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TIME DEPENDENT 
SCHRODINGER EQUATION
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Time-Dependent Schrodinger Equation (TDSE)
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Chelikowsky, James R. "Extending the Scale with Real-Space 
Methods for the Electronic Structure Problem." Handbook of 
Materials Modeling: Methods: Theory and Modeling (2020): 
499-522.

In one node with 8 A100 
Peak 156 TFLOPs, FP32 (Tensor Core)

Supercomputer «cHARISMa» HSE University



Algorithm of 1D 
Time-Dependent Schrodinger Equation (TDSE)
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Taylor series of matrix exponent
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Multi-GPU GEMM

Choi Y. R., Nikolskiy V., Stegailov V. Matrix-Matrix Multiplication Using Multiple GPUs Connected by Nvlink, in: 2020 
Global Smart Industry Conference (GloSIC). IEEE, 2020. P. 354-361. 
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Algorithm of TDSE numerical solution
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Number of iterations and error rate

9



Number of iterations and error rate
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1D TDSE MODEL FOR H2
+

NUMERICAL EXPERIMENT 

11



Model of the interaction between a 
hydrogen atom and an electron
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Soft-Core Coulomb 
potential

𝑉 𝑟 =
−𝑍
𝑟% + 𝑎

Movement of the center

𝑉 𝑟, 𝑡 =
−𝑍

(𝑟 − α sin(β𝑡))%+𝑎

Soft-Core Coulomb potential with 
trigonometric motion 



Solutions of stationary Schrodinger 
Equation
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𝑍 = 30
𝑎 = 0.1

𝑉 𝑟, 𝑡 =
−𝑍
𝑟% + 𝑎

Electron density distributions



Model with two H+ and an electron in 
stationary state
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𝑍 = 30
𝑎 = 0.1
Δ𝑟 = 0.1
Δ𝑡 = 0.002

𝑉 𝑟, 𝑡 =
−𝑍
𝑟% + 𝑎



Model with two H+ and an electron with 
sinusoidal motion of protons
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𝑍 = 30
𝑎 = 0.1
α = 0.5
β = 3
Δ𝑟 = 0.1
Δ𝑡 = 0.002



Computation time on nodes of 
supercomputer «cHARISMa»
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One time iteration runtime (sec) 
with matrix A sized 𝑁 ∗ 𝑁
Choi Y. R., Nikolskiy V., Stegailov V. Tuning of a Matrix-Matrix 
Multiplication Algorithm for Several GPUs Connected by Fast 
Communication Links,  in: Parallel Computational Technologies: 
16th International Conference, PCT 2022, Dubna, Russia, March 
29–31, 2022, Revised Selected Papers. Springer, 2022. Ch. 12. 
P. 158-171.



Profile of TDSE Algorithm 
on 4*V100 GPUs
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Computation
Data transfer P2P

Zoom in

Multi-GPU GEMM Matrix Exponent



Summary
Ø Developed and studied brute-force approach for 1D TDSE 
algorithm based on arbitrary matrix exponent with multi-GPU 
GEMM algorithm implementation with no assumptions on the 
structure of the Hamiltonian matrix and on the system symmetry
Ø High speed recalculation of the Hamiltonian exponent opens the 
possibility to study the processes that include the coupled electron-
ion quantum dynamics

Ø Non-adiabatic (vibronic) energy transfer was modelled from 
moving nuclei to the single electron excitation of H2

+
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