HPCToolkit Performance Tools

Performance analysis of CPU and GPU-accelerated applications at Scale

HPCToolkit at Exascale on Frontier: 8K nodes, 64K MPI ranks + GPU Tiles

John Mellor-Crummey
Professor, Rice University

extremecomputingtraining.anl.gov E\( Argonne A

AAAAAAAAAAAAAAAAAA



HPCToolkit Funding Acknowledgments

Government
Exascale Computing Project 17-SC-20-SC
Lawrence Livermore National Laboratory Subcontract B658833
Argonne National Laboratory Subcontract 9F-60073
Corporate
Advanced Micro Devices
TotalEnergies EP Research & Technology USA, LLC.

y TPES 2@?3@ extremecomputingtraining.anl.gov E(CP sz Argonneé

nnnnnnnnnnnnnnnn



Rice University’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
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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




HPCToolkit’s Workflow for GPU-accelerated Applications

hpcrun
> Profile execution on > Profile
CPUs and GPUs Files
—
Source Optimized . Trace
‘ Files Binary \ GPU Binary » Files
—

Compile & Link
hpcstruct
Analyze CPU/GPU Program |
program structure Structure
hpcviewer hpcprof/hpcprof-mpi

Interpret profile
Correlate w/ source

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

Step 1:
. . . hpcrun
* Ensure that compilers record line mappings : : _
e host iler- - > Profile execution on > Profile
Ost compiler: -g CPUs and GPUs Files
* nvcc: -lineinfo ——
So_urce Opt'lmlzed GPU Binary > Tr.ace
Files 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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HPCToolkit’s Workflow for GPU-accelerated Applications

Step 2:
. hpcrun
* hpcrun collects call path profiles of : : :
fint t > Profile execution on > Profile
events of interes CPUs and GPUs Files
——
So_urce Opt'lmlzed GPU Binary > Tr.ace
Files 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
A T E@ 11@2\5 extremecomputingtraining.anl.gov E\E\\P i ArgonneA
EXTREME -SCALE COMPUTING = 7 ©Onarionac Lasoratory



Measurement of CPU and GPU-accelerated Applications

CPU

Sampling on timer interrupts and hardware counter overflows on the CPU
GPU

Callbacks when GPU operations are launched/completed

GPU event stream for GPU operations

PC Samples in GPU kernels (NVIDIA)

Instruction-level instrumentation (Intel)
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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 GPU events such as kernel launches and data copies

Calling context tree
Call path sample

return address
return address
return address

instruction pointer

SRS =
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hpcrun: Measure CPU and/or GPU activity

GPU profiling

hpcrun -e gpu=xxx <app> ...

GPU instrumentation (Intel GPU only)

hpcrun -e gpu=level0,inst=count,latency <app>

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>

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,level(}

Profiles: aggregated on the fly
- a calling context tree per thread
- a calling context tree per GPU stream
- instruction level measurements

CPU traces
- trace of call stack samples

GPU traces
- trace of call stacks that initiate
GPU operations
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HPCToolkit’s Workflow for GPU-accelerated Applications

Step 3:

hpcrun
* hpcstruct recovers program structure : : _
bout lines, loops, and inlined functions > Profile execuition on »| Profile
about lines, foops, and iniined juncti CPUs and GPUs Files
So_urce Opt'lmlzed GPU Binary > Tr.ace
Files 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
default: use size(CPU set)/2 threads
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 when NVIDIA PC samples were collected
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HPCToolkit’s Workflow for GPU-accelerated Applications

Step 4:
hpcprof/hpcprof-mpi combines
profiles from multiple threads and

correlate metrics to static & dynamic

program structure

Source
Files

Compile & Link

hpcrun

Optimized
Binary

Profile execution on
CPUs and GPUs

GPU Binary

> Profile I
Files
—

hpcstruct

hpcviewer

profile view

Present trace view and

Analyze CPU/GPU
program structure

hpcprof/hpcprof-mpi

Interpret profile
Correlate w/ source

> Tr.ace I
Files
—

Program |
Structure
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hpcprof/hpcprof-mpi: Associate Measurements with Program Structure

Analyze data from modest executions with threaded parallelism

hpcprof <measurement-directory>

Analyze data from large executions using both distributed-memory and shared-memory parallelism
jsrun -n 32 -a 1 hpcprof-mpi <measurement-directory>
srun -n 32 hpcprof-mpi <measurement-directory>

aprun -n 128 -N 8 hpcprof-mpi <measurement-directory>
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HPCToolkit’s Workflow for GPU-accelerated Applications

Step 4:
. hpcv./ewer - interactively explore hperun
proﬂ-le a.nd traces for GPU-accelerated N Profile execution on R Brofile
applications CPUs and GPUs Files
——
So_urce Opt'lmlzed GPU Binary > Tr.ace
Files Binary Files
—
Compile & Link
hpcstruct
> Analyze CPU/GPU Program |
program structure Structure
hpcviewer hpcprof/hpcprof-mpi
Present trace view and E 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 ' 5 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%
202 ingtraini c T
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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




