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Outline

* Introduction to HPCToolkit performance tools
—COverview of HPCToolkit components and their workflow
—HPCToolkit's graphical user interfaces

Analyzing the performance of GPU-accelerated codes with HPCToolkit
—GAMESS (OpenMP)
—Quicksilver (CUDA)
—PeleC (AMReX)
—LAMMPS at Exascale (Kokkos)
Coming attractions

Hands-on materials
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Hands-on Materials

* Downloading and installing hpcviewer on your laptop

» Using hpcviewer on polaris

» Collecting performance data with HPCToolkit on turnkey examples
* Troubleshooting measurement and analysis with HPCToolkit
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Linux Foundation’s HPCToolkit Performance Tools

Collect profiles and traces of unmodified parallel CPU and GPU-accelerated applications
Understand where an application spends its time and why
call path profiles associate metrics with application source code contexts
analyze instruction-level performance within GPU kernels and attribute it to your source code
hierarchical traces to understand execution dynamics
Parallel programming models
across nodes: MPIl, SHMEM, UPC++, ...
within nodes: OpenMP, Kokkos, RAJA, HIP, DPC++, Sycl, CUDA, OpenACC, ...
Languages
C, C++, Fortran, Python, ...
Hardware
CPU cores and GPUs within a node
CPU: x86_64, Power, ARM
GPU: NVIDIA, AMD, Intel
all of the nodes in Polaris
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Why HPCToolkit?

o

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

Unlike vendor tools, works with a wide range of CPUs and GPUs
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How does HPCToolkit Differ from NVIDIA’s Tools?

NVIDIA NSight Systems
—tracing of CPU and GPU streams

—analyze traces when you open them with the GUI
* long running traces are huge and thus extremely slow to analyze, limiting scalability
—designed for measurement and analysis within a node
NVIDIA NSight Compute
—detailed measurement of kernels with counters and execution replay

—very slow measurement

—flat display of measurements within GPU kernels
HPCToolkit

—supports more scalable tracing than Nsight Systems

* measure exascale executions across many GPUs and nodes
—scalable, parallel post-mortem analysis vs. non-scalable in-GUI analysis
—detailed reconstruction of estimates for calling context profiles within GPU kernels
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HPCToolkit’s Workflow for GPU-accelerated Applications

7
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Files

Compile & Link

hpcviewer
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HPCToolkit’s Workflow for GPU-accelerated Applications

Step 1:
. . . hpcrun
* Ensure that compilers record line mappings , , .
. host iler- — > Profile execution on > Profile
ost compiler: —g CPUs and GPUs Files
e nvcec:-lineinfo ~—

Source Optimized . Trace
‘ Files Binary \ GPU Binary » Files l
w

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

Present trace view and Interpret profile »
profile view Database Correlate w/ source

8 Argonne Leadership Computing Facility T O




HPCToolkit’s Workflow for GPU-accelerated Applications

Step 2:
* hpcrun collects call path profiles (and
optionally, traces) of events of interest

Source
Files

Compile & Link

hpcviewer
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—
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Measurement of CPU and GPU-accelerated Applications

Sampling using Linux timers and hardware counter overflows on the CPU

Callbacks when GPU operations are launched and (sometimes) completed

Event stream for GPU operations
PC Samples: NVIDIA (in progress: AMD, Intel)
Binary instrumentation of GPU kernels on Intel GPUs for fine-grain measurement
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Call Stack Unwinding to Attribute Costs in Context

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

Calling context tree

Call path sample

return address
return address
return address

instruction pointer
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hpcrun: Measure CPU and/or GPU activity

* GPU profiling
—hpcrun -e gpu=xxx <app> ... xxx € {nvidia,amd,opencl,level(}

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

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

* Use hpcrun with MPI on Polaris
—mpiexec -n <ranks> .. hpcrun -e gpu=xxx <app>

AAAAAAAAAAAAAAAAAA
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HPCToolkit’s Workflow for GPU-accelerated Applications

Step 3:

> Profile I
Files
—

> Tr.ace I
Files
—

hpcrun
* hpcstruct recovers program structure : :
bout li loops, and inlined functions > Profile execution on
about lines, ps, inli uncti CPUs and GPUs
‘ Source Optimized \ .
Files Binary GPU Binary
Compile & Link v
hpcstruct
> Analyze CPU/GPU
program structure
hpcviewer hpcprof/hpcprof-mpi
Present trace view and Interpret profile
profile view Database Correlate w/ source

Program |
Structure
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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
—typically analyze large application binaries with 16 threads
—typically analyze multiple small application binaries concurrently with 2 threads each
» Cache binary analysis results for reuse when analyzing other executions

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

Step 4:

* hpcprof/hpcprof-mpi combines hpcrun
profiles from multiple threads and N Profile execution on ) Brofile
correlate metrics to static & dynamic CPUs and GPUs Files

program structure

Source Optimized . Trace
‘ Files Binary \ GPU Binary » Files l
w

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

Present trace view and Interpret profile »
profile view Database Correlate w/ source
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hpcprof/hpcprof-mpi: Associate Measurements with Program Structure

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

hpcprof <measurement-directory>

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

mpiexec -n ${NODES} --ppn 1 —depth=128 \
hpcprof-mpi <measurement-directory>
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HPCToolkit’s Workflow for GPU-accelerated Applications

Step 4:

* hpcviewer - interactively explore

> Profile I
Files
—

i hpcrun
proﬂ-le a.nd traces for GPU-accelerated R Profile execution on
applications CPUs and GPUs

‘ Source Optimized \ .
Files Binary GPU Binary
Compile & Link
hpcstruct

> Analyze CPU/GPU

program structure
hpcviewer hpcprof/hpcprof-mpi

Present trace view and Interpret profile
profile view Database Correlate w/ source

> Tr.ace I
Files
—

Program |
Structure
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Code-centric Analysis with hpcviewer

LXK J hpcviewer
Profile: lulesh-RAJA-parallel.exe | BB Trace: lulesh-RAJA-parallel.exe = 8
| main.c [luleshRAJA-parallel.cxx 53 ]ora!l_generic.hxx I
1183
ey ! f i lis in full text
1185 /* compute the hourglass modes */ L4 u nctlon ca s In u con ex
1186
1187 A::forall<el xec_polic omElemList, [&] (int i2 H H
150 sirndat U IAK oI o (6 et e inlined procedures
1189 .fReal__t hgfx[8], hgfy(8], hgfz([8] ; ; ;
11190 #endi
{1191 end Real_t coefficient; L Inllned templates
1192
{1193 Real_t hourgam@[4], hourgaml[4], hourgam2[4], hourgam3[4] ; A
1194 Real_t hourgam4{4}, hourgamshi: hourgamsid, huurgam7{4}; L Outllned OpenMP Ioops
{1195 Real_t xd1[8], yd1(8], zd1[8] ;
{1196
1197 Index_p elemToNode = &nodelist [8%i2]; L |OO pS
1198 Index_t i3=8%i2;
— R ket 20 (1.0)/determli21:
&
Scope REALTIME (usec):Sum (I) + REALTIME (usec):Sum (E)
v 3 Experiment Aggregate Metrics 1.47e+09 100.0% 1.47e+09 100.0%
» <omp idle> 7.95e+08 54.2% 7.95e+08 54.2%
¥ <program root> 6.69
6.69 0%
6.69: 0%
6.69: C
v E»2715: [1] LagrangeNodal(Domain®) 4.11e+08 28.1%
3.91e+08 26.7%
21469 CalcVolumeForceForElems(Doma 3.88e+08 26.5% 1.00e+03  0.0%
¥ Bb1454: [I] CalcHourglassControlForElems(Domain®, double®, double) | 2.43e+08 16.6% 1.00e+03  0.0%
v E»1399: [I] CalcFBHourglassForceForElems(int®, double®, double®, double®, double*, double®, double*, double*, double®, double®, double®, double®, double*, double*, double*, double®, double, RAJA::Index: 1.55e+08 10,6% 2.01e+03  0.0%
¥ 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 1.04e+08 7.1%
¥ BP405: [1] void RAJA::forall<RAJA::omp_parallel_for_exec, CalcFBHourglassForceForElems(int*, double®, double®, double®, double®, double*, double®, double®, double®, double*, double®, double*, do 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 BPS05: [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%
1.03e+08  7.1% 1.69e+05  0.0%
1.03e+08 7.0% 1.04e+05 0.0%
¥ B»21: [I] 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%
» B51300: [I] CalcElemFBHourg 4.40e+07 3.0% 4.40e+07  3.0%
1.11e+07  0.8% 1.44e+06  0.1%

