
Lanczos algorithm

General facts

! Developed by Cornelius Lanczos in the 1950s

! Fast convergence of extremal (smallest or largest) eigenstates

! Simple iterative algorithm (only sparse MVM), low memory requirements

! Belongs to the class of Krylov space methods

Algorithm

! Starting from random |φ0⟩ build a tridiagonal matrix with:

|φ′⟩ = H|φn⟩ − βn|φn−1⟩ ,

αn = ⟨φn|φ′⟩ ,

|φ′′⟩ = |φ′⟩ − αn|φn⟩ ,

βn+1 = ||φ′′|| =
√

⟨φ′′|φ′′⟩ ,

|φn+1⟩ = |φ′′⟩/βn+1 ,
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 Lanczos Algorithm (C. Lanczos, 1950)

 Eigenvalues of HN converge rapidly
 towards eigenvalues of H.

 Once desired eigenvalue is converged,
 restart recursion and assemble the 
 eigenvector.

Three vector recursion

very quick convergence for extremal eigenvalues !

Linear Algebra:
The most popular: Lanczos Algorithm


