Ch.4 Variables and Data Types



What you will learn in this chapter

2

* Understanding the concept of variables and constants
* Data type

* Integer

* Real number

* Text type

* Use symbolic constants

* Qverflow and Understanding Underflow



Variable

« Computer programs use variables to store values.

* Variables can be used to store scores in a game, or to store
the prices of items we purchased at a supermarket.
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Why do we need variables ? #1

* A place to store data received from users. — If there are no
variables, where will the data received from users be stored?

In order to calculate the average of
78 The grades, the grades must first
be stored somewhere.
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Why do we need variables ? #2

Code that does not use variables

/I Area of a square with size 100x200
area = 100 * 200;

Code that uses variables

/I Area of a rectangle whose size is widthxheight
width = 100;

height = 200;

area = width * height;

Which code is more
flexible?

Can you adapt better to

change?




Variables and Constants

e Variable : A space where the stored value can be changed.

o (Constant : A space where the stored value cannot be changed
( Example ) 3.14, 100, 'A’, “Hello World!”
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Variables can change their values >< Constants are values that do not
during execution. i \J change during execution.

variable constant



Example : Variables and Constants

/* Program to calculate the area of a circle * /
#include < stdio.h >

Int main( void ) /
{

float radius; /{ Radius of the circle
float area; //JArea of a circle

Variable

printf (" Enter the area of the circle " );

scanf ( "%f" , &radius); __ constant

area = 3.141592|* radius * radius;
printf (T Area of the circle : %f #n" , area);

return O;




Data type

* type ( kind ) of data

* short, int, long: integer data (100)
 double, float: floating point data (3.141592)
« char: character data (‘A’, 'a’, ' han ")

. 71 - “a’]
. 1.234567 | Ty
3 0.00001 <’

integer type float type character type



Decimal , octal , hexadecimal

decimal OC:taI hexadecimal
0 00 Ox0
[ ]
Octal 1 01 Ox1
* 012 5 =1x81+2x8 9=10 2 02 Ox2
3 03 0x3
« Hexadecimal ‘51 8‘; gx:
X
° — 0 —
OxA ;,=10x16 ° =10 6 06 o
7 07 Ox7
8 010 0x8
9 011 0x9
10 012 Oxa
11 013 Oxb
12 014 oxc
13 015 Oxd
14 016 Oxe
15 017 Oxf
16 020 0x10
17 021 Ox11

18 022 0x12



Terminology (Data type)

« 42 (decimal integer), 0x2A (hexadecimal integer), 052 (octal integer)

- Decimal (base 10): 42

- Hexadecimal (base 16): Ox2A

- Octal (base 8): 052

- All represent the same value — 42 in decimal



Why we need different data types

* |It's like storing things in boxes.

If the item is larger than If the item is too small for the box,
the box, it won't fit. space will be wasted.

= CIT7



Classification of data types

 Data types can be broadly divided into integer types, floating-point
types, and character types.

Data type
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Size of Data type

« To find out the size of a data type, use “sizeof” operator.
sizeof is an operator that returns the size of a variable or data

type in bytes.

sizeof()
charJ
— The sizeof operator returns
. , - the size of a variable or
SlzeOf(x) it short data type in bytes.
sizeof(10) // value e
- . ’—‘-———-
sizeof(int) // data type s —T |
sizeof(double) // data type — ey L (QZ@)

4 L




Example : Size of data type

#include <stdio.h>

int main( void )

{

int x;

printf ( * Size of variable x : %d\n" , sizeof (x));
printf ( "Size of char type : %d\n" , sizeof ( char ));
printf ( "Size of int type : %d\n" , sizeof ( int));

printf ( "Size of short type : %d\n" , sizeof ( short ));
printf ( "Size of long type : %d\n" , sizeof ( long ));
printf ( "Size of float type : %d\n" , sizeof ( float ));
printf ( "Size of double type : %d\n" , sizeof ( double ));

return O;

Size of variable x : 4
char type : 1

Size of int type : 4
Short type size : 2
Long type size : 4
Size of float type : 4

Double type size : 8




Integer

data type bit range
short 16 bit -32768~ 32767
int
S 32 bit -2147483648~ 2147483647
long
long long 64 bit -0,223,372,036,854,775,808 ~9,223 372,036,854,775,807

|A
|A

1 —= — 1 — 1
S0 - Go) = [l - [mwml

16H|E(HI0]E) = 32H|E(4Hi0|E) = 32H|E(4HjolE) = 64H|E(8HI0|E)



Why are there so many different types
of integers in C?

* The idea is to allow programmers to select and use them
according to their intended use.