18 , , " Argonne &
Argonne Leadership Computing Facility




Understanding Temporal Behavior

» Profiling compresses out the temporal dimension

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

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

—Organize the samples for each thread along a time line

—View how the execution evolves left to right

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

Processes

Time
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Time-centric Analysis with hpcviewer

L X} hpcviewer
[ rofie: flashs | B race: flash3 | BRI €24 I OO HYE=DO

T
Main view | Depth: 13
Time Range: [69s, 93s] Rank Range: [Rank 0, Rank 255] Cross Hair: (86s, Rank 93)

~ _xlddpow
| lexplnnorz

' The color at a particular pointina  § @i @i Siaas "7
timeline indicates the CPU procedure
1 or GPU kernel active at that time at

“1the selected call stack depth

Call stack pane
shows full calling
context for the
cursor

MPI ranks,OpenMP Threads, GPU streams

f T T T T T T T T T T T T T T T T T T T T ,
69 70s 71s 72s 73s 74s 75s 76s 77s 78s 79s 8 Time 82s 83s 84s 855 86s 87s 88s 89s 90s 91s s||
Depth view ' Summary view Mini map
-  ————————————————— t . i M ey Uit
"

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

Minimap indicates part of
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Enhancements for Exascale

* Measurement
» profile and trace GPU-accelerated applications on AMD, Intel, and NVIDIA GPUs
« Binary analysis
« parallel analysis of CPU and GPU binaries to speed recovery of program structure
» Performance analysis and attribution
« MPI + OpenMP highly parallel analysis of measurement data at exascale
» sparse representations observed to reduce performance analysis results by > 1000x
 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 DN 1/ i D (R DAL ‘. | [ Sathistackislaciatacs
]
[1[1]

[ T G s

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 +

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

Main view

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

Slide credit: Jonathon Anderson
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Case Studies

ExaWind

GAMESS (OpenMP)
Quicksilver (CUDA)

PeleC (AMReX)

LAMMPS (Kokkos) at exascale

Argonne Leadership Computing Facility
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ExaWind: Wakes from Three Turbines over Time

Figure credit: Jon Rood, NREL
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ExaWind: Visualization of a Wind Farm Simulation

Figure credit: Jon Rood, NREL
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ExaWind: Execution Traces on Frontier Collected with HPCToolkit

Traces on roughly ~70K MPI ranks for ~17minutes

Before: MPI waiting (bad), shown in red

After: MPI overhead negligible*

ene \ hpcviewsr eoe I\ hpcviewr
Fie View Filtw Help Fls View Filtwe MHelp
[ Profie exawnd B Trace exswind a @ b 3 ¢H 943 Ny M =0 [ rrofie exavond B Trace exswind @ % & Ay o =0
Man vew 2 g 77 Manvew Do 7 o=+ "
Tene Range [Omin, 16 93mie] Cross Har (8 47min, NODE 2148187198 CORE 5 RANK 34088 THREAD 0) Time Range [0s, 450s]  Cross Mawr (225, NODE 21407109246 CORE 55 RANK 36000 THREAD 1)
— —— — p—1 %' Cal stack Statstcs GPU Idieness Blamo | Call stack| Stusbcs GPU Idheness Olame.

ELLS

i

- = :
e - — -— - — VD U UV S
- " - - g
e o L et s e ———_ e —— £ e amre
WSSOI L ST -

S e " - -

e
{

4y

H
]

!

.MI

B e ES BN o S 3 T Co) S Wwn  Mme  T3we  13we  lewa  iSes  l6me

Figure credits: Jon Rood, NREL

p_recy_ux sw._matcher (ibfal
IPIDK_Cray_sharod_mem_coll_ 26.6%

fumutex_urdock noop [Wofabrt

EoleMag(inte, int, int) [Wosog
IPD._ST_progress ssend [lomg

_memsetavs2_erms [bo-2 3
<gpu copy>
2N Samrex) Jaunch_goballi2  0.2%

a4
3
3
3
2
1
1
1
1
1
1.
PR Waitmpl part O [WmpLs 0.
o
L]
0.
0.
°
o
0
0.
L]

28.0% l

match_recv_swpart 16[I0  6.8%

ip_eviq_progress [IDfabrc so  5.7%
op.ep.ctl.eq progress [ibtad
fioqreadfrom [ibfateic so 1
FIOI_SHMI_progress [lbmpt_s
IPIR_Wartal_mpl [ompt_amd
cxip_ep_progress [bfabric 50 1
cxp_ut_cqprogress (Wiabric 1
jamsex lwnch_global <256, amic
ofumute_Jock_noop ibfabric ¢
ficq_read ibfatric 50 118 2
) cxipmach_recy_sw

.5%
5%

ex lwanch_gjobal<256, amr

SeqVectorinneProd M 0.2%
merAMGRelaxTwoSt  0.1%

R L L Y

Depth view Summary view

*replaced non-blocking send/recv with ialltoallv




ExaWind Testimonials for HPCToolkit

28

| just wanted to mention we’ve been using HPCToolkit a lot for our ExaWind application on
Frontier, which is a hugely complicated code, and your profiler is one of the only ones we’ve found
that really lets us easily instrument and then browse what our application is doing at runtime
including GPUs. As an example, during a recent hackathon we had, we improved our large scale
performance by 24x by understanding our code better with HPCToolkit and running it on 1000s of
nodes while profiling. We also recently improved upon this by 10% for our total runtime.

- Jon Rood NREL (5/31/2024)

One big thing for us is that we can’t overstate how complicated ExaWind is in general, and how
complicated it is to build, so finding out that HPCToolkit could easily profile our entire application
without a ton of instrumentation during the build process, and be able to profile it on a huge
amount of Frontier with line numbers and visualizing the trace was really amazing to us.

