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Introduction to HPCToolkit performance tools

—Overview of HPCToolkit components and their workflow
—HPCToolkit's graphical user interfaces
Analyzing the performance of GPU-accelerated codes with HPCToolkit
—GAMESS (OpenMP)
—Deepwave (Pytorch)
—Quicksilver (CUDA)
—PeleC (AMReX)
—LAMMPS at Exascale (Kokkos)
Coming attractions
Hands-on with HPCToolkit
+ Installing HPCToolkit’'s hpcviewer graphical user interface on your laptop
« Analyzing executions with HPCToolkit's hpcviewer user interface
» Collecting performance measurements for sample programs (or your own code)
Troubleshooting
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Linux Foundation’s HPCToolkit Performance Tools

Measure and analyze performance of CPU and GPU-accelerated applications

Easy: profile unmodified application binaries

Fast: low-overhead measurement

Informative: understand where an application spends its time and why
—call path profiles associate metrics with application source code contexts
—optional hierarchical traces to understand execution dynamics

Broad audience
—application developers
—framework developers
—runtime and tool developers

Measures complex programs on a broad range of platforms
—CPU: x86_64, Power, ARM
—GPU: NVIDIA, AMD, Intel
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How does HPCToolkit Differ from NVIDIA’s Tools?

* NVIDIA NSight Systems
—tracing of CPU and GPU streams
—analyze traces when you open them with the GUI
= long running traces are huge and thus extremely slow to analyze, limiting scalability
—designed for measurement and analysis within a node
* NVIDIA NSight Compute
—detailed measurement of kernels with counters and execution replay
—very slow measurement
—flat display of measurements within GPU kernels
« HPCToolkit
—supports more scalable tracing than Nsight Systems
* measure exascale executions across many GPUs and nodes
—scalable, parallel post-mortem analysis vs. non-scalable in-GUI analysis
—detailed reconstruction of estimates for calling context profiles within GPU kernels
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HPCToolkit’s Workflow for CPU Applications

hpcrun

> Profile execution on > Profile
CPUs Files
—
p———
So.urce Optjmized N T(ace
Files | Binary Files
—

Compile & Link

hpcstruct
Analyze CPU Program
» 4>| |
program structure Structure
hpcviewer | hpcprof/hpcprof-mpi I

Present trace view and Datab Interpret profile
profile view atabase Correlate w/ source
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HPCToolkit’s Workflow for GPU-accelerated Applications

hpcrun
> Profile execution on > Profile
CPUs and GPUs Files
—
Optimized \ : Trace ||
Binary GPLY Bifery ¥ Files

Compile & Link

hpcstruct

Analyze CPU/GPU
program structure

Program
Structure

hpcprof/hpcprof-mpi
Interpret profile
Correlate w/ source

hpcviewer

Present trace view and
profile view
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HPCToolkit’s Workflow for GPU-accelerated Applications

Step 1:

* Ensure that compilers record line mappings
* host compiler: —-g

e nvcc:-lineinfo
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Compile & Link

Optimized
Binary

hpcviewer

hpcrun

Profile execution on
CPUs and GPUs

> Profile
Files
——

GPU Binary

> Trace
Files
..,____"—"-

hpcstruct

Analyze CPU/GPU
program structure

Program
Structure

Present trace view and
profile view

hpcprof/hpcprof-mpi

fi

Interpret profile
Correlate w/ source
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HPCToolkit’s Workflow for GPU-accelerated Applications

Step 2:

. hpcrun
* hpcrun collects call path profiles (and : D : _
) ) Profile execution on Profile
optionally, traces) of events of interest »  CPUs and GPUs » Files
m

Opt_lm[zed GPU Binary > Tr_ace
Binary Files
Compile & Link
hpcstruct
Analyze CPU/GPU Program
program structure Structure
hpcviewer ' hpcprof/hpcprof-mpi
Present trace view and Interpret profile <
profile view Database Correlate w/ source
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Measurement of CPU and GPU-accelerated Applications

Sampling using Linux timers and hardware counter overflows on the CPU

Callbacks when GPU operations are launched and (sometimes) completed
Event stream for GPU operations; PC Samples (NVIDIA, )
Binary instrumentation of GPU kernels on Intel GPUs for fine-grain measurement
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Call Stack Unwinding to Attribute Costs in Context

» Unwind when timer or hardware counter overflows
—measurement overhead proportional to sampling frequency rather than call frequency
» Unwind to capture context for events such as GPU kernel launches

Calling context tree

Call path sample

return address
return address
return address

instruction pointer
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hpcrun: Measure CPU and/or GPU activity

GPU profiling

T hpcrun -e gpusxxx <app> ... xxx € {nvidia,amd,opencl,level(}

GPU PC sampling (NVIDIA GPU only)
—hpcrun -e gpu=nvidia,pc <app>

CPU and GPU Tracing (in addition to profiling)
—hpcrun -e CPUTIME -e gpu=xxx -t <app>
—hpcrun -e CPUTIME -e gpu=xxx -tt <app> # boosted resolution CPU traces for GPU tracing

Use hpcrun with MPI on Polaris
—mpiexec -n <ranks> .. hpcrun -e gpu=xxx <app>
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Measure and Attribute Performance of Python-driven Codes

Implementation-level

Challenge: Straightforward sampling- call chain for Python
based approach attributes metrics to User-level
Python interpreter code rather than call chain for Python
application-level Python source code \
Enter <program root>

Approach: Develop approach to map
implementation-level measurements
back to Python source code

main.py:67

tensor.py:245




HPCToolkit’s Workflow for GPU-accelerated Applications

Step 3:

hpcrun
b hpCStI’UCt recovers program structure = : :
b i | dinlined f ) > Profile execution on > Profile
about Ines, 100ps, and inline unctions CPUs and GPUs Files

Opt_lm[zed GPU Binary > Tr_ace
Binary Files
Compile & Link v
hpcstruct
Analyze CPU/GPU Program
program structure Structure
hpcviewer ' hpcprof/hpcprof-mpi
Present trace view and Interpret profile <
profile view Database Correlate w/ source
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hpcstruct: Analyze CPU and GPU Binaries Using Multiple Threads

« Usage

hpcstruct [--gpucfg yes] <measurement-directory>

* What it does
» Recover program structure information
* Files, functions, inlined templates or functions, loops, source lines
* In parallel, analyze all CPU and GPU binaries that were measured by HPCToolkit
—analyze large application binaries with 16 threads
—analyze multiple small application binaries concurrently with 2 threads each
« Cache binary analysis results for reuse when analyzing other executions

NOTE: --gpucfg yes needed only for analysis of GPU binaries for interpreting PC samples
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HPCToolkit’s Workflow for GPU-accelerated Applications

Step 4:
* hpcprof/hpcprof-mpi combines hpcrun
profiles from multiple threads and R Prelle execuionon [ Profile
correlate metrics to static & dynamic CPUs and GPUs Files
program structure e
Opt_lm[zed GPU Binary > Tr_ace
Binary Files
Compile & Link
hpcstruct
Analyze CPU/GPU Program
program structure Structure
hpcviewer ' hpcprof/hpcprof-mpi
Present trace view and Interpret profile <
profile view Database Correlate w/ source
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hpcprof/hpcprof-mpi: Associate Measurements with Program Structure

» Analyze data from modest executions with multithreading (moderate scale)

hpcprof <measurement-directory>

* Analyze data from large executions with distributed-memory parallelism + multithreading (large scale)

mpiexec -n ${NODES} --ppn 1 —depth=64 \
hpcprof-mpi <measurement-directory>
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HPCToolkit’s Workflow for GPU-accelerated Applications

Step 4:
. hpcv./ewer - interactively explore hpecrun
proﬂ_le a.nd traces for GPU-accelerated R Breitle exaculion on [ Profie
applications CPUs and GPUs Files
'-—-"""-_-"

Opt_lm[zed GPU Binary > Tr_ace
Binary Files
Compile & Link
hpcstruct
Analyze CPU/GPU Program
program structure Structure
hpcviewer ' hpcprof/hpcprof-mpi
Present trace view and ¢ Interpret profile
profile view Correlate w/ source €
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Code-centric Analysis with hpcviewer

[ N N hpcviewer
= profite: lutesh-RAJA-paraliel.exe | BB Trace: lulesh-RAJA-parallel.exe =

main.c luleshRAJA-parallel.cxx 32 | forall_generic.hxx

1183

S/ Compute. the hourgiass moses 7 ’ e function calls in full context
nfm?:‘:);gzﬁké;elem_exec_policp(*donElemList. [&] (int i2) { ° inlined procedures

hgfx (8], hgfy[8], hgfz([8] ;
coefficient; Source pane L

hourgam@(4), hourgaml[4], hourgam2(4], hourgam3([4] ;
hourgam4 (4], hourgam5[4], hourgam6[4], hourgam7(4];

outlined OpenMP loops
_t xd1(8), yd1[8], zd1[8] ;
Index_p elemToNode = &nodelist [8%i2]; o Ioops

Index_t i3=8%i2;

Do & 14

(1.0)/determli21:

view control

Scope . . REALTIME (usec):Sum (I) v REALTIME (usec):Sum (E)
v 3} Experiment Aggregate Metrics m etnC d | S p I ay 1.47e+09 100.0% 1.47e+09 100.0%
» <omp idle> 7.95e+08 54.2% 7.95e+08 54.2%
¥ <program root> 6.69cyul i

¥ EP497: main
¥ loop at luleshRAJA-paraliel.cxx: 3526 I

v E»2715: [I] LagrangeNodal(Domain*)
v E»1554: [I] CalcForceForNodes(Domain®)

navigation pane

v Bb1469: CalcVolumeForceForElems(Domain® .88e+08 26.5% 1.00e+03 0.0%
.43e+08 16.6% 1.00e+03 0.0%
.55e+08  10.6% 2.01e+03  0.0%

s ' 4 1.04e+08 7.1%
¥ E»405: (1] void RAJA::forall<RAJA::omp_parallel_for_exec, CalcFBHourglassForceForElems(int®, double®, double®, double®, double®, double*, double®, double*, double®, double®, double*, double®, dou} 1.04e+08 7.1% 2.01e+03 9.0%
| loop at forall_seq_any.hxx: 498 | 1.04e+08  7.1% 2.01e+03  0.0%
v B»S505: [I] void RAJA::forall<CalcFBHourglassForceForElems(int*, double®, double®, double®, double*, double®, double®, double*, double®, double*, double®, double®, double®, double*, double*, d 1.04e+08 7.1% 5.97e+04 9.0%
v E»89: outline forall_omp_any.hxx:89 (0x4235b0) 1.03e+08 7.1% 1.69e+05 0.0%
¥ loop at forall_omp_any.hxx: 90 1.03e+08 7.0% 1.04e+05 9.0%
¥ B»91: [1] CalcFBHourglassForceForElems(int*, double®, double®, double*, double®, double*, double®, double®, double®, double*, double®, double®, double*, double®, double*, double*, dd 1.03e+08 7.0% 4.81e+07 3.3%
I] CalcElemFBHourglassForce(double®, double®, double*, double*, double*, double*, double*, double*, double*, double*, double*, double, double®, double*, double*) 4.40e+07 3.0% 4.40e+07 3.0%
1.11e+07  0.8% 1.44e+06  0.1%
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Understanding Temporal Behavior

» Profiling compresses out the temporal dimension

—Temporal patterns, e.g. serial sections and dynamic load imbalance are invisible in profiles
» What can we do? Trace call path samples

—N times per second, take a call path sample of each thread

—Organize the samples for each thread along a time line

—View how the execution evolves left to right

—What do we view? assign each procedure a color; view a depth slice of an execution

Processes

Time
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Time-centric Analysis with hpcviewer

. ®e hpcviewer - S
[ profie: flash3 | B Trace: flash3 @ PSR- s 5] ME=0
[Main view] Dopth: 13 g £ 3

Time Range: [69s, 93s] Rank Range: [Rank 0, Rank 255] Cross Hair: (86s, Rank 93)

Ul | Call stack | Statistics |

A oy flash
e Ll 1 1 R i/ et e e . 5 &
driver_evolveflash

hydro
hy_ppm_sweep
eos_wrapped

The color at a particular point in a
timeline indicates the CPU procedure
 or GPU kernel active at that time at

the selected call stack deph Call stack pane

shows full calling

MPI ranks,OpenMP Threads, GPU streams

& context for the
: ‘é & cursor
| : : : : =
}De:‘:svi”’ 7S()usmma'y ::w 74s 75s 77s 78s 8 Time 82s 85s 86s 88s 89s 90s 915) S —
e " = ,mmmmm-m-—m'mﬁrmumw I-
Depth view showing the history of calling contexts for the thread/GPU stream with the cursor
MGDNNE . _ _ _ Minimap indicates part of
ATPES C20:24! A multi-level call stack based view of execution over time ~ execution trace shown
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What Can you Measure?

Parallel programming models
Across nodes: MPI, SHMEM, UPC++,
Within nodes: OpenMP, Kokkos, RAJA, HIP, DPC++, Sycl, CUDA, OpenACC
Languages
C, C++, Fortran, Python
Frameworks
Pytorch, Tensorflow (maybe)
Hardware
CPU cores and GPUs within a node
All of the nodes in Polaris
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hpcstruct Example: Analyze 7.7GB TensorFlow library (170MB text) in 77s

®] hpeviewer

File View Filter Help

Bproﬁle: hpestruct-bin B Trace: hpcstruct-bin . ¥ i+ 2 5 - « s = 0o

Main view Depth: 496 - + £
Time Range: [0s, 77s] Rank Range: [Thread 0, Thread 31] Cross Hair: (53s, Thread o)

1 D Iﬂlll.?ll..lll Wi

Call stack Statistics

main
realmain(int, char*s)
doSingleBinary(Args&, stat*) I

BAnal::Struct::makeStructure(std::__cxx11::b:
Dyninst::ParseAPI::CodeObject::parse() [libp:
Dyninst::ParseAPI::Parser::parse() [libparse
Dyninst::ParseAPI::Parser::parse_vanilla() [
Dyninst: :ParseAPI: :Parser::parse_frames(Lock
[I] Dyninst::ParseAPI::Parser::ProcessFrames
Couo oocollol Dlo z2.50.1.0.0])
STirINSTructionAPL: : Instr
111 LOCKFreeQueue<byninst: :ParseAPI: :ParsefFr
[I] inlined from Parser.C: 617
GOMP_task [libgomp.s0.1.0.0])
Dyninst::ParseAPI: :Parser::LaunchWork(LockFre
Dyninst: :ParseAPI: :Parser: :SpawnProcessFrame
Dyninst::ParseAPI::Parser::ProcessOneFrame (D
Dyninst::ParseAPl::Parser::parse_frame(Dynin
Dyninst::ParseAPl::Parser::parse_frame_one_1
Dyninst::ParseAPI::Parser::ProcessCFInsn(Dyn
. Dyninst::InsnAdapter::TA_x86::1sTailCall(Dyn
Dyninst::ParseAPI::StandardParseData:: findBli
[I] Dyninst::ParseAPI::region_data::findBloc
[I] Dyninst::dyn_c_hash_map<unsigned long. D:
[I] tbb::1interfaceS: :concurrent_hash_map<uns.

