 (
2
7
2
6
2
s
2
4
2
s
2*
2
1
2°
128
64
32
16
8
4
2
1
210
©
©
0
©
0
0
©
0
y
D
2
)

Chapter -7 number system 

· Conversion of decimal to binary, octal and hexadecimal.
· Conversion of binary, octal and hexadecimal to decimal.
· Hexadecimal to binary and vice versa.
· Octal to binary and vice versa.
· Conversion of Octal to hexadecimal and vice versa.
· Binary arithmetic.
Introduction: In the ancient time, people used stones, pebbles, sticks and different symbols to represent values. Such counting items were not suitable to represent big values. Digital computers work on the basis of digits. Hence Number system is an important topic to be covered. The main difference of the different number systems is their base value. The base of a number system is the number of digits or symbols used in the number system.
The different number systems that we use in our daily life and in computer system are:
a. Decimal number system.
b. Binary number system.
c. Octal number system.
d. Hexadecimal number system.
a. Decimal Number System: The term deci means ten. This number system
contains 10 digits i.e. 0,1,2,3,4,5,6,7,8 and 9. As there are 10 numbers in this number system so ,the base of this number system is 10. The order of place value in this number system is 10°, 101, 102, 103	and so on . We use this number system in our day do day life and for doing mathematical calculations. For example: (987)10, (86)10
b. Binary Number System: Here, the term bi means 2. This number system contains only 2 digits i.e. 0 and 1. As there are 2 numbers in this number system

so ,the base of this number system is 2. The order of place value in this number system is 2°, 21, 22, 23 ,	and so on . This number system is used in the
internal processing of computer. 0 or 1 is the smallest measuring unit of computer's memory which we call as Bits. For example. (11001)2, (10101)2.
c. Octal Number System: Here, the term Octa means 8. This number system
contains 8 digits i.e. 0,1,2,3,4,5,6,7. As there are 8 numbers in this number system so ,the base of this number system is 8. The order of place value in this number system is 8°, 81,82, 83 ,	and so on . This number
system is also used in the processing of computer. For example. (724)8, (546)8
d. Hexadecimal Number System: The term hexa means six and deca means
10. So hexadecimal is addition of 10 and 6 i.e. 16. This number system contains 16 digits i.e. 0,1,2,3,4,5,6,7,8,9and A, B,C,D,E, Fin place of 10,11,12, 13 ,14,15 respectively . As there are 16 numbers in this number system, the base of this number system is 16. The order of place value in this number system is 16°, 161,162, 163 ,	and so on .We use this number system in
computers for representing large binary and octal numbers. For example. (AB7)16,(98F)16
[bookmark: bookmark0][bookmark: bookmark1]Conversion table among four number system.
	Binary
	Octal
	Decimal
	Hexadecimal

