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Integers: Positive Numbers 
 

Numbers are represented in the computer system using binary  

 

 

 

 

             128 + 32 + 16 + 4 + 1 = 181  

 

The column headings with a one beneath them are added together to give the number in 
denary.  

 

 

Range of Integers 

 

An 8 bit number can represent the numbers from 00000000 to 11111111 (0 to 255)  

 

 

 

 

 

 

The range of integers can be worked out as 0 to (2bits) -1 

 

So: 

Bits Calcualtion Range of Integers 

5 bits 0 to (25) -1 0 to 31 

10 bits 0 to (210) -1 0 to 1023 

16 bits 0 to (216) -1 0 to 65534 
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Integers: Two’s Complement 
 

In two’s complement, the most significant bit (largest column) is negative and all other 
columns are positive.  

Example 1 (8 bit) 

 

 

 

    -128 + 32 + 16 + 4 + 1 = -75  

 

 

 

 

 

In two’s complement, the largest column value is negative and all other columns are 
positive. 

When the most significant bit is a 1, the number is negative. When it is a 0 the number is 
positive. For this reason it is called the sign bit.  

Example 2 (5 bit) 

 

 

 

-16 + 4 = -12  
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Range of Integers 
 

An 8 bit number can represent the numbers from 00000000 to 11111111 (0 to 255)  

An 8 bit two’s complement number can represent the numbers from 10000000 to 01111111 
(-128 to 127)  

 

The range of integers can be worked out as: 

 negative of (2bits-1) to positive of (2bits-1) - 1 

So: 

Bits Calcualtion Range of Integers 

3 bits minus(22) to (22) -1 -4 to 3 

5 bits minus(24) to (24) -1 -16 to 15 

8 bits minus(27) to (27) -1 -128 to 127 
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Real Numbers 
 

Real Numbers are numbers that contain a decimal point – they are stored using floating 
point notation. 

Example 1 

Take the following real number. The aim is to move the point until you end up with 0.1!!!!!!! 

 

 
   10110.001     0.10110001 x 2101  

 

In floating point representation, the number of bits for the mantissa and exponent are 
usually fixed. 

Sign Bit (1 bit) Mantissa (15bit) Exponent (8 bit) 

0 101100001000000 00000101 

The sign bit is a 0 if the mantissa is positive and a 1 if it is negative. 

This gives the final answer of: 

 

0101100001000000 x 200000101 

 

 

 

Example 2 

Take the following real number. The aim is to move the point until you end up with 0.1!!!!!!! 

 
   -0.00011     0.11 x 2-11  

 

In floating point representation, a negative mantissa is represented using a sign bit. A 
negative exponent is represented using two’s complement. 

Sign Bit (1 bit) Mantissa (15bit) Exponent (8 bit) 

1 110000000000000 11111101 

 

The sign bit is a 0 if the mantissa is positive and a 1 if it is negative. 

This gives the final answer of: 

 

1110000000000000 x 211111101 

 

Exponent 

The point has moved 
5 places (hence 101) 

 

Sign bit 
Mantissa 

The point has moved 
-3 places (hence -11) 

 

11111101 is two’s 
complement for -3 

 

Exponent Sign bit 
Mantissa 
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The number of bits allocated to the mantissa affects the precision of the number 

The number of bits allocated to the exponent affects the range of numbers 

 

 

 

 

 

 

 

 

If 16 bits are allocated to a floating point number, they could be allocated as:  

11111111 x 2 11111111 

The allocation of bits could be changed:  

 

 1111 x 2 111111111111  111111111111 x 2 1111 

 

 

Revision Questions - Integers 
 

1. Convert the following 16-bit two’s complement number into denary.  
 
1111 1110 1110 1011 

 
 

 

 

 

 

2. Two’s complement can be used to represent positive and negative integers.  
 
(a) Convert the denary number −9 into 8-bit two’s complement. 

 

 

 

 

Increased range, 
reduced precision  

 

Reduced range, 
increased precision  
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(b) State the range of denary values that can be represented using 8-bit two’s 
complement. 
 

 
 
 
 
 
 
 

3. Write the binary number −0.0011 using floating-point representation. There are 16 
bits for the mantissa (including the sign bit) and 8 bits for the exponent. 

 
 
 
 
 
 
 
 

4. The decimal number 6.125 converted to binary is 110.001. Convert 110.001 to 
floating-point representation. There are 16 bits for the mantissa (including the sign 
bit) and 8 bits for the exponent. 
 

