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“The best way to predict your future is to create it.”
... Abraham Lincoln

Number Systems & Code
Conversions

CHAPTER

Learning Objectives

After reading this chapter, you will know:
Base or Radix System

System Conversions, Coding Techniques
Binary Arithmetic

BCD Addition

Complements

v W

Introduction

The concept of counting is as old as the evolution of man on this earth. The number systems are
used to quantify the magnitude of something. One way of quantifying the magnitude of something is
by proportional values. This is called analog representation. The other way of representation of any
quantity is numerical (Digital). There are many number systems present. The most frequently used
number systems in the applications of Digital Computers are Binary Number System, Octal Number
System, Decimal Number System and Hexadecimal Number System.

Base or Radix (r) of a Number System

The Base or Radix of a number system is defined as the number of different symbols (Digits or
Characters) used in that number system.

The Radix of Binary number system = 2, i.e, it uses two different symbols 0 and 1 to write the
number sequence.

The Radix of Octal number system = 8, i.e,, it uses eight different symbols 0, 1, 2, 3,4, 5, 6 and 7 to
write the number sequence.

The Radix of Decimal number system = 10, i.e,, it uses ten different symbols 0, 1, 2, 3, 4, 5, 6, 7, 8 and
9 to write the number sequence.

The Radix of Hexadecimal number system = 16, i.e,, it uses sixteen different symbols 0, 1, 2, 3, 4, 5,
6,7,8,9A,B,C, D,E and F to write the number sequence.

The Radix of Ternary number system = 3, i.e,, it uses three different symbols 0, 1 and 2 to write the
number sequence.

To distinguish one number system from the other, the radix of the number system is used as suffix
to that number.

E.g: (10), Binary Number; (10)s Octal Number;

(10),, Decimal Number; (10);, Hexadecimal Number;
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Characteristics of any Number System are

1. Base or radix is equal to the number of unique single digits in the system.

2. The largest value of digit is one (1) less than the radix, and the maximum value of digit in any
number system is given by (Q — 1), where Q is radix.

3. Each digit is multiplied by the base raised to the appropriate power depending upon the digit
position.
E.g.: Maximum value of digit in decimal number system = (10 - 1) =O9.

Positional Number Systems

In a positional number systems there is a finite set of symbols called digits. Each digits having some
positional weight. Below table shows some positional number system and their possible symbols

Number System Base Possible Symbols

Binary 2 0,1

Ternary 3 0,1,2

Quaternary 4 0,1,2,3

Quinary 5 0,1,23,4

Octal 8 0,1,2,3,4,56,7

Decimal 10 0,1,2,3,4,56,7,8,9

Duodecimal 12 0123,45,6,7,89,A B

Hexadecimal 16 0,123,456,7,8 9,A, B,
C,D,EF

e Binary, Octal, Decimal and Hexadecimal number systems are called positional number systems.
e Any positional number system can be expressed as sum of products of place value and the
digit value.
E.g:(756)19 = 7 X 102 +5x 10 + 6 x 10°
(156.24)s=1x82+5x8' +6x8°+2x8 1 +4x8?

Decimal Point

o The place values or weights of different digits in a mixed decimal number are as follows:
105 10* 10® 10 10* 10°. 107! 1072 10* 107*

Binary Point
o The place values or weights of different digits in a mixed binary number are as follows:
24 23 22 21 20, 271 272 273 4

Octal Point
o The place values or weights of different digits in a mixed octal number are as follows:
g* 8% 82 8! 8°.8°! g2 g3 g*

Hexadecimal Point
o The place values or weights of different digits in a mixed Hexadecimal number are as follows:
16* 163 162 16' 16°.167! 1672 1673 167*
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System Conversion

Decimal to Binary Conversion

(a) Integer Number: Divide the given decimal integer number repeatedly by 2 and collect the
remainders. This must continue until the integer quotient becomes zero.

E.g.: (37)10
Operation Quotient Remainder
37/2 18 +1
18/2 9 +0
9/2 4 +1
4/2 2 +0
2/2 1 +0
1/2 0 +1

10 01 01

Note: The conversion from decimal integer to any base-r system is similar to the above example
except that division is done by r instead of 2.

