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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
e 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




HPCToolkit's Workflow for CPU Applications
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HPCToolkit's Workflow for GPU-accelerated Applications

hpcrun
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HPCToolkit's Workflow for GPU-accelerated Applications

Step 1:

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

e nvcc:-lineinfo

hpcrun
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HPCToolkit's Workflow for GPU-accelerated Applications

Step 2:

Profile
Files
—

Trace

. hpcrun
* hpcrun collects call path profiles (and : P :
. . Profile execution on
optionally, traces) of events of interest » CPUs and GPUs
So'urce | Opt.lmlzed GPU Binary
Files Binary
Compile & Link
hpcstruct
Analyze CPU/GPU
program structure
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profile view

o~
\\ EXASCARLE
) COMPUTING
\ PROJECT

Interpret profile
Correlate w/ source

Files
w

Pr—

y

Program
Structure




Measurement of CPU and GPU-accelerated Applications

e Sampling using timers and hardware counter overflow on the CPU
e Callbacks when GPU operations are launched and (sometimes) completed
e GPU event stream for GPU operations; PC Samples (NVIDIA)




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 c_)nly) Profiles: aggregated on the fly
_ - a calling context tree per GPU

 GPU PC sampling (NVIDIA GPU only) stream

— hpcrun -e gpu=nvidia,pc <app> - instruction level measurements
e CPU and GPU Tracing (in addition to profiling) CPU traces

— hpcrun -e CPUTIME -e gpu=xxx -t <app> - trace of call stack samples
 Use hpcrun with job launchers GPU traces o

— jsrun -n 32 -g 1 -a 1 hpcrun -e gpu=xxx <app> - trace of call stacks that initiate

— srun -n 1 -G 1 hpcrun -e gpu=xxx <app> GPU operations

— aprun -n 16 -N 8 -d 8 hpcrun -e gpu=xxx <app>




HPCToolkit's Workflow for GPU-accelerated Applications

Step 3:

Profile
Files
—

Trace

Files

hpcrun
* hpcstruct recovers program structure - -
b l | dinlined f . > Profile execution on
about lines, loops, and Iinlined tfunctions CPUs and GPUs
So'urce | Opt.lmlzed GPU Binary
Files 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
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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
 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 when NVIDIA PC samples were collected




HPCToolkit's Workflow for GPU-accelerated Applications

Step 4:

* hpcprof/hpcprof-mpi combines
profiles from multiple threads and

correlate metrics to static & dynamic

program structure

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

e Analyze data from modest executions sequentially

hpcprof <measurement-directory>

e Analyze data from large executions in parallel
jsrun -n 2 -a 1 -c 22 -b packed hpcprof-mpi <measurement-directory>

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




HPCToolkit's Workflow for GPU-accelerated Applications

Step 4:
* hpcviewer - interactively explore

hpcrun

profile and traces for GPU-accelerated
applications
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Code-centric Analysis with hpcviewer

000 hpcviewer

Profile: Iulesh—RAJA-parallel,exe1 & Trace: lulesh-RAJA-parallel.exe |

main.c luleshRAJA-parallel.cxx £2 ]forallgeneric.hxx ‘
1183
1184 /: / H H
1185 /* compute the hourglass modes */ L fu nctlon cal Is In fu II context
1186
1187 A::forall<elem_exec_policy>(xdomElemList, [&] (int i2) H H
1188#ifmgf OMg_raiACK -exec_poticy( r 1 ¢ = |n||ned procedures
1189 Real_t hgfx[8], hgfy[8], hgfz[8] ;
1190 #endif H -
source pane * inlined templates
1192
1193 Real_t hourgam@[4], hourgaml([4 hourgam2 [4 hourgam3[4] ; H
1194 Real:t hourgam4{4%: hourgamS {4}: hourgamﬁ{d: hourgam7{4%; L4 Outllned OpenMP IOOpS
1195 Real_t xd1[8], yd1[8], zd1[8] ;
1196
1197 Index_p elemToNode = &nodelist[8xi2]; L4 IOO ps
1198 Index_t i3=8%i2;
GEaTal HETV (1.0) /determli21: »
Top-down view | Bottom-up view | Flat view ‘ﬁ VI eW CO ntrol
e (YRS - Nl
Scope N . REALTIME (usec):Sum (I) v REALTIME (usec):Sum (E)
v 3 Experiment Aggregate Metrics metrlc d Isplay 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 EpadRummd i
6.69¢ t 3 .0%
¥ loop at luleshRAJA-parallel.cxx: 3526 navi ation an e 6.694 me rl C 0 an e 0%
v E»3528: [I] LagrangelLeapFrog(Domain*) g p 6.69¢€ #J.0%
v E»2715: [I] LagrangeNodal(Domain*) 4,11e+08 28.1%
Vv B»1554: [I] CalcForceForNodes(Domain*) 3.91e+08 26.7%
3.88e+08 26.5% 1.00e+03  0.0%
v B1454: [I] CalcHourglassControlForElems(Domain* double* double 2.43e+08 16.6% 1.00e+03 0.0%
¥ E1399: [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%
V¥ |521187: [1] void RAJA::forall<RAJA::IndexSet::ExecPolicy<RAJA::seq_segit, RAJA::omp_parallel_for_exec>, RAJA::IndexSet, CalcFBHourglassForceForElems(int* double* double* double* double* doy 1.04e+08 7.1%
v E405: [I] 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 0.0%
¥ |oop at forall_seq_any.hxx: 498 1.04e+08 7.1% 2.01e+03  0.0%
B505: [I] void RAJA::foraII<CaIcFBHourIassForceForaems(int*, double* double* double* double* double* double* double* double* double* dotﬁ;le*l double*, double* double* double* df 1.04e+08 7.1% 5.97e+04 0.0%
1.03e+08  7.1% 1.69e+05  0.0%
Vloop at forall_omp_any.hxx: 90 1.03e+08 7.0% 1.04e+05 0.0%
v E91: [I] CaIcFBHourIassForceForaems(int* double* double* double* double* double* double* double* double* double* double* double* double* double* double* double* dg 1.03e+08 7.0% 4.81e+07 3.3%
» E»1300: [I] CalcElemFBHourglassForce(double* double* double* double* double* double* double* double* double* double* double* double, double* double* double* 4,40e+07 3.0% 4.40e+07 3.0%
1.11e+07  0.8% 1.44e+06  0.1%
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Understanding Temporal Behavior

