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Outline

» Describe use of HPCToolkit for GPU-accelerated applications
» Status for GPU vendors
« Demo on NVIDIA GPU
» operation-level monitoring
» PC sampling
* Ongoing work




HPCToolkit's Workflow for GPU-accelerated Applications
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hpcrun - Measure CPU and GPU execution

» GPU profiling

— hpcrun -e gpu=xxx <app> ....

» GPU tracing (-t)
— hpcrun -e gpu=yyy -t <app>

 GPU PC sampling (NVIDIA only)

— hpcrun -e gpu=nvidia,pc <app>

» CPU and GPU profiling and tracing
- hpcrun -e REALTIME -e gpu=yyy -t <app>

» Use hpcrun with job launchers
— jsrun -n 32 -g 1 -a 1 hpcrun -e gpu=xxx <app>
— srun -n 1 -G 1 hpcrun -e gpu=xxx <app>
— aprun -n 16 -N 8 -d 8 hpcrun -e gpu=xxx <app>

// xxx € {nvidia,amd,opencl,level0}

/' yyy € {nvidia,amd,opencl}




HPCToolkit and GPU Software Stacks

h OpenMP DPC++, OpenMP

AMD
OpenCL

CUPTI Roctracer

NVIDIA
OpenCL

HPCToolkit GPU-independent Measurement Substrate

NVIDIA GPU Intel GPU AMD GPU




Measurement for GPU-accelerated Supercomputers

 Measurement interfaces
— Hardware
— CPU hardware performance monitoring unit
— GPU hardware counters and PC sampling
- Software
— Glibc LD_AUDIT for tracking dynamic loading of shared libraries
— Linux perf_events for kernel measurement
— GPU monitoring and instrumentation libraries from vendors
* Multiple measurement modalities and interfaces
— Sampling on the CPU
— Callbacks when GPU operations are launched and (sometimes) completed
— GPU event stream, including PC sampling measurements




HPCToolkit's Workflow for GPU-accelerated Applications
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hpcstruct - Recover Structure for GPU-accelerated Programs

e Analyze all GPU binaries in <measurements-dir>
— hpcstruct [--gpucfg yes] <measurements-dir>
» “gpucfg yes” means recover GPU loop nests, calling context information
 only useful on NVIDIA platforms at present: no fine-grain measurement from other vendors
» use with care on large binaries: very costly because of NVIDIA's lack of necessary APls
— adds a program structure file to the measurement directory for each GPU binary




HPCToolkit's Workflow for GPU-accelerated Applications
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hpcprof/hpcprof-mpi - Correlate Measurements with Code

» Use a single process to combine performance data
— hpcprof <measurements-dir>

» Use multiple processes to combine large-scale performance data
— jsrun -n <np> hpcprof-mpi <measurements-dir>
— srun -n <np> hpcprof-mpi <measurements-dir>




HPCToolkit's Workflow for GPU-accelerated Applications

Step 4:

* hpcviewer - interactively explore
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GPU Monitoring Capabilities of HPCToolkit

Measurement
Capability

kernel launches,

explicit memory
copies,

synchronization

instruction-level

measurement
and analysis

kernel characteristics

NVIDIA

callbacks +
activity API

PC sampling
of GPU code

Activity API

Significant support
in master branch

callbacks +

Activity API callbacks

GTPin; Future*:
instruction-level
measurement of GPU
code

Future*: PC sampling
(as seen on Github) of
GPU code

(available statically)

(unknown)

Prototype support
in master branch

Prototype support in
master branch

*Approved for public release




Demo: Measure and Analyze LLNL's Quicksilver (Video)

«™ Applications Places System ® Eo) i

Fri Oct 22, 12:10

johnmc@ufront:~/examples/hpctoolkit-tutorial-examples/examples/gpu/quicksilver - 0 x
= hpcviewer (on ufront.cs.rice.edu) o

