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A Hands-on Example for the Tutorial: ArborX

A library written in Kokkos that provides performance portable algorithms for geometric search

% git clone https://github.com/hpctoolkit/hpctoolkit-tutorial-examples
% cd hpctoolkit-tutorial-examples/examples/gpu/arborx

% source setup/perlmutter.sh

% make all # downloads, builds, measures, and analyzes two executions
% make view

% make view-pc

Note: precomputed databases available on Perimutter at /global/cfs/cdirs/m3977/data/arborx
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https://github.com/hpctoolkit/hpctoolkit-tutorial-examples

Outline

e 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
— ArborX
—  LAMMPS at Exascale
e« Coming attractions
e Troubleshooting




Rice University’s HPCToolkit Performance Tools

Measure and analyze performance of CPU and GPU-accelerated applications

e Easy: profile unmodified application binaries
e 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
e Broad audience
— application developers
— framework developers
— runtime and tool developers
e 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
e |ong 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
e HPCToolkit
— supports more scalable tracing than Nsight Systems
e 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 Tr.ace
Files | Binary Files
—

Compile & Link

hpcstruct

Analyze CPU Program
»
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
'I-—-"""-_-"

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
profile view

Correlate w/ source

Interpret profile




HPCToolkit's Workflow for GPU-accelerated Applications

Step 1:

* Ensure that compilers record line mappings

* host compiler: —-g
* nvcc: -lineinfo

hpcrun

Profile execution on
CPUs and GPUs

Compile & Link

Optimized
Binary

GPU Binary

hpcviewer

Present trace view and
profile view

hpcstruct

> Profile
Files
——
> Tr_ace
Files
'-—-""'-—-"

Analyze CPU/GPU
program structure

Program
Structure

hpcprof/hpcprof-mpi

Interpret profile
Correlate w/ source




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 g Files
'-—--"""__-"
Opt_|m|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
Database <

profile view

Correlate w/ source




Measurement of CPU and GPU-accelerated Applications

e Sampling using Linux timers and hardware counter overflows on the CPU

e Callbacks when GPU operations are launched and (sometimes) completed

e Event stream for GPU operations; PC Samples (NVIDIA)

e Binary instrumentation of GPU kernels on Intel GPUs for fine-grain measurement




Call Stack Unwinding to Attribute Costs in Context

e Unwind when timer or hardware counter overflows
— measurement overhead proportional to sampling frequency rather than call frequency
e 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




hpcrun: Measure CPU and/or GPU activity
e GPU profiling
— hpcrun -e gpu=xxx <app> ... xxx € {nvidia,amd,opencl,level0}

e GPU instrumentation (Intel GPU only)
— hpcrun -e gpu=levell,inst=count,latency <app>

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

e CPU and GPU Tracing (in addition to profiling)
— hpcrun -e CPUTIME -e gpu=xxx -t <app>

e Use hpcrun with job launchers
— srun -n 1 -G 1 hpcrun -e gpu=xxx <app>




HPCToolkit's Workflow for GPU-accelerated Applications

Step 3:

hpcrun

* hpcstruct recovers program structure
about lines, loops, and inlined functions >

Compile & Link

Profile execution on
CPUs and GPUs

Optimized
Binary

GPU Binary

> Profile
Files
——

Y

hpcstruct

Analyze CPU/GPU
program structure

> Trace
Files
..___,.—-'—"'-

hpcviewer

Present trace view and
profile view

hpcprof/hpcprof-mpi

Interpret profile
Correlate w/ source

Program
Structure




hpcstruct: Analyze CPU and GPU Binaries Using Multiple Threads

e Usage

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

e What it does
e Recover program structure information
 Files, functions, inlined templates or functions, loops, source lines
e 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
e Cache binary analysis results for reuse when analyzing other executions

NOTE: --gpucfg yes needed only for analysis of GPU binaries for interpreting PC samples on NVIDIA GPUs
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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

Compile & Link

hpcrun

Optimized
Binary

Profile execution on
CPUs and GPUs

GPU Binary

Profile
Files
——

hpcstruct

hpcviewer

Present trace view and
profile view

Analyze CPU/GPU
program structure

Program
Structure

hpcprof/hpcprof-mpi

Interpret profile
Correlate w/ source

Trace
Files
"I-—.—-""-.—-"




hpcprof/hpcprof-mpi: Associate Measurements with Program Structure

e Analyze data from modest executions with multithreading

hpcprof <measurement-directory>

e Analyze data from large executions with distributed-memory parallelism + multithreading

srun -N 2 -n 2 -c 126 hpcprof-mpi <measurement-directory>




HPCToolkit's Workflow for GPU-accelerated Applications

Step 4:
hpcviewer - interactively explore

profile view

Correlate w/ source

hpcrun
proﬂ_le a.nd traces for GPU-accelerated | Profile execution on [ Profile
applications CPUs and GPUs Files
'I-—-"""'__-"
Opt_|m|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
Database <




Code-centric Analysis with hpcviewer

®e . rhpcvirefwer

Profile: lulesh-RAJA-parallel.exe | BB Trace: lulesh-RAJA-parallel.exe

imainc  luleshRAJA-parallel.cxx 33 | forall_generic.hxx

1183

|1184 / /
{1185 /% compute the hourglass modes */

1186

11187 RAJA::forall<elem_exec_policy>(*domElemList, [&] (int i2) {
11188 #ifndef OMP_HACK

{1189 Real_t hafx[8], hgfy[8], hgfz[8] ;

11190 #endif

{1191 Real_t coefficient;

{1192

11193 Real_t hourgam@{4]), hourgaml[4], hourgam2[4], hourgam3[4] ;
{1194 Real_t hourgam4[4], hourgam5[4], hourgam6([4], hourgam7[4];
{1195 Real_t xd1([8], yd1([8], zd1[8] ;

11196

1197 Index_p elemToNode = &nodelist [8%i2];

11198 Index_t i3=8%i2;

s R : (1.0)/determli2]:

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

Scope
W z Experiment Aggregate Metrics
» <omp idle>
¥ <program root>

¥ Bb1454: [I] CalcHourglassControlForElems(Domain®, double®, double) |

69: CalcVolumeForceForElems(Do

function calls in full context
inlined procedures
inlined templates

outlined OpenMP loops

loops

¥ E»1399: (1] CalcFBHourglassForceForElems(int®, double®, double®, double*, double*, double®, double®, double*, double®, double*, double*, double*, double*, double*, double*, double*, double, RAJA::Index
¥ 131187: [1] void RAJA::forall<RAJA::IndexSet::ExecPolicy<RAJA::seq_segit, RAJA::omp_parallel_for_exec>, RAJA::IndexSet, CalcFBHourglassForceForElems(int®, double®, double®, double®, double®, dou
¥ EP405: (1] void RAJA::forall<RAJA::omp_parallel_for_exec, CalcFBHourglassForceForElems(int*, double®, double®, double®, double®, double*, double®, double*, double®, double®, double*, double®, do

¥ loop at forall_seq_any.hxx: 498

v B»S05: (1] void RAJA::foralkCalcFBHourIassForceFovaems(in!'. double*, double®, double*®, double*, double*, double®, double*, double*, double*, double*, double*, double*, double*, double*, d

¥ EP82: outline forall_omp_any.hxx:89 (0x4235b0)
¥ loop at forall_omp_any.hxx: 90

v B)91: [1] CalcFBHourglassForceForElems(int®, double®, double®, double®, double®, double®, double®, double®, double®, double®, double®, double*, double®, double*, double*, double*, dg

» B)1300: [I] CalcElemFBHourg

> E1260: (1] CBRT(double)