* The number of bits can expand the range of integers, but requires
more memory space.

It can be turned
Select and use

to any size. :
y according

But it's complicated to size.

and large.
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Integer type range

i |nt type _231.1 ==y _2_1 _1_1 BJ 1J 2.1 Soog 231 i
(-2147483648 ~ +2147483647)

* short type
2%, ..., =2, -1, 0, 1, 2, ..., 2* 1
(-32768 ~ +32767)

* long type
« Usually the same as int type

Model Typical Architecture int long pointer long long
ILP32 32-bit systems (Win32, x86) 4 4 4 8
LP64 64-bit UNIX/Linux/macQOS 4 8 8 8
LLP64 64-bit Windows (MSVC, MinGW) | 4 4 8 8




Example

/* Program to calculate the size of an integer data type * /

#include < stdio.h >

int main( void )

{

short year = 0; // Initializeto 0 .

int sale = 0; // Initializeto O .

long total_sale = 0; // Initialize to O .

long long large_value ; // 64 bit data type

year = 10; // Be careful not to exceed about 32,000

sale = 200000000; // Be careful not to exceed about 2.1 billion
total_sale = year * sale; // Be careful not to exceed about 2.1 billion

printf ( "total_sale = %d\n" , total_sale );

return 0O;

total_sale = 200000000




signed, unsigned modifiers

e unsigned
« Means that only non-negative values are represented
* unsigned int
* sighed
* Means that it represents a value with a sign
« Commonly omitted

char type

|
l l

signed char unsigned char

/1 L J L J
' A
sign bit Data_is represented Represents data in 8
in 7 bits. bits.



unsigned int

B', 1J 2_, seay 232 _1
(@ ~ +4294967295)

| | | I
| | | I
-429 -21 — = 3\12 3 219
LN
signed int S unsigned int




unsigned example

unsigned int speed; // unsigned int type
unsigned distance; // unsigned int distance and It's the same .

unsigned short players; // unsigned short type

// 2800000000 = 1010 0110 1110 0100 1001 1100 0000 0000 (4 bytes)
// https://www.rapidtables.com/convert/number/binary-to-decimal.html

unsigned int sales = 2800000000; // about 2.8 billion

printf ( “%u \n” , sales); // If you use %d , it will be printed as a negative number

unsigned
%u




Overflow

S_money = —-32/68

#include < stdio.h >
#include < limits.h >

int main( void )

{

U_money =0

short s_money = SHRT_MAX; // Initialize to maximum value . 32767
unsigned short u_money = USHRT_MAX; // Initialize to maximum value . 65535

s_money = s_money + 1;

printf (" s_money = %d" , s_m

oney );

u_money = u_money + 1;

Overflow occurred !!

printf (" u_money = %d" , u_money );

return O;

1111 1117 1111 1111 (65535)

1 0000 0000 0000 0000 (carry generation)

l

0000 0000 0000 0000 (result value)

The extra 1 that appears beyond the 8-bit boundary is called a
carry bit : it “carries out” of the most significant bit (MSB).

The result of the addition exceeds the representable range of
that data width.




Overflow

 Overflow : Occurs when you try to store a number that exceeds
the range that a variable can represent

overflow
\



reference

oo |

#define
#define

#define
#define
#define

#define
#define
#define

CHAR_MIN
CHAR_MAX

SHRT_MIN
SHRT_MAX
USHRT_MAX

INT_MIN
INT_MAX
UINT_MAX

The maximum and minimum values for each data type are defined in limits.h.

(-128)
127

(-32768)
32767
Oxffff

(-2147483647 - 1)
2147483647
OXTFFfffff

/*
/*
/*

minimum (signed) short value */
maximum (signed) short value */
maximum unsigned short value */

minimum (signed) int value */
maximum (signed) int value */
maximum unsigned int value */




Integer constant

« Basically, when you write a number, It becomes int type.
« sum = 123; // 123 is int type

* The data type of a constant, do the following :
« sum = 123L; // 123 is long type

Suffix Data type Example
uorU unsigned int 123u or 123U

| or L long 1231 or 123L

ul or UL unsigned long 123ul or 123UL



Integer constant

1. The rule: C infers the type of an integer constant automatically

* So if you don't use L, the compiler picks the smallest type
that can hold the value.