Time-centric Analysis with hpcviewer

o0 hpcviewer

[ profile: flash3 | B Trace: flash3 S T e )
» ‘M"’;;:”’me: [69s, 93s] Rank Range: [Rank 0, R.ank 255] Cross Hair: (86s, Rank 93) s = S L
g g I :rai::r evolveflash
2 é hydro-
L i
= ‘E o helm
& g = e e
" £ The color at a particular point in a
?‘; E timeline indicates the CPU procedure
£ g 1 or GPU kernel active at that time at
= &
o g the selected call stack depth
= g , e Call stack pane
5 g : ; shows full calling
& H context for the
) 8 cursor
X [
c 5
g g
s H
}De:‘:sview 7st)usmma'y ::w 72s 73s 74s 75s 76s 77s 78s 79s Time 83s 84s 85s 86s 87s 88s 89s 90s 91s s —
— = —cncll by L W'Wﬂl'm’iﬂ‘u—w-w I-
A depth view showing the history of calling contexts for the thread with the cursor
_ _ _ _ Minimap indicates part of
3 A multi-level call stack based view of execution over time execution trace shown



White Intervals in Traces Indicate Blocking of CPU Threads or GPU Streams

Minigmc: OpenMP on 32 CPU threads

File View Filter Help
g profile: minigmc B Trace: minigmec & % i+ - G b 4 4 B v I & =0

Main view Depth: 4 | g 1
Time Range: [0s, e

call stack Statistics

<thread root>

l <unknown procedure> 0x1b49d [libgom
main._omp_fn.1
gmeplusplus: :WaveFunction: : ratioGra
qmeplusplus: :einspline_spo_omp<doub
qmeplusplus: :einspline_spo_omp<doub

0s —
Depth view Summary view Min1 map
ES 2 02 3 extremecomputingtraining.anl.gov E\(\’@P i Argonne a Y
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hpcstruct Example: Analyze 7.7GB TensorFlow library (170MB text) in 77s

®| hpcviewer

File View Filter Help

Bprohle: hpestruct-bin aTrace: hpcstruct-bin % [CS g 5 - - H =

E

(| Maza Ve Depth: 496 - + 4%
Time Range: [0s, 77s] Rank Range: [Thread 0, Thread 31] Cross Hair: (53s, Thread 0)
Call stack Statistics

main
realmain(int, char**)
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
o o221l liboonn 50.1.0.0)

£FISTIUCTIORAET: : Insty ser: :LaunchWork(LockFre
111 LOCKFreeQueue<uyninst: :ParseAPI::ParseFr:
[I] inlined from Parser.C: 617

GOMP_task [libgomp.s0.1.0.0])

Dyninst::ParseAPI: :Parser: :LaunchWork(LockFre

Dyninst::ParseAPI: :Parser::SpawnProcessFrame

(L1
LIER T

Dyninst::ParseAPI::Parser::ProcessOneframe(D

Dyninst::ParseAPl::Parser::parse_frame(Dynin

Dyninst::ParseAPI::Parser::parse_frame_one_1°

Dyninst::ParseAPI::Parser::ProcessCFInsn(Dyn!
. Dyninst::InsnAdapter::IA_x86::1sTailCall(Dyn
Dyninst: :ParseAPI::StandardParseData: : findBli
[I] Dyninst::ParseAPI::region_data::findBloc

I

[I] Dyninst::dyn_c_hash_map<unsigned long. D:

[I] tbb::1nterfaceS: :concurrent_hash_map<uns.

e
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hpcprof-mpi: Analyze Measurements of LAMMPS @ 2K threads + 2K GPUs

Main view

Time Range: [0s, 41s] Rank

504 threads

using

Analysis on 8 nodes

secou Completes in 41s! )
PES 2@23 P extremecomputingtraining.anl.gov E\(@P i Argonneb
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Coarse- and Fine-grain Measurement on NVIDIA GPUs: LLNL’s Quicksilver

o] hpcviewer

File View Filter Help

Compute Node [ profile: qs

NuclearData.cc 8
{ HOST_DEVICE_END

_2XPOWe rg + 4XN IVl D |‘ \ it // Return the total cross section for this energy group
HOST_DEVICE
G P U S double NuclearData::getReactionCrossSection(
4 unsigned int reactIndex, unsigned int 1sotopelndex. unsigned int group)
{
qs_assert(1sotopeIndex < _isotopes.size()):

Optlmlzed (-02) Compllatlon 1 Leron "”"’a‘“"""“l 10!0 (? o(olex] species(0]. xonssx'e())
Wlth NVvCcC HOST_DEVICE_END

Detailed measurement and Top-down view Bottom-up view Flat view | CPU tlm |’ : GPU |nst [ : GPU |nst :
; ; : ; 36 & MB A x - © counts stalls
attribution using PC sampling

REALTIME (sec):Sum (I) |REALTIME (sec):Sum (E)