 
 
 
 
 
 
 

 
5. Convert the following 8-bit two’s complement number into denary. 1001 1010 
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Characters (Text) 
 

The computer can only represent data using binary (1 or 0). To represent characters, they 
have to be converted into numbers which can then be stored as binary values.  

Example:  

 A = 65 01000001  

 B = 66 01000010  

 C = 67 01000011  

Text can be encoded like this using: 

• ASCII 

• Unicode  

ASCII 

ASCII (American Standard Code for Information Interchange) is a standard format for 
encoding text. 

ASCII uses 8 bits (1 byte) to store each character meaning a total of 256 characters can be 
represented. 

 

 

 

256 characters is not enough to store the symbols from all the different languages and fonts 
we use.  

This is a major limitation of the ASCII format. 

 

 

 

 

 

 

 

 

 

 

 

 

 

The word “Computing” has 9 characters, so an ASCII file containing 
only this word would take up 9 bytes of storage  
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ASCII Table 

 

 

Unicode 

Unicode deals with the limitation of ASCII by using 16 bits (2 bytes) to store each character.  

This means a total of 65,536 characters can be represented.  

 

 

 

 

Although Unicode overcomes the limitations of ASCII, its files requires double the storage 
capacity. 

Revision Questions – Characters (Text) 
 

1. State one advantage of using Unicode characters rather than ASCII characters in web pages. 

  

The word “Computing” has 9 characters, so a Unicode file 
containing only this word would take up 18 bytes of storage  
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Graphics: Bit-mapped 
 

Black and white images are represented by a 2D array of 
pixels.  

Each pixel is represented by a 1 bit binary number: 1 for 
black, 0 for white.  

Count the number of pixels to determine the resolution. 

Colour images have to use more than 1 bit per pixel in order 
to represent more than 2 colours.  

 

 

 

 

 

 

 

 

The number of bits per pixel is known as the colour depth and applies to all pixels in an 
image. 

 

Vector Graphics 
 

Vector graphics are used to create images made up of 
shapes and lines. They cannot be used to store detailed 
life-like images.  

  

 

 

 

 

 

Vector graphics are stored as a detailed description of the objects and 
attributes used in the image.  
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Some objects and attributes for this shape are given below.  

 

 

 

 

 

 

Features of Vector Graphics 

• Storing objects and attributes in a text file takes up very little space 

• The more objects in an image, the larger the file size becomes. 

• Images do not lose quality when they are scaled up. 

• Shapes that make up an image remain separate and can be moved around 

individually  

 

 

Vector Graphics v Bitmap Graphics 

Vector Graphics Bitmap Graphics 

Objects can overlap other objects 
without rubbing out the one below 

Objects that overlap overwrite the one 
below. 

Increasing the size of objects does not 
alter the file size (size attribute is simply 
altered). 
Adding more objects increases file size. 

Adding more details to the image does 
not affect the file size (same number of 
pixels used). 

Object descriptions are saved as a series 
of attributes in a text file so little 
storage space required 

Entire screen is saved (details of each 
pixel) so file size is very large regardless 
of the picture. 

Object is resolution independent. 
Resolution it is created in has no effect 
on it at higher resolutions 

Resolution is fixed when the picture is 
created. Bitmap will not take advantage 
of using a higher resolution later. 

Individual pixels cannot be edited Bitmap can be zoomed in so individual 
pixels can to be edited 

Increasing the size of an object can be 
done without loss of quality. Attributes 
are simply re-written. 

Increasing size of object will result in 
image becoming pixelated. 

 

 

 

<circle: centre x, centre y, radius, line colour, fill colour> 

<rectangle: x, y, width, height, line colour, fill colour> 

<line x start, y start, x end, y end,  line colour, line width> 
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Revision Questions - Graphics 
 

1. LottoScot has a logo shown below in diagram 1. They want to change the logo to the one in 
diagram 2.  
 
 

 
 
In diagram 2 the rectangle has been moved forward. Explain the advantage of making this 
change using a vector graphic application compared to a bit-mapped graphic application. 

 
  

 
 
 
 
 
 
 
 

2. A web page uses bit-mapped graphic files for the book covers. State one advantage of using bit-
mapped graphic files rather than vector graphic files on this web page. 

 

 

 

 

 

 

 

 


