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Hardware overview

Grace-Hopper GH200
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Grace-Hopper (GH200) module
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Reference: A Case Study with GH200 Superchip (arXiv:2408.11556v1)


https://arxiv.org/html/2408.11556v1

Four modules make a node

o All four modules form a single machine with 4x72 = 288 CPU cores

o All memory visible and allocatable by a single process:

daint-nid:~$ free -m
total used free shared buff/cache available
Mem: 874968 70156 841573 5484 18773 804811

e CPU and GPU memory is unified into a single address space
e Both CPU and GPU memory are allocatable and accessible from the CPU
e Each node has 4x128GB + 4x96GB = 896GB memory

e CPU and GPU memory from different modules are organized into different NUMA
(non-uniform memory access) domains
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Moving from Piz Daint to GH200

GPU
Piz Daint XC50 GPUs ma.mage memory
write GPU kernels

CPU-GPU C2C
ALPS GH200 - None
and unified address space

e Piz Daint XC50 added GPUs as a new feature
o existing software needed to adapt

o added code complexity

e ALPS GH200 adds a fast CPU-GPU connection and a unified address space
o no changes to existing software needed

o reduced complexity, memory accessible on CPU and GPU

\:o:o CSCS ETHziirich
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NUMA

What is Non-Uniform Memory Access (NUMA)?

e NUMA provides information about physical distances between domains and
associated hardware resources

Example:

o Systems with two CPU sockets such as Piz Daint MC:
o two NUMA nodes: memory associated with either of the sockets

o accessing memory of the other socket is slower
Impact on developing high-performance multithreaded code:

o Either write NUMA-aware code (observing first touch-policy)

e or launch at least 1 MPI rank for each NUMA node

\:o:o CSCS ETHziirich



NUMA nodes of GH200

e 1node per CPU
e 1 node per GPU (+7 empty, non-used nodes for multi-instance GPU, MiG)
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NUMA nodes of GH200

daint-nid:~%$ numactl -H

available: 36 nodes (0-35)

# CPU modules (0-3), each with 72 cores and 128GB RAM
node @ cpus: 0-71

node 1 cpus: 72-143

node 2 cpus: 144-215

node 3 cpus: 216-287

# GPU modules (4,12,20,28), each with 96GB RAM

node 4 cpus: # GPU of module 0
node 4 size: 96768 MB
node 5 cpus: #empty node module 0

node 5 size: 0 MB

e Only 8 of 36 NUMA domains are used: 4 CPUs (0-3) and 4 GPUs (4,12,20,28)

e Remaining domains are reserved for Multi-Instance GPU (MIG) technology

\\0‘0 CSCS ETHzurich



NUMA nodes of GH200

numactl -H also shows connectivity information between domains.

daint-nid:~%$ numactl -H

available: 36 nodes (0-35)

[...]

nod 0 1 2 3 4 12 20 28
0: 10 40 40 40 80 120 120 120
1: 40 10 40 40 120 80 120 120
2: 40 40 10 40 120 120 80 120
3: 40 40 40 10 120 120 20 80
4: 80 120 120 120 10 255 255 255
12: 120 80 120 120 255 10 255 255
20: 120 120 80 120 255 255 10 255
28: 120 120 120 80 255 255 255 10

NUMA Distance Values: 40: CPU->CPU (different modules) - 80: CPU->GPU (same
module) - 120: CPU->GPU (different modules) - 255: GPU->GPU (different modules)

\:o:o CSCS ETHziirich



Wait... NUMA nodes on GPUs?

Yes, that's right! GH200 is the first hardware at CSCS with shared memory addresses
between CPUs and GPUs.

e Memory allocated with host APIs like malloc, new and mmap can be accessed by
all CPUs and GPUs in the compute node

e Physical memory placement decided by first touch principle

e Automatic page migration: repeated accesses to memory on a different NUMA node
can cause memory to be migrated to the closest NUMA node

o The feature is disabled on Daint and Clariden to address performance issues
affecting NCCL-based workloads (e.g. LLM training)

e Memory allocated with cudaMalloc still cannot be accessed from the CPU and by
other GPUs on the compute node

\:o:o CSCS ETHziirich
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Passing system memory to GPU kernels
Memory allocated through host APIs can be passed to GPU kernels:

__global__ void add(const intx x, const intx y, intx z, size_t n)

{

size t tid = blockDim.x * blockIdx.x + threadIdx.x;
if (tid < n) { z[tid] = x[tid] + y[tid]; }
s

size t n = 1024;
std::vector<int> a(n), b(n), c(n); // uses new to allocate memory

// 0K, pass system memory to
add<<<n/128, 128>>>(a.data(), b.data(), c.data(), n);

! The constructor of std::vector initializes elements with a single CPU thread,
memory in this example will be placed in host-LPDDR5

\:o:o CSCS ETHziirich
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Controlling NUMA memory placement

Placement of a memory page is decided by the NUMA node of the thread that first writes
to it, not by the thread that allocates it.

__global__ void add(const intx x, const intx y, intx z, size_t n)
{

size t tid = blockDim.x * blockIdx.x + threadIdx.x;

if (tid < n) { z[tid] = x[tid] + y[tid]; }
}

size_t
intx a
intx b
intx c

= 1024;

new int[n];
new int[n];
new int[n];

(VI | I | [

// or, see [1]: std::vector<int, DefaultInitAdaptor<int>> a(n), b(n), c(n);

cudaMemset(a, @0, n x sizeof(int)); // first touch on GPU, memory will be placed in H100-HBM3
cudaMemset(b, 0, n x sizeof(int));

cudaMemset(c, @, n * sizeof(int));

add<<<n/128, 128>>>(a.data(), b.data(), c.data(), n);

[1]: https://github.com/sekelle/cornerstone-octree/blob/master/include/cstone/util/noinit_alloc.hpp

12
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Summary: NUMA on GH200

e GPU memory allocated with cudaMalloc behaves the same as on previous
machines;
the CPU and other GPUs can't access it.

e System memory ( malloc, new,...) now also accessible by GPUs

e NUMA memory placement decided by the first touch policy, which can be tricky to
get right

e Designing code to run with 1 rank per module still a reasonable choice in most cases

o can still take advantage of unified memory between CPU and GPU
o no need to manage multiple GPUs per process...
o ...or deal with NUMA effects

\:o:o CSCS ETHziirich
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Moving to GH200: SLURM and affinity

o Affinity indicates which CPU cores the threads of a process/rank may run on

e CPU cores and GPUs are both assigned sequentially by SLURM to the 4 modules:

Module O: Module 1:
GPU o ,CPUs 0-71 GPU 1 ,CPUs 72-143
Module 2: Module 3:

GPU 2 ,CPUs 144-215 GPU 3 ,CPUs 216-287
SLURM affinity is configured with sensible defaults: each MPI rank within a node will be

placed on a different module.

\:o:o CSCS ETHziirich
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4 MPI ranks per node with up to 72 cores

This case automatically ends up with ideal affinity placement:

e No NUMA effects

e All threads of a rank bound to the same module

e Each rank gets a different GPU by default
e Use up to 72 threads per rank. Many applications will be faster with fewer.
o Sensible default programming model for new code on ALPS-GH200

#SBATCH ——nodes=<numNodes>

#SBATCH —-ntasks—per—-node=4

#SBATCH ——cpus—per—task=72

#SBATCH ——gpus—per—task=1 # Otherwise make sure to export CUDA_VISIBLE_DEVICES=$SLURM_LOCAL_ID

export OMP_NUM_THREADS=$SLURM_CPUS_PER_TASK
#export MPICH_GPU_SUPPORT_ENABLED=1 # Set as default on Daint Alps. Breaking change for non GPU-aware MPI code!

srun ./the-app

% cscs ETHziirich

@
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4 MPI ranks per node (interactively)

affinity.sh

#!/bin/bash

export LOCAL_RANK=$SLURM_LOCALID

export GLOBAL_RANK=$SLURM_PROCID

export GPUS=(0 1 2 3)

export NUMA_NODE=$(echo "$LOCAL_RANK % 4" | bc)
export CUDA_VISIBLE_DEVICES=${GPUS[$NUMA_NODE] }

\O

echo Rank: $GLOBAL_RANK/$LOCAL_RANK sees GPU: $CUDA_VISIBLE_DEVICES on numa node: $NUMA_NODE

numactl ——cpunodebind=$NUMA_NODE —--membind=$NUMA_NODE "$@"

srun -N1 -n4 -c72 ./affinity.sh ./the-app

\:0‘0 CSCS ETHzurich
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Multiple ranks per GPU with MPS

o On Old Piz Daint, GPUs could be over-subscribed with multiple ranks by setting the
CRAY_CUDA_MPS environment variable.

e On GH200 the CUDA Multi-process Service (MPS) needs to be called manually
instead:

#SBATCH ——nodes=2

#SBATCH ——ntasks—per—-node=32 # 32 MPI ranks per node
#SBATCH ——cpus—-per—-task=8

#SBATCH ——account=<account>

export OMP_NUM_THREADS=8

# Assigns closest GPUs to ranks according to their CPU affinity.
srun ./mps—-wrapper.sh <code> <args>

The mps—wrapper.sh scriptis available on our knowledge base at
https://confluence.cscs.ch/display/KB -> User Guides -> Running jobs

17
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Summary: SLURM and affinity

Node configuration for optimal performance, remember to

4 ranks x 72 cores - use up to 72 threads
——ntasks—-per-node=4 -c72 - checkif fewer threads are faster

>4 ranks - use the mps-wrapper script

1 rank - write NUMA-aware code
- manage multiple GPUs in code

Refer to the CSCS knowledge base at https://confluence.cscs.ch/display/KB
—> Scientific Computing/Scientific Applications for

e example batch submission scripts, wrapper scripts

\:o:o CSCS ETHziirich
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Benchmarks, and why to run them

As a developer, running benchmarks allows you to validate your software environment, i.e.
o Compiler flags and CMake settings
e Environment variables

e SLURM and affinity settings

Software stack and dependencies

e How you call APlIs like MPI, CUDA-runtime

\:o:o CSCS ETHziirich



Measuring compute flops

Matrix-Matrix multiplication on CPUs and GPUs: https://github.com/eth-cscs/node-burn

Multiplying 10000% matrices on 4 GPUs using cublas :

daint-1n001l:~/build/node-burn$ srun -N1 -n4 -c72 ./burn —-ggemm, 10000

nid@06672:gpu
nid006672:gpu
nid006672:gpu
nid@06672:gpu

214
203
201
206

lterations,
iterations,
iterations,
iterations,

peak GPU performance

all ranks on a different GPU

% cscs

@

42622.84 GFlops,
40582.83 GFlops,
40118.36 GFlops,
41009.39 GFlops,

ETHzurich

seconds,
seconds,
seconds,
seconds,

2.400 Gbytes
2.400 Gbytes
2.400 Gbytes
2.400 Gbytes

20
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Measuring compute flops: TF32 and tensor cores

cublas supports matrix-matrix multiplication in TF32, a reduced precision format.