	0000
	0
	0
	0

	0001
	1
	1
	1

	0010
	2.
	2
	2

	0011
	3
	3
	3

	0100
	4
	4
	4

	0101
	5
	5
	5

	0110
	6
	6
	6

	0111
	7
	7
	7

	1000
	10
	8
	8

	1001
	11
	9
	9

	1010
	12
	10
	A

	1011
	13
	11
	B

	1100
	14
	12
	C

	1101
	15
	13
	D

	1110
	16
	14
	E

	1111
	17
	15
	F




Conversion of number system 
The number system can be converted into another number system.  
A. Conversion from decimal to binary number system:
In order to convert a decimal number to binary follow the steps given below:
1. Divide the given decimal number by 2 and find the remainder.
2. Divide the result again by 2 and find the remainder.
3. Keep on dividing the number by 2 until quotient becomes 1.
4. Arrange the remainders from top to bottom to obtain the answer.
 (
3. (77) 
10
 = (?)
2
) (
2-
(37)
10
 = ( ? )
2
) (
1. (14)
10
 = (?)
2
)Example:
 (
(77)
10
 = (1001101)
2
) (
/. (14)
10
 = (1110)
2
) 
 (
2
14
R 0
2
7
0
2
3
1
1
1
) (
2
37
R 1
2
18
1
2
9
0
2
4
1
2
2
0
1
0
) (
/. (37)
10
 = (100101 )
2
) (
2
77
R
2
38
1
2
19
0
2
9
1
2
4
1
2
2
0
1
0
)
B. Conversion from decimal to Octal number system.
In order to convert a decimal number to octal, follow the steps given below:
1. Divide the given decimal number by 8 and find the remainder.
2. Dividetheresultagainby8andfindtheremainder.
3. Keep on dividing the number by 8 until quotient become less than 8.

4. Arrange the remainders from top to bottom to obtain the answer.
Example
 (
8
67
R
8
8
3
1
0
) (
1- (67)
10
 = (?),
) (
(67)
10
 = (103),
) (
8
709
R
8
88
5
8
11
0
1
3
) (
2. (709) ,„ = (?),
) (
(709)
10
 = (1305),
)


C. Conversion from decimal to Hexadecimal number system:
In order to convert a decimal number to Hexadecimal, follow the steps given below:
1. Divide the given decimal number by 16 and find the remainder.
2. Divide the result again by 16 and find the remainder.
3. Keep on dividing the number by 16 until the quotient becomes less than 16.
4. Arrange the remainders from top to bottom to obtain the answer.

 (
(999)
10
 = (3E7)
16
) (
(895)
10
 = (37F)
16
)
 (
Example:
1. (895)
10
 = (?)
16
) (
2. (999) 
10
 = (?)
16
) (
16
895
R
16
55
15(F)
•
3
7
) (
16
999
R
16
62
7
• •
3
14(E)
)


Here, one of the remainders is 15. So, while writing the answer we cannot write it as (3715). We write the answer (37F) as 15 is represented by F.
'' ■ "■ - yr* 'r' ‘‘	’’
Note: The remainders 10,11, 12, 13, 14, and 15 are represented by A, B, C, D and F  respectively 

D. Conversion from Binary to Decimal number system:
In order to convert a binary number to decimal, follow the steps given below:
1. Multiply the right most digit by the place value of 2, starting from zero(2°),
2. Multiply other digits too, by increasing the place value by 1 like: (21,22,....)
3. Repeat the process until all the numbers are multiplied.
4. Now add all the products with each other Iike ( 1X24+ 0x23+lx22+lx21+lx2°)
5. Write the answer as addition of all the products.
Example:
1. (10111)2 = (?)10
	Place Value
	24
	23
	22
	21
	2°

	Binary Number
	1
	0
	1
	1
	1



=lx24 + 0x23 + lx22 + 1X21 + 1x2°
=1x16 + 0x8+ 1x4 + 1x2+ 1x1
=16 + 0 + 4 + 2+1	-
=23
 (10111)2 = (23)10
2. (1110)2 = (?)10
	Place Value
	23
	22
	21
	2°

	Binary Number
	1
	1
	1
	0



=1x23 + 1x22 + 1x21 + 0x2°
=1x8 + 1x4 + 1x2 + 0
=8 + 4 + 2 +0
=14
(1110)2 = (14)10
3. (10101010)2 = (?)10
	Place Value
	27
	20
	25
	24
	23
	22
	21
	2°

	Binary Number
	1
	0
	1
	0
	1
	0
	1
	0



=1x27+ 0x26 + 1X25+ 0X24 + 1x23 + 0x22 + 1x21 + 0x2°
=128 x 1 + 0x64 + 1x32 + 0x16 + 1x8 + 0x4 + 1x2 + 0x1
=128 + 0 + 32 + 0 + 8 + 0 + 2 + 0
=170
(10101010), = (170)10
E. Conversion from Octal to Decimal number system:
In order to convert an octal number to decimal, follow the steps given below:
1. Multiply the right most digit by the place value of 8, starting from zero (8°).
2. Multiply other digits too, by increasing the place value by 1 like: (81,82,
3. Repeat the process until all the numbers are multiplied.
4. Now, add all the products with each other Iike (5x84+ 6x83+2x82+3x81+7x8°).
5. Write the answer as addition of all the products.
Example:
1. (56237)g = (?)10
	Place Value
	84
	83
	82
	81
	8°