- Jon Rood NREL (6/3/2024)
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Case Study: GAMESS

» General Atomic and Molecular Electronic Structure System (GAMESS)
—general ab initio quantum chemistry package
» Calculates the energies, structures, and properties of a wide range of chemical systems

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

Perimutter node at a glance

AMD Milan CPU
4 NVIDIAA100 GPUs
256 GB memory

Argonne Leadership Computing Facility
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Time-centric Analysis: GAMESS 4 ranks, 4 GPUs on Perimutter

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

Main view

Depth: 40 -
Time Range: [0s, 53s] Cross Hair: (29s, RANK O GPUCONTEXT 1 GPUSTREAM 16)

[+

LL1an I8 LU AL Lo RGN | Al LU L AT _EHLIE AN | TR R UL LG R D BN D O | _ IR GIER L R 100 0 RN | T NN call stack Statistics GPU Idleness Blame

. <program root>
main
gamess
brnchx_

energx_

wfn_

rhfcl_

twoel _
ompmod_ompmod_twoei_jk_
gpu_ompmod_twoel_jk_
gpu_rhf_jo5_ppps_
L0 e ] __nhvomp_target [libnvomp.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 NN NN R s s e e e s RN NN NN NN

0s 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 50s 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
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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

3 i+ B M=

Check all | | Uncheck all Regular expression
Main view 9 Depth: a0 -

|¢-

Time Range: [0s, 53s] Cross Hair: (42s, RANK O THREAD 10)
= R SLY Filter: GPU 2

(L1 0 13 T R i e . 101 0 TUBEERI | NYRII Y Wi | call stack|Statistics GPU Idleness Blame
| Ranks or threads I <thread root>
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

1T -y hxAddresswait [libnvomp.so)

syscall [libc-2.31.s0]

LR TILO

s s s sass e NERE NN NN Eonunnnnnn PR NN NN

L8 = Tl i Ty o Y s " L 9] 1l el (Y e [ B !l oo
"' Cancel
|
Bs 25 35 ds Ss 6s 75 8s 95 10s 15 s 185 185 20s 235 s 285 28s 3ds 3ls als 38s 38s abs als als abs ads sbs 5is
Depth view Summary view i+ Miny map

ymE) E——
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Time-centric Analysis: GAMESS 4 ranks, 4 GPUs on Perimutter

File View Filter Help

Fdrrofile: gamess.00.x ¥ Trace: gamess.00.x B/ e i- £33 4 Hemy s =2 0O
|Ma1n view
Time Range: [0s, 53s] Cross Hair: (27s, RANK 3 GPUCONTEXT 2 GPUSTREAM 26)

245 265 285

Depth: 40 - +

i 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]

i taunchinterna 1bnvomp. 50 y .
| <gpu kernel>
I‘ nvkernel_gpu_rhf_j06_pppp_ F1L686_22_ [30534090¢
42s  als

III\ I\ I\ II

Bs 25 35 45 55 65 75 8s 95 10s 305 55 48s 505 523
éoepth view Sumary view f+ )= | Min1 map
—C i SE— B PE— S—T— E— PE— C— —_ — e
i—ll!- —_— Y U Y =

, , - GAMESS original All GPU streams, whole execution rgonne &
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Time-centric Analysis: GAMESS 4 ranks, 4 GPUs on Perimutter

[®] hpcviewer

File View Filter Help

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

GPU load imbalance due to triangular iteration spaces @

P D@+ -

>G4 L

|Main view

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

I | [III

o
‘Depth: 40 - R .

‘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_j06_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¢

5.3 2576s | 25.8s 265 26125 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

Depth viewi Summary viewl

ﬁ.', = ‘ Mini map,

GAMESS original

33 Argonne Leadership Computing Facility

GPU streams: 1 iteration

Argonne &

NATIONAL LABORATORY



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

mmmE—————————— 0 > —>==—m—t_...——=——=—————=—Nl
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: gamess.00.x [ Profile: gamess.0l.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) (T) 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 e & & & ® ® 8. s e e s * e 6 8 8 s 8 s n 4 s 8 s s ® % o s = 4 s e 8 s s 8 a0 e " e e a0 0e e a0 . . . . . .

Rank.Thread

Top-down view Bottom-up yiew Flat view

TI6 E MEB A A~ Nlvid

GPUDP (sec): Sum (E) GXCOPY (sec): Sum (1) GXCOPY [sec): Sum (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] 2.09e402 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% 2.63¢-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 » rhfcl_ 1.97e+02 5.7% 1.04¢-02 0.0% 1.666+02 100.0% 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
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Time-centric Analysis: GAMESS|5 nodes, 40 ranks, 20 GPUs|on Perimutter

1File 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
Time Range: [@s, 318s] Cross Hair: (260s, NODE 931177797 RANK 19 THREAD 0)

Depth: 42 -

|+

call stack!Statistics GPU Idleness Blame

[ AT

twoel_

ompmod_ompmod _twoer jk_
gpu_ompmod_twoei jk_

W gpu_rhf_jo6_pppp_
__nvomp_target [libnvomp.so]
launchTarget [libnvomp.so]
launchHXTarget [libnvomp.sol
hxLaunch {libnvomp.so)
launchInternal [libnvomp.so]
(1] targetLaunch
launchInternal [labnvomp.sol
11bcuda.s0.515.48.07@0x2e8cab
| Libcuda.s0.515.4 .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

HDepth view Summary view e Min1 map
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-A"}»..Ax

t j.”‘ RIRESS

o
I S ..
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. N GAMESS improved CPU Threads and GPU Streams argonne &
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Time-centric Analysis: GAMESS 5 nodes, 40 ranks, 20 GPUs on Perlmutter

File Vview Filter Help

Profile: gamess.oo.x..‘!ra:e: qaless.oo.xjal’roflle: qaness.ou.x‘.Trace: gauss.ao.xiawohle: galess.w.x}.'l’rau: gauss.oo.x;
Main view ) - S )
Time Range: [0s, 318s] Cross Hair: (161s, NODE 931186240 RANK 10 GPUCONTEXT 2 GPUSTREAM 26)

111 ﬁ Hl 1]
URIRRA LR EA N RLLY
HURREAERARRRRR)

P =

i+ 5=

Depth:

0s  10s

o

205 30s 70s  80s 90s 100s 1105 120s 130s 140s 1505 160s 170s 180s 190s 200s 210s 2205 2305 2405 25

Depth view Summary view

s 2605 270s 2805 290s 3005 310s

i+ 5=

= HF 4 BHe @~

42 -

call s(ackbtra?isrtusjcpu Idleness Blam

poLrni_es_

3ocpeg_dynl

aocptd_dyn_

cpdyn_ambx_

twoel_cphfdyn_amb_
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
hxLaunch [libnvomp.so]
launchInternal [libnvomp.so]

| (1] targetLaunch
launchInternal [libnvomp.sol
<gpu kernel>

nvkernel_gpu_tdhf_amb_j06_pppp_ F1L649_22_ (8317

Minm1 map

Bes =n

£

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

File view Filter Help

i profile: gamess.00.x ¥ Trace: gamess.00.x [FProfile: gamess.00.x @ Trace: gamess.00.x [gProfile: gamess.00.x B Trace: gamess.00.x [Profile: gamess.0).x M Trace: gamess.ol.x
Main view
Time Range: [0s, 485s] Cross Hair: (20s, NODE 931145794 RANK @ GPUCONTEXT 1)

||||l |1II|I|M IIIIII |||||IH|IHIIHI‘ ] IlIIllluIHHIII! | IIHIII I||||| ll IIII\ || H 0 TR I
LOCTRNRRR TR ANRRL RN I llll

|

I [
[1IF]

il

| ——

140s  160s

Depth:

II |I H ” H l I””“' J“” _ call stack Statistics GPU Idleness Blame

l program root>

on Perimutter

pic BRIC

b & By

a7

|+~

main

gamess

fmox_

monoscf_

brachx_

energx_

win_

rhfcl_

twoel_
ompnod_ompmod_twoel_jk_
gpu_ompmod_twoel_jk_
gpu_rhf_306_pppp_
__nvomp_target [libnvomp.so]
launchTarget [libnvomp.so]
launchHXTarget [libnvomp.sol
hxLaunch [libnvomp.so]

launchInternal [libnvomp.so]

[I] targetLaunch

launchInternal [libnvomp.so]

<gpu kernel>

nvkernel_gpu_rhf_j06_pppp_ F1L682_22_ [507aded9:

os 285 abs 605 8bs 100s 1208 180s 2005 2205  240s 2605 2805  300s 320 340s 3605 420s 440, 460s 4805
Depth view Summary view i+ i~ | Min1 map
......... - S ——
LEREaemaiE e Bl —]}

