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1 Reversible classical computation

Consider modular addition of two single bits, which is a map from two bits to one bit:
(z,y) —zdy.

a) Suppose that s = 2@y and you are told that s = 1. Is it possible to uniquely reconstruct
the input (z,y) that gives this output? Is this computation reversible?

b) Consider a modified version of the modular addition defined as a map from two bits to
two bits via

(z,y) = (z,z D y).

Construct a table with all possible inputs to this function. For each evaluate all possible
outputs. Verify that each ouput is uniquely associated with one single input. Is this
computation reversible?

Consider bitwise multiplication
(z,y) — zy.

c) Is the map (z,y) — zy reversible?
d) Consider the modified map from two bits to two bits

(z,y) = (z,zy).

Is this map reversible?

e) Consider the modified map from three bits to three bits

(z,v,0) = (z,y,zy).

Is this map reversible?
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2 Toffoli gate

a) Construct a truth table for a Toffoli gate.
b) Show that the Toffoli gate maps

¢) Construct a circuit using a Toffoli gate so that it outputs ab.

|a} 1b) ic) = |a) |b) lc ® ab) .

d) Construct a Toffoli gate so that it outputs NAND(e, b).
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