(b) Fractional Number: The conversion of a Decimal fraction to a Binary is as follows:
E.g.: (0.68755)10 = X2

First, 0.6875 is multiplied by 2 to give an integer and a fraction. The new fraction is multiplied
by 2 to give a new integer and a new fraction. This process is continued until the fraction
becomes 0 or until the numbers of digits have sufficient accuracy.

E.g.: Integer value
0.6875 x 2 =1.3750 1
0.3750 x 2 =0.7500 0
0.7500 x 2 =1.5000 1
0.5000 x 2 =1.0000 1

=~ (0.6875)10 = (0.1011),

Note: To convert a decimal fraction to a number expressed in base r, a similar procedure is
used. Multiplication is done by r instead of 2 and the coefficients found from the integers range
in value from 0 to (r—1).

e The conversion of decimal number with both integer and fraction parts are done separately
and then combining the answers together.

E.g.: (416875)10 = Xz
(41)1 = (101001),
(0.6875)1¢ =(0.1011),

Since, (41.6875),, = (101001.1011),.
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E.g.: Convert the Decimal Number to its Octal equivalent: (153),9 = Xg

Integer Quotient Remainder
153/8 +1
19/8 +3
2/8 +2

« (153)10 = (231)g

Convert the Decimal to its octal equivalent
E.g.: (0513)10 = X8

0513 x8  =4.104
0.104 x8  =0.832
0832 x8  =6.656
0.656 X 8 =5.248
0.248 x8  =1.984
0984 x8  =7.872
(153)1, = (0.406517 ...)g

E.g.: Convert (253);, to Hexadecimal
253/16 =15+ (13=D)
15/16 =0+ (15=F)
*(253)10 = (FD)16

E.g.: Convert the Binary number 1011012 to Decimal.
101101= 2°x 1+ 2* x0+ 23 x1+4 22 x1+ 2! x0+ 2° x1
=32+8+4+1=45
(101101)% = (45)4,

E.g.: Convert the Octal number (257)g to Decimal.
(257)g=2 x82+5x 81 +7 x 8°

E.g.: Convert the Hexadecimal number 1AF.23 to Decimal.
(1AF.23)14 =1%x16%+10Xx 16" +15x16°+ 2 x 1671 + 3 x 1672 = 431.1367

Important Points

1. A Binary will all ‘n’ digits of ‘1’ has the value 2™ — 1
2. A Binary with unity followed by ‘n’ zero has the value 2™. It is an n + 1 digit number
E.g.:
(a) Convert Binary 11111111 to its Decimal value
Solution: All eight bits are unity. Hence value is 28 — 1 = 255
(b) Express 210 as Binary
Solution: 219 is written as unity followed by 21° zero, 10000000000

Same rule apply for other number code
E.g.: Express 8* in Octal system
Solution: 81 = (10)g 83 = (1000)g
82 = (100)g 8* = (10000)g
Solution: 8% = (10000)g
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Binary to Decimal Conversion (Short Cut Method)

Binary to Decimal = Binary — Octal = Decimal
E.g.: Convert 101110 into Decimal
Solution: (101110), = (56)3 =5%x8+ 6 = (46)49
5 6
Note: For Converting Binary to Octal make group of 3 bits starting from left most bit.

Binary to Decimal Conversion (Equation Method)

Si = 2Si-1 taj
Where S, = a,, and S; — The last sum term
E.g.: (1101), to Decimal

1 1 0 1
v + + +
I x2 2 x2,6 x2_ 12
1 3 6 13

So (1101), = (13)4,

Note: We can use calculator (Scientific) but there is a limit in number of digit as input in calculator.
We can use transitional way of multiplying each digit with 2°~1 (Where n is the Position of Digit in
Binary Number) and adding in the last but for large binary digit its again a tedious task
E.g.:(11101011110), to Decimal

1 1 1 0 1 0 1 1 1 1 0

+ + + + + + + + + +
2 6 14 28 58 116 234 470 942 1886
X2 X2 W X2 .4 .4 .4 .4 .4 . 4 . 4

1 7 3 7 14 7 29 7 58 7 1177 2357 4717 9437 1886
So (11101011110), = (1886);,

Octal to Decimal Conversion (Equation Method)

Above equation can be used for Octal to Decimal conversion with small modification.
Si = SSi—l + dj
E.g.: Convert (3767)s to Decimal

3 7 6 7
l + + +
X8 . 24 X8 _ 248 x8 _2032

//

3 31 254 2039
(3767)g = (2039)4,

Note: In general recursive equation to convert an integer in any base to base 10 (Decimal) is
Si = bSi—l + dj
Where b — Base of the integer.

