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MUIti-SIte Computer Austria

(MUSICA)
272 GPU Nodes: 80 GPU
*2x AMD Epyc 9654 48 CPU
*4x SXM5 H100
* NDR 112 GPU
168 CPU Nodes: ® 79 CPU
*2x AMD Epyc 9654 L .
CPU Nodes NDR 1N
32206 CPU Cores
Per Node Performance:
/.3-11.3 TFlop/s
Measured: 8.9 TFlop/s O
GPL Nodes Innsbruck
1088 GPUSs
52224 CPU Cores 80 GPU
48 CPU

Per GPU Performance:
-P64 Tensor Core 6/ TFlop/s
Measured: 47.5 TFIops/s
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12x DDRS

1Gb RJ45 31 1

/ — Intel 1210

/ j MLNX
CX6-Lx

2x 25Gb SFP28

® M2

4x xGMI links + 1x WAFL

x16 NVLink

X16

= GPU = GPU

= GPU = GPU

800Gb/s

USB 3.1 (5 Gb/s)

G4 x4 2% NVM
G5 x16 ® 2Nwwe
G4 x4
Gen2 x1
NC-SI
J External

Diagnostics port

ASHPC25
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""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""

' ' ' ' ' ' ' ' ' '
' ' ' ' ' ' ' ' ' '

' ' ' ' ' ' ' ' ' '

' ' ' ' ' ' ' ' ' '

' ' ' ' ' ' ' ' ' ' '

' ' ' ' ' ' ' ' ' ' '
- -  ——— -
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CUDA Driver

CUDA driver is essential for enabling, managing, and optimizing the execution of parallel
workloads on NVIDIA GPUSs, serving as the packbone for CUDA-enabled applications
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GPUDirect P2P

There is no need to install a separate kernel module for basic P2P functionality between GPUS.

Prerequisites:
- You need a system with two or more compatible NVIDIA GPUs.

- CUDA Toolkit and drivers should be installed.
- GPUs must be on the same PCle root complex or connected via NVLINk.
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multi-site computer austria

GDR COPY

. Is afast copy library used to transfer files between the host and the GPU
Communication libraries (OpenMPI, UCX) can take advantage of GDRCopy

Prerequisite: DK\S (Dynamic Kernel Module Support) for NVIDIA allows the
NVIDIA driver to qutomatically repbulld its kernel modules when the kernel Is
updated
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Peerdirect/GPUDirect RDMA MUSICA

A technology to improve data transfer efficiency ond reduce latency in
HPC and data intensive applications.

Enables direct communication between GPUs and other devices |ike
NICs, storage controllers, and other GPUs without the need for CPU
iNntervention.

It encompasses different variants tailored for specific use cases
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Peerdirect/GPUDirect RDMA MUSICA

The NVIDIA GPU driver package provides a kernel module, nvidia_peermem, which provides NVIDIA
nfiniBand based HCAS direct peer-to-peer read and write access (0 the NVIDIA GPU's video memory. It
allows GPUDIrect RDMA-based applications to use GPU computing power with the RDMA interconnect
without needing to copy data to host memory.
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|
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| \ ). 469G1 584G1]] \ | ) 469G1 584Gi]
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-
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| "
1% 100
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Running Jobs
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NUMANode 4

