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ASI – Application Programming Interface

Your code in
● C
● C++
● Fortran
● Python
● Julia

FHI-aims ASI API

● Forces
● Atomic charges
● Electrostatic potential
● Hamiltonian matrix
● Density matrix
● Overlap matrix

● Atomic coordinates
● Electrostatic potential
● Initial density matrix
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Motivation

10.1021/acs.jctc.8b01036 10.1038/s41467-019-12875-2

QM/MLQM/MM
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Electrostatic embedding
● ChemShell QM/MM
● Image charge augmented 

QM/MM (CP2K)

A review: 10.1039/D2CP04537K

10.1021/acs.jctc.8b01036

10.1021/ct400698y

ASI helps to avoid proxy
charges ESP representation 
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- DFTB deep learning (small hydrocarbons, bulk aluminium)

- SchNOrb (water, ethanol, malondialdehyde, uraci)

- SA-GPR (small hydrocarbons)

ML models of electronic structure
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- DFTB deep learning (small hydrocarbons, bulk aluminium)

- Predicted quantity: H 

- SchNOrb (water, ethanol, malondialdehyde, uraci)

- Predicted quantities: H, S

- SA-GPR (small hydrocarbons)
            - Predicted quantities: ρ 

ML models of electronic structure
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Core DFT algorithm
atomic coordinates

H – Hamiltonian operator

C – wave function expansion 

coefficients

S – overlap matrix  
ρ – electronic density 

Initial electron 
density guess

Kohn-Sham-Roothan
 equation
HC = SCϵ

SCF
converged?

C → ρ → H

Total energy, DOS,
band structure, ...
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Place of electronic structure ML
atomic coordinates

Initial electron 
density guess

Kohn-Sham-Roothan
 equation
HC = SCϵ

SCF
converged?

C → ρ → H

Total energy, DOS,
band structure, ...

Electronic structure
ML model

ρ, H
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Difficulties of application of 
electronic structure ML models

● Huge size of predicted data arrays (matrices, 
fields): 200 MB per matrix for a 100 water 
molecules 

● Lack of efficient and convenient ways for 
import and export such data



  10

API’s of FHI-aims
● i-PI 

– widely adopted, ASE wrapper, MolSSI Driver Interface wrapper
– classical quantities (small data)

● Text I/O
– great ASE wrapper
– classical quantities (small data)

● File I/O (elsi_restart)
– need of conversion, synchronization
– performance is tricky
– only density matrix currently

● CFFI (by Jan Hermann)
– Python-only
– somewhat abandoned
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ASI API Requirements

1. efficient for large data structures
(high speed and low memory footprint)

2. easy-to-use
3. easy-to-implement
4. portable
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ASI API is a plain C API
● Can be implemented efficiently

● No added complexity for deployment

● Portable 
○ Fortran iso_c_binding
○ Python ctypes, asi4py
○ Julia ccall

● Compatible with
○ MPI
○ BLAS
○ ScaLAPACK
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Key functionality of ASI API 
● Control flow (minimal)
● Classical MD (for convenience)
● Electrostatic potential (QM/MM)
● Kohn-Sham-Roothaan matrices (QM/ML)

Total: ~24 functions
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ASI control flow functions

Minimal set for the sake of simple and non-
invasive implementation
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ASI classical MD functions

● Repeats i-PI functionality
● For the sake of convenience



  16

ASI electrostatic potential functions

● Use callbacks for setting ESP
● Two ways to set ESP (like in DFTB+ ): 

◦ before SCF loop
◦ during SCF loop

● For QM/MM embedding
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ASI for Kohn-Sham-Roothaan matrices 

● Use callbacks for getting and setting matrices
● Use BLACS for distributed matrices
● Parallelization over k-points and spin channels

● For QM/ML methods
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Place of ASI in FHI-aims
Initial electron 
density guess

Kohn-Sham-Roothan
 equation
HC = SCϵ

SCF
converged?

C → ρ → H

Total energy, DOS,
band structure, ...

Electronic structure
ML model

ASI_init()
ASI_set_coords()
ASI_set_external_potential() ρ

ASI_run()

ρ, H

S

ASI_energy ()
ASI_forces ()
ASI_atomic_charges()
ASI_calc_esp ()

ASI_finalize ()
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Implementation details

● Part of FHI-aims 
set(BUILD_SHARED_LIBS ON CACHE STRING "")

● Python wrapper asi4py
pip install asi4py

FHI-aims

libaims.so

asi4py

Python client C client

ASI API



  20

Minimal C++ example
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Python DM export callback
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Matrices import/export
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SCF acceleration via DM prediction 
Initial electron 
density guess

Kohn-Sham-Roothan
 equation
HC = SCϵ

SCF
converged?

C → ρ → H

Total energy, DOS,
band structure, ...

SchNOrb ρ
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SchNOrb model for water

ρSchNOrb 

Julia 
Westermayr

Reinhard 
Maurer
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Denstiy matrix in localized basis
Each row/column 
corresponds to a basis 
function localized at some 
atom

arctan(abs(DM)*100))
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Free atom initialization
Each row/column 
corresponds to a basis 
function localized at some 
atom
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Molecular initialization
Each row/column 
corresponds to a basis 
function localized at some 
atom

dm_mols =bsum.bsum(bsum.bsum(ar.data.dm**2, [44]*4, axis=0 ), [44]*4, axis=1)**0.5
plt.imshow(np.arctan(np.abs(dm_mols/44/44)*100)); plt.show()
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SchNOrb model for water

ρSchNOrb 

Julia 
Westermayr

Reinhard 
Maurer
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DM stitching algorithm
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Errors over SCF loop
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Achieved SCF acceleration

6 12 21 101

Single point 15.83% 13.66% 7.64% 5.56%

Dynamics 25.15% 14.92% 14.74% 3.45%
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ASI availability
● FHI-aims master branch
● JOSS paper: 10.21105/joss.05186
● ASI sources & tests: https://gitlab.com/pvst/asi
● Documentation: https://pvst.gitlab.io/asi/
● asi4py in pip: https://pypi.org/project/asi4py/
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