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0" GENERAL ATOMICS

CGYRO is a premier tool for multi-scale plasma turbulence simulation In the past CGYRO simulations were only run on leadership-class HPC Challenaes usina multiole IB interfaces with OnenMP|
and has been in use by the fusion community for several years. systems, since one would require hundreds, or even thousands of nodes to get 9 9 P P
enough compute power and memory for multi-scale fusion simulations. , , , , ,
Several aspects of fusion energy physics are still not well understood. Recent advances in hardware capabilities now allow for just a couple of nodes The Azure ND A100 v4 instances do not expose the detailed hardware topology behind the hypervisor. Since
The complexity of the turbulence in toroidal plasmas makes it difficult to to deliver the necessary compute power and memory. the topology is not exposed inside the instance, the MPI layer has no way to auto-detect the proper routing.
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4 ) Microsoft Azure Cloud offers several HPC instance types, several of which
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/ % & W . P P . CGYRO has to be compiled with the NVIDIA HPC SDK since it relies on OpenACC pragmas for GPU compute.
// o uUaN  We typically use the NVIDIA-provided OpenMPI, but this version does not allow for manual configuration of
' y 4 e e Physical | HostMemory | GPUS Socal NNl | TOIGUR Horare network traffic routing. This results in sub-optimal network pairing, i.e., treating all IB ports as equivalent.
: CPU Cores | (GB) Temporary InfiniBand network « OpenMPIl 4.1.1 does allow manual tunning, so we also manually compiled it with the NVIDIA HPC SDK and
Disk Network tied each GPU to its own IB port there. Unfortunately, this version seems to have an upper limit on the
number of processes per GPU that it can handle, i.e., 4 processes per GPU and 32 processes per node.
. . 60 Standard_ND96asr_v4 96 900 GB 8 x40 GB 6,500 GB 8 x 200 Gbps 40 Gbps
Experlmer!tal methods are essential - NVIDIA Availability of Azure ND A100 v4 instances was also problematic; this new resource seems to be in high
for gathering new operational modes. | = N 2 A100 demand, and it was difficult to obtain more than 16 instances at any point in time. It should be noted that
But simulations are used to validate . : " g getting resources in spot mode was easier than on-demand, due to the difficulty of raising the quota limits.
basic theory, plan experiments, «

interpret results on present devices, .
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and ultimately to design future ~
devices.
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E D R I Z T I Measured runtimes for the nl03 benchmark case

https://gafusion.github.io/doc/cgyro.html ND A100 v4 Azure instance

il | | | All tests were run using mm MPI ranks Total time NVIDIA MPS
R R | One of the limiting factors of Cloud HPC resources is the lack of native HPC HPCBOX setup, mostly in per node : used for GPU
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CGYRO is an Eulerian gyrokinetic solver. The gyrokinetic equations work environments. In order to make CGYRO accessible to a typical Fusion spot (low priority) mode. NVIDIA 200s 166s sharing.
specify a 5D distribution function for each species, with species coupled scientist, a turn-key solution is essential. 4.1.1 32 265s 224s
through both the Maxwell equations and collision operator. The numbers represent NVIDIA 64 150s 132¢
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— multiscale 3] HPCBOX  EDITOR  WORKFLOWS  CLUSTER  JOBS  MONITOR  TOOLS LOG  HELP  ABOUT The HP.CBOX team, part the Simu|ation. 4-1-1 32 1605 1375
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§ i 2 run in that environment.
. "N Due to the nature of the compute algorithm, the most MPI-intensive communication is between processes working on
= ¥y Clusier Centrol an B the same slice of the top sub-problem, so packing 64 MPI ranks on a single node is highly desirable for nl03.
. & Worker low-priorty-cud-worker-set/Standard_ND9gasr ¢ Unfortunately, that was not possible with OpenMPI 4.1.1, but better network routing still compensates at higher scales.
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The benchmarked nl03 5D mesh is shown above. Its resolution is roughly building has been taken  “io Lowprrty https://sc20.supercomputing.org/proceedings/tech_poster/tech_poster_pages/rpost106.html|
typical of a multi-scale simulation. The relation of the multiscale care by the HPC team. N
wavenumber domain (612 x 128) to an ion-scale domain (64 x 16) is also
illustrated. wesoxcuusrenaee v S v The recently added Microsoft Azure ND A100 V4 instances provide an appealing option for running medium-
The high el , for GPU " q " ‘ S i scale CGYRO fusion simulations in the Cloud. At small instance counts, these instances are faster than both
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3silr|1r?;'1|ggG PaL(J:so(: 6 x §5 G%r;c marked n requires abou when e e 26 e o Given that the availability of Azure ND A100 V4 instances is currently still very constrained, the leadership-class

ARG 2T2220470007 systems are still needed for any large-scale simulation. But for fusion scientists that have no access to on-prem

https://github.com/gafusion/gacodeltree/master/cgyro/tools/input/ni03 HPC resources, the Cloud resources now provide a viable path forward for more ordinary simulation needs.
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