4 <program root> 6.07e+00 100.0% 9.53e+10 100.0% 8.41e+10 100.0%
Attrlbute Informatlon to 4« main 6.07e+00 100.0% 9.53e+10 100.0% 8.41e+10 100.0%
4 loop at main.cc: SS 3.27e400 53.9% 9.53e+10 100.0% 8.41e+10 100.0%
H 458 cycleTracking(MonteCarlo*) 2.59e+00 42.7% 1.00e-62 O.f% 9.53e+10 100.0% 8.41e+10 100.0%
heterogeneous Ca”lng Context 4 loop at main.cc: 159 2,59e+00 42.7% 9.53e+10 100.0% 8.41e+10 100.0%
4 loop at main.cc: 159 2.59e400 42.7% 9.53e+10 100.0% 8.41e+10 100.0%
. 4 loop at main.cc: 163 2.57e+00 42.4% 1.00e-02 0.§% 9.53e+10 100.0% 8.41e+10 100.0%
Key MetrICS 4193 - [I) CycleTrackingKernel(MonteCarlo®, int. Particlevault®... 2.38e400 39.3% 9.53e+10 100.0% 8.41e+10 100.0%
4127 « __device_stub_219CycleTrackingKernelPl0MonteCarloiPl3. .. 2.38e+00 39.3% 9.53e+10 100.0% 8.41e+10 100.0%
. . 414 « [I] cudaLaunchKernel<char> 2.38e400 39.3% 9.53e+10 100.0% 8.41e+10 100.0%
_|nStr’uCt|onS executed 4211 - cudaLaunchKernel [qs] 2.38e+00 39.3% 9.53e+10 100.0% 8.41e+10 100.0%
4 «» <gpu kernel> 9.53e+10 100.0% 8.41e+10 100.0%
4 = CycleTrackingKernel(MonteCarlo®, int, Particlevault*,... 9.53e+10 100.0% 3.98e+07 0.0% 8.41e+10 100.0% 3.51e+07 0.0M
_instruction Sta”s and reasons 4132 « CycleTrackingGuts(MonteCarlo®. int. Particlevau... 9.52e+10 99.9% 5.17¢+09 5.4% 8.416+10 99.9% 5.15e+09  6.1%
426 [I] CycleTrackingFunction(MonteCarlo®*, MC_Parti... 7.18e+10 75.4% 3.30e4+08 0.3% 6.08e+410 72.3% 2.85e+08 0.3\
4 loop at CycleTracking.cc: 118 7.18e+10 75.3% 2.99e+08 0.3% 6.08e+10 72.2% 2.59e+08  0.3%
_GPU Utl'lzatlon 4 63 -« CollisionEvent(MonteCarlo®, MC_Particle§, um... 4.60e410 48.3% 4.12e409 4.3% 3.83e410 45.6% 3.20e409  3.8%
4 loop at CollisionEvent.cc: 67 3.65e+10 38.4% 7.32e+08 0.8% 2.99e+10 35.5% 5.73e+08 0.7\
4 loop at CollisionEvent.cc: 71 3.45e410 36.2% 2.30e+09 2.4% 2.82e+10 33.5% 1.69e+09  2.08%
4 73 .+ macroscopicCrossSection(MonteCarlo®, int... 3.20e+10 33.6% 1.03e+10 10.8% 2.63e+10 31.3% 8.08e+09 9.6
4 41 « NuclearData::getReactionCrossSection(u. .. 1.87e+10 19.7% 9.68e+09 10.2% 1.58e+10 18.8% 8.25e+09 9.8%
b 253 [I] NuclearDataReaction::getCrossSec.. 6.26e+09  6.6% 3.53e+09 3.7% 5.23e409 6.2% 3.07e+09 3.7\

ESC2023 K. Zhou, M. W. Krentel, and J. Mellor-Crummey. Tools for top-down performance analysis of GPU-
B REME - SoaLE CéMU/r 2 accelerated applications. International Conference on Supercomputing. ACM, NY, NY, USA, June, 2020.



https://github.com/hpctoolkit-examples/examples/gpu/quicksilver

Analysis of PeleC using PC Sampling on an NVIDIA GPU

X X | hpeviewer
[ profile: PeleCd gnu.TPROF CUDA ex

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

439 udata->dt_save = t; .

e Cause:

441 #ifdef AMREX_USE_GPU .

442  const auto ec = amrex::Gpu::ExecutionConfig(udata—>ncells_d); passed Udata Structure p0|nter tO Iambda Capture
443  amrex::launch_global<<<

