exgressions

« When combining with && and ||, which binds tighter?
if (x>5 && y<=z || day==0 ){....
« Use ( and ) wheneveryou are not sure!
if ((x>5 && y<=2) | day==0 ){...
if (x>5 && (y<=z || day==0)){...

« The not operator ! goes in front of expressions:

cif(I(x>5&&y<=z){... NOT if((x!>5&&y!<=2)
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Example: else-If statement

if (temp <= 0)
printf("It's freezing out there.\n");
else if (temp <= 10) {
too cold++;
printf("It's too cold for me.\n");
} else if (temp <= 20)
printf("It's still cold.\n");
else
printf("Awesome!\n");



Control flow: switch statement

switch (expression) {
case const_expr,:
statements,
break;
case const_expr,:
statements,
case const_expr,:
statements,
default:
statements

The default partis optional

const_expr, to const_expr,
must be integer constants or
constant expressions

If expression matches
const_expr,, execution starts at
that case

default is executed if none of the
cases match

The statements can consist of
single or multiple statements
statements, or compound
statements
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Switch statement

expression

Yes

const_expr, statementsli

v

No Yes
Does 1t have break? >
Yes
statements?2
NOE Yes
Does 1t have break? >
> default >
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Example: switch statement

char ¢ = getchar();

switch(c) {

case 'Y’:

case 'y':
printf("You answered yes.\n");
break;

case 'N’:

case 'n':
printf("You answered no.\n");
break;

default:

printf("What was that?\n");

Cr‘eak;> Is this necessary?
}
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lterations
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lteration: while-loop statement

* Ifexpressionevaluatesto
while (expression) true:

statement — statementis executed

— expressionisre-evaluated again
Test
expression

* Cycle continues until

expressionevaluatesto false

 statementcanbesingleor
Body of while

Loop compound statement
|

Statement just
below while

l

Figure: Flowchart of while Loop
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lteration: for-loop statement

expr;;
for (expr,; expr,; expr3):::::i> while (expr,) {
statement statement
exprs;
¥

* The expressions are optional

* expr, and expr, are usually assignments or
function calls

e expr. isusually arelational expression
2

— Ifexpr, is missing, it is taken as permanently true



t

eration: do-while-loop statement

do
statement
while (expression);

expression

false
Y

Statement just
below Loop

Y

Figure: Flowchart of do...while Loop

statement is executed,
then expression is
evaluated

If expression evaluates to
true, statement is
executed again

Loop terminates when
expression evaluates to

false
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Example: loop statements

Infinite loops:

while(1); for (;;); do {} while(1);
int 1 = 10;
while(i > 9) { for(int 1 = 10; 1 > 0; i--) {
printf("%d\n", 1i); printf("%d\n", 1i);
i--5 }
}
do {

printf("Do you agree with the contract?\n");
ans = getchar();
} while (ans != 'Y' || ans I= 'y');

NWEN 241: 57



Statements that can alter control flow & loop

 break,returnand continue
— break:jumps out of the loop or switch
— return:jumps out of the loop or

switch (the loop or switch must be

inside a function)

— continue:stops currentloop iteration

and starts next iteration

while (test Expression)

{

// codes
if (condition for break)

{

}
// codes

break;

while (test Expression)

{

// codes
if (condition for continue)

{

}
// codes

continue;
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Differences

Condition In if-else, else-if, while-loop, for-loop and do-while-
loop
* In Java, the condition must be an expression that evaluates to boolean

* In C, the condition is an expression that evaluates to any type
« Considered true if expression evaluates to non-zero value, otherwise false

Break and continue

* |In Java, break and continue statements can be labelled or unlabelled
* In C, break and continue statements do not support labels
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Example

- * Validin C

int 1 = 100;

while (i--) { » Will generate syntax error in Java
// do stuff - Condition inside while-loop should be

) changed to an expression that will

evaluate to boolean type, e.g. i-- > ©
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Next Lecture

* Function

61
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