REALTIME (usec):Sum (1) v
1.47e+09 100.0%
7.95e+08 54.2%
6.69
6.69
6.69
6.69 g
4.11e+08 28.1%
3.91e+08 26.7%
3.88e+08 26.5%
2.43e+08 16.6%
1.55e+08 10.6%
1.04e+08 7.1%
1.04e+08 7.1%
1.04e+08 7.1%

1.04e+08 7.1%
1.03e+08 7.1%
1.03e+08 7.0%
1.03e+08  7.0%
4.40e+07  3.0%
1.11e+07 0.8%

REALTIME (usec):Sum (E)

1.47e+09 100.0%
7.95e+08 54.2%

0%
0%

1.00e+03
1.00e+03
2.01e+03

2.01e+03
2.01e+03
5.97e+04
1.69e+05
1.04e+05
4.81e+07
4.40e+07
1.44e+06
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Understanding Temporal Behavior

e 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

MPI ranks,OpenMP Threads, GPU streams

R,

Profile: flash3 | B Trace: flash3 |

LA K] hpeviewer

Main view |

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

| 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 depth

flash
driver_evolveflash
hydro

. hy_ppm_sweep
eos_wrapped

eos

eos_helm

. _xlddpow

. expinner2

Call stack pane
shows full calling
context for the
cursor

Depth view showing the history of calling contexts for the thread/GPU stream with the cursor

A multi-level call stack based view of execution over time

Minimap indicates part of
execution trace shown




Summary of ECP Developments

Measurement

e profile and trace GPU-accelerated applications on AMD, Intel, and NVIDIA GPUs
e source-level measurement of Python frameworks, e.g. Pytorch
e record measurement data in sparse formats: benefits GPU-accelerated programs with many metrics
e implement of OMPT performance tools interface in AMD OpenMP and LLVM
Binary analysis
e binary analysis of AMD, Intel, NVIDIA GPU binaries
e parallel analysis of application binaries to speed recovery of program structure

Performance analysis and attribution
« MPI + OpenMP highly parallel analysis of measurement data at exascale
e sparse representations observed to reduce performance analysis results by > 1000x
e detailed attribution of PC samples to rich calling contexts within GPU kernels

Presentation
* interactive display profiles and terabytes of traces from exascale executions
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hpcstruct Example: Analyze 7.7GB TensorFlow library (170MB text) in 77s

File View Filter Help
[ Profile: hpestruct-bin B Trace: hpcstruct-bin A, P it+ & b & J ) - - M= = o

Main view
Time Range: [0s, 77s] Rank Range: [Thread 0, Thread 31] Cross Hair: (53s, Thread 0)

1 NN 1/ i D R DAL ‘. | [ gathistackislaciatacs
]
[1[1]

[ R

Im IlIII 1 doSingleBinary(Args&, stat*) I
BAnal::Struct::makeStructure(std::_ cxx11::b;

Depth: 496 - 4 ES

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

110 [iboomn 50.1.0.0)

; S Insts er: :LaunchWork(LockFre
111 LOCKFreeQueue<uyninst: :ParseAPI: :ParsefFr
[I] inlined from Parser.C: 617
GOMP_task [libgomp.s0.1.0.0]
Dyninst::ParseAPI::Parser::LaunchWork(LockFr
Dyninst::ParseAPI::Parser: :SpawnProcessFrame
Dyninst::ParseAPI::Parser::ProcessOneFrame(D:
Dyninst::ParseAPl::Parser::parse_frame(Dynin
Dyninst::ParseAPI::Parser::parse_frame_one_1
Dyninst::ParseAPI::Parser::ProcessCFInsn(Dyn

l Dyninst::InsnAdapter::IA_x86::1sTailCall(Dyn!
Dyninst::ParseAPI::StandardParseData: : findBl¢
[I] Dyninst::ParseAPI::reqion_data::findBlocl
[I] Dyninst::dyn_c_hash_map<unsigned long. D:
[I] tbb::1nterfaceS::concurrent_hash_map<uns;

Mini map

Depth view Summary view +




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

Main view

Time Range: [0s, 41s] Rank Range: [

COMPUTING Slide credit: Jonathon Anderson
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Case Studies

e GAMESS (OpenMP)
e ArborX (Kokkos)
e LAMMPS (Kokkos) at exascale




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

e GPU-accelerated nodes at a prior Perlmutter hackathon
e Single node with 4 GPUs
 Five nodes with 20 GPUs

Perimutter node at a glance

AMD Milan CPU
4 NVIDIAA100 GPUs
256 GB memory




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

:lIIiIHIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

File View Filter Help
g Profile: gamess.00.x ¥ Trace: gamess.00.x [FProfile: gamess.00.x B Trace: gamess.00.x 3 3 + 5 - - M=

Main view Depth: 40 -

[+

Time Range: [0s, 53s] Cross Hair: (29s, RANK O GPUCONTEXT 1 GPUSTREAM 16)

LL1an I8 LU oot IRENRI R L) | |11 LU L AT _EHLIE AN | oy LINAR. B ¥ WO 1 4R B0

LRI ETERT T | I TR ERREET 4 o B8 || Call stack Statistics GPU Idleness Blame
l-—program root>

main

gamess

brachx_

energx_

wfn_

rhfcl_

twoel_
ompmod_ompmod_twoei_jk_
gpu_ompmod_twoel_jk_
gpu_rhf_jo5_ppps_

L0 [T = A | Ra n ) w1 (| I " - i 1y } X { - __nvomp_target [libavomp.so]

launchTarget (libnvomp.so]
launchHXTarget [libnvomp.sol
hxtaunch {libnvomp.so]

launchInternal [libavomp.so]
[I] targetLaunch
launchInternal [libnvomp.so)
<gpu kernel>

I s s s s s s s n FE NN N NN N R s s e N NN NN NN

os Js 35 45 Ss 65 75 8s 95 10s 11s s 185 18s 28s 235 21s 28s 285 3ds sls 3ds ats 38s s als als 48s aks sbs 525
Depth view Summary view + Mini map
—— —_— ——— —— — ——— — ——— — —— — — ——— —
G S SR (N S S S N S N S S S ——
g || NS AR SRR SR WU RSN G NS W WO TS RO e ——

GAMESS original All CPU threads and GPU streams




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

: File Vview Filter Help

Eprohle: gamess.00.x B Trace: gamess.00.x Eprohle: gamess.00.x B Trace: gamess.00.x Bprohle: gamess.00.x B Trace: gamess.00.x Eprohle: gamess.01.x B Trace: gamess.01.x Eprahle: gamess.00.x  Trace: gamess.00.x

#) Select rank to display

' i+ B e M

Depth: 40 -

Main view Check all | | Uncheck all Regular expression

|¢-

Time Range: [0s, 53s] Cross Hair: (42s, RANK O THREAD 10)
= ¥ Filter: GPU . .
(L1 08 L IR |01 F1UC0K | (L] 111§ TRBERRI | NI B (call stack|Statistics GPU Idleness Blame

= | Ranks or threads [ <thresd roors

RANK O GPUCONTEXT 1 GPUSTREAM 16 threadPoolEntryPoint [libnvosp.so]
RANK 1 GPUCONTEXT 2 GPUSTREAM 26
RANK 2 GPUCONTEXT 2 GPUSTREAM 26

RANK 3 GPUCONTEXT 2 GPUSTREAM 26

hxiExecuteHostTreeBarrierWithTasks [libnvomp.so
{I] executeHostTreeBarrier

| [I] waitForNeighborThreads

m hxAddresswait [libnvomp.so)
syscall [libc-2.31.s0]

