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Reductions Solve RSA

Factor big integers

Find period

Estimate Phase

Fourier Transform





Discrete 

Fourier 

Transform



1. We transform a vector of complex numbers 

to another vector of complex numbers

2. This is a one-to-one mapping, so inverse 

transform exists

3. This is not the same condition as in 

standard Fourier Transform where we 

transform binary vectors to binary vectors



INVERSE 

FOURIER 

TRANSFORM

Rotations on a unit-circle



 From previous 

slide

1. We can represent DFT and 

IDFT as matrix multiplication, 

but it would be wasteful.

2. We have butterflies in 

classical computing



Kronecker 

delta



Quantum

Fourier 

Transform



xi, yi, and D were 

derived earlier



swap



xi, yi, and D were 

derived earlier



How people figure out this circuit?

1. You have enough knowledge how to analyze quantum 

circuits – even few methods.

2. When you know the gates and what they do, and you 

have understanding what is done by parallel composition 

and what is done by serial composition, you get skill to 

invent new circuits.

1. Circuits give you ideas.

2. Heisenberg notation helps you to verify numerically for small data.

3. Dirac notation helps you to prove mathematically for arbitrary data.

1. The expansion shown at the bottom of last slide, that you already 

know from Deutsch, is a general form for all spectral transforms.

2. You can now invent new quantum transforms that correspond to 

well-known transforms from image processing and DSP



• So now we have a quantum Fourier 

Transform and a transform Inverse to it, 

but what can we do with them?

• We still have  constraints typical to 

quantum computing.



1. Observe that we have an input as a 

quantum state, not as a binary of mv 

vector.

2. Also the output is a  quantum state.

3. So we need special methods to use QFT, 

we cannot use it as it is, from vectors to 

vectors.



O(n2)







Concluding on QFT

1. In quantum computing, the quantum Fourier 

transform is a linear transformation on quantum 

bits, and is the quantum analogue of the discrete 

Fourier transform. 

2. The quantum Fourier transform is a part of many 

quantum algorithms, notably:

1. Shor's algorithm for factoring 

2. computing the discrete logarithm, 

3. the quantum phase estimation algorithm for estimating 

the eigenvalues of a unitary operator, 

4. algorithms for the hidden subgroup problem.



Concluding on QFT

1. The quantum Fourier transform can be performed 

efficiently on a quantum computer, with a particular 

decomposition into a product of simpler unitary matrices. 

2. Using a simple decomposition, the discrete Fourier 

transform can be implemented as a quantum circuit 

consisting of only O(n2) Hadamard gates and controlled 

phase shift gates, where n is the number of qubits.

3. This can be compared with the classical discrete Fourier 

transform, 

– which takes O(n2n) gates 

– (where n is the number of bits), 

– which is exponentially more than O(n2). 



Concluding on QFT

1. However, the quantum Fourier transform acts on a 

quantum state, 

1. whereas the classical Fourier transform acts on a vector, 

2. so the quantum Fourier transform can not give a generic 

exponential speedup for any task which requires the classical 

Fourier transform.

2. The best quantum Fourier transform algorithms known 

today require only O(nlogn) gates to achieve an efficient 

approximation.



Hadamard

Transform 

Review





QFT and vector of 

Hadamards are basic 

component blocks of 

Quantum Phase 

Estimation which we will 

discuss next