Machine (756GB total)
Package L#0 Package L#l
Group0 Group0 Group0 Group0
NUMANode L#0 P#0 (94GB) NUMANode L#1 P#1 (94GB) NUMANode L#4 P#4 (94GB) | | NUMANode L#5 P#5 (94GB)
L3 (32MB) L3 (32MB) L3 (32MB) L3 (32MB) L3 (32MB) L3 (32MB) L3 (32MB) L3 (32MB)
L2 (1024kB) || L2 (1024kB) | OO |12 (1024rB) || 12 (1024kB) || 12 (1024kB) | D DD | 12 (1024kB) L2 (1024kB) || 12 (1o24ke) | DO D |12 (1024kB) || 12 (1024kB) || 12 (1024kB) | DO D | 12 (1024kB) L2 (1024kB) || 12 (1024kB) | O OO | 12 (1024kB) || 12 (1024kB) || 12 (1024kB) | OO0 |12 (1024kB) L2 (1024kB) || 2 (1024ke) | OO0 | 12 (1024kB) || L2 (1024kB) || 12 (1024kB) | O OO [ 12 (1024kB)
8x total 8x total 8x total 8x total 8x total 8x total 8x total 8x total
Lld (32KB) Lld (32KB) Lld (32KB) Lld (32KB) Lld (32KB) Lld (32KB) Lld (32KB) Lld (32KB) Lld (32KB) Lld (32KB) Lld (32KB) Lld (32KB) |L1d (32KB) | | Lld (32KB) | |le (32KB) | |L1d (32KB) | |L1d (32KB) | |L1d (32KB) | |L1d (32KB) | | L1ld (32KB) | |le (32KB) | |L1d (32KB) | |L1d (32KB) | L1ld (32KB)
L1i (32KB) L1i (32KB) Lli (32KB) Lli (32KB) Lli (32KB) Lli (32KB) Lli (32KB) Lli (32KB) L1li (32KB) L1i (32KB) L1i (32KB) L1li (32KB) |L1i (32KB) | |Lli (32KB) | |L1i (32KB) | |Lli (32KB) | |Lli (32KB) | |L1i (32KB) | |Lli (32KB) | |Lli (32KB) | |L1i (32KB) | |Lli (32KB) | |Lli (32KB) | L1i (32KB)
Core L#0 Core L#l Core L#7 Core L#8 Core L#9 Core L#15 Core L#24 Core L#25 Core L#31 Core L#32 Core L#33 Core L#39 Core L#96 Core L#97 Core L#103 Core L#104 Core L#105 Core L#l111 Core L#120 Core L#121 Core L#127 Core L#128 Core L#129 Core L#135
PU L#0 PU L#1 PU L#7 PU L#8 PU L#9 PU L#15 PU L#24 PU L#25 PU L#31 PU L#32 PU L#33 PU L#39 PU L#96 PU L#97 PU L#103 PU L#104 PU L#105 PU L#111 PU L#120 PU L#121 PU L#127 PU L#128 PU L#129 PU L#135
P#0 P#1 P#7 P#8 P#9 P#15 P#24 P#25 P#31 P#32 P#33 P#39 P#96 P#97 P#103 P#104 P#105 P#111 P#120 P#121 P#127 P#128 P#129 P#135
[ {1 [ {1 [ {1 {1 {1
L3 (32MB) 7.9 7.9]| PCI 42:00.0 L3 (32MB) 16 16 | PCI 61:00.0 L3 (32MB) 63 63 63 63 | PCI ¢3:00.0 L3 (32MB)
Net eno2np0 Block nvmeOcOnl
L2 (1024kB) || 12 (1024xB) | OO0 | 12 (1024xB) & L2 (1024kB) || n2 (1024ke) | O OO | 12 (1024kB) L |L2 (1024KB) ||L2 (1024KB) | 000 |12 (1024kB) ~ |L2 (1024KB) || L2 (1024KB) | 000 |12 (1024kB)
8x total 8x total 753 @ 8x total & 8x total
OpenFabrics mlx5_0 | OpenFabrics mlx5_ 4
L1d (32KB) L1d (32KB) L1d (32KB) - L1d (32KB) L1d (32KB) L1d (32KB) I — L1d (32KB) L1d (32KB) L1d (32KB) — d (32KB) L1d (32KB) L1d (32KB)
0.6 0.6 PCI 64:00.0 S ‘
o = -
L1li (32KB) L1li (32KB) L1li (32KB) 7.9( pCcI 42:00.1 L1li (32KB) L1li (32KB) L1li (32KB) L1li (32KB) L1li (32KB) L1li (32KB) 63 |PCI c6:00.0 i (32KB) L1li (32KB) L1li (32KB)
Net eno3npl
Core L#16 Core L#17 Core L#23 Core L#40 Core L#41l Core L#47 Core L#112 Core L#113 Core L#119 Core L#136 Core L#137 Core L#143
PU L#16 PU L#17 PU L#23 OpenFabrics mlx5 1 PU L#40 PU L#41 PU L#47 PU L#112 PU L#113 PU L#119 PU L#136 PU L#137 PU L#143
P#16 P#17 P#23 P#40 P#41 P#47 P#112 P#113 P#119 P#136 P#137 P#143
