ELEC 5200-001/6200-001 Computer Architecture and Design 
Spring 2007
Homework 4 Solution
Assigned 2/19/07, due 2/26/07
Problem 1: Consider an integer system in which numbers can be represented only in the range [ – M, M]. Prove that a necessary condition for an overflow to occur in addition or subtraction of two integers is that both integers must have the same sign.
Answer: A pair of integers, x and y, is shown as a point in the diagram below. For the given integers, this point lies in the dashed line square. Since any subtraction can be converted into addition by suitable sign change, we will only consider addition. The conditions for overflow are represented as follows:
x + y > M
or
x + y < – M


Thus, an overflow will occur for x + y only when the point (x, y) lies either above the line x + y = M or below the line x + y = – M. These areas are shown as two shaded triangular regions in the figure. In these regions we find that x and y are either both positive or both negative. That proves the required statement.


■
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Problem 2: An ALU adds two 32-bit integers represented in 2’s complement system:

Z = X + Y
where



Z = z31 z30 .  .  .  .  z1 z0




X = x31 x30 .  .  .  .  x1 x0





Y = y31 y30 .  .  .  .  y1 y0

Design a logic circuit to generate an overflow flag.

Answer: The overflow flag (OF) is given by
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The above schematic shows a possible implementation of an overflow circuit.
Problem 3: Evaluate the following using addition of four-bit 2’s complement numbers and interpret answers as decimal integers:

(a) 0010 + 0011
(b) 0111 + 0011

(c) 1001 – 0001 

(d) 1010 – 0011 

Answer:

(a) 0010 + 0011 = 0101
= 5 ← 2 + 3

(b) 0111 + 0011 = 1010 overflow; 7 + 3 = 10 > 23 – 1 

(c) 1001 – 0001 = 1001 + 1111 = 1000
= – 8 ← –7 – 1 

(d) 1010 – 0011 = 1010 + 1101 =  0111 overflow; – 6 – 3 = – 9 < – 23
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Representable integers are in this square
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