PLinfo@thegateacademy.com ©Copyright reserved. Web:www.thegateacademy.com



http://www.thegateacademy.com/

THE GATE’
ACADEMY

A Forum of T / IiSc Groduates

Number Systems & Code Conversions

Binary Fraction to Decimal

Since conversion of fractions from Decimal to other bases requires multiplication. It is not
surprising that going from other bases to Decimal required a division process

Binary Fraction Division Process
1 2 1.0
1 2 1.5
0 2 0.75
(MSB) 1 2 1.375
0.6875

Hence (0.1011), = (0.6875),

Another method: The Decimal value without Decimal point of 1011 is 11. For 4 bits. The number of
combination is 2* = 16. Hence Decimal value is % = 0.6875

Coding Techiniques

Binary Code: First let us have a brief study about codes. If we want to place the number 144 into a
computer, we could write (1110),, or the individual digits of the decimal number could be coded
separately as 0001 0100. The second method is called “Binary-Coded Decimal”. BCD has been used
in some commercial computers because of it’s similarity to the Decimal number system.

One should distinguish between the terms “Conversion” and “Encoding”. “Conversion” is the more
drastic process in that the structure of the number itself is changed E.g, a different base is used.
Encoding keeps the basic structure of the number the same, but the individual digits are

represented by different symbols.

E.g.: How many bits (Binary Digits) are needed to code the ten symbols 0-9?
A solution is desired for the equation 2™ = 10, where n is the required number of bits. Using a
calculator or log-table, we find that n = log,10 = 3.01; but since n must be an integer, four bits are

needed. However 2* = 16; Thus there are 16—10 = 6 Excess symbols. Further, by using 10 of 16
symbols, the number of different codes we can construct are, 16P;, 16—6'! ~ 3 x 100 codes.

Some typical BCD codes are shown in Table below.

Typical BCD Codes
Decimal Cor?gl Z,nZ]’Bllr;ary Excess -3 | Gray code | Code X
0 0000 0011 0000 0100
1 0001 0100 0001 0010
2 0010 0101 0011 0111
3 0011 0110 0010 1110
4 0100 0111 0110 0011
5 0101 1000 0111 1100
6 0110 1001 0101 0001
7 0111 1010 0100 1000
8 1000 1011 1100 1101
9 1001 1100 1101 1011
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Codes can be classified under the following properties.

1.

Weighted Codes
Consider the Common Binary Code:
1001 =1x23+0x22+0x21+1x2°

=1x8+0x4+0x2+1x1
Starting from the MSB, the places of the numbers are weighted in decreasing powers of 2.
Because of this, it is called as 8, 4, 2, 1 Weighted Code. Weighted codes are useful because of the
concise way they can be described, the ease of converting them to Decimal numbers and the
circuit economy realized.
For a weighted code, the relation between the code and the corresponding Decimal number is

given by the equation
n-1

N = z ajw; + B

i=0
Where N is the Decimal equivalent, a; is the Code Coefficient, w; is the Weight, n is the Number
of bits in the code and B is the Positive (or Negative) bias expressed in Decimal.

Self Complementing Codes

Another useful way of classifying a code concerns whether or not it is self-complementing. This
means that the complement of the binary code leads to a number which is the 9's complement
of the original number. The following Table illustrates this situation for the Excess-3 code.

Decimal | Excess-3 Code | Complementof | 9's Complement
Digit Excess - 3
0 0011 1100 9-0=9)
1 0100 1011 (9-1=18)
2 0101 1010 7
3 0110 1001 6
4 0111—_| 1000 5
5 1000 0111 4
6 1001 0110 3
7 1010 0101 2
8 1011 0100 1
9 1100 0011 0

The following table summarizes the properties of the four codes we have just discussed

Code Self - Complementing | Weighted
8,4,2,1 No Yes
Excess - 3 Yes Yes
Gray No No
Code X Yes No
Unit Distance Codes

This class have a one - bit change for adjacent integers and is given descriptive name of
Unit Distance Codes.
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