(08 T Ll

Bs 25 35 ds S5s 6s 7s 85 9s 10s 135 s 1s 18s 2085 235 24s 285 28s 38s 315 3ds 385 38s abs als als abs ads sbs 5is
Depth view Summary view i+ Mini map
Y| E—

GAMESS original All CPU threads and GPU streams




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

File view Filter Help

4 Hefiy s =0

Fdrrofile: gamess.00.x ¥ Trace: gamess.00.x & =i

365 385

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

15 1ds 165 18s 265 285 305 3

Depth: 40 - +

Call stack Statistics GPU Idleness Blame|

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]

|
|

| s 25 35 45 55 65 75 8s 95 10s 205 225 245 s 335 40s 44 s 48s 505 523

|Depth view Summary view fi+ J= | Minm map
E Hn e ) B f—f—i={= | ¥ f H=——F =
=+ F—F -+t~ F+t—F -1
|y P e i e e P — ————=—

I|
:

<gpu kernel>
nvkernel_gpu_rhf_j06_pppp_ F1L686_22_ [30534090¢

GAMESS original All GPU streams, whole execution




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

[®] hpcviewer

File

View Filter Help

|[FdProfile: gamess.00.x | Trace: gamess.ee.x‘
|

|Main view

[25.28s5, 29.73s] Cross Hair: (27.04s, RANK 3 GPUCONTEXT 2 GPUSTREAM 26)

1 ERi

Time Range:

GPU load imbalance due to triangular iteration spaces

@ PP Pt L ArE- BT -

‘call stackf_statistics_iGPU Idleness Blamel

F <program root>
| main
gamess
brnchx_
energx_
wfn_
rhfcl_
twoel_
ompmod_ompmod_twoei_jk_
gpu_ompmod_twoei_jk_
gpu_rhf_jo6_pppp_
__nvomp_target [libnvomp.so]

launchTarget [libnvomp.so]
launchHXTarget [libnvomp.so]

hxtaunch [libnvomp.so]

launchInternal [libnvomp.so]

[I] targetLaunch

launchInternal [libnvomp.sol

<gpu kernel>
nvkernel_gpu_rhf_j06_pppp_ F1L686_22_ [305a4090¢

LIII

5.3 2576s | 25.8s 265 2625 26.4s  26.6s  26.8s 27s 27125 27.4s | 27.6s  27.8s 28125  28'4s  28.6s  28.8s

29125 29.4s 2965

g
}Depth: 40 - i |

Depth viewi Summary viewl

ﬁ.', fi- ‘ Mini map

S — __I=_l
E—

GAMESS original

GPU streams: 1 iteration




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

File view Filter Help
[ Profile: gamess.00.x B Trace: gamess.00.x [|Profile: gamess.00.x B Trace: gamess.00.x [gProfile: gamess.00.x B Trace: qamess.DOAxVEProhle: gamess.01.x B Trace: gamess.0l.x [Profile: gamess.00.x B Trace: gamess.00.x = O
tgpu_ompmod_spd.F90 [Plot graph] gpu_rhf_ils_dppp_: GPUOP (sec) (1) tgpu_ompmod_sp.F90 [Plot graph]l gpu_rhf_j06_pppp_: GPUOP (sec) (I) 8 gamess.F v '
[Plot graph] gpu_rhf_j06_pppp_: GPUOP (sec) (I)
1.0E1

8.0E0 -
6,0E0 - -

4,0E0 -

Metric Value

2,0E0 4

0.0E0 -] « & e e & & & & ® ® 8. e e s * e 06 8 8 s 8 s n 4 s 8 s s ® % o s % 4 s 0 8 s s 0 a0 e " e e a0 0e e a0 . . . . . .

Rank.Thread

Top-down view Bottom-up yiew Flat view

*Tr6 E WE

A lvid

GPUDP (sec): Sum (E) GNER (sec): Sum (1) GXCOPY (sec): Sum (1) CXCOPY [set): Sam (E)

4 Experiment Aggregate Metrics 3.48e+03 100.0% 3.48¢+03 100.0% 1.66e+02 100.0% 1.66e+02 100.0% 1.66e+02 100.0% 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] 2.04e402 5.9% 1.66e+02 100.0% 1.66e+02 100.0% 2.63¢-01 100.0%
4 » gamess 2.04e402 S.9% 1.66e+02 100.0% 1.66e+02 100.0% 2.63e-01 100.0%
4 772 » 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+02 100.6% 2,64e-01 100.0%
4 2568 » rhicl_ 1.97e+02 5.7% 1.04¢-02  0.0% 1.666+02 160.0% 1.66e+02 100.0% 2.64e-01 100.0%
4 loop at rhfuhf.f: 2678 1.96e+02 5.7% 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_twoel 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 4.1%

GAMESS original




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

File View Filter Help

[ Profile: gamess.00.x & Trace: gamess.00.x [#dProfile: gamess.00.x B Trace: gamess.00.x @ @ i+ b 4 5 - v |l @ = o

Main view Depth: 39 = _{
Time Range: [@s, 54s] Cross Hair: (27s, RANK 2 THREAD 0) —

{11 ouL Lol YT TR IR C RS MUY 1 BT 1T RS B R S T ST R { LIRS TR RV TR A R

:

BRI AT R TR IR 0 L0 TR 00RO RN 0 0 080 LA LG eAs o || call stack|Statistics|GPU Idleness Blame

l <program root>
main
gamess
brnchx_
energx_
wfn_
rhfcl_

twoei_

ompmod_ompmod_twoei_jk_
gpu_ompmod_twoei_jk_

| gpu_rhf_jo6_pppp_

launchInternal [libnvomp.so]

v libcuda.s0.515.48.07@0x2e8cab
| ' 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

|
L]
u
u
L]
L]
L ]
]
i ol . . ' ol . i | . L . : - ] — __nvomp_target [libnvomp.so]
. launchTarget [libnvomp.sol
launchHXTarget [libnvomp.sol
hxLaunch [libnvomp.so]
launchInternal [libnvomp.so]
LR T I | . I N I I
|
libcuda.so0.515.48.07@0x4b612e

[I] targetLaunch
libcuda.s0.515.48.07@0x4bd2ee
r

bs 25 35 45 55 6s 75 8s 95 s 13s 13s s 185 21s 23s 255 27s 285 3ls 3is 38s 37s 3ds als 43s 48s 47s 495 sis s3s s g sasael g

Depth view Summary view i+ Mini map

IGAMESS improved I All CPU threads and GPU streams




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

File view Filter Help

[ Profile: gamess.00.x B Trace: gamess.00.x [Profile: gamess.00.x B Trace: gamess.00.x G PP &ap4d HRe S =0
Main view Depth: 39 = Ty

Time Range: [0s, 54s] Cross Hair: (27s, RANK 2 GPUCONTEXT 2 GPUSTREAM 26)

I |
|

call stack Statistics GPU Idleness Blame)

<program root>
‘ main

gamess
; | brachx_

energx_

wfn_

rhfel_

twoel_
ompmod_ompmod_twoel_jk_
gpu_ompmod_twoei_jk_
gpu_rhf_306_pppp_
__nvomp_target [libnvomp.sol

launchTarget [libnvomp.so]
launchHxTarget [libnvomp.so]

hxLaunch [libnvomp.so]
Internal [libavomp.sol
jpubin el

launchInternal [libnvomp.sol
<gpu kernel>
nvkernel_gpu_rhf_j06_pppp_ F1L682_22_ [dca3e950¢

bs 25 3s 45 Ss 6s 7s Bs 95 1ls 185 235 255 27s 285 4ls 3
Depth view Summary view f+ - | Min1 map
= e EEE!EE&E!&%!&E
Lo 1L B L L SPSENETE TUERETHE] PN T TREREET TUERLIEE TR TR TUERITE  Temaee e

k\ GAMESS improved All GPU streams, whole execution




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

File View Filter Help

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

Maln view
Time Range: [22.55s, 29.56s]

