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Quantum factoring algorithms

Given an 0-bit integer 00, compute its prime factorisation in polyl00 time.

0 Believed to be classically hard (current fastest algorithms take time 0520°"0)1
0 Shor’s algorithm: this is quantumly doable
0 Key idea: run quantum period finding on 0000 O 0° mod O

10000 hides constant factors. [H000 hides polyOlog OO factors.
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Bottleneck: computing 0000

Task: compute 00000 OJ 000000000 O 00000° mod OO

0 Shor, Beauregard: doable with:
0 Gates: 0000
0 Qubits: 1 for 0, O for 0¥ mod O, and
0 O 0000 ancilla qubits

0 Meyer et al.: gates down to 000201

0 Chevignard et al.:

0 Gates: back to 000D

0 Qubits: 0000 O 000 for O and O0log OO
output bits and ancillas (just compute
lowest-order bits of 0” mod [)

0 Gidney: concrete improvements to
Chevignard et al.

A

Chevignard et al. Gidney
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Enter Regev

Core of Shor’s algorithm Core of Regev’s algorithm

0]
000M0 3 05° mod 00 where

0000 O 0 mod O0 where —
0 O 0P 0 O 00000 and 0, O 00200
Gates: G10°0 (per shot) Gates: G10°U7 (per shot)

Qubits: 00101



- Previous approaches to Regev
» Original algorithm: fewer gates,
» Making things reversible Fibonacci arithmetic

« Pebbling!
» Pebble games: accepting irreversibility
» Previous work: adding parallelism 25 spookiness

«  Our work: parallelism and spookiness join forces
«  Example
» Pebbling results
« Factoring results
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