e Profiling compresses out the temporal dimension

— Temporal patterns, e.g. serial sections and dynamic load imbalance are invisible in profiles
e 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

(X X ) hpcviewer
Profile: flash3 [. Trace: fIashS} ﬁ @ ﬁ‘*‘ « * — ﬁ' ™ H - = q
Main view | || pepth: 13 : S

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

i1 [ Call stack | Statistics |

flash
driver_evolveflash

hydro
hy_ppm_sweep
eos_wrapped

i

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

_xlddpow

Call stack pane
shows full calling
context for the
cursor

MPI ranks,OpenMP Threads, GPU streams

Mini map

A depth view showing the history of calling contexts for the thread with the cursor

f:\\ o , _ _ _ Minimap indicates part of
E\(\G P = A multi-level call stack based view of execution over time execution trace shown




Case Study: GAMESS

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

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




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

lo] hpcviewer

File view Filter Help
wg Profile: gamess.00.x [® Trace: gamess.00.x [FjProfile: gamess.00.x & Trace: gamess.00.x AR i+ 5 - ~ K& = B8
Main view Depth: 40 - i
Time Range: [@s, 53s] Cross Hair: (29s, RANK @ GPUCONTEXT 1 GPUSTREAM 16) —
IIDVINIASERTIN || N O 0 OO T 0100 (WOLTAT L TKYNWAVOAMATN VAT [ (N NTTRRT (AR (LILTATMTANE | TR TIN O CTRT ORI AT NI TN .11 ) 1000000 OMSEANNR [ 1 JRF0L 8] 1 0 R WINB3  OENL 5011 /WIBNY || Call stack|Statistics|GPU Idleness Blame
l<program root>

main

gamess

brnchx_

energx_

wfn_

launchTarget [libnvomp.sol
launchHXTarget [libnvomp.sol

hxLaunch [libnvomp.so]

launchInternal [libnvomp.sol

rhfcl_
twoel_
ompmod_ompmod_twoel_jk_
I gpu_ompmod_twoei_jk_
| gpu_rhf_jos_ppps_
) 1 VT I | ' | i — __nvomp_target [libnvomp.so]

LI e ]

[I] targetLaunch

IaunchInternal [libnvomp.sol

(U]

<qpu kernel>
nvkernel_gpu_rhf_jos_ppps__F1L575_18_ [305a4090¢

| FE R T E N NN EEEEEEEENE NN REREERNEEE R R R R RRDRD]

bs 35 45 S5 65 7s 85 0s 18s 135 1ks 18s 18s 20s 235 2ks 28s 28s 30s 3lds sks 36s 38s 485 435 ads 465 485 50s s3s
Depth view|Summary view i+ Mini map
N | | N

E\(\E\\)P =LA GAMESS original




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

[®] hpevi
File View Filter Help

er

[ Profile: gamess.00.x @ Trace: gamess.00.x | Profile: gamess.00.x & Trace: gamess.00.x [ Profile: gamess.00.x | Trace

gamess.00.x | [ Profile: gamess.0l.x [ Trace: gamess.0l.x|fgProfile: gamess.00.x | Trace: gamess.00.x = (=
[¢] Select rank to display . . .