Cross Hair: (23.88s, RANK 3 GPUCONTEXT 2 GPUSTREAM 26)

|

Improved GPU load balance

@& %P3

& f 4 BHe{fue
Depth: 39 - ry

Call stack Statistics GPU Idleness Blame|
l <program root>
“ main
gamess
‘brn:hx_
energx_
win_
rhfel_
twoel_
ompmod_ompmod_twoei_jk_
gpu_ompmod_twoel_Jk_
apu_rhf_jo6_pppp_
__hvomp_target [libnvomp.so]
launchTarget [libnvomp.sol
launchHXTarget [libnvomp.sol
hxLaunch [libnvomp.so]
launchInternal [libnvomp.so]
[1] targettaunch
launchInternal [libavomp.so]

! <gpu kernel>
nvkernel_gpu_rhf_306_pppp_ F1L682_22_ [dca3e950¢
=
22.63 23s 23.2s 23165 24s 24.2s 2465 255 25.25 25.65 265 26.25 26.65 21s 27.2s 27.6s 285 28.2s 28.65 295 29.25  29.6
Depth view Summary view j+ = | Min1 map

T

GAMESS improved

All GPU streams: 2 iterations




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

File view Filter Help

[ Profile: gamess.00.x M Trace: gamess.00.x [FProfile: 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 [Profile: gamess.00.x B Trace: gamess.00.x == =]

tgpu_ompmod_sp.F90

.
8.0E0 -

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

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

6.0E0 -

4.0EQ -|

Metric Value

2.0E0 -

0.0E0 -| . . .

Top-down view Bottom-up view

216 E ME

4 » main [gamess.00.x]
4 » gamess
4 772 » brnchx_
4 1085 energx_
4 loop at gamess.
4 loop st gamess.

: 1316
: 1436

Flat view

A Nl v

4 loop st gamess.F: 1436

41440 » win_

4 loop at gamess.F: 2645
4 2568 » rhicl_
4 loop at rhfuhf.f: 2678
4 loop at rhfuhf.f: 2723
4 loop at rhiuhf.f: 2723
4 2850 o twoel_
4 3993 » ompmod_ompmod_twoel jk_

4246
P 656

gpu_ompmod_twoel _jk_
gpu_rhf_y16_dppp_

P 583 » gpu_rhf_j05_ppps_
p 631 » gpu_rhf 311 _dpps_
P 579 » gpu_rhf_j04_psps_
b 671 » apu rhf 119 dpdp

Rank.Thread

GXER {sec}

Sum (1)

| GXER {sec

2,

2.09e+02 5.9% 1.67e+02 100.0%
2.08e+02 5.8\ 1.67e+02 100.0%
2.08e+02  5.8% 1.67e+02 100.0%
2,08e+02 5.8% 1.67e+02 1.67e+02 100.0%
2.01e+02 5.7% 1.67e+02 1.67¢+02 100.0%
2.01e+02 S5.7% 1.67e+02 1.67e+02 100.0%
2.01e+@2 S.7% 1.67e+02 1.67e+02 100.0%
2.0lev02 S5.7% 1.67e02 1.67e+02 100.0%
2.0les02 S5.7% 2.06e-02 0.0% 1.67e02 1.67e+02 100.0%
2.0le«02 5.6% 1.52e-02 0.0% 1.67e+02 1.67e+02 100.0%
2.01es02  5.6% 1.67e+02 1.67e+02 100.0%
2.01e+02 5.6% 5.34e-03 0.0% 1.67e+02 1.67e+02 100.0%
1.70e+02 4.8% 1,67e+02 1.672+02 100.0%
1.70e+02 4.8% 1.67e+02 1.67e+02 100.0%
1.70e+02  4.8% 1.67e+02 1.67e+02 100.0%
2.9%+01 0.8\ 2.98e+01 B 2.98e+01 17.9%

NN LY S — N SR T I — ) [ ., B —
2.67e+01 07N 1.50e-02 0.0% 2.66e+01 15.9% 2.66e+01 16.0% 9.56e-03  3.6%
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%
1.22¢+01  0.3% 1.22e+01  7.3% 1.22¢+01  7.3% 9.87¢-03 3.7\
7.76e+00 _ 0.2% 5.00e-03 _ 0.0% 7.77e+00  4.6% 7,76e+00 4.6% 9.99%-03  3.8%

GAMESS improved




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

JFile view Filter Help

Profile: gamess.00.x ®§ Trace: gamess.00.x [Profile: gamess.00.x B Trace: gamess.00.x [®Profile: gamess.00.x B Trace: gamess.00.x \ ¥ i+ 5 - | i)

[Main view

Depth: 42 -
Time Range: [@s, 318s] Cross Hair: (260s, NODE 931177797 RANK 19 THREAD 0)

|+

call stack!Statistics GPU Idleness Blame

[ AT

twoel_

ompmod_ompmod _twoer jk_
gpu_ompmod_twoei jk_
N gpu_rhf_j06_pppp_
__nvomp_target [libnvomp.so]
launchTarget [libnvomp.so]
launchHXTarget [libnvomp.sol
hxLaunch {libnvomp.so)
launchInternal [libnvomp.so]
(1] targetLaunch
launchInternal [labnvomp.sol
I 11bcuda.s0.515.48.07@0x2e8cab
1bcuda.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@0x1501¢cd
libcuda.s0.515.48.07@0x3ce710

@

v v T T . y - v r . y - . . ' - T - T v 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

X+ Min1 map

RGBS ‘1?}2_‘.’ iesasat] ‘L. i

2:'»’-'-?7. n

L —
i

GAMESS improved CPU Threads and GPU Streams




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

bProﬁle: gamess.00.x B Trace: galess.oo.le’ruflle: gamess.00.x B Trace: gauss.ao.x:BPrnfﬂe: galess.M.xi.Trau: gamess.00.x| @@ - £a44 HyES e =0

‘Depth: 42 - 1

Main view

Time Range: [0s, 318s) Cross Hair: (161s, NODE 931186240 RANK 10 GPUCONTEXT 2 GPUSTREAM 26) =

[call stack.@traﬁs.n:;jcpu Idleness Blam
poLrni_es_
3ocpeg_dynl
aocptd_dyn_
cpdyn_ambx_
twoel_cphfdyn_amb_

m twoel_cphfdyn_omp_twoei_cphfdyn_amb_omp_
gpu_ompmod_tdhf_asb_gpu_twoex_cphfdyn_amb_omp_
gpu_tdhf_amb_j06_pppp_

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

[
[l
I

hxLaunch [libnvomp.so]

launchInternal [libnvomp.so]
I 1] targetLaunch

launchInternal [libnvomp.sol

<gpu kernel>
nvkernel_gpu_tdhf_amb_j06_pppp__F1L649_22_ [831]

o

05 105 20s  30s 405 505  60s 70s 80s  90s 1005 1105 120s 130s 1405 150s 160s 170s 180s 1905 200s 210s 220s 230s 2405 250s 2605 270s 2805 290s 3005 3105

Depth view Summary view i+ Ji- | Min1 map

k. GAMESS improved




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

Help

s Profile: gamess.00.x B Trace

File View Filter

ess.01.x

mess.01.x B Trace: gam

55.00.x [ Profile: ga

: game

55.00.x B Trace

mess.00.x [ Profile: game

1 ga

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

1 games

-

-+ |

a7

Depth:
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Time Range: [0s, 485s] Cross Hair: (371s, NODE 4178203922 RANK 28 GPUCONTEXT 1)

