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NuUMBER SYSTEMS & BINARY ARITHMETIC

1.1 INTRODUCTION

A decimal number system is said to be base 10 because it uses 10 digits (0 to 9).
A binary number system has base 2 because it uses 2 digits (0 and 1).

Any number to the base ‘r’ uses r digits from 0 to (r — 1). If the value of base r < 10, r digits are taken
from decimal number system. If the value of base r > 10 the letters of alphabets are used in addition to 10
decimal digits (0 to 9).

Ex.: Hexadecimal system have base 16 and it requires 16 digits. Out of sixteen digits, 10 digits are taken
from decimal number system while remaining 6 digits (10-15) are represented by letters (A to F) respectively.

1.2 TYPE oF NUMBER SYSTEMS

. Binary number system (Base-2)

. Octal number system (Base-8)

. Decimal number system (Base-10)

. Hexadecimal number system (Base-16)

1.2.1 Binary Number System

This number system uses 0 and 1 as digits. Its radix or base is 2. Binary number system consists of only
two digits i.e. 0 and 1. In binary number system, each digit is called a bit, the group of four bits is called a nibble
and group of 8 bits is called a byte. The highest decimal number represented by n digit number is 2" —1. For
example, with 4 bit binary number, highest decimal number represented is

24— 1=15
(i) Decimal to Binary Conversion : A decimal number can be converted into binary number dividing the

decimal number by two progressively until quotient zero is obtained. Binary number is obtained by taking
remainder of each division in reverse order with first remainder as LSB and last remainder as MSB.

If decimal number is a fraction, its binary equivalent is obtained by multiplying the number progressively
by 2 with carry generated as binary digit. First carry is taken as MSB and last carry as LSB.
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Example 1 : Convert the (117),, into binary.

Solution :

117
Quotient| Remainder

58 1
29 0
14 1
7 0
1
1
1

LSB

NS O SO S I S 2 (9 | 9]

3
1
0 MSB

(117),o = (1110101),
Example 2 : Convert the (0.61),, into binary.
Solution :
Conversion of 0.61 in to Binary
061x2=122  (MSB)1

022 x2=0.44 0
0.44 x2=0.88 0
0.88 x2=1.76 1

only upto 4 or 5 digits
= (0.61);, = (0.1001),
(ii) Binary to Decimal Conversion : (.... X, X; X, X; X0.X; X, X 3.....)

Decimal equation : [(.... X531 + X, + X' + Xy )( X r!' + X, 12 + X512 + L)
For binary number system, r=2
Ex.: (101101.001), = (X);0

Ax254+0x2%+1x2+1x22+0x2'+1x290x21+0x22+1x273)
1
[1+0+4+8+0+32] ¢ =(45.125),,

1.2.2 Octal Number System
This number system uses 0, 1, 2, 3, 4, 5, 6 and 7 as digits. Its radix or base is 8.

(i) Conversion from Decimal to Octal : Absolute (Integral value) : An absolute decimal number is
converted into octal number by dividing the number by 8 progressively as in binary system.

Fractional number : A fractional number be converted to octal number by multiplying the number by
8 progressively as in case of binary system.

(ii) Conversion from Octal to Decimal : A number with radix or base ‘r’ can be converted to its decimal
equivalent by multiplying each digit by its respective weight and adding the products.

Ex.: (467.32)g = (X))o
For octal number system, r=38
X=(7x8+6x8+4x8)3x8'+2x8?

33
= (7 + 48 + 256). 3 64

= 311.(0.375 + 0.03125)
= (311.406),,
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1.2.3 Decimal Number System

Decimal number system consists of 10 digits

ie. 0,1,2,3,4,56,7,8,0.

The base or radix of this number system is 10.
Digits =0, 1, 2, 3,4, 5, 6, 7, 8, 9 and base = 10.