Group0 Group0 Group0 Group0
NUMANode L#2 P#2 (94GB) NUMANode L#3 P#3 (94GB) | NUMANode L#6 P#6 (94GB) | NUMANode L#7 P#7 (94GB) |
L3 (32MB) L3 (32MB) L3 (32MB) L3 (32MB) |L3 (32MB) ||L3 (32MB) |L3 (32MB) L3 (32MB) |
L2 (1024KB) || 12 (1024kB) | B OO |12 (1024xB) || 2 (1024rB) || L2 (1024kB) | BB 0O |12 (1024xB) L2 (1024kB) || 12 (1024kB) | B OO [ 12 (1024kB) || 2 (1024kB) || 12 (1024kB) | B OO | 12 (1024KB) |L2 (1024KB) || L2 (1024KB) | ooo |L2 (1024KB) ||L2 (1024KB) ||L2 (1024KB) | oo |L2 (1024KB) |L2 (1024KB) || L2 (1024KB) | ooo |L2 (1024KB) || L2 (1024KB) ||L2 (1024KB) | DOD |12 (1024r8)
8x total 8x total 8x total 8x total 8x total 8x total 8x total 8x total
Lld (32KB) Lld (32KB) L1ld (32KB) L1ld (32KB) L1ld (32KB) L1d (32KB) L1d (32KB) L1d (32KB) L1d (32KB) L1d (32KB) L1ld (32KB) L1ld (32KB) Lld (32KB) Lld (32KB) Lld (32KB) Lld (32KB) Lld (32KB) Lld (32KB) Lld (32KB) Lld (32KB) Lld (32KB) Lld (32KB) Lld (32KB) Lld (32KB)
L1li (32KB) L1i (32KB) L1i (32KB) L1i (32KB) L1i (32KB) L1i (32KB) L1i (32KB) L1i (32KB) L1i (32KB) L1i (32KB) L1li (32KB) L1li (32KB) |Lli (32KB) | |L1i (32KB) | |L1i (32KB) | |L1i (32KB) | |L1i (32KB) | |L1i (32KB) | |L1i (32KB) | |L1i (32KB) | |Lli (32KB) | |L1i (32KB) |L1i (32KB) | L1li (32KB)
Core L#48 Core L#49 Core L#55 Core L#56 Core L#57 Core L#63 Core L#72 Core L#73 Core L#79 Core L#80 Core L#81 Core L#87 Core L#144 Core L#145 Core L#151 Core L#152 Core L#153 Core L#159 Core L#168 Core L#169 Core L#175 Core L#176 Core L#177 Core L#183
PU L#48 PU L#49 PU L#55 PU L#56 PU L#57 PU L#63 PU L#72 PU L#73 PU L#79 PU L#80 PU L#81 PU L#87 PU L#144 PU L#145 PU L#151 PU L#152 PU L#153 PU L#159 PU L#168 PU L#169 PU L#175 PU L#176 PU L#177 PU L#183
P#48 P#49 P#55 P#56 P#57 P#63 P#72 P#73 P#79 P#80 P#81 P#87 P#144 P#145 P#151 P#152 P#153 P#159 P#168 P#169 P#175 P#176 P#177 P#183
m; ; ; ; m; ; ; ; O U U U
L3 (32MB) 63 63 63 63 | pcI 23:00.0 L3 (32MB) 63 63 63 63 | PCI 03:00.0 L3 (32MB) 63 63 63 63 | PCI a3:00.0 L3 (32MB)
e p3te. Net=iimlw "‘,‘55"' N ibp e~
L2 (1024KB) L2 (1024KB) ooog L2 (1024KB) = \ L2 (1024KB) L2 (1024KB) ooao L2 (1024KB) = L2 (1024KB) L2 (1024KB) oon L2 (1024KB) Lo . L2 (1024KB) L2 (1024KB) ooo L2 (1024KB)
2 =l 2 = 8x total N 8x total
8x total - 8x total | NN
o Fabri 1x5 2 N o Fabri 1%5 3 OpenFabrics mlx5_5 ]
Lld (32KB) L1d (32KB) Lld (32KB) pentabrics mixo_ \\ Lld (32KB) Lld (32KB) L1d (32KB) penkabrics m-xo_ Lld (32KB) Lld (32KB) L1ld (32KB) \ L1d (32KB) Lld (32KB) L1ld (32KB)
N = = -
—O0——0 —O0——0 . . - v _ = . . ‘
L1i (32KB) L1i (32KB) L1i (32KB) 63 63 63 | PCI 26:00.0 i (32KB) Lli (32KB) L1i (32KB) 63 63 63 63 | pCcI 06:00.0 L1li (32KB) | |L11 (32KB) | Lli (32KB) &3 53 53 53 |PCI a6:00.0 1i (32KB) Lli (32KB) Lli (32KB)
Core L#64 Core L#65 Core L#71 b Core L#88 Core L#89 Core L#95 Core L#160 Core L#161 Core L#167 Core L#184 Core L#185 Core L#191
PU L#64 PU L#65 PU L#71 PU L#88 PU L#89 PU L#95 PU L#160 PU L#161 PU L#167 PU L#184 PU L#185 PU L#191
PH64 PH65 P#71 P#88 P#89 P#95 P#160 P#161 P#167 P#184 P#185 P#191