444 udata->nbBlocks, udata->nbThreads, ec.sharedMem, udata->stream>>>(

44 [=] AMREX_GPU_DEVICE() noexcept {

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

] stride = blockDim.x = gridDim.x; Improvement'
448 icell < udata-»ncells_d; icell += stride) {
’:5”; fKernT{S{’e;(T dt dat i t t d dot_d
a5¢ i . >dt_save, ->ir r. ., yvec_d, _d,
451 sdatasrhoe init_d, udata->rhoesrc ext_d, UdBta-sFYSTC.d)7 pass udata components as scalars
452 } . . .
i N https://github.com/AMReX-Combustion/PelePhysics/pull/192
Gl TORAMS Leih =0 Acell o udmaencs ke Acetiar)id | 4% speedup on PeleC PMF drm19 test case ,
Top-down view | Bottom-up view  Flat view - d
fo B A A
S |GNSOOIl _ _ |GNS(00I(5 ____|GNSSTLANY(00I() _ |GINSSTLANYIO0I () GINSSTLGMEMI0OI() _  GINSSTLGMEM.(00I(® |
4 |oop at AMReX Amr.cpp: 2061 1.24e+13 88.6% 1.05e+13 88.7% 5.58e+12 89.3%
4 B$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: Pele dvance(double, double, int, int) C P U 1.24e+13 88.5% 1.85e+13 88.6% 5.57e+12 89.2%
4 B»36: PeleC::do_sdc_advance{double, double, int, int) 1.24¢+13 88.5% 1.85¢+13 88.6% 5.57¢+12 89.2%
4 loop at Advance.cpp: 302 context 1.24e+13 88.4% 1.05e+13 88.5% 5.57e+12 89.1%
4 B9 308: PeleC tion(double, double, int, int, int, int) 1.24e+13 8B8.4% 1.05e+13 88.5% 5.57e+12 89.1%
2 BY561: PeleC (double, double, baol, amrex:MultiFab®) 9.61e+12 68.5% 8.29e+12 70.0% 4.17e+12 66.8%
4 loop at React.cpp: 109 9.43e+12 67.2% 8.14e412 68.7% 4.06e+12 ©5.0%
4 B»210: react(amrex::Box const&, amrex::Arrayd<dcuble» const&, amrex::Array4<doubles cons... 9.39%e+12 66.9% 8.10e+12 68.4% 4.03e+12 64.5%
4 B 234: arkEvolve [libsundials_arkode.s0.4.7.0) 9.28e+12 66.2% 8.00e+12 67.6% 3.94e+12 63.1%
4 Bb erkStep_TakeStep [libsundials_arkode.s0.4.7.0] 7.16e+12 51.1% 6.19e+12 52.3% 3.05e+12 48.9%
4 @ 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 B»443; (1) amrex::launch global< nv dl wrapper t< nv di tag<int (*)(doukle, generic N... 6.27e+12 44.7% 5.49e+12 46.3% 2.48e+12 39.7%
4 B12: [1] _wrapper_device_stub_launch_global<__nv_di_wrapper_t<_nv_dl_tag<int (*){do... €.27e+12 44.7% 5.49e+12 46.3% 2.48e+12 39.7%
4 B 286: [I] _device_stub__ZNSamrex13launch_globallZ6cF_RHSAP17 generic_N_VectorS2... 6.27e+12 44.7% 5.49e+12 46.3% 2.48e+12 39.7%
4 824; [1] cudalaunchKernel<char> 6.27c+12 44.7% 5.49e+412 46.3% 9-4% GPU stalls 2.48e+12 39.7% Mmostly memory
4 B»211:_cudalaunchKernel [PeleC3d.anu.TPROF.CUDA.ex] 6.27e+12 44.7% 5.49e+12 46.3% oOutside the loop 2.48e+12 39.7% stalls
CDIL & <5 <gpukerme> 6.27e+12 44.7% 5.49e+12 46.3% 2.48e+12 39.7%
g 4 B amrex::launch_global<cF_RHS({double, generic_N_Vector*, _generic_N_Vector®, v.. 6.27e+12 44.7% 1.75e+18 02.1% 5.49e+12 46.3% 1.70e+18 9.1% 2.48e+12 39.7%
c ntext « B»12: [1] cF_RHS(double, generic N Vector*, generic_N_Vector, void*)::{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%
T » loop at reactor.cpp: 446 __ 5.14e+12 36.6% 5.35e+10  0.4% i . 4.62e+10  0.4% l_j.mﬁgl 3.29e+10  0.5%
AMReX_Gpul aunchGlobal H: 12 1.75¢+180 0.1% 1.75e+18  0.1% 1. 706+ 1% 1.70e+18 8.1% I
~ NO) S . .. =. 4
S Q 2 extremecomputingtraining.anl.gov E(C)P &3 Argonne
EXTREME -SCALE COMPUTING = NATIONAL LABORATORY



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 -

&

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 - { - 2 __nhvomp_target [libnvomp.so]

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

launchInternal [libavomp.so]
[1I] targetLaunch

! - s . launchInternal [libnvomp.so)
A - " | W ! ! it w N J 1 v ] L i 1 W | W ooy kernel>

| nvkernel_gpu_rhf_)05_ppps_ F1L575_18_ [36534090«

s s s s w s s n EN NN NN NN E s u s RN 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

ESC2 2025 GAMESS original All CPU threads and GPU streams Argonne &
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Time-centric Analysis: GAMESS 4 ranks, 4 GPUs on Perimutter

: File Vview Filter Help

Epr'oizle: gamess.00.x B Trace: gamess.00.x Eprohle: gamess.00.x B Trace: gamess.00.x BProlee: gamess.00.x B Trace: gamess.00.x Bprohle: gamess.01.x B Trace: gamess.01.x Bprohle: gamess.00.x  Trace: gamess.00.x
®) Select rank to display
et $ + - - M

Check all uncheck all Regular expression
Main view gy p pepth: a0 _

|¢-

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

DN 1 BN 11111108 | %) 00 e Falter: | GPU I miil) |[call stack|Statistics GPU Idleness Blame

|| |Ranksorthreads | [ <thres coors
RANK 0 GPUCONTEXT 1 GPUSTREAM 16
RANK 1 GPUCONTEXT 2 GPUSTREAM 26
RANK 2 GPUCONTEXT 2 GPUSTREAM 26
RANK 3 GPUCONTEXT 2 GPUSTREAM 26

threadPoolEntryPoint [libnvomp.so]
hxiExecuteHostTreeBarrierwWithTasks [libnvomp.so
[I] executeMostTreeBarrier

[I] waitForNeighborThreads

T hxAddresswait [libnvosp.so)

syscall [libc-2.31.50]

(38 TTS Rl

A AN AsERENSERASNASNANTESESEREES

0s 25 35 ds S5s 6s 7s 85 9s 10s 135 s 1s 18s 2085 235 24s 28s 28s 30s 315 ks 385 38s abs als als abs ads sbs 5is

r L
Depth view Summary view it+ Mini map

NATIONAL LABORATORY

EXTREME ECM E CC(??\AQ;:/%(\E)O GAMESS Original All CPU threads and GPU streams ArgonneA



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

o hp v

File view Filter Help

Frrofile: gamess.00.x B Trace: gamess.00.x } %
Maln view

RANK 3 GPUCONTEXT 2 GPUSTREAM 26)