Ds 25 45 65 85 10s 1Js 14s 16s 18s 20s 225 24s 265 28s 30s 33s 34s 3bs 38s 40s 4ds 44s 4bs 4Bs SO0s Sis S4s Sbs SBs 60s 6is 64s  66s 68s 70s 725 74s  76s

Depth view Summary view




Analyze 38.1GB data for 2K MPI ranks + 2K GPUs using 1K threads in 41s

Main view

]
K&?‘—w\f'« o

R
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Case Studies

GAMESS (OpenMP)
Quicksilver (CUDA)

PeleC (AMReX)

LAMMPS (Kokkos) at exascale
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Case Study: GAMESS

» General Atomic and Molecular Electronic Structure System (GAMESS)

—general ab initio quantum chemistry package
» Calculates the energies, structures, and properties of a wide range of chemical systems

* Experiments
» GPU-accelerated nodes at a prior Perlmutter hackathon
« Single node with 4 GPUs
» Five nodes with 20 GPUs

Perimutter node at a glance

AMD Milan CPU
4 NVIDIAA100 GPUs
256 GB memory
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Time-centric Analysis: GAMESS 4 ranks, 4 GPUs on Perimutter

hpcvie

File View Filter Help

g Profile: gamess.00.x ¥ Trace: gamess.00.x [FProfile: gamess.00.x B Trace: gamess.00.x 3 ¥ + 5 v - M=
Main view Depth: 40 - i
Time Range: [0s, 53s] Cross Hair: (29s, RANK O GPUCONTEXT 1 GPUSTREAM 16)

LL1an I8 LU I oot IRENRI R L) | |11 LU L AT EHLIR AN | ke 2t} LNIR B L LR R | R AURIR Y IR imw 10 RN | T NN call stack Statistics GPU Idleness Blame

l <program root>
main
gamess
brachx_

energx_

N win_
rhfcl_
twoel_
ompmod_ompmod_twoei_jk_
gpu_ompmod_twoel_jk_
gpu_rhf_j05_ppps_

L 1T | i Al T [ Ty 1 | ! \ v 'y R ™ 210 - { - __nhvomp_target [libnvomp.so]

launchTarget [libnvomp.so)
launchHXTarget [libnvomp.so)
hxtaunch {libnvomp.so]

launchInternal [libavomp.so]
[1I] targetLaunch
Ilaun(hxnternal [libnvomp.so)

- " | W ] ! |18 " J J 1 b <gpu kernel>

Al i il 1 0T

| nvkernel_gpu_rhf_)05_ppps_ F1L575_18_ [36534090«

s s s s w s s s n EN NN NN NN E s e uw e s R NN NN NN

os Js 35 45 Ss 65 75 8s 95 10s 11s s 185 18s 28s 235 21s

Depth view Summary view Mini map

EXT-RII-EI\Q-ESC§L§30MPUTINJG GAMESS original All CPU threads and GPU streams



Time-centric Analysis: GAMESS 4 ranks, 4 GPUs on Perimutter

: File View Filter Help

FiProfile: gamess.00.x ¥ Trace: gamess.00.x [FJProfile: gamess.00.x B Trace: gamess.00.x [Profile: gamess.00.x B Trace: gamess.00.x [#Profile: gamess.0l.x B¥ Trace: gamess.0l.x [fProfile: gamess.00.x B Trace: gamess.00.x

®] Select rank to display

. : B =

Depth: 40 -

iM.un view Check all | uncheck all Regular expression

|+

Time Range: [0s, 53s] Cross Hair: (42s, RANK © THREAD 10)

(LT 0T T AR 1110 1100 1 DO 01 119 | M1 call stack Statistics GPU Idleness Blame

‘ ‘ l <thread root>
RANK O GPUCONTEXT 1 GPUSTREAM 16 threadPoolEntryPoint [libnvomp.so]
| /| RANK 1 GPUCONTEXT 2 GPUSTREAM 26 ‘
RANK 2 GPUCONTEXT 2 GPUSTREAM 26 |

RANK 3 GPUCONTEXT 2 GPUSTREAM 26

hxiExecuteHostTreeBarrierWithTasks [libnvomp.so
{I] executeHostTreeBarrier

3 [I] waitForNeighborThreads

L L hxAddressWait {libnvomp.so)
syscall [libc-2.31.50]
spmenammomn 55§ 3 TOUTRAEN Sloms ] TR ST (B BRI W imS IR RCC (gl SISy ERI TR e TR ey | ..

A

[ (R

os 25 3s 45 S5 6s 7s Bs 95 10s 1is 1is 18s 18s 20s 25 245 265 28s 3bs 3ls s 3bs 3ds 40s als aks abs 48s sbs sis

s s s s s e s e FF RN RN NN Ea s s e e NN NN

Depth view Summary view + Min1 map

ﬁ-l E— e 1 |

EXT-RII-EI\Q-ESC§L§30MPUTINJG GAMESS original All CPU threads and GPU streams



Time-centric Analysis: GAMESS 4 ranks, 4 GPUs on Perimutter

File View Filter Help

Frrofile: gamess.00.x B Trace: gamess.00.x \ ¥ “+ 5 v « |
il
r“|\ r“|\ “|‘

Main view
Time Range: [0s, 53s] Cross Hair: (27s, RANK 3 GPUCONTEXT 2 GPUSTREAM 26)

Al
|l
|1l

Depth: 40 -

|-

Call stack Statistics GPU Idleness Blame

l <program root>
main
gamess
brnchx_

energx_

win_
rhfcl_

twoel_

ompmod_ompmod_twoel_jk_
gpu_ompmod_twoel_jk_

il gpu_rhf_306_pppp_
__nvomp_target [libnvomp.sol
launchTarget [libnvomp.so]

= i

J_

launchHXTarget [libnvomp.so]

hxLaunch [libnvomp.so]

launchInternal [libnvomp.so)

f_j16_dppp [30524090489511077¢8b6 .gpub1r

W

‘I | ! il | il B i I ]
i il 1 i It i 1 | I i <gpu kernel>
‘ nvkernel_gpu_rhf_j06_pppp_ FIL686_22_ [30534090¢
-+- e e
L & a L L | o
bs 2s 35 45 S5 65 75 85 95 10s 125 15 165 185 20s 23s 24s 265 28s 36s 385 aés ads s0s 525
Depth view Summary view i Min: map

taunchinternal [libnvomp.so]

Ex;';ﬁ%égowmwi GAMESS original All GPU streams, whole execution



Time-centric Analysis: GAMESS 4 ranks, 4 GPUs on Perimutter

[®] hpcviewer

File View Filter Help

Eeonie: saness o0 mrece: caness00 | GPU l0@d imbalance due to triangular iteration spaces 6 Pohi €2ty Bre- MED -0

Main view

Depth: 40 - +

Time Range: [25.28s, 29.73s] Cross Hair: (27.04s, RANK 3 GPUCONTEXT 2 GPUSTREAM 26)

J| call stack Statistics|GPU Idleness Blame

l <program root>
main
gamess
brnchx_

energx_

wfn_

rhfcl_

twoel_
ompmod_ompmod_twoei_jk_
gpu_ompmod_twoei_jk_

\ngu rhf_j06_pppp_

__nvomp_target [libnvomp.so]
launchTarget [libnvomp.so]

launchHXTarget [libnvomp.sol

hxLaunch [libnvomp.sol

launchInternal [libnvomp.so]

[1I] targetLaunch

launchInternal [libnvomp.sol

<gpu kernel>
nvkernel_gpu_rhf_j06_pppp__F1L686_22_ [305a4090:

25.3s 2576s | 25.8s 2625 26.4s  26.6s  26.8s 27725 27:4s | 27'6s  27.8s 28'2s  28:.4s  28.6s  28.8s 285 20725 2045 29.6s

Depth view Summary view i+ Mini map

_———— —_—_———

e
= EE———————— e ggg
— e ——(——— e ——— ] e ]

TPESC 20024 GAMESS original GPU streams: 1 iteration



Time-centric Analysis: GAMESS 4 ranks, 4 GPUs on Perimutter

File Vview Filter Help
R Profile: gamess.00.x B Trace: gamess.00.x fProfile: gamess.00.x B Trace: gamess.00.x [gProfile: gamess.00.x B Trace: gamess.00.x fdProfile: gamess.0l.x B Trace: gamess.0l.x fProfile: gamess.00.x B Trace: gamess.00.x = 0
tgpu_ompmod_spd.F96 [Plot graph]l gpu_rhf j16_dppp_: GPUOP (sec) (I) tgpu_ompmod_sp.F90 [Plot graph]l gpu_rhf_j06_pppp_: GPUOP (sec) (I) 8 gamess.F

[Plot graph] gpu_rhf_j06_pppp_: GPUOP (sec) (I)
1.0E1-

8.0E0
6.0E0 - »

4,0E0

Metric Value

2.0804°

0.0E0 -] e # s & & & @ & ® e 8 e e e s * e 6 8 8 s 8 s = 4 s 8 s o0 ® % o s % 4 s 0 8 s s 0 a0 e " e 6 a8 os e a e . - . . . .

Rank.Thread

Top-down view Bottom-up view Flat view

23S HE ME A s -~

REALTIME (séc): Sum (I} REALTIFE (sec): Sum (E) GPUOP (sec): Sum (T} GPUOP (sec)i Sum (E) GNER (uc) Sum (l) QUER I3ec): Sum (E} GXCOPY (sec)s Sum (1) GXCOPY ' (sec): Sum (E)

4 Experiment Aggregate Metrics 3.48e+03 160.0% 3.48¢+03 100.0% 1.66e+02 100.0% 1.66e+02 100.0% 2 100.0% 1.66e+02 100.0% 2.64¢-01 100.0% 2.64¢-01 10
A <program root> 2.04e402 5.9% 1.66e+02 100.6% 1.66e+02 100.0% 2,64¢-01 100.0%
4 » main [gamess.00.x] 2.09e402 5.9% 1.66e+02 100.0% 1.66e+02 100.0% 2.63¢-01 100.0%
4 » gavess 2.04e402 S.9% 1.66e+02 100.0% 1.66e+02 100.0% 2.63e-01 100.0%
A4 772 » brnchx_ 2.03e+02 5.8% 1.66e+02 100.0% 1.66e+02 100.0% 2.64e-01 100.0%
4 1095 » energx_ 2.03e+02 5.8\ 1.66e+02 100.0% 1.66e+02 100.0% 2.64e-01 100.0%
4 loop at gamess.F: 1316 2.03e+02 5.8% 1.66e+02 100.0% 1.66e+02 100.0% 2.64e-01 100.0%
4 loop at gamess.F: 1436 1.97e402 S.7% 1.66e+02 100.0% 1.66e+02 100.0% 2.64e-01 100.0%
4 loop at gamess.F: 1436 1.97e+02 5. 7% 1.66e+02 100.0% 1.66e+02 100.0% 2.64e-01 100.0%
4 1440 » win_ 1.97e+02 5. 7% 1.66e+02 100.0% 1.66e+02 100.0% 2.64e-01 100.0%
4 loop at gamess.F: 2645 1.97e+02 5. 7% 1.66e+02 100.0% 1.66e+02 100.0% 2,64e-01 100.0%
4 2568 rhfcl_ 1.97e+02 S5.7% 1.04e-02  0.0% 1.66e+02 160.0% 1.66e+02 100.0% 2.64e-01 100.0%
4 loop at rhfuhf. f: 2678 1.96e+02 S5.7% 5.25¢-03  0.0% 1.66e+02 100.0% 1.66e+02 100.0% 2.64¢-01 100.0%
4 loop at rhfuhf, f: 2723 1.96e+02 5.6% 1.66e+02 100.0% 1.66e+02 100.0% 2.64¢-01 100.0%
4 loop at rhfuhf.f: 2723 1.96e+02 5.6% 1.66e+02 100.0% 1.66e+02 100.0% 2.64¢-01 100.0%
4 2859 » twoel_ 1.69e+02  4.9% 1.66e+02 100.0% 1.66e+02 100.0% 2.64e-01 100.0%
4 3994 » ompmod_ompmod_twoed jk_ 1.69e+02 4.9% 1.66e+02 100.0% 1.66e+02 100.0% 2.64¢-01 100.0%
4 246 » gpu_ompmod_twoel jk_ 1.69e+02 4.9% 1.66e+02 100.0% 1.66e+02 100.0% 2.64e-01 100.0%
D 656 » gpu_rhf_j16_dppp_ 2.98e+01 0.9% 1.00e-02 0.0% 2.97e+01 17.9% 2.97e+01 17.9% 1.07e-02

EXT-RII-EMEEC§LECC:%PUTIN£G GAMESS Original



Time-centric Analysis: GAMESS 4 ranks, 4 GPUs on Perimutter

File View Filter Help

[ Profile: gamess.00.x & Trace: gamess.00.x [#dProfile: gamess.00.x B Trace: gamess.00.x A SR i+ 5 v v | K@ = 0
Main view Depth: 39 = 1
Time Range: [0s, 54s] Cross Hair: (27s, RANK 2 THREAD 0)

L1 Sut ol YT TR I NRET E RS MR 1 BT IR DR LR Rt B SR B TN LR L LD 8 RUTRE TRV 1R AL S R me LU I 1 1 WHTE TR I 1 U AR R N (ORAR FIRLR R JLE TR S

|‘.
gpu_ompmod_twoei_jk_
| gpu_rhf_j06_pppp_

AT o 1 Y ] 1l o L I 1 Z 1l I et .- i E ' 5 ik i Ty 3 ! __nvomp_target [libnvomp.sol

