
CS251 – Spring 2008

Assignment 4.v1 – More Numbers

Bill Cowan

General Instructions. The assignment should be done on paper. It is due at the beginning of class on June 13,
2008.

Question 1  Two’s Complement Integers (TCIs).

(a) In class we described the arithmetic of unsigned integers as modular arithmetic. In modular arithmetic
the number  is actually the set of numbers , where  is any integer, positive, negative or zero,

and  is the modulus. What is the modulus for 16-bit arithmetic? Explain your answer in terms of over-
flow and underflow in unsigned integer arithmetic.

(b) When we write down modular arithmetic we choose a single number from each set , and
let it stand for the entire set. Which of the numbers in the set do we choose when interpreting bit patterns
as unsigned integers? Give a mathematical equation and solve it for .

Hint. You can write  in the form , where  is the number in the range you require, then

solve for .

(c) We can make the modulus structure explicit by
putting the unsigned integers around a circle, as shown
to the right for 4-bit unsigned integers. Operations like

addition, subtraction, multiplication or integer division1

can now be interpreted as angular movements around
the circle. Describe each of these operations as a move-
ment.

Hint. In your descriptions please give quantitative
examples.

(d) In terms of the descriptions you gave in (c) what is
the condition for underflow or overflow? Which of the
operation(s) listed in (c) never underflow or overflow.

(e) TCIs can be interpreted as a remapping (or re-interpretation) of the unsigned integers. The positive
numbers run from 000...000 to 011...111. The smallest negative number 100...000 comes immediately after
the largest positive number. Which values from the sets given in (b) are used when we interpret the bit pat-
terns as TCIs? As in (b), give a mathematical equation and solve it for

(f) Using TCIs we negate a number by by inverting its bits and adding 1. Draw a copy of the figure with
arrows running between a number and its negative on the circle. (Do this for a representative collection of

1. Integer division is long division with the remainder discarded. That is, 4/3 = 1 and 27/7 = 3. Integer
division has an ambiguity when negative numbers appear. Should (-4)/3 be -1 or -2? Different division
algorithms will answer this question differently. For the purposes of this question the answer doesn’t matter.
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numbers.) Describe a geometric rule for finding the negative of a TCI in terms of the diagram. Why does it
work?

Question 2  Floating Point Numbers.

(a) You can trivially test the sign of a floating point number by testing one bit. There is a test, almost as
simple, for whether or not a floating point number is greater than or equal to one. Describe the test for
MIPS 32-bit floating point numbers.

Hint. The significand of a floating point number is a way of specifying a fractional number, , where

.

Hint. The bias is 127.

(b) Draw a combinational circuit that implements this test in hardware using only 2-input AND and
ORgates.

Hint. Assume that you have 32 1-bit inputs, named F00 to F31, one from each bit of a 32-bit floating point
number, and a 1 (high) input.
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