[
Ll

L

Time Range: [0s, 53s] Cross Hair: (27s,

|
|I
i

bs 35 45 55 65 75 85 9s 10s 125 s 165 185

Depth view Summary view e

GAMESS original

Depth: 40 -

Call stack Statistics

l <program root>

main

gamess

brachx_

energx_

win_

rhfcl_

twoel_
ompmod_ompmod_twoel_jk_
gpu_ompmod_twoel_jk_
gpu_rhf_j06_pppp_
__nvomp_target [libnvomp.so]
launchTarget [libnvomp.so)
launchHXTarget [libnvomp.so]
hxtaunch [libnvomp.so]
launchInternal [libnvomp.so]

laun:n nternal llxon»omp s0J
<gpu kernel>

Minl map

GPU Idleness Blame

8b6ad43909d31f.

nvkernel_gpu_rhf_j06_pppp_ F1L686_22_

|+~

gpubar

(30534090

All GPU streams, whole execution Argonne &

NATIONAL LABORATORY



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

[®] hpcviewer

File View Filter Help
Eronte: e mrece: snesso0 | GPU lO0ad imbalance due to triangular iteration spaces| = « =«

[25.28s,

29.73s]

Time Range: (27.04s, RANK 3 GPUCONTEXT 2 GPUSTREAM 26)

Cross Hair:

2585

25.3s 25'6s 26125 26.4s  26.6s  26.8s 27725 27:4s | 27.6s  27.8s 28'2s  28:.4s  28.6s  28.8s 20725 2045 29.6s

Depth view Summary view o+

_————— —

EE———————— e
e ——(—— e ——— ] e )

ATPESC2022 GAMESS original

GPU streams: 1 iteration

€ HeE- BE =0
Depth: 40 - +
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_

' gpu_rhf_je6_pppp_

__nvomp_target [libnvomp.so]

launchTarget [libnvomp.so]

launchHXTarget [libnvomp.sol

hxLaunch [libnvomp.sol

launchInternal [libnvomp.so]

[1I] targetLaunch

IaunchInternaI [libnvomp.so]

<gpu kernel>

nvkernel_gpu rhf_j06_pppp__F1L686_22_ [305a4090:
Mini map

|||||||I |||||||I i

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

File View Filter Help

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

tgpu_ompmod_spd.F90 [Plot graph]l gpu_rhf _j316_dppp_:

1.0E1
8.0EQ -
6,0E0 -

4,0E0

Metric Value

2,0E0 4

0.0E0 . . o . . . - . - -

GPUOP (sec)

(1) tgpu_ompmod_sp.F90

gamess.00.x [ Profile: gamess.00.x B Trace: gamess.00.x [FProfile: gamess.0l.x B Trace: gamess.0l.x fProfile: gamess.00.x ¥ Trace: gamess.00.x = 0

[Plot graph]l gpu_rhf_j06_pppp_: GPUOP (sec) (I) 8 gamess.F

[Plot graph] gpu_rhf_j06_pppp_: GPUOP (sec) (I)

Top-down view Bottom-up view Flat view

3+ 6 b

ME A -

4 Experiment Aggregate Metrics
4 <program root>
4 » main [gamess.00.x]
4 » Qamess
4 772 » brnchx_
4 1095 » energx_
4 loop at gamess.F: 1316
4 loop at gamess.F: 1436
4 loop at gamess.F: 1436
41440 » win_
4 loop at gamess.F: 2645
4 2568 » rhicl_
4 loop at rhfuhf.f: 2
4 loop at rhfuhf, f: 2723
4 loop at rhfuhf.f: 2723
4 2859 v twoel_
4 3994 » ompmod_ompmod_twoei_jk_
4 246 » gpu_ompmod_twoel jk_
D 656 » gpu_rhf_j16_dppp_

REALTIME (séc): Sum (I}
3.

L L e I VI R R PR

48e+03 100.0% 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
0de+02  5.9% 1.66e+02 100.6% 1.66e+02 100.0% 2,64¢-01 100.0%
0402  5.9% 1.66e+02 100.0% 1.66e+02 100.0% 2.63¢-01 100.0%
0devd2  5.9% 1.66e+02 100.0% 1.66e+02 100.0% 2.63¢-01 100.0%
03es02 5.8% 1.66e+02 100.0% 1.66e+02 100.0% 2.64e-01 100.0%
03es02 5.8% 1.66e+02 100.0% 1.66e+02 100.0% 2.64e-01 100.0%
03es02 5.8% 1.66e+02 100.0% 1.66e+02 100.0% 2.64e-01 100.0%
97es02 S. 7% 1.66e+02 100.0% 1.66e+02 100.0% 2.64e-01 100.0%
97e+02 5. 7% 1.66e+02 100.0% 1.66e+02 100.0% 2.64e-01 100.0%
97e+02 5. 7% 1.66e+02 100.0% 1.66e+02 100.0% 2.64e-01 100.0%
97e+02 S.7% 1.66e+02 100.0% 1.66e+02 100.0% 2,64e-01 100.0%
97e+02 5.7% 1.04e-02  0.0% 1.66e+02 160.0% 1.66e+02 100.0% 2.64e-01 100.0%
96e+02 S5.7% 5.25¢-03  0.0% 1.66e+02 100.0% 1.66e+02 100.0% 2.64¢-01 100.0%
96e+02  5.6% 1.66e+02 100.0% 1.66e+02 100.0% 2.64¢-01 100.0%
96e+02  5.6% 1.66e+02 100.0% 1.66e+02 100.0% 2.64¢-01 100.0%
69e+02  4.9% 1.66e+02 100.0% 1.66e+02 100.0% 2.64e-01 100.0%
69e+02  4.9% 1.66e+02 100.0% 1.66e+02 100.0% 2.64e-01 100.0%
69e+02 4.9% 1.66e+02 100.0% 1.66e+02 100.0% 2.64e-01 100.0%
.98e+01  0.9% 1.00e-02 0.0% 2.97e+01 17.9% 2.97e+01 17.9% 1.07e-02 4.1%