LR T | LUt ] it 00RO S T (LIl

Call stack|Statistics GPU Idleness Blame

l <program root>

main

gamess

brnchx_
energx_

wfn_

rhfcl_

twoel_

ompmod_ompmod_twoei_jk_

launchTarget [libnvomp.sol
launchHXTarget [libnvomp.so]
hxLaunch [libnvomp.so]
launchInternal [libnvomp.so]
[I] targetLaunch
launchInternal [libnvomp.so]
I libcuda.so0.515.48.07@0x2e8cab

il i n

| libcuda.so.515.48.07@0x134400
I libcuda.so.515.48.07@0x48d0dS
libcuda.so.515.48.07@0x25985b
libcuda.so.515.48.07@0x16ebf6
libcuda.so0.515.48.07@0x4b612e

[ EE E R NN NN ESESEEEEENEE R R R R R RN REERRRRRNERE.!]

libcuda.s0.515.48.07@0x4bd2ee

Tikeide o Far sn ATmAnLaFAA-E

bs 25 35 45 55 6s 75 8s 95

Depth view Summary view i+ Minl map

T

IGAMESS improved I All CPU threads and GPU streams




Time-centric Analysis: GAMESS 4 ranks, 4 GPUs on Perimutter

File view Filter Help

[ Profile: gamess.00.x B Trace: gamess.00.x [jProfile: gamess.00.x ¥ Trace: gamess.00.x o P i+ 5 v v | MS =
Main view Depth: 39 = ™y
Time Range: [0s, 54s] Cross Hair: (27s, RANK 2 GPUCONTEXT 2 GPUSTREAM 26)

Call stack Statistics GPU Idleness Blame

l <program root>
main

gamess

brachx_

energx

rhf(l
‘4 nmpmod_umpmod_!uoe;_)k_
gpu_ompmod_twoei_jk_

gpu_rhf_306_pppp_
__nvomp_target [libnvomp.sol
launchTarget [libnvomp.so]

hxLaunch [libnvomp.so]

launchHxTarget [libnvomp.so]

anhT to nal [libnvomp.so]
i ch

launchInternal [libnvomp.sol

<gpu kernel>
nvkernel_gpu_rhf_j06_pppp_ F1L682_22_ [dca3e950¢

bs 25 3s 45 Ss 6s 7s Bs 95 1ls

Depth view Summary view

Ik
I
I
|i
i
§
[ 7]

TPESC 4 GAMESS improved All GPU streams, whole execution



Time-centric Analysis: GAMESS 4 ranks, 4 GPUs on Perimutter

File view Filter Help

[Rrrofile: gamess.00.x B Trace: gamess.00.x [ Profile: gamess.00.x B Trace: gamess.00.x

Main view

Time Range: [22.55s, 29.56s] Cross Hair: (23.88s, RANK 3 GPUCONTEXT 2 GPUSTREAM 26)

Improved GPU load balance

5 v -
Depth: 39 -

Call stack Statistics GPU Idleness Blame

. <program root>
main
gamess
brnchx_
energx_
win_
rhfcl_
twoel_

H ompmod_ompmod_twoei_jk_
gpu_ompmod_twoel_jk_
gpu_rhf_j06_pppp_
__hvomp_target [libnvomp.so]
launchTarget [libnvomp.sol
launchHXTarget [libnvomp.so]
hxLaunch [libnvomp.so]
launchInternal [libnvomp.so]
[1] targetLaunch
launchInternal [libavomp.so]
<gpu kernel>

22.65 23s

Depth view Summary view

27.6s 28s 28.2s

28.65 29s

29.25  29.6

I+ Min1 map

GAMESS improved

All GPU streams: 2 iterations

nvkernel_gpu_rhf_306_pppp_ F1L682_22_ [dca3e950¢

Ie-




Time-centric Analysis: GAMESS 4 ranks, 4 GPUs on Perimutter

File view Filter Help
[l Profile: gamess.00.x B Trace: gamess.00.x [®Profile: gamess.00.x B Trace: gamess.00.x | [gProfile: gamess.00.x B Trace: gamess.00.x [Profile: gamess.0l.x B Trace: gamess.0l.x [Profile: gamess.00.x B Trace: gamess.00.x ===
tgpu_ompmod_sp.F90 [Plot graph] gpu_rhf_j06_pppp_: GPUOP (sec) (I) &

[Plot graph] gpu_rhf_jO6_pppp_: GPUOP (sec) (I)

.
8.0E0
M
E
3 6.0E0 .
o
>
Y 4.0E0-
-
Pl
& 2.0E0-
0.0E0 - L T (T T RS D T D T T . . . . . .
0 1 2 3 4
Rank.Thread

Top-down view Bottom-up view Flat view
236 T ME A x~ nivid
REALTDE (sec): Sum (I) REALTIME (sech: Sum (E) GRUOP (secl: Sum (1) GPUOP (sec): Sum (E) GER {sech: Sum (1) GRER {sec): Sum () OEOPY {sac): Sum m | GXCORY (sec): Sum (E) |

4 » main [gamess.00.x] 2,09e402  5.9% 1,67e+02 100.0% 1.676+02 100.0% 2.64e-01 100.0%
4 » gamess 2.09e+02 5.9% 1.67e+02 100.0% 1.676+02 100.0% 2.64e-01 100.0%
4772 » brchx_ 2.080402  5.8% 1.67e+02 100.0% 1.676+02 100.0% 2.64e-01 100.0%
41085  energx_ 2.08e+02  5.8% 1.676+02 100.0% 1.676+02 100.0% 2.64e-01 100.9%
4 \oop at gamess.F: 1316 2,080+02 5.8% 1.676+02 100.0% 1.676+02 100.0% 2.64e-01 100.0%

4 oop at gamess.F: 1436 2.01e402 5.7% 1.676+02 100.0% 1.676+02 100.0% 2.64¢-01 100.0%

4 \oop at gamess.F: 1436 2.0le402 5.7% 1.67e+02 100.0% 1.67e+02 100.0% 2.64-01 100.0%
41440 » win_ 2.01e402 S5.7% 1.67e+02 100.0% 1.67e+02 100.0% 2.64e-01 100.0%

4 loop at gamess.F: 2645 2.0le+02  5.7% 1.67e+02 1.67e+02 100.0% 2.64e-01 100.0%

42568 » rhicl_ 2.00e402  5.7% 2.06e-02  0.0% 1.67e+02 1.67e+02 100.0% 2.64e-01 100.0%

4 loop at rhfuhf.f: 2678 2.0le+02  5.6% 1.52e-02  0.0% 1.67e402 1.67+02 100.0% 2.64e-01 100.0%

4 loop at rhfuhf.f: 2723 2.01e402  5.6% 1.67e+02 1.67e+02 100.0% 2.64e-01 100.0%

4 loop at rhiuvhf.f: 2723 2.01e+02  5.6% 5.38e-03  0.0% 1.67e+02 1.67e+02 100.0% 2.64e-01 100.0%

42859 .+ twoei_ 1.708402  4.8% 1.67e+02 1.678+02 100.0% 2.64e-01 100.0%

4 3993« ompmod_ompmod _twosi_jk_ 1.70e402  4.8% 1.67e+02 1.67+02 100.0% 2.64e-01 100.0%

4 246 » gpu_ompmod_twoel_jk_ 1.708402  4.8% 1.676+02 1.676+02 100.0% 2.64e-01 100.0%

P 656 « apu_rhf_316_dppp_ 2.99e+01  0.8% 2.98e+01 2.98+01 17.9% 1.08¢-02 4.1%

P 584 » gpu_rhf_j05_ppps_ 2.67e+01  0.7% 1.50e-02  0.0% 2.66e+01 15.9% 2.66e+01 16.0% 9.56e-03  3.6%

P 631 » gpu_rhf_j11 _dpps_ 1.57e+01  0.4% 2.50e-02  0.0% 1.57e+01  9.4% 1.57e+01  9.4% 1.08¢-02  4.1%

P 579 » gpu_rhf_jo4_psps_ 122601  0.3% 1.22e+401  7.3% 1.22e401  7.3% 9.87-03  3.7%

b 671 - apu_rhf 19 dpdp 7.76e+00  0.2% 5.00e-03 _ 0.0% 7.77e00  4.6% 7,76e400  3.6% 9.9%-03  3.8%

ATPESC2024] GAMESS improved

EXTREME-SCALE COMPUTING



Time-centric Analysis: GAMESS 5 nodes, 40 ranks, 20 GPUs on Perimutter

IFile view Filter Help
'Evrohl-z: gamess.00.x B Trace: gamess.00.x [ Profile: gamess.00.x B Trace; gamess.00.x [ Profile: gamess.00.x B Trace: gamess.00.x \ 7 i+ 5 v | 19

IMain view
Time Range: [@s, 318s] Cross Hair: (260s, NODE 931177797 RANK 19 THREAD 0)

Depth: 42 - 4

call stack!Statistics GPU Idleness Blame

[ AT

twoel_

ompmod_ompmod _twoer jk_
gpu_ompmod_twoei jk_

| apu_rhf_j06_pppp_
__nvomp_target [libnvomp.so)
launchTarget [libnvomp.so]
launchiXTarget [libnvomp.so)
hxLaunch {libnvomp.so)
launchInternal [libnvomp.so]
(1] targetLaunch
launchInternal [labnvomp.sol
11bcuda.s0.515.48.07@0x2e8cab
] l1bcuda.s0.515.48.07@0x134400
l1bcuda.so0.515.48.07@0x48d0dS
libcuda.s0.515.48.07@0x25985b
11bcuda.s0.515.48.07@0x16ebf6
libcuda.s0.515.48.07@0x4b612e
l1bcuda.s0.515.48.07@0x4bd2ee
l1bcuda.s0.515.48.07@0x1501cd
libcuda.s0.515.48.07@0x3ce710

v v T ' . y - y r . y - . . ' - T - T ; T v T
s 10s  28s  3bs  ads  s8s  eds  78s  8ds  9ds 100s 110s 120s 130s 1405 150s 16Ds 170s 180s 190s 200s 210s 220s 230s 240s 250s 260s 270s 280s 290s 300s 310s

iDepth view Summary view 4+ Mini map

fﬁ%ﬂim; : RN R A 'w_xqiwzsf:am;'mnmzm

WY
I, mow
il

e

1 P SR 4 o
8RR 1110 e

ATPESC2024 GAMESS improved CPU Threads and GPU Streams



GAMESS improved
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Time-centric Analysis: GAMESS 5 nodes, 40 ranks, 20 GPUs on Perimutter

iF2 View Filter Help
'EOrofxle: gamess.00.x B Trace: gamess.00.x [ Profile: gamess.00.x ¥ Trace: gamess.00.x [FdProfile: gamess.00.x B Trace: gamess.00.x [fProfile: gamess.0l.x [ Trace: gamess.0l.x
14 H v M=

IMain view Depth: a7 -
Time Range: [0s, 485s] Cross Haxir: (371s, NODE 4178203922 RANK 28 GPUCONTEXT 1)

| MHOIL | | (URATRERET Ty
| -if,.l?j_}M‘;,li_ff.y;';
[LCURRTCCOrnn T EUp ey
[ORRCEPETTAPRR T
I
I

|+

call stack Statistics GPU Idleness Blame

l <program root>

i
'MJ il
il
|l|l
|

fmox_
edimer_

i it !
| O o
OO 0 OO A 0 R0 s
e e e T el
0 0 iy
WA 1R 11 AR 0 RO S

[ i gpu_omprod_twoel_jk_

N apu_rhf_306_pppp_
__nvomp_target [libnvomp.so]

launchTarget [libnvomp.sol

launchHXTarget [libnvomp.sol

—— e ———

hxLaunch [libnvomp.so)

launchInternal [libnvomp.so]

|I’| [I] targetLaunch
launchInternal [libnvosp.sol
| <gpu kernel>

nvkernel_gpu_rhf_j06_pppp_ F1L682_22_ [507aded9«

AL
I
TS ||,l‘
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LU TEEEEEEREL TR RARER TP PER TR Ty

[ T T T T 7 T T T T T T T T T T T T T T T
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fDepth view| Summary view fi+ Minl map
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ARGONNE

TPES d IGAMESS improved + better manual distribution of work in inputl

EXTREME-SCALE COMPUTING




Time-centric Analysis: GAMESS 5 nodes, 40 ranks, 20 GPUs on Perimutter

IFile view Filter Help

Epvo‘ 1le: gamess.00.x B Trace: gamess.00.x [ Profile: gamess.00.x @ Trace: gamess.00.x fProfile: gamess.00.x B Trace: gamess.00.x [RProfile: gamess.0l.x B Trace: gamess.0l.x

8 gpu_rht_306_pppp_

i+ &) v > =
IMain view pepth: a7 - *
Time Range: [6s, 485s) Cross Hair: (20s, NODE 931145794 RANK 0 GPUCONTEXT 1) _,
IIIHIMII 1 MARPE TR N I II,H\ ACLTECTRRTMOCAUT Uk L RN AT LT ! MO0 AR €21 52253560 XLeness Blame
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| WIIIIIII

il

|

il
‘IH' |

11011
Il

hxLaunch [l1ibnvomp.so]

launchInternal [libnvomp.so]

[1] targetLaunch

launchInternal [l1ibnvomp.so]

nvomp_target [libnvomp.so]
launchTarget [libnvomp.so]
launchHXTarget [libnvomp.sol

<gpu kernel>

nvkernel_gpu_rhf_)06_pppp_ F1L682_22_ [507aded9:
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COMPUTING




Time-centric Analysis: GAMESS 5 nodes, 40 ranks, 20 GPUs on Perimutter

{ File Vview Filter Help

EvrohlE: gamess.00.x B Trace: gamess.D0.x Eﬂrofv_\e: gamess.00.x B Trace: gamess.00.x [FJProfile: gamess.00.x B Trace: gamess.00.x [®]Profile: gamess.0l.x B§ Trace: gamess.0l.x [ffProfile: gamess.00.x B Trace: gamess.00.x
! ¥R D Fd B M
Main view Depth: 47 - 2
Time Range: [15.37s, 24.24s] Cross Hair: (21.68s, NODE 931145794 RANK 0 THREAD 0)
| | 1 BTIE I TH “ ] i) il g l I TIINN Call stack Statistics GPU Idleness Blame
main
I gamess
‘ . i fmox_
5 . i} — s = . monoscf_
| ‘ l brachx_
l ] , eners
| iR | | il | | | ! N | =
| win_
rhfcl_
tftrib_
mtarbr_
__sci_daxpy_ [libsci_nvidia_mp.so.5.0]
. openblas_daxpy__naples [libsci_nvidia_mp.50.5.0
openblas_daxpy_k_naples [libsci_nvidia_mp.so0.5.C
Is.as 1si8s  16.25  16.6s 175 1745 17.85  18.2s  18.6s 195 19.45  19.8s  20.25  20.6s 21s 21145 | 21.8s  22.25  22.6s 23s 23145 23.85 24.25
Depth view Summary view 4 Minx map

1 CPU Stream, 2 GPU Streams: 6 Iterations



Time-centric Analysis: GAMESS 5 nodes, 40 ranks, 20 GPUs on Perimutter

File view Filter Help
i Profile: gamess.00.x B Trace: gamess.00.x FgProfile: gamess.00.x B Trace: gamess.00.x [FProfile: gamess.00.x B Trace: gamess.00.x [FProfile: gamess.0l.x ¥ Trace: gamess.0l.x
mthlib.f &
END
iC
C*MODULE MTHLIB *DECK MTARBR
BRO
use omp_lib
IMPLICIT DOUBLE PRECISION(A-H,0-2Z)

DIMENSION A(*),BI(NA,MB),AB(NAB,.MB

c
3 PARAMETER (ZER0=0.0D+00) I
c
C* 31 0CT 1979
.