@ P2 By K@

: : Check all | | uncheck all | [JRegular expression
Main view : —J Reg P Depth: 40 -

Time Range: [0s, 53s] Cross Hair: (42s, RANK © THREAD 10) .
™ LITINTR BT AR .0 NN 10000 ] A | (WTIT [T TN 100 AL Rl ik (MITHTL L AT 0110 im0 e || call stack|Statistics|GPU Idleness Blame
: -- Ranks or threads I<thread root>
] RANK © GPUCONTEXT 1 GPUSTREAM 16 threadPoolEntryPoint [libnvomp.so]
: FA | GRIOIMITH = CREIREAN 26 hxiExecuteHostTreeBarrierWithTasks [libnvomp.so]
] Riti 2 SAICINTENT 2 GBS % [1] executeHostTreeBarrier
"] RANK 3 GPUCONTEXT 2 GPUSTREAM 26

1!

[I] waitForNeighborThreads
il
1 hxAddresswait [libnvomp.sol
syscall [libc-2.31.s0]
(I @ R e

e

LT | L
1
T ot TR W || oo
Ill‘. e
bs 25 35 45 55 65 75 85 Os 10s 13s 1is 18s 18s 20s 23s 24s 28s 285 30s 3ds 3ls 3és 38s 48s 43s 4ds 465 485 58s 535
Depth view Summary view i+ Mini map

=

EL P =5 GAMESS original




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

[#] hpcviewer

File View Filter Help

Frg Profile: gamess.00.x A PRI D4 By a8 = 8

% Trace: gamess.00.x

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

Depth: 40 - s

call stack[statistics]GPU Idleness Blame[

l <program root>
1 main

gamess

brnchx_

energx_

wn_
rhfel_
twoel_

ompmod_ompmod_twoei_jk_
gpu_ompmod_twoei_jk_
gpu_rhf_jo6_pppp_
__nvomp_target [libnvomp.sol

launchTarget [libnvomp.sol
launchHXTarget [libnvomp.sol

hxLaunch [libnvomp.so]

launchInternal [libnvomp.sol

LaunchInternal [libnvomp.sol
<gpu kernel>
nvkernel_gpu_rhf_j06_pppp_ F1L686_22_ [305a4090:

bs B

T
8s

Depth view| Summary view Mini map
———
| |

E\(\E})F’ S GAMESS original




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

[®] hpcviewer 2]
File View Filter Help

i
FgpProfile: gamess.ee.xll Trace: gamess.00.x

A PO D4 I HyEAy BE =

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

8
‘Depth: 40 - £ ‘

call stacklstatistics[GPU Idleness Blame[

I <program root>
I 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.sol
launchHXTarget [libnvomp.so]

hxLaunch [libnvomp.so]

launchInternal [libnvomp.so]

[I] targetLaunch

launchInternal [libnvomp.so]

<gpu kernel>
nvkernel_gpu_rhf_j06_pppp__F1L686_22_ [305a4090

25.3s 2565 25.8s 26s 26125 26.4s  26.6s  26.8s 27s 27125 27.4s  27.6s  27.8s 28s. 2812s  28'4s  28.6s  28.8s

E\(\i\\)F’ S GAMESS original




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

File View Filter Help

fgprofile: gamsss.ee.x‘aTrace: gamess.ee.x‘@l’rofile: gamess.ee.x‘aTrace: gamess.ﬂe.x‘Profile: gamess.00.x | Trace: gamess.eﬂ.x}@l’rofile: gamess.el.x‘aTrace: gamess.el.x‘@l’rofile: gamess.ﬂe.x‘aTracs: gamess.ee.x‘ = =

tgpu_ompmod_spd.F90 ‘[Plot graph] gpu_rhf_j16_dppp_: GPUOP (sec) (I) ‘tgpu_ompmud_ﬁp.FQG ‘[Plut graph] gpu_rhf_jeé_pppp_: GPUOP (sec) (I) Eﬁ‘gamess.F ‘
[Plot graph]l gpu_rhf_j06_pppp_: GPUOP (sec) (I)

1.0E1

8.0ED -

6.0E0 -

4.0E0

Metric Value

2.0E0

0.0ED L S i Bt SRl e Ty S ) - e 8- o -8 0 8 -8 o 8 o 0 s o o D T . S TR TR S RO Sy S ] - e -9 o o 9o 8 9 o o . . . o . .

