
CS251 – Spring 2008

Assignment 3.v1 – Fixed Point Numbers

Bill Cowan

General Instructions. The assignment should be done on paper. It is due at the beginning of class on June 6,
2008.

Question 1  Two’s Complement Integers.

Two’s complement is a way of defining integers that are positive and negative. You should know two
important facts about them.

1. An n-bit two’s complement integer (TCI) has the value

,

where , , is the th bit of the TCI.

2. You can obtain the additive inverse of a TCI, the result of negating a TCI, by inverting all the bits,
, and adding one. Thus,

.

(a) Prove by explicit calculation that  for every TCI.

Hint. What is  when ?

Hint.

.

Hint. If you are uncomfortable with the summation notation write out the full sum for one or two small
values of , such as 4 or 5, so see what’s going on. If you can’t do the whole question put these in your
answer for part marks.

(b) What are the largest and smallest decimal values of TCIs among the -bit integers? Explain your
answer using the facts given above.

Hint. You may express your answer using powers of two.

(c) Give the TCIs, in binary, when you count by three’s from the smallest 4-bit integer to the largest.
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Question 2  Multiplying TCIs.

In the notes (p. 3–7) is an example and an algorithm for multiplying unsigned binary numbers. You may
(should!) wonder whether this algorithm works for TCIs. The text (p. 180) talks a little about signed
multiplication, but I expect that what it says mystifies you as much as it mystifies me.

Here is a simple explanation of the algorithm that the text tries to explain. (At least I think it’s the same
algorithm.) Suppose you are multiplying two -bit TCIs.

1. The result could be as big as  bits, so sign extend the two numbers to -bit TCIs.
2. Multiply as if the numbers are unsigned.
3. Drop all the leftmost bits to get the -bit result.

By the way, this is not a practical way of doing signed multiplication in hardware. But it is a good way of
getting to understand unsigned multiplication well.

(a) Multiply 3 times -2 represented as 4-bit TCIs using long multiplication, as described above.

(b) Multiply 7 times -8 represented as 4-bit TCIs using the first version of hardware multiplication in the
notes (pp. 3–9) giving the results in a table like the one on p. 3–10.
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