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The linearity of the circuit allows to evaluate f for any linear combination of
the basis states. Assume that all n+1 quantum bits are initialized with state
|0�. We apply the Hadamard gate to all n input bits. The resulting state is
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|0� ⊗ |x�,

a superposition of all possible inputs. If we apply the circuit implementing
the function f , then we obtain as a result
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|f(x)� ⊗ |x�.

Thus, the circuit evaluates the function f for all possible inputs at once.

Exercise 2.27 Design a quantum circuit that implements the parity function
f(x2, x1, x0) = x2⊕x1⊕x0. Show how this circuit can be used to generate the
state 1

2 (|0000�+ |1010�+ |1100�+ |0110�) . Assume that the input is |0000�.
You can use additional single qubit gates to obtain this result.


