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Breakdown of cost for 9 km HRES
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Breakdown of cost for 1 km HRES
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Spectral transforms and semi-implicit

one large direct and inverse transform
per timestep

main scalability bottleneck at high
resolution and high node counts

1D FFTs in Fourier space and GEMMs
in spectral space

Point-to-point communication and
AlltoAllv communications

z

µ
λ

P1 P2

P4P3

z

µ
λ

P2

P1

P4

P3

P1
P2 P3 P4

m=0 m=3 m=4 m=1 m=2 m=5 m=6

z

m
n

Grid Point Computations

Fourier
Transform

Legendre
Transform

Spectral Computations

Inverse
Fourier

Transform

Inverse
Legendre
Transform

T
ranspose

g
�

l
T

ranspose
l�

m
T

ranspose
m
�

s

T
ra

ns
po

se
s�

m
T

ra
ns

po
se

m
�

l
T

ra
ns

po
se

l�
g

P2

P1

P4

P3z

m

m=0 m=3 m=4 m=1 m=2 m=5 m=6

P1

P2

P3

P4
z

m
n

B

A

W

V

W

V

V

W

W
N N

µ

P1

P2

P3

P4

m=0 m=3 m=4 m=1 m=2 m=5 m=6

V

W

z

m
µ

Start of timestep

EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS 5



Semi-Lagrangian advection

Main source of communications in the
dynamics

Non-blocking point-to-point

Halo-width (blue) assumes wind
speeds much larger than observed in
atmosphere

Two-phase communication:

Entire blue halo filled for departure
point computation (SLCOMM)
Once departure point is known, only
the red halo is filled with the points
around departure point (SLCOMM2A)
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IFS atmosphere strong scaling from 9 km to 1 km

Very good strong scaling up to 2.8 km

Scalability drops at 1 km once the 2000 node count boundary is crossed
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Breakdown of cost for IFS 1 km strong scaling on LUMI-C
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Breakdown of cost for IFS 1 km strong scaling on MN5
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IFS atmosphere weak scaling

Very good weak scaling up to 4.5 km (90% on LUMI-C and 72% on MN5)

Drops down when going to 1 km (60% on LUMI-C and 49% on MN5)
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IFS atmosphere weak scaling on LUMI-C
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IFS atmosphere weak scaling on MN5
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IFS coupled strong scaling at 1 km

1 km IFS coupled with 1 km FESOM2 ocean
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IFS energy efficiency

Unsurprisingly, best energy efficiency is obtained at the lower end of the scaling
curve
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Beyond 1 km and next steps

First IFS 700m simulation performed on Leonardo Booster by Nils Wedi (30s per
timestep on 1024 GPU nodes)

We will explore this further on JUPITER in both hydrostatic and non-hydrostatic
configurations

This is of interest from both technical and scientific perspective

At the same time, we will try to reach 1 SYPD at 1 km

To achieve this, we clearly need to focus more on improving the communication
schemes in the IFS

Work in this area is already happening:

Overlap computation and communication (with Rich Graham and his team at NVIDIA)
Single-sided communications in semi-Lagrangian advection and semi-implicit solver
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