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3. Octal number system

4. Hexadecimal number system
DECIMAL NUMBER SYSTEM:- [

The decimal number system contain ten unique symbols 0,1,2,3,4,5,6,7,8 and 9.

» In decimal system 10 symbols are involved, so the base or radix is 10.

« It is a positional weighted system.
(Ao X 107) + (D X 10™7) + (dpaX 1077 + .. + (dox 10%) + (dy x 10 ")+ (A2 x 10 %) +...4(d o X 10 ™)

For example:-
925626 =9x 1000 +2x 100 +5x 10+ 6 x 1 + 2 x (1/10) + 6 x ( 1/100)
=9x10°+2x10°+5x 10" +6 x 10°+2x 10”7 + 6 x 107

BINARY NUMBER SYSTEM:-

* The binary number system is a positional weighted system.

» The base or radix of this number system is 2.

* It has two independent symbols, The symbols used are 0 and 1. [J A binary digit is called

a bit

(dp X 2") # (Da1 X 2°) # (dpaX 2™) # ...+ (dox 2°) + (d. X2 ") + (d2x2 ) +..4d . x27
OCTAL NUMBER SYSTEM:-

* [t is also a positional weighted system.

* [ts base or radix is 8.

» [t has 8 independent symbols 0,1,2.3.4,5,6 and 7.

« Its base 8 =2, every 3- bit group of binary can be represented by an octal digit.

HEXADECIMAL NUMBER SYSTEM:-

* The hexadecimal number system is a positional weighted system.

* The base or radix of this number system is 16.

* The symbols used are 0,1,2.3.4,5,6,7.8.9,A,B,C.D,E and F

* The base 16 = 24 , every 4 — bit group of binary can be represented by an hexadecimal
digit.

I'H]

CONVERSION FROM ONE NUMBER SYSTEM TO ANOTHER :-

I. BINARY NUMBER SYSTEM:-

e L e R B ) T el e i L e I o T A R i, BT M T ST - L e
Prepared By Abhaya Ghosh Page 4




(a) Bi .
a) Bmar\ to deuma! conversion:- In this method e -
multiplied by its positional weight and the cd"’f‘a; binary digit of the nusmber is
number. & product serms are added 1o obeain decimal

(111101 =(1x2D)+ .
L (112)0(1xzﬂ 4 > s
=4*2§1005¢O§0125} (1x27)+(0x2 7'(3x2 ¥

= (7.625),
(b)Bi .
g:B;em to Octal conversion:- For conversion binary to octal the binary numbers are
i o of 3 bits each. starting at the binary point and proceeding towards icft
and right. 7 ol
(i) Convert (101111010110.110110011), into octal.
Solution :
Group of 3 bts are 01 111 0 10 .- 30 110 off
Convert eachgroupiniooctal= § 7 T 5 .90 6 3
The resultis (5726.663)

(c) Binary to Hexadecimal conversion:- For comv ersion binary
binary numbers starting from the binary poimnt. groups are made ©

wmr&mﬂx
£ 4 bits cach, oa cuber

side of the binary poini-
{ii) Convert (01011111011.011111)2 into hexadecimal

&vana’ymmber pio 1111 1091 . o111 11
Group of 3 bits are = poio 1111 10717 . o111 1100
Convert each group into octal = 2 F B ' C
The resudt is (2FB.7Chs

2 DECIMAL NUMBER SYSTEM:-

(a)Decimal to binary conversion:- In the conversion the integer munber are converied o the

desired base using successive division by the base or radix.

For example: (i) Convert (52);0 into binary.

;
[}
;
i
L}
i
i
i
;
;
i
¥
i
i
i
;

povmimrmses e

[ T —
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_______

| (i) Convert (105.15),, into binary,
% Walfion: integer part Fraction part
§ 21105 0.15x2=030
: 2152 —1 0.30 x 2 = 0.60
2126 —o 0.60 x 2 = 1.20
2113 —o 0.20x 2 = 0.40
216 — 1 0.40x2 =080
213 —o 0.80x 2 = 1.60
Bl
B N

Result of (105.15)4, is (1101001. 001001),
(b)Decimal to octal conversion:- To cony ert the given

decimal integer number to octal.
successively divide the given numbe

r by 8 till the quotient is 0.