Rank.Thread

Top-down view‘Buttom-up view| Flat view‘
16 E WME A o~ ul~id
REALTIME (sec): Sum (I) REALTIME (sec): Sum (E) GPUOP (sec): Sum (I) GPUOP (sec): Sum (E) GKER (sec): Sum (I) GKER (sec): Sum (E) GXCOPY (sec): Sum (I) GXCOPY (sec): Sum (E)

4 Experiment Aggregate Metrics 3.48e+03 100.0% 3.48e+03 100.0% 1.66e+02 100.0% 1.66e+02 100.0% 1.66e+02 100.0% 1.66e+02 100.0% 2.64e-01 100.0% 2.64e-01 10
4 <program root= 2.04e+02  5.9% 1.66e+02 100.0% 1.66e+02 100.0% 2.64e-01 100.0%
4 » main [gamess.00.x] 2.04e+02  5.9% 1.66e+02 100.6% 1.66e+02 100.0% 2.64e-01 100.0%
4 » gamess 2.04e+02  5.9%% 1.66e+02 100.6% 1.66e+02 100.0% 2.64e-01 100.6%
4 772 » brnchx_ 2.03e+02  5.8% 1.66e+02 100.06% 1.66e+02 100.0% 2.64e-01 100.06%
4 1095 » energx_ 2.03e+02  5.8% 1.66e+02 100.0% 1.66e+02 100.0% 2.64e-01 100.06%
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 1.97e+02 5.7% 1.66e+02 100.6% 1.66e+02 100.0% 2.64e-01 100.0%
4 loop at gamess.F: 1436 1.97e+02  5.7% 1.66e+02 100.6% 1.66e+02 100.0% 2.64e-01 100.6%
4 1440 » win_ 1.97e+02 5.7% 1.66e+02 100.06% 1.66e+02 100.6% 2.64e-01 100.6%
4 loop at gamess.F: 2645 1.97e+02 5.7% 1.66e+02 100.06% 1.66e+02 100.0% 2.64e-01 100.06%
4 2568 » rhfcl_ 1.97e+02 5.7% 1.04e-02 0.0% 1.66e+02 100.0% 1.66e+02 100.0% 2.64e-01 100.06%
4 loop at rhfuhf.f: 2678 1.96e+02 5.7% 5.25e-03 0.8% 1.66e+02 100.0% 1.66e+02 100.0% 2.64e-01 100.0%
4 loop at rhfuhf.f: 2723 1.96e+02 5.6% 1.66e+02 100.6% 1.66e+02 100.0% 2.64e-01 100.06%
4 loop at rhfuhf.f: 2723 1.96e+02 5.6% 1.66e+02 100.6% 1.66e+02 100.6% 2.64e-01 100.06%
4 2859 » twoei_ 1.69e+02  4.9%% 1.66e+02 100.06% 1.66e+02 100.0% 2.64e-01 100.06%
4 3994 » ompmod_ompmod_twoei jk_ 1.69e+02 4.9% 1.66e+02 100.0% 1.66e+02 100.0% 2.64e-01 100.06%
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%
p 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%

/~ \ EXASCALE . .
l;\)lz’ EEeie GAMESS original




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

File View Filter Help

[ Profile: gamess.00.x [ Trace: gamess.00.x [ Profile: gamess.00.x B Trace: gamess.00.x A bIc 5 v > Bl&@ = O

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

0 OO 000 0B ROE WAL LRL L0 fn o (| Call stack|Statistics|GPU Idleness Blame

| L] m e |

LT RUTTUN JUTTE (TR W VYT LTS AACNRRIT T O R ML R TR T R 1T U TN LI [} LR IR RURTRITUN Y TS liuri RN

. <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]
hxLaunch [libnvomp.so]

launchInternal [libnvomp.so]

[I] targetLaunch

IaunchInternal [libnvomp.so]

| E R E R N R RN ESNEEEENENE N R R R R R R ENERRRRNNDRHRN.]

LIl | ‘ ] Ilbcuda.50.515.48.07@0x298c36
Ilbcuda.90.515.48.07@0x134400

Iibcuda.50.515.48.07@0x48d0d5

libcuda.so.515.48.07@0x25985b

libcuda.so0.515.48.07@0x16ebf6

libcuda.so.515.48.07@0x4b612e

libcuda.so.515.48.07@0x4b42ee

bs 25 35 45 55 6s 75 85 95 1is s 13s 17s 185 21s 23s 285 27s 28s sls 3is 38s 37s 38s 41s 43s 485 47s 49s il cac an ooioiacon o

Depth view|Summary view i+ Mini map

E(CP e | GAMESS improved |




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

[®] hpc
File View Filter Help

g profile: gamess.eﬂ.x‘ﬂTrace: gamess.GG.x‘ErﬂProfile: gamess.ﬂe.x‘@Trace: gamess.00.x

PO P4 HyAEy P =B

Ma1in view‘

Time Range: [0s, 54s] Cross

Hair: (27s, RANK 2 GPUCONTEXT 2 GPUSTREAM 26)

