CODING OF DATA





There are a number of different codes used for representing data on computers.  The most widely used ones are character codes and  sign and magnitude, 2's complement and 1's complement codes for numbers.  





Binary Coded Decimal





The digits 0 to 9 can be represented in binary, using a maximum of four bits and is only used for the representation of numeric values.  Each of the ten digits used in the decimal system is coded with its binary equivalent as follows:





Decimal  0	    1	    2	    3	    4	    5	    6	    7	    8	    9 





BCD   0000	  0001	  0010	  0011	  0100	  0101	  0110	  0111	  1000	  1001





In this way, any number can be represented by coding each digit separately


Decimal	6	2	4


BCD		0110	0010	0100





Decimal	7	  3  	


BCD		0 1 1 1   0 0 1 1     





Decimal   	5	   9	     4     


BCD		0 1 0 1   1 0 0 1   0 1 0 0  





A number of points need to be made regarding this coding method:





�SYMBOL 183 \f "Symbol" \s 10 \h�	only ten of the sixteen (24) possible unique combinations available with each 4-bit group is used.


�SYMBOL 183 \f "Symbol" \s 10 \h�	a decimal number in BCD generally uses more bits of storage than a pure binary representation of the number:





eg.	Decimal			BCD			Pure Binary





	1265	0001	0010	0110	0101		10100001001


				16 bits				     11 bits





�SYMBOL 183 \f "Symbol" \s 10 \h�	more complex electronics required to carry out arithmetic on data in BCD than pure binary.


�SYMBOL 183 \f "Symbol" \s 10 \h�	although 4 bits are sufficient for BCD representation, the sixteen possible binary patterns are clearly not enough to represent all alphabetic and special characters as well.  To allow coding of alphabetic and other characters, more bits are often used; the standard 6-bit BCD code allows the representation of a 64 character set and EBCDIC code provides for a 256 character set.





Examples:


1.	Convert the base ten numbers to binary coded decimal, using four bits per decimal digit:


(a)	91		(b) 56		(c)  493





Convert these BCD number to base ten:


(d)   1 0 0 1    0 1 1 0


(e)   1 0 0 0    0 1 1 1


(f)    0 1 1 0    0 1 0 0    0 1 1 1 


Negative Numbers





The three most common ways of coding negative numbers are as follows:





sign-and-magnitude;  twos complement and ones complement





The main reason for using the last two rather complicated codes for negative numbers is that it enables subtraction to be performed by a modified form of addition, and thereby simplifying the processing circuits in the chips which do arithmetic in computers.  All the numbers used in the examples are integers (whole numbers).  The codes may, however, be used to represent fractions.





Sign-and-magnitude coding





In this code, one bit represents the sign of the number, and the other bits represent the size (or magnitude) of the number.  The convention for the sign bit is that 1 represents negative and 0 represents positive.  The sign bit is usually the digit on the left.





For example:





		1 0 0 0 1 0 0 1		= 	-9





		0 1 0 1 1 0 0 1 	=	+89





		1 0 0 0 1 0 0 0		=	-8





		0 0 0 0 0 0 0 0		=	0





		0 1 1 1 1 1 1 1		= 	+127





Examples:





2.	Encode the following decimal numbers  for eight-bit sign-and-magnitude:





(a)	39		(b)	-61		(c)	117





Decode the following sign-and-magnitude binary numbers





(d)   0 0 1 1 0 1 1 0





(e)   1 0 1 0 0 1 1 0





(f)    1 1 0 1 1 1 0 1





(g)    What are the largest and smallest (denary) numbers which can be coded in this manner?





�
Twos complement





In twos complement coding, the bits have the same place values as ordinary binary numbers, except that the most significant bit represents a negative quantity.  The place values for an eight-bit, twos complement number are:





				-128	64	32	16	8	4	2	1


				___________________________________________





	 11 = 			0	0	0	0	1	0	1	1


     	-11 =  -128 + 117  = 	1	1	1	1	0	1	0	1





	 23 = 			0	0	0	1	0	1	1	1


	-23 =  -128 + 105  =	1	1	1	0	1	0	0	1





	   8 =			0	0	0	0	1	0	0	0


	 -8 =    -128 + 120 =	1	1	1	1	1	0	0	0





In the first two examples, it can be seen that apart from the units column, the bits for the negative numbers are the opposite of those for the positive number.  Accordingly, one method of changing from a positive to a negative number in twos complement form is as follows:





Change the 0's to 1's and the 1's to 0's, and then add 1.  This method also works for the third example (8 and -8) .  Try it for yourself





3.	Write the following decimal numbers as eight-bit, twos-complement binary numbers:





(a)	27		(b) 	-13		(c)	31





Change the following eight-bit, twos-complement binary numbers to decimal numbers:





(d)	00010010





(e)	11111011





(f)	11111110





4.	Carry out the following subtractions using  eight-bit, twos complement binary numbers.





	(a)	15 - 7





	(b)	28 - 18





	(c)	19 - 22
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