To test this, switch to single precision (FP32/ float ) and enable tensor cores in cublas :

using value_type = float;

cublasCreate(&cublas_handle);
cublasSetMathMode(cublas_handle, CUBLAS_TF32 TENSOR_OP_MATH);

CC=gcc CXX=g++ cmake .. -DDOUBLE=OFF —-DTF32=0N

daint-1n001l:~/build/node-burn$ srun -N1 -n4 -c72 ./burn —-ggemm, 10000

nid006649:gpu 1328 iterations, 265526.72 GFlops, 10.0 seconds, 3.221 Gbytes
nid006649:gpu 1261 iterations, 252183.61 GFlops, 10.0 seconds, 3.221 Gbytes
nid006649:gpu 1315 iterations, 262859.93 GFlops, 10.0 seconds, 3.221 Gbytes
nid006649:gpu 1323 iterations, 264556.08 GFlops, 10.0 seconds, 3.221 Gbytes
~@ v
@ @® CSCS ETH:zurich

@
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Measuring compute flops (CPU)

Multiplying 30002 matrices on CPUs with OpenBlas

OMP_NUM_THREADS=71 srun -N1 -n4 -c72 ./burn -cgemm, 3000

nid@06672:cpu 364
nid@06672: cpu 358
nid@06672: cpu 350
nid@06672:cpu 342

iterations,
iterations,
lterations,
iterations,

1964.63 GFlops,
1930.91 GFlops,
1887.75 GFlops,
1843.75 GFlops,

Decent performance on 4 CPU sockets

seconds,
seconds,
seconds,
seconds,

0.216 Gbytes
0.216 Gbytes
0.216 Gbytes
0.216 Gbytes

Benchmarking revealed a quirk of OpenBlas : it uses one extra thread, hence

OMP_NUM_THREADS=71

Example scenario:

e |Imagine you'd like to evaluate the NVIDIA performance libraries (NVPL) for your

application.

e Use this benchmark ( node-burn ), link it against NVPL and test the performance.

22



Measuring memory bandwidth

e How much bandwidth can we achieve with a simple OpenMP for-loop?

e How many threads are needed to achieve maximum bandwidth?
node-burn canrun a STREAM benchmark:

OMP_NUM_THREADS=1 srun -N1 -n1 -c1 ./burn —-cstream,500000000

nid006646: cpu 25 iterations, 14.78 GB/s, 10.2 seconds

OMP_NUM_THREADS=16 srun -N1 -nl -cl16 ./burn —-cstream,500000000

nid006646: cpu 353 iterations, 211.62 GB/s, 10.0 seconds

OMP_NUM_THREADS=64 srun -N1 -nl1 -c72 ./burn —-cstream,500000000

n1d006650: cpu 751 iterations, 450.53 GB/s, 10.0 seconds

Performance close to hardware limit of 500 GB}/s. 23



Network bandwidth between CPUs, same node

e MPI|_Send/Recv bandwidth between 2 CPUs on different modules (in the same node):

daint-1n001l:~/build/node-burn$ OMP_NUM_THREADS=64 srun -N1 —-ntasks—per—-node=2 -c72 osu_bw -m 134217728 H H
# 0OSU MPI Bandwidth Test v5.9

# Size Bandwidth (MB/s)
16384 11185.31
32768 16997.28
65536 28699.76
131072 40667.73
262144 52561.34
524288 52273.78
1048576 25893.22 # Performance drop for message > 1MB, protocol switch (eager —> rendezvous)

2097152 24912.
4194304 20132.
8388608 17849.
16777216 14977.

75
55
81
46 # matching the single-threaded memory bandwidth (./burn -cstream)

? Why is the bandwidth dropping down to 15 GB/s?

Answer: For large messages (>1MB), MPI internally uses a single-threaded shared-

memory copy operation, matching the single-thread STREAM benchmark of 14.78 GB/s.

N A g CSCS

ETHzurich

24



Network bandwidth between GPUs, same node

The provided prgenv-gnu software stacks on ALPS provides OSU benchmarks:

e MPI_Send/Recv bandwidth between 2 GPUs in a node (NVLink)

daint-1n@01:~/build/node-burn$ OMP_NUM_THREADS=64 srun -N1 —-ntasks-per—-node=2 -c72 ~/affinity.sh osu_bw D D
# 0OSU MPI-CUDA Bandwidth Test v5.9
# Send Buffer on DEVICE (D) and Receive Buffer on DEVICE (D)

# Size Bandwidth (MB/s)
16384 3995.67
32768 8042.68
65536 16022.34
131072 31954.64
262144 59236.19
524288 82370.28
1048576 99679.24
2097152 112164.52
4194304 120592.17

Achieves 120 GB/s with a message size of 4MB (theoretical limit: 150 GB/s)

\:o:o CSCS ETHziirich



Network bandwidth between GPUs, different nodes

e MPI_Send/Recv bandwidth between 2 GPUs in different nodes:

daint-1n@03:~/build/node-burn$ OMP_NUM_THREADS=64 srun -N2 —--ntasks-per—-node=1 -c72 ~/affinity.sh osu_bw D D
# 0OSU MPI-CUDA Bandwidth Test v5.9
# Send Buffer on DEVICE (D) and Receive Buffer on DEVICE (D)

# Size Bandwidth (MB/s)
16384 20389.44
32768 19104.43
65536 22400.52
131072 23368.16
262144 23705.47
524288 23770.06
1048576 23981.94
2097152 24029.10
4194304 24052.61

Achieves 24 GB/s with a message size of 4MB (theoretical limit: 25 GB/s)

\:0‘0 CSCS ETHzurich
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Questions?

We hope this helps you get the most out of ALPS!
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Getting Started with NVIDIA Nsight




NVIDIA Nsight: Setup your environment with the tools

Nsight is a toolkit for debugging and profiling applications on GPUs

=3 Nsight Systems (nsys) is a high-level performance analysis tool, designed to identify bottlenecks

<
>

w7 § Nsight Compute (ncu) is a low-level performance analysis tool, designed for detailed analysis of CUDA kernels

= Nsight is available with any uenv that comes with a CUDA install

uenv image pull prgenv-gnu/24.11:v2

uenv start prgenv-gnu/24.11:v2 --view=default
nsys --version

ncu --version

= No recompilation is needed

= Submit your job with sbatch on Alps

srun ~/cuda_visible devices.sh nsys profile '"nsys_args" ./myexe

& o
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Nsight Systems: User interface

= A succesful job will create 1 or more *.nsys-rep report file(s)

= Timeline View ®2Q = 2x  ©1error,1waming, 14 messages
235s 24.55 25s 26.5s 26s 26,55 27s 27.5s 28s
» CPU (128)
’ | E—
= CUDA HW (0000:01:00 "l —-—

Begins: 24.0501s
» 694%Kemels  SISpRECIN Ends: 24.1416s (+91.497 ms)

Throughput: 12.2939 GiB/s

GPU memory usage

+ 6.0% Stream 13 Launched from thread: 1812625 cudaMalloc/Free
HtoD Latency: ¢143.634 us cuda
Correlation ID: 1380
6.0% Stream 14 memcpy Stream: Default stream 7 kernel
Memory usage
Events View
# ~ Name Start Duration  GPU
1 0.446912s | 15.584 us
2 Memcpy HtoD (Pageable) 0.446961s 15136us GPUO
3 void t = :_kernel_ag cub::__parallel_for::ParallelForAgent<thru... 3.96284s 1258ms GPUO
4 void tt — 2 ::_kernel_agent: cub::__parallel_for:ParallelForAgent<thru... 3.96504s 1257ms GPUO
5 void tt & ib ._kernel_agent<th cub::__parallel_for::ParallelForAgent<thru... 3.96721s 1256ms GPUO

» [nstall the client and open the nsys-rep file; GPU performance is often limited by data transfers

<¥% cscs
& 419

Context

Stream 7
Stream 7
Stream 7
Stream 7

At

DtoH
memcpy

Name

“ Description:

Begins: 0.446912s
Ends: 0.446928s (+15.584 ps)

- Launched from thread: 1812625

ETHziirich



Nsight Systems: Interact with the tool

= Measuring compute flops with node-burn

gpu 207 iterations, 41 229.97 GFlops, 10.0 seconds, 2.400 Gbytes # node-burn FP64 precision
gpu 303 iterations, 265 990.14 GFlops, 10.0 seconds, 3.221 Gbytes # node-burn FP32 reduced precision

= nsys stats allows to extract data from .nsys-rep file created with nsys profile

*x*x CUDA Summary (API/Kernels/MemOps) (cuda_api_gpu_sum): FP64.nsys-rep
Time (%) Total Time (ns) 1Instances Category Operation

49.4 10,166,101,888 67 CUDA_API cudaDeviceSynchronize
49.3 10,165,330,044 64 CUDA_KERNEL smS0_xmma_gemm_f64f64_ <----
1.0 203,181,888 9 CUDA_API cudaMalloc

0.2 32,718,144 19 CUDA_API cudaFree

** CUDA Summary (API/Kernels/MemOps) (cuda_api_gpu_sum): TF32.nsys-rep
Time (%) Total Time (ns) Instances Category Operation

49.4 10,008,663,584 438 CUDA_API cudaDeviceSynchronize
49.4 10,007,302,253 435 CUDA_KERNEL sm90_xmma_gemm_f32f32_ <----
1.0 198,221,120 9 CUDA_API cudaMalloc
0.1 15,499,904 19 CUDA_API cudaFree
# filtered out Avg (ns), Med (ns), Min (ns), Max (ns), StdDev (ns)

= nsys stats --help-reports for more details
<¥% cscs
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Nsight Compute: User interface

= Submit your job on Alps (overhead)
srun ~/cuda_visible_devices.sh ncu <ncu args> ./build_fp64/burn -ggemm,10000 -d 10
HHHHH R
# <ncu args>: --kernel-name regex:~sm90_ xmma_gemm_f64f64 f64f64 f64 -f -0 %q{SLURM_JOBID}.%q{SLURM_PROCID}

= A succesful job will create 1 or more *.ncu-rep report file(s), open them with the ncu client (remotely)

feoe NVIDIA Nsight Compute
<) Start Activity b e » » Baselines » < » Metric Details Launch Details
Result Size Time Cycles GPU SM Frequency Process Attributes

[ Curent 2453-sm90.~ ||+ (313,157,1)x(128,1,1) 36629 ms 486647159 0-NVIDIA GH200 120GB 1.32 Ghz [45405] bun @
Summary Details Source Context Comments Raw Session £J Compare | R Tools | ®View . eExport | = _
w GPU Speed Of Light Throughput GPU Throughput Chart - O
High-level overview of the throughput for compute and memory resources of the GPU. For each unit, the throughput reports the achieved percentage of
utilization with respect to the show the for each sub-metric of Compute and Memory to clearly
identify the highest contributor.
Compute (SM) Throughput [%] 98.21 Duration [ms] 366.29
Memory Throughput [%] 41.70 Elapsed Cycles [cycle] 486,647,159
L1/TEX Cache Throughput [%] 37.75 SM Active Cycles [cycle] 484,884,622.86
L2 Cache Throughput [%] 46.77 SM Frequency [Ghz] 1.32
DRAM Throughput [%] 37.89 DRAM Frequency [Ghz] 262

The kernel is utilizing greater than 80.0% of the available compute or memory performance of the device. To further improve
© High Throughput performance, work will likely need to be shifted from the most utilized to another unit. Start by analyzing workloads in the ®
Compute Workload Analysis section.