CYFUNCTION - TO MULTIPLY SYMMETRIC MATRIX A
c* TIMES RECTANGULAR MATRIX B AND GET RECTANGULAR MATRIX AB
o
C*PARAMETERS
¢ A - THE INPUT REAL SYMMETRIC MATRIX OF ORDER NA
c* STORED IN SYMMETRIC STOAGE MODE.
icr B - THE INPUT REAL NA BY MB RECTANGULAR MATRIX
C* NA - THE ORDER OF MATRIX A
C* MB - THE COLUMN DIMENSION OF MATRICES B AND AB
C*  AB - THE OUTPUT PRODUCT NA BY MB MATRIX
C*  NAB - THE INPUT ROW DIMENSION OF MATRIX AB
C*  INCA - ADDRESS DIFFERENCE OF TWO ADJACENT ELEMENTS OF A
o

INC=INCA
c
c PROCESS DIAGONAL ELEMENTS OF INPUT MATRIX A
c

13=1-INC

DO 120 I=1,NA

13=13+I%INC
AII=A(1)

D0 110 Kel,MB
AB{I,K)=AIJ*B(I.K)
110 CONTINUE
120 CONTINUE

I)=1-INC
DO 150 I=2,NA
1)=1J+INC
IMl=I-1
DO 140 J=1,IM1
I)=1J+INC
AIJ=A(I))
IF(AI).EQ.2ERO) GO TO 140
CALL DAXPY(MB.AIJ.B(I.1).NA,AB(),1).NAB)
CALL DAXPY(MB,AIJ.B(J,1),NA,AB(I,1),NAB)
140 CONTINUVE
150 CONTINUE
RETURN

END

150 CONTINUE
RETURN
END

Top-down view Bottom-up view Flat view




Time-centric Analysis: GAMESS 5 nodes, 40 ranks, 20 GPUs on Perimutter

File view Filter Help
i Profile: gamess.00.x B Trace: gamess.00.x FgProfile: gamess.00.x B Trace: gamess.00.x [FProfile: gamess.00.x B Trace: gamess.00.x [FProfile: gamess.0l.x ¥ Trace: gamess.0l.x
mthlib.f &
END
iC
C*MODULE MTHLIB *DECK MTARBR
BRO
use omp_lib
IMPLICIT DOUBLE PRECISION(A-H,0-2Z)

DIMENSION A(*),BI(NA,MB),AB(NAB,.MB

C
¢ PARAMETER (ZERO«0.0D+00) I
C
C* 31 OCT 1979
‘

CYFUNCTION = TO MULTIPLY SYMMETRIC MATRIX A
c* TIMES RECTANGULAR MATRIX B AND GET RECTANGULAR MATRIX AB
c*
C*PARAMETERS
cr A - THE INPUT REAL SYMMETRIC MATRIX OF ORDER NA
c* STORED IN SYMMETRIC STOAGE MODE.
i Ce B - THE INPUT REAL NA B8Y MB RECTANGULAR MATRIX
Ce NA - THE ORDER OF MATRIX A
c* MB - THE COLUMN DIMENSION OF MATRICES B AND AB
C» AB - THE OUTPUT PRODUCT NA BY MB MATRIX
c* NAB - THE INPUT ROW DIMENSION OF MATRIX AB
c INCA - ADDRESS DIFFERENCE OF TWO ADJACENT ELEMENTS OF A
c*

INC=INCA
C
C PROCESS DIAGONAL ELEMENTS OF INPUT MATRIX A
C

1J=1-INC

DO 120 I=1,NA

I)=1J+I*INC
AlIJ=A(1])

D0 110 Kel,MB
AB{I,K)=AIJ*B(I.K)
110 CONTINUE
120 CONTINUE
IF(NA.EQ.1) RETURN
1094 C
1)=1-INC
DO 150 I=2,NA
1)=IJ+INC
IM1=I-1
DO 140 J=1,IM1
I)=1J+INC
ALJ=A(1))
IF(AI).EQ.ZERO) GO TO 140
CALL DAXPY(MB,AIJ,.B(I,1),NA,AB(J,1),NAB)
CALL DAXPY(MB,AI),.B(J,1),NA,AB(I,1),NAB)
140 CONTINUE
150 CONTINUE
RETURN

—————————

Top-down view Bottom-up view Flat view




Time-centric Analysis: GAMESS 5 nodes, 40 ranks, 20 GPUs on Perimutter

Eproflle: gamess.00.x QTrace: gamess.00.x Bprofﬂe: gamess.00.x aTra(e: gamess.00.x BProhIe: Qgamess.00.x QTra(e: gamess,00.x Bprofﬂe: gamess.01.x QTrace: gamess.01.x

1096 C

1097 IJ=1-INC

1098 DO 150 I=2,NA |
1099 I1=I1+INC

1100 IM1=I-1

1101 DO 140 J=1,IM1

1162 IJ=IJ+INC

1163 AIJ=A(I])

1104 IF{AIJ.EQ.ZEROD) GO TO 140

1105 CALL DAXPY(MB,AIJ,B(I,1),.NA,AB(],1).NAB)
1106 CALL DAXPY(MB,AIJ,B(J,1).NA,AB(I,1),NAB)
1167 140 CONTINUE

1108 158 CONTINUE

11609 RETURN

1110 END

- ____________________________________________________________ e,
Top-down view Bottom-up view Flat view




easure Pytorch Deepwave (RTM) on CPU + NVIDIA GPU

File View Filter Help
Frrofile: python3.o B Trace: python3.9 [Profile: python3.9 B Trace: python3.9 =08 |

scalar_born.py X rtm.py
model_gradient_sampling_interval=
model_gradient_sampling_interval)

def scalar born( sor, & s0r,
grid_spacing: Union[ant, float, List{float],

Tensor
dt: float, source_amplitudes: Optionall[Tensor] = None,
source_locations: Optional[Tensor] = None, I
receiver_locations: Optional[Tensor] = None,
accuracy: int = 4, pml_width: Union[int, List[int]] = 20,
pnl_freq: Optional[float] = None,
max_vel: Optionallfloat] = None,
survey_pad: Optionallunion[int,

Lastfoptionallint]]]] = None,

wavefield_0: Optional[Tensor] = None,
wavefield m1: OptionallTensor] = None,

Top-down view Bottom-up view Flat view

236 T MB A~ nNl~id

Sum (1) |cPuTIME (
2 on

2.15e+02 SS5.1% 1.75e+12 64.9% 1l.41le+12 72.5% 9.69e+09

wrapper 2.05e+02 52.5% 1.75e+12 64.9% 1.41le+12 72.5% 9.69e+09
_use_grad 2.05e+02 52.5% 1.75e+12 64.9% l.4le+12 72.5% 9.69e+09
step 2.05e+02 52.5% 1.75e+12 64.9% l.41e+12 72.5% 9.69e+09
closure 2.05e+02 52.5% 3.58e-02 0.0% 1.75e+12 1.41e+12 9.69e+09

2.03e+02 1.75e+12 1.41e+12 9.68e+09

ar_| . 71 2.03e+02 51.8% 1.75e+12 64.9% 1.41e+12 72.5% 9.68e+09

4 » pybind11::cpp_function::dispatcher(_object*, _object*, _object*) [... 2.03e+02 51.8% 1.75€412 64.9% 1.41e+412 72.5% 9.68e+09
4 loop at [libtorch_python.sol: 0 2.03e402 51.8% 1.756+12 64.9% 1.41e412 72.5% 9.68e+09
4 » pybind11::cpp_function::initialize<torch::)it::initJITBindings(_... 2.03e+02 51.8% 1.75e+412 64.9% 1.41e+412 72.5% 9.68e+09
4 » torch::jat::_get_operation_for_overload_or_packet(std::vector<s.. 2.03e402 51.8% 1.75e+12 64.9% 1.41e+12 72.5% 9.68e+09

4 » torch::jit::invokeOperatorFromPython(std::vector<std::shared_... 2.03e+02 51.8% 1.75e+12 64.9% 1.41e412 72.5% 9.680+09

4 » c10;:Dispatcher::callBoxed(c10::OperatorHandle consts, std::... 2.03e+02 51.8% 1.75e+12 64.9% 1.41e+12 72.5% 9.680+09

4 » ¢10::1mpl: :make_boxed_from_unboxed_functor<cl mp detai... 2.03e+02 51.8% 1.75e+12 64.9% 1.41e+12 72.5% 9.68e+09

4575 » [I] c10::guts::1f_constexpr<true, c10::impl::make_boxe... 2.03e+02 51.8% 1.75e+12 64.9% 1.41e+12 72.5% 9.68e+09

4368 » [I] c10::guts::detail::_if_constexpr<true>::call<clo... 2.03e+02 51.8% 1.75e+12 64.9% 1.4le+12 72.5% 9.68e+09

4239 » [I] c10::1impl::make_boxed_from_unboxed_functor<cl0:... 2.03e+02 51.8% 1.75e+12 64.9% 1.4le+12 72.5% 9.680+09

I PR 23 BTV P LS TN = 3 Areinn ra ne 3 Araian s oa A 4rei3a aa ra A co.nn
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Trace Pytorch Deepwave (RTM): CPU threads 0, 48; GPU stream

File view Filter Help

Fiprofile: python3.o B Trace: python3.9 } % i+ 5~ a1~ IR -
Maln view Depth: 93 | = % E3
Time Range: [0s, 47s] Cross Hair: (31s, GPUCONTEXT 1
| [ T [ [ ‘Call stack Statistics GPU Idleness Blame
<program root>
wrapper
_use_grad
step
! closure
scalar_born
el scatar_born]
| | )] | | | | scalar_born

pybindll::cpp_function::initialize<torch::jit::in1tJITBindings(_ob

torch::jit::_get_operation_for_overload_or_packet(std::vector<std:

c10
c10
(1]
(1]
(1)

::Dispatcher::callBoxed(c10: :Operatordandle const&, std::vector
::ampl: :make_boxed_from_unboxed_functor<c10::ampl::detail: :Wrap

cl0::
clo::
clo::
clo::
cle::
c10:
clo:

quts::
guts:
impl::
ampl::
ampl::
ampl::
timpl::

1f_constexpr<true, c10::1mpl::make_boxed_from_unbox

:detail::_1f_constexpr<true>::callec1o::impl::make_bs

make_boxed_from_unboxed_functor<cl0::1mpl::detail::\

pybindll::cpp_function::dispatcher(_object*, _object*, _object*) [

| torch::)1t::invokeOperatorFromPython(std::vector<std::shared_ptr<t¢

call_functor_with_args_from_stack<c10::1impl::detail
call_functor_with_args_from_stack_<c10::1mpl::detar

wrap_kernel_functor_unboxed_<c10::1mpl::detail::wra

detail::WrapFunctionIntoRuntimeFunctor_<std::vector

utogradContext*,

ScalarBornCUDAFunction: : forward(torch: :autograd: :AutogradContext*,
{anonymous namespace)::forward_batch<float, 4>(float*, float*, flo.

1A i |

_device_stub__ZN47_GLOBAL__N__feldad6af_l4_scalar_born_cu_730b471e
<gpu kernel>

|” |

|
4 \
||| L | | >||
285 3%

285 38 3l 3k

s 38

BRI W ETN e TN A SN

(1]

(1]

(1]

(1]

scalar_born_cuda_autograd(at::Tensor const&, at::Tensor consté, at

torch::autograd: :Function<ScalarBornCUDAFunction>: :apply<ScalarBor:
4bs

P
IScalarBorn(UDAFun(twm :forward(torch::autograd::

Ds 5 35 45 5 65 75 £ 95 105 1l 1ds 18s b 28 2k 2k s als ks als
i+

Depth view Susmary view (anonymous namespace)::record_receivers<float>(float*, float const

Mini map

extremecomputingtraining.anl.gov

Argonne &
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Analyze Pytorch Deepwave (RTM) Kernel using PC Sampling

File View Filter Help

[ Profile: python3.9 B Trace: python3.9 [Profile: python3.9 B Trace: python3.9 - 1
scalar_born.py rtm.py scalar_born.cu X |Metric properties

wsc_storel1] = wsc_sum;

}
e R TR TR e e High GPU utilization for forward_kernel |

2 * scatter(j] * v dt2<T>() * w sum + 2 * wfcscl

wipscli];
}

2, Many instruction stalls on global memory

tesplate <typename T>
__global__ void add_sources(T *__restrict wf, T const *__restrict f,
l"tﬁ"_! const '_restrlct sources_2,
int64_t n_sources_per_shot, int64_t n_shots) {
auto source_idx{blockIdx.x * blockDim.x + threadIdx.x};
auto shot_idx{blockIdx.y * blockDim.y + threadIdx.y};
1f (source_idx >= n_sources_per_shot or shot_idx >= n_shots) return;
auto k{shot_1dx * n_sources_per_shot + source_idx};

Top-down view Bottom-up view Flat view

& %
[GINS: Sum (I)  |GINS:STL_ANY: Sum (I) |GINS:STL GMEM: Sum (E) |GSAMP:UTIL (I)

4 » ¢10::1mpl: :make_boxed_from_unboxed_functor<cl0::impl::detail::WrapFunctionIntoRuntimeFunctor_<std::vector<at::Tensor, std:i:al... | 1.75e+12 64.9% 1l.41e+12 72.5% 83.58 %
4575 » [I) cl0::guts::if_constexpr<true, c10::impl::make_boxed_from_unboxed_functor<c10::impl::detail::WrapFunctionIntoRuntimeF... | 1.75e412 64.9% 1.41e+12 72.5% 83.58 ‘\l

