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Abstract : A crucial objective in quantum chemistry is the computation of the energy levels of chemical systems. This task
requires electron-repulsion integrals as inputs, and the steep computational cost of evaluating these integrals poses a major
numerical challenge in efficient implementation of quantum chemical software. This work presents a moment-based machine-
learning approach for the efficient evaluation of electron-repulsion integrals. These integrals were approximated using linear
combinations of a small number of moments. Machine learning algorithms were applied to estimate the coefficients in the
linear combination. A random forest approach was used to identify promising features using a recursive feature elimination
approach, which performed best for learning the sign of each coefficient but not the magnitude. A neural network with two
hidden layers were then used to learn the coefficient magnitudes along with an iterative feature masking approach to perform
input vector compression, identifying a small subset of orbitals whose coefficients are sufficient for the quantum state energy
computation. Finally, a small ensemble of neural networks (with a median rule for decision fusion) was shown to improve
results when compared to a single network.
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forests, neural networks, feature extraction
Conference Title : ICQMML 2023 : International Conference on Quantum Mechanics and Machine Learning
Conference Location : New York, United States
Conference Dates : December 11-12, 2023

World Academy of Science, Engineering and Technology
International Journal of Computer and Information Engineering

Vol:17, No:12, 2023

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 C
om

pu
te

r a
nd

 In
fo

rm
at

io
n 

En
gi

ne
er

in
g 

Vo
l:1

7,
 N

o:
12

, 2
02

3 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/a
bs

tr
ac

ts
/1

67
15

2.
pd

f

ISNI:0000000091950263International Scholarly and Scientific Research & Innovation 17(12) 2023 1

https://publications.waset.org/abstracts/167152.pdf

