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Learning Outcomes

At the end of the lecture, you should be able to:
• recognize two number systems that are used in computer systems
• convert numbers between the decimal, binary, and hexadecimal number systems
• convert numbers between the decimal number system and Binary-Coded Decimal 

system
• understand how Gray Code works and how it is different from binary number 

systems
• understand how ASCII codes and Unicode are used to represent characters in a 

number system
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Number System

Every one of us is used to the decimal or denary (base 10) number system. This 
uses the digits 0 to 9 which are placed in 'weighted' columns.

The decimal number represented above is thirty-one thousand, four hundred and 
twenty-one.
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10,000 (104) 1000 (103) 100 (102) 10 (101) Unit (100)

3 1 4 2 1



Binary Number System

Designers of computer systems adopted the binary (base 2) number system since 
this allows only two values, 0 and 1.
• No matter how complex the system, the basic building block in all computer is the 

binary number system.
• Since computers contain millions and millions of tiny 'switches', which must be in 

the ON or OFF position, this lends itself logically to the binary system.

A switch in the ON position can be represented by 1.
A switch in the OFF position can be represented by 0.
Each of the binary digits are known as bits.
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Binary Number System

The binary system uses 1s and 0s only which give these corresponding weightings:

A typical binary number would be 111011102. What is this number in decimal?

5

… 27 26 25 24 23 22 21 20

… 128 64 32 16 8 4 2 1



Conversion of Binary Numbers to Decimal

A typical binary number would be 111011102. What is this number in decimal?

For quicker working, you may choose to ignore all the 0 values when calculating the 
total.
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27 26 25 24 23 22 21 20

1 1 1 0 1 1 1 0



Conversion of Decimal Numbers to Binary

Consider the decimal number 107. What is this number in binary?
METHOD 1
This method involves placing the 1s in the appropriate position so that the total 
equates to 107.
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128 64 32 16 8 4 2 1

0 1 1 0 1 0 1 1



Conversion of Decimal Numbers to Binary

Consider the decimal number 107. What is this number in binary?
METHOD 2
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Conversion of Decimal Numbers to Binary

Using the conversion techniques demonstrated, you should be able to convert the 
first 16 numbers starting from 0 into binary.
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Decimal Binary

0 02

1 12

2 102

3 112

4 1002

5 1012

6 1102

7 1112

Decimal Binary
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11
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Hexadecimal Number System

The hexadecimal system is very closely related to the binary system. Hexadecimal 
(sometimes referred to as simply hex) is a base 16 system with the weightings:

Because it is a system based on 16 different digits, the numbers 0 to 9 are not 
enough… 10 numbers for a 16-digit system is impossible!

To compensate for the remaining 6 hexadecimal digits, the letters A to F are used.
A = 10, B = 11, C = 12, D = 13, E = 14, F = 15
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… 165 164 163 162 161 160

… 1,048,576 65,536 4,096 256 16 1



Hexadecimal Number System

The link between binary, hexadecimal and decimal number systems is as follows:
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Binary Decimal Hexadecimal

02 0 016

12 1 116

102 2 216

112 3 316

1002 4 416

1012 5 516

1102 6 616

1112 7 716

10002 8 816

Binary Decimal Hexadecimal

10012 9 916

10102 10 A16

10112 11 B16

11002 12 C16

11012 13 D16

11102 14 E16

11112 15 F16
1 00002 16 1016

1 00012 17 1116



Conversion of Hexadecimal Numbers to 
Decimal
What is 1EF16 in decimal?
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162 161 160

1 E F



Conversion of Decimal Numbers to 
Hexadecimal
Consider the decimal number 6571. What is this number in hexadecimal?
METHOD 1
This method involves placing the quotients in the appropriate position so that the 
total equates to 6571.
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4096 (163) 256 (162) 16 (161) 1 (160)



Conversion of Decimal Numbers to 
Hexadecimal
Consider the decimal number 6571. What is this number in hexadecimal?
METHOD 2
This method involves successive division by 16; the remainders are then written 
from bottom to top to give the binary value.
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Conversion of Binary Numbers to 
Hexadecimal
To convert binary numbers to hexadecimal, one can first convert binary to decimal, 
then decimal to hexadecimal, but there is a shorter calculation method:

Example 1: 1011 1110 00012
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1011 1110 0001
First, split the binary number into 
groups of 4 bits.

Then, find the equivalent hexadecimal digits.



Conversion of Binary Numbers to 
Hexadecimal
Example 2: 10 0001 1111 11012
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Conversion of Hexadecimal Numbers to 
Binary
Conversion from hexadecimal numbers to binary can also be done in 2 processes 
(hexadecimal à decimal, decimal à binary). Likewise, there's also a similar 
shortcut.