NUMANode 2 NUMANode 3 NUMANOoge 6
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gres.conf

NodeName=n
NodeName=n
NodeName=n
NodeName=n

00"
(007

100 _
1001

|1 001-100]

1001-100_

Count="
Count="
Count="
Count="

SLURM

Cores=72-95 File=/dev/nvidia® Name=gpu Type=h100
File=/dev/nvidial Name=gpu Type=h100
67 File=/dev/nvidia2 Name=gpu Type=h100

Cores=48-7]
Cores=144-1

Cores=96-11

9 File=/dev/nvidia3 Name=gpu Type=h100

ASHPC25

MUSICA

multi-site computer austria

2025-05-21



'{|[ENNA
N CIENTIFIC
HLUSTER

SLURM MUSICA

#!/bin/bash

#SBATCH -N 184

#SBATCH --job-name "hpl.184N.736GPU"
#SBATCH --ntasks-per-node=4

#SBATCH —--cpus-per-task=24

#SBATCH --gres=gpu:4

export UCX_IB_GPU_DIRECT_RDMA=1
export UCX_TLS=rc,self,cma,rc_mlx5,cuda_copy, cuda_ipc,gdr_copy

CONTAINER=. /hpc-benchmarks:24.09-hpl.sif
MOUNT=$PWD
SCRIPT=./hpl.sh

srun \
--cpu-bind=none \
--mpi=pmix singularity exec \
--nv \
-B ${MOUNT} ${CONTAINER} ${SCRIPT}

I'https://catalog.ngc.nvidia.com/orgs/nvidia/containers/hpc-benchmarks
2 https://docs.nvidia.com/nvidia-hpc-benchmarks/overview. html
3 hitos.//hpcadvisorycouncil.atlassian.net/wiki/spaces/HPCWORKS/pages/2 /91440385/GPUDIrect+Benchmarking
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NUMA Node Bindings

case ${OMPI_COMM_WORLD_LOCAL_RANK?} 1in

Q)

export UCX_NET_DEVICES=mlx5_2:1,mlx5_3:1;
export CUDA_VISIBLE_DEVICES=0;

numactl --cpunodebind=3 --membind=3 $APP

1)
export UCX_NET_DEVICES=m1x5_2:1,m1x5_3:1;
export CUDA_VISIBLE_DEVICES=1;

numactl --cpunodebind=2 --membind=2 $APP

2)
export UCX_NET_DEVICES=mlx5_4:1,mlx5_5:1;
export CUDA_VISIBLE_DEVICES=2;

numactl --cpunodebind=6 —membind=6 $APP

3)

export UCX_NET_DEVICES=m1x5_5:1,mlx5_4:1;
export CUDA_VISIBLE_DEVICES=3;

numactl --cpunodebind=6 --membind=6 $APP

) )

€SacC
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