Depth: 39 -

call stack‘Statistics‘GPU Idleness B'Lame‘

I <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.sol
launchHXTarget [libnvomp.sol

hxLaunch [libnvomp.sol

launchTnternal [libnvomp.so]

launchInternal [libnvomp.sol
<gpu kernel>
nvkernel_gpu_rhf_jo6_pppp__F1L682_22_ [dca3e950¢

bs 25 35 45 55 65 75 Bs 215 23s 28s 27s 285
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Time-centric Analysis: GAMESS 4 ranks, 4 GPUs on Perlmutter

[®] hpcvi r
File Vview Filter Help
[ Profile: gamess.ea.x‘gTrace: gamess.ae.x’@l’rofile: gamess.ﬂe.x‘ﬂTrace: gamess.oe.x‘ a4 PeH+i- &4 4 BHy@Ey P = 0
Main view‘ Depth: 19 . 4
Time Range: [22.55s, 29.56s] Cross Hair: (23.88s, RANK 3 GPUCONTEXT 2 GPUSTREAM 26) —
call stack‘statistics‘GPU Idleness Blame‘
l<prngram root=
main
gamess
brnchx_
energx_
wfn_
rhfcl_
twoei_
ompmod_ompmod_twoel_jk_
gpu_ompmod_twoei_jk_
gpu_rhf_jo6_pppp_
__nvomp_target [libnvomp.so]
launchTarget [libnvomp.so]
launchHXTarget [libnvomp.sol
hxLaunch [libnvomp.so]
launchInternal [libnvomp.sol
[I] targetLaunch
launchInternal [libnvomp.sol
<gpu kernel>
I I _ - nvkernel_gpu_rhf_j06_pppp__F1L682_22_ [dca3e950«

23,65 23s T23l2s 236s 2ds 24025 24165 285 25.2s 25'6s 265 26125 26165 27s 2702s 2706s 28s 2825 28'6s 28s 20025 29
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Depth view|Summary view i+ 1=
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Time-centric Analysis: GAMESS 4 ranks, 4 GPUs on Perimutter

[®] hpcviewer

File view Filter Help

g Profile: gamess.00.x [ Trace: gamess.00.x [ Profile: gamess.00.x | Trace: gamess.00.x [P Profile: gamess.00.x & Trace: gamess.00.x [FProfile: gamess.@l.x @ Trace: gamess.0l.x [FJProfile: gamess.00.x| @ Trace: gamess.00.x

tgpu_ompmod_sp.Fo0 [Plot graph] gpu_rhf_je6_pppp_: GPUOP (sec) (I) 23‘

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

8.0E0
.
g .
2 6.0E0 .
]
=
© 4
Y 4.0E0
-
o
& 2. oE0
0.0E0 L s N e e . - s 8- 0 8 0 0 s 0 6 s 0 0 0 o o * s -8 8- 8 8.0 s 8 6 0 o 0 0 o8 e e s 8 o 0 s o o o . . . . .
T T T T T T T T T T T T T T T T T T T T T T T T
0 1 2 3 4
Rank.Thread

Top-down view‘Bottom-up view‘Flat view‘

3G FE MB A~ nl~vid
[scope — [REATI¥E (sec): Sum (I) REALTIME (sec): Sum (E) GPUOP (sec): Sum (I) GPUOP (sec): Sum (E) GKER (sec): Sum (I) GKER {sec): Sum (E) GXCOPY {sec): Sum (I} GXCOPY (sec): Sum (E)

4 » main [gamess.00.x] 2.09e+02  5.9% 1.67e+62 100.0% 1.67e+62 100.0% 2.642-01 100.0%
4 » gamess 2.00e+02  5.9% 1.67e+02 100.0% 1.67e+02 100.0% 2.64e-01 100.0%
4772 » brnchx_ 2.08e+02  5.8% 1.67e+02 100.0% 1.67e+02 100.0% 2.64e-01 100.0%
41095 » energx_ 2.08e+02  5.8% 1.67e+02 100.0% 1.67e+02 100. 2.64e-01 100.0%
4 loop at gamess.F: 1316 2.08e+02  5.8% 1.67e+62 100.0% 1.67e+62 100.0% 2,642-01 100.0%

4 loop at gamess.F: 1436 2.01e+02  5.7% 1.67e+02 100.0% 1.67e+02 100.0% 2.642-01 100.0%

4 loop at gamess.F: 1436 2.0le+02  5.7% 1.67e+02 100.0% 1.67e+02 100.0% 2.64e-01 100.0%
41440 » win_ 2.0le+02  5.7% 1.67e+02 100.0% 1.67e+02 100.0% 2.64e-01 100.0%

4 loop at gamess.F: 2645 2.01le+02 5.7% 1.67e+02 100.6% 1.67e+02 100.6% 2.64e-01 100.6%

