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Deutsch’s problem
—

Definition 6.1 (Deutsch’s Problem) Letn € Nand f: {0,1}" — {0,1} be a
function of which we know that it is

either constant, that is,
f(x)=ce{0,1} forall x € {0, 1}"
or balanced, thatis,

£l = 0 for one half of the x € {0, 1 }"
1 for the other half of the x € {0,1}"

DEUTSCH’S Problem is to find the most efficient way to decide with certainty
whether f is constant or balanced.
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Deutsch-Jozsa algorithm

—

Proposition 6.2 Let f be as in Definition 6.1 and

Ur: H @ H — H" @ H
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Then there is a quantum algorithm which uses only bne application of Uy and
solves DEUTSCH's problem.
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Reminder...
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“1. Prepare two quantum registers. The first is an n-qubit register initialized to |0), and the
second is a one-qubit register initialized to |1):
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2. Apply a Hadamard gate to each qubit:
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3. Apply the quantum oracle |z)|y) to |z)|y &
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since for each @, f(z) is either 0 or 1.
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https://docs.microsoft.com/en-us/azure/quantum/concepts-oracles
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4. At this point the second single qubit register may be ignored. Apply a Hadamard gate to
each qubit in the first register:
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where z -y = xoyo B x1y1 D . .. B Tn—1Yn—1 is the sum of the bitwise product.
5. Measure the first register. Notice that the probability of measuring

[0)em = \2% ilol(—l)f(’”)P, which evaluates to 1if f(z) is constant and 0 if f(z) is

balanced.
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