Internal Numbers and Computer Arithmetic 

A number stored without indication as to whether it is positive or negative, but simply as having a given magnitude (2510, 12910, for example,) is known as an unsigned number. To be of practical use, a computer must be able to store, manipulate and differentiate between positive and negative numbers (signed numbers). There are a number of different ways this can be done. The most common are: 

· sign and magnitude; 

· complementation. 

Sign and magnitude 

With this method, the MSB (most significant bit) position is occupied by an explicit sign bit; binary 0 and binary 1 are used to indicate, respectively, a positive and a negative number. The remainder of the binary word holds the absolute (independent of the sign) magnitude of the number. The examples in the following table illustrate this method, using a 16–bit word. Note from the top row in the table, that the number zero uses a positive sign (0). 


Table 1: Sign and magnitude format 


MSB














LSB 

+010 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

+3310 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 

–3310 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 

+8510 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
0 
1 
0 
1 

–8510 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
0 
1 
0 
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bit 
15 
14 
13 
12 
11 
10 
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2 
1 
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sign 
m a g n i t u d e 
















Two’s complement numbers 

The next table shows two 8–bit examples of two’s complement negative and positive numbers. 



MSB 
Place values 





LSB 


–12810 
6410 
3210 
1610 
810 
410 
210 
110 

+3310 
0 
0 
1 
0 
0 
0 
0 
1 

–3310 
1 
1 
0 
1 
1 
1 
1 
1 

+8510 
0 
1 
0 
1 
0 
1 
0 
1 

–8510 
1 
0 
1 
0 
1 
0 
1 
1 

bit 
7 
6 
5 
4 
3 
2 
1 
0 


A computer can carry out addition, using two’s complement notation. Subtraction can also be effected, through addition (by first negating the number to be subtracted). A two’s complement number has an implicit sign bit. In other words, it has a place value which contributes to the magnitude of the number, as well as indicating its sign (positive or negative). The positive number examples (+33 and +85) in the second table contains a binary 0 in the sign bit position, so the place value of –128 does not contribute to the magnitude of the numbers. 

The negative number examples (–33 and –85) contain a binary 1 in the sign bit position, so its place value of –128 forms part of each number’s value. The negative value is calculated by adding the negative place value of the sign bit to the positive values of the remaining bits, which contain a binary 1. These points can be illustrated with the following analysis of the numbers.:

+3310 = 001000012 = 0 + 0 + 32 + 0 + 0 + 0 + 0 + 1 

–3310 = 110111112 = –128 + 64 + 0 + 16 + 8 + 4 + 2 + 1 

+8510 = 010101012 = 0 + 64 + 0 + 16 + 0 + 4 + 0 + 1 

–8510 = 101010112 = –128 + 0 + 32 + 0 + 8 + 0 + 2 + 1 

Subtraction, using two’s complement numbers uses the following method. The second number (the subtrahend) is negated and is added to the first (the minuend). This is equivalent to expressing in denary, for example, 

(+55) –(+25)               as       (+55) +(–25). 

Conversion of binary to two’s complement 

The two’s complement of a binary number is obtained through the following stages: 

Stage 1 

The number is converted to its one’s complement representation by inverting the values of all the bits in the number. In other words all ones are flipped to zeroes and all zeroes are flipped to ones. This example illustrates the one’s complements of some binary numbers. 


One’s complement of binary numbers 


Example (i) +1310 
Example (ii) +3610 
Example (iii) +7610 

binary number 
0 0 0 0 1 1 0 1 
0 0 1 0 0 1 0 0 
0 1 0 0 1 1 0 0 

one’s complement 
1 1 1 1 0 0 1 0 
1 1 0 1 1 0 1 1 
1 0 1 1 0 0 1 1 


Stage 2 

The one’s complement of the binary numbers can then be converted to two’s complement by adding 1, as shown:

 

Converting from one’s to two’s complement 


Example (i) +1310 
Example (ii) +3610 
Example (iii) +7610 

one’s complement 
1 1 1 1 0 0 1 0 
1 1 0 1 1 0 1 1 
1 0 1 1 0 0 1 1 

+ 
1 
1 
1 

two’s complement 
1 1 1 1 0 0 1 1 
1 1 0 1 1 1 0 0 
1 0 1 1 0 1 0 0 


The two’s complement numbers in each example now represent the following denary values. 

two’s complement of 1310 is –128 + 64 + 32 + 16 + 0 + 0 + 2 + 1 = –1310 

two’s complement of 3610 is –128 + 64 + 0 + 16 + 8 + 4 + 0 + 0 = –3610 

two’s complement of 7610 is –128 + 0 + 32 + 16 + 0 + 4 + 0 + 0 = –7610 

