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Numerical atom-centered orbitals (NAOs)
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Vahtras et al., Chemical Physics Letters 1993, 213 (5-6).

Goal: Accurate low-scaling core-level 
GW for extended Systems
• RI must be accurate for a wide energy range
• Scaling to 1000+ atomic systems
• Massively parallel
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Sparsity leads to lower scaling
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Existing RI-V implementation:

• Parallelization over aux. functions P for  
• Good for small systems
• Inefficient for big systems

(μν |m P)

Idea for new RI-V and RI-AtC implementation:

• Better parallelization by domain decomposition
• Borrowing Idea from DFT
• RI-V ( ) and RI-AtC ( )𝒪(N2) 𝒪(N1)

V. Havu et al.,  Journal of Computational 
Physics 2009, 228(22), 8367.
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Better for GPUs
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Benzene
PBE0 // Tier 2

Reference: ultra tight old RI-V 

Different Grids!
But they converge to the 
same result
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Large, sparse systems not the 
scope of old implementation
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Alanine chains
Tier 2 basis
Coulomb metric (RI-V)
JUPITER booster
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RI has high memory demand!
On how many nodes can 
I run my calculation?

Overshooting resources is ok 
when strong scaling is good 

• No CPUh wasted
• Faster results
• HPC favors large jobs
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Tier 2 Basis
Juwels Cluster 
10 Nodes (480 Tasks)



Scaling with system size: Big systems

Alanine chains
Coulomb metric (RI-V)
PC2 Noctua 
128 - 16 384 CPUs

16
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Attenuated metric (RI-AtC)
Juwels Booster
1 Node (48 MPI Tasks)

+ 4 NVIDIA A100
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Summary

• Massively parallel RI-implementation
• Very accurate 
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16 Nodes (768 MPI tasks)

JUWELS Cluster

Tier 1 // tight grid

Sigmoid attenuation
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DFT

2-electron 
Integrals 
(μν |λσ)

Low-scaling RPA/GW
(Many body perturbation theory)

ϕ(r) =
u(r)

r
Ylm(r)

Numerical atom-centered orbitals (NAOs)

Blum et al., Computer Physics Communications 2009, 180 (11).
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