File Vview Filter Help
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Emerging Work: Large-scale LAMMPS

File Vview Filter Help

g Profile: lmp‘gTrace: lmp‘ @ el €4 L HyI YT =0
[Main view| Depth: 13 - |+ n
Time Range: [121,018ms, 123,146ms] Rank Range: [NODE -116782061 RANK 438 THREAD @, NODE -116721134 RANK 488 GPUCONTEXT 1] Cross Hair: (122,082ms, NODE -116740604 RANK 23 GP S
BE 1 : 3 I FEETERE i EE & ETEEETE ) g B o @il call stack\statistics\GPU Idleness Blame\
X LLE S 3 T E ® 3 ¥ E B ; i ¥ E K 1
L EEZ 3 it LIE E b FERLT <propran root>
= 2EE EE L E ® w y EEE main
R ESEZEE 2L =2 FERESES 3 R AR
1il T HHS RHLEREETREEDE SEHRREERIRLE: fomoim e
E ¥ — 2 W _‘-_ S¥FLRLERREL | PTTERLIERT F d Hel g - AXDEEERTY ® LAMMPS NS: :Input::execute command() [Liblammps.so.0]
S T I i ) ¢ . 3 LAMMPS NS: : Input: :command_creator<LAMMPS NS: :Runs(LAY
b y ] 1 B ¢
e 9 ; : =t LAMMPS, NS: :Run: : comand (int, char**) [Liblamps.s0.0]
-

LAMMPS NS: :VerletKokkos: :run(int) [Liblammps.so.0]

i
el

LAMMPS NS: :PairL]CutKokkos<Kokkos::Cuda>: :compute(int
LAMMPS NS::pair compute<LAMMPS NS::PairLJCutKokkos<Ko

LAMMPS NS::pair compute neighlist<LAMMPS NS::PairLICu

it

O 1 1O 00 0 it BN 90

Kokkos: :parallel for<LAMMPS NS::PairComputeFunctor<LA

I Kokkos: : Impl: :ParallelFor<LAMMPS_NS: :PairComputeFunct

8 AiE

Kokkos: : Impl: : CudaParallelLaunch<Kokkos: :Impl: :Parall

l Kokkos : : Impl: : CudaParallelLaunchKernelInvoker<Kokkos:

(A 3119 WAL RS

cuda_parallel launch constant memory<Kokkos::Impl::Pa

- _device stub_cuda parallel launch_constant

| stub _ ZN6Kokkos4Impl36cuda parallel launch c

LLELT F R
Nimitig =

<unknown procedure> 0x180e80 [6dd83bbc55df15ffelfef6s

0 e A )

=

121, 30ems 121, deems 121, 50ems 121, 7eems 121, Bens 122,800ms 122, loems 122, Joems 122, Jeens 122, 122, B00ms 122, 800ms 123, doens 123 | [—

Depth view ‘ Summary view

I

H
B
15
,__
2
Ef

ji+ {i- | Mini map

__,:—E

S, \

S 128 nodes (AMD EPYC + 4 x NVIDIA A100), 512 MPI ranks, 512 GPU streams




Work in Progress

« GPU Enhancements
e Intel GPUs
» Measurement support for Intel GPUs using OpenCL and Level 0
» Fine-grain measurement using GTPin
» Fine-grain attribution using binary analysis
« AMD GPUs
« Binary analysis and instrumentation for fine-grain measurement and attribution
« NVIDIA GPUs
* New support for NVIDIA inlining info - distribute our patches to the community
» Reduce fine-grain measurement overhead with low-overhead PC sampling (CUDA 11.3)
« Scalability
« finalizing new version of hpcprof-mpi with massive threading and sparse formats
« User interface
« overhaul metric view to enhance performance and scalability
« associate trace lines with metadata (node, GPU, MPI rank, GPU stream ...)
 improve presentation of the many GPU metrics
* Reliability and Completeness
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