GPU Throughput

Commess e

Compute (SM) [¥]# @
vencr ) et vote

@ Current 98.21
0.0 100 200 300 40.0 50.0 60.0

Speed Of Light (SOL) [%]

100.0

To customize even further, ht want to learn about custom sections and writing your own rules. )
<¥% cscs s o s b sy it ETHziirich



Nsight Compute: Interact with the tool

= Nncu --csv allows to extract data from .ncu-rep file(s)

= ncu collects performance metrics organised in performance sections, by default Speed0OfLight.section

ncu --list-sections

C2CLink Nvlink_Tables SpeedOfLight* WarpStateStatistics
ComputeWorkloadAnalysis<---  Nvlink_Topology PmSampling*  SchedulerStatistics
InstructionStatistics MemoryWorkloadAnalysis* Nvlink SourceCounters

LaunchStatistics NumaAffinity Occupancy WorkloadDistribution

= Rerun with a metric section or metric name for advanced analysis ( ComputeWorkloadAnalysis )

srun ncu --section ComputeWorkloadAnalysis ...
srun ncu --metrics 'sm__throughput.avg.pct_of_peak _sustained_elapsed

—a.04 = 25000
417 20000
ey I - 5 ioons
38.13 10000
O — e #5000
42.93 1000

I .7

98.21

Compute (SM) _ 97.52

97.43
T s 84
9 74.17 ..
\).0 Ccscs ETHzirich
N\
0 10 20 30 40 50 60 70 80 % 100
GPU Throughput / %



Nsight Compute: Compute Workload Analysis

'eoe NVIDIA Nsight Compute
<) Start Activity C ° 8| # o+ o Baselines * < >  MetricDetalls  Launch Detalls
Documents . B x
10000.ncu-rep
Result size Time  Cycles GPU SM Frequency Process Attributes
[ Cument |2453 - sm90_xmma_gemm._f6464_f64164_f64_nn_n_tilesizet = |V |- (157,79, 1)x(128,1,1) 4453ms m/a  0-NVIDIA GH200 12068 n/a [163442) bum @
Summary  Detalls Source Context  Comments Raw Session £ Compare | R Tools . @View . Bebxport | = |
= Compute Workload Analysis. o
Detailed analysis of f g (sM), the achieved i i clock (IPC) i f each pipeline. Pipel
very high utiization mught limit the overall performance.
Executed Ipc Elapsed [inst/cycle] 083 SMBusy [¥] 98.01
Executed Ipc Active inst/cycle] 083  Issue Slots Busy [%] 2073
Issued Ipc Active [inst/cycle] 083
‘Shared is the highest-utlized pipeline (98.0%) based ive cycles, taking int the rates of it the logical sum of several | @
other pipelines which canit achieve full unlrumm on their own. It executes 64-bit floating pont and tensor operations. Its domlmud by its Tensor (DP) sub-
L Very High Utilization  pipeline. The pipeline is likely bottleneck. of executed pipeline (49.0%)
is Tensor (DP). It executes 64-bit floating point tensor operations. See the & Kemel Profiling Guide or hover aver the pipeline name to understand the
workloads handled by each pipeline. The © Instruction Statistics section shows the mix of executed instructions in this kerel
ion ipe of ins
Pipe Utilization (% of active cycles) Pipe Utilization (% of peak instructions executed)
00 250 500 750 1000 00 250 500 750 1000
S ressencs) I o I
Tensor (o) | wsv [
T or) I e [
il wil
FP64 A
™A Frea |
Tensor (FP) cau|
Tensor (INT) FMA (FP16)
00 250 500 750 1000
Utization [%] =
T™MA
Tensor (FP)
Tensor (INT)
Tensor (Warp Group)
XU
00 250 500 750 1000

ETHziirich
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Linaro Forge

"nao Linaro Forge is a toolkit for debugging and profiling parallel applications on CPUs and GPUs

____________________________________

LLLLLLLLLL

o . . . NPT
... Linaro Performance Reports gives an overview of an application's performance

Reports T eeeeeee——————

Supported Platforms

e o e (s oo e [mun|
[Intel MPIJ [HPE MPI] [MPICH] [Open MPI] B [IBM Spectrum MPI]
[ RHEL 7+ ] [ SLES 15 ] l Ubuntu 20.04+ ] W W

AMD ROCm NVIDIA CUDA Intel Xe-HPC GPU Accelerator

[ Intel (x86-64) ][ AMD (x86-64) ]{ arm (aarch64) ] CPU Architecture

\\b:o cscs 3/27
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Linaro DDT: Setup your environment with the tool

= Start a session on Alps with 2 uenvs

uenv image pull prgenv-gnu/24.11:v2
uenv image pull linaro-forge/24.1.2:vi
uenv start prgenv-gnu/24.11:v2,linaro-forge/24.1.2:v1 --view=prgenv-gnu:default

= Test that both uenvs have been mounted correctly

> uenv status
Linaro:/user-tools  prgenv-gnu:/user-environment w prgenv-gnu will be mounted at /user-environment

views: views:
forge: default (loaded): = |inaro-forge will be mounted at /user-tools
> source /user-tools/activate = Source the /USEF‘tOOlS/aCtivate script instead of the forge view...

> which mpicxx

/user-environment/env/default/bin/mpicxx = to use the compilers from /user-environment

= an the tools from /user-tools
> which ddt-client and use the tools from /

/user-tools/env/forge/bin/ddt-client o
< 427 ETHzirich



Linaro DDT: Debug your application with the tool

= B8 On your laptop

= Connect the client to Alps using the Remote Launch menu

= Set the number of processes to listen to in Manual launch

linaro
forge e

/ linaro

2% DDT

linaro

MAP

Conected 1 piccinuiBele c1ca.ch piccimiddaint-nd01cca.ch |

= 4 Then on Alps
= Compile your code with the -g (for CPU)and nvcc -G (for GPU) debugging flags

m Add ddt-client to your job:

srun -pdebug -t10 -n128 -N32 ./cuda_visible_devices.sh ddt-client ./myexe

(@p® LoLD 5/27 ermcurich



Linaro DDT: User interface

r 3
oce Linaro DDT - Linaro Forge 24.1.2
= . o1 i 3 &
@ >on EH @ F [ B E8 Bt Bl BB | Q@ O
Current Group: Al (2] Focus on current: © Group Process d : !
Al 128 processes (0-127) Paused: 128 Playing: 0 Finished: 0
Currently selected: 0 (on nid006672, pid 183320)
Create Group
o6 Project Files ™ sphexa.... Locals (SMEENNEEION Current Stack | GPU Devices
54 #ifdef USE_CUDA i
Search (3K) [} - O e o e . (x]o] Current Line(s)
] Type = cstone::GpuTag; e Value
- Ty S¢ felse
& Application Code s g AccType = cstone::CpuTag; @ rank e 8
N Headers 59 . e . Add to Evaluations
- é a s = std::filesystem; 2
Sources ¢ - sphexa; Add Watchpoint
-
arg_parsar.cpp % N Edit Value...
£ HS5Part.c bool stopCon ionReached(size_t iteration, double time, const st string& maxStepStr); N
® ifile_i " bool syncedW ockElapsed (float totalTimeElapsed, float wallClockLimit, float dt); Edit Type / Language...
file_io_ascil.cpp soid printHelp(char* binName, int rank); Copy Expression
™ ifile_io_hdf5.cpp int getNumLocalRanks(int); Copy Value
# nbody.cpp . . View As >
 observables.cop ir' main(int argc, char** argv) Vil
# sim_init.cop 3uto [rank, numRanks] - init¥pi(); CODrA AL TR P
.~ @ sphexa.cpp const ArgParser parser(argc, (const char**)argv); Compare Across Threads
® Acclype (parser.exists("-h") || parser.exists("--h") || parser.exists("-help") || parser.exists(" Find Variable in Files
@ Dataset {
@ Domain printHelp (argv(0], rank); Sort Members Alphabetically
#® getNumLocalRanks(int def' ) turn exitSuccess();: Show variables from control statements
® main(int argc,char ** argv)
® printHelp(char * name,int r: us Dataset = SimulationData<AccType>;
® stopConditionReached(size ! Domain = cstone::Domain<sph::SphTypes::KeyType, sph::SphTypes::CoordinateType, AccType
® syncedWallClockElapsed(fl initCond = parser.get ("-
@ std_hydro.cpp problemSize = parser.
™ ve_hydro.c glassBlock = parser.
-hydro.cpp propChoice = parser.
@ ve_hydro_bdt.cpp maxStepStr = parser.
% External Code 8 string> writeExtra = parser.getCommaList
88 ::string> outputFields = parser.getCommaList ("-£"); -
@ aenii PSR- POy T "y . Type: std::tuple_element<1, std::tuple<int, int> >::itype &&
Input/Output | Breakpoints | Watchpoints (EILICALUI Tracepoints | Tracepoint Output | Logbook (x]5} Evaluate
Q06 Stacks (All) Name Value
Processes  Threads Function -
@ 1280 ]128(____] main (sphexa.cpp:71 @
c : h h,
" Ready to: cf eses.ch

6/27

® Navigation controls

® Process controls

® Files/Functions explorer
® Source code view

® Variables explorer

® Parallel callstack view

@ Evaluate view

ETHziirich



Linaro DDT: Controlling CPU execution (breakpoints)

@ €)

Processes 0-127:

Input/Output  Breakpoints  Watchpoints  Stacks (All) Kernel Progress View  Tracepoints  Tracepoint Output
(5] Breakpoints
Process stopped at breakpoint in
Processes Threads File Line Function Condition Start After Trigger Every Stop After ) " Ppe po Sv<tatsoTdoubl
P L 3 '
v oAl all momentum_energy.hpp 112 0 1 Forever h arti Dat. GpuTag> >
"
(6] @ Linaro DDT - Linaro Forge 24.1.2
S | &G & &h [ B ElL Bt Bl B ! :Q
Current Group: ~ All B Focus on current: © Group Process
A 128 processes (0-127) Paused: 128 Playing: 0 Finished: 0
Currently selected: 0 (on nid006672, pid 183320)
Create Group
= sphexa.... K dispatch_for.... H  momentum_energy.... Current Line(s) | Current Stack | GPU Devices
du, &maxvsignal); (x]5) Locals
Courant (maxvsignal, h([i], c[i], d.Kcour); Hame Value
= std::min(minDt, dt_i); P
} groupDt 0x0
d
d nDtCourant = minDt box
<bool avClean, T, set>
id computeMomentumEnergy (const GroupView& grp, float* groupDt, Dataset& d, const cstone::Box<T>& box)
pr (cstone::HaveGpu< Dataset::AcceleratorType>{})
(
® o112 J cuda: : comput nergy<avClean>(grp, groupDt, d, box):
}
€ { computeMomentumEnergyImpl lean> (grp.firstBody, grp.l box); }
pa £
Input/Output | Breakpoints | Watchpoints m Kernel Progress View | Tracepoints | Tracepoint Output  Logbook | 00 Evaluate
[x]] Stacks (All) Name Value
Processes  Threads GPU Thread| Function
128 128 0 main (sphexa.cpp:153)
128 128 0 sphexa::HydroVeProp<false, cstone::Domain<unsigned long, double, - iTag>, spt i i uTag> >::compt s (ve_hydro.hpp:
128 128 0 gy<false, double, spl ] > _energy.hpp:112) @

