Number Systems 

Although the denary number system has proved to be the simplest for people to use, it is more convenient for computers to use the binary number system. The electronic components used in computers can be in either one of two physical states, permitting the representation of 0 and 1, the two symbols of the binary number system. The basis of this and other number systems relevant to the subject of computing are now explained. 

The base of a number system 

The denary system has ten symbols, 0, 1, 2, 3, 4, 5, 6, 7, 8 and 9 and the base or radix of a number system is identified by the number of different symbols it uses. Thus, the denary number system has base of 10. To identify a number as denary it can be written as, for example, 12310. 

Place value 

Each symbol can be given a weight or place (or positional) value, according to its position within any given number. In the denary system, each place value is a power of ten. Remember that the base of the denary number system is ten. Thus, for denary integers each place value is ten raised to a power. Starting from the least significant digit on the right, there are units (100), tens (101), hundreds (102), thousands (103) and so on. The idea of place value can be illustrated with examples of integer (whole) numbers. The table below shows that 126310 can be expressed as one thousand, plus two hundreds, plus six tens and three units, or

1 x 1000 + 2 x 100 + 6 x 10 + 3 x 1 = 126310 


 Place values example 126310 

	power 103 
	102 
	101 
	100 

	thousands 
	hundreds 
	tens 
	units 

	1 
	2 
	6 
	3 



Similarly, the next table which follows shows that 48710 is the same as zero thousands, plus four hundreds, plus eight tens and seven units, or 

0 x 1000 + 4 x 100 + 8 x 10 + 7 x 1 = 48710 


Place values example 48710 

	power 103 
	102 
	101 
	100 

	thousands 
	hundreds 
	tens 
	units 

	0 
	4 
	8 
	7 



Note that any number (n) raised to the power of zero (n0) is equal to 1. This can be seen from e 2 above and from the place value tables shown later, for each of the binary, octal and hexadecimal number systems. The fractional component of a number is also determined by position, except that the power is negative, as shown in Table 3 below. 


Fractional place values example 0.62510 

	
	10–1 
	10–2 
	10–3 

	decimal point 
	tenths 
	hundredths 
	thousandths 

	. 
	6 
	2 
	5 



Using the table above we can see that 0.62510, can be seen as: 

6 x 1/10 + 2 x 1/100 + 5 x 1/1000 = 5/8 

Binary system 

The binary system uses only two symbols, 0 and 1. Each digit in a binary number is known as a binary digit or bit. An example binary number is 110012, which is equivalent to 2510. The binary system has a base of 2, so each place value is a power of two. The next two tables each show a range of integer place values and an example binary number. The first illustrates that the binary number

111012

is equivalent to denary

1 x 16 + 1 x 8 + 1 x 4 + 0 x 2 + 1 x 1 = 2910 


111012 or 2910 

	24 
	23 
	22 
	21 
	20 

	16 
	8 
	4 
	2 
	1 

	1 
	1 
	1 
	0 
	1 



The table shows that the binary number

011001112

is equivalent to

0 x 128 + 1 x 64 + 1 x 32 + 0 x 16 + 0 x 8 + 1 x 4 + 1 x 2 + 1 x 1 = 10310 


 011001112 or 10310 

	27 
	26 
	25 
	24 
	23 
	22 
	21 
	20 

	128 
	64 
	32 
	16 
	8 
	4 
	2 
	1 

	0 
	1 
	1 
	0 
	0 
	1 
	1 
	1 



Binary fractions can also be represented and an example is shown in:


 Fraction 0.01112 

	
	2–1 
	2–2 
	2–3 
	2–4 

	binary point 
	half 
	quarter 
	eighth 
	sixteenth 

	. 
	0 
	1 
	1 
	1 



We can see from the table above that

0.01112
is equivalent to

0 x 1/2 + 1 x 1/4 + 1 x 1/8 + 1/16 = 7/16 

The table below shows the binary equivalents of 0 to 9 in the denary system. Using the place values for the binary system shown above, it can be seen how each of the denary numbers in the table equates with its binary representation. 


Denary symbols and binary equivalents 

	base10 
	base2 
	base10 
	base2 
	base10 
	base2 
	base10 
	base2 
	base10 
	base2 

	0 
	0000 
	1 
	0001 
	2 
	0010 
	3 
	0011 
	4 
	0100 

	5 
	0101 
	6 
	0110 
	7 
	0111 
	8 
	1000 
	9 
	1001 



Rules of binary arithmetic 

Addition rules are given, together with example sums, below. Binary arithmetic is covered further in Internal Numbers and Computer Arithmetic. 


Binary addition rules and examples 

	addition rules 
	carry 
	example sum 
	example sum 

	0 + 0 = 0 
	
	      0 1 1 0 1 0 
	     1 0 1 1 0 0 

	0 + 1 = 1 
	
	+    1 1 0 1 0 0 
	+   0 0 0 0 1 0 

	1 + 0 = 1 
	
	= 1 0 0 1 1 1 0 
	=   1 0 1 1 1 0 

	1 + 1 = 0 
	1 
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