3805 4005 420s  440s 4605 480s

360s

"

Depth view Summary vie

IGAMESS improved with better manual distribution of work in inputl




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 [FProfile: gamess.00.x @ Trace: gamess.00.x fgProfile: gamess.00.x B Trace: gamess.00.x [Profile: gamess.0l.x B Trace: gamess.ol.x =]

S f+ 3= D H L He - 4=

Main view Depth: a7 - o
Time Range: [0s, 485s] Cross Hair: (20s, NODE 931145794 RANK @ GPUCONTEXT 1)

~ main
S b (S (R (B S Sy SR e S fm gamess
EEEEEE ,_1, oy
‘ LR EE R monoscf_
brachx_
L‘ I energx_
] | | win_

l rhfcl_
‘ B twoei_

| ‘ ‘ 1 nm ‘ 1 ompod_ompmod_twoei_jk_
|

gpu_ompmod_twoel_jk_
gpu_rhf_306_pppp_

18 1R __nvomp_target [libnvomp.so]
| ‘ l | | |} launchTarget [libnvomp.so]
il " il B ERB i1 launchHXTarget [libnvomp.sol

wi T ‘ i i - \ o hxLaunch [libnvomp.so]
'S (mE mE B I mEEE® launchInternal [libnvomp.so]
‘ : [I] targetLaunch
! l launchInternal [libnvomp.sol
A0 <gpu kernel>
‘ | | nvkernel_gpu_rhf_j06_pppp_ F1L682_22_ [507aded9s
|

s 205 ads 60 8bs 1005 120s  140s  160s 180s  200s  220s  240s  260s  280s  300s 320s 340s  360s  380s  400s

IR

“i ‘d “ku SRR SRR RS S SRR R R

BRI LN g e B ttE=E R EEREEEEEREENEEESEE B ER I
TR e LEEELIE SRS e BIN N IES 3 ..._.._..._._-_.._.-...:::::.::..... HESLH I
ULLLTLL R

L

IGAMESS improved adding Rank 0 Thread 0 to GPU streamsl




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

File view Filter Help
% 2 | - i - |
!Prohlo: guess.oo.xl.fuce: gmss.oo.x&ﬂrofﬂe: gamess.00.x B Trace: ga-ass.sﬂ.x‘avroﬁle: gamess.00.x B Trace: gamess.00.x [ Profile: gamess.ol.x B§Tr

|

|
ace: gamess.0l.x [ Profile: gness.se.x}.‘l’nco: gmss.ea.x! )

B PR €dFE AeE. M

AR 0 T

Main view| Depth: a7 - | \
—

Time Range: [15.37s, 24.24s] Cro

“ |

| Ts.as” 15Tes 1625 16.6s

1.685, NODE 931145794 RANK © THREAD 0)

I
B
u

{call stack Statistics GPU Idleness Blame

<program root>

| brachx_

H\\ MY H il

| hicl_
| [ tfteib_
mtarbr

‘ __sci_daxpy_ [libsci_nvidia_mp.s0.5.0]
\ openblas_daxpy__naples [libsci_nvidia_mp.s0.5.0
| openblas_daxpy_k_naples [libsci_nvidia_mp.so.S.

21,45

|
| A
-

8s 20,25 20

Depth view Summary vicw§

1 CPU Stream, 2 GPU Streams: 6 lterations

40




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

File view Filter Help

Fgprofile: gamess.00.x B Trace: gamess.00.x [Profile: gamess.00.x B Trace: gamess.00.x [FProfile: gamess.00.x B Trace: gamess.00.x [ Profile: gamess.01.x ¥ Trace: gamess.0l.x Son
mthlib.f &
53 END
i
1055 C#MODULE MTHLIB *DECK MTARBR
s SUBROUTINE MTARBR(A.NA.B.MB.AB. NAB. INCA)

1 C
1 use omp_lib

oc
1 IMPLICIT DOUBLE PRECISION(A-H,0-Z)
1061 C
1062 DIMENSION A(*),B(NA,MB), AB(NAB,MB)
1 C
1064 PARAMETER (ZERQ#0.0D+00) I
1065 C
1066 C* 31 OCT 1979
1 Ce
1 C*FUNCTION = TO MULTIPLY SYMMETRIC MATRIX A
1069 C* TIMES RECTANGULAR MATRIX B AND GET RECTANGULAR MATRIX AB
1070 C*
1071 C*PARAMETERS

072 C* A - THE INPUT REAL SYMMETRIC MATRIX OF ORDER NA
1073 C* STORED IN SYMMETRIC STOAGE MODE.
1074 C* B - THE INPUT REAL NA BY MB RECTANGULAR MATRIX
1975 C* NA - THE ORDER OF MATRIX A
1076 C* ME - THE COLUMN DIMENSION OF MATRICES B AND AB
1 C» AB - THE OUTPUT PRODUCT NA BY MB MATRIX
1078 C* NAB - THE INPUT ROW DIMENSION OF MATRIX AB

79C* INCA - ADDRESS DIFFERENCE OF TWO ADJACENT ELEMENTS OF A
1 C»
1081 INC=INCA
1082C
1 c PROCESS DIAGONAL ELEMENTS OF INPUT MATRIX A
1 iC
1085 1J=1-1INC
10686 DO 120 Ie1,NA

087 1)=1)+I%INC

AIJ=A(1))

1 00 110 Ke1,M8
1030 AB(I,K)=AIJ*B(I.K)
110 CONTINUE
120 CONTINUE
IF{NA.EQ.1) RETURN

5C PROCESS OFF-DIAGONAL ELEMENTS OF INPUT MATRIX A

1J)=1-INC
DO 150 I=2,NA
1)=IJ+INC
IM1=I-1
DO 140 J=1,IM1
I)=1)+INC
AIJ=A(1))
IF(AI).EQ.2ERO) 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
END

Top-down view Bottom-up view Flat view




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

File view Filter Help

Fgprofile: gamess.00.x B Trace: gamess.00.x [Profile: gamess.00.x B Trace: gamess.00.x [FProfile: gamess.00.x B Trace: gamess.00.x [ Profile: gamess.01.x ¥ Trace: gamess.0l.x Son
mthlib.f &
1653 END
i
1055 C#MODULE MTHLIB *DECK MTARBR
s SUBROUTINE MTARBR(A.NA.B.MB.AB. NAB. INCA)

1 C
1 use omp_lib

oc
1 IMPLICIT DOUBLE PRECISION(A-H,0-Z)
1061 C
1062 DIMENSION A(*),B(NA,MB), AB(NAB,MB)
1 C
1064 PARAMETER (ZERQ#0.0D+00) I
1065 C
1066 C* 31 OCT 1979
1 Ce
1 C*FUNCTION = TO MULTIPLY SYMMETRIC MATRIX A
1069 C* TIMES RECTANGULAR MATRIX B AND GET RECTANGULAR MATRIX AB
1070 C*
1071 C*PARAMETERS

072 C* A - THE INPUT REAL SYMMETRIC MATRIX OF ORDER NA
1073 C* STORED IN SYMMETRIC STOAGE MODE.
1074 C* B - THE INPUT REAL NA BY MB RECTANGULAR MATRIX
1975 C* NA - THE ORDER OF MATRIX A
1076 C* ME - THE COLUMN DIMENSION OF MATRICES B AND AB
1 C» AB - THE OUTPUT PRODUCT NA BY MB MATRIX
1078 C* NAB - THE INPUT ROW DIMENSION OF MATRIX AB