K/

& CSCS 7 / 27
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® Source code view: add
breakpoint(s) to pause

" CPU execution

@ Breakpoint view:
enable/disable/delete
(user/conditional/watch/trace)

breakpoints

® Control message: DDT
will pause execution when

reaching a breakpoint

@ Parallel Stack view:
displays CPU functions

progress per process

ETHziirich



Linaro DDT: Controlling GPU execution (breakpoints)

® Source code view: add

breakpoint(s) to pause

GPU threads execution

® Breakpoint view:

Input/Output | Breakpoints | Watchpoints | Stacks (All) ECUIRCE
- " [x]5] Kernel Progress View
Input/Output Watchpoints | Stacks (All) | Kernel Progress View | Tracepoints | Tracepoint Output  Logbook |
o0 Breakpoints Kernel Processes Progress
Processes Threads File Line Function Condition Start After Trigger Every Stop After 0-127
Al all momentum_energy.hpp n2 0 1 Forever @
Al al momentum_energy_gpu.cu 66 o ! Forever [[] not scheduled [[] scheduled [l selected
r . P )
o) [ Linaro DDT - Linaro Forge 24.1.2
» n H & 5 K B He E8 Ef E] B2 ! Q)
Current Group: ~ All B Focus on current: © Group Process
Al 128 processes (0-127) Paused: 128 Playing: 0 Finished: 0

Currently selected: 0 (on nid00608S, pid 3310)

Create Group

enable/disable/delete

GPU Threads (Process 0, <false, double, float, float, double, unsigned long>) Block 264 J Thread 0 Grid size: 1320x1x1 Block size: 128x1x1 breakp()I nts
" sphexa.... #  momentum_energy.... ] " find_neighbors.... 4 momentum_energy_gpu... Locals (NSTIEANALGOM Current Stack | GPU Devices
60 const T* dVvll, const T* dV12, const T* dV13, const T* dV22, const (x]5} Current Line(s)
61 const T* dv33, T* grad P _x, T* grad P_y, T* grad_P_z, Tml* du, Loc|Name Value @ P r " I k v| W'
6 TreeNodeIndex* globalPool, float* groupDt) blockDim aralle Stac ew:
{ blockDim.x 128
i = t eadId i waroS blockidx 1 1
unsigned laneIdx = threadIdx.x & (GpuConfig::warpS -1); '
i = th P 9 ; s 260 display the location and
unsigned targetIdx = 0;
| unsigned warpIdxGrid = (blockDim.x * b .X + eadldx.x) >> GpuConfig::warpSizelog2; o
X
number of GPU threads
LocalIndex* neighborsWarp = nidx + ngmax * TravConfig::targetSize * warpIldxGrid;
T dt_i = INFINITY;
S e @ Kernel Progress View:
{
74 [/ _first thread in warn arahs next taraet .
Input/Output | Breakpoints | Watchpoints m Kernel Progress View | Tracepoints | Tracepoint Output  Logbook | [x]5) Evaluate dlsplays kernel prog ress’
o0 Stacks (All) Name Value
Processes  Threads GPU Thread Function Includlng Scheduled and
128 128 0 main (sphexa.cpp:153)
128 128 4325376 sph::ct false, double, float, float, double, unsigned long> (momentum_energy_gpu.cu:54)
4 4 288 gyGpu<false, double, float, float, double, unsigned long> (momentum_energy_gpu.cu:64) i i
15 15 1088 gyGpu<false, double, float, float, double, unsigned long> (momentum_energy_gpu.cu:65) InaCtlve GPU threads
128 128 ] (. false, double, float, float, double, unsigned long> (momentum_energy_gpu.cu:66)
1 1 128 sph::cuda::momentumEnergyGpu<false, double, float, float, double, unsigned long> (momentum_energy_gpu.cu:75)
128 128 2048672 22 gyGpu<false, double, float, float, double, unsigned long> (momentum_energy_gpu.cu:84)
124 124 29536 gyGpu<false, double, float, float, double, unsigned long> (momentum_energy_gpu.cu:113)
124 124 29536 cub::CUB_200500_900_NS::BlockReduce<float, 128, (cub::CUB_200500_900_" gorithm)2, 1, 1, 0>::Red b:CUB
124 124 29536 cub::CUB_200500_900_} { float, 128, 1, 1, 0>::Red: true, cub::CUB_200500_900_NS::Min> (block_
124 124 29536 cub::CUB_200500_900_} float, 128, 1, 1, 0>::ApplyWarpAggregates<true, cub::CUB_200500_900_t

ETHziirich
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Linaro DDT: Controlling GPU execution (Kernel Launch)

= Stop on CUDA kernel launch:

DDT will pause execution at the entry point of each kernel launch

Control  Tools

indow  Help

Linaro DDT - Linaro Forge 24.1.2

€

Current Group >
Focus On Current >
B> Play/Continue
Pause
Add Breakpoint...
. Step Into
™ Step Over )
¥ Step Out
Assembly Mode
# Run To Line...
Down Stack Frame
Up Stack Frame
Bottom Stack Frame

0_900_NS::detail::for_each::po... Block 0

2ads)

Processes 0-127:

Align Stack Frames With Current :_-Cépf) '

! Send Signal... E ° Process launched a CUDA kernel inJ )
Messages > double, float, float, double, unsigned lol‘g><<
Default Breakpoints > Stop at exit/_exit <(1320,1,1),(128,1,1)>>> (momentum_energy
Signal Handling...  Stop at abort/fatal MPI Error O _gpu.cu:64).

Stop on throw (C++ and Python exceptions) Kernel Name:

Stop on catch (C++ exceptions)
Stop on unhandled Python exception

double, float, float, double, unsigned lon‘g:«
<(1320,1,1),(128,1,1)>>>

Always show this window for CUDA kernel launch

Stop on exec

v Stop on CUDA kernel launch

B Continue

@

% cscs

= Navigate between CUDA threads

Block 68 Thread 81 Grid size: 1320x1x1 Block size: 128x1x1
Block 238 Thread 117 Grid size: 1320x1x1 Block size: 128x1x1
Kernel Processes Kernels: 128
GPU thread: <<<(66,0,0),(0,0,0)>>>
sph::cuda::m... 27 Dimensions: <<<(1320,1,1),(128,1,1)>>>
Processes Kernels: 128

Locals Current Line(s) Current Stack | GPU Devices

®

[x]o) Current Line(s) (x]5]
Name Value Name
threadldx {x=81,y=0,2z=0} threadldx
X 81 X
y 0 y
z 0 z
threadldx.x — 81 threadldx.x

9/27

GPU thread: <<<(237,0,0),(76,0,0)>>>
Dimensions: <<<(1320,1,1),(128,1,1)>>>

Locals Current Line(s) Current Stack | GPU Devices

Current Line(s)
Value
{x=17,y=0,z=0}
17
0
0
— 17

ETHziirich



Linaro DDT: Multi-dimensional Array Viewer

‘oo Multi-Di jonal Array Viewer 16 Q Visualization
Array Expression:  prhol$] (] i @ B . . .
i o e 8 i sk s Array Viewer: inspect distributed data
Staggered Array What does this do? Auto-update
Range of  (Distrouted) Range of §i
From: 0 S Fom: 0 S V' I' . d t 'th I t
" : : @ Visualize: data with plots
[o: 127 v To: 9 -
Display: Rows @  Display: Coumns B
See Examples
Statistics.
< Goto 1 visusize  H Export . Full Window
i
o 1 2 3 4 5
PO 28019623 2801906309 280196348 28019627 280196426
1 280783672 280035195 281722637 281409707 281967539
2 28019.625 280196113 280196152 28019.621 28019.621
3 477310312 37328.7578 35606.3086 440838828 445896797
4 MM33762 20156688 36298895 24956365 267332075
s 28019625 280196152 280196133 28019625 28019625
6 280229492 28021.7422 28024209 28026.8398 280351055
7 280196211 28019625 280196211 28019621 280196152
8 280196211 28019627 280196191 280196172 280196172
9 28050832 280629766 280516152 280426523  28030.4941
10 26019623 28019.6289 28019623 280196172 280196191
" 280196191 28019625 2801962 280196191 280196113
2 280196406 280106328 280196211 280196309 280196211
3 60388543 43306.5391 41777293 57150.4961 61201332
1 1950961340409 1376481020400 2111342210409 3006331650400 298776040409 2
® 12 3 8 ¢
16 280196738 280196445 28019.6289 28019.6465 28019.6484
7 66412220 87775192 152390224 115296048 M3171872
8 280196406  28019.6328 280196211 280196309 28019.6211 E rt- d t 1 hdf5 f t
2| e mossus aemn  mossws s ® Export: data in csv or orma
Help Close Heip Close
. ) s
" Export Data Outa Tokie (IR | @ . g .
shout SesEanois Statistics: int t dat
- — o i o <2500 s atistics: interpret your data
. =0 $value == 1234
ags: fvon 0 $value > @
sagone o < Goto Q!ﬂ svalue .LT. 42
Where: 35 tmp e - sl 780 Svalue .GT. 15 .AND. $value .LT. 67
Sam 10%73ex16 stremp(mystring, “aardvark") > @ @ . .
o e e 0 Filter: data values
Table (*csv) — PO | 28019623 59"“" 9§ | variables:
g value Value of expression
Hiararchical Data Format ¥5 {*hdf5) 1 78.367:
! e 28078.9672 In general any expression in the current language is valid here
L Vaaren: 3082180027 2 28019625

10/ 27 ETHziirich



Linaro DDT: Memory debugglng

Runtime: manual launch Details
@ Pointer:  0x4004c0000000 (0x4004c0000000)
Number of Processes: 4 S Location: location.
Size:  70'061568 bytes (70.06 MB)
X . ) Allocated at:
%) CUDA: Track allocations: enabled, Detect invalid accesses: disabled Details - 200500.900_) r Free
#1theust-THRUST_200500_900_NS::device_ptr_memory_fesource<thrust-THRUST_200500_900_NS::systet
This option cannot be used alongside ROCm or Intel Xe. ps 200500900, - 200500_900_NS::device_pr_mem:
Track GPU allocations (also enables CPU memory debugging) = s aat 2
Detect invalid accesses (memcheck, not supported in CUDA 12 or newer) s ~200500_900_) u
6 _200500_900_NS: X
” 200500_900. _basectloat,
#8 cstone: DeviceVector<float
#9 cstone::DeviceVector<fioat
unsigned long, double) (reallocat
m unsigned long, double) (rea
2 std::span
% Memory Debugging: Fast, No guard pages, Backtraces, Preload Details....
Plugins: none Details long, double,
long, double,
7 fong, double, cstone: long>, cs'
Help Options Lister Cancel Ldd long, double, 3
N [ J 19 main(int, char*") (sphexa.cpp-162)
#20 _jibc_start_main
Clicking on one of your code.
‘These details are for the current process only. To find the location for all processes, COmpAre ACIOSS PIOCESSes.
Close

o Memory Usage for "All" group (14:31:17)
Restricttothetop 4 C processes, showing v memkind v default memory Refresh

Memory Usage  Allocation Table
72\

Totn Acrous Procosses (n Byses) @

4h
] D

Allocation Details
3'138'024'975 bytes, 55 allocations 3.14 GB
thrust: THRUST_200500_900_NS::system:....