{TER I SssslassRSsam BIIaLs SaSIS B AL R BB A S SRS S ma,,.eg;:;:ese=u=s:eee¢e...W,.,......:memgmE EEEEEEEEEEEEE
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Time-centric Analysis: GAMESS 5 nodes, 40 ranks, 20 GPUs on Perlmutter

File view Filter Help
T T T I %
‘Profilo:Agauss.oo.xi‘.rrace: gness.os.xéﬂrofile: qauss.oe‘xi..'rrace: ga-ass.eﬂ.xiavroﬁle: guass.es.xi-r‘l’race: qmss.eo.x!?roﬁla: gmss.OLxngrace: 9a-ess.91.xiProf11e: gness.se.x%."rnco: gmss.ea.xi )

B PPHE &P FE O~ Hus=s

[Main view |Depth: 47 - 4 ’

Time Range: [15.37s, 24.24s] Cross Hair: (21.68s, NODE 931145794 RANK O THREAD 0)

1545 15.85  16.25  16.63 17s 17:4s  17.85  18.2s  18.6s 19.45  19.85 20,25 20.6s 2145 21.8s  22.25  22.6s 3s 23045 23.8s 24.25 |
g-.. = ‘ Miny map

<program root>
main

‘ c.ll stack| Statistics GPU Idleness Blame|
‘ II | H -y

fmox_

monoscf_

I \ {100 TR )=

win_
rhfcl_
tftrib_

mtarbr_

__sci_daxpy_ [libsci_nvidia_mp.s0.5.0]
openblas_daxpy__naples [libsci_nvidia_mp.s0.5.00
openblas_daxpy_k_naples [libsci_nvidia_mp.so.S.

|Depth view|Summary view
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Time-centric Analysis: GAMESS 5 nodes, 40 ranks, 20 GPUs on Perlmutter

File view Filter Help
g profile: 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.0l.x ¥ Trace: gamess.0l.x
mthlib.f &
53 END
i
1055 C#MODULE MTHLIB *DECK MTARBR
s SUBROUTINE MTARBR(A.NA.B.MB.AB. NAB. INCA)

; use omp_lib

IMPLICIT DOUBLE PRECISION(A-H,0-Z)
1062 DIMENSION A(*),B(NA,MB),AB(NAB.MB)
1064 PARAMETER (ZERO=0.0D+00)

c
6C* 31 OCT 1979
c

66 C/FUNCTION - TO MULTIPLY SYMMETRIC MATRIX A
1069 C TIMES RECTANGULAR MATRIX B AND GET RECTANGULAR MATRIX AB
1070 C*
1071 C*PARAMETERS
072Cr A - THE INPUT REAL SYMMETRIC MATRIX OF ORDER NA
1073 C* STORED IN SYMMETRIC STOAGE MODE.
1074¢* B - THE INPUT REAL NA BY MB RECTANGULAR MATRIX
1675€+ WA - THE ORDER OF MATRIX A
1076C*  MB - THE COLUMN DIMENSION OF MATRICES B AND AB
1077C*  AB - THE OUTPUT PRODUCT NA BY MB MATRIX
1076C*  NAB - THE INPUT ROW DIMENSION OF MATRIX AB
79C*  INCA - ADDRESS DIFFERENCE OF TWO ADJACENT ELEMENTS OF A
)80 C»
1 INC=INCA
1082 C
1083 € PROCESS DIAGONAL ELEMENTS OF INPUT MATRIX A
1084 C
108 13=1-INC
DO 120 Ie1,NA
13=I13+I%INC
ATJ=A(1])

1 00 110 Ke1,M8
1 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 140 J=1,IM1
I)=IJ+INC
AII=A(11)
IF(AIJ.EQ.ZERO) GO TO 140
CALL DAXPY(MEB,AIJ,B(I,1),NA,AB(],1),NAB)
CALL DAXPY(MB,AIJ,B(J,1),NA,AB(I,1),NAB)
140 CONTINUE
150 CONTINUE
RETURN
END

Top-down view Bottom-up view Flat view
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Time-centric Analysis: GAMESS 5 nodes, 40 ranks, 20 GPUs on Perlmutter

File view Filter Help
g profile: 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.0l.x ¥ Trace: gamess.0l.x
mthlib.f &
53 END
i
1055 C#MODULE MTHLIB *DECK MTARBR
s SUBROUTINE MTARBR(A.NA.B.MB.AB. NAB. INCA)

; use omp_lib

IMPLICIT DOUBLE PRECISION(A-H,0-Z)
1062 DIMENSION A(*),B(NA,MB),AB(NAB.MB)
1064 PARAMETER (ZERO=0.0D+00)

c
6C* 31 OCT 1979
c

66 CYFUNCTION = 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
1 STORED IN SYMMETRIC STOAGE MODE.
1 B - THE INPUT REAL NA BY MB RECTANGULAR MATRIX
1075 NA - THE ORDER OF MATRIX A
1076 C* MB - 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
79.C* INCA - ADDRESS DIFFERENCE OF TWO ADJACENT ELEMENTS OF A
)80 €8
1 INC=INCA
1082¢C
1083 ¢C PROCESS DIAGONAL ELEMENTS OF INPUT MATRIX A
1084 C
1085 1J=1-INC
DO 120 I=1,NA
1)=I)+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

IJ=1-INC
DO 150 I=2,NA
IJ=IJ+INC
IM1=I-1
DO 140 J=1,IM1
I)=IJ+INC
AII=A(11)
IF(AIJ.EQ.ZERO) GO TO 140
CALL DAXPY(MEB,AIJ,B(I,1),NA,AB(],1),NAB)
CALL DAXPY(MB,AIJ,B(J,1),NA,AB(I,1),NAB)
1107 140 CONTINUE
1108 150 CONTINUE
RETURN

Top-down view Bottom-up view Flat view
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Time-centric Analysis: GAMESS 5 nodes, 40 ranks, 20 GPUs on Perlmutter

File view Filter Help
g profile: 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.0l.x ¥ Trace: gamess.0l.x
mthlib.f &

1096 C
1097 IJ=1-INC

1093 DO 158 I=2,NA |
1099 I1=IJ+INC

1100 IM1=I-1

1101 DO 140 J=1,IM1

11682 I1=IJ+INC

1163 ATJ=A(I])

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

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

1168 158 CONTINUE

1109 RETURN

1110 END

Top-down view Bottom-up view Flat view
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Case Study: Quicksilver

» Proxy application that represents some elements of LLNL's Mercury workload
+ Solves a simplified dynamic Monte Carlo particle transport problem