4368 » [I] clO::guts::detail::_if_constexpr<true>::call<cl0::impl::make_boxed_from_unboxed_functor<cl0::impl::detail::WrapFun... |1.75e+12 64.9% 1l.41e+12 72.5% 83.58 %

4239 » [I] c10::1mpl::make_boxed_from_unboxed_functor<c10::impl::detail::WrapFunctionIntoRuntimeFunctor_<std::vector<at::Ten. 1.75e+12 64.9% 1.41e412 72.5% 83.58 %

4584 [I] c10::1mpl::call_functor_with_args_from_stackec10::impl::detail::WrapFunctionIntoRuntimeFunctor_<std::vector<at::... | 1.75e+12 64.9% 1.41e+12 72.5% 83.58 %

4511 » [I] c10::ampl::call_functor_with_args_from_stack_<c10::1mpl::detail: :WrapFunctionIntoRuntimeFunctor_<std::vector<at...|1.75e+12 64.9% 1.41e+12 72.5% 83.58 %

4499 » [1] €10::1mpl::wrap_kernel_functor_unboxed_<c10::impl::detail: :WrapFunctionIntoRuntimeFunctor_<std::vector<at::Te. 1.75e+12 64.9% 1.41e+12 72.5% 83.58 %

4 461 [1] c10::1mpl::detail::WrapFunctionIntoRuntimeFunctor_<std::vector<at::Tensor, std::allocator<at::Tensor> > (*)(... | 1.75e+12 64.9% 1.41e+12 72.5% 83.58 %

418 » scalar_born_cuda_autograd(at::Tensor const&, at::Tensor const&, at::Tensor const&, at::Tensor const&, at::Tensor. 1.75e+12 64.9% 1.41e+12 72.5% 83.58 %

4 » torch::autograd: :Function<ScalarBornCUDAFunction>::apply<ScalarBornCUDAFunction, at::Tensor const&, at::Tensor con... | 1.75e+12 64.9% 1.41e+12 72.5% 83.58 %

4 » ScalarBornCUDAFunction: :forward(torch: :autograd: :AutogradContext*, at::Tensor const§, at::Tensor const&, at::Ten... |1.75e+12 64.9% 1.41e+12 72.5% 83.58 %

4 » ScalarBornCUDAFunction:: forward(torch::autograd: :AutogradContext*, at::Tensor const&, at::Tensor const&, at::Te... |1.75e+12 64.9% 1l.4le+12 72.5% 83.60 %

4 » (anonymous namespace)::forward_batch<float, 4>(float*, float=, float*, float*, float*, float*, float*, float*,... | 1.75e+12 64.9% 1.41e+12 72.5% 83.61 %

4 loop at [deepwave.sol: 0 1.75e+12 64.9% l.4le+12 72.5% 83.61 %

4 » __device_stub__ZN47_GLOBAL__N__ felad6af_14_scalar_born_cu_730bd71el4forward_kernelIfL14ELDOELDOEEEVPKT_PS1_... | 1.44e+12 53.3% 1.16e+12 59.3% 89.50 %

4 » <gpu kernel> 1.44e+12 53.3% 1.16e+12 $59.3% 89.50 %

4 » (anonymous namespace)::forward_kernel<float, 4, false, false>(float const*, float*, float const*, float c... | 1.44e+12 1.16e+12 8.89e+11 59. %

scalar_born.cu: 262 3.63e+11 13.5%

2.74e+11 10.1%

BESC y extremecomputingtraining.anl.gov Argonne 6

EXTREME-SCALE COMPUTING NATIONAL LABORATORY

w

-12e+11 2.65e+11 17.8%

scalar_born.cu: 151 .15e+11 11.0% 1.80e+11 12.1%

~




Case Study: Quicksilver

» Proxy application that solves a simplified dynamic Monte Carlo particle transport problem

» Attempts to replicate memory access patterns, communication patterns, and branching or divergence of
LLNL’s Mercury for problems using multigroup cross sections

» Parallelization: MPI, OpenMP, and CUDA
» Performance Issues
 load imbalance (for canned example)
 latency bound table look-ups
« a highly branchy/divergent code path

» poor vectorization potential

T ESC y extremecomputingtraining.anl.gov Argonne A
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Quicksilver: Detailed Analysis within a Kernel using PC Sampling

File view Filter Help
Frrofile: gs = {al

main.cc CollisionEvent.cc X
) int uniqueNumber = monteCarlo->_materialDatabase-> mat[globalMatIndex]._isolisoIndex]._gid;
int numReacts = monteCarlo->_nuclearData->getNumberReactions(uniqueNumber);
for (1nt reactIndex = 0; reactIndex < numReacts; reactIndex++)

ticle.domain, mc

1soIndex, mc_particle.energy group);
1f (currentCrossSection < 0)

selectedIso = 1soIndex; '
selectedUniqueNumber = uniqueNumber;

selectedReact = reactIndex;

break;

}

4 gs_assert(selectedIso -1);

Top-down view Bottom-up view! Flat view

+ 6 xE MEB A A~ -

FET: Sum (I) |GINS:STL_IFET: Sum (E) |GINS:STI
» 1] cudaLaunchKernel<char> i 9.2/e+V 9. 34e4
4211 » cudataunchKernel [qs] 1.30e+11 100.0% 1.19e+11 100.0% 5.27e+09 100.0% 9.34e¢
4 » <gpu kernel> 1.30e+11 100.0% 1.19e+11 100.0% 5.27e+09 100.0% 9.34e+
4 » CycleTrackingKernel (MonteCarlo®, int, Particlevault*, ParticleVau... [§ 1-30e+11 100.0% 4.08e+07 0.0% 1.19e+11 100.0% 3.62e+07 0.0% 5.27e+09 100.0% 2.11e+07 0.4% 9.34e4
4132 CycleTrackingGuts(MonteCarlo®, int, Particlevault*, Particle... 1.30e+11 100.0% 9.03e+09 7.0% 1.19e+11 100.0% 9.01e+09 7.6% 5.24e+09 99.5% 8.98e+06 0.2% 9.32e4
426 [1] CycleTrackingFunction(MonteCarlo*, MC_Particle&, int, P... 8.36e+10 64.4% 4.12e+08 0.3% 7.25e+10 61.1% 3.65e+08 0.3% 5.21e+09 98.9% 1.02e+08 1.9% 9.25e4
4 loop at CycleTracking.cc: 118 8.35e+10 64.3% 3.76e+08 0.3% 7.25e+10 61.1% 3.34e+08 0.3% 5.21e+09 98.8% 9.90e+07 1.9% 9.24e4
463 CollisionEvent(MonteCarlo*, MC_Particle&, unsigned int) [... 5.20e410 40.1% 4.99e+09 3.8% 4.44e+10 37.4% 4,02e+09 3.4% 3.85e+09 73.1% 4.89e+08 9.3% 6.37e4
4 loop at CollisionEvent.cc: 67 4.09e+10 31.5% 8.15e+08 0.6% 3.42e+10 28.8% 6.54e+08  0.6% 3.54e+09 67.1% 1.27e+08  2.4% 5.67e4
4 loop at CollisionEvent.cc: 71 3.85e+10 29.6% 2,70e+09 2.1% 3.22e+10 27.1% 2.06e+09 1.7% 3.27e+09 62.0% 2.28e+408 4.3% 5.33e4
441 » NuclearData::getReactionCrossSection(unsigned int, u... 2.09e+10 16.1% 1.09e+10 8.4% 1.79e+10 15.1% 9.42e+09 7.9% 1.26e+09 23.8% 6.68e+08 12.7% 2.19e4
» 253 » [I] NuclearDataReaction::getCrossSection(unsigned ... 6.89e+09 S5.3% 3.77e+09 2.9% 5.86e+09 4.9% 3.32¢+09  2.8% 2.25e+08 4.3% 8.24e+07 1.6% 8.86e4
NuclearData.cc: 253 6.28e+09 4.8% 6.28e+09 4.8% 5.66e+09 4.8% 5.66e+09 4.8% 4.76e+08 9.0% 4.76e+08 9.0% 6.11e4
NuclearData.cc: 251 1.85e+09 1.4% 1.85e+09 1.4% 1.64e+09 1.4% 1.64e+09 1.4% 8.12e+07 1.5% 8.12e+07 1.5% 2.47e¢
NuclearData.cc: 248 1.61e+09 1.2% 1.61e+09 1.2% 1.18e+09 1.0% 1.18e+09 1.0% 1.10e+08 2.1% 1.10e+08 2.1% 3.62e4
» 252 » [1] qs_vector<NuclearDataSpecies>::operator[](int) 1.29e+09 1.0% 1.29e+09 1.0% 1.14e+09 1.0% 1.14e+09 1.0% 7.37e+04 0.0% 7.37e404  0.0% 1.24e4
NuclearData.cc: 252 1.12e+09 0.9% 1.12e+09 0.9% 9.48e+08 0.8% 9.48e+08 0.8% 3.44e+05 0.0% 3.44e+05 0.0% 2.50e4
» 252 » [1] qs_vector<NuclearDataReaction>::size() const 9.41e408 0.7% 9.41e+08 0.7% 8.17¢+08  0.7% 8.17e+08  0.7% 4.63e4
S e R e X TR PR PP PP PP - —-— A _ax.ann _n on A ar-inn o PP PP ST S TR
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Quicksilver: Detailed analysis within a Kernel using PC Sampling

4 14 % | 1] cudalLaunchKernel<char=
4211 » cudaLaunchKernel [gs]
4 » =gpu kernel=
4 » CycleTrackingKernel (MonteCarlo*, int, ParticleVault*, ParticleVau...
4132 » CycleTrackingGuts(MonteCarlo*, int, ParticleVault*, Particle...
426 » [I] CycleTrackingFunction(MonteCarlo*, MC_Particle&, int, P...
4 loop at CycleTracking.cc: 118
463 » CollisionEvent(MonteCarlo*, MC_Particle&, unsigned int) [...
4 loop at CollisionEvent.cc: 67
4 loop at CollisionEvent.cc: 71
. 473 nmacroscopicCrossSection(MonteCarlo®, int, int, int, i... |
4 41 » NuclearData::getReactionCrossSection(unsigned int, u...
P 253 » [I] NuclearDataReaction::getCrossSection(unsigned
NuclearData.cc: 253
NuclearData.cc: 251
NuclearData.cc: 248
b 252 » [I] qs_vector=NuclearDataSpecies=::operator[](int)
NuclearData.cc: 252

B 252 » [I] gqs_vector<NuclearDataReaction=::size() const

b= L e T L D (i, DRIy 0 [ EP oy B |




Analysis of PeleC using PC Sampling on an NVIDIA GPU

' X | hpeviewer
[ erofile: PeleCd gnu.TPROF CUDA ex

reactor.cpp 25 | Melric properties
438 UserData udata = static_cast<ARKODEUserData#>(user_data);

;:g .udala->dt_5dve =t CaUSe .
G FUnat eIt me = e G SRR SR passed udata structure pointer to lambda capture

443  amrex::launch_global<<<

444 udata->nbBlocks, udata->nbThreads, ec.sharedMem, udata->streams>>(
44¢ [=] AMREX_GPU_DEVICE() noexcept {

for (int icell = blockDim.x * blockIdx.x + threadIdx.x,

stride = blockDim.x = gridDim.x; .
448 icell <|/udata—>ncells_d; icell += stride) { Improvement
449 fKernelSpec(
459 icell, udata->dt_save, udata->ireactor_type, yvec_d, ydot d,
451 udata—>rhoe_init_d, udata->rhoesrc_ext_d, udata—->rYsrc_d)); paSS Udata Com ponentS aS ScalarS
452 } . . .
i N https://github.com/AMReX-Combustion/PelePhysics/pull/192
454 gelse
4 i i =0; < - si: 4 (0]
132 fcitnmyaiel} = 97 dcell < udata-sncells d; dcetlen) 4% speedup on PeleC PMF drm19 test case
Top-down view | Bottom-up view Flat view L
T A A
scope GINS.(0,0] (1) GINS,[0,0] (E) GINS:STL ANY.(0,0] (1) | GINS:STL_ANY.[0,0] (E) GINS:STL GMEM.[0,0) (1) GINS:STL GMEM.(0,0] (E)
4 loop at AMReX_Amr.cpp: 2061 1.24e+13 88.6% 1.05e+13 88.7% 5.58e+12 89.3%
4 By 2062: amrex::Amr:timeStep(int, double, int, int, double) 1.24e+13 88.6% 1.05e+13 88.7% 5.58e+12 89.3%
4 B 2015 PeleC-advance(dauble, double, int, int) CPU 1.24e+13 88.5% 1.05e+13 88.6% 5.57e+12 89.2%
4 Bb36: PeleC::do_sdc_advance{double, double, int, int) 1.24e+13 88.5% 1.85¢c+13 88.6% 5.57¢+12 89.2%
4 |gop at Advance.cpp: 302 1.24e+13 88.4% 1.05e+13 88.5% 5.57e+12 89.1%
4 B#308: PeleC::do_sdc_iteration(double, double, int, int, int, int) conteXt 1.24e+13 8B8.4% 1.05e+13 88.5% 5.57e+12 89.1%
4 By5E1: Pelel:: state{double, double, bool, amrex::MultiFab®) 9.61e+12 68.5% 8.2%+12 70.0% 4.17e+12 66.8%
4 |oop at React.cpp: 109 9.43e+12 67.2% 8.14e+12 68.7% 4.06e+12 £5.0%
4 Bp210; react(amrex::Box const&, amrex:Arrayd=<double> consté, amrex:Arrayd <double> cons... 9.39%e+12 66.9% 8.10e+12 68.4% 4.03e+12 B4.5%
4 By234: arkEvolve [libsundials_arkode.s0.4.7.0] 9.28e+12 66.2% 8.00e+12 67.6% 3.94e+12 63.1%
4 B» erkStep_TakeStep [libsundials_arkode. 50.4,.7.0) 7.16e+12 51.1% 6.19e+12 52.3% 3.05e+12 48.9%

4 B cF_RHS(double, _generic_N_Vector®, _generic_N_Vector®, void*) 6.27e+12 44.7% 5.49e+12 46.3% 2.48e+12 39.7%

4 BpA43; (1] amrex:launch_global<_nv_dl_wrapper_t<_nv_d|_tag<int {*)(double, _generic_N... 6.27e+12 44.7% 5.49e+12 46.3% 2.48e+12 39.7%

4 B12: [I] _wrapper_device_stub_launch_global<__nv_di_wrapper_t<_nv_dl_tag<int ("){do.., 6.27e+12 44.7% 5.49e+12 46.3% 2.48e+12 39.7%

4 B 26: []] _device_stub_ZNBamrex13launch_globallZ6cF_RHSdP17_generic_N_VeclorS2.. 6.27e+12 44.7% 5.49e+12 46.3% 2.48e+12 39.7%

4 8.24: [1] cudaLaunchKerel<char> 6.27c+12 44.7% 5.49e+412 46.3% 9-4% GPU stalls 2.48¢+12 39.7% Mostly memory
4 B#211:_cudalaunchKernel (PeleC3d.gnu.TPROF.CUDA.ex] 6.27e+12  44.7% 5.49e+12 46.3% oOutside the loop 2.48e+12 39.7% stalls
CDILS =5 <gpukeme> 6.27e+12 44.7% 5.49e+12  46.3% 2.48e+12 39.7%
= = 4 B amrex:launch_global<cF RHS(double, _generic_N_Vector®, _generic_N_Vector®, v.. 6.27e+12 44.7% 1.75e+18 0.1% 5.49%e+12 46.3% 1.78e+10 0.1% 2.48e+12 39.7%
4 B12: [I] cF RHS(double, generic N Vector!, _generic N Vector®, vold*)::{lambda... 6.25e+12 44.6% 1.17e+12 B.3% 5.47e+12 46.2% 1.16e+12 9.8% 2.48e+12 39.7% 1.14e+12 18.2%
context s

» loop at reactor.cpp: 448 5.14e+12 36.6%  5.35e+10 °.-4"H-3m-ﬁ-"1  4.62e410  0.4% l_;,muu_a_l 3.29e+10  0.5%

AMReX_Gpul aunchGlobal H: 12 1.75e+10 0.1% 1.75e+18 2.1% 1. 70e+10 0.1% 1.78e+10 B.1%




Key Metrics for GPU Kernels

+ GPUOP: GPU operation time (kernel launch, copies, etc.)