Curont Unage Across Srocesses (i Bytes)

At: 0x4004c0000000, size: 70'061'568 h._.
At: 0x40027b816a00, size: 2'068 bytes, ...
@ At: 0x40053e600000, size: 17'400'720 b...
At: 0x40063e000000, size: 2'485'536 b...
At: 0x40027b944000, size: 395'352 byt...
At: 0x40027b851800, size: 72'792 bytes,...
At: 0x40027b821600, size: 14'736 bytes, ...

Edit Custom Allocators... Close

\\b:o cscs =

® Enable memory debugging in the Run
window, start the job, pause execution and
select Current Memory Usage from the Tools

menu

®@ Navigate between GPUs from the drop-down

menu
® Find out how much memory is allocated

® Track the amount of memory allocated to the

pointer(s)

® Inspect which part of the code is using

memory
ETHzirich



Linaro Forge: Constraints

» Currently, CSCS only has a license for NVIDIA GPUs
= Get in touch if you need help

= LUMI has a license for a maximum of 512 processes

\Say

i @‘\N\*-’o ?’é\'\g' F

kl\\om.t n rt\q\\ .

F‘\r"? actua
I“")' &Jn;u«" shads).
e  clad Lo

Fun fact: On September 9th, 1947, computer scientists and engineers in Cambridge,
found a moth caught between the relay contacts of the Harvard Mark II computer.
They recorded the incident as the "first actual case of a bug being found."

o,
\\3.0 CSCs

12 /27 ETHzirich
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Getting Started with Linaro Forge MAP




A S

Linaro MAP: Compile and run your code with the tool

= Load the uenvs and check that the tool is loaded

uenv start prgenv-gnu/24.11:v2,linaro-forge/24.1.2:v1 --view=prgenv-gnu:default
source /user-tools/activate

ls -1 /opt/cray/pe/cti/default/ !

which map

= Build your code with line-level profiling ( -1ineinfo ) and optimization flags

cmake -S src -B build -DCMAKE_CUDA_FLAGS="-lineinfo" -DCMAKE_CXX_FLAGS="-gl1 -Ofast" -DCMAKE_CUDA_ARCHITECTURES=390
cmake --build build

= Submit your job with sbatch on Alps ( map instead of srun)

export FORGE_DEBUGGER_WRAPPER=$HOME/cuda_visible_devices.sh
map -n $SLURM_NTASKS --mpi=slurm --mpiargs="--ntasks-per-node=4" --profile ./myexe

K/

> CSCS 14127

%
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Linaro MAP: Analyze the performance

= Run perf-report tosummarize performance
from a profile generated by MAP
= reports in .html and .txt formats by default a
m add perf-report -o rpt.csv for.csv format

m or map --report=<summary|txt|csv|html> directly

» Report summary shows distribution of elapsed time "

= in Compute, MPI, I/0O (and Python) regions
» plus a performance radar chart

» and helpful pieces of advices

perf-report myexe_128p_32n_64t_2025-05-07_08-58.map

/capstor/scratch/cscs/piccinal/cuda_test.exe -n

linaro 32 node ,
32 nodes (288 physical, 288 logical cores per node)
PERFORMANCE 4 GPU_s per node available A
854 GiB per node
REPORTS 128 processes, OMP_NUM_THREADS was 64
nid005788 MPI
aarch64

neoverse-v2

Wed May 7 08:58:56 2025

41 seconds

/capstor/scratch/cscs/piccinal/cuda_test.exe

Summary: cuda_test.exe is Compute-bound in this configuration

Compute 74.4% 30.3s _
2s.6% 1045 [

Time spent running application code. High values are usually good.
This is high; check the CPU and accelerators sections for advice

Time spent in MPI calls. High values are usually bad.
This is low; this code may benefit from a higher process count

Time spent in filesystem 1/0. High values are usually bad.

| / 0] <0.1% 0.0s This is very low; however single-process I/0 may cause MP| wait
times

This application run was Compute-bound (based on main thread activity). A breakdown of this time and advice for

investigating further is in the CPU Metrics and Accelerators sections below.

As little time is spent in MP| calls, this code may also benefit from running at larger scales.

ETHziirich



Linaro MAP: Analyze the host performance
= perf-report gives a high-level overview of application performance (Compute, MPI, 1/0)

CPU Metrics MPI

Linux perf event metrics: A breakdown of the 25.6% (10.4s) MPI time:

Single-core code 98.6% N Time in collective calls 52.9% 5.55 N
OpenMP regions % Time in point-to-point calls 47.1% 4.9s W
Cycles per instruction Effective process collective rate 431 kB/s |

L2D cache miss ratio 0.45 1N Effective process point-to-point rate 7.70 GB/s N

Stalled backend cycles 65.8% [l ilo ~ compute © mpi_collective  mpi_p2p

Most of the time is spent in collective calls with a very low transfer

Stalled frontend cycles 1.9% | rate. This suggests load imbalance is causing synchronization 100%
overhead; use an MPI profiler to investigate.
A high number of cycles are stalled in the CPU. A high amount of 90% 16% 15% 243 15% 16%
memory accesses could be responsible for the non-exploitation 3% 5%
of all the CPU cycles. 80% 11% 8%
17%
70%
/0 OpenMP : o
/ ; ) pen o ) E  s50%
A breakdown of the <0.1% (0.0s) I/O time: A breakdown of the 1.4% (0.4s) time in OpenMP regions: § 20% 81% 80% 7%
Time in reads 0.0% Os Computation % s =2 5% 67%
s 30%
Time in writes 100.0% 0.0s N Synchronization <0.1% 0.0s |
Effective process read rate  0.00 bytes/s | Physical core utilization 88.9% WM 20%
0
Effective process write rate 3.91 M8/s I System load 2.7% | 10%
0% 0% 0% 0% 0% 0%
Most of the time is spent in write operations with a very low Physical ¢ itilization is low and some cores may be unused. 1 2 4 8 16
effective transfer rate. This may be caused by contention for the Try increasing OMP_NUM_THREADS to improve performance.
filesystem or inefficient access patterns. Use an /O profiler to GH200 compute nodes (4 GPUs per node)

investigate which write calls are affected.

= CPU time spent in application code, MPI time and transfer rates spent in MPI calls ()
. time spent in open/close and read/write filesystem operations
= OpenMP time spent in OpenMP regions (computation and synchronization)
= All % are relative to the breadown region time, not the wallclock time; make custom charts using the exported data ( --csv )

@ .
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Linaro MAP: Analyze the device performance
= perf-report gives a high-level overview of application performance (Memory, GPU, Energy, CPU Affinity)

Memory Accelerators
Per-process memory usage may also affect scaling: A breakdown of how CUDA accelerators were used:
Mean process memory usage 17.9 GiB [N GPU utilization %
Peak process memory usage 23.7 GiB | Mean GPU memory usage %
Peak node memory usage 22.0% W Peak GPU memory usage %
The peak node memory usage is very low. Running with fewer MPI is low; identify CPU bottlenecks with a profiler and
processes and more data on each process may be more efficient. offload them to the accelerator. .
The is very low. It may be more efficient == #== gpu_util ——+——gpu_peak_mem

21.3%

to offload a larger portion of the dataset to each device.

Energy Thread Affinity

A breakdown of how the 327 Wh was used: A breakdown of how software threads have been pinned to

cPU not supported % | logical cores (1 per physical core). <

Accelerators 100.0% Mean utilization 100.0% (284 of 284 cores utilized) [N ;%g

System not supported % | Max load 65.0 1N g

Mean node power not supported W | Migration opportunity 71.0 [N ;

Peak node power 0.00wW | [ERRkOR] detected compute threads with overlapping affinity %
masks

The whole system energy has been calculated using the

accelerator energy usage. [ERROR] detected compute threads with overlapping affinity

masks

[ERROR] detected compute threads with overlapping affinity
masks

Consult Linaro MAP's Thread Affinity Advisor dialog for more 1 2 4 8 16
details.
GH200 compute nodes (4 GPUs per node)

= Memory (RSS) unified memory usage across all processes and nodes over the entire job duration
= Accelerators GPU usage (CUDA kernels and memory)
= Energy used by the job

= Thread affinity cpu bindings (licensed feature)
¥ cscs 17 /27 ETH:ziirich



Linaro MAP: Energy usage

» Collecting Consumed Energy Data on Alps is possible

= Energy (and Power) pm_counters can be read from the /sys/cray/pm_counters/ files

2267329144 J 1746883535815882 us

= Consumed Energy data e oo sue | ssion 8070
« atNode, CPU and GPU levels R N R L
= Energy of a single Node job is Fy; — Eyg myiood S B B
(in Joules) 10000

Energy usage / J

= Default collection rate is 10 Hz

1,000
1 2 4 8

16
GH200 compute nodes (4 GPUs per node)

= Energy usage at Node level can also be accessed with the Slurm sacct command

\::o cscs
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Linaro MAP: MAP User Interface

(parser.exists("-h") || parser.exists("--h") parser.exists("-help®) || parser.exists("--help™)) (..1)

Libear lain Thread Stacks Functions | GPU Kernels | GPU Memory Transfers
00 Main Thread Stacks
Total core time < MPI Overhead Functionis) on ine Position Ubeary
¢ sphexa-cuda [program)]
o EOOTIRON s main sphexa cop 70
akan over 6: (1000 per process, as ume)

® Activity Timeline view: CPU, MPI, OpenMP, Accelerators, |/0, Memory
® Metrics view

® Source Code view including editing and version control

@ Sparkline charts and Stack view and tabs

® Time switch (% of runtime or total core-time) and Program details

<¥% cscs 19/ 27
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Linaro MAP: MPI functions

S _

16:09:31-16:11:47 (136.281s): Main thread compute 25.7 %, OpenMP 0.2 %, MPI 13.5 %, Waiting for Accelerator 60.1 %, File I/O 0.0 %,