Rank.Thread

REALTIFE (sec): Sum (E) GPUOP (sec): Sum (T} GPUOP (sec)i Sum (E) GNER (uc) Sum (l) QUER |3ec): Sum (E} GXCOPY (sec)s Sum 1T} GXCOPY ' (sec): Sum (E)

ESC2022¢
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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: a2 - -

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
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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 [RProfile: gamess.0l.x §§ Trace: gamess.0l.x
14 H v M=

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

| MHOIL | | (URARREREL Uy
| -if,.l?j_}M‘;,li_ff.y;]
l‘ WIHRERNLELLLL |
[ORRCEPETTAPRR L
I
I

|+

call stack Statistics GPU Idleness Blame

l <program root>

i
'MJ il
il
|l|l
|

fmox_
edimer_

it ity i
| O o
O 0 O O 0 A s
WA O OO R LA O MR el
10 iy
WA 1R 1R 0 R .

[ i gpu_omprod_twoel_jk_

N apu_rhf_306_pppp_
__nvomp_target [libnvomp.so]

launchTarget [libnvosp.sol

launchHXTarget [libnvomp.sol

— e ———

hxLaunch [libnvomp.so)

launchInternal [libnvomp.so]

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

I
T
i ||,l‘
: bt Il
| M ALHRECECUTCECERCERDERE A CERR TV FREN
LU (ECCELERATTERR LA EXRA TP TEPXEEX PR PRV CrReTay

[ T T T T 7 T T T T T T T T T T T T T T T
0s 265 40s 60s 8bs 100s 120s 140s 160s 180s 200s 220s 240s 260s 280s 300s 320s 340s 360s 380s 400s 420s 440s 460s 480s

nvkernel_gpu_rhf_j06_pppp_ F1L682_22_ [507aded9«

fDepth view| Summary view fi+ Minl map
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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

W gpu_rht_306_pppp_

i+ &) v > =
IMain view pepth: a7 - *
Time Range: [6s, 485s) Cross Hair: (20s, NODE 931145794 RANK O GPUCONTEXT 1) _,
IIIHIMII 1 ARPTE TR N I II,H\ ACLTECTHRTMTOCAUT Uk L RN AT LT ! MO0 AR €21 52153560 XlLeness Blame
‘ I-IIIII' :II"IYI;,‘_;:_I' JNNAAARAE iilll.:..I:: LT R UOET LD R D | | i votors
i llluilll:q,;':;:ut::%r | T ' g
W ||| WHHIn =
(IO AT b AT CRCOURRREEREECRET ECUUCRPU Ry brnchs.
IIIIIIIII Il S0 AL LA M LA A R AL A A energr_
LS LA 0T (TR TARERHRTHY AN s
[ MLLARALTAE l]l_ll I L THAd0G | B
. T ‘,ul 1 I‘. (1 .‘I‘l\ RV o S
NURLN 1 1N | pu_ompmod_twoel_jk
MM QLA ‘lv gpu_onpod_twoe_jk_
| WIIIIIII

il

|

il
‘IH' |

11011
-u

hxLaunch [l1ibnvomp.so]

launchInternal [libnvomp.so]

[1] targetLaunch

launchInternal [libnvomp.so]

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

<gpu kernel>

nvkernel_gpu_rhf_)06_pppp_ F1L682_22_ [507aded9:

LT I’
L]
T
,I.fljill
|
Il

1l TR TR ;|||| |||| EEEEEEEE @ |
¥ y Y ! v T T T T T T T - —— | ALl
0s 205 ad 603 8bs 100s 1205 140s 160s 1805 2005 205 240s 2603 2805 3005 3205 3405 3605 380s 400s 4205 a40s 460s 4803
QDepth view Summry view il+ Mini map
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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
PO R- €D FE B BT
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
1 l.,prograw root>
main
I gamess
‘ i fmox_
E 2 : el . monoscf_
| brachx_
l ] , eners
| iR | | il | | | ! N | =
| win_
rhfcl_
tftrib_
mtarbr_
_sci_daxpy_ [libsci_nvidia_mp.s0.5.0]
. 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 oS Mini map

EXTREME - SCALE COMPUTING 1 CPU Stream, 2 GPU Streams: 6 Iterations = Argonnea



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

File view Filter Halp
Eproflle: gamess.00.x QTrace: gamess.00.x Bprofﬂe: gamess.00.x aTra(e: gamess.00.x BProhIe: gamess.00.x QTra(e: gamess,00.x Bprofﬂe: gamess.01.x QTrace: gamess.01.x
mthlib.f 2

END

iC
C*MODULE MTHLIB *DECK MTARBR
SUBR

C

use omp_lib
c

IMPLICIT DOUBLE PRECISION(A-H,0-2Z)
c

DIMENSION A(*),B(NA,MB),AB(NAB, M8
C

4 PARAMETER (ZERQ#0.0D+00) I

c
C* 31 OCT 1979
c
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
(44 STORED IN SYMMETRIC STOAGE MODE.
¢+ B - THE INPUT REAL NA BY MB RECTANGULAR MATRIX
(] NA - THE ORDER OF MATRIX A
c» NB - THE COLUMN DIMENSION OF MATRICES B AND AB
c+ a8 - THE OUTPUT PRODUCT NA BY MB MATRIX
C*  NAB - THE INPUT ROW DIMENSION OF MATRIX AB
(<] INCA - ADDRESS DIFFERENCE OF TWO ADJACENT ELEMENTS OF A
o

