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Large scale DFPT

Tripathi Nanoletters (2018)

phonons

for 72 atoms

Problems with DFPT on big systems

• 3 natom calculations

• CPU time / scaling

• memory

Melo Adv Quant Tech (2021)

GW BSE 

on 74 atoms

Similar issues in MBPT etc.


We want to mix the two!
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DFPT basics
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Gonze2+Lee  PhysRevB 55 10337, 10355 (1997)

Other non stationary expressions:
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Parallelization: the problem
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Trivially k parallel (NB also � )


Band parallel for i, but not for j


FFT grid ~ parallel: lots of dot products
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Load parallelization over i band index implemented (since forever)


But all GS bands are kept on each processor : cg cgq cg1


So memory explodes as: 3 * nspinor * mband * mpw * mkmem * nsppol
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Parallelization: possible solutions
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Memory explodes due to 


• large cells (mpw) 


• many atoms (mband)


• or both

What do we do?


1. openmp and just forget about it (limited by node RAM)


2. distribute FFT grid: complex + limited scaling


3. distribute band memory: I thought it was simpler…


4. or both ~ paral KGB (w/ transposition from band to FFT)
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Band parallelization details
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Limit bands per MPI thread for each cg cgq cg1: mband_mem

Routines modified: dfpt_ + scfcv → vtorho → vtowfk → cgwf

+ Non stationary expressions in dfpt_nstpaw nstwf…

b1-2 b7-8b5-6b3-4 b9-10

k1 k2 k3

nproc/nkpt must give rectangular distribution (subcomm of kpt) 


• !!! nkpt varies with each perturbation and spgroup !!!


• !!! tolerant in freezing out cpus which will not be used !!!

15 cores / 3 kpt = 5 which is divisor of 10 bands
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Processor distribution
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Profiling & performance

�8

First profiling tests (thanks Joao!)

LiF 2 atoms 1 k; 1 pert; 1000 bands

Walltime still going down @ 100 cores:


• Efficiency limit ~ 10-20 bands/proc


• Depends on physical system


• + hardware & software

NB : we are trading communications + operations for memory!
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Running now
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Benchmarking, big cells, full memory profiling (partly done)

MoS2 with SOC

107 atoms, 960 bands, 4 k

ecut 40


768 x 20h = 15kcore hours

768 = 4 (k) x 192 (band) 
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TODO list
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= 1GB

= 128 MB
Next frontiers:


• many v(nfft) and n(nfft) + other stuff present in the code


• npulayit instances → spread by proc, & do predictor/mixing 
steps in parallel there (usually trivially parallel in r)


• full paralKGB? Speedup limited to few (8?) FFT threads     

→ Better openmp at this level (already in many places)


• 2d + vacuum & GGA