Main thread activity
00 (@ @
Self time v Total Child Library

59.4% MLMBLROMS IR 60.1% 07%  libcuda.s0.550.54.15 "
145% Al . 89.3% 74.8% sphexa-cuda - T, stdssenable i tstdssis_arithmetic ver>, in
2.6 123 auto mpiRecvSync (T* data, int count, int rank, int tag, WL SE
133% ) Biiddwndiiat, 133% [mpi] ui -
[mm] 2 MPI_Recv(data, count, MpiType<std::decay t<T>>{), r
(used by sphexa-cuda) 7
12 brief adaptor to wrap compile-time size arra
13.31% of total core time on the main thread (19.31m) in code from this Inbvary : v Libraries | InputfOutput | Project Files (ERBETS
13.31% of the total core time (19.31m) was in MPI (point-to-point & coll luding that on p or in OpenMP o0
4.65% of the total core time (6.76m) was in collective MPI calls on the mam thread e “TMPI Overhead Function(s) on line
8.66% of the total core time (12.56m) was in point-to-point MPI calls on the main thread 2 sphexa-cuds [program]
/ main
» * Hy: op: J _phr.
3 Libraries @ cstone::Domain<unsigned long, double, csto... tuple:193 sphexa
*f 1 cstone:FocusedOctree<unsigned long, do..  span:90 sphexa
Total coreTime v | MPI Overhead ' Function cstone:FocusedOctree<unsigned long, d... octree_focus_mpihpp:530  sphexa
6.8% I . i MPI Recv cstone::FocusedOctree<unsigned long, . octree_focus_mpihpp:219  sphexa
i wldolo o s - estone:exchangeTresletGeneralcunsi... octree_focus_mpihpp:264  sphexa
3.8% I ““ el frared Pl sl MPI_Allreduce mpiRecvSyncAcc<true, unsigned int...  exchange_focus hop:334  sphexa
wdddmid bl . mpiRecvGpuDirect<unsigned int>(.. mpi_cuda.cuh:93 sphexa
1.8% I Sl L ) MPI_Waitall mpiRecvSync<unsigned int, 0>(u. mpi_cuda.cuh:73 sphexa
i 272% 2722% MP|_Recv mpi_wrappers.hpp:123 sphexa
43% - MP1_Waitall exchange_focus. hpp:341 sphexa

® 3 regions: CPU (25%), MPI (13%) and GPU (60%)
@ Library view: 4.6% of the time in MPI collectives, 8.7% in MPI point-to-point
® In P2P, top function is MPI_Recv (6.8%) (|)
@ Zoom in the MPI region of interest
@2 cscs ® Use the Stack view to locate the I\gm %II in the code source ETHziirich



Linaro MAP: MPI metrics and statistics

I (U TR R T

210

MPI call duration
004s 2 N
o r, - o . .y
MPI sent o 1
0.19 GB/s ] e
° i N — - - - e ~ = — .- |
MPI received “ ' i . I N . .
0.93 GB/s 4111 1 ° 1 i 1 g
5 ° A Rea Lo, ik Ki
MPI calls - | .
0.19 k calls/s L . .1 - | } )
. | - 7S FUTI ST S 4 i P T i
MPI point-to-point " |
0.18 k calls/s . 1 R " | .
° | — )i & i o b - P AT WY A )
MPI collectives o i . o - )
1.24 calls/s L 1 i ¥ . I § i . b 1 L - : i 1
5 ok — b & A % * & & A 2 A 32 8 & & 4 * x & £
MPI point-to-point bytes “ | : 1 R i 2
112 GB, i i1 : 1 .. 1 . ) . -
Is °
MPI collectives bytes
0.10 MB/s 1 1 . .. Lo .
o ! A iz o 2 i 9z 3 2 s 3 4 3 35 1 3 4 2 4

16:09:31-16:11:47 (136.281s): Main thread compute 25.7 %, OpenMP 0.3 %, MPI 13.5 %, Waiting for Accelerator 60.1 %, File 1/O 0.0 %, OpenMP overhead 0.0 %, Sleeping 0.0 %, Profiler callsite tracing overhead 0.3 %

2. O ] ﬂ 2 Main Thread Only | Hide Metrics
| v 1
[ ] [ ] MPI Call Statistics

Statistics from all MPI calls made (on the main thread) per process, including those not sampled by MAP. What is this dialog?

Table below shows the mean value across all processes. A\ Data shown here is always across the entire runtime
Call name #Calls Time in calls v Bytes sent Bytes received
point-to-point 2510k 8.90s 2582068 126.46 GB
[
collective 168.00 5.56s 7.08 MB 7.08 M8
MPI_Alireduce 115.00 4.58s 7.08 M8 7.08 MB
MPI_Waitall 603.00 212s oe oB
MPI_Allgather 1.00 0.49s 5128 5128
MPI_Reduce 50.00 0.47s 4.00 kB 628
MPI_Isend 1255k 57.74ms 258268 oB
| MPI_lrecv 156 k 39.16ms oB 102.66 MB
cScSs ; MPI_Barrier 100 10.99ms 0B 0B m’ Z(j r , Ci h

MPI_Finalize 1.00 0.73ms oB oB



Linaro MAP: CUDA kernel analysis

ene S/sphexa-cuda_16p_16n_64t_cuda_2025-05-12_04-45.map - Linaro MAP - Linaro Forge 24.1.2 N

Profiled: sphexa-cuda on 16 processes, 16 nodes, 1024 cores (64 per process) for 781.6s Sampled from: Mon May 12 04:45:31 2025 & O & ﬂ 2 Main Thread Only Hide Metrics
Main thread activity
® GPU activity dominates most of the

04:45:31-04:58:32 (781.563s): Main thread compute 1.7 %, OpenMP 0.0 %, MP1 9.5 %, Waiting for Accelerator 88.7 %, OpenMP overhead 0.0 %, Sleeping %, Profiler callsite tracing overhead 0.0 % Zoom| %1 =g total Co re ti me

Total core time @ v MPI Overhead Function(s) on line Source Position Library
2 sphexa-cuda [program]
100.0% I o5  <01% >+ main auto [rank, numRanks] = initMpi(); sphexa.cpp:70 @ f t
Input/Output | Project Files | Functions | GPU Kernels | GPU C OmDUte FO rce S unction uses a
(x]-] Main Thread Stacks

Total core time ~ MPI Overhead Fur:clion(s) on line Source signiﬁcant share (78% Of Which 70%

& sphexa-cuda [program]

# main auto [rank, numRanks] = initM e
7%  EAMMSASMMGASN 50% @ * sphexa:yroveProp<fal in<u.. s v (dom waiting for the GPU)

1543%- p<false, cstone::] . source file not found: /user-

O

oo - ; Main Thread Stacks )
s — - ® scatterGpuKernel CUDA kernel is
& sphexa-cuda [program]
/ main auto [rank, numRanks] = initMpi();
sphexa::HydroVeProp<false, cstone::Domain<u... propagator->computeForces (domain, simData); H 1
oD it clenecOondl Synetdonsin, simmarars launched iteratively

cstone::Domain<unsigned long, double, cst... source file not found: /user-environment/linux-slesl.

cstone::FocusedOctree<unsigned long,

long, ...
h TreeletGeneral<T>(peers_, treeletldxAcc_.vie

soreoechepdlodeuicre  exchanpeTeseiacteneral D (uare., trosletldatec vie. ® Source Code view gives some

source file not found: /user-environment/linux-slesl..

peerExch (countsAccView, static_cast<int> (P2pT.

void cstone::scatterGpu<unsigned ... source file not found: /capstor/scratch/cscs/piccina.
5.7% PLIERRNednnnhy @ > cudaLaunchKernel void cstone::scatterGpu<unsigned int, int (no debug .. reasons tO Warp Sta"S impacting
A primitives_gpu... ‘ {x]-] Warp stall reasons on line 139
Warp stalls on this line (5.3% of the time): rf m
< T, IndexType> ( ) pe ormance
).3% void scatterGpuKernel (const IndexType* map, size_t n, const T*| Selected 14%1
{ Not selected
2.1% X size_t tid = ckIdx.x * ck X+ eadldx.x; Thread or memory barrier
5 — - — — Pipe busy 0.2 P . f " H
53% Lull i s it tans 139 ) Jf (tid < n) { destination(map(tid]] = source(tid]; } = . @ r|mary reason 1or Warp sta SIS
1 Instruction fetch 06% |
1 te te< T, 155 IndexType> Exacution dependency |V| mor y D d f " d b
5.32% of the program (11.07m), warps were active on this line. Memory throttle o1% emo epen ency, oliowe y
0.07% of the program (9.27s), warps were selected for issue (not actually stalled) constant__ memory 26.8% IR
0.03% of the program (3.42s), warps were ready to issue, but some other warp issued instead .49
67.4% I
0.01% of the program (1.26s), warps were compute operations blocked due to required resource not being available SR L Mel Y |O|'y Accesses
0.03% of the program (3.91s), warps were blocked because next instruction is not yet available, because of an instruction cache miss, or because of branching effects.|  Texture sub-system 00%
of the program (19.15s), warps were waiting on an arithmetic dependency )
0.01% of the program (0.76s), warps were blocked because there were too many pending memory operations Oropped sempl .
1.42% of the program (2.97m), warps were waiting for __constant__ memory or immediate memory access to complete Other E"qurlch
3.58% of the program (7.47m), warps were waiting for a memory access to complete o

of the program (0.48s), warps were blocked for some miscellaneous reason



Linaro MAP: CUDA Warp Stall Reasons

= __constant__ memory: Warp is blocked waiting for __constant__ memory and immediate memory access to complete.

= Dropped samples: Samples dropped (not collected) by hardware due to backpressure or overflow.

