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INTEGER ARITHMETIC MULTIPLICATION

MULTIPLICATION:

Multiplication is more complex operation as compared with addition and subtraction.  Here we will discuss multiplication of:

·  Two unsigned (non-negative) integers.

·  Two signed (represented in 2’s compliment) integers.

UNSIGNED INTERGERS
1.     On multiplying by each digit of multiplier, partial products are generated. This partial product are summed up and produces the final product.

2.      Partial products are defined as follows:

·    The partial product is 0, when multiplier bit is 0.

·    The partial product is the multiplicand, when the multiplier bit is 1.

3.      Before summing the partial product to produce the total product, each successive partial product is shifted one position to the left relative to the preceding partial product.

4.      On multiplying two n-bit binary integers, produces the result of up to 2n-bits.

                                                    1   0   1   0                     Multiplicand (10)
                                                     1   1    0   1                    Multiplier (13)
                                   -------------------------------------

                                                     1   0    1   0

                                               0   0    0    0

                                         1    0    1   0                                  Partial product
                                   1    0    1    0

                          --- --- ---------------------------------------

                            1     0     0    0    0    0    1   0                    Product (130)
Hardware Implementation of Unsigned Binary Multiplication
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    Following registers are needed for implementing by hardware:

1.   Two registers Q and M are needed for loading multiplier (Q) and multiplicand (M).

2.   Third register A is also needed which is initially set to 0. The register A and Q gives the final product in combined way.

3.   1-bit C-register used to hold potential carry bit after addition. This is initialized to 0. 
Operation
 Step 1: If Q0=1, then the multiplicand (M) is added to the register A and result is stored in

               A with the C bit used for overflow.

Step 2:  Now, all bits of C, A and Q registers are shifted to the right one bit. C-bit goes into An-1, 

               A0 goes into Qn-1 and Q0 is lost.

Step 3:  If Q=0, step 1 is not performed only step2 is repeated.
Flowchart for unsigned binary multiplication
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Figure 89 Flowchart for Unsigned Binary Multiplication




Multiplying 1011 and 1101
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Two complement Multiplication
Multiplication if the multiplier is negative. There are number of ways to handle this situation. One of them is to convert both multiplier and multiplicand to positive numbers, perform the multiplicand. If the sign of the both numbers are different then take the 2’s complement of the result but this approach is less efficient to implement. One of the most common techniques is to use Booth’s Algorithm.
Booth’s Algorithm

Booth’s algorithm gives a procedure for multiplying signed binary integer. It is based on the fact that strings of 0’s in the multiplier require no addition but only shifting and a string of 1’s in the multiplier require both operations.


          

                                                                                                         Q-1     

             Q0
How Algorithm works

The Q0 bit of the register Q and Q-1 is examined:

· If two bits are the same (1-1 or 0-0), then all of the bits of the A, Q and Q-1 registers are shifted to the right 1 bit. This shift is called arithmetic shift right.

· If two bits differ i.e., whether 0-1, then the multiplicand is adder or 1-0, then the multiplicand is subtracted from the register A. after that, right shift occurs in the register A, Q and Q-1.

Flowchart of Booth’s Algorithm for 2’s complement multiplication
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Figure 8.12 Booth's Algorithm for Twos Complement Multiplication




Example:
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Figure 8.13 Example of Booth's Algorithm
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