1.2.4 Hexadecimal Number System
Hexadecimal number system consists of 16 digits
ie. 0,1,2,3,4,56,7,8 9, A, B, C, D, EandF.
The base or radix of this number system is 16.
Digits = 0, 1, 2, 3,4, 5,6, 7, 8,9, A, B, C, D, E, F and base = 16.
(i) Conversion from Decimal to Hexadecimal

(a) Integral Part : An absolute decimal number is converted to hexadecimal number by dividing
the number by 16 progressively in similar manner as in binary number system.

(b) Decimal Part / Fractional Part : A fractional decimal number is converted to hexadecimal
number by multiplying the number by 16 progressively in similar manner as in binary number
system.

(ii) Conversion from Hexadecimal to Decimal : A hexadecimal number can be converted to its
decimal equivalent by multiplying each digit by its respective weight and adding all the products.

Example 3 : (BTAF.3E),; = (X),, find the value of X.

Solution :

314
X% (1x 16° %7 % 16> + 10% 16! + 15 16| =+ 7

3 14
= (11 x 4096 +7 x 256 + 10 x 16 + 15 x 1)'[E+ﬁj

= (45056 + 1792 + 160 + 15).(0.1875 + 0.0546)
= (47023.242),,

1.3 CoNVERSION OF NUMBER SYSTEM

1.3.1 Binary to Hexadecimal

Binary to Hexadecimal conversion is obtained by making group of four bits to left and right of decimal
point. Then each group is replaced by its hexadecimal equivalent number.

1.3.2 Hexadecimal to Binary

Hexadecimal to binary conversion is obtained by replacing each digit by its binary equivalent of four bits.

Ex.: (1A3.BA),, = (000110100011.10111010j
1 A 3 B A J,
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1.3.3 Binary to Octal Conversion

A binary number can be converted to its octal equivalent by making group of three bits to left and right
of decimal point. Then each group is replaced by its octal equivalent number.

Ex.: (101110010.001 1), =(X),
LJ L1 L1u
5 6 2 1 4
X = 562.14

1.3.4 Octal to Binary Conversion
Octal to binary conversion is obtained by replacing each digit by its binary equivalent of three bits.
Ex.: (462.71)g = (X),
X =100 110 010 . 111 001

1.3.5 Hexadecimal to Octal Conversion

Hexadecimal to octal conversion is obtained by converting hexadecimal to binary and then from binary
to octal number.

1.3.6 Octal to Hexadecimal Conversion

Octal to hexadecimal conversion is obtained by converting octal to binary and then from binary to
hexadecimal number.

Table of Different Number System

Decimal Binary Octal Hexadecimal
0 0000 00 0
1 0001 01 1
2 0010 02 2
3 0011 03 3
4 0100 04 4
5 0101 05 5
6 0110 06 6
7 0111 07 ’/
8 1000 10 8
9 1001 11 9
10 1010 12 A
11 1011 13 B
12 1100 14 C
13 1101 15 D
14 1110 16 E
15 1111 17 F
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1.4 CobEs

Codes are symbolic representation of discrete information, which may be present in the form of number,
letters or physical quantities. These symbols are used to communicate information to computers.

Note :

(1)

(i)

Maximum number of distinct quantities using n bits = 2",

Each digit of decimal number system is represented by a four digit code in weighted and non
weighted codes. Except Gray code.

1.4.1 Weighted Binary Codes

These are the codes in which each symbol position is assigned a weight. In weighted binary code, each
bit is multiplied by its weight indicated in code to get the decimal equivalent of the code.

e.g. BCD (8421), 7421, 5421, 5211, 4221, 3321, 2421, 8421, 7421.

Example 4 : Convert (8),, in 7421, 5421, 5211, 4221, 3321, 2421, 8421, 7421 codes.

