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Lecture 8 (Quantum Algorithms 4): Shor’s Algorithm



Shor’s algorithm in short

gcd(ar/2 − 1, N) gcd(ar/2 + 1, N)



An algorithm to factor numbers 

1. Pick a random number a < N. 

2. Compute gcd(a,N), the greatest common divisor of a and N. 

3. If gcd(a,N)≠1, then this number is a nontrivial factor of N,  so 
we are done. 

4. Otherwise, use a period-finding subroutine to find r which 
denotes the period of the following function: 
 

5. If r is odd, or a to the power of r/2 gives N-1 modulo N, then 
go back to step 1.  

6. Otherwise, we have a nontrivial factor of N: 

f(x) = ax mod N

gcd(ar/2 − 1, N) gcd(ar/2 + 1, N)



Modular multiplication and period finding

gcd(ar/2 − 1, N) gcd(ar/2 + 1, N)



Recap: Quantum Fourier Transform

Applying the quantum Fourier transform means that we do a  
DFT on the amplitudes of a quantum state:



Recap: Circuits for the Quantum Fourier Transform



Shor’s algorithm as a black box algorithm



Shor’s algorithm as a black box algorithm



Shor’s algorithm as a black box algorithm
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Decomposing the Black Box in Shor’s algorithm



Decomposing the Black Box in Shor’s algorithm

If one has an efficient description of a unitary in terms of a 
circuit, it is easy to make an efficient circuit description of  
the controlled version of this unitary:  



Decomposing the Black Box in Shor’s algorithm

If one has an efficient description of a unitary in terms of a 
circuit, it is easy to make an efficient circuit description of  
the controlled version of this unitary: each elementary gate  
in the circuit has to be replaced by its controlled version



Decomposing the Black Box in Shor’s algorithm

There exists efficient circuit descriptions of  
  the modular multiplication



Optimizing Shor’s algorithm



Exercise 1
Build the circuit below with Qiskit, and show that it  
implements the modular multiplication



Exercise 2

Using the notebook at  
github.com/Qiskit/qiskit-tutorials/blob/master/community/
algorithms/shor_algorithm.ipynb 
implant the period finding part of Shor’s algorithm with 
an optimized circuit

http://github.com/Qiskit/qiskit-tutorials/blob/master/community/algorithms/shor_algorithm.ipynb
http://github.com/Qiskit/qiskit-tutorials/blob/master/community/algorithms/shor_algorithm.ipynb

