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Alltoall

－Large amount of inter-process traffic

＋Bandwidth bound and can be handled by collectives

P1
P2

P3 # orbitals

# energies

P1

P2

P3

# orbitals

# energies

Element-Wise Product + Correlate / Convolve



Computational challenges

22.07.2026Integrated Systems Laboratory 62



Computational challenges

22.07.2026Integrated Systems Laboratory 63

● Large memory requirements

● Repeated solution of large systems of equations

● Significant communication volumes FFT Convolve

Alltoall

AlltoallAlltoall

Alltoall
OBC

Linear Solve

OBC

Linear Solve

# orbitals ~ 10,000-100,000

# energies ~ 10,000-100,000

# cycles ~ 100

Characteristic Simulation Properties
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● Memory cost significantly lowered

● Communication volume

and FFT workload essentially halved (!)
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Accelerator NVIDIA GH200 AMD Instinct MI250X

Memory per GPU device 96 GB 64 GB

FP64 Tensor Performance 

per GPU device
67 Tflop/s 47.85 Tflop/s

Total # GPU devices 10,400 76,832

Rmax (Pflop/s) 435 1,353
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42,240 Atoms, and Sustained Exascale Performance

Alps Frontier

NR-44 NR-40

# Atoms 46,464 42,240

# Energies 4,700 18,800

# Nodes 2,350 9,400

Workload (Pflop) 8,687 48,253

Time per iteration (s) 25.4 42.1

Performance (Pflop/s) 343 1,146

Scaled Rmax (%) 87.2 86.5
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Summary

• quatrex: New DFT+NEGF+GW solver

• Significant improvements in simulation 

throughput / time to solution

• Overco e “ oft ca ” on  olvable  evice  ize to 

simulate realistic devices

• Strong foundation for exploring other 

dissipative quantum transport mechanisms 

  honon ,  hoton , … 
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quatrex
github.com/quatrex/quatrex
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