4 2568 » rhfcl_ 2.01e+02  5.7% 2.06e-62  0.0% 1.67e+62 100.0% 1.67e+62 100.0% 2.642-01 100.0%

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

4 loop at rhfuhf.f: 2723 2.0le+02  5.6% 1.67e+02 100.0% 1.67e+02 100.0% 2.64e-01 100.0%

4 loop at rhfuhf.f: 2723 2.01e+02  5.6% 5.34e-03  0.0% 1.67e+02 100.0% 1.67e+02 100.0% 2.64e-01 100.0%

4 2850 » twoei_ 1700402 4.8% 1.67e+62 100.0% 1.67e+62 100.0% 2,642-01 100.0%

43994 » ompmod_ompmod_twoei_jk_ 1.70e+02  4.5% 1.67e+02 100.0% 1.67e+62 100.0% 2.642-01 100.0%

4 246 » gpu_ompmod_twoei_jk_ 1.70e+02  4.8% 1.67e+02 100.0% 1.67e+02 100.0% 2.64e-01 100.0%

P 656 » opu_rhf_j16_dppp_ 2.99e+01  0.8% 2.98e+01 17.8% 2.98e+01 17.9% 1.08e-02 4.1%

P 584 » opu_rhf_jo5_ppps_ 2.67e+01  0.7% 1.50e-62  0.0% 2.66e+01 15.9% 2,66e+01 16.0% 9.56e-03  3.6%

P 631 » opu_rhf_j11_dpps_ 1.57e+01  0.4% 2.50e-02  0.0% 1.57e+01  9.4% 1.57e+01  9.4% 1.08e-02 4.1%

P 579 » opu_rhf_jo4_psps_ 1.22e+401 0.3% 1.22e+01  7.3% 1.22e+01 7.3% 9.87e-03  3.7%

b 671 » opu_rhf 19 dpdp 7.76e+00  0.2% 5.00e-03  0.0% 7.77e+00  4.6% 7.76e+00  4.6% 9.9%-03  3.8%
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Time-centric Analysis: GAMESS|5 nodes, 40 ranks, 20 GPUs|on Perimutter

{#] hpcviewer

2]
File View Filter Help
" Profile: gamess.00.x |# Trace: gamess.00.x [ Profile: gamess.00.x [ Trace: gamess.00.x [#Profile: gamess.00.x #& Trace: gamess.00.x A i+ 5 v - M= = B8
Main view Depth: - = 1
Time Range: [8s, 318s] Cross Hair: (260s, NODE 931177797 RANK 19 THREAD @) e

Call stack|Statistics GPU Idleness Blame
e

twoei_

ompmod_ompmod_twoel_jk_
gpu_ompmod_twoei_jk_

L il

] gpu_rhf_j06_pppp_
_.___l___..-_l(_:..*....__u._!__.1._...____.— I - — __nvomp_target [libnvomp.so]
I

| |
‘ H-'"'-'-'H_"---" launchTarget [libnvomp.sol
i - e launchHXTarget [libnvomp.sol
hxLaunch [libnvomp.so]

launchInternal [libnvomp.sol

-I_ [I] targetLaunch
Il- launchInternal [libnvomp.so]

Ilbcuda.50.515.48.07@ﬂx298caﬁ
.07@0x134400
.07@0x48dods
.07@0x25985b
.07@0x16ebf6
.07@0x4b612e
.07@0x4b42ee
.07@0x1501cd
.07@0x3ce710

libcuda.s0.515.4
I libcuda.s0.515. 4
| libcuda.so0.515. 4

@ »® o

libcuda.s0.515. 4
libcuda.s0.515. 4
I libcuda.s0.515.4
I libcuda.s0.515. 4
libcuda.s0.515. 4

© @ ® o

=

bs 185 285  3ds  4bds  sbs  ebs 76s 88s 9ds 10bs 11bs 12bs 13bs 14bs 156s 160s 170s 186s 1905 200s 210s 220s 230s 240s 250s 260s 270s 280s 290s 3005 310s
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Time-centric Analysis: GAMESS 5 nodes, 40 ranks, 20 GPUs on Perimutter

File view Filter Help

l@Profile: gamess.00.x |# Trace: gamess.00.x [FProfile: gamess.00.x Trace: gamess.00.x [FgProfile: gamess.00.x [ Trace: gamess.00.x

i

E 244 HYyEy Ko

Main view]

Time Range: [0s

'

Depth: ‘ 42 - ‘ ‘

call stack}statisticslGPU Idleness Blamel

puLIni_Ls_

aocpeg_dynl_

aocptd_dyn_

cpdyn_ambx_

twoei_cphfdyn_amb_
twoei_cphfdyn_omp_twoei_cphfdyn_amb_omp_
gpu_ompmod_tdhf_amb_gpu_twoei_cphfdyn_amb_omp_
gpu_tdhf_amb_j06_pppp_