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

» Parallelization: MPI, OpenMP, and CUDA
* Performance Issues
 load imbalance (for canned example)
+ latency bound table look-ups
« a highly branchy/divergent code path
» poor vectorization potential
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Quicksilver: Detailed analysis within a Kernel using PC Sampling

f [®] hpcviewer [}
File View Filter Help
[ Profile: gs =g
main.cc CollisionEvent.cc X‘
69 int uniqueNumber = monteCarlo->_materialDatabase->_mat[globalMatIndex]._iso[isoIndex]._gid;
70 int numReacts = monteCarlo->_nuclearData->getNumberReactions(uniqueNumber);
71 for (int reactIndex = 0; reactIndex < numReacts; reactIndex++)
72
y currentCrossSection -= macroscopicCrossSection(monteCarlo, reactIndex, mc_particle.domain, mc_particle.cell,
4 1soIndex, mc_particle.energy_group);
75 1if (currentCrossSection < 0)
76
77 selectedIso = isoIndex; I
78 selectedUniqueNumber = uniqueNumber;
79 selectedReact = reactIndex;
80 break;
81 }
82 5
83
84  qgs_assert(selectedIso != -1);
85
Top-down view‘Eottom-up view‘Flat view‘
126 E MEB A~ all~
Scope GINS: Sum (I) |GINS: Sum (E) [GINS:STL_ANY: Sum (I) |GINS:STL_ANY: Sum (E) |GINS:STL_IFET: Sum (I) |GINS:STL_IFET: Sum (E) |GINS:STL_IDEP:
414 » 11] cudalaunchkernel<char> 1.30e+1l 100.0% I 19e+ll 100.0% 5.2/e+09 100.0% 9. 34ed
4211 » cudalaunchKernel [gs] 1.30e+11 100.0% 1.19e+11 100.0% 5.27e+09 100.0% 9.34ed
4 » =<gpu kernel= 1.30e+11 100.0% 1.19e+11 100.0% 5.27e+09 100.0% 9.34ed
4 » CycleTrackingKernel (MonteCarlo*, int, Particlevault*, Particlevau... Wl 1 3pe+11 100.0% 4.08e+07 0.0% 1.19e+11 100.0% 3.62e+07  0.0% 5.27e+09 100.0% 2.11e+07  0.4% 9.34ed
4132 » CycleTrackingGuts(Montecarlo*, int, Particlevault*, Particle...ll 1. 3pe+11 100.0% 9.03e+09 7.0% 1.19e+11 100.0% 9.01e+09  7.6% 5.24e+09 99.5% 8.08e+06  0.2% 9.32e4
426 » [I] cycleTrackingFunction(MonteCarlo*, MC_Particle&, int, P... W 8.36e+10 64.4% 4.12e+08 0.3% 7.25e+10 61.1% 3.65e+08  0.3% 5.21e+09 98.9% 1.02e+08  1.9% 9.25e4
4 loop at CycleTracking.cc: 118 8.35e+10 64.3% 3.76e+08  0.3% 7.25e+10 61.1% 3.34e+08  0.3% 5.21e+09 98.8% 9.90e+07  1.9% 9.24e4
463 » CollisionEvent(MonteCarlo®, MC_Particle&, unsigned int) [... M5 20e+10 40.1% 4.99e+09  3.8% 4.44e+10 37.4% 4.02e+09  3.4% 3.85e+09 73.1% 4.89e+08  9.3% 6.37ed
4 loop at CollisionEvent.cc: 67 4.09e+10 31.5% 8.15e+08  0.6% 3.42e+10 28.8% 6.54e+08  0.6% 3.54e+09 67.1% 1.27e+08  2.4% 5.67ed
4 loop at CollisionEvent.cc: 71 3.85e+10 29.6% 2.70e+09  2.1% 3.22e+18 27.1% 2.066+09  1.7% 3.27e+09 62.0% 2.28e+08  4.3% 5.33ed
441 » NuclearData::getReactionCrossSection(unsigned int, u... 5 09e+10 16.1% 1.09e+10  8.4% 1.79e+10  15.1% 9.42e+09  7.9% 1.26e+09 23.8% 6.68e+08 12.7% 2.19e4
» 253 » [I] NuclearDataReaction::getCrossSection(unsigned ... ll 6.80e+09 5.3% 3.77e+09  2.9% 5.86e+09  4.9% 3.32e+09  2.8% 2.25e+08  4.3% 8.24e+07  1.6% 8.86e4
NuclearData.cc: 253 6.28e+09  4.8% 6.28e+09  4.8% 5.66e+09  4.8% 5.66e+09  4.8% 4.76e+08  9.0% 4.76e+08  9.0% 6.1led
NuclearData.cc: 251 1.85e+09  1.4% 1.85e+09  1.4% 1.64e+09  1.4% 1.64e+09  1.4% 8.12e+07  1.5% 8.12e+07  1.5% 2.47e4
NuclearData.cc: 248 1.61e+09  1.2% 1.61e+09  1.2% 1.18e+09  1.0% 1.18e+09  1.0% 1.10e+08  2.1% 1.10e+08  2.1% 3.62e4
252 » [I] gs_vector<NuclearDataSpecies=::operator[](int) 1.29e+09  1.0% 1.20e+09  1.0% 1.14e+09  1.0% 1.14e+09  1.0% 7.37e+04  0.0% 7.37e+04  0.0% 1.24e4
NuclearData.cc: 252 1.12e+09 0.9% 1.12e+09  0.9% 9.48e+08  0.8% 9.48e+08  0.8% 3.44e+05  0.0% 3.44e+05  0.0% 2.50e4
» 252 » [I] gs_vector<NuclearDataReaction>::size() const 9.41e+08  0.7% 9.41e+08  0.7% 8.17e+08  0.7% 8.17e+08  0.7% 4.63e4
R 2 gl e s BP0 S e WO e s O

>
3
2

>

4
b
4
i
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Quicksilver: Detailed analysis within a Kernel using PC Sampling

Scope
414 » |1] cudalLaunchKkernel=char=

4 211 » cudalLaunchKernel [qgs]
4 » <gpu kernel=
4 » CycleTrackingKernel(MonteCarlo*, int, Particlevault*, ParticleVau...
4132 » CycleTrackingGuts(MonteCarlo*®, int, ParticleVault*, Particle...
426 » [I] CycleTrackingFunction(MonteCarlo*, MC_Particle&, int, P...
4 loop at CycleTracking.cc: 118
4 63 » CollisionEvent(MonteCarlo*, MC_Particle&, unsigned int) [...
4 loop at CollisionEvent.cc: 67
4 loop at CollisionEvent.cc: 71
. 473 nmacroscopicCrossSection(MonteCarlo®, int, int, int, i... |
4 41 » NuclearData::getReactionCrossSection(unsigned int, u...
P 253 » [I] NuclearDataReaction::getCrossSection(unsigned
NuclearData.cc: 253
NMuclearData.cc: 251
NuclearData.cc: 248
b 252 » [I] gs_wvector=NuclearDataSpecies>::operator[](int)
NuclearData.cc: 252

b 252 » [I] gs_vector<NuclearDataReaction=::size() const

. Y . WP . S P AP | PRSI [P . (T R, I T S SRS I i I Mo B |
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Analysis of PeleC using PC Sampling on an NVIDIA GPU

AN hpeviewer

[ erofile: PeleC3d gnu.TPROF CUDA ex

reactorcpp 55 | Metric properties |
438 UserData udata static_cast<ARKODEUserDatass(user_data);

439 udata->dt_save = t; ‘ Cause: .
passed udata structure pointer to lambda capture

441 #ifdef AMREX_USE_GPU

442  const auto ec = amrex::Gpu::ExecutionConfig(udata->ncells_d);

443 amrex::launch_global<<<

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

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

oo e g et Hrise Jiglg S
grne pec )
N e S R T pass udata components as scalars |
a5 Wi https://github.com/AMReX-Combustion/PelePhysics/pull/192
455 for (int icell = 0; icell < udata->ncells_d; icells+) { 4% Speedup on PeleC PMF drm19 test case

b

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

L& P A A -

| GINS.[0,0] (1 | GINS,[0,0] (E) | GINS:ISTL_ANY.[0,0] () GINS:STL_ANY.10,0] (E) | GINS:STL GMEM.[0,0) (1) GINS:STL GMEM.10.0] (E)

