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Exercise 1: (incrementers) (3 points)
An n − bit incrementer constructed recursively from the simple conditional sum adder (see page
25 in the textbook) requires 3 copies of hardware for the half sized problem. An incrementer
constructed from the carry chain adder has a suitable cost, but a linear delay. The conditional sum
incrementer constructed in the lecture has an optimal cost and delay. In the exercise you need to
derive (estimated) cost and delay for the three incrementer constructions and compare them. For
simplicity consider n being a power of two.

Exercise 2: (incrementers) (2 points)
Construct an n−bit conditional sum incrementer where n is odd.

Exercise 3: (n-decoder) (2 + 2 point)
In the lecture we constructed an n-decoder (Figure 1). The n-decoder is a circuit with inputs
x[n− 1 : 0] and outputs Y [2n − 1 : 0] such that for all i

Yi = 1 ↔ ⟨x⟩ = i

1. Prove the correctness of the n-decoder.

2. Derive a closed formula for cost and delay of the n-decoder.
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Figure 1: Circuit n-decoder.
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Exercise 3: (MIPS Programming) (3 points)
We need more than one instruction to load a 32-bit constant into a register of the MIPS processor.
Since we know the value of the constant during writing a program, we can build 32-bit constants
with two instructions. Give a rule(s) how to construct these instructions. (use the instruction set
given on the lecture’s web page)

Exercise 4: (ISA and opcodes) (2 points)
In the MIPS ISA there are three types of load and store instructions depending on the length of
the operand d(c) ∈ {1, 2, 4}. In the exercise you need to derive a predicate for calculating signals
d1(c), d2(c), d4(c), where

di(c) = 1 ⇐⇒ d(c) = i.
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