Signed multiplication example and how it works

Example 1: 
7 * (-6) = -42

Multiplier
M = 0111 (7)         

Multiplicand  L = 1010  (-6)

Product
H = 0000 0000 (initialized).

Flag

F = 0.

1. a. 
H = 0000  0000

             
    + 0000
     MLB = 0;


       
    = 0000  0000



F = F + (M[3] . MLB)  = 0 + (0 . 0) = 0.


b.    
Shift A by one bit to the right
with A[n-1] = F
H = 0000 0000

             
Shift L by one bit to the right



L = 0101

2.   a. 
H = 0000 0000



    + 0111
    MLB = 1;



    = 0111 0000



F = F + (M[3] . MLB) = 0 + (0 . 1) = 0.


b. 
Shift A by one bit to the right with A[n-1] = F
H = 0011 1000



Shift L by one bit to the right



L = 0010

3.
a. 
H = 0011 1000



    + 0000
  MLB = 0



    = 0011 1000



F = F + (M[3] . MLB) = 0 + (0.0) = 0


b. 
Shift A by one bit to the right
with A[n-1] = F
H = 0001 1100



Shift L by one bit to the right



L = 0001

Correction step


a.
H = 0001 1100



     - 0111
  MLB = 1

Note that we are subtracting.


Equivalently, we can convert the second number into its two’s compliment and add. 
Two’s compliment of 0111 is 1001.



H = 0001 1100



    + 1001



    = 1010 1100

b. Shift A to the right by one bit (and retain the most significant bit of A for sign)    H = 1101 0110
(-42 in decimal)

Example 2:  
(-7 )* (-6) = +42

Multiplier
M = 1001 (-7)         

Multiplicand  L = 1010  (-6)

Product
H = 0000 0000 (initialized).

Flag  

F = 0.

2. a. 
H = 0000  0000

             
    + 0000
     MLB = 0;


       
    = 0000  0000



F = F + (M[3] . MLB)  = 0 + (1 . 0) = 0.


b.    
Shift A by one bit to the right
with A[n-1] = F
H = 0000 0000

             
Shift L by one bit to the right



L = 0101

2.   a. 
H = 0000 0000



    + 1001
    MLB = 1;



    = 1001 0000



F = F + (M[3] . MLB) = 0 + (1 . 1) = 1.


b. 
Shift A by one bit to the right with A[n-1] = F
H = 1100 1000



Shift L by one bit to the right



L = 0010

3.
a. 
H = 1100 1000



    + 0000
  MLB = 0



    = 1100 1000



F = F + (M[3] . MLB) = 1 + (1 . 0) = 1


b. 
Shift A by one bit to the right
with A[n-1] = F
H = 1110 0100



Shift L by one bit to the right



L = 0001

Correction step


a.
H = 1110 0100



     - 1001
  MLB = 1

Note that we are subtracting.


Equivalently, we can convert the second number into its two’s compliment and add. 
Two’s compliment of 1001 is 0111.



H = 1110 0100



    + 0111



    = 0101  0100

c. Shift A to the right by one bit (and retain the most significant bit of A for sign)    H = 0010 1010
(42 in decimal)

What’s the logic behind the correction step?

We know that the decimal equivalent of an n-binary number represented in two’s compliment form is:

D = (-2n-1 . bn-1) + (2n-2 . bn-2) + (2n-3 . bn-3) + … + (20 . b0)

Note that the first term in the above summation has a negative sign.  Therefore, when bn-1 is 1, then this number has to be subtracted.  When bn-1 is 0, this subtraction has no effect as you subtract 0 from a number.  The same is true when we do multiplication.  When this bit is 1, then we have to subtract the multiplicand from the partial product.  This is done only for the last bit as the correction procedure.

What’s the logic behind the use of flag F? 

F is used for keeping the sign of the product.  It can be seen that once F is set, it remains always set.  Since we are working with only the least significant bits (not the most significant bit), the multiplier is assumed to be positive.  Therefore, if the multiplicand is negative, then the product must be negative.  The “F” flag ensures that the most significant bit of the product retains the sign correctly during shifting.

Algorithm fails for one set of input values.

The only case where the algorithm fails is when both the inputs are set to their least negative numbers (1000..000).   For example, in a four-bit two’s compliment representation, this would be –8 for multiplicand and multiplier.  

Example 3:  
(-8 )* (-8) = +64 

Multiplier
M = 1000 (-8)         

Multiplicand  L = 1000  (-8)

Product
H = 0000 0000 (initialized).

Flag 

F = 0.

3. a. 
H = 0000  0000

             
    + 0000
     MLB = 0;


       
    = 0000  0000



F = F + (M[3] . MLB)  = 0 + (0 . 0) = 0.


b.    
Shift A by one bit to the right
with A[n-1] = F
H = 0000 0000

             
Shift L by one bit to the right



L = 0100

2.   a. 
H = 0000 0000



    + 0000
    MLB = 0;



    = 0000 0000



F = F + (M[3] . MLB) = 0 + (0 . 0) = 0.


b. 
Shift A by one bit to the right with A[n-1] = F
H = 0000 0000



Shift L by one bit to the right



L = 0010

3.
a. 
H = 0000 0000



    + 0000
  MLB = 0



    = 0000 0000



F = F + (M[3] . MLB) = 0 + (0 . 0) = 0


b. 
Shift A by one bit to the right
with A[n-1] = F
H = 0000 0000



Shift L by one bit to the right



L = 0001

Correction step


a.
H = 0000 0000



     - 1000
  MLB = 1

Note that we are subtracting.


Equivalently, we can convert the second number into its two’s compliment and add. 
Two’s compliment of 1000 is 1000.



H = 0000 0000



    + 1000



    = 1000 0000

d. Shift A to the right by one bit (and retain the most significant bit of A for sign)    H = 1100 0000
( -64 in decimal.  WRONG answer!)

