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１． Background and purpose of the project, 

relationship of the project with other projects 

In quantum chemical computations, the evaluation 

of two-electron integrals is the most time-consuming 

bane for the applications to pragmatically large 

systems. While tremendous effort to accelerate 

Coulomb integration has borne useful fruits, such as 

the fast multipole moment method, the acceleration 

scheme for HF exchange integrals has been still 

tediously slow. Therefore, the high demand of 

computational cost for long-tailed HF exchange 

integral is now a critical bottle-neck of the broad and 

active applications of hybrid and long-range 

corrected (LC) DFT functionals to real-sized systems, 

such as nano-materials, solid state materials, 

surface chemical systems, biomolecules, and so on. 

In this project, we presented a new method to speed 

up the evaluation of long-range HF exchange 

integrals, which is of critical importance in the 

applications of LC-DFT to real-sized systems. 

Specifically, we proposed a new attenuating operator 

that employs Gaussian functions for which a new 

screening method that we very recently developed 

will be actively used. We then showed that this new 

method reproduces the energies and properties of 

LC-DFT with shorter computational time for 

systems under the periodic boundary condition 

(PBC), as well as for large molecular systems. 

 

２． Specific usage status of the system and 

calculation method 

In this project, we used RICC (mpc) machines for 

estimating the CPU time for the two-electron HF 

exchange integration accelerated by newly proposed 

methods. 

 

３． Result 

We implemented our newly-proposed algorithm 

which uses a new attenuating operator consisting of 

two Gaussian functions in our development version 

of Gaussian09 and found that new algori 

Figure shows that the CPU time spent for achieving 

the energy convergence of the 1st self-consistent field 

cycle of periodic diamond system according to 

LC-ωPBE, B3LYP, and new algorithm for LC-ωPBE 

[LC-ωPBE(2Gau)] obtained using Gaussian09. As 

shown in the figure, new algorithm succeeds in 

accelerating the evaluation time for long-range HF 

exchange integrations. 

 

 

４． Conclusion 

We found that new algorithm results in achieving 15 

times faster convergence of the 1st SCF cycle than 

the conventional LC-ωPBE calculations. 

 

５． Schedule and prospect for the future 

We expect to propose an improved algorithm for 

evaluating two electron HF exchange integrals of 

Gaussian function operator in the near future, which 

will accelerate much more LC-DFT calculations. 
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