 GXCOPY:* GPU copies of various kinds

 GKER: GPU kernel time

« GKER:FGP_ACT: fine grain parallelism actual (active warps per SM)

« GKER:FGP_MAX: maximum possible fine-grain parallelism (max warps per SM)
 GKER:BLK_THR: threads per block

+ GKER:BLK_SM: block shared memory

« GKER:OCC_THR: theoretical thread occupancy

T ESC y extremecomputingtraining.anl.gov Argonne A
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Metrics for GPU Kernels with PC Samples

* GINS: GPU instructions

* GINS:STL_ANY: GPU instruction stalls for any reason

* GINS:STL_IFET: GPU instruction stalls for instruction fetch

» GINS:STL_GMEM: GPU instruction stalls for global memory

* GINS:STL_CMEM: GPU instruction stalls for constant memory

* GINS:STL_IDEP: GPU instruction stalls for instruction dependences
* GINS:STL_PIPE: GPU instruction pipeline stalls

* GINS:STL_MTHR: GPU instruction stalls for memory throttling

 GSAMP:EXP: expected number of samples
 GSAMP:TOT: total number of samples recorded
« GSAMP:UTIL: GPU utilization = (PC samples expected) / (PC samples total)

RGONNE
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LAMMPS on Frontier: Executions with Kernel Duration of Milliseconds
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LAMMPS on Frontier: Executions with Kernel Duration of Milliseconds

®) hpcviewer

jFlle View Filter Help

[ Profie Imp #§ Trace Imp Sn

[Plot graph] MP1_Send: REALTIME (sec) (1) [Sorted plot graph] MPI_Send: REALTIME (sec) (1) X
[Sorted plot graph] MPI_Send: REALTIME (sec) (I)
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Rank in Sorted Order

Metric Value

Top-down view  Bottom-up view ' Flat view

+ & G MEB A~ ulvid

[soope ) TGS TCOUNT Sum () | GHSETCOUNT Sum (5) | GACOPYCOUNT Sum () | GXCOPY GOUNT 5 ()
4 Experiment Aggregate Metrics p.o% 3.46e+06 100.0% 3.46e+06 100.0% 1.45e+09 100.0% 1.45e+09 100.0% 2.30e+07 100.0% 2.30e+07 lGO.'I
4 <program root> 3.46e+06 100.0% 1.45e+09 100.0% 2.30e+07 100.0%

4 » main [Imp] 3.46e+06 100.0% 1.45e+09 100.0% 2.30e+07 100.0% 1.00e-02 0.t

4 98» LAMMPS_NS Input fie() [liblammps.so.0] 2.15e+06 62.1% 1.45e+09 99.9% 2.19e+07 95.2% 5.66e-02 0.1

4 » LAMMPS_NS Input execute_command() [li 2.15e+06 62.1% 1.45e+09 99.9% 2.18e+07 94.8% 2.02e-01 0.1

4 » LAMMPS_NS Run command(int, char**) 1.01e+06 29.3% 1.44e+09 99.4% 2.14e+07 92.9% 6.02e-02 0.1

4 » LAMMPS_NS Verletkokkos: run(int) [libl 5.33e+05 15.4% 1.44e+09 99.2% 2.13e+07 92.6% 2.66e+02 0.1

4 » LAMMPS_NS CommBrick: forward_c 5.03e+06 21.9% 3.49e+02 0.1

» » MPI_Wait[libmpi_gnu_91.50.120.0] 1.8le+06 7.9% 3.60e+01 0.1

» LAMMPS_NS AtomVec pack_comm 7.11e+05 3.1% 7.1le+05 3.

» » MPI_Irecv [libmpi_gnu_91 s0 120.0] 6.16e+04 0.3% 1.91e+02 0.1

liblammps. so.0@0x425b2c3 2.6le-02 0.0% 2.61e-02 0.!

P » LAMMPS_NS ModifyKokkos: final_inte. 2.85e+08 19.6% 4.72e+06 20.5% 1.13e+02 0.4

P » LAMMPS_NS AtomVecAtomicKokkos. 2.46e+08 17.0% 3.44e+06 14.9% 7.25e+01 0.+

P » LAMMPS_NS CommKokkos: forward 2.46e+08 17.0% 3.42e+06 14.8% 6.48e+01 0.1

P » LAMMPS_NS NeighborKokkos: build_ 5.01e+05 14.5% 1.04e+08 7.2% 1.59e+06 6.9% 2.29e+01 0.\

P » LAMMPS_NS CommKokkos, borders( 1.10e+86 4.8% 8.37e+00 0.1




LAMMPS on Frontier: Executions with Kernel Duration of Milliseconds

o] hpcviewer

File View Filter Help

[ Profie Imp | #& Trace Imp = o

[Plot graph] MPI_Send: REALTIME (sec) (1) [Sorted plot graph] MPI_Send: REALTIME (sec) (1) [Histogram graph] MPI_Send: REALTIME (sec) (1) X
[Histogram graph] MPI_Send: REALTIME (sec) (1)
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Metric Value

?opdown view Bottom-up view Flatview
+ & &G MB A o~ ulvid

GMSET.COUNT Sum (1) | GMSET.COUNT Sum (E) | GKCOPY:COUNT: Sum (1) REALTIME (sec): Sum (1) | REALTIME (sec). Sum (€ '

“ ExpenmemAggegaleMemcs 3.46e+06 100.0% 3.46e+06 100.0% 1.45e+09 100.0% 1.45e+09 100.0% 2.30e+07 100.0% 2.30e+07 100.4
4 <program root> 3.46e+06 100.0% 1.45e+09 100.0% 2.30e+07 100.0%

4 » main [Imp} 3.46e+06 100.0% 1.45e+09 100.0% 2.30e+07 100.0% 1.00e-02 0.1

4 98» LAMMPS_NS Input file() [liblammps.so.0| 2.15e+06 62.1% 1.45e+09 99.9% 2.19e+07 95.2% 5.66e-02 O.f

4 » LAMMPS_NS Input execute_command() li 2.15e+06 62.1% 1.45e+09 99.9% 2.18e+07 94.8% 2.02e-01 0.t

4 » LAMMPS_NS Run:command(int, char**) 1.0le+06 29.3% 1.44e+09 99.4% 2.14e+07 92.9% 6.02e-02 [: A

4 » LAMMPS_NS Verletkokkos: run(int) [libl 5.33e+05 15.4% 1.44e+09 99.2% 2.13e+07 92.6% 2.66e+02 0.1

4 » LAMMPS_NS CommBrick forward_c 5.03e+06 21.9% 3.49e+02 0.4
1 . 1 w ! |

» » MPI_Wait[libmpi_gnu_9150.1200] 1.81e+06 7.9% 3.60e+01 0.1

» LAMMPS_NS AtomVec pack_comm 7.1le+05 3.1% 7.11e+05 3.

» » MPI_lrecy [libmpi_gnu_9150.120.0] 6.16e+04  0.3% 1.91e+02 0.1

liblammps.so. 0@0x425b2c3 2.6le-02 ©0.0% 2.61e-02 0.1

» » LAMMPS_NS ModifyKokkos: final_inte 2.85e+08 19.6% 4.72e+06 20.5% 1.13e+02 0.1

» » LAMMPS_NS AtomVecAtomicKokkos 2.46e+08 17.0% 3.44e+06 14.9% 7.25e+01 0.t

» » LAMMPS_NS CommKokkos: forward 2.46e+08 17.0% 3.42e+06 14.8% 6.48e+01 0.1

» » LAMMPS_NS NeighborKokkos build_ 5.0le+05 14.5% 1.04e+08 7.2% 1.59e+06 6.9% 2.29e+01 8.1

» » LAMMPS_NS CommKokkos: borders( 1.10e+06 4.8% 8.37e+00 0.t
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LAMMPS on Frontier:

8K nodes, 64K MPI ranks + GPU times

Kernel duration of microseconds
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Coming Attractions

» Emerging GUI support for accessing hpctoolkit databases on remote systems (try it today)

More capabilities on AMD GPUs based on AMD’s new rocprofiler-sdk (released yesterday)
» PC sampling with precise attribution without serialization of concurrent kernels
» improved support for hardware counters

Integrated support for NVTX/ROCTX/Caliper/Kokkos labels

Python-based interface for analysis of performance results

Support for PC sampling on Intel GPUs

T ESC p extremecomputingtraining.anl.gov  Argonne o

NATIONAL LABORATORY



Quick Start Guide for HPCToolkit on Polaris

Load HPCToolkit on Polaris
module use /soft/modulefiles
module load hpctoolkit
* Measure an execution
—Profile and trace CPU and GPU activity of your application in a job script
mpiexec -n <ranks> hpcrun -e CPUTIME —e gpu=nvidia -tt <myapp> <myapp arguments>
—Use PC sampling to collect instruction-level measurements within GPU kernels
mpiexec -n <ranks> hpcrun -e gpu=nvidia,pc <myapp> <myapp arguments>
+ Analyze measurement data
—Analyze the CPU and GPU binaries recorded as your application was measured without PC sampling
hpcstruct hpctoolkit-<myapp>-measurements.<jobid>
—Analyze the CPU and GPU binaries recorded as your application was measured with PC sampling
hpcstruct --gpucfg yes hpctoolkit-<myapp>-measurements.<jobid>
« Combine measurement data with binary analysis results to produce a performance database
hpcprof hpctoolkit-<myapp>-measurements.<jobid>
 View your performance data

hpcviewer hpctoolkit-<myapp>-database.<jobid>

ARGONNE

PESC2024L extremecomputingtraining.anl.gov Argonne A

EXTREME-SCALE COMPUTING NATIONAL LABORATORY



Downloading, Installing, and Using Hpcviewer

Graphical User Interface on Your Laptop

NNNNNNN

ATPESC2©24 extremecomputingtraining.anl.gov Argonne A
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Hpcviewer Graphical User Interface on Your Laptop

Prepare to explore performance data on your laptop
« Download and install hpcviewer: https://bit.ly/npcviewer-install
Select the right one for your laptop: MacOS (Apple Silicon, Intel), Windows, Linux

- User manual for hpcviewer: https://hpctoolkit.gitlab.io/hpcviewer

NNNNNNN

y _ESC v extremecomputingtraining.anl.gov Argonne 4


https://bit.ly/hpcviewer-install
https://hpctoolkit.gitlab.io/hpcviewer

Viewing Performance Data

- Copy a performance database directory to your laptop and open it locally

« Open a performance database on a remote system

Note: using a HPCViewer with a remote system presumes that
hpcserver has already been installed on the remote system

—hpcserver has been pre-installed on Polaris

—You can install hpcserver anywhere: https://bit.ly/hpcserver-install

ARGONNE

_ESC j extremecomputingtraining.anl.gov Argonne A


https://bit.ly/hpcserver-install

Configuring Hpcviewer Remote Access

Run hpcviewer
From the file menu, select “Open remote database”
Fill in the hostname/IP address: polaris.alcf.anl.gov
Fill in your username on Polaris
Fill in the remote installation directory for hpcviewer’s server: /eagle/ATPESC2024/hpctoolkit/hpcserver
Select the authentication method: “Use password”
Click “OK”
Authenticate using your token as you normally do
Navigate to a database with the file chooser in /eagle/APTESC/hpctoolkit/databases: quicksilver, lammps, arborx
arborx: hpctoolkit-arborx-md.d hpctoolkit-arborx-md-pc.d
lammps: hpctoolkit-Imp.d hpctoolkit-lmp-pc.d
quicksilver: hpctoolkit-gs-gpu-cuda.d hpctoolkit-gs-gpu-cuda-pc.d

{i|
COMPUTING NATIONAL LABORATORY

extremecomputingtraining.anl.gov  Argonne &
EXTRTERQ-§C§LEC? P 8


http://polaris.alcf.anl.gov

Opening a Remote Database

pcviewer File View  Filter 10:27 PM

@ ® New window hpcviewer

Open database >

Open a remote database. The remote server
Open remote database (hpcserver) has to be already launched.