\?:. cscs 23/ 27 ETHziirich



Linaro MAP: CUDA kernel analysis

2

o0 L da_16p_16n_64t_cuda_2025-05-12_04-45.map - Linaro MAP - Linaro Forge 24.1.2

Profiled: sphexa-cuda on 16 processes, 16 nodes, 1024 cores (64 per process) for 781.6s Sampled from: Mon May 12 04:45:31 2025 w o o | ﬂ & Main Thread Only Hide Metrics
v

GPU utilization o . _—
05% —
. — — | — —_—
‘GPU memory usage -
37%
2
04:55:10 (+579.138s, 74.2%): Selected 4.5 %, Not selected 7.9 %, Thread or memory barrier 0.0 %, Pipe busy 7.7 %, Sleeping 0.0 %, ion fetch 2.3 %, i %, Memory throttle 1.0 %, __constant_ Zoom *1 RO
¥ gather_halos_gp... | o @mm stall reasons on lines 34-40
1 s T, class IndexType>
2 Warp stalls on these lines (17.1% of the time):
0.6% | void gatherRangesKernel (const IndexType* rangeScan, s on ( )
const IndexType* rangeOffsets, Selected 20%1
int numRanges, Not selected 55% 1
const T* src, Thread or memory barrier )
T* buffer,
%
size t bufferSize) A e
- Sleeping 0.0%
3.2% L - 33 IndexType tid = block * b kDim.x + t Instruction fetch 2.0% |
17.1% - ey 34> if (tid < bufferSize) [ (...} ] i
0.6% :é } Memory throttie 00%
mory 7.3%
43 temg te<class T, class IndexType> T e
44 void gatherRanges (const IndexType* rangeScan, Memory dependency 64.0% I
45 const IndexType* rangeOffsets, Texture sub-system 0.0%
46 int numRanges, Dropped samples
47 const T* src, Other
48 T* buffer,
: : Unknown 0.0%
49 > size_t bufferSize) ([ (...} ) "
X3
Main Thread Stacks | Input/Output | Project Files | Functions | GPU Memory Transfers | Libraries
006 GPU Kernels
Breakdown ~ Selected Blocked GPU Kernels Source Position
& sphexa-cuda [program) GPU: all functions in kernels are inlined '
321% F TS 15% 30.6% > void cstone::gatherRangesKernel<util:...
7.7’/.i_ 0.1% 76% @ void cstone::scatterGpuKernel<unsig.
ao%l@ | 0.2% 46% @ void cstone::gatherRangesKernel<util:...
oL 1 010 Ao w%_retnna:inewnaanSimiarnal
Lsnmmtmmm unplg_l_!donwur“ (48 per process, each ~0.78‘|~vgldoekl'uml — Linaro Forge 24

ETHziirich
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Llnaro MAP: CUDA Memory Transfers

Profiled: sphexa-cuda on 64 processes, 16 nodes, 4096 cores (64 per process) for 136.3s  Sampled from: Sun May 11 16:09:31 2025

_64p_16n_64t_cuda_2025-05-11_16-09.map - Linaro MAP - Linaro Forge 24.1.2

o ® 7 ﬂ 2 Main Thread Only Hide Metrics

B @ _

Host-to-device byte transfer rate

004 GB/s

Device-to-host byte transfer rate

004 GB/s

Device-to-device byte transfer rate

129 Gas

Host-to-device memory transfer rate

100 /s

LT L S LT R MH I} 'n LAY m\mnm |

Device-to-host memory transfer rate

21/

Device-to-device memory transfer rate "'

019k /s

: oL . |

b L) Ad a4l ik L i

e | LA
AL L “..““J Wil Il

ULl i

Al 70 g
ol ol vl MRt W s e B A ST M B S N Nk Sl

L \‘r{;,z |

16:09:31-16:11:47 (136.281s): Main thread com;ul. 25.7 %, OpenMP %, MP1 13.5 %, Waiting for Accelerator 60.1 %, File /O 0.0 %, OpenMP overhead 0.0 %, Sleeping %, Profiler calisite tracing overhead 0.3 % - ,Z'())c;v:““‘ r ‘E;i -
G P U M emory Tra”Sfe rs Bytes (GB) Time spent (s) # calls Callsite
Bytes (GB) Time spent (s) # calls Callsite sphexa-cuda [program]
sphexa-cuda [program] 0.000 0.003 ron gtiti_cuda_memcpy_async
@0.000 0.003 101 gtiti_cuda_memcpy_async 0.003 0.001 1327 > gtiti_cuda_memcpy_async
0.003 0.001 1327 - gtiti_cuda_memcpy_async 0010 0,000 128 main(int, char**)
13'227.935 19.905 2'694'357 > main(int, char**) 0010 0,000 128 id<spl iulation..
0.000 0.001 320 cstone::Domain<unsigned long, double,...
0.000 0.018 9'694 sphexa::TimeAndEnergy<sphexa::Simul...
793.286 0.757 29'475 sphexa::HydroVeProp<false, cstone::Do...
5611.238 1.357 960 sphexa::transferAllocatedToDevice<sph...
11'923.390 17771 2653752 > yi false,
~ cstone::Domain<unsigned long, do... updateLayout (
33.381 0.123 3'5670 memcpyH2D<unsigned int>(unsi... memcpyH2D (lay
1'421.468 0.972 3'657 util::for_each_tuple<cstone::Dom... util::for eac
2'794.605 1.901 3'498 cstone::gatherArrays<cstone::gat... gatherArrays (
2'847.528  1.947 3'560 @ memcpyD2D<unsigned long>(un... memcpyD2D (swa
2'850.623 1.956 3'667 memcpyD2D<unsigned long>(un... memcpyD2D (key

)

© Enable CUDA memory transfer
profiling with the “--cuda-transfer-

analysis’ flag in MAP

® The CUDA metrics view displays GPU
memory transfer rates: Host-to-Device
(H2D), Device-to-Host (D2H), Device-to-
Device (D2D), measured in Bytes and

calls per process

® The GPU Memory Transfers tab
provides a detailed breakdown for

memory transfers

® @ Host-to-Device and Device-to-
Device memory copies occur in the

updatelayout function

ETHziirich



Linaro MAP: Interact with the tool

= MAP can export profiling data in JSON format
= open a .map file in the Linaro MAP GUI
then export the data in the File/Export Profile Data as JSON menu

» or from the command line map --export=myfile. json myfile.map

jg '.samples.metrics | keys' myfile.json \ 45 11.4 12
|grep dtod 40
"gpu_dtod_bytes_transferred_per_second", o 9.6 10
"gpu_dtod_bytes_transferred_total", O 3 . i
"gpu_dtod_memory_transfers_per_second", 2 30 . . 8
"gpu_dtod_memory_transfers_total", ° . i i —
"gpu_dtod_transfer_time_percentage", 8 25 T T FHH T T H2H (0)
"gpu_dtod_transfer_time_total", 5 0. f i HHE 6 oD
e 276 288 492 4 D2
8 10 i O H2D+D2H
© INNENENEN ! I N INEE I
C>D """" IERERRERS 2
< 5 EEE - FEEE  JHEE HEEE HEb
0 0

<¥% cscs
GH200 compute nodes (4 GPUs per node)



References

= MAP: https://www.linaroforge.com/linaro-map

» PERF-REPORT: https://www.linaroforge.com/linaro-performance-reports

= UENV: https://eth-cscs.github.io/cscs-docs/software/devtools/linaro-uenv

= LUMI: https://lumi-supercomputer.github.io/LUMI-EasyBuild-docs/a/ARMForge/
= CUPTI: https://docs.nvidia.com/cupti/api/group__ CUPTI__ACTIVITY__APIl.html
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scalasca VAMPI

structure for parallel codes



VI-HPS

= Performance analysis is the process of measuring the performance of an application with a tool

» The Virtual Institute for High Productivity Supercomputing (www.vi-hps.org)
develops an open source Scalable Performance Measurement Infrastructure for Parallel Codes

't")fsg,&ﬂ!.,é:ﬁ

= Score-P is one of the performance analysis tool supported by VI-HPS

» Profiling gives a statistical overview of the measured performance

= |t can help to quickly identify hotspots or performance bottlenecks

» Tracing records a detailed timeline of events

= |t can help to understand performance issues with a higher level of details (and overhead)

\:.:. cscs 3/15 ETHziirich



Score-P: Compiling your code with the tool

= Load the uenv (in /user-environment):

uenv image pull scorep/9.0-gcci3:vi
uenv start scorep/9.0-gcci3:vl --view default

scorep --version

scalasca --version

cubelib-config --version

find /user-environment/ -name scorep.pdf

= |Invoke cmake without instrumentation: then start building with instrumentation:

SCOREP_WRAPPER=0OFF cmake -S src -B build SCOREP_WRAPPER=ON cmake --build build
-DCMAKE_CXX_COMPILER=scorep-mpic++ \

-DCMAKE_C_COMPILER=scorep-mpicc \

-DCMAKE_CUDA_COMPILER=scorep-nvcc \

-DCMAKE_CUDA_ARCHITECTURES=90

= Select the report type before running the executable:

export SCOREP_ENABLE_PROFILING=true
export SCOREP_ENABLE_TRACING=true

@ CSCS EIHzurich
e 4/15



Score-P: Profiling

= Activate profiling with:

export SCOREP_ENABLE_PROFILING=true

Run your job with srun or sbatch on Alps

Copy the profile ( profile.cubex ) to your laptop

Install Cube from scalasca.org

Analyze the file with Cube:
= performance metric (left panel)
= call path (middle panel)

= system resource (right panel)

/Applications/Cube/<...>/maccubegui.sh ./profile.cubex

@
\?00 CSCs

000 CubeGUI-4.8.2: cubefprofile_f93968b3.cubex
Absolute B Absoute B  Absolute %]
E E [ Pt ee B  statstcs 0
']
i 1276410 Vit (oce) i w7 nactine Cray generc P
220 cudaE0s ; §
eI B 75568 st Grucobe o oS08 <
0.00 Miium clusive Time (s2) 1 0.00 trust:THRUST.200500_900_NS:cuda H 157,37 stitchgrog 2 8
A 9498 MasiuincseTie sc) 0.45 trust:THRUST_200500_900_NS:cuce_ LB s ¢
g 288412 bytes put (ytes) 0 st THUST 200800 900 N, PE T Swchgoun2d
1.60e+13 btes, gt (yts) D00C-CUB_ 00500 S00 NGt ¢ L =SHich oot
L oyt ead e 1 685.31 sphccuda:AvswichesGpucdoubleoa I 74 node 06904
[] 0io_bytes_writen (bytes) 465 23 o momentunEvey Gpuchls I 745 rode 06310 3
B 45dev1byessen e 0.23 cub:CUB_200500_900_NS:DeviceRed E 48 ode 00624 7
I 4stev2byts e s 0.01cub:CUB_200500_900_NS:DeviceRedu B et oie? 8
810 CLOA Moty ) 226 cubCUB_200500_900_NS:DevieReds fhooretae H
1686413 aocaton,ize (oytes) 0.01cub:CUB_200500_900_NG:DevceRedo E /98 CUOA Derce 3
1.68e+13 dealocaton,sze pyes 0.00 cub:CUB_200600_900_NS-detacfor ¢ 198 CU0A Dok
L] Obtes eked e 0.6 cub-CUB_200600_900_NS:DevioeRe I 1.8 CUDADeice 0
I 1866+ 0marimun_eap_memor_aloc ] 0.01cub:CUB_200500_900_NS:DeviceRedu H ggg n: :"‘t :gf
1 9.04 computePositonsKemel M 000wt R::k P 9
1.26 updateSmoothingLengthGpuKernel 0 0'00 Pl Rank 403 i
0,02 cub:CUB_200500_900_NS:DevioeRch ey 3|
0.00 cub::CUB_200500_900_NS::DeviceRadis E 7'53 node 1d006939
.23 DeviceRadixSortOnesweepKernel Db timmsaen |
.37 stati |
e izt 8
000 11 (0000%) 1138 000 96.23(0.85% 11364 [000 742(078%) %23
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—
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lasca.or

ftware/cube-4.x/downl

html
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Score-P: Tracing

= Activate tracing with:

export SCOREP_ENABLE_TRACING=true

export SCOREP_FILTERING FILE='initial scorep.filter'
# more about this in the next slides

= Run your job with srun or sbatch on Alps

= Analyze the tracefile with Vampir :

ssh -X eiger.cscs.ch # gui requires x86_64 A

n -s /capstor/store/cscs/userlab/vampir/10.6.1/bin/vampir

./vampir ./traces.otf2

o,
<¥g@ cscs

64_2ftraces.otf2* - Vampir

Amn BEOE QQTAN Bt a0 e———nli alisun

45605

Timelne
456105

®
5625 ? Accumudated Excusne Time per Funcion Group

=
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756G

1506
1256

|CUDA Context 1, Values of Metric "CUDA Memory” over Time:

g 006!

