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• Two-Electron Integral

• One-Electron Integral
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• HF/DFT and After Single Particle Orbital



Ø Gaussian-Type Orbitals(GTOs)Ø Slater-Type Orbitals(STOs)

Ø Plane Waves(PWs)Ø Numerical Atomic Orbitals(NAOs)

• atom-centered
• Natural nuclear cusp and exponential tail

• atom-centered
• Standard choice for molecular calculations
• Efficient evaluation of multicenter integrals

• Delocalized and orthonormal
• Naturally adapted to periodic systems
• Systematically converged with an energy cutoff

• Radial functions tabulated numerically
• Compact and flexible atom-centered basis

𝜙+,ℓ.STO 𝒓 ∝ 𝑟,/(𝑒/+0𝑌ℓ. <r

𝜙1s
STO 𝑟 ∝ 𝑒/+0

𝑑𝜙1s
STO 𝑟
𝑑r |012 = −𝜁

𝜙3,ℓ.GTO 𝑟 ∝ 𝑟% ,/( /ℓ𝑒/30!𝑌ℓ. 𝑟̂

𝜙1s
GTO 𝑟 ∝ 𝑒/30! 𝑑𝜙1s

456 𝑟
𝑑r |012 = 0





Ø Basis Set Family

• Valence flexibility: use double-, triple-, or 

higher-𝜁 descriptions to give each valence orbital 

several radial shapes

• Polarization functions: add higher angular 

momenta to describe anisotropic density, bonding, 

and angular correlation

• Diffuse functions: add small exponents to describe 

long-range density (anions, Rydberg states, noncovalent 

interactions, multipoles, (hyper)polarizabilities, etc)

• Tight functions: add large exponents to descrive core 

region (core correlation, nuclear magnetic shielding, 

spin-spin coupling constants, etc)

6-311++G**
6-> Six primitive functions for core orbital

3-> three primitive functions for inner orbital

1-> one primitive functions for valence orbital

++->diffusion primitive function 

**->polarized primitive function 



Ø Basis Set Family

Github.com/pfloos/ESQC_2026

https://github.com/pfloos/ESQC_2026
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Ø Contracted Multi-Zeta Basis Set



Ø Contracted Multi-Zeta Basis Set



Ø 1: Neural Network Atom Basis Designing and Training

𝜙7,92 𝑟 =D
:

𝑑7:𝑁; 𝜌7%𝛼7: exp −𝜌7%𝛼7:𝑟%

𝜌<7 = exp ln 2 tanh 𝜂<7 , 𝜌<7 ∈ 0.5,2

𝜂<7 → {𝜙7,92 𝑟 } → {𝑆, ℎ, (𝜇𝜈|𝜆𝜎)} → 𝑆𝐶𝐹 → 𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑏𝑙𝑒𝑠





Ø 1: Neural Network Atom Basis Designing and Training



Ø 1: Neural Network Atom Basis Designing and Training
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Ø SelfNet Layer

Ø PairNet Layer

Ø Expansion Layer

𝑚=>7
?"#$ =D

??

𝐹7
?%&?'?"#$ 𝑟=> ,

𝑟=>
|𝑟=>|

⊗ 𝑥>7
?%&

?"#$

j𝑥= = 𝑓?=,@A0(𝑥= +D
>

𝑚=>)

𝑓==
?"#$ = 𝑾𝒍𝒊𝒏𝒓𝒍𝒊𝒏𝒍𝒍𝒐𝒖𝒕𝒙𝒍𝒊

𝒍𝒊𝒏 ⊗𝒙𝒓𝒊
𝒍𝒊𝒏

𝒍𝒐𝒖𝒕

𝑓=>
?"#$ = 𝑭𝒍𝒊𝒏𝒓𝒍𝒊𝒏𝒍𝒍𝒐𝒖𝒕(𝒓𝒊𝒋)𝒙𝒊

𝒍𝒊𝒏𝒊 ⊗𝒙𝒋
𝒍𝒊𝒏𝒋

𝒍𝒐𝒖𝒕

⊗𝑓=>
?0

.1,.!

?1,?!
=D

.

𝐶?1.1,?!.!
?0.0 𝑓=>

?0

𝐹.
?%&?'(𝒓𝒊𝒋) = 𝑅?%&?' 𝒓𝒊𝒋 𝑌.

?' (
𝒓𝒊𝒋
𝒓𝒊𝒋

)

Ø SO(3) Convolution Filter
𝑌.
?' 𝒓𝒊𝒋

𝒓𝒊𝒋
→Harmonic Spherical Function

𝑅?%&?' 𝒓𝒊𝒋 →Feed Forward Network

Hamiltonian Learning ✅  

Neural Network Basis Set ❌



• Differential SCF code for DFT/HF and implicit differential Davidson solver code for TDDFT

l Functional-GradTDDFT

• Basis Set Library and Electronic Integral Module With Jax Based Contraction Operator

• Neural Network for Optimization of Gaussian-Type Orbital

l Outlook

• Highly Efficient Integral Module for AD

• SE(3) Equivariant Neural Network Basis Set 

• Neural Network Based NAO(More Flexible Form)

• Form GradTDDFT to GradSCF (Electronic 

Structure Infra for AI) 





Ø Basic Operation

n Atom operations

n Bond operations

n Fragment operations

• Add Atom

• Remove Atom

• Replace Atom

• Add Bond

• Remove Bond

• Change Bond

• Attach Fragment

• Detach Fragment

• Substitute Fragment







Github.com/STOKES-DOT/oh-my-llm-wiki
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Parent Molecule

Edited Molecule



Parent Molecule

Edited Molecule



Parent Molecule

Edited Molecule





Github.com/STOKES-DOT/Multi-Agent-Swarm
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