{I) Convert (378.93),, into octal.
Solution:

81378 093x8=744 3

8l47 -2 044 x8=352 g
| 8l5 -7 0.52x8=4.16 :
5 0 -85 0.16x8=128 :
Result of (378.93),, is (572.7341), g
E {c)Decimal 10 hexadecimal conversion:- ,
(i) Convert (2598.675),, into hexadecimal. 2
5 Solution: ;
5 Remainder i
é Decimal Hex Hex
5 16 | 2508 0675x16=108 A ;
:: 8] 182 —~8 8 0800x16=128 G i
5 16 e o 0800x16=128 C g
| —10 A 0800x16=128 C ;
Result of (2598.675),, is (A26.ACCC)ye i
§ 3. OCTAL NUMBER SYSTEM :
| (8)  Octal to binary conversion:- To convert a given a octal number to binary, replace :
| each octal digit by its 3- bit binary equivalent.
| |
: /
! Prepared By Abhaya Ghosh

B et e by o — s e .yt s A o S




For example:
Convert (367.52), into binary.
Solution:
Given Octal number is a 8 WeH e
Convert each group octal =011 110 111 . 101 010
to binary

Result of (367.52)s Is (014110111.101010):

(b)  Octalto decimal conversion:- For con
each digit in the octal number by the weight o

version octal to decimal number, multiply
f its position and add all the product terms

For example: -

Convert (4057.05).todoc&nal

Solution: . g ;

(4057.06) ¢ 4x83+0xa’+5x8’+7x8+0xs +6x8
+0+40+7+0+0.0937

(U TR 1}

(2095. 0937)s0

Result is (2095.0937)1,
(¢)  Octalto hexadecimal conversion:- For conversion of octal to Hexadecimal, first
convert the given octal number to binary and then binary number to hexadecimal

L NUMBER SYSTEM :- (a)HexadecimaI to binary conversion:- For
hexadecimal digit by its 4 bit binary group

€)) HEXADECIMA
ary, replace

conversion of hexadecimal to bin

Convert (MSE.BOD),; into binary.

Solution:
Given Hexadecimal number iS 3 A 9 E B 0 D
Convert each hexadecimal =0011 1010 1001 1110 . 1011 0000 1101

digit to 4 bit binary

Result of (3A9E.BOD)s is (0011101010011110.101100001101)2

o decimal conversion:- For conversion of hexadecimal to decimal,
its position weight and add all those

(b)Hexadecimal t
in the hexadecimal number by

multiply each digit

product terms.
Convert (AOF9.0EB)ss t0 decimal

-1 {14 x 1679 (11 x 167)

Solution:

(AOF9.0EB)is = (10X 16%)+(0 x 167 )+(15 x 16') +(9x 16°) +(0x 16
= 40960+0+240+9+0+0.0545+0.0026

Result is (41209.0572)0

ersion of hexadecimal to octal, first

ctal conversion:- For conv
ry number to octal

((c) Hexadecimal to O
decimal number to binary and then bina

convert the given hexa
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Arithmetic Operation-
complement of Binary numbe

| BINARY ADDITION:-
carry

The binary addition rules are as follows carry f
e od iy eo-1; d%1=10, SUM Tl 40
>

»

Add (100101), and (1101111),.

! Solution :-

100101

E t107d%1
10010100

Result is (10010100).

SUM
2. BINARY SUBTRACTION:-
The binary subtraction rules are as follows

0-0=0: 1-1=0; 1-0=1; 0-1=11, witha borrow of ]
Substract (111.111), from (1010.01),.
Solution :-

1010.010

- 1 111
0010 .011

Result is (0010.011);
3. BINARY MULTIPLICATION:-
The binary multiplication rules are as follows

0x0=0" TxT=1: 1x0=0% 0x1=0

Prepared By Abhaya Ghosh
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rs& Subtraction using complements method




Muitiply (11
SOIUﬂ*gn( ¥ 01), by (110),.