__nvomp_target [libnvomp.sol

launchTarget [libnvomp.so]

launchHXTarget [libnvomp.sol

hxLaunch [libnvomp.so]

launchInternal [libnvomp.sol

[I] targetLaunch

launchInternal [libnvomp.sol

<gpu kernel>

nvkernel_gpu_tdhf_amb_j©6_pppp_ F1L649 22  [831

126s

96s 106s 110s 13bs

@
w

14bs  150s 160s 170s 180s 1965 208s 2105 2205 23

24bs

250s

2605

Depth view| Summary view

EXASCALE
COMPUTING
PROJECT

E\(\E\\F’ GAMESS improved




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

[®] hpcviewer

File View Filter Help
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% Trace: gamess.00.x
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Time-centric Analysis: GAMESS 5 nodes, 40 ranks, 20 GPUs on Perimutter

l®] hpcviewer

File View Filter Help

I@Profile: gamess.00.x |# Trace: gamess.00.x [/ Profile: gamess.00.x

% Trace: gamess.00.x [ Profile: gamess.ﬂe.x{gTrace: gamess.00.x

FrgProfile: gamess.el.x‘gTrace: gamess.al.x‘ = (m]

AR IR SR R R © N~
Main view‘ Depth: 47 - +
Time Range: [0s, 485s] Cross Hair: (20s, NODE 931145794 RANK © GPUCONTEXT 1) —
Ml | N0 0 0O 0 O RO 00 RO OO0 000 ) 0 0 O o+ eGP0 X6Leness slane]
LI LD O L L B ¥ N | L] 1] | -
| LR UUEEERRREUEEURECERPERRRER VR TRTEEFERRrnnL Il | .
I AANNRRUNINA DCTRORRED ] ] ] | foox
I AL NNNANARTRRNNE | ] If
| A A AR brmche_
| LRI RN
LN | \||1

| ‘ energx_
‘ ‘ | win_
l | rhfcl_

twoei_

I ompmod_ompmod_twoei_jk_

gpu_ompmod_twoel_jk_

|
|
| | gpu_rhf_jos_pppp_
| __nvomp_target [libnvomp.sol

| launchTarget [libnvomp.so]

} launchHXTarget [libnvomp.so]
| | | | ‘ | hxLaunch [libnvomp.sol

|

|

it}
ULTNDALRLTRY

launchInternal [libnvomp.sol

[I] targetLaunch
IIaunchInternal [libnvomp.sol

i [T

| T T
LHLRLEAALRLLL]

I TR

I NATTTERELR

bs 205 485 60, 80s 1005 126s 14bs 160s 180 2005 226s 24bs 260s 280s 3005 320s 34bs 3605 380s 40bs | 42bs 440s 4605 480s

<gpu kernel>

‘ ‘ ‘ ‘ ‘ ‘ nvkernel_gpu_rhf_jo6_pppp_ F1L682_22_ [507aded9:

E\(\Cm:’ = IGAMESS improved adding Rank 0 Thread 0 to GPU streamsl




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

r

[®] hpcvi

2|
File vView Filter Help
g Profile: gamess.00.x @ Trace: gamess.00.x [ Profile: gamess.00.x & Trace: gamess.00.x [#fProfile: gamess.00.x @ Trace: gamess.00.x [ Profile: gamess.0l.x [ Trace: gamess.0l.x [/ Profile: gamess.00.x | Trace: gamess.00.x = 0

@ PPHE €4 $ HyE~ =

Ma1in view}

Time Range: [15.37s, 24.24s] Cross Hair: (21.68s, NODE 931145794 RANK © THREAD 0)
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LI \HH\|

T | A
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2178s 2225 22.6s 235 23las  23lss 2425 ||

Depth: ‘ 47 - ’

call stack]statisticslGPU Idleness Blamel

<program root>
main

gamess

fmox_
monoscf_
brnchx_
energx_

win_

rhfcl_
tftrib_

mtarbr_

__sci_daxpy_ [libsci_nvidia_mp.so0.5.0]
openblas_daxpy__naples [libsci_nvidia_mp.s0.5.0

openblas_daxpy_k_naples [libsci_nvidia_mp.so.5.