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

1J=1-INC

DO 120 IeI1,NA

1J=I3+I%INC
AI)=A(13)

DO 110 Kel,MB
AB(I K)=AIJ*B(I.K)
110 CONTINUE
120 CONTINUE
IF{NA.EQ.1) RETURN

PROCESS OFF-DIAGONAL ELEMENTS OF INPUT MATRIX A

IJ=1-INC
DO 150 I=2,NA
IJ=IJ+INC
IM1=I-1
DO 146 J=1,IM1
IJ=IJ+INC
AII=A(11)
IF(AIJ.EQ.ZERO) GO TO 140
CALL DAXPY(MB,AIJ,B(I,1),NA,AB(J,1),NAB)
CALL DAXPY(MB,AIJ,B(J,1),NA,AB(I,1),NAB)
140 CONTINUE
156 CONTINUE
RETURN
END
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Time-centric Analysis: GAMESS 5 nodes, 40 ranks, 20 GPUs on Perimutter

File view Filter Halp
Eproflle: gamess.00.x QTrace: gamess.00.x Bprofﬂe: gamess.00.x aTra(e: gamess.00.x BProhIe: gamess.00.x QTra(e: gamess,00.x Bprofﬂe: gamess.01.x QTrace: gamess.01.x
mthlib.f 2

END

iC
C*MODULE MTHLIB *DECK MTARBR
SUBRO

C
use omp_lib
c
IMPLICIT DOUBLE PRECISION(A-H,0-2Z)
c
DIMENSION A(*),B(NA,MB),AB(NAB, M8
C
4 PARAMETER (ZERQ#0.0D+00) I
c
C* 31 OCT 1979
c
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
(44 STORED IN SYMMETRIC STOAGE MODE.
¢+ B - THE INPUT REAL NA BY MB RECTANGULAR MATRIX
(] NA - THE ORDER OF MATRIX A
c» NB - THE COLUMN DIMENSION OF MATRICES B AND AB
c+ a8 - THE OUTPUT PRODUCT NA BY MB MATRIX
C*  NAB - THE INPUT ROW DIMENSION OF MATRIX AB
(<] INCA - ADDRESS DIFFERENCE OF TWO ADJACENT ELEMENTS OF A
o
INC=INCA
c
c PROCESS DIAGONAL ELEMENTS OF INPUT MATRIX A
c
1J=1-INC
DO 120 IeI1,NA
1J=I3+I%INC
AI)=A(13)

DO 110 Kel,MB
AB(I K)=AIJ*B(I.K)
110 CONTINUE
120 CONTINUE
IF{NA.EQ.1) RETURN
C

1 e

IJ=1-INC
DO 150 I=2,NA
IJ=IJ+INC
IM1=I-1
DO 146 J=1,IM1
IJ=IJ+INC
AII=A(11)
IF(AIJ.EQ.ZERO) GO TO 140
CALL DAXPY(MB,AIJ,B(I,1),NA,AB(J,1),NAB)
CALL DAXPY(MB,AIJ,B(J,1),NA,AB(I,1),NAB)
140 CONTINUE
156 CONTINUE
RETURN
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Time-centric Analysis: GAMESS 5 nodes, 40 ranks, 20 GPUs on Perimutter

1096 C

1097 IJ=1-INC

1098 DO 158 I=2,NA |
1699 IJ=IJ+INC

1100 IM1=I-1

1101 DO 140 J=1,IM1

1162 IJ=IJ+INC

1103 AIJ=A(I])

1104 IF{AI].EQ.ZERD) GO TO 140

1185 CALL DAXPY(MB,AI]J,B(I,1),NA,AB(],1).NAE)

1186 CALL DAXPY(MEBE,AIJ,B(J,1),NA,AB(I,1),NAE)

1167 140 CONTINUE

1188 150 CONTINUE

1109 RETURN

1110 END
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Measure and Attribute OpenMP Offloading

| hpcviewer

File View Filter Help
[ Profile: miniqmc @ Trace: minigme

einspline_spo_omp.cpp &3
0 auto* restrict psi_ptr = offload_scratch[i].data();

for (int team_id = 0; team_id < NumTeams; team_id++)
{

const int first = ChunkSizePerTeam * team_id;
const int last =

int _ix, v, i7:

162 PRAGMA OFFLOAD("omp target teams distribute num teams(NumTeams) thread limit(ChunkSizePerTeam)")

(first + ChunkSizePerTeam) > nSplinesPerBlock_local ? nSplinesPerBlock_local : first + ChunkSizePerTeam;

Top-down view| Bottom-up view Flat view

236 E MEBE A A~ -

4 Experiment Aggregate Metrics 6.23e+00 100.0%
4 <program root> 6.23e+00 100.0%
4 < main 6.23e+00 100.0%
4 loop at miniqmc.cpp: 402 6.02e+00 96.6%
4404 - .omp_outlined..62 6.02e+00 96.6%
4404 - [I] .omp_outlined._debug_ .61 6.02e+00 96.6%

