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Full-CI

Full Configuration Interaction (FCI)

Exact solution of ĤΨ = EΨ in a complete basis of Slater determinants
The determinant basis is derived from the one-electron basis set
Only approximation : one-electron basis-set incompleteness
Intractable : O(N!) scaling
All the post-Hartree-Fock methods are approximations of the FCI within the same
basis set



Conventional algorithms



Selected CI



CIPSI Algorithm

CIPSI Algorithm1

Start with D0 = {|HF〉} and |Ψ0〉 = |HF〉.

1 ∀ |i〉 ∈ {T̂SD|Ψn〉} \ {Dn}, compute ei = 〈i |H|Ψn〉2
E(Ψn)−〈i |H|i〉

2 if |ei | > εn, select |i〉
3 Estimated energy : E (Ψn) + EPT2(Ψn) = E (Ψn) +

∑
i ei

4 Dn+1 = Dn ∪ {∪i(selected)|i〉}
5 Minimize E (Ψn+1) (Davidson),

Ψn+1 = Ψn +
∑

i(selected) ci |i〉
6 Choose εn+1 < εn

7 Iterate

1B. Huron, J.P. Malrieu, and P. Rancurel, J. Chem. Phys. 58, 5745 (1973).



CIPSI
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When Ndet = NFCI, EPT2 = 0, CI is solved exactly.
Every CI problem can be solved by iterative perturbative selection



Extrapolated FCI energy

exFCI : Extrapolate E = f (EPT2) at EPT2 = 0, estimates the complete CI solution.
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FCI wave function can’t be
computed or even stored:

NFCI = 2.5× 1025

= 42.4 moles



HPC

OpenMP / MPI / ZeroMQ
HPC environments
Cloud environments
Resources can be increased
dynamically
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Applications



Applications



Applications



Quantum Package

https://quantumpackage.github.io/qp2

Open-source programming environment for quantum chemistry
Uses determinant-driven algorithms : can solve CI problems with arbitrary CI
spaces
Efficient CIPSI and stochastic PT2 computational kernels
Designed first for for programmers, but easy to use
Users are encouraged to develop their own plugins, which they can redistribute
autonomously

https://quantumpackage.github.io/qp2