Solution :

(@) (&) =7+ 1=(1001)74,

() @) =5+2+1=1011)sy,,

() ®)=5+2+1=(110D)s;; = (1110)sy
() ®)=4+2+2=(1110)4

(€ (&) =3+3+2=(1110)s3,

) @=2+4+2=(1110)y,

(8 (@i =8+0+0+0=(1000)g,,

(hy @®)y=7+4-2-1=(1111),5;

Note :

Self complement : If ‘0’ is complement of ‘9°,1 is complement of ‘8>, 2 is of 7, 3 is of 6, 4 is of 5, Then
code is called self complement code.

Example of self complement codes is 5211, 4221, 3321, 2421, 8421 .

Representation of (8),, in 5211 code

(1110)s551; = (B0
(1101551, = (8)y

Both are correct.

For self complementary, ‘1’ should be complement of code of ‘8.

1.4.2 Non Weighted Codes

Non-weighted codes are codes which are not positionally weighted, excess-3 code and gray codes are
example of non-weighted codes.

(i) Excess-3 : Excess-3 code is obtained by adding 0011 to each BCD code of decimal numbers.
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e.g decimal BCD Excess-3
0 0000 0011
1 0001 0100
2 0010 0101
9 1001 1100

Note : Excess-3 code is self complementing code.

(i) Gray code : In gray code, every new code differs from the previous code only by a single bit. That
is why, it is also called Reflected code. It can be used for measurment of shaft speed.

Note : It is also called unit distance code or minimum change code.

1.4.3 Alpha Numeric Codes

(i) ASCII (American Standard code for Information Interchange) : It is a 7 bit code. It is most
commonly used in microcomputers. This code represents a character with seven bits, which can be
stored as one byte with one bit used.

(ii) ISCII (Indian Standard code for Information Interchange)

(iii) EBCDIC (ebb. see-dic) : It uses eight bits for character and ninth bit for parity.
(iv) Hollerith Code : It is used in punch cards used for storage of information

(v) Morse Code : It is used in Telegraph.

(vi) Tele Type Writter (TTW)

1.4.4 Error Detecting and Correcting Codes

(i)  Parity Check Code : This code detects single bit error which changes parity of information. Errors
with more than one bit cannot be detected with this code.

(ii) Hamming Code : This code detects as well as corrects the error in an information. This code
transmits additional parity bits in addition to information bits. These parity bits are used to detect
and correct the error.

1.4.5 Error Detecting Code

(i) Even Parity Method : In this method, the value of parity is added so that total number of 1’s in code
group (including parity bit) is even.

Parity = 0 or 1

(i) Odd Parity Method : In this method, the value of parity is added so that total number of 1’s in
code group (including parity bit) is odd.

Ex.: (1011) - odd
(11000) — even

1.5 CobpE CONVERSIONS

(i) Decimal to BCD conversion : Decimal to BCD conversion is obtained by replacing each digit of
decimal number by its binary equivalent.



Number Systems & Binary Arithmetic | 7

(ii) Binary to BCD conversion : Binary to BCD code conversion is possible by converting binary to
decimal and then from decimal to its BCD equivalent.

(iii) BCD to Binary conversion : BCD to binary conversion is obtained by converting the BCD to
decimal and then decimal to its binary equivalent.

(iv) BCD to Excess-3 conversion : BCD to excess-3 code conversion is obtained by adding 0011 to
each BCD coded digit.

(v) Excess-3 to BCD conversion : Each (Excess-3 code) — 0011 = BCD
Excess-3 to BCD code conversion is obtained by substracting 0011 from excess-3 code of each
digit.

(vi) Binary to gray code conversion : Binary to gray code conversion is obtained by using rules as

shown under.
Binary code : BF\(%/BK‘@/B&‘@’/B\ B\A B,
Gray code : G, G, G, G, G, G,
(vii) Gray to binary code conversion : Gray to binary code conversion is obtained by using rules as

shown under.