Example Without suffix Compiler assigns type Reason
10 int fits in int range default
1000000000 | int fits in 32-bit int default

exceeds signed int max

(2,147,483,647) automatic promotion

3000000000 | unsigned long (on 32-bit)

* Even though you wrote L, the compiler automatically promotes it to unsigned long
because the signed long range was exceeded

* unsigned long big = 3000000000UL; // correct
* long long big = 3000000000LL; // always safe (fits easily)



Example

[* Integer constant program * /
#include < stdio.h >

int main( void )
{
int x = 10; // 10 is a decimal number, is of type int , and has a value of 10 in decimal .
int y = 010; // 010 is an octal number, of type int , and its value is 8 in decimal .
int z = 0x10; // 010 is a hexadecimal number, int type, and its value is 16 in decimal .

printf ( "x = %d" , Xx);
printf ("y = %d" , y);
printf ( "z = %d" , 2);

return O;




Symbolic Constant

 constant - A constant expressed using symbols.
* ( exampl

e
* won i* dollar; // (1) Use actual value

« won = EXCHANGE_RATE * dollar; // (2) Use of symbolic constants

« Advantages of symbolic constants
« Readability is improved.
« The values can be easily changed.



Advantages of symbolic constants

1050
#include <stdio.h> #include <stdio.h> I
#define EXCHANGE_RATE 1370

int main(void) int main(void)
{ ,L_ 1050 {

wonl = 1){0 * dollarl; wonl = EXCHANGE_RATE * dollarl;

won2 = T30 * dollar2; won2 = EXCHANGE_RATE * dollar2;
} T— 1050 }
When using literal constants: When using symbolic constants:
Every place it appears must be corrected. You only need to modify the places where symbolic

constants re defined.



How to create symbolic constants #1

Symbolic constant declaration Symbolic constant  value
e #define  EXCHANGE_RATE 1120

#define EXCHANGE_RATE 1120

—

w = EXCHANGE_RATE * 100; - w = 1120 * 100;




How to create symbolic constants #2

Symbolic constant declaration Symbolic constant  value

const int EXCHANGE RATE = [1120;



Example : Symbolic Constants

#include <stdio.h>
#define TAX_RATE 0.2
Symbol constant

int main( void )
{

const int MONTHS = 12;

int m_salary , y_salary ; // Declare variables

printf ( " Enter your salary : " ); // Input instructions

scanf ( "%d" , & m_salary );

y _salary = MONTHS * m_salary ; // Calculate net income

printf ( " Your annual salary is %d.\n" , y salary );

printf ( " Tax is %f.\n" , y _salary *TAX RATE);
return O;
} Enter your salary - 100

The annual salary is 1200 .

The tax (s 240.000000 .




Integer representation method

* In computers, integers are represented in binary form,
and binary numbers are represented by electronic switches.

If there is a switch If there are two switches

lll

l

)

.

11



short type

bit pattern integer note
0000000000000000 | 0
0000000000000001 | 1
0000000000000010 | 2
0000000000000011 3 7' Positive integer

0000000000000100 4

0000000000000101 5




Integer representation method

* Positive

 You can convert decimal to binary and save it.

* Negative
« Usually the first bit is used a

p—

Y

OFOROREOROR1

If the sign bit is O, it is considered positive.

1

char

sum

-—

r If the sign bit is 1, it is considered a negative number.

pe—

1FORORORSO0ROR1

1

char

sum




First way to express negative numbers
(Wrong way)

 The first method is to consider the very first bit as the sign bit.

« When performing addition operations on positive and negative
numbers, the results are inaccurate.
* ( Example ) +3 + (-3)

OEOEVRO0ORCOROR1p]
X

char
L P

L1E0E0goRgUgUR1lg]

{g— negative -3
char Y,

L1707 0F0R L OR1R 100

b
chaLL_ Sum

Negative -6(?)




Computers can only do addition

« Computers only have addition circuits to reduce the size of the
circuit.

« Subtraction is converted to addition as follows: Handle it.

3-3 = 3+(-3)



Second way to express negative numbers
(Correct way)

 Representing negative humbers with 2's complement.
-> Standard way to represent negative numbers

 2's complement : How to make (-3)
1. Invert all bits

2. Add 1
2 0 0 0 -0 0 1 1
ﬁ_l_— | ‘ | X‘ positive +3
) -
l l l l l l ¥ Invert all bits.
EIFIFIFINeIR1iIEoRo
p This is 1's complement.
char y
— Add 1.