	Octal Number
	5
	6
	2
	3
	7



= 5x84 + 6x83 + 2x82 + 3x8x + 7x8°
= 5x4096 + 6x512+ 2x64 + 3x8+ 7x1
= 20480 + 3072 + 128 + 24 +7
= 23711
(56237), = (23711)10
2. (9456)a= (?)10
	Place Value
	83
	82
	81
	8°

	Octal Number
	9
	4
	5
	6



= 9x83 + 4x82 + 5X81 + 6x8°
= 9x512+ 4x64 + 5x8 + 6x1
= 4608 + 256 + 40 +6
= 4910
 (9456)8 = (491O)lo
F. Conversion from Hexadecimal to Decimal number system.
In order to convert a Hexadecimal number to decimal, follow the steps given below:
1. Multiply the right most digit by the place value of 16, starting from zero(16°).
2. Multiply other digits too, by increasing the place value by Hike: (161,162,
3. Repeat the process until all the number are multiplied.
4. Now add all the products with each other like(Axl62+Bxl61+5xl6°) (Q A-10 and B=ll).
5. Write the answer as addition of all the products.
Example:
1. (AB5)16 = (?)10
	Place Value
	162
	161
	16°

	Hexadecimal Number
	A
	B
	5



= Axl62 + BX161 + 5x16°
*
= 10x256 + 11x16+5x1 (Note: A=10 and B=ll) 
= 2560 + 176+ 5
= 2741
(AB5)16 = (2741)1O	'	|
2. (89DF)8= (?)10
	Place Value
	163
	162
	161
	16°

	Octal Number
	8
	9
	D
	F



= 8xl63 + 9xl62 + DX161 + Fxl6°
= 8x4096+ 9x256 + 13x16 + 15x1	( Note: D=13 and F=15)
= 32768 + 2304 + 208 +15
=35295
(89DF)16 = (35295)10
G. Conversion from Octal to binary number system:
In order to convert an octal number to binary, follow the steps given below:
The conversion of octal number to binary number system can be done by replacing each octal digit to its equivalent binary number in the three bits form.	!
Example: (712) =(?)2
	Octal Digits
	7
	1
	2

	Binary value in 3 digits
	111
	001
	001


•’•(712)8=(111001011)2
H. Conversion from Binary to Octal number system:

In order to convert a binary number to octal, follow the steps given below:
a. Make a group of three bits from the right to the left.
b. If the extreme left binary bits are less than three bits then add 0 bit to the left hand side in order to make a group of three bits.
c. Replace the group of three bits with the equivalent octal digit.
Example: (1000011010)2=(?)8
	Binary digits in the group of 3 digits
	001
	000
	Oil
	010

	Equivalent digit in octal
	1
	0
	3
	2


(1000011010)2=(1032)8

I. Conversion from Hexadecimal to Binary number system.
In order to convert a hexadecimal number to binary follow the steps given below:
The conversion of hexadecimal number to binary number can be done by replacing each hexadecimal digit to its equivalent binary number in the four bits form.
Example: (B27)16=(?)2
	Hexadecimal digit
	B
	2
	7

	Binary value in four digits
	1011
	0010
	0111


         (B27)16=(101100100111)2
J. Conversion from Binary to Hexadecimal number system:

In order to convert a binary number to hexadecimal, follow the steps given below:
a. Make a group of four bits from the right to left.
b. If the extreme left bits are less than four then add 0 to the left hand side in order to make a group of four bits.
c. Replace the group of four bits with the equivalent hexadecimal digit.
Example:
(101000001110) =(?)16
	Binary digit in group of four bits
	1010
	0000
	1110