79C* INCA - ADDRESS DIFFERENCE OF TWO ADJACENT ELEMENTS OF A
1 C»
1081 INC=INCA
1082C
1 c PROCESS DIAGONAL ELEMENTS OF INPUT MATRIX A
1 iC
1085 1J=1-1INC
10686 DO 120 Ie1,NA

087 1)=1)+I%INC

AIJ=A(1))

1 00 110 Ke1,M8
1030 AB(I,K)=AIJ*B(I.K)
110 CONTINUE
120 CONTINUE
IF{NA.EQ.1) RETURN

1J)=1-INC
DO 150 I=2,NA
1)=IJ+INC
IM1=I-1
DO 140 J=1,IM1
I)=1)+INC
AIJ=A(1))
IF(AI).EQ.2ERO) 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

F1
Fgprofile: gamess.00.x B Trace: gamess.00.x [Profile: gamess.00.x B Trace: gamess.00.x [FProfile: gamess.00.x B Trace: gamess.00.x [ Profile: gamess.01.x ¥ Trace: gamess.0l.x

1097 IJ=1-INC
10938 DO 150 I=2,NA

1099 I1=I1+INC

11080 IM1=I-1

1101 DO 140 J=1,IM1

1162 I1=I1+INC

11063 ATIJ=A(IJ)

1104 IF(AIJ.EQ.ZERO) GO TO 140

11085 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 150 CONTINUE

1109 RETURN

1118 END

Top-down view Bottom-up view Flat view




Case Study: ArborX

e Alibrary written in Kokkos that provides performance portable algorithms for geometric search




ArborX Trace: Lots of irrelevant CPU Trace Lines for Idle Threads

e Solution: Filter out trace lines with very small numbers of samples

hpcviewer

| Profite: Arbor_Example_MotecularDynamics.exe | B Trace: ArborX_Examele_MolecularDynamics. exe (A IR S ). M==n
| Wain view Depth: 10 £
' Time Range: (Oms, 918ms]  Cross Mair: (458ms, CORE 96 RANK 0 THREAD 65)
] — —_— - Call stack | Statistics | GPU Idleness Blame.
l E > <thread root>
libgomp.$0.1.0.0@0x1dd27
0x207a0 [ii 50.

i

Oms  40ms  70ms 100ms 130ms 160ma 100ms 220ms 250ma 280ms 310ms 340ms 370ms 400ms 430ms 460ms 400ms 520ms S50ms S80ms Gms 640ms 670ms 700ms 730ms 760ms 700ms S20ms ESOms 880
Desth vew Summary view 5+ - | vinimwp
I




ArborX Trace: Filter to Focus on Relevant CPU and GPU Traces

Use Filter—Filter Ranks: select Rank 0 and GPU trace lines

hhhhhhh
[ Protie: Arborx_Example_MolecularDynamics.exe B Trace: ArborX _Examgie_MolecularDynamics exe
Main view

A HE=6)
: £
Time Range: [Oms, 918ms] Croas Hair: (816ms, RANK 0 GPUCONTEXT 1 GPUSTREAM

Depth:

Call stack | Statistics | GPU idleness Blame
' <program root>

- main
| [0]
Kokkos::initialize(int&, char**)

d<int&, chat

<no activity>, <no theeads
115

Ml map.

46



@,

ArborX Trace: PC sampling of ArborX

Py & = hpcviewer
‘Ervmm: ArborX_Example_MolecularDynamics.exe ‘! Trace: ArborX_Example_MolecularDynamics.exe 'E;’wﬂw ArborX_Example_MolecularDynamics. )
ArborX_DetalisTreeTraversalhpp X

101 int node = HappyTreeFriends::getRoot(_bvh); // start with root

102 do

103 {

104 if (HappyTreeFriends::isLeaf(_bvh, node))

105

106 if (predicate(HappyTreeFriends::getIndexable(_bvh, node)) &&

107 invoke_callback_and_check_early_exit(

108 _callback, predicate, HappyTreeFriends::getValue(_bvh, node)))
109 return;

110 y node = HappyTreeFriends::getRope(_bvh, node);

111

112 else

113 {

114 node =

115 (predicate(HappyTreeFriends::getInternalBoundingVolume(_bvh, node))
116 ? HappyTreeFriends::getLeftChild(_bvh, node)

117 v HanauTeranCrinnde s santDanal hoh nadalle

Top-awn view | Bottom-up view  Flat view

26 G MEE A x -

GINS: Sum (1) GINS: Sum (E) GINSISTL_ANY: Sum (I) GINS:STL_ANY: Sum (E) 'GINS:STL_IFET: Sum (I) | GINS:STL_IFET: Sum (E) ' GINS:STL_IDEP: Sus
4 497 » ArborX::Details::Tree ArborX::BoundingVolumeHiera... | 1.39e+07 47.8% 1.27e+07 48.7% 2.20e+06 54.7% 3.22e+06 4.
463 » liel_fi gePolicy k uda, Arb... | 1.39e+07 47.8% 1.27e+07 48.7% 2.20e+06 54.7% 3.22e+06 4.
4144 » Kokkos::Impl::ParallelFor<ArborX::Details::TreeTraversal<Ar... | 1.39e+07 47.8% 1.27e+07 48.7% 2.20e+06 54.7% 3.22e+06 4.
<108 » [I] Kokkos::Impl:Cu ch k Parallel... | 1.39e+07 47.8% 1.27e+07 48.7% 2.20e+06 54.7% 3.22e+06 4.
4717 » (1] Kokkos::Impl::Cu pl k I:P... | 1.39e+07 47.8% 1.27e+07 48.7% 2.20e+06 54.7% 3.22e+06 4.
4678 » [I] Kok ar al nelinvoker<Kokk... | 1.39e+07 47.8% 1.27e+07 48.7% 2.20e+06 54.7% 3.22e+06 4.
4 368 » [I] cuda_parallel_launch_local_memory<Kokkos::impl:... | 1.39e+07 47.8% 1.27e+07 48.7% 2.20e+06 54.7% 3.22e+06 4.
4 86 » [I] _wrapper__device_stub_cuda_parallel_launch_loca... | 1.39e+07 47.8% 1.27e+407 48.7% 2.20e406 54.7% 3.22e+06 4.
4 406 » _ZL592__device_stub__ZN6Kokkos4impl33cuda_pa...| 1.39e+07 47.8% 1.27e407 48.7% 2.20e406 54.7% 3.22e+06 4.
4403 » [I] cudaLaunchKernel<char> 1.39e+07 47.8% 1.27e+07 48.7% 2.20e+06 54.7% 3.22e+06 4.
4216 » <gpu kernel> 1.39e+07 47.8% 1.27e+07 48.7% 2.20e+06 54.7% 3.22e+06 4.
4 » Kokkos::Impl::cuda_parallel_launch_local_memory<Ko... | 1.39e+07 47.8% 4.10e+03 0.0% 1.27e+07 48.7% 4.10e+03  0.0% 2.20e+06 54.7% 3.22e+06 4.
4 87 » [I] Kokkos::impl::ParallelFor<ArborX::Details::TreeTr... | 1.39e+07 47.8% 2.05e+04 0.1% 1.27e+07 48.7% 2.05e+04 0.1% 2.20e+06 54.7% 8.19e+03  0.2% 3.21e+06 4.
4 loop at Kokkos_Cuda_Parallel_Range.hpp: 77 1.39e+07 47.8% 2.05e+04 0.1% 1.27e+07 48.7% 2.05e+04  0.1% 2.20e+06 54.7% 8.19e+03  0.2% 3.21e+06 4.
<80 » 1) ::Impl::ParallelF or<Arb 22 2L Xokkes Cuda_Paraliel Range hep- 77 47, 7% 1.27e+07 48.6% 2.19e+06 54.5% 3.20e+06 4.
“ 63 » [I] ArborX::Details::TreeTraversal<ArborX::Boun... | 1.39e+07 47.7% 1.27e+07 48.6% 2.19e+06 54.5% 3.20e+06 4.
4 loop at ArborX_DetailsTreeTraversal.hpp: 95 1.38e+07 47.3% 1.26e+07 48.2% 2.18e+06 54.4% 3.13e+06 4:
495 » [I] 1.37e+07 46.9% 1.81e+06 6.2% 1.25e+07 47.9% 1.69e+06 6.5% 2.11e+06 52.6% 4.92e+05 12.2% 3.13e+06 4:
* 107 » [I] ArborX::Details::invoke_callback_and_ch... | 4.06e+06 13.9% 3.96e+06 15.2% 1.06e+05 2.7% 4.22e+05 !
» 115 » [I] ArborX:Intersects<ArborX::Sphere>::op... | 3.59e+06 12.3% 3.16e406 12.1% 4,84e+05 12.1% 1.02e+06 1:




