Shor's Algorithm and the Quantum Fourier
Transform

Samar A. Aseeri

April 15, 2026



Overview of Shor's Algorithm

» Developed by Peter Shor in 1994.
» A quantum algorithm for integer factorization.
» Efficiently factors large integers in polynomial time.

» Key application: Breaking RSA encryption.



Classical vs Quantum Factorization

» Classical algorithms (e.g., Pollard’s rho) take exponential time.
» Shor's algorithm runs in polynomial time:

O ((log N)?(log log N)(log N))
» Utilizes quantum parallelism and interference.



Steps of Shor's Algorithm

Ll

Choose a random integer a such that 1 < a < N.
Compute the greatest common divisor (GCD): r = gecd(a, N)
If r is even, proceed; otherwise, repeat.

Use the Quantum Fourier Transform to find the order r of a
modulo N.

Use r to find factors of N.



Quantum Fourier Transform

» The QFT for N qubits is defined as:
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» It transforms the state |x) into a superposition of frequency
components.



Matrix Representation of QFT

» The QFT can be represented as a unitary matrix U:
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Role of QFT in Shor's Algorithm

» QFT is used to efficiently find the period r of the function:
f(x)=2a* mod N
» The transformation is performed on O(log N) qubits.

» The output of QFT helps in determining the order r with high
probability.



Conclusion

» Shor's algorithm demonstrates the power of quantum
computing.

» The Quantum Fourier Transform is a critical component
enabling efficient factorization.

» Potential implications for cryptography and security.
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