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1. Introduction

In this project, we design a parallel divider for positive binary numbers.

Division can be carried out by a series of subtract and shift operations. 

The divider was implemented by using a series of subtractions. The whole circuit of a divider was designed with the adders being the basic building blocks.

Division Algorithm:

In this case the divisor is placed under the dividend so that the most significant digits coincide. The divisor is then compared to the portion of the dividend directly above the divisor. Even the comparison process can be achieved by subtracting and noting the sign of the result. If the portion of the dividend id equal to or greater than the divisor an "1" is written in the quotient and the divisor is subtracted from the dividend. Otherwise a "0" is written is written in the quotient and there is no subtraction. After the first step the divisor is shifted on bit to the right and the above comparison is repeated.  When the unity digits line up, the least significant bit of the quotient is obtained. The result of the last operation of subtraction/no subtraction is interpreted as the remainder. The division process can be illustrated by the following example:

Dividend
1001100100

Divisor

11000




         Operation
     Quotient


11000  1001100100

       11000 
         no subtraction    0   MSB

       1001100100 


  11000
         subtraction       1

       0011100100


   11000           subtraction       1

         00100100

          11000         no subtraction    0


    0100100

           11000        no subtraction    0

           100100

            11000       subtraction       1

Remainder  001100 

Result:
Quotient: 011001



Remainder: 1100

Implementation of the Division Logic

In the binary division described above, the divisor is compared with the part of the dividend (or current partial remainder) above it. If the divisor is greater, a "0" is placed in the quotient, no subtraction occurs and the dividend id shifted one bit left ( or the divisor shifts one bit right). If the divisor is smaller, a "1" is placed in the quotient and the divisor is subtracted, and the dividend is shifted one bit left.  In this algorithm a comparison of the divisor and dividend is assumed. To avoid using expensive comparators, this test is usually carried out using subtraction. In this case the divisor is subtracted from the part of the dividend under consideration. A positive answer indicates the divisor is smaller than the dividend and a "1" is placed in the quotient. A negative answer, however, indicates that the divisor is larger and subtraction was not necessary; then the divisor is added back to the dividend. Therefore we have two cases:

1. Divisor is less than the dividend

This is indicated by a positive result of the subtraction. In this case the next instruction is "subtract shifted divisor".

2. Divisor is greater than the dividend

This is reflected by a negative answer. Noting that a right-hand shift of the divisor reduces its value by half we can combine the following two operations

a): add present divisor 

b): subtract half present divisor (i.e., subtract shifted divisor)

into one operation, which is "add shifted divisor", the equivalent of subtracting half present divisor. 

The two cases can be represented by the following flowchart:



For simplicity the two operands are assumed positive (MSD=0). For example, an eight-bit dividend A(7:0) and, a four-bit divisor B(4:0) given in 2's complement, this is ensured by write 0s for the 9th and 5th bit of the two operands respectively. Subtraction is achieved by adding the 2's complements. For example:

Dividend


11010110 (8-bit form)
   011010110 (9-bit form) (24110)

Divisor


1001
     (4-bit form)   01001         (5-bit form) (910)

2's complement of divisor



   10111
                  (-910)

      011010110

      10111         

1     001000    

      ↑10111

0      111111

       ↑01001
1       010001        

        ↑10111
1        010000

         ↑10111        

1         00111

          ↑   

0 over ↑ indicates positive results, so next is shift and subtraction operation

1 over ↑indicates negative results, so next is shift and add divisor operation.

Achievement of the 2's complement of divisor
Subtraction of binary numbers is most easily accomplished by adding the complement of the number to be subtracted. To compute A - B, the complement of B is added to A. Either 1's or 2's complement is used depending on the type of adder employed.

The 2's complement of B can be formed by first finding the 1's complement and then adding 1. There are many ways to achieve this result. Here we use XOR gates whose inputs are control signal and the bits of B . If the control line feeds the XOR gate with logic 1, this will invert the digits of B. If we adds 1 to the least significant bit of B, then the output of the parallel XOR gats is the complement of B.

Truth table of XOR gate

	Bit of B
	Control signal
	XOR output

	1
	1
	0

	0
	1
	1

	1
	0
	1

	0
	0
	0


Dividend-Divisor





Positive Answer?





Place 1 in quotient





Shift divisor





Dividend-Divisor





Place 0 in quotient





shift divisor





Dividend + Divisor





Yes





No





Division completed ?





No





END





Yes








