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- Providing solutions to imrove current codes (NOT to replace
them) - WSClean
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These operations represent computational challenges that can benefit from
High Performance Computing.




ding), in particular the
FFT using

* An optimized version of the reduce has been developed on both CPU (combining

MPI1+OpenMP) and GPU (using NCCL or RCCL, for Nvidia and AMD respectively)
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L \ ~RICK HPC architecture

The code is publicly available at
https://www.ict.inaf.it/gitlab/claudio.gheller/hpc_imaging (i
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a
The datasetre i
TRG", a head-tail radio galaxy
O

galaxy cluster Abell 2255




|{ ' THE COMPUTING SYSTEM: LEONARDO@CINECA

Showing only a few results. For more, see:
e 4992 Nodes * De Rubeis at al, Astronomy and Computing, 202h

N O * Lacopo et al, submitted 1
/A A e ~300 PF|op5 * Gheller et al, SPIE proc., 2024
A * Gheller et al., RASTI, 2023
LEONARDO HPC System N
node @ CINECA Intel Ice Lake, 32 Q
cores, 512 GB DRAM <
16x PCl Gen4.0 ;2
N\ Nominal 32GB/s g
1 Performance: 2
NVLink 3.0 NVIDIA A100,
78 TF (2.6+75.4) 200GB/s 64 GB HBM
)

©®) Infiniband HDR100
12.5GB/s
1 ~

«—— ) [of ———
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L \ ~ SINGLE NODE TEST
LOFAR HBA Inner Station:

* 1891 baselines
* 146 MHz, 4 polarizations
* 8hrs

Data:
* 543 million visibilities
e 45(GB

Mesh/Image:

* 4096x4096 px, 80 MB
* 4096x4096x16, 430 MB

Memory Usage
* ~10GB

Curtesy of Luca Bruno
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Threads

GPUs

Gridding [sec]

FFT [sec]

w-stack [sec]

Comm. [sec]

Total [sec]

322.06% 2.95

30.01+£0.54

26.08% 0.03

0

418.07% 3.25




Threads | GPUs

Gridding [sec]

FFT [sec]

w-stack [sec]

Comm. [sec]

Total [sec]

322.06% 2.95

30.01£0.54

26.08% 0.03

0

418.07% 3.25

12.26+ 0.14

3.07£0.07

2.18+ 0.19

0

48.30+ 0.80

=




Threads Gridding [sec] | FFT [sec] w-stack [sec] | Comm. [sec] | Total [sec]
1 322.064+ 2.95 | 30.0140.54 26.08+ 0.03 0 418.074 3.25

32 12.26+ 0.14 3.07x0.07 2.18+ 0.19 0 48.30x 0.80

23.29+ 0.02 0.70=0.01 | 0.14294 0.0002 0 68.98+ (.61

9.51+ 0.07 0.86+£0.10 [ 0.0781+ 0.0030 1.80£0.01 47.34+ 1.05
4.53+ 0.05 0.53+0.01 | 0.0403= 0.0008 1.5140.22 23.67+ 0.44

o] (2]
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Input data -

Output Image = 65536 x 65536 5

This is not something a single CPU/GPU can face!




ver

Main issue:

visibilities are

distributed across
UEIES unrelatecfl\
to mesh slabs

- Lots of O

communication /
required

0
|




LEONAR

Nodes/MPI tasks (threads per task)|GPUs|Gridding (s)|Reduce (s) Total (s)

98.4 1.7 10266.5

1024 (1) 4.5 0631.4 || 160.6 72 10246.0
CPU tests 2048 (1) 1.9 9598.2 || 107.1 3.5 10153.5
0

4096 (1) 9715.8
128 (8)
GPU tests 256 (8)

512 (8)

« The right balance of computing power and scaling must be determined
to be efficient

. communicaTion Becomes T HE BoTTLENECK

* GPUs help reducing the communication bottleneck
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e MPI Paralle

alleviate 1/0 botenc G TH AN KS FO R YO U R
« Computing nodes must be ATT E N Tl O N

algorithmic components. G
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