Key Metrics Available for GPU Kernels

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

e GXCOPY:* GPU copies of various kinds

e GKER: GPU kernel time

e GKER:FGP_ACT: fine grain parallelism actual (number of threads used)

e GKER:FGP_MAX: maximum possible fine-grain parallelism (number of threads possible)
e GKER:BLK_THR: threads per block

e GKER:BLK_SM: block shared memory

e GKER:OCC_THR: theoretical thread occupancy




What Metrics Are Available for GPU Kernels with PC Sample

e GINS: GPU instructions

e GINS:STL_ANY: GPU instruction stalls for any reason

e GINS:STL_IFET: GPU instruction stalls for instruction fetch

e GINS:STL_GMEM: GPU instruction stalls for global memory

e GINS:STL_CMEM: GPU instruction stalls for constant memory

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

e GINS:STL_MTHR: GPU instruction stalls for memory throttling

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




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

File View Filter Help

[ Profie Imp #§ Trace Imp SEm

[Plot graph] MPI_Send: REALTIME (sec) (1) [Sorted plot graph] MPI_Send: REALTIME (sec) (1) X
[Sorted plot graph] MPI_Send: REALTIME (sec) (I)

1.5E2

1.0E2

5061 r_—-—

2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000 30000 32000 34000 36000 38000 40000 42000 44000 46000 48000 S0000 52000 54000 S6000 58000 60000 62000 64000
Rank in Sorted Order

Metric Value

Top-down view  Bottom-up view ' Flat view

226 E ME A~ nlvid

Scope {E) | GMSET.COUNT Sum (1) |GMSET.COUNT: Sum (E) | GXCOPY.COUNT Sum (I) |GXCOPY.COUNT.Sum (E) |REALTIME (sec) Sum (1) | REALTIME (sec) Sum (E

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+07 100."
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**) 1.0le+06 29.3% 1.44e+09 99.4% 2.14e+07 92.9% 6.02e-02 0.¢

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] 1.81e+06  7.9% 3.60e+01 0.1

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

» » MPI_Irecy [libmpi_gnu_91 s0 120.0} 6.16e+04 0.3% 1.91e+02 0.1

liblammps so.0@0x425b2c3 2.61e-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 0.1

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

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% 1.064e+08 7.2% 1.59e+06 6.9% 2.29e+01 0.4

P » LAMMPS_NS CommKokkos. borders( 1.10e+06 4.8% 8.37e+00 0.1




LAMMPS on Frontier: Executions with Kernel Duration of Milliseconds
5 hecviewer I — . |

I File View Filter Help
f—
[ Profie Imp B Trace Imp A<

[Plot graph] MP1_Send: REALTIME (sec) (1) [Sorted plot graph] MPI_Send: REALTIME (sec) (1) [Histogram graph] MPI_Send: REALTIME (sec) (1) X
[Histogram graph] MP1_Send: REALTIME (sec) (1)

10000 ~

Fi

2561 3E1 351 461 4SE1 SE1 5561 6E1 6561 7E1 7561 8E1  8S5E1 91 9SE1  1E2 10562 11E2 11SE2 1262 1.2562 1362 13562 14E2 14562 15E2
Metric Value

Top-down view Bottom-up view Flatview

{1 #326 & MB A x~ N~

Scope | GMSET:COUNT: Sum (1) | GMSET:COUNT: Sum (E) | GXCOPY.COUNT: Sum (1) | GXCOPY:COUNT: Sum (E) | REALTIME (sec): Sum (1) ‘ REALTIME (sec). Sum (E

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+07 100. |
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+69 100.0% 2.30e+07 100.0% 1.00e-062 0.1

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-62 0.t

4 » LAMMPS_NS Input execute_command() [ 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**) 1.0le+06 29.3% 1.44e+09 99.4% 2.14e+07 92.9% 6.02e-02 0.1

4 » LAMMPS_NS: Verletokkos run(int) [libl 5.33e+05 15.4% 1.44e+09 99.2% 2.13e+07 92.6% 2.66e+02 0.4

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

» » MPI_Wait [libmpi_gnu_91.50120.0] 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_lrecv [libmpi_gnu_91 50.120.0] 6.16e+04 0.3% 1.91e+02 0.1

liblammps so. 0@0x425b2c3 2.6le-02 0.0% 2.6le-02 0.4

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

P » LAMMPS_NS AtomVecAtomicKokkos 2.46e+08 17.0% 3.44e+06 14.9% 7.25e+01 0.4

P » LAMMPS_NS: CommKokkos: forward 2.46e+08 17.0% 3.42e+06 14.8% 6.48e+01 0.4

P » LAMMPS_NS NeighborKokkos: build_ 5.0le+05 14.5% 1.04e+08 7.2% 1.59e+06 6.9% 2.29e+01 0.1

P » LAMMPS_NS CommKokkos: borders( 1.10e+06 4.8% 8.37e+00 0.4
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LAMMPS on Frontier: 8K nodes, 64K MPI ranks + GPU times

Kernel duration of microseconds

hpcviewer (on login10)

File View Filter Help
|8 Profite: Imp B Trace: Imp @B P2

e
- - o — " — § - =

€4 Ay ME =0

| Main view Depth: 8 =i+
Time Range: [384,424ms, 384,619ms] Cross Hair: (384,514ms, NODE 2148189184 CORE 49 RANK 230 THREAD 0)

Callstack  Statistics GPU Idieness Blame

<program root>

main

LAMMPS_NS::Input::file() [liblammps.s0.0]
LAMMPS_NS::Input::execute_command() [liblammps.«
LAMMPS_NS::Run::c char**) [lib
LAMMPS_NS::Ver| srun(int) [lib ps.s0.0]
LAMMPS_NS::CommKokkos::exchange() [liblammps.s
LAMMPS_NS::CommKokkos::exchange_device<Kokko
MPIAB! v [libmpiwrapp 0

PMPI_Sendrecv [libmpi_gnu_91.50.12.0.0]
ofi_cq_readfrom [libfabric.s0.1.18.2]
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Coming Attractions

e Developing comprehensive support for NVTX/ROCTX/Caliper/Kokkos Labels

e Support for instruction-level measurement and attribution on AMD and Intel GPUs
e New GUI support for analysis of remote data

e Python-based interface for analysis of performance results
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Troubleshooting: Only GPU kernel Name

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

® hpeviewer

E;«:hu ArborX_Example_MolecularDynamics exe S Trace: ArborX_Example_ Mdoc\nmmon v n
Koidkos_Cuda_KernelLaunch.hpp X | cuda_runtime.h
81 driver();