Result is (1001110);
‘ ’2\'”‘\\ gl‘\ ISION:-

The binary division is very simple and similar t0 decimal number systerm-

So we have only 2 rules 0=1=0 e

110) 101101 ( 111.1

Result is (111-1)z2

1« COMPLEME \j,gyiuj,ﬂ;}l;\_ugﬁ‘ =
mber 1S obtaine

= ol ——ei

The 1°'s complen;ent of a binary nu d by changing each 0 to 1 and each 1 10

0.
Find (1100): 1's complement,
Solution -
Given 1 1 0 0
1's complement is 0 0 1 1
Result is (001 1)z

J

-« COMPLEMEN REPRESENTA [1ON :-

LS

\l

The 2’s complement of a binary number is a binary number which is obtained by adding !

to the 1’s complement of a number.

2’s complement = 1’s complement I

Page 9
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| ; Solution -
7 Grven 5 9 9
1's complement is E 3 ¥ ;
9 |

ERP N

M.M

MUNLD NUMBER -

i I sign - magnitude form. additional bit called the sign bt is placed in front of the number
umwummmammmt.umam-
2 10 500 ¢= 41
1
Sign be
1 01001« 41
!
Sgn be
SUBSTRACTION LUSING COMPLEMEN EMETHOD -
P COMAPL Y s NT e
In 1°s complemen subtraction, sid the x‘umafwmwurmmw If
there is 8 cam o, then the carry bs added 1 the | SB This ks called end around carmy. If
the MSB is 0, the rowh o positive. 1f the MSB s |, the rosult s negative and is in its | s
: complemoent form nmmmnumwwmw‘mmmm
WMMN‘M-&QI"W
Solution -
15010 11010 -~ 26
+ 10000 - *RITLL (Ve complement) =-18
Cary —« 401001 + 10
- i
'] 1018 =+10
Rosutt s »10
aal OMPLF sy i e
In 2's complement subtraction, add the 2°s complement of subtrahend 1o the minuend. If

there is & carry out, ignore it If the MSB i 0, the result is positive. If the MSB ;s 1, the
resull is negative and is in it 2% complement form. Then take its 2's complement 1o get the
magnitude in binary.
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encod i, i
i T both the uppercase and lowercase characters of the alphabet (52 sympyq W
pecial symbols in addition to the 10 decimal digits. It is used extensively for p;i:\ :‘:rd s0me
s and

terminals that interface wi
ith small computer systems. The table shown be
ASCIl oo P low shows the

GRAY CODE:-

The gray code is a non-weighted code. It is not a BCD code. It is cyclic code because
successive words in this differ in one bit position only i.¢ it is a unit distance code. Gray
code is used in instrumentation and data acquisition systems where linear or angular

displacement is measured.

BINARY- TO — GRAY CONVERSION:-

If an n-bit binary number is represented by Bs Barc--v- B, and its gray 0009 equivalentby G, G,, -.-.. G,
where B, and G, are the MSBs . then gray code bits are obtained from the binary code as follows
G. = Bs
Gpy = Bne B,,
G:= B: & B

Where the symbol © stands for Exclusive OR (X-OR)

GRAY-TO - BINARY CONVERSION:-

If an n-bit gray number is represented by G, Gp1 ——— Grand its binary equivalent by B, Bai----- 8.
then binary bits are obtained from Gray bits as follows :

B = G,
Byt = Bn@Gm
B = B ® G,

Logic gates: AND, OR, NOT. NAND, NOR, Exclusive-OR. Exclusive-NOR--

Symbol. Function, expression, truth table & timing diagram

LOGIC GATES:-

- Logic gates are the fundamental building blocks of digital systems.

« There are 3 basic types of gates AND, OR and NOT.

» Logic gates are electronic circuits because they are made up of a number of electronic
devices and components.

- Inputs and outputs of logic gates can occur only in 2 levels( logic 1. logic 0). These
two levels are termed HIGH and LOW, or TRUE and FALSE, or ON and OFF = The
table which lists all the possible combinations of input variables and the
corresponding output of any logic circuit/device, called a truth table.

Prepared By Abhaya Ghosh F’ageb15
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Thwee wve | hmex gatex AND O and

NOR Bk NAND snd WOR gaies can peviirm o
EXOR and §X0w0R
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inputs are A and B
Output Q= AB+ AB

fnputs at
Output ¢ Inputs are Aand B _

OutputQ=AB+AB

NOR GATE:-

a) |
input

A
Output Q= A

=
=

¢ EXQRS ) EX-NOR gate From NAND gate