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 B2015: PeleC::advance(double, double, int, int) CPU 1.24e+13 88.5% 1.05e4+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 B»308: PeleC::do_sdc_iteraticn(double, double, int, int, int, int) 1.24e+13 8B8.4% 1.05e+13 88.5% 5.57e+12 89.1%
+ B»561: PeleCrreact e(double, double, bool, 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 B4.5%
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< av di tag<int (*)(double, generic N...|| 6.27e+12 44.7% | 5.49e+12 46.3% 2.48e+12 39.7%
4 B$12: [1] _wrapper_device_stub_launch_global<__nv_dl_wrapper_t<_nv_dl_tag<int {*){do... 6.27e+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 8 24; 1] cudalaunchKernel<char> 6.27c+12 44.7% 5.49e+412 46.3% 9-4% GPU stalls 2.48¢+12 39.7% Mostly memory
4 B5211:_cudaLaunchKernel [PeleC3d.gnu.TPROF.CUDA.ex] 6.27e+12 44.7% 5.49e+12 46.3% outside the loop 2.48e+12 39.7% stalls
CDII & <5 <gpukermel> 6.27e+12 44.7% 5.49e+12 46.3% 2.48e+12 39.7%
U 4 B amrex::faunch_global<cF_RHS(double, _generic_N_Vector®, generic_N_Vector®, v... 6.27e+12 44.7% 1.75e+10 9.1% 5.4%e+12 46.3% 1.78e+10 0.1% 2.48e+12 39.7%
c ntext 4 B»12: [I] cF_RHS({double, generic N Vector®, generic N Vector*, void*)::{lambda... 6.25e+12 44.6% 1.17e+12 8.3% 5.47e+12 46.2% 1.16e+12 9.8% 2.48e+12 39.7% 1.1de+12 18.2%
» 100p at reactor.cpp: 446 _5.14e+12 36.6% 5.35e+10 0.4 __d.36esl _4.62e410 0.4 _3.29e+100.5%
|
AMReX_GpulaunchGlobal. H: 12 1.75e+10 0.1% 1.75e+18 2.1% T.70e+10 0.1% 1.78e+18 B.1%
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Key Metrics for GPU Kernels

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

« GXCOPY:* GPU copies of various kinds

+ GKER: GPU kernel time

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

+ GKER:FGP_MAX: maximum possible fine-grain parallelism (max warps per SM)
+ GKER:BLK_ THR: threads per block

* GKER:BLK_SM: block shared memory

+ GKER:OCC_THR: theoretical thread occupancy

Argonne Leadership Computing Facility
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Metrics for GPU Kernels with PC Samples

* GINS: GPU instructions

* GINS:STL_ANY: GPU instruction stalls for any reason

* GINS:STL_IFET: GPU instruction stalls for instruction fetch

* GINS:STL_GMEM: GPU instruction stalls for global memory

* GINS:STL_CMEM: GPU instruction stalls for constant memory

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

* GINS:STL_MTHR: GPU instruction stalls for memory throttling

* GSAMP:EXP: expected number of samples

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

Argonne Leadership Computing Facility
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LAMMPS on Frontier: Executions with Kernel Duration of Milliseconds

Fie View Fltr_Hep
Flo view Fiter_Hep

5 ot kg B e 6 ¥$eHEr €244 A-0- BME -0
B Profie imp & Trace mp. v/He =0

=] e 7 -+ +
e T Range 395015, 9855 Glss Wl (39552 OO 21486875 FANK 230 GPUGONTEXT S GRUSTREAM 0
510 RANK 2563 GPUCONTEXT 5 o nw L nn m » e
=0 e 5 oo swene o s e - e
Bl s
= f— s -2
g —" =N |
-~ E— W -
— o a ey
—"" - - = S
— ( =
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— (T - "l
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— e
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e
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S —
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e =
o

(oepthview Summary vew
Miman -

Minimap

m

Fie_view_FileHep e — Fie_view_Fier_Hep
[EaProte mp 8 Tsce imp -a

[Errofe imp) B Trace imp) =o
{Flot g MP._Send REALTIVE (sec) () {5ored ot graph MP1_Sand REALTINE s4€) ) X | Plotgam P Send s =) %
[Sorted plot graph] MPI_Send: REALTIME (sec) () [Histogram graph] MPI_Send: REALTIME (sec) (1)

152

§oo

ém.
i
f

o0,

21 ®} am1 @ 4% ®1 SE1 @1 61 7 7&1 @1 8% %1 91 162 1082 112 112 12 122 132 13%2 142
Rk in Sorted Order Metic Valve
o v Botom up vew Fitwen, Top domnien Botom 4 view| Fiatview

a2 152

26 xE ME

36 S ME Ax M@

GHCOPYCOUNT Sum ()

UNT. i (E)

T Sum (E)
4 ExpementAggeguieMerics 09 108

TCOUNT:Sum (€] | GXCOPY.COUNT-Surn () | GXCOPY COUNT: S () Sum ()| REALTIM
3 f 306 - 3.460406 100.0% 9 o7
4 rogram oo 3460406 100.0% 145605 100.0% 2300007 100.0% 4 <rogam roor- 3.460406 100.0% 1 2300007 100.0%
42 manling 3.466:06 100.0% L.ases0s 100.0% 2300007 100,00 100002 45 mamlimgd 3.46¢106 100.0% i 230007 00,08 1
4582 LAMMPS S input ) s 50 2150006 628 Lasecss 090 200007 0528 s.6se02 498 LAMPS.NS Input () (bamms s0 0 2150006 62.1 1. 200007 5.3 s
43 LAMMPS NS rput cxscatecommand) 2150008 6238 Lasesos 99.9% 238007 o 20001 4> LAMMPS.NS Input execste.command) [ 2150096 62,1 1. 218007 sa.8% 2
45 LAMMPS NS fun commandi{, chr®) Lotecss 29,34 Lasesos 99.9% Lleor 2 600 45 LAMMPS.NS Run command(n, chre) 1oter0s 29.3% 14409 9.4 234007 2%
43 LAMMPS NS Veretkokkos un() . 5205 15,08 Laseess 99.2% 2ieer o268 266002 0.1 45 LAMMPS NS Verleokkos rn() 4 5330005 15.4% Loaderon 09.2¢ 213007 orex 2
PSS Commr S.030006 2008 3430002 0.4

4> LAMMPS.NS Commnick forward.c
b » MP1_Wstibmp._gnu_91 01200 300001 0.4 ¥ > MP_WanlimpL 91 20,1200

Latewos 7w 3.

Tale0s 3 » LAMMPS.NS Atomvec pack_comm Taless a7

» » MR lomp.gv.51 50 120 191002 0. ¥ » MPLrec litmpe 91501200 Ga6eos oax 1
Wtammp 50 0G0 26102 o Miammps s0 0@Ou2SD2L: 2o 0w 2

» » LAMPS NS WodyKakkos foaLinte 2850008 19.0% Laen o > » LAMMPS.NS Modiywokkes frante 2850008 19.6% anes w1

» » LAMPS NS AtomVechtomickotkos 2460008 17,08 50 o » > LAMMPS.NS AomVecatamickokbos 2400008 17.08 T

» » LAVMPS NS CommKokkos forvard 2450008 27,08 sanecsl 0.t ¥ » LAMMPS. S CommKokk formard 2460008 17.0% dae0 1% 6

» » LAMMPS NS Negiborkckbos buld_ s.010005 1.5 Loseess 1.2% 220001 » » LAMMPS.NS Neghborkokkos-buid_ 5010005 10.5% Losesos 7.2% Lvess 6% 2

» » LAMPS NS CommKolkos boders( Lleos asn 837600 A NSRRI Liceos asn s,
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Executions with Kernel Duration of Milliseconds

LAMMPS on Frontier
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LAMMPS on Frontier: Executions with Kernel Duration of Milliseconds
ey —E

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 (_—_,

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 (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+09 100.0% 2.30e+07 100.0% 1.00e-02 0.t

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

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

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

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% 1.04e+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
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LAMMPS on Frontier: Executions with Kernel Duration of Milliseconds