NN YN
o .
char sum negative -3




Second way to express negative numbers

0000...00000011  (3)
+ 1111..11111101  (-3)

1 0000...00000000

The 33rd bit on the left (carry out of MSB) is 1
But in a fixed 32-bit integer, that carry is discarded (ignored)
The remaining 32 bits are all zero — result = 0



2's complement

it nsigned meger ST oo (2 bt unsignedinteger S0 Meoe e
000 0 0 0000 0000 0 0
001 1 1 0000 0001 1 1
010 2 2 0000 0010 2 2
011 3 3 0111 1110 126 126
100 4 -4 0111 1111 127 127
101 5 -3 1000 0000 128 -128
110 6 -2 1000 0001 129 -127
11 7 -1 1000 0010 130 -126
1111 1110 254 -2

1111 1111 255 -1



2 's complement,

negative numbers
in2's
complement, you
can add positive
and negative
numbers by adding
the individual bits.

_SORORORORNEOROR1IR]
X

positive +3

char

SIIFIFINSIFigogl

_I_. char y
X‘oeoo-eooo ’
L ——

negative-3

]

N




Example

{

/* 2 's complement program * /
#include < stdio.h >

int main( void ) negative numbers are

represented in 2 's

_ complement .
int X = 3;
inty=-3;

printf ( "x = %08X\n" , x); // Print as 8 - digit hexadecimal number .
printf ( "y = %08X\n" , y); // Print as 8- digit hexadecimal number .
printf (" x+y = %08X\n" , x+y ); // Print as 8 - digit hexadecimal number .

return O;

x = 00000003

y = FFFFFFFD

x+y = 00000000




How to indicate a real number

* In mathematics, a real number is a number with a decimal point,
such as 3.14. Real numbers are an essential element when writing
applications in science or engineering that deal with very large or

very small numbers.

0 \
Rational




How to express a real number #1

« Allocate a certain number of bits for the integer part and a c
ertain number of bits for the fractional part.

* the total is 32 bits, 16 bits are allocated for the integer part a
nd 16 bits for the fractional part.

* It cannot express the very large numbers required in science
and engineering.

0(00/0(0/0(0|0/0|0/0(0|0[0|1 1 prrutimssaneinimtiit it

—

Y (S
~

Integer part Fractional part

~.
—




How to express a real number #2

e Floating point method

Sign Tt(lbit) 149598000 = 1.49598X 108

|§| e m

exponential part (8bit) significand part (23bit)

Value of real number = (—1)s x (1. m) = 2 e-127

« The range of expressions available is greatly expanded
10 38 ~ 10 *38

There have been a number of
different floating point methods
in use for some time, but they
have been standardized since
1985 as IEEE 754 .



Floating point type

[
Ifloat l &= |doub1e l <= |long double j

32 bit 64 bit 64 bit
data type designation size range
—— o
float b 32 bit +1.17549X 10 P~ +3 40282 10°®
floating point
double - isi
dagblespreeision 64 bit +£2.02507X 10°%~+1.79769% 10°
long double floating point




Format specifier for printing real numbers

* %f
* printf ("%ft", 0.123456789); // Prints 0.123457

e %e
« printf (“%e", 0.123456789); // Prints 1.234568e-001



Example

[* Calculating the size of floating point data types * /
#include < stdio.h >
int main( void )
{
float x = 1.234567890123456789;
double y = 1.234567890123456789;
printf (" Size of float =%d\n" , sizeof ( float ));
printf ( " Size of double =%d\n" , sizeof ( double ));
printf ( "x = %30.25f\ n" ,x);
printf ( "y = %30.25\ n" )y );
return O;
}
size of float = 4
size of double =8

x = 1.2345678806304932000000000
y = 1.2345678901234567000000000




Floating point constant

Real number

123.45

12345.0
0.000023
2,000,000,000

1.23456
4-

.28
2e+10
9.26E3
0.67e-9

Exponential notation
1.2345e2
1.2345e4
2.3e-5

2.0e9

Meaning
1.2345X 10
1.2345X%10°
23%10°

2.0x10°

// You can just add a decimal point.

/{ The integer part is not required.

/I + or - signs can be added to the exponent.

// 9.26x10°
// 0.67x107



Floating point overflow

#include < stdio.h >

int main( void )

{

float x = 1e39;

printf ( "x = %e\ n" ,x);

3

Overflow occurs due to large number

—/

X = inf

Press any key to continue . . .




Floating point underflow

#include <stdio.h>

int main( void )
{ Underflow occurs

float x = 1.23456e-38;
float y = 1.23456e-40;
float z = 1.23456e-46;

printf( "x = %e\n" ,x);
printf( "y = %e\n" ,y);
printf( "z = %e\n" ,z);

= 1.234560e-038

= 1.234558e-040
= 0.000000e+000




Text type

« Text is more important to humans than to computers
* Letters are also expressed using numbers
« A common standard is needed.

« ASCII code ( ASCII: American Standard Code for Information
Interchange)

In C, characters are

represented by numbers.

