CS6846 — Quantum Algorithms and Cryptography

Simon's and Bernstein-Vazirani Algorithms

Instructor: Shweta Agrawal, [IT Madras
Email; shweta@cse.iitm.ac.in
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-
Simon's Algorithm

Given a function f : {0,1}"” — {0,1}" such that: @:@
@ f is two-to-one
o Vx,y: f(x)=f(y) <= y = x&s for some fixed s # 0"
find the value of s.
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Classical Randomized: ©(2"/?).
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[ Quantum: O(n) queries: exponential speedup! ]
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Given a function f : {0,1}"” — {0,1}" such that:

@ f is two-to-one
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Classical Randomized: ©(2"/?).

[ Quantum: O(n) queries: exponential speedup! ]
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-
Simon's Algorithm

Given a function f : {0,1}" — {0,1}" such that (i) f is two-to-one,
(i) Vx,y : f(x) = f(y) < y = x @ s for some fixed s # 07, find
the value of s.

Algorithm:
o Prepare a superposition H®"(|07)) = 1> 37 [x).
Apply the unitary function Ur to this, with anC|IIary 0" qubits.

Measure the last n registers in the computational basis. Discard.

°
°
@ Apply the quantum fourier transform H®" to first n registers.
@ Measure this state. 1 owrpwkb

°

Repeat above steps “many” times.
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Simon'’s Algorithm: Analysis
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Simon'’s Algorithm: Analysis
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-
Simon'’s Algorithm: Analysis
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Exercise

Given oracle access to f : {0,1}" — {0,1} where f(x) = (x,s) ( mod 2)
for all x € {0,1}". What is s?

Classically. M q,wer e s
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