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Exercise 1: (two’s complement numbers) (3 points)
In the class, two’s complement numbers and their properties were presented. In this exercise you
need to show that these properties hold (some of them have already been shown in the lecture):

1. [0, a] = 〈a〉

2. [a] ≡ 〈a[n− 2 : 0]〉 mod 2n−1

3. [a] ≡ 〈a〉 mod 2n

4. [a[n− 1], a] = [a] (sign extension)

5. −[a] ≡ [¬a] + 1

Exercise 2: (Adder tree) (3 + 3 points)
In the lecture we built the balanced addition tree with 4/2 - adders (except the first level, where
we used 3/2 - and 4/2 - adders). One can build an addition tree directly with 3/2 - adders.

1. An m/2 - adder takes m input buses and outputs 2 output buses. Give a recursive construction
of an m/2 - adder consisting of 3/2 - adders. Don’t care about the width of the operands.

2. Derive the formula for the delay of your circuit and compare it to the delay of the tree with
3/2 - and 4/2 - adders.

Exercise 3: (Booth Multiplier) (3 points)
In the lecture we’ve proved (for j > 0) that the binary representation e2j of E2j could be computed
by:

〈e2j〉 = 〈1s2j , d2j ⊕ s2j〉+ S2j

〈e0〉 = 〈s0s0s0, d0 ⊕ s0〉+ S0

Prove the claim for j = 0.

Exercise 4: (Booth Multiplier) (6 points)
Construct a Booth multiplier and a school-method multiplier for multiplication of numbers a ∈
{0, 1}n and b ∈ {0, 1}m where n = 8 and m = 10. Draw the whole circuitries of the multipliers
(don’t forget to specify the width of the operands).
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