	Equivalent digit in hexadecimal
	A
	0
	E



/. (101000001110)2=(A0E)16
K. Conversion from Octal to Hexadecimal number system:
In order to convert a octal number to hexadecimal, follow the steps given below:
An octal number can be converted into its equivalent hexadecimal number by first converting it into binary number and then the binary number into its equivalent hexadecimal number.
 (
 Hexadecimal
) (
Binary
) (
Octal
)

Example:
(7541)8=(?)16
	Given Octal digits
	7
	5
	4
	1

	Binary value in 3 digit
	111
	101
	100
	001



(7541)8 = (111101100001),
Now, (111101100001),= (?)16
1111 0110 0001
F 6	1
/. (7541)8=(F61)16
L. Conversion from Hexadecimal to octal number system:
In order to convert a hexadecimal number to octal, follow the steps given below:
A hexadecimal number can be converted into an octal number by first converting it into binary number and then the binary number into its equivalent octal number.
 (
> Octal
) (
Binary
)Hexadecimal
Example:
(5AD)16=(?)8
5              A	D
0101	1010	1101
           (10110101101)2= (?)8

	010
	110
	101
	101

	2
	6
	5
	5



.. (5AD)16=(2655)8
Arithmetic Operation On Binary Numbers.
The different arithmetic operations like addition, subtraction, multiplication and division can be performed on binary numbers.
a.  (
v 1 +1 =2 and (2)
10
 =(10)
2
) (
0+0 = 0
1+0 = 1
0+1 = 1
)Binary Addition:- Binary addition can be performed in the same way as decimal addition The four basic rules of binary addition are.
                                                                    1 + 1 = 10 (with carry over 1)










 (
1010 and 110
) (
Hi. 11011 + 100
) (
iv. 1110 +1101
)
Similarly
1 + 1 + 1 + 1= 100 as (4),„ = (100),
Example: Add binary numbers
 (
                  11
1010
1 0 0 0 0
)Solution: carry	► 1 1                                                                                1 0 1
                              
Explanation
Carry
0 + 0=0
(2)10 =(10)2
Self Practice.
Perform the given binary addition.
 (
i. 10111
+ 1101
)ii. 1111 + 0010
b. Binary Subtraction Binary subtraction can also be performed in the same way as decimal subtraction . The four basic rules of binary subtraction are:
0-0 = 0 1-0 = 1 1-1 = 0
0 - 1 = 1 (by borrowing 1 from left)
We cannot subtract 1 from 0, therefore we need to borrow
1. Example:- borrow
As 1O2=21O and 2-1 =1 (In decimal)

 (
;
7>’
;
)2.example 		
Example subtract 101 from 1000.
Solution:
 (
2.
) (
As the next digit is also 0, it borrows from the next to left. This continues until 1 is found.
) (
Now, since 1 is taken, 0 becomes 10 which is 2 in decimal.
)
 (
1 from the left digit.
)We will start from the right most digit. Since 0 -1 is not possible, we 'borrow' 1 from the left digit.	



Self Practice.
	4.now , 2 gives 1 to the right digit and it keeps 1 , this process continues till the last one. Now subtraction done like this 
Perform the given binary subtraction.
i. 11011 - 1101
	

     ii. 1001 - 111

	    iii. 10001 - 1110
	iv. 101010 -100110



c, Binary Multiplication:- Binary multiplication can be performed in the same way as decimal multiplication. The four basic rules of binary multiplication are.


    d. Binary Division: Binary Division can be performed 
in the same way as decimal division.
The four basic rules of binary division are 	
		 
Binary Division Method:
1. Take the dividend from the left hand side equal to the number of divisors.
2. If division is possible, keep 1 in the quotient.
3. If division is not possible, keep 0 in the quotient and increase the number of dividend by 1.
4. Bring down the next digit to add to the remainder.
5. Repeat this process till there is no digit to bring down and the dividend becomes less than the divisor.
Example Divide- 101101 by 10
10110 Quotient

Word meaning 
Bits ; binary digits 0or1 
Quotient; result which we get after dividing two numbers. 
Remainder; the left number after dividing two number 
Borrow ;  to take loan




Summary 
· Decimal number system contains 10 digits from 0 to 9. 
· Binary number system contains 2 digits i.e. 0 and 1.
· Octal number system contains 8 digits from 0 to 7.
·  Hexadecimal number contains 16 digits from 0 to 9 and A to F.


