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Basics of Quantum Computing



Quantum Algorithms



Algorithm: Factoring (1994)
Speedup: Superpolynomial
Description: Given an n-bit integer, find the prime factorization. 

The quantum algorithm of Peter Shor solves this in O(n3) time. The fastest known classical algorithm 

for integer factorization is the general number field sieve, which runs in time exp(O(n1/3))
Shor's factoring algorithm breaks RSA public-key encryption and the closely related quantum 
algorithms for discrete logarithms break the DSA and ECDSA digital signature schemes and the 
Diffie-Hellman key-exchange protocol.

Peter Shor,  MIT

Some practical quantum algorithms 

https://math.nist.gov/quantum/zoo/

Algorithm: Searching (1996)
Speedup: Polynomial
Description: We are given an oracle with N allowed inputs. For one input w ("the winner") the 
corresponding output is 1, and for all other inputs the corresponding output is 0. The task is to find w. 

On a classical computer this requires Ω(N) queries. The quantum algorithm of Lov Grover achieves this 

using O(N1/2) queries, which is optimal.

Lov Grover,  Bell Labs

Algorithm: Linear Systems (2008)
Speedup: Superpolynomial

Description: We are given oracle access to an n×n matrix A and some description of a vector b. We 
wish to find some property of f(A)b for some efficiently computable function f. Suppose A is a 
Hermitian matrix with O(polylog n) nonzero entries in each row and condition number k. As it was 

shown, a quantum computer can in O(k2logn) time compute to polynomial precision various expectation 
values of operators with respect to the vector f(A)b (provided that a quantum state proportional to b is 
efficiently constructable). For certain functions, such as f(x)=1/x, this procedure can be extended to 
non-Hermitian and even non-square A. The runtime of this algorithm was subsequently improved 

to O(k log3k logn). 
Seth LLoyd,  MIT
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Equal superposition of 5-qubit states on 
quantum computer of IBM 
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Circuit structure for Grover’s algorithm



Circuit for Grover’s algorithm for N=2



5-qubit quantum processors



2-qubit Grover search