65 71 78
69 74

3 ik w 1k lL 3l



ASCIl Code Table
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ASCIl Code Table

= At

DEL

Hex
18

79
7A
/B
7C
/D
/E
/F

Dec
120
121
122
123

124
125
126
127

=At

m

u

Hex
64

65

b6
67

68
69

bA
6B
6C
6D
6E

bF
10
11

12
13
14
75

16

17

Dec

100

101
102

103
104
105

106
107

108

109

110
111
112

113
114
115
116
117

118
119

= At

Hex

50
51

52

53
54
55

56
57
58
59
5A
5B
5C
5D
5E
5F

60

61

62

63

Dec

80
81

82

83
84

85

86
87

88
89

90
91

92
93

94
95

96
97

98
99




Character variable

* char type Use to store text .

char code;
code ="'A";




Example

/* Character variables and character constants * /
#include < stdio.h >

int main( void )

{
char code1 ='A"; // Initialize to a character constant
char code2 = 65; // Initialize to ASCII code
printf ( “code1 = %c\n" , code1);
printf ( “code2 = %c\n" , code2);
3

codel = A

code2 = A




Control characters

 Characters used for control purposes rather than printing pur
poses.
« ( Example ) Line break character , tab character, ringtone character,

printf("%c", 7);

char beep = 7;
printf("%c", beep);




How to represent control characters

« Use ASCII code directly

char beep = 7;
printf ("%c", beep);

« Using escape sequences

char beep ="\a’;
printf ("%c ", beep);




Escape Sequence

control character name meaning
\0 null character
\a warning(bell) A "beep” warning sound occurs
\b bac kspa ce Moves the cursor one character back from its current position.
\t horizontal tab Moves the cursor position to the next tab position set on the current line.
\n newline Moves the cursor to the beginning of the next line.
\v vertical tab Move the cursor to the next set vertical tab position
\f form feed It is mainly used in printers to force the printer to turn to the next page.
\r ca I’riage return Moves the cursor to the beginning of the current line.
\" double quotation marka The original double quotes themselves
\! single quote The original single quote itself
\\ backslash The original backslash itself




How to make a program beep ?

To make your program emit a beep using a special string, do the following:

{ >
char beep = '\a'; printf(“\a”); \\
printf("%c", beep); \/JGGP: \.




Backslash W

« Backslash before characters with special functions if you place W,
the special meaning of the character is lost .

printf (" \" My own Hollywood \" UCC craze ");

-

“My Own Hollywood” UCC Craze

printf (" \\ is used to display control characters . “);

.

\ is used to indicate control characters .




Example

#include < stdio.h >
int main(void)

{

int id, pass;

printf ( " Please enter your ID and password as 4 digits :\n");

printf ( "id: \b\b\b\b" );
scanf ( "%d" , &id);

printf ( "pass: \b\b\b\b" );
scanf ( "%d" , &pass);

printf ( "\aThe entered ID is \"%d\" and the password is \"%d\"." , id, pass);

return O;

your ID and password using 4 digits :
id: 1234

pass: 5678
The entered ID is "1234" and the password is "5678" .




char type as integer

* The char type can be used to store 8- bit integers .

#include <stdio.h>

int main( void )

{
char code = 'A";
printf ( "%d %d %d\n" , code, code + 1, code + 2); // 65 66 67 is printed .
printfl ( "%c %c %c n” , code, code + 1, code + 2); // ABC is printed .
return O;

3

65 66 67

ABC




Lab: Variables Initial value

#include < stdio.h >
int main( void )

{

int X, y, z, sum,;

printf (" Enter three integers (x, y, z): ");
scanf ("%d %d %d", &X, &y, &z),

sum += X;

sum +=Yy;

sum += z;

printf (" The sum of three integers is %d\n", sum);

return O; Microsoft Visual C++ Runtime Library

@4 Debug Error!
|

= Program: _n¥documentsivisual studio
201 T¥ProjectsWhelloWDebugWhelloexe
Meodule: _nwdocumentswvisual studio
201 T#ProjectsWhelloWDebugWhelloexe
File:

Run-Time Check Failure #3 - The variable 'sum’ is being used
without being initialized.

(Press Retry to debug the application)




What could be the problem ?

#include < stdio.h >
int main( void )

{

Variables must be

int x, y, z, sum; initialized before use !

sum = 0;

printf (" Enter three integers (x, y, z): ");

scanf ("%d %d %d", &x, &y, &z);

sum += X;

sum +=Yy;

sum += z;

printf (" The sum of three integers is %d\n", sum);

return O;

Enter 3 integers (x, y, z): 10 20 30

three integers is 60