Configuring for use with Polaris

hpecviewer

&= Remote connection

Remote connection setup
Enter the information needed to connect to the remote server

Hostname/IP address: pola(is.alql.aql._ggv [~ ]
Username: johnme [~ ]
Remote installation directory: [eagle/ATPESC2024/hpctoolkit/hpcserver (]
Use private key: [Users/johnmc/.sshfid_rsa [~ ]
Use identity Proxy agent [S)

© Use password

SSH configuration:  /Users/johnmc/.sshfconfig [~ ]

cancel I



First View of Polaris: Your Home Directory

hpcviewer

@ ) Remote database browser

Browsing polaris.alcf.anl.gov (140.221.112.14)
Select a HPCToolkit database directory

Directory: |/h /iohnme [ -]

Contents

"] .allinea.polaris/
| .allinea.thetagpu/ I
| .cache/
| .conda/
| .config/
] .dbus/
| .emacs.df
7] fontconfig/
__|.gdbahpc/
| .gnupg/
| .hpctoolkit/
" | .hpss/
| .keras/
| .Imod.d/
| localf
|.m2/
| .nv/
| .oracle_jre_usage/

nbil
——x-"- == -4

-
E=]

=

Cancel




Navigate to Example Databases

hpcviewer

® s Remote database browser

Browsing polaris.alcf.anl.gov (140.221.112.12)
Select a HPCToolkit database directory

Directory: {[lus/eagle/projects/ATPESC2024/npctoolkit/databases e
Contents

£3./

[ arborx/

[ 11ammps/

" quicksilver/

Cancel



Select a Quicksilver Database with Traces

Tue 11:15PM

@ - Remote database browser

Browsing polaris.alcf.anl.gov (140.221.112.14)
Select a HPCToolkit database directory

Directory: [lus/eagle/projects/ATPESC2024/hpctoolkit/databases/quicksilver [ -]

Contents
i ]
W hpctoolkit-qs-gpu-cuda-pc.df

9 hpctoolkit-qs-gpu-cuda.d/

cancel (LD



After Selecting hpctoolkit-qs-gpu-cuda.d

@ Bl hpeviewer
B#8 profite: qs B Trace: as =0

Top-down view  Bottom-up view  Flat view

6 T ME A Al

Scope REALTIME (sec): Sum (I) | REALTIME (sec): Sum (E) |GPUOP (sec): Sum (I) |GPUOP (sec): Sum (E) |GKER (sec): Sum () | GKER (sec): Sum (E) E
4 Experiment Aggregate Metrics 1.56e+01 1000’6 1.56e+01 1000’6 2.24e+00 1600% 2.24e+00 100.0% 2.24e+00 100095 2.24e+00 100. 096

[» <program root> 1.56e+01 100.0% | 2.24e+00 100.0% ©2.24e+00 100.0%




Select the Tab “Trace: gqs”

4 profile: qs | B Trace: as
Main view
Time Range: [0s, 3955]  Cross Hair: (1.985, NODE 3372927746 RANK 2 THREAD 0)
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Depth view  Summary view
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|initMC(Parameters const&)
cudaMallocManaged [libcudart.so
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<unknown procedure> 0x37d30 [I
<unknown procedure> 0x3efb0 [li
<unknown procedure> 0x3e420 [I
<unknown procedure> 0x3e3cO (|
<unknown procedure> 0x3e280 [I
libcuda.s0.535.154.05@0x2cc211
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" libcuda.s0.535.154.05@0x44b32e
m ibcuda.s0.535.154.05@0x4432a7
__GI__ioctl [libc-2.31.s0]

Mini map



= profite: g B Trace: qs
Main view

Time Range: [0s, 3.953] Cross Hair: (1.98s, NODE 3372927746 RANK 2 THREAD 0)

@ ® Filter execution context
Check all Uncheck all Regular expression
! Fiter: [Grdl Minimum samples:
| | Visible | Execution context |
1 &  NODE 3372934401 RANK 0 GPUCONTEXT 1 ]
2 & NODE 3372927746 RANK 1 GPUCONTEXT 1 ]
| 3 2 NODE 3372927746 RANK 2 GPUCONTEXT 1 0
4 & NODE 3372927746 RANK 3 GPUCONTEXT 1 9 .
conce LI

I
il
B "m'!.’;!Fiﬁm

T
15 11s

el

M

>
liH
A

Use the Filter to “Uncheck all” and Check “GPU”

B - s -0
Depth: 9 3 1

Call stack | Statistics GPU Idieness Blame

B <program root>
main
initMC(Parameters const&)
cudaMallocManaged [libcudart.so
targ15¢30 [libcudart.s0.12.2.53]
<unknown procedure> 0x37d30 [I
<unknown procedure> 0x3efb0 [li
<unknown procedure> 0x3e420 (|
<unknown procedure> 0x3e3c0 [I
<unknown procedure> 0x3e280 [|
libcuda.s0.535.154.05@0x2cc211
libcuda.s0.535.154.05@0x11053f
libcuda.s0.535.154.05@0x2166b6
_ libcuda.s0.535.154.05@0x172865
libcuda.s0.535.154.05@0x16d5ed
libcuda.s0.535.154.05@0x426d1f
libcuda.s0.535.154.05@0x4 2358
© libcuda.s0.535.154.05@0x44b32e
h‘lllbcuda .50.535.154.05@0x4432a7

__GI___ioctl [libc-2.31.50]

Mini map

streams




See Load Imbalance Across the Four GPUs

® ® hpcviewer
8 profile: qs | B Trace: as | &9 ) HE=0]

Main view Dopth 9 5 EX
Time Range: (2,901ms, 3,428ms]  Cross Hair: (3,165ms, NODE 3372927746 RANK 2 GPUCONTEXT 1)

" Call stack | Statistics | GPU Idleness Blame
[l <program root>
main
cycleTracking(MonteCarlo®)
<gpu kernel>
CycleTrackingKernel(MonteCarlo®,

2910ms 2,940ms 2970ms 3000ms 3030ms 3,060ms 3000ms 3120ms 3150ms 3,180ms 3,210ms 3,240ms 3,270ms 3,300ms 3,330ms 3,360ms 3,390ms 3,430m ‘——

Depth view | Summary view i+ Mini map
e wapne CTILILILLLLLLT W CTLLLL T LI L ST LI TR
LI masmiRanmEREn] REN BRI mannan 2EE Bl masRaEREmEANEl LI




The Profile View in the other “PC Sampling” Database

® ® hpcviewer

[ profile: s B Trace: as [ rofile: as (=]
CollisionEvent.cc X
67 for (int isoIndex = @; isoIndex < numIsos && currentCrossSection >= @; isoIndex++)

{

68

69 int uniqueNumber = monteCarlo->_materialDatabase->_mat [globalMatIndex]._iso[isoIndex]._gid;

70 int numReacts = monteCarlo->_nuclearData->getNumberReactions(uniqueNumber);

71 for (int reactIndex = @; reactIndex < numReacts; reactIndex++)

72 {

73 currentCrossSection —= macroscopicCrossSection(monteCarlo, reactIndex, mc_particle.domain, mc_particle.cell,
74 isoIndex, mc_particle.energy_group); '
75 if (currentCrossSection < @)

76

77 selectedIso = isoIndex;

78 selectedUniqueNumber = uniqueNumber;

79 selectedReact = reactIndex;

80 break;

81 }

Top-down view | Bottom-up view | Flat view

T L6 T MME A Al

| GINS: Sum (1) | GINS: Sum (E) | GINS:STL_ANY: Sum (1) | GINS:STL_ANY: Sum (E)

4 Experiment Aggregate Metrics 2.15e+11 100.0% 2.15e+11 100.0% 2.03e+11 100.0% 2.03e+11 100.0%
4 <program root> 2.15e+11 100.0% 2.03e+11 100.0%
4 » main 2.15e+11 100.0% 2.03e+11 100.0%
4 loop at main.cc: 66 2.15e+11 100.0% 2.03e+11 100.0%
4 58 » cycleTracking(MonteCarlo*) 2.15e+11 100.0% 2.03e+11 100.0%
4 |oop at main.cc: 232 2.15e+11 100.0% 2.03e+11 100.0%
4 loop at main.cc: 232 2.15e+11 100.0% 2.03e+11 100.0%
4127 » <gpu kernel> 2.15e+11 100.0% 2.03e+11 100.0%

4 » CycleTrackingKernel(MonteCarlo®, int, ParticleVault®, ParticleVault*) 2.15e+11 100.0% 1.03e+08 0.0% 2.03e+11 100.0% 9.83e+07 0.0%

4132 » CycleTrackingGuts(MonteCarlo®, int, ParticleVault®, ParticleVault*) 2.15e+11 99.9% 2.04e+09 1.0% 2.03e+11 99.9% 2.03e+09 1.0%
426 » [I] CycleTrackingFunction(MonteCarlo®, MC_Particle&, int, Particlev... | 1.08e+11 50.4% 4.95e+08 0.2% 9.63e+10 47.5% 4.38e+08 0.2%

4 loop at CycleTracking.cc: 118 1.08e+11 50.4% 4.61e+08 0.2% 9.63e+10 47.5% 4.11e+08 0.2%
4 63 » CollisionEvent(MonteCarlo*, MC_Particle&, unsigned int) 7.0_$e+]7.‘0_ 32 9?6 769e+99 3}635 6.2194»].9 30. 796 642e+g9 3_ ng
“ loop at CollisionEvent.cc: 67 5.66e+10 26.3% 1.51e+09 0.7% 4.88e+10 24.1% 1.31e+09  0.6%
4 loop at CollisionEvent.cc: 71 5.27e+10 24.5% 3.97e+09 1.8% 4.54e+10 22.4% 3.08e+09 1.5%

4 73 » macroscopicCrossSection(MonteCarlo®, int, int, int, int, int) 4.87e+10 22.7% 1.78e+10 8.3% 4.23e+10 20.9% 1.49e+10 7.3%

4 41 » NuclearData::getReactionCrossSection(unsigned int, unsigne... | 2.71e+10 12.6% 1.35e+10 6.3% 2.40e+10 11.8% 1.20e+10 5.9%

» 253 » [1] NuclearDataReaction::getCrossSection(unsigned int) 9.00e+09 4.2% 4.83e+09 2.2% 7.87e+09  3.9% 4.43e+09  2.2%
NuclearData.cc: 253 6.76e+09 3.1% 6.76e+09 3.1% 6.45e+09 3.2% 6.45e+09  3.2%



Collecting Performance Data with HPCToolkit:

Turnkey Examples
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Hands-on Tutorial Examples

$git clone https://github.com/hpctoolkit/hpctoolkit-tutorial-
examples

% cd hpctoolkit-tutorial-examples/gpu/nvidia
% 1ls
arborx.kokkos lammps . kokkos quicksilver.cuda

INAL LABORATORY
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https://github.com/hpctoolkit/hpctoolkit-tutorial-examples
https://github.com/hpctoolkit/hpctoolkit-tutorial-examples
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A Hands-on Example: Quicksilver

A LLNL proxy application for dynamic Monte Carlo particle transport (MPl + CUDA)

cd hpctoolkit-tutorial-examples/gpu/nvidia/quicksilver.cuda

source setup/polaris.sh

make build
make run
Notes
make run-pc o e : ” :
* Running “make view” or “make view-pc” requires
make view an X11 desktop to support the GUI

 Alternatively, you can use the hpcviewer’s “open
remote database” capability to view the databases

 hpctoolkit-qs-gpu-cuda.d: profiles + traces
* hpctoolkit-qs-gpu-cuda-pc.d: GPU PC samples

make view-pcC
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Analyzing Quicksilver Traces

Using a measurement database with profiles and traces
Select the Trace tab “Trace: gs”
|ldentifying the traces
» Select a pixel on a trace line
» Look at legend on the top of the display, which reports the location of the “cross hair”
* |s this a CPU or GPU trace line?
» Repeat this a few times to identify what each of the trace lines represents

Notice that each time you select a colored pixel on a trace line, you will be shown the function call
stack in the rightmost pane

At the top of the pane is a “depth” indicator, that indicates what level in the call stack you are
viewing. The selected level will also be highlighted

* You can change the depth of your view by using the depth up/down, typing a depth, or simply

selecting a frame in the call stack at the desired depth

- You can select +  above the call stack frame to show the call stacks at the deepest depth

 |[f a sample doesn’t have an entry at the selected depth, its deepest frame will be shown

NNNNNNN
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Analyzing Quicksilver Traces

Using a measurement database with profiles and traces
Zoom in on a region in a trace by selecting it in the trace display

Use the back button 5 to undo a zoom

Use the control buttons — J"Ef Eien by at the top of the trace pane to

« expand or contract the pane
* move left, right, up, or down

Keep an eye on the minimap in the lower right corner of the display to know what part of
the trace you are viewing

L\*‘

Use the home button to reset the trace view to show the whole trace

NNNNNNN
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Analyzing Quicksilver Traces

Using a measurement database with profiles and traces
» Select the Trace tab “Trace: gs”
 Configure filtering
Use the Filter menu to select Filter Execution Contexts
In the filtering menu, select "Uncheck all"
Now, in the empty box preceded by "Filter:", type "GPU" and then click "Check all”
Select "OK".
* Now, the Trace View will show only trace lines for the GPUs.

* Inspect the trace data
* Is the work load balanced across the GPUs? How can you tell?
 Bring up the filter menu again. Select "Uncheck all". Type in "RANK 3" in the Filter box. Select thread
0 and the GPU context. Select “OK”.
» Move the call stack to depth 2
« What CPU function is Rank 3 thread 0 executing when the GPU is idle?
» Does this suggest any optimization opportunities?

INAL LABORATORY
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Analyzing the Quicksilver Summary Profile

Using a measurement database with profiles and traces

Select the Profile Tab “Profile: gs”
Use the column selector [#l to deselect and hid the two REALTIME columns
Select the GPU OPS column, which represents time spent in all GPU operations

Select the ® button to show the “hot path” according to the selected column

* the hot path of parent will continue into a child as long as the child accounts for 50% or
more of the parent’s cost

The hot path will select “CycleTrackingKernel” — a GPU kernel that consumes 100% of the
GPU cost in this profile

Use the 1~ button to graph “GPU OPS ()" — inclusive GPU operations across the profiles
« Are the GPU operations balanced or not across the execution contexts (ranks)?