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

T T T T T T T T T T T T T T T T T T T T T T T T T T
2561 €1 3 4E1  4SE1  SE1  S5SE1  6E1  6.5E1 7E1 75E1 8E1 8S5E1 %1 95E1 1E2 10562 1.1E2 11562 1262 1.256E2 1362 13562 14E2 145€2 15E2

Metric Value
m Bottom-up view ' Flatview
{1 #326 & MB A x~ M~
Scope (E) |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+09 100.0% 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: Verletkokkos: run(int) [libl 5.33e+05 15.4% 1.44e+069 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.s0120.0] 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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Coming Attractions

* Integrated support for NVTX/ROCTX/Caliper/Kokkos Labels
* Python-based interface for analysis of performance results
» Support for instruction-level measurement and attribution on AMD and Intel GPUs
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HPCToolkit Resources

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

Current Funding for HPCToolkit

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

57 Argonne Leadership Computing Facility

AAAAAAAAAAAAAAAAAA



Downloading, Installing, and Using

Hpcviewer on Your Laptop

58 Argonne Leadership Computing Facility
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Hpcviewer Graphical User Interface on Your Laptop

Prepare to explore performance data on your laptop

« Download and install hpcviewer: https://hpctoolkit.org/download.html

Select the right one for your laptop: MacOS (Apple Silicon, Intel), Windows, Linux

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

NNNNNNN
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https://hpctoolkit.gitlab.io/hpcviewer

Viewing Performance Data

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

« Open a performance database on a remote system

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

—hpcserver has been installed on Polaris

NNNNNNN
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Configuring Hpcviewer Remote Access

Run hpcviewer

From the file menu, select “Open remote database”

Fill in the hostname/IP address: polaris.alcf.anl.gov

Fill in your username on Polaris

Fill in the remote installation directory for hpcviewer’s server: /soft/perftools/hpctoolkit/hpcserver

Select the authentication method: “Use password”

Click “OK”

Authenticate using your token as you normally do

Navigate to a database with the file chooser in /soft/perftools/hpctoolkit/examples: quicksilver, lammps
lammps: hpctoolkit-Imp.d hpctoolkit-lmp-pc.d
quicksilver: hpctoolkit-gs.d hpctoolkit-gs-pc.d

NATIONAL LABORATORY
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http://polaris.alcf.anl.gov

Opening a Remote Database

pcviewer File View  Filter 10:27 PM

@ ® New window hpcviewer

Open database >

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




Configuring for use with Polaris

@ Remote connection

Remote connection setup

Enter the information needed to connect to the remote server

Hostname/IP address: polaris.alcf.anl.gov (-]
Username: johnmc [~ ]
Remote installation directory: [sof!/perllools/hpctgg{kitlhpcserver 9
Use private key: [Usersfjohnmc/.sshfid_rsa [>1
Use identity Proxy agent (2]

© Use password

SSH configuration:  /Usersfjohnmc/.ssh/config [~ ]

concel QD




First View of Polaris: Your Home Directory

hpcviewer

@ ) Remote database browser

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

Directory: |/h /iohnme [ -]

Contents

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

nbil
——x-"- == -4

-
E=]

=

Cancel




Navigate to Example Databases

e
@ ® Remote database browser
Browsing polaris.alcf.anl.gov (140.221.112.12)
Select a HPCToolkit database directory

Directory: |/soft/perftoois/npetoolkit/examples )

Contents
8./
[ 1lammps/
[*71 quicksilver/ |

Cancel




Select a Quicksilver Database with Traces

® @ Remote database browser

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

Directory: /soft/perftool X e

Contents

o
[ hpctoolkit-qs-pe.df
B hpctoolkit-qs.d/

Cancel



After Selecting hpctoolkit-gs.d

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

Top-down view  Bottom-up view  Flat view

6 IxE ME A Al

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

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




Select the Tab “Trace: gqs”

4 profile: qs | B Trace: as
Main view
Time Range: [0s, 3955]  Cross Hair: (1.985, NODE 3372927746 RANK 2 THREAD 0)

©s 025 04s  06s  08s 1 s 13s  15s

Depth view  Summary view
—

_

G M - =l

Depth: 9 2 i

Call stack | Statistics | GPU Idleness Blame

[l <program root>
main
|initMC(Parameters const&)
cudaMallocManaged [libcudart.so
targ15¢30 [libcudart.so.12.2.53]
<unknown procedure> 0x37d30 [|
<unknown procedure> 0x3efb0 [li
<unknown procedure> 0x3e420 [I
<unknown procedure> 0x3e3cO (|
<unknown procedure> 0x3e280 [I
libcuda.s0.535.154.05@0x2cc211
libcuda.s0.535.154.05@0x11053f
libcuda.s0.535.154.05@0x2166b6
' libcuda.s0.535.154.05@0x172865
libcuda.s0.535.154.05@0x16d5ed
libcuda.s0.535.154.05@0x426d1f
libcuda.s0.535.154.05@0x42f358
" libcuda.s0.535.154.05@0x44b32e
m ibcuda.s0.535.154.05@0x4432a7
__GI___ioctl [libc-2.31.s0]

Mini map



= profite: g B Trace: qs
Main view

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

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

I
il
B "m'!.’;!Fiﬁm

T
15 11s

el

M

>
liH
A

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

B - s -0
Depth: 9 3 1

Call stack | Statistics GPU Idieness Blame

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

__GI__ioctl [libc-2.31.50]

Mini map

streams




See Load Imbalance Across the Four GPUs

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

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

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

2910ms 2,940ms 2970ms 3000ms 3030ms 3,060ms 3000ms 3120ms 3750ms 3,180ms 3,210ms 3,240ms 3,270ms 3,300ms 3,330ms 3,360ms 3,390ms 3,430m ——

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




The Profile View in the other “PC Sampling” Database

® ® hpcviewer

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

{

68

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

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

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

72 {

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

76

77 selectedIso = isoIndex;

78 selectedUniqueNumber = uniqueNumber;

79 selectedReact = reactIndex;

80 break;

81 }

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

T L6 T MME A Al

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

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

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

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

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

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

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

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



Using Hpcviewer on Polaris
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Inspecting Precomputed Databases on Polaris

NOTE: Displaying performance results by running hpcviewer directly on Polaris
requires you to be using an X11 desktop

* Load hpctoolkit module to get hpcviewer on your path
module use /soft/perftools/hpctoolkit/modulefiles
module load hpctoolkit

* Use hpcviewer to open example database directories
* Quicksilver

hpcviewer /soft/perftools/hpctoolkit/examples/quicksilver/hpctoolkit-gs.d

hpcviewer /soft/perftools/hpctoolkit/examples/quicksilver/hpctoolkit-gs-pc.d
« LAMMPS

hpcviewer /soft/perftools/hpctoolkit/examples/lammps/hpctoolkit-1lmp.d

hpcviewer /soft/perftools/hpctoolkit/examples/lammps/hpctoolkit-lmp-pc.d
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Collecting Performance Data with HPCToolkit:

Turnkey Examples

ATP ESC2024 extremecomputingtraining.anl.gov  Argonne o
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Hands-on Tutorial Examples

% git clone https://github.com/hpctoolkit/hpctoolkit-tutorial-examples
% cd hpctoolkit-tutorial-examples/gpu/nvidia
% 1ls

arborx.kokkos lammps . kokkos quicksilver.cuda

NNNNNNN ESC extremecomputingtraining.anl.gov  Argonne al
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https://github.com/hpctoolkit/hpctoolkit-tutorial-examples

A Hands-on Example: Quicksilver

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

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

source setup/polaris.sh
make build

make run

Notes
make run-pc L e : ” :

* Running “make view” or “make view-pc” requires
make view an X11 desktop to support the GUI

