ELEC5200/6200

Homework 6 Solutions 
Problem 1: Evaluate the product -86 × 31 using the Booth multiplication algorithm.
Solution: Note -- See slides 36-41 of Lecture 7.
We will use 8-bit integer representation (two’s complement).





10101010

=
-86





00011111(0)

=
  31



____________________



        0000000001010110
0th pair is 10 → partial product = -multiplicand


        11110101010

5th pair is 01 → partial product =  multiplicand







All other pairs in the multipliers are 00 or 11








 and do not contribute partial products.



____________________



        1111010110010110

=
-2,666 ← Result

Problem 2: Perform the division 86/31 using the non-restoring binary division algorithm.
Solution: Note – See slides 48, 51 and 52 of Lecture 7.

We will use 8-bit integer representation (two’s complement).



$A (9-bits, remainder)
$Q (8-bits, quotient)
  
$M (9-bits, divisor)

Initialize


000000000

01010110 (8610)

000011111 (3110)

Step 1 (cycle 1 of 8):
Left shift $A, $Q
000000000

1010110?

[Subtract $M since      +
111100001
last $A(MSB)=0]
111100001

10101100 ← because $A(MSB)=1
Step 1 (cycle 2 of 8):
Left shift $A, $Q
111000011

0101100?
[Add $M
 since
          +000011111
last $A(MSB)=1]
111100010

01011000 ← because $A(MSB)=1

Step 1 (cycle 3 of 8):
Left shift $A, $Q
111000100

1011000?

[Add $M
since
          +000011111


last $A(MSB)=1]
111100011

10110000 ← because $A(MSB)=1
Step 1 (cycle 4 of 8):
Left shift $A, $Q
111000111

0110000?

[Add $M
 since
          +000011111
last $A(MSB)=1]
111100110

01100000 ← because $A(MSB)=1
Step 1 (cycle 5 of 8):
Left shift $A, $Q
111001100

1100000?

[Add $M since
          +000011111
last $A(MSB)=1]
111101011

11000000 ← because $A(MSB)=1
Step 1 (cycle 6 of 8):
Left shift $A, $Q
111010111

1000000?

[Add $M
since
          +000011111

last $A(MSB)=1]
111110110

10000000 ← because $A(MSB)=1
Step 1 (cycle 7 of 8):
Left shift $A, $Q
111101101

0000000?

[Add $M since
          +000011111

last $A(MSB)=1]
000001100

00000001 ← because $A(MSB)=0
Step 1 (cycle 8 of 8):
Left shift $A, $Q
000011000

0000001?

[Subtract $M since       +111100001
last $A(MSB)=0]
111111001

00000010 = 210  ← Quotient (Result)
Step 2:
Sign $A=1, add $M   +
000011111




000011000
= 2410 ← Remainder (Result)