Gray code : G, G, G, P G, G,

{ | % L

G
NSNS NSNS

Binary code : B, B, B, B, B, B,

1.6 BINARY ARITHMETIC
(i) Binary Addition

Ay By Sum Carry
0 0 0 0
0 1 1 0
1 0 1 0
1 1 0 1

(ii) Binary Subtraction

Ay B, Difference Borrow
0 0 0 0
0 1 1 1
1 0 1 0
1 1 0 0

1.7 NUMBER REPRESENTATION IN BINARY NUMBER SYSTEM

1.7.1 Sign Magnitude Representation

Left most bit represents sign.
For example B B, ,B, ;..cccccc.c.... B,BB

513—J
Sign Magnitude
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Note : Range = — (2™ — 1) to + 2! - 1)
Example 5 : Find sign Magnitude representation of (— 20),, and (+ 20),,.

Solution :

-20=>1 10100
:,-!,_J

20

+20= 0 10100
T 20

Example 6 : Find sign magnitude representation of (— 0);, and (+ 0),,.
Solution :

— 0 = 1000

+ 0 = 0000

Note : Zero has two distinct representation in sign magnitude representation.

1.7.2 One’s Complement Representation

When each bit of number is complemented, resulting number is one’s complement of original number.
One’s complement of a number gives its negative number.

Note : Range = — (2! — 1) to + ™! - 1).
Example 7 : Find the one’s complement of (—20),.
Solution :
(+20),, = (00010100), original number
(-20),p = (11101011), one’s complement
Example 8 : Find the one’s complement of (-0);, and (+0),.
Solution :
(+0);9 = (0000),
(=0)10 = (1000),

Two distinct representation of zero.

Note :
. I’s complement representation of zero has two distinct representations.
. I’s complement of a number gives original number.

1.7.3 Two’s Complement Representation
2’s complement of a number = 1’s complement of the number + 1
Note : 2’s complement has unique representation of zero.

(0),,=(0000),

Ex.: 1111
+ 1

Final carry ignored — 0000 2’s complement

Note : Range — — 2™ to (2! -1).
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Example 9 : Find 2’s complement representation of (—37);,.

Solution :
(+37);0 = (00100101),
I’s complement of (00100101), + 1
(11011010), + 1
= (11011011),

2’s complement representation of (—37),

1.8 r’s CoMPLEMENT & (r-1)’s COMPLEMENT
(i) r’s complement : r’s complement of a positive number ‘N’ of n digits in integral part = r" — N
Where, r = radix or base
n = number of digits in integral part of the number.

Ex.:
(1) 10’s complement of (52520),, is

10° — 52520 = 47480 here n = 5 and r = 10
(2) 10’s complement of (0.3267),, is

(10° — 0.3267) = 0.6733 here n = 0 and r = 10
(3) 2’s complement of (101100), is

(2%, — (101100), = (1000000), — (101100), = 010100
(4) 2’s complement of (0.0110), is

202°0.0110 = 1 — 0.0110 = (0.1010),

(ii) (r — 1)’s complement : (r")’s complement of a number N with ‘n’ digits in integral part and m digits
in fractional part is (r" = ™ = N).

Ex.: 9’s complement of (52520),, is (10° = 10° — 52520) = 47479 [n=5 m=0]
Note : Complement of complement of a number restore the original number.
(iii) Subtraction using r’s complement : Let M — N is subtraction to be found. Both are of base 1:
Steps :
(a) Add the minuend M to the r’s complement of the subtrahend N.
(b)  Inspect for an end carry
. If an end carry occurs discard it and result is positive.
. If an end carry does not occur, result is negative and is r’s complement of true result.
(iv) Subtraction using (r — 1)’s complement : Let M — N is found with (r — 1)’s complement.
(a) Add minuend M to (r — 1)’s complement of subtrahend N.
(b)  Inspect for an end carry
. If an end carry is generated, add it to the sum and result is positive and in its true form.
. If an end carry is not generated, result is negative and in its (r — 1)’s complement form.

Q00O