2
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100%.
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0%

“%

[

- EBEEE8E

10s 055 005
1470285 (2798 H cstone
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049245937 %) b CUB_200500 900 NS
0.194861's (371 %) OMP_LOOP
0157765 (3%) MPI Coliective Communicaion
0134578 5 (256 %) [l CuDA
0.102414'5 (1.95 %) Jii} CUDA_SYNC
0.0314626's (0.6 %) & MP! Request Handling
Cortext View

5 Master Timeline A X +
Progeny  Vabe =
Display Master Tmeline

Type functon

Locaton Master fvead 31

Function n’ 528 1, double) [with Vecior = csine:
Function Group [llAppiiation

Saurce Code  fealocale hpp 22

Interval Begn 4493999 s

Nomes of Wessages per Message Sce

48

128K8
17834763 MB
2547822 MB
5208

208

» [l Somp paralle @domancecomp hp 44
» |l Somp parallel @exchange_focus hop:108
» [l Somp parallel @gaenhpp 93

» |l Somp paralld @peers hpp 90

» [l 'Somp paralll @update_mpi gpucth 60
] COMPUTE IDLE

- Fna (CueF o0

https://vampir.eu
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Score-P: Communication Matrix View

= |t shows information about messages sent between processes and communication imbalances

= The rows represent the sending processes, the columns represent the receivers

Aveeage Message Sizn

- - 230m8
- - azm e
- - 226 e
= .- -
- - - - o= - - = o= - - - - - - - -
- - - - - = o= - - - - - - - - - - 200 w8
- - - - = = o= - - - - - - - - - - 2mme
- - - - - - - - - - - - - - - 2813M8
- - - - - - - - - - - zaums
- - - - - - - - - - - - 220m8
- - - - - - - - - - - 215 w8
- - - - - - - - - 21008
- - - - - o= - - - -
- - - - - - - - - - 203 M8
o - - - - - = = o= - - - - - 7
& v - - - - - - - - - - - TSNS
L —— - - - - - - - - - se1me
Master trread 33 - - - - - - - - o=
[re— - - - - - - - - - 1ssame
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- - - - - w68
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- - - - - - - 100u8
- - - - - - - - - o6 we
- - - - - - - - - - camwme
- - - - - - - - - - - - - m om o= o= osamE
- - - - - - - - - - - - - o7sme
- - - - - - - - - - - - - -
- - - - - - - - - - - - ose7me
- - - - - - - - - - - - Lol
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A
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LUMI

Score-P supports AMD gpus too We have only scratched the surface, there is more

‘eve CubeGUI-4.8.2: scorep-512cn-n5893-sd/profile.cubex
Absolute B  Absolute B Absolute 2] -
Elrutree W " Vampir Scalasca CUBE TAU Extra-P TAUdb

9 BA0rD VIR o T e e S SN I - machine LUMI-coeCray-24.03-ocm §

36705 Time (n(oc) : 29.13 void cstone::gatherRangesKernel<util::arra 64.97 node nid005130 3

0.00 Minimum Inclusive Time (sec) ida::AVswitchesGpu<double, 54.86 node nid005133 3

72.81 Maximum Inclusive Time (sec Energy Gpu< 65.25 node nid005134 =

0 bytes_put (bytes) block_reduce_kernel<fe §5.13 node nid005135

0 bytes_get (bytes) lock_reduce_kemel<fa 55.26 node nid005136

0io_bytes_read (bytes) 65.47 node nid005146

0 o_bytes_written (bytes) (] - node nid005147 Event traces

0.00 HIP Host Memory (bytes)
9.08e+13 allocation_size (bytes)
9.08e+13 deallocation_size (bytes)
0 bytes_leaked (bytes)

1.14e+10 maximum_heap_memory_
1.14e+15 bytes_sent (bytes)
1.14e+15 bytes_received (bytes)
1.14e+10 HIP Context 0 Memory (by

116.83 void sph::computePositionsKernel<double
18.25 void sph::updateSmoothingLengthGpuKerr
0.04 vond thrust: rocprim::__parallel_for::keri
nesweep_| Nslogrnms

6.90 ROCm Device 4
6.89 ROCm Device §
6.89 ROCm Device 2
6.89 ROCm Device 3
6.92 ROCm Device 6
6.91ROCm Device 7

6.92 ROCm Device 0
- ROCm Device 1
[ - HiIP Context 0

0.00 HIP[0:1]
0.00 HIP[0:2]

g (OTF2)

g Hardware counter
(PAPI, rusage, PERF, plugins)

Call-path profiles

(CUBE4, TAU)

Score-P measurement infrastructure

6.90 HIP[0:0]
0.00 MP1 Rank 48
0.00 MP! Rank 49
0.00 MP! Rank 50
i 0.00 MPI Rank 51
0.51 void cstone:fillSfcGapsKernel<unsigned | Py ity
void c psKernel<unsigned lon 0.00 MP! Rank 53
0.05 void thrust:-hip_rocprim::__parallel_for-:kert Instrume n wrapper
0.01void thrust::hip_rocprim::__parallel_for:kerr Al (20488 elements) e
0.00  3.6%+5 (100.00%) G.GMSI 0.00 2.830+4 (7.70%) 3.37.«5] 0.00 2 93«41

https://www..

Thread-level
parallelism
(OpenMP,
Pthreads)

Process-level
parallelism

(MPI, SHMEM)
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Accelerator-based
parallelism
(CUDA, HIP, OpenACC,
OpenCL, OpenMP, (Posix /O,

Kokkos) MPI-10)

Application

11O Activity
Recording

Source code
instrumentation
(Compiler, PDT,

User)

Sampling
interrupts
(PAPI, PERF)
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Score-P: Profiling Overhead
= Profiling will make your simulation run longer
= The overhead will vary between codes and job sizes (weak scaling results from 4 to 1024 gpus)

W \Vithout Score-P With Score-P Profiling
Overhead

60 12
50 10

40

q
3 | )
2
1 \ )
0 0
1 2 4 8 16 32 64 128 256

GH200 compute nodes (4 gpus per node)

o
@

o
IS

Elapsed time / seconds
(=]
Profiling overhead / %

o
N

Adapt your jobscript for the additional compute time; the overhead is usually small (less than 10% here)

¢

S,
A S

A
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Score-P: Tracing Overhead

= Tracing will make your simulation run longer

= Tracing will also create larger files than profiling

= scorep-score allows to estimate the size of an
OTF2 tracefile from a CUBE profile

> scorep-score profile.cubex

Estimated aggregate size of event trace: 3301MB <---
Estimated requirements for largest trace buffer: 413MB
Estimated memory requirements (SCOREP_TOTAL_MEMORY): 543MB

= scorep-score -g allows to reduce the overhead

via filtering, for example:
» from 280 GB to less than 10 GB with 512 gpus.

SCOREP_USER_REGION_BEGIN / END

39
v\O‘O CSCs

10/15

File Size (MB)

-@- Score-P: Profile size
~@- Score-P: Tracefile size (Estimated)
-®- Score-P: Tracefile size (Filtered)

124 8 16 32 64 128
GH200 Compute Nodes (4 GPUs per node)

scorep-score -g profile.cubex
scorep-score -f initial scorep.filter profile.cubex
export SCOREP_FILTERING_FILE='initial_scorep.filter

ETHziirich



Score-P: Constraints and Workarounds

= The Vampir GUI is currently available only on x86-64 cpu based systems
» Alps has aarch64 (Grace) CPU nodes
= You can use Vampir on x86_64 CPU nodes (at CSCS or LUMI)
= CSCS standard license allows to read trace files with up to 256 concurrent threads of execution

= The Scalasca Trace Tool is your friend

O o
<¥,® Cscs 1715 ETHziirich



Score-P: Interact with the tool

= Score-P provides tools to read profile and tracefiles from the cli

= scorep-score can report runtime distribution among function groups:

100%
> scorep-score profile.cubex okkkAAK oo l . I I l I l I
36 35

flt type max_buf[B] visits time[s] time[%] time/visit[us] region oo%
ALL 432,816,718 132,510,706 1293.78 100.0 9.76 ALL 5 ;': w0 N B " 35
USR 428,336,402 131,737,694 27.12 2.1 0.21 USR [ " e
OMP 3,450,496 595,712 624.56  48.3 1048.42 OMP [ cuns
CUDA 812,380 121,828 465.62 36.0 3821.94 CUDA 0% U ° 45 WUSR
20% 30
COM 144,144 44,308 140.95  10.9 3181.12 COM il *
MPI 87,440 11,164 35.54 2.7 3183.21 MPI o - - . e B Em =
GH200 compute nodes (4 gpus per node)
= where:

USR: all user functions (except those in the COM group)

OMP: all OpenMP regions/construct
CUDA: all CUDA API functions and kernels
MPI: all MPI functions

COM: all user functions that appear on a call-path to any functions from the above groups
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Score-P: Interact with the tool

= scorep-score -r can report runtime distribution of every call in a function group, here MPI:

100%

> scorep-score -r profile.cubex 0% il 19% 1%

skokokokokokok g% 9% 39%  36% 84%
type max_buf[B] visits time[s] time[%] time/visit[us] region . 70% 3% 2% by
MPI 89,548 751,552 1452.58 1.6 1932.77 MPI_Recv 3 x 3% MP1 Waitall
MPI 30,056 591,808 214.10 0.2 361.77 MPI_Probe -3 - nw pom _mg:-gm
MPI 2,522 49,664 718.21 0.8 14461.42 MPI_Waitall L e u MPI_Allreduce
MPI 1,564 11,776 1032.04 1.1 87639.23 MPI_Allreduce 20% " MPL_Algather
MPI 272 2,048 63.17 0.1 30846.76 MPI_Reduce 10% =
MPI 68 512 536.47 0.6 1047791.09 MPI_Allgather o s 4 s 1w s
MPI 68 512 52.36 0.1 102263.07 MPI_Barrier

GH200 compute nodes (4 gpus per node)

= Cube_calltree can report aggregated values in a call tree for a given metric, here exclusive time:
> cube_calltree -m time -p -t 1 profile.cubex # add -i for inclusive time

0.368645 (0.06562%) + int main(int, charsx)
1.61967 (0.2883%) | + void sphexa::syncCoords(size_t, size_t, size_t, Vector&, ...
0.0135334 (0.002409%) | | + void cstone::computeSfcKeys(const T*, const T*, const T*, KeyTypex, ...
0.000199776 (3.556e-05%) | | | + !$omp parallel @sfc.hpp:286

66.0603 (11.759%) | | | | + !$omp for @sfc.hpp:286

12.9532 (2.306%) | | | | | + !$omp implicit barrier @sfc.hpp:290

\\):0 cscs ... ETHziirich
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