ELEC 5200-001/6200-001 Computer Architecture and Design 
Spring 2007
Homework 5 Solution
Assigned 3/5/07, due 3/12/07
Problem 1: Multiply 85ten by –15ten using the Booth multiplication algorithm and 8-bit two’s complement representation. Use 16 bits for the product.

Answer:
Booth multiplication:



0 1 0 1 0 1 0 1

= 85



1 1 1 1 0 0 0 1(0)
= –15 

1 1 1 1 1 1 1 1 1 0 1 0 1 0 1 1

bit 1 of multiplier, pair 10 → partial product = –85

0 0 0 0 0 0 0 0 1 0 1 0 1 0 1 0

bit 2 of multiplier, pair 01 → partial product = 85






bit 3 of multiplier, pair 00 → no action






bit 4 of multiplier, pair 00 → no action

1 1 1 1 1 0 1 0 1 0 1 1 0 0 0 0

bit 5 of multiplier, pair 10 → partial product = –85






bit 6 of multiplier, pair 11 → no action






bit 7 of multiplier, pair 11 → no action






bit 8 of multiplier, pair 11 → no action
1 1 1 1 1 0 1 1 0 0 0 0 0 1 0 1

16-bit product in two’s complement = –1275
Problem 2: Carry out the calculation steps for 4-bit binary division of positive numbers 1000/0101 (i.e., 8/5) using the non-restoring division algorithm.
Answer: We initialize 5bit remainder register $R to 0, 4bit quotient register $Q with dividend (1000), and 5bit register $M with divisor (00101).






$R (5bits)
$Q

$M


Initialize



0 0 0 0 0
1 0 0 0

0 0 1 0 1

Step 1
Left shift $R, $Q


0 0 0 0 1
0 0 0 0

0 0 1 0 1


Subtract $R = $R - $M
+
1 1 0 1 1






1 1 1 0 0
0 0 0 0

0 0 1 0 1


Step 1
Left shift $R, $Q


1 1 0 0 0
0 0 0 0

0 0 1 0 1


Add $R = $R + $M

+
0 0 1 0 1






1 1 1 0 1
0 0 0 0

0 0 1 0 1

Step 1
Left shift $R, $Q


1 1 0 1 0
0 0 0 0

0 0 1 0 1


Add $R = $R + $M

+
0 0 1 0 1






1 1 1 1 1
0 0 0 0

0 0 1 0 1

Step 1
Left shift $R, $Q


1 1 1 1 0
0 0 0 0

0 0 1 0 1


Subtract $R = $R + $M
+
0 0 1 0 1







0 0 0 1 1
0 0 0 1

0 0 1 0 1

Step 2
No action





Quotient = 110






0 0 0 1 1 = 310






Remainder
Problem 3: Interpret the following 32-bit memory word:



0011 1100 0000 0001 0000 0100 0110 0100

as

(a) MIPS instruction.

(b) 2’s complement integer.

(c) ASCII characters.

(d) IEEE 754 floating point number.
Answer:
(a) 
lui
$1, 1124

#  $1 = 1124 × 216
(b)
1006699620

(c)
<
SOH (start of header)

EOT (end of transmitted)
d

(d)
+ (1 + 2–7 + 2–13 + 2–17 + 2–18 + 2–21) × 2(120–127)


=
1.00794649124 × 2–7

=
7.87458196 × 10–3



















