Example: Convert 45A16 to its binary equivalent.
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Usefulness of Hexadecimal System

Hex is often used in a digital system as sort of a "shorthand" way to represent 
strings of bits.
• In computer work, strings as long as 64 bits are common; these binary strings do 

not always represent a numeric value, but they sometimes carry some 
nonnumerical information (e.g., color, memory location)
• It is more convenient and less error-prone to write these large strings in hex, and 

subsequently it is relatively easy to convert back and forth between binary and 
hex.
• Example: easier to work with B5A41AFC than finding the memory location with 

address 1011 0101 1010 0100 0001 1010 1111 1100 (this is just too long!)
• Note: digital circuits all work in binary; hex is only to be used as a convenience 

means for us humans!
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Binary-Coded Decimal (BCD) System

The Binary-Coded Decimal (BCD) is a widely used way to present decimal numbers 
in binary form.
• Combines features of both decimal and binary systems

• Each digit is converted to a binary equivalent.

• BCD is not a number system.
• It is a decimal number with each digit encoded to its binary equivalent.

• A BCD number is not the same as a straight binary number.
• The primary advantage of BCD is the relative ease of converting to and from decimal.
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Binary-Coded Decimal (BCD) System

The binary-coded decimal (BCD) system uses a 4-bit code to represent each 
decimal digit:
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Decimal BCD

0 0000

1 0001

2 0010

3 0011

4 0100

Decimal BCD

5 0101

6 0110

7 0111

8 1000

9 1001



Binary-Coded Decimal (BCD) System

Example 1: Convert 316510 into its BCD equivalent.

Example 2: Convert the BCD number 1001 0100 0011 into its decimal equivalent.
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Binary-Coded Decimal (BCD) System

Example 3: Convert the BCD number 0111 1100 0001 into its decimal equivalent.
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Binary-Coded Decimal (BCD) System

Main advantage: Each decimal digit will have a BCD equivalent value, which makes 
it easy to convert from computer output to decimal display.
• Useful for representation of digits on a calculator or clock display

Disadvantage: BCD code is wasteful; states between 1010 (decimal 10) and 1111 
(decimal 15) are not used
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Gray Code

The Gray code is used in applications where numbers 
change rapidly – reduces likelihood of a digital circuit 
misinterpreting a changing input.
• Only one bit changes from each value to the next.
• It is arranged so that every transition from one value 

to the next value involves only one bit change.
• The Gray code is sometimes referred to as reflected 

binary, because the first 8 values compare with 
those of the last 8 values, but in reverse order.
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Decimal Binary Gray

0 0000 0000

1 0001 0001

2 0010 0011

3 0011 0010

4 0100 0110

5 0101 0111

6 0110 0101

7 0111 0100

8 1000 1100

9 1001 1101

10 1010 1111

11 1011 1110

12 1100 1010

13 1101 1011

14 1110 1001

15 1111 1000



ASCII Character Code

The ASCII code system (American Standard Code for Information Interchange) was 
set up in 1963 for use in communication systems and computer systems. The newer 
version of the code was published in 1986.
• The standard ASCII code character set consists of 7-bit codes (0 to 127 in decimal, 

or 0 to 7F in hexadecimal)
• represents letters, numbers and characters found on a standard keyboard together with 32 

control codes (which use up 0 to 31 in decimal, or 0 to 19 in hexadecimal)
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ASCII Character Code
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ASCII Character Code

Notice the storage of characters with uppercase and lowercase: For example:

a 1 1 0 0 0 0 1 hex 61 (lower case)
A 1 0 0 0 0 0 1 hex 41 (upper case)
y 1 1 1 1 0 0 1 hex 79 (lower case)
Y 1 0 1 1 0 0 1 hex 59 (upper case)

Notice the sixth bit changes from 1 to 0 when comparing lower and uppercase 
characters. This makes the conversion between the two an easy operation.
• Note also that the character sets (i.e., a-z, 0-9, etc.) are grouped together in 

sequence. This speeds up usability.
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Extended ASCII

Extended ASCII uses 8-bit codes (128 to 
255 in decimal, or 80 to FF in hex). 
• allows for non-English characters and for 

drawing characters to be included
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Source: https://jbwyatt.com/ascii.html



Unicode

Since ASCII code has a number of disadvantages and is unsuitable for some 
purposes, different methods of coding have been developed over the years. One 
coding system is called Unicode.
• Unicode allows characters in a code form to represent all languages of the world, 

thus supporting many operating systems, search engines and internet browsers 
used globally. 
• ASCII uses 1 byte to represent a character, whereas Unicode will support up to 4 

bytes per character.
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Unicode
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Unicode Character Selection



Unicode Consortium

The Unicode Consortium was set up in 1991. Version 1.0 was published with 5 
goals; these were to
• create a universal standard that covered all languages and all writing systems
• produce a more efficient coding system than ASCII
• adopt uniform encoding where each character is encoded as 16-bit or 32-bit code
• create unambiguous encoding where each 16-bit or 32-bit value always 

represents the same character (note: ASCII code tables are not standardized, 
other versions exist)
• reserve part of the code for private use to enable a user to assign codes for their 

own characters and symbols (useful for Chinese and Japanese character sets)
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Summary

This lecture has covered the following:
• Decimal, Binary and Hexadecimal Number Systems
• Conversion between Decimal, Binary and Hexadecimal Number Systems
• Binary-Coded Decimal (BCD) System
• Gray Code
• ASCII Code System and Unicode System
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Source: http://unicode.org/mail-arch/unicode-ml/y2008-m02/0117.html
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