ELEC 2200-002 Digital Logic Circuits 
Fall 2008
Homework 3 Solution
Assigned 9/10/08, due 9/17/08

Problem 1: Multiply 4-bit 2’s complement integers, 0111 × 1011, to obtain an 8-bit result.
Answer: The table below shows the multiplication:
	Iteration
	Step
	5-bit Multiplicand
	Product in 9-bits

	0
	Initialization
	00111
	00000  1011

	1
	Product LSB = 1, add Multiplicand
	
	00111  1011

	
	Right shift Product
	
	00011  1101

	2
	Product LSB = 1, add Multiplicand
	
	01010  1101

	
	Right shift Product
	
	00101  0110

	3
	Product LSB = 0, do nothing
	
	00101  0110

	
	Right shift Product
	
	00010  1011

	4
	Product LSB = 1, subtract*  M’cand 
	
	11011  1011

	
	Right shift Product
	
	11101  1101


* because last iteration.
Final 8-bit Product = 11011101

Product is negative, magnitude = 00100011 = 35, Product =  – 35

Problrm 2: For n-bit binary integers find the Hamming distance between positive and negative number of the same magnitude k when the numbers are:

(a) Signed integers, i.e., MSB is used as sign bit and other bits used for magnitude.
(b) 1’s complement.

(c) 2’s complement (show that, 1 ≤ HD(k, – k) ≤ n – 1).

Answer:

(a) 1.

(b) n. 
(c) Because the MSB must differ, the Hamming distance must be at least 1. Because the HD for 1’s complement (all bits complemented) is n, and the extra addition of 1 for negation will change some (at least 1) bits, the HD must be less than n, which is the maximum value. Therefore, 1 ≤ HD(k, – k) ≤ n – 1.
Problem 3:  Write the 7-bit ASCII codes for symbols 0, 1, 2, . . . 9, and construct their 8-bit even and odd  parity versions.
Answer: The following table gives the ASCII codes:
	Symbol
	7-bit ASCII code from Table 1.11
	8-bit ASCII code with even parity
	8-bit ASCII code with odd parity

	0
	011 0000
	0011 0000
	1011 0000

	1
	011 0001
	1011 0001
	0011 0001

	2
	011 0010
	1011 0010
	0011 0010

	3
	011 0011
	0011 0011
	1011 0011

	4
	011 0100
	1011 0100
	0011 0100

	5
	011 0101
	0011 0101
	1011 0101

	6
	011 0110
	0011 0110
	1011 0110

	7
	011 0111
	1011 0111
	0011 0111

	8
	011 1000
	1011 1000
	0011 1000

	9
	011 1001
	0011 1001
	1011 1001


Problem 4: Interpret the following 32-bit binary data:




0110 0001 0110 0010 0110 0011 0110 0100

as

(a) 2’s complement integer.

(c) Characters from 8-bit ASCII code with odd  parity (See Table 1.11 and Section 1.53 of textbook).

(c) IEEE 754 floating point number.

Answer:
(a) 
1096967012
(b)
a
b
(parity error)

d

(c)
+ (1 + 2–1 + 2–2 + 2–6 + 2–9 + 2–10 + 2–14 + 2–15 + 2–17 + 2–18 + 2–21) × 2(194–127)


=  1.768658161163330078125 × 267
=  2.6100787562286153728 × 10–20


























