83 '
84 template <class DriverType>

35_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

06 T ME A &l

GKER (sec): Sum (I) |GKER (sec): Sum (E) |GXCOPY (sec): Sum (1) |GXCOPY (sec): Sum (E) | GXCOPY:H2D (B):

4 437 » [1] ArborX::Detai uda, ArborX::BoundingVolumeHierarchy<Kokkos::CudaSpace, ArborX::Pairvalue...| 3.63e-04 39.9%
4 497 » ArborX::Details:: TreeTraversal<ArborX::BoundingVolumeHi hy<Kok Cud ArborX::PairValuelndex<Arbo... | 3.63e-04 39.9%
4 63 » Kokkos:parallel_fs kK gePolicy<Kokkos::Cuda, ArborX::Details::TreeTr I<ArborX::BoundingVolumeHie... | 3.63e-04 39.9%
4144 » Kokkos:Impl::ParallelFor<ArborX::Details:: TreeTraversal<ArborX::BoundingVolumeHi hy<Kokkos::( A..| 3.63e-04 39.9%
4108 » (I} Kokkos::Impl::Ci arallelLaunch: I or<ArborX::Details::TreeTraversal<ArborX::BoundingV... | 3.63e-04 39.9%
4717 » (1) Kok I pl<Kokkos::Impl::ParallelFor<ArborX::Details:: TreeTraversal<ArborX::Boundi...| 3.63e-04 39,9%
4678 » (1) Kokk d Il h | kb I::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<Kokk I::ParallelFor<ArborX::Details::Tr... | 3.63e-04 39.9%
4406 » _ZL592__ device_stub__ZN6Kokkosdimpl33cuda_parallel_| Iaunch_local memoryINSO_11ParallelForIN6Arbor... | 3.63e-04 39.9%
39.9%
4216 » <gpu kernel> 39.9%

[ “n : a_parallel_launch_local_memory: :Detai 39.9% 3.63e-04 39.9%

Kokkos_Cuda_KernelLaunch.hpp: 85

» 182 » ArborX i lumeHi hy d ArborX::PairValuelndex<ArborX::Box, unsigned int>, Arborx :0D...

2.53e-04 27.8%
» 209 » ArborX::Detail k ive_scan: ::Cuda, Kokkos::View<int®, Kokkos::Ci , Kokkos::Vi 9.15e-06 1.0%
» 237 » Kokkos:; lel_for- ::RangePolicy<Kokkos::Cuda>, __nv_hdl_wrapper_t<false, false, false, __nv_dI_tag<void (*)...| 2.30e-06 0.3%
*» 205 » Kokkos::parallel_for: ::RangePolicy<Kokkos::Cuda>, __nv_hd|_wrapper_t<false, false, false, __nv_d|_tag<void (*)...| 2.18e-06 0.2%
» 211 » ArborX::Details::Kok ::lastElement: = uda int*, Kokkos::C (Kokkos::Cuda const&, kos::Viewsi,.. 1.92e-06 1.3%
VAR o Adlom PN mba il b VG Mal o bt tal oVl ot/ mVehem mec P m 10 alilimm oA Pmin
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Troubleshooting: No GPU source code lines with PC sampling

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

o 3 hpcviewer
[ profite: ArborX_Example_MolecularDynaenics.exe =0
Kokkos_Cuda_KernelLaunch.hop Kokkos_Parallel.hpp ArborX_DetalisTreeTraversal.hpp X
61 else

{
63 Kokkos: :parallel_for("ArborX::TreeTraversal::spatial", |
64 Kokkos: :RangePolicy<ExecutionSpace, FullTree>(
65 space, 0, predicates.size()),
66 *this);
67 }
68 }

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

72 , _callback{callback}

73 {}

75 struct OneLeafTree
76 {};

Top-down view Bottoen-up view | Flat view

T 06 T MM A

e e o . ! GINS:Sum () GINS: Sum (€) GINS:STL_ANY: Sum (I) | GINS:STL_ANY: Sum (E) | GINS:STL_IFET: Sum (1) | GINS
4244 » ArborX::BoundingVolumeHi y<Kok C ArborX::Pair Index<ArborX::Box, uns... | 1.39e+07 47.4% 1.25e+07 48.0% 2.07e+06 53.9%
4437 » (1] ArborX::Detai ::Cuda, ArborX: ingVolumeHi y :CudaSpa... | 1.39e+07 47.4% 1.25e+07 48.0% 2.07e+06 53.9%
4 497 » ArborX::Details::TreeTraversal<ArborX::Boundi lumeHi hy ArborX:... | 1.39e+07 47.4% 1.25e+07 48.0% 2.07e+06 53.9%
63 » Kokkos:parale_for<Kokkos:RangePolicy<Kokkos: Cuda, Arbor :Detais: TreeTraversal<AtborX:...| 1.39e+07 47.4% | 1.25e07 48.0% | 2.07e406 53.9%
4144 » Kokkos:Imp!::ParallelFor<ArborX::Details: TreeTraversal<ArborX::BoundingVolumeHierarchy<K... | 1.39e+07 47.4% 1.25e+07 48.0% 2.07e+06 53.9%
<108 » 1) v h. arallelFor<ArborX::Details::TreeTraversal... | 1.39e+07 47.4% 1.25e+07 48.0% 2.07e+06 53.9%
“717» 1) d himpl<Kokkos::Impl::ParallelFor<ArborX::Details::TreeTrav... | 1.39e+07 47.4% 1.25e+07 48.0% 2.07e+06 53.9%
4 678 » [I] Kokkos::Impl::CudaParallelLaunchKernelinvol 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 » (] _wrapper__device_stub_cuda_parallel_launch_local_memory ::ParallelFo... | 1.39e+07 47.4% 1.25e+07 48.0% 2.07e+06 53.9%
< 406 » _ZL592__device_stub__ZN6Kokkosdimpl33cuda_parallel_launch_local_memoryINSO_1... | 1.39e+07 47.4% 1.25e+87 48.0% 2.07e+06 53.9%
4 403 » [1] cudal aunchKernelechar 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 arallelFor<ArborX::Det... 1.39e+07 47.4% 1.36e+07 46.2% 1.25e+07 48.0% 1.22e+07 46.8% 2.07e+06 53.9%

4 loop at [29¢c7dccbe52b18735fc23021402e20bb.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¢7dccbe52b18735(c23021402e20bb.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%

« » $_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+85 5.6%
[29¢7dccbe52b187351¢2302140 bin): 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

e ArborX cmake isn’t set up to include GPU line mappings
e 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=RelWithDebInfo \
-DCMAKE CXX FLAGS RELWITHDEBINFO="-02 -g -DNDEBUG -lineinfo"




HPCToolkit Resources

e Documentation
— User manual
» http://hpctoolkit.org/manual/HPCToolkit-users-manual.pdf
— Tutorial videos
e http://hpctoolkit.org/training.html
* recorded demo of GPU analysis of Quicksilver: https://youtu.be/vixa3hGDuGg
e recorded tutorial presentation including demo with GPU analysis of GAMESS: https://vimeo.com/781264043
— Cheat sheet
« https://gitlab.com/hpctoolkit/hpctoolkit/-/wikis/home
e Software
— Download hpcviewer GUI binaries for your laptop, desktop, cluster, or supercomputer
e OS: Linux, Windows, MacOS
e Processors: x86_64, aarch64, ppc64le
e http://hpctoolkit.org/download.html
— Install HPCToolkit on your Linux desktop, cluster, or supercomputer using Spack
e http://hpctoolkit.org/software-instructions.html
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https://vimeo.com/781264043
https://gitlab.com/hpctoolkit/hpctoolkit/-/wikis/home
http://hpctoolkit.org/download.html
http://hpctoolkit.org/software-instructions.html