NNNNNNN
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Analyzing the Quicksilver Summary Profile

 You will notice that for quicksilver, HPCToolkit doesn’t report any data copies between the
host and device

* The quicksilver code uses “unified memory” so that all of the data movement occurs
between CPU and GPU using page faults rather than explicit copies

» Today’s GPU hardware doesn’t support attribution of page faults to individual instructions

« We could profile them, but not attribute them to code

NNNNNNN
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Analyzing Quicksilver PC Samples

Using a measurement database with traces that was collected *with* PC sampling enabled
Using the default top-down view of the profile
» Select the column “GINS (1)” to focus on the measurement of inclusive GPU Instructions
+ Select use the flame button to look at where the instructions are executed

* In the call stack revealed, you will <gpu kernel> placeholder that separates CPU activity (above) from GPU kernel activity
(below)

» Below the <gpu kernel> placeholder you will see the function calls, inlined functions, loops and statements in HPCToolkit’s
reconstruction of calling contexts within the CycleTrackingKernel

 Using the bottom-up view of the profile

» Select the bottom-up tab of above the control pane
Select the GINS STL_ANY (E) column, which will sort the functions by the exclusive GPU instruction stalls within that function
Scroll right to see which of the types of contributing types of stalls accounts for most of the STL_ANY amount

Select the function that has the most exclusive stalls

Select the the hot path to see where this function is called from.
* Where do the calls to the costly function come from?
» Does there appear to be an opportunity to reduce the number of calls to this function?

ARGONNE
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Filtering Tips to Hide Unwanted Implementation Details

* Filter “descendants-only” of CCT nodes with names *MPI* to hide the details of MPI
implementation in profiles and traces

* Filter internal details of RAJA and SYCL templates to suppress unwanted detail using a
“self-only” filter

NNNNNNN
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A Hands-on Example: ArborX

E

Performance portable algorithms for geometric search MPI + Kokkos + OpenMP

cd hpctoolkit-tutorial-examples/gpu/nvidia/arborx

source setup/polaris.sh

make build
make run
Notes
make run-pc L o : " :
. * Running “make view” or “make view-pc” requires
make view an X11 desktop to support the GUI

 Alternatively, you can use the hpcviewer’s “open
remote database” capability to view the databases

» hpctoolkit-arborx-md.d: profiles + traces
 hpctoolkit-arborx-md-pc.d: GPU PC samples

make view-pcC

RGONNE
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Analyzing ArborX Traces

Using a measurement database with profiles and traces
* |s the GPU active for most of the brief execution or not?
« Zoom in on the pair of trace lines that represents the GPU activity for a rank
* You will see that there are two GPU trace lines per process
« What happens on each?

NNNNNNN
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A Hands-on Example: LAMMPS

E

A molecular dynamics code with a focus on materials modeling (Kokkos + MPI)

cd hpctoolkit-tutorial-examples/gpu/nvidia/lammps.cuda

source setup/polaris.sh

make build
make run
Notes
make run-pc L e : . :
* Running “make view” or “make view-pc” requires
make view an X11 desktop to support the GUI

 Alternatively, you can use the hpcviewer’s “open
remote database” capability to view the databases

» hpctoolkit-lmp.d: profiles and traces
* hpctoolkit-lmp-pc.d: GPU PC samples

make view-pcC

RGONNE
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Analyzing LAMMPS Profiles, Traces, and PC Samples

HPCToolkit can profile, trace, and collect PC samples for codes regardless of their complexity

NNNNNNN
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Troubleshooting: Only GPU kernel Name

* Need to measure with PC sampling to measure within GPU kernels

@ & hpeviewer
[ Protite: Arborx_Example_MolecularDynamics.exe | B Trace: ArborX_Example_MolecularDynamics. exe )
iﬂm_Cudu_Klﬂ\tllluﬂch.MD X  cuda_runtime.h
81 driver();
82}
83 0
84 template <class DriverType>
85 _global__ static void cuda_parallel_launch_local_memory(

86 const DriverType driver) {

87 driver();

88}

89

90 template <class DriverType, unsigned int maxTperB, unsigned int minBperSM>
91 __global__ __launch_bounds__(

92 maxTperB,

93 minBperSM) static void cuda_parallel_launch_local_memory(const DriverType
94 driver) {
95 driver();

96}

07
Top-down view Bottom-up view  Flat view

T 06 T S A @

| GKER (sec): Sum (I) |GKER (sec): Sum (E) | GXCOPY {sec): Sum () |GXCOPY (sec): Sum (E) |GXCOPY:H2D (B):

4 437 » [1) ArborX::Details::traverse<Kokkos::Cuda, ArborX::BoundingVolumeHierarchy<Kokkos::CudaSpace, ArborX::PairvValue...| 3.63e-04 39.9%
4497 » ArborX::Details:: TreeTraversal<ArborX::BoundingVolumeHierarchy<Kokkos::C: ArborX::Pair Arbo...| 3.63e-04 39.9%
4 63 » Kokkos::parallel_for ::RangePolicy kos::Cuda, ArborX::Details::TreeT l<ArborX:: ingVolumeHie... | 3.63e-04 39.9%

4144 » Kokkos:Impl:ParallelFor<ArborX::Details:: TreeTraversal<ArborX::BoundingVolumeHierarchy<Kokkos::CudaSpace, A... | 3.63e-04 39.9%
4108 » [I] Kokkos:Impl::CudaParallelLaunch<Kokkos::Impl::ParallelFor<ArborX::Details:: TreeTraversal<ArborX::BoundingV... 3.63e-04 39.9%
4 717 » [I) Kokkos::impl::CudaParallelLaunchimpl<Kokkos::Impl::ParallelFor<ArborX::Details:: TreeTraversal<ArborX::Boundi...| 3.63e-04 39.9%
4 678 » [I) Kokkos:Impl::CudaParallelLaunchKernelinvoker<Kokkos::Impl::ParallelFor<ArborX::Details:: TreeTraversal<Arb... | 3.63e-04 39.9%

4 368 » [I] cuda_parallel_launch_local_memory<Kokkos::Impl::ParallelFor<ArborX::Details:: TreeTraversal<ArborX::Boun... | 3.63e-04 39.9%

4 86 » [I] _wrapper__device_stub_cuda_parallel_launch_local_memory<Kokkos::Impl::ParallelFor<ArborX::Details::Tr... | 3.63e-04 39.9%
4406 » _ZL592__device_stub__ZN6&Kokkos4dimpl33cuda_parallel_launch_local_memoryINSO_11ParallelForIN6Arbor... | 3.63e-04 39.9%

39.9%
4216 » <gpu kernel> 39.9% |
w 4% Kokkos:Impl::cuda_parallel_launch_local_memory<Kokkos:Impl: or<ArborX::Detai r..§3.63e-04 39.9% 3.63e-04 39.9%

Kokkos_Cuda_KernelLaunch.hpp: 85'

*» 182 » ArborX::BoundingVolumeHierarchy<Kokkos::CudaSpace, ArborX::PairValuelndex<ArborX::Box, unsigned int>, ArborX::D. 2.53e-04 27.8%
*» 209 » ArborX::Details:KokkosExt::exclusive_scan<Kokkos::Cuda, Kokkos::View<int®, Kokkos::CudaSpace>, Kokkos:View<int*,... | 9.15e-06 1.0%
» 237 » Kokkos::parallel_for<Kokkos::RangePolicy<Kokkos::Cuda>, __nv_hd|_wrapper_t<false, false, false, __nv_dl_tag<void (*)...| 2.30e-06 0.3%
» 205 » Kokkos::parallel_for<Kokkos::RangePolicy<Kokkos::Cuda>, __nv_hd|_wrapper_t<false, false, false, __nv_dI_tag<void (*)...| 2.18e-06 0.2%
» 211 » ArborX::Details::Kok xt ment ( Cuda const&, Kokkos::View<i... 1.92e-06 1.3%
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Troubleshooting: No GPU source code lines with PC sampling

 If you don’t see source code with PC sampling on NVIDIA GPUs: compile with “-lineinfo” option

) 3 hpcviewer

=8 profite: ArborX_Example_MolecularDynamics exe -0
Kokkos_Cuda_KemelLaunchhop | Kokkos_Parallelhpp | ArborX_DetaisTreeTraversalhpp X

else

Kokkos: :parallel_for("ArborX: :TreeTraversal::spatial", )
Kokkos: :RangePolicy<ExecutionSpace, FullTree>(
space, 0, predicates.size()),
*this);

<o

}
}

KOKKOS_FUNCTION TreeTraversal(BVH const &bvh, Callback const &callback)
: _bvh{bvh}

72 , _callback{callback}
{}

6
6
6¢

N~ o
[ERRr-R-

75 struct OneLeafTree
7% ik

Top-down view  Bottom-up view | Flat view

2326 MG S A - ulvid

GINS: Sum (1)

_}Gle:Sum G] EGINS:STL_ANY:Sug!(I) |GINS:STL_ANY: Sum (E) | GINS:STL_IFET: Sum (1) |

4244 » ArborX::BoundingVolumeHierarchy: C ArborX::PairValuelndex<ArborX::Box, uns... | 1.39e+07 47.4% 1.25e+07 48.0% 2.07e+06 53.9%

4437 » (1) ArborX::Details:: uda, ArborX: ingVolumeHi hy CudaSpa... | 1.39e+07 47.4% 1.25e+07 48.0% 2.07e+06 53.9%

4 497 » ArborX::Details::TreeTraversal<ArborX::BoundingVolumeHierarchy<Kokkos::CudaSpace, ArborX::... | 1.39e+07 47.4% 1.25e+07 48.0% 2.07e+06 53.9%
<635 f angePolicy<Kokkos::Cuda, ArborX::Detail X:...| 1.39e+07 47.4% 1.25e+07 48.0% 2.07e+06 53.9%

4144 » Kokkos::lmpl::ParallélFor<Arborx::Delails::TreeTravetsakArban::BoundingVolumeHierarchy<K... 1.39e+07 47.4% 1.25e+07 48.0% 2.07e+06 53.9%

4108 » [1] CL h. kos::Impl::ParallelFor<ArborX::Details::TreeTraversal... | 1.39e+07 47.4% 1.25e+07 48.0% 2.07e+06 53.9%

4717 » I K Cuda Kokkos::impl::ParallelFor<ArborX::Details: TreeTrav... | 1.39e+07 47.4% 1.25e+07 48.0% 2.07e+06 53.9%

4678 » [I] Kokkos:Impl::C aunchKernellnvo k Impl::ParallelFor<ArborX::Detail... | 1.39e+07 47.4% 1.25e+07 48.0% 2.07e+06 53.9%

4 368 » [I] cuda_parallel_launch_local_memory<Kokkos::Impl::ParallelFor<ArborX::Details::TreeTra... | 1.39e+07 47.4% 1.25e+07 48.0% 2.07e+06 53.9%

4 86 » [I] _wrapper__device_stub_cuda_parallel_launch_local_memory<Kokkos::Impl::ParallelFo... | 1.39e+07 47.4% 1.25e+07 48.0% 2.07e+06 53.9%

< 406 » _ZL592__device_stub__ZN6Kokkosdlmpl33cuda_parallel_launch_local_memoryINSO_1... | 1.39e+07 47.4% 1.25e+07 48.0% 2.07e+06 53.9%

4403 » dal aunchKerpelechar 1.39e+07 47.4% 1.25e+07 48.0% 2.07e+06 53.9%

4 216 » <gpu kernel> 1.39%9e+07 47.4% 1.25e+07 48.0% 2.07e+06 53.9%

4 » Kokkos::Impl::cuda_parallel_launch_local_memory ::impl::ParallelF ArborX::Det...| 1.39e+07 47.4% 1.36e+07 46.2% 1.25e+87 48.0% 1.22e+07 46.8% 2.07e+06 53.9%

“ loop at [29¢7dccbe52b18735fc23021402e20bb.gpubin]: 0 1.39e+07 47.3% 1.64e+05 0.6% 1.25e+07 47.9% 1.31e+05 0.5% 2.07e+06 53.8%
+ loop at [29¢c7dccbe52b18735c23021402e20bb.gpubin): 0 1.37e+07 46.7% 1.34e+07 45.5% 1.24e+07 47.4% 1.21e+07 46.2% 2.06e+06 53.7%
[29¢7dccbe52b187351c23021402e20bb.gpubin]: O 1.34e+07 45.5% 1.34e+07 45.5% 1.21e+07 46.2% 1.21e+07 46.2% 1.85e+06 48.0%
4 » $_ZN6Kokkos4impl33cuda_parallel_launch_local_memoryINSO_11ParallelForiN6Arbor.. | 3.40e+05 1.2% 3.40e+05 1.2% 3.03e+05 1.2% 3.03e+05 1.2% 2.17e+05 5.6%
[29¢7dccbe52b18735fc23021402e20bb.gpubin): 0 3.40e+05 1.2% 3.40e+05 1.2% 3.03e+05 1.2% 3.03e+05 1.2% 2.17e+05 5.6%

“ » $_ZN6Kokkos4impi33cuda_parallel_launch_local_memorylNSO_11ParallelForIN6Arbor..



Troubleshooting: Compiling ArborX with GPU Line Map Info

» ArborX cmake isn’t set up to include GPU line mappings
» Force the compiler to record GPU line mappings

+ cmake -DARBORX_ENABLE_EXAMPLES=true \
-DCMAKE_INSTALL_PREFIX="pwd/../install \
-DCMAKE_CXX_COMPILER=g++\
-DCMAKE_BUILD_TYPE=RelWithDeblnfo \
-DCMAKE_CXX_FLAGS_RELWITHDEBINFO="-O2 -g -DNDEBUG -lineinfo"
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HPCToolkit Resources

* Documentation
—Man pages
= https://hpctoolkit.org/man/hpctoolkit.html
—User manual
= https://hpctoolkit.org/manual/HPCToolkit-users-manual.pdf
—Tutorial videos
= https://hpctoolkit.org/training.html
= recorded demo of GPU analysis of Quicksilver: https://youtu.be/vixa3hGDuGg
= recorded tutorial presentation including demo with GPU analysis of GAMESS: https://vimeo.com/781264043
» Software
—Download hpcviewer GUI binaries for your laptop, desktop, cluster, or supercomputer
= OS: Linux, Windows, MacOS
= Processors: x86 64, aarch64, ppc64le
= https://hpctoolkit.org/download.html
—Install HPCToolkit on your Linux desktop, cluster, or supercomputer using Spack
= https://hpctoolkit.org/software-instructions.html
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http://hpctoolkit.org/training.html
https://youtu.be/vixa3hGDuGg
https://vimeo.com/781264043
http://hpctoolkit.org/download.html
http://hpctoolkit.org/software-instructions.html

Current Funding for HPCToolkit

» Government
—Lawrence Livermore National Laboratory Subcontract B665301
—DOE Software Tools Ecosystem Project - UT-Battelle Subcontract C\W54422
—Argonne National Laboratory Subcontract 4F-60094
» Corporate
—Advanced Micro Devices
—TotalEnergies EP Research & Technology USA, LLC.
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