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

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

make view-pcC

NATIONAL LABORATORY
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Analyzing Quicksilver Traces

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

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

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

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

selecting a frame in the call stack at the desired depth

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

 |[f a sample doesn’t have an entry at the selected depth, its deepest frame will be shown
AAAAAAA 024) extremecomputingtraining.anl.gov Argon ne A
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Analyzing Quicksilver Traces

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

Use the back button 5 to undo a zoom

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

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

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

L\*‘

to reset the trace view to show the whole trace

Use the home button

NNNNNNN
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Analyzing Quicksilver Traces

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

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

NNNNNNN C2024 extremecomputingtraining.anl.gov  Argonne al
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Analyzing the Quicksilver Summary Profile

Using a measurement database with profiles and traces

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

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

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

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

GPU cost in this profile

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

NNNNNNN ESC extremecomputingtraining.anl.gov  Argonne o
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Analyzing the Quicksilver Summary Profile

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

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

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

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

NNNNNNN
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Analyzing Quicksilver PC Samples

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

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

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

 Using the bottom-up view of the profile

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

Select the function that has the most exclusive stalls

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

ARGONNE

extremecomputingtraining.anl.gov Argon ne 4
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Filtering Tips to Hide Unwanted Implementation Details

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

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

NNNNNNN
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A Hands-on Example: ArborX

Performance portable algorithms for geometric search MPI + Kokkos + OpenMP

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

source setup/polaris.sh

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

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

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

make view-pcC

SI-N ESC extremecomputingtraining.anl.gov Argonne 5
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Analyzing ArborX Traces

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

NNNNNNN
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A Hands-on Example: LAMMPS

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

cd hpctoolkit-tutorial-examples/gpu/nvidia/lammps.kokkos
source setup/polaris.sh
make build

make run

Notes
make run-pc L o : . :

* Running “make view” or “make view-pc” requires
make view an X11 desktop to support the GUI

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

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

make view-pcC

NATIONAL LABORATORY
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Analyzing LAMMPS Profiles, Traces, and PC Samples

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

NNNNNNN
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Troubleshooting Measurement and Analysis

with HPCToolkit
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Troubleshooting: Only GPU kernel Name

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

£l - hpcviewer

[ Protite: Arbor_Example_MolecularDynamics exe | B Trace: ArborX _Example_MelecularDynamics.exe <o
Kokkos_Cuda_KernelLaunch hpp X | cuda,_runtime A

81 driver();

82}

83 )
84 template <class DriverType>

85_global__ static void cuda_parallel_launch_local_memory(

86 const DriverType driver) {

87 driver();

88}

89

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

92 maxTperB,

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

96}

N7
Top-down view | Bottom-up view | Flat view

T 6T NS AN

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

4 437 » (1) ArborX::Detai uda, Arbor i i y ArborX::Pairvalue... | 3.63e-04 39.9%
4 497 » ArborX::Details::Ti l<Arb: Boundi lumeHi hy<Kokk da$ ArborX::PairValuelndex<Arbo... | 3.63e-04 39.9%
“63» & _f icy ::Cuda, ArborX::Details::Tr I<ArborX i fie.. | 3.63e-04 39.9%
4144 » - ::ParallelFor<ArborX::Detai A di i y A..| 3.63e-04 39.9%
4108 » (1) :impl:: h arallelFor<ArborX::Details:: ingV... | 3.63e-04 39.9%
«717 » [1] arallelFor<ArborX::Details::TreeTraversal<ArborX::Boundi... | 3.63e-04 39.9%
4678 » (1] Kokkos::impl::C Impl::ParallelFor<ArborX::Details:: sal<Arb... | 3.63e-04 39.9%

4 368 » [1) cuda_parallel_launch_local_memory & arallel ArborX::Details:: sal<ArborX::Boun... | 3.63e-04 39.9%

486 » [I) _wr __device_stub_cuda_parallel_launch_local_memory arallel ArborX:Details;:Tr... | 3.63e-04 39.9%

4 406 » _ZL592__device_stub__ZN6Kokkosdimpl33cuda_parallel_launch_local_memoryINSO_11ParallelForINGArbor... | 3.63e-04 39.9%

03 2 . chiocool b 63204 39,9%

4216 » 39.9%

39.9% 3.63e-04 39.9%

“n

» 216 » <gpu kernel>

» 182 » Arbor i Y ArborX::Pair ArborX::Box, ig int>, ArborX::D... | 2.53e-04 27.8%
» 209 » ArborX::Details: ive_s uda, Kokkos::View<int®, Kokkos::f : iew<int®,... | 9.15e-06 1.0%
» 237 » 1o | g icy uda>, __nv_hdl_wrapper_t<false, false, false, __nv_di_tag<void (*)...| 2.30e-06 ©0.3%
» 205 » |_f angePolicy uda>, __nv_hdl_wrapper_t<false, false, false, __nv_dl_tag<void (*).. | 2.18e-06 0.2%
» 211 » ArborX::Detai uda, int*, uda const&, Kokkos::Views<i... 1.92e-06 1.3%
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Troubleshooting: No GPU source code lines with PC sampling

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

ece hpcviewer
=8 profite: ArborX_Example_MolecularDynamics 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
7% {};

Top-down view Bottom-up view | Flat view

T 6 BT S A

. » . - o e e o y - . i | GINS: Sur?l (1) o ,j GINS: Sum (E) GINS:STL_AN'Y: Su[’n ) i GINS:STL_ANY: Sum (E) ‘GINSZSTL_IFE'T_: Sum (1) | GINS
4244 » Arbor dingVolumeHi k ( 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::TreeTi l<ArborX::Boundi U Hi hy ArborX:... | 1.39e+07 47.4% 1.25e+07 48.0% 2.07e+06 53.9%
[ %63 » Kokkosiparale_for<Kokkos: RangePolicy<Kokkos::Cuda, ArborX:Detais: TreeTraversal<ArborX:..| 1.39€+07 _47.4% | 1.25e407 48.0 | 2.07e406 53.9%
4144 » Kokkos::imp!::ParallelFor<ArborX::Details::TreeT I<ArborX::BoundingVolumeHierarchy<K... | 1.39e+07 47.4% 1.25e+07 48.0% 2.07e+06 53.9%
<108 » 1) s:impl:: h. arallelFor<ArborX::Details::TreeTraversal... | 1.39e+07 47.4% 1.25e+07 48.0% 2.07e+06 53.9%
“717» 1) d himpl<Kokk arallelFor<ArborX::Details::TreeTrav... | 1.39e+07 47.4% 1.25e+07 48.0% 2.07e+06 53.9%
678 » [I] zimpl:: aunchKernelinvo k 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%

486 » [I] _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%

403 » [l cudal aunchKerpelochars 1.39e+07 47.4% 1.25e+07 48.0% 2.07e+06 53.9%

4 216 » <gpu kernel> 1.3%e+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¢7dccbe52b18735fc23021402e20bb.gpubin]: 0 1.39e+07 47.3% 1.64e+05 0.6% 1.25e+07 47.9% 1.31e+05 0.5% 2.07e+06 53.8%
4 loop at [29¢c7dccbe52b18735c23021402e20bb.gpubin): 0 1.37e+@7 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¢7decbe52b187351¢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..
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Troubleshooting: Compiling ArborX with GPU Line Map Info

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

%cmake -DARBORX ENABLE EXAMPLES=true \
-DCMAKE INSTALL PREFIX="pwd /../install \
-DCMAKE _CXX COMPILER=g++ \
-DCMAKE BUILD TYPE=RelWithDebInfo \
~-DCMAKE CXX FLAGS RELWITHDEBINFO="-02 -g -DNDEBUG -lineinfo"
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