4 loop at minigmc.cpp: 405 6.02e+00 96.6%

4 loop at minigmc.cpp: 472 5.01e+00 80.5%

4 loop at minigmc.cpp: 476 5.01e+00 80.5%

4 loop at minigmc.cpp: 478 5.01e+00 80.5%

4 485 - qmcplusplus::WaveFunction::ratio(q... 5.01e+00 80.5%

4 - qmeplusplus: :DiracDeterminant<qmecplus. .. 5.01e+00 80.5%

4198 - gmeplusplus::einspline_spo_omp<. .. 5.01e+00 80.5%

4 187 - gmeplusplus::einspline_spo_omp. .. 5.01e+00 80.5%

4 loop at einspline_spo_omp.cpp: 157 5.01e+00 80.5%

S

4 » <gpu kernel>

>

cunknon Filas [1ihhnerun cal. 0

.4%e+00 72.0% 4.49e+00 72.0%

ADp OO T2 03 A _AOn 1L ON

GPUOP (sec):Sum (I) |GPUOP (sec):Sum (E) |GKER (sec):Sum (I) |GKER (sec):Sum (E) |GMEM (sec):Sum (I) |d

6.23e+00 100.0%

5.50e+00 100.0% 5.50e+00 100.0% 7.10e-03 100.0%
5.50e+00 100.0% 7.10e-03 100.0%
5.50e+00 100.0% 7.10e-03 100.0%
5.33e+00 96.9%
5.33e+00 96.9%
5.33e+00 96.9%
5.33e+00 96.9%
4.49e+00 81.6%
4.49e+00 81.6%
4.49e+00 81.6%
4.49e+00 81.6%
4.49e+00 81.6%
4.49e+00 81.6%
4.49e+00 81.6%
4.49e+00 81.6%

4.49e+00 81.6% 4.49e+00 81.6%

AOn OO RS A _AQn DN O RS

N
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HPCToolkit Status on GPUs

NVIDIA
heterogeneous profiles
GPU instruction-level execution and stalls using PC sampling
traces
AMD
heterogeneous profiles
no GPU instruction-level measurements within kernels
measure OpenMP offloading using OMPT interface
traces
Intel
heterogeneous profiles
GPU instruction-level measurements with instrumentation; heuristic latency attribution to instructions
measure OpenMP offloading using OMPT interface
traces
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Ongoing Work

Enhancing measurement to identify root causes of scalability losses

Better measurement of delays caused by GPU and communication
Improving the scalability of hpcprof-mpi

Avoid unnecessary serialization of I/O
Adding a Python-based interface for analysis of performance results

Python API supports arbitrary queries and analysis of profiles and traces

Automatic analysis to identify notable features in executions

e.g. load imbalance, trace line equivalence classes
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HPCToolkit Resources

Documentation
User manual
http://hpctoolkit.ora/manual/HPCToolkit-users-manual.pdf

Tutorial videos
http://hpctoolkit.org/training.html

Software
Download hpcviewer GUI binaries for your laptop, desktop, cluster, or supercomputer
OS: Linux, Windows, MacOS
Processors: x86 64, aarch64, ppct4le
http://hpctoolkit.org/download.html

Install HPCToolkit on your Linux desktop, cluster, or supercomputer using Spack
http://hpctoolkit.org/software-instructions.html
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http://hpctoolkit.org/manual/HPCToolkit-users-manual.pdf
http://hpctoolkit.org/training.html
http://hpctoolkit.org/download.html
http://hpctoolkit.org/software-instructions.html

HPCToolkit Hands-On Directions

Performance analysis of CPU and GPU-accelerated applications at Scale

John Mellor-Crummey
Professor, Rice University
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Sample Performance Databases for You to Analyze on Polaris

» Setup on polaris
» module use /soft/perftools/hpctoolkit/polaris/modulefiles
» module load hpctoolkit/default
» Data on theta and polaris: /grand/ATPESC2023/track-6-tools-hpctoolkit/data
« CPU
+ QMCPACK - quantum Monte Carlo electronic structure calculations (early experiment)
* GPU-accelerated
* GAMESS - ab initio quantum chemistry
* 1.singlegroup-unbalanced
+ 2.singlegroup-balanced
« 3.multigroup-unbalanced-mtarbr
* 4. multigroup-balanced
+ 5.multigroup-unbalanced-pc
* 6.scale
= PeleC - AMR Solver (AMREX) for compressible reacting flows
= Pytorch-deepwave - GPU-accelerated reverse-time migration using Pytorch
= Quicksilver - proxy application for dynamic Monte Carlo transport

« ATPESCHC)
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GPU: Profiling Quicksilver with HPCToolkit on Polaris or Perimutter

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

* cd hpctoolkit-tutorial-examples/examples/gpu/quicksilver

* polaris:
* export HPCTOOLKIT TUTORIAL PROJECTID=ATPESC2023
* export HPCTOOLKIT TUTORIAL RESERVATION=default
* source setup-env/polaris.sh

* perlmutter:
* export HPCTOOLKIT TUTORIAL PROJECTID=ntrain5 g
* export HPCTOOLKIT TUTORIAL RESERVATION=default
* source setup-env/perlmutter.sh

* make build

* make run

* make run-pc

* make view

* make view-pc

« ATPESCHC)


https://github.com/hpctoolkit/hpctoolkit-tutorial-examples

CPU: Profiling AMG2013 with HPCToolkit on Theta

e git clone https://github.com/hpctoolkit/hpctoolkit-tutorial-examples
* cd hpctoolkit-tutorial-examples/examples/cpu/mpit+openmp/amg2013
* export HPCTOOLKIT TUTORIAL PROJECTID=ATPESC2023
* export HPCTOOLKIT TUTORIAL RESERVATION=debug-cache-quad
* source setup-env/theta.sh
* make build
* make run
« # wait for SCOBALT _JOBID.done to appear in your directory
* make analyze
 Alternatives
* make view

* hpcviewer hpctoolkit-amg2013.d
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https://github.com/hpctoolkit/hpctoolkit-tutorial-examples

