Data Representation 

Data is a general term which covers any data or information which is capable of being handled by the computer’s internal circuitry, or, of being stored on backing storage media such as magnetic tape or disk. To be processed by computer, data must be in a form which the computer can handle; it must be machine-sensible. 

Forms of coding 

To be machine-sensible data has to be in binary, using the digits 0 and 1. Both main memory and external storage media, such as magnetic disk and tape, use electrical/magnetic patterns representing the binary digits 0 and 1 to record and handle data and instructions. 

Why binary? - bistable devices 

Computer storage uses two-state or bistable devices to indicate the presence of a binary 0 or 1. The circuits inside a computer represent these two states by being either conducting or non-conducting, that is, current is either flowing or is not flowing through the circuit. A simple example of a bistable device is an electric light bulb. At any one time it must be in one of two states, on or off. Magnetic storage media use magnetic fields and the two possible polarities (north and south) are used as bistable devices to represent 0 and 1. Denary is not practicable because a computer’s circuitry would have to use and accommodate ten clearly defined physical electronic states. Extremely reliable components would be needed to avoid the machine confusing one physical state with another. With bistable devices, slight changes in performance do not prevent differentiation between the two physical states which represent 0 and 1. 

Character and numeric codes 

Much of the data processed by computer and stored on backing storage are represented by character codes. The codes used inside the computer are referred to as internal codes, whereas those used by various peripherals are termed external codes. Data transferred between peripheral devices and the processor may use a variety of binary character codes, but when processing data the processor will tend to use a particular internal code, which will vary with machines of different manufacture. Sometimes, an external character code may continue to be used for storage of data in main memory; alphabetic data remains in character code form during computer processing. On the other hand, numeric data, presented by a peripheral in character code form, is converted to one of a number of numeric codes for processing purposes. Code conversion may be executed within a peripheral, within the interface device between a peripheral and the processor, or within the processor itself. Characters may be: 

· alphabetic (upper and lower case);

· numeric (0 to 9);

· special characters (apostrophe, comma, etc.);

· control characters and codes.

Control characters are used in data transmission, perhaps to indicate the start or end of a block of data; control codes can be used to affect the display of data on a VDU screen and include those which cause, for example, carriage return, delete, highlight or blinking. Control characters and control codes do not form part of the data that are to be usefully processed, but are needed for control. The range of characters which can be represented by a computer system is known as its character set. 

The ASCII (American Standard Code for Information Interchange) code uses seven binary digits (bits) to represent a full range of characters. Data passing between a peripheral and the computer is usually in character code, ASCII. extracts from the ASCII character set are given in the following Table:


Extract from ASCII character set 

	Character 
	ASCII 
	character 
	ASCII 
	character 
	ASCII 
	character 
	ASCII 

	0 
	0110000 
	9 
	0111001 
	I 
	1001001 
	R 
	1010010 

	1 
	0110001 
	A 
	1000001 
	J 
	1001010 
	S 
	1010011 



Parity checking of codes 

ASCII is a 7-bit code but an additional bit, known as the parity bit (in the left-most or most significant bit position), is used to detect single bit errors which may occur during data transfer. Such errors may result from a peripheral fault or from corruption of data on storage media. 

The parity scheme used for detecting single bit errors is simple. There are two types of parity, odd and even, though it is of little significance as to which is used. If odd parity is used, the parity bit is set to binary 1 or 0, such that there is an odd number of binary 1s in the group. Conversely, even parity requires that there is an even number of binary 1s in the group. Examples of these two forms of parity are provided here: 


Examples of data with odd and even parity 

	data with no parity 
	parity bit 
	data with odd parity 
	parity bit 
	data with even parity 

	1 0 0 1 0 1 0 
	0 
	1 0 0 1 0 1 0 
	1 
	1 0 0 1 0 1 0 

	0 1 0 1 1 0 1 
	1 
	0 1 0 1 1 0 1 
	0 
	0 1 0 1 1 0 1 



The parity bit for each group is in bold. If even parity is being used and main memory receives the grouping 10010100 then the presence of an odd number of binary 1s indicates an error in transmission. Provided that the number of bits corrupted is odd, all transmission errors will be detected. However, an even number of bits in error will not affect the parity condition and thus will not be revealed. Additional controls can be implemented to detect multiple bit errors; these controls make use of parity checks on blocks of characters; known as block check characters (BCC), they are used extensively in data transmission control. 

