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Balanced or equal function Game
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Constant: f(x) = c Vz fx)] ol olo|lo|lo|lo]o]o

Balanced: f(z) =1 on half of the bits x | 000|001 |010]| 011|100 101110111

@ How many queries to the function we need to answer with full certainty?

® (Classical oracle 2" /2 queries.
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® Quantum:




Oracles

)

“An oracle is a person or agency considered to provide wise and insightful counsel or prophetic predictions
or precognition of the future, inspired by the gods. As such it is a form of divination.” Wikipedia

Classical oracle

An oracle is a sort of subroutine

)

In the oracle model we do not care about
the complexity of the circuit, only about
the existence of a circuit.

In the oracle model the resource is the
number of calls to the oracle: queries.
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https://en.wikipedia.org/wiki/Oracle

Deutsch-Jozsa Algorithm
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Parallelization
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Parallelization
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Phase Kickback
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If constant function
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If constant function

//f {0,13" — {0,1} N Wlo> le1> |¢l2> Iib3> N
Constant: f(x) = c Vx 0) —{ H H =
L Balanced: f(x) =1 on half of the bits ) 0) — H = D
0)— H Uf -
noo 1 0) — S Eyea
|0>®”H®>¢272|x> L S %%
xe{0,1}" 4 | R
Uf 1 ‘¢1> — \/Q—n Z ‘£U>
> (—1)7 @) |z) z€{0,1}n
T 2 — <
o) = —= > (=1)!Px)
= > i f) = e




Balanced case
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Walsh—Hadamard transform
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Walsh—Hadamard transform
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Walsh—Hadamard transform
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Balanced case
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Balanced case
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Balanced or equal function Game
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Balanced or equal function Game

f:10,1;" = {0, 1}
x |000(001|010| 011|100 101|110 (111

Constant: f(x) = c Vz fx)] ol olo|lo|lo|lo]o]o

Balanced: f(z) =1 on half of the bits x | 000|001 |010]| 011|100 101110111

® Classical oracle 2" /2 queries.

® Quantum:




Classical strategies

(0" (0.1) ) .

Constant: f(z) =c Vz é@ P
Balanced: f(z) =1 on half of the bits
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® Deterministic solution

We need > 2" /2 queries: if balance we could just always obtain the same value

® Probabilistic solution

We need only 2 queries to solve it with probability 2/3

Protocol
1 — Query two values z and z’

2 —1If f(x) # f(2") output balanced

3—1If f(z) = f(z) say constant with probability 2/3
and balanced with probability 1/3
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