              Exercises 	
1. Convert the following decimal number to binary number.
A> ^253^10	B> (203)W	c. (1010)10
d. (2160)i0	e. (6520)i0	f. (6215)w
2. Convert the following decimal number to octal number.
a. (134)„	b. (217)10	c. (156)„
d. (2259)10	e. (4457)10	f. (2784)10
3. Convert the following decimal number to Hexadecimal number.
a. (2314)10	b. (9871)10	c. (5432)10
d. (1254)10	e. (2519)10	f. (9853)w
4. Convert the given binary number to decimal number.
a. (11101011),	b. (11011101),	c. (11010101),
d. (1111001),	e. (11011011),	f. (111000),
5. Convert the following octal to decimal number.
a. (1110)8	b.	(675)g	c.	(523)a
d. (323)8	e.	(1212)a	f.	(1657)B
6. Convert the following Hexadecimal to decimal number.
a. (ABC)16	b.	(98D6)16	C.	(D0C)16
d. (CAFE)16	e.	(1A2B)16	f.	(FACE)15
7. Convert the following binary number to octal number.
a. (11100101),	b.	(11010010),	c.	(11001011),
d. (11011010),	e.	(101010110),	f.	(1011011101),
8. Convert the following binary number to hexa-decimal number.
a. (111000111000),	b. (110011001100),	c. (101101111001),

d. (10101010101010), e. (111110000010), f. (11001100110010),

9. Convert the following octal number to binary number.
a.	(5672)8={?)2	b.	(765)8=(?)2	c.	(7777)8=(?)2
d.	(2475)8=(?)2	e.	(56723)8={?)2	f.	(767676)8=(?)2
10. Convert the following hexadecimal number to binary number.
a.	(1EAO)16=(?)2	b.	(AE23)16=(?)2	C.	(B89)16=(?)2
d.	(AOB1)16=(?)2	e.	(562A)15=(?)2	f.	(610C)16=(?)2
11. Convert the following octal number to hexadecimal number.
a. (261)8=(?)16	b.	(7230)8=(?)16	C.	(6410)8=(?)16
d. (2341)8=(?)16	e.	(261)8=(?)16	f.	(1045)8=()16
12. Convert the following hexadecimal number to octal number.
. a. (A25)16=(?)8	b.	(761B)16=(?)8
d. (BCD)16=(?)8	e.	(20E)16=(?)8
13. Perform the following binary addition.
a. 1101 + 1010	b.	1001 + 1110
d. 1111 + 1010	e.	10101 + 1101
14. Perform the following binary subtraction.
a. 1111 - 1010	b.	1101 -0110
d. 1110 - 1001	e.	1011 - 0100
c. (DFO)16=(?)8 f. (12BD)16=(?)8
c. 1010 + 1010 f.
101101 + 11001
c.
f.
1100 - 1011
10101- 10111
15. Perform the following binary Multiplication.
a. 1111x110	b. 1101x101
d. 1010 x 111	e. 1111 x 11O
16. Perform the following binary Division.
a. 101011/10
d. 110110/110
17. Simplify.
a. 1010-1110+1011
c. 1010100/110-110
e. 1010*101+1010
b.
e.
111111/11
11001100/110
b.
d.
f.
c.
f.
10111 x1OO
1111 x 111
c. 10101010/101
f. 1110111/111
1010*101-1011
1010+1011-1010
(1010-110J/101






