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

File Vview Filter Help

FrgProfile: gamess.00.x [ Trace: gamess.00.x [/ Profile: gamess.00.x W& Trace: gamess.00.x [jProfile: gamess.00.x [ Trace: gamess.00.x [/ Profile: gamess.0l.x @& Trace: gamess.0l.x =
mthlib.f &8
1 END
c
C*MODULE MTHLIB *DECK MTARBR
SUBROUTINE MTARBR(A,NA,B,MB,AB,NAB, INCA)
c
use omp_lib
C
IMPLICIT DOUBLE PRECISION{A-H,0-Z)
C
DIMENSION A(*),B(NA,MB),AB(NAB,MB)
PARAMETER (ZER0=0.0D+00) I

C* 31 OCT 1979

C*FUNCTION - TO MULTIPLY SYMMETRIC MATRIX A
TIMES RECTANGULAR MATRIX B AND GET RECTANGULAR MATRIX AB
c#
C#PARAMETERS
[ A - THE INPUT REAL SYMMETRIC MATRIX OF ORDER NA
STORED IN SYMMETRIC STOAGE MODE

B - THE INPUT REAL NA BY MB RECTANGULAR MATRIX
NA - THE ORDER OF MATRIX A

MB - THE COLUMN DIMENSION OF MATRICES B AND AB
AB - THE OUTPUT PRODUCT NA BY MB MATRIX

NAB - THE INPUT ROW DIMENSION OF MATRIX AB

INCA - ADDRESS DIFFERENCE OF TWO ADJACENT ELEMENTS OF A
INC=INCA
PROCESS DIAGONAL ELEMENTS OF INPUT MATRIX A

IJ=1-INC
DO 120 I=1,NA
I1=I1+I*INC
AIl=A(1])
DO 110 K=1,MB
AB(I,K)=AIJ*B(I,K)
110 CONTINUE
120 CONTINUE
IF(NA.EQ.1) RETURN

PROCESS OFF-DIAGONAL ELEMENTS OF INPUT MATRIX A

11=1-INC
DO 156 I=2,NA
1J=IJ+INC
IM1=I-1
DO 140 J=1,IM1
1J=IJ+INC
AIJ=A(IJ)
IF(AIJ.EQ.ZERO) GO TO 140
CALL DAXPY(MB,AIJ,B(I,1),NA,AB(J,1),NAB)
CALL DAXPY(MB,AIJ,B(J,1),NA,AB(I,1),NAB)
140 CONTINUE
156 CONTINUE
RETURN
END

‘Top-down view‘Bottum»up view‘Flat view
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Time-centric Analysis: GAMESS 5 nodes, 40 ranks, 20 GPUs on Perimutter

File Vview Filter Help

FrgProfile: gamess.00.x [ Trace: gamess.00.x [/ Profile: gamess.00.x W& Trace: gamess.00.x [jProfile: gamess.00.x [ Trace: gamess.00.x [/ Profile: gamess.0l.x @& Trace: gamess.0l.x =
mthlib.f &8
1 END
c
C*MODULE MTHLIB *DECK MTARBR
SUBROUTINE MTARBR(A,NA,B,MB,AB,NAB, INCA)
c
use omp_lib
C
IMPLICIT DOUBLE PRECISION{A-H,0-Z)
DIMENSION A(*),B(NA,MB),AB(NAB,MB)
PARAMETER (ZER0=0.0D+00) I
C* 31 OCT 1979
(3
C*FUNCTION - TO MULTIPLY SYMMETRIC MATRIX A
cx* TIMES RECTANGULAR MATRIX B AND GET RECTANGULAR MATRIX AB
(3
C*PARAMETERS
c* A - THE INPUT REAL SYMMETRIC MATRIX OF ORDER NA
STORED IN SYMMETRIC STOAGE MODE.
B - THE INPUT REAL NA BY MB RECTANGULAR MATRIX
NA - THE ORDER OF MATRIX A
MB - THE COLUMN DIMENSION OF MATRICES B AND AB
AB - THE OUTPUT PRODUCT NA BY MB MATRIX
NAB - THE INPUT ROW DIMENSION OF MATRIX AB

INCA - ADDRESS DIFFERENCE OF TWO ADJACENT ELEMENTS OF A
INC=INCA
PROCESS DIAGONAL ELEMENTS OF INPUT MATRIX A

IJ=1-INC
DO 120 I=1,NA
I1=I1+I*INC
AIl=A(1])
DO 110 K=1,MB
AB(I,K)=AIJ*B(I,K)
110 CONTINUE
120 CONTINUE
IF(NA.EQ.1) RETURN

11=1-INC
DO 156 I=2,NA
1J=IJ+INC
IM1=I-1
DO 140 J=1,IM1
1J=IJ+INC
AIJ=A(1J)
IF(AIJ.EQ.ZERO) GO TO 140
CALL DAXPY(MB,AIJ,B(I,1),NA,AB(J,1),NAB)
CALL DAXPY(MB,AIJ,B(J,1),NA,AB(I,1),NAB)
140 CONTINUE
) 150 CONTINUE
1109 RETURN

LS

‘Top-down view‘Bottum»up view‘Flat view
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Time-centric AnaIyS|sGAMESS5nodes4O ranks, 20 GPUs on Perimutter

1097 I]J=1-INC
1098 DO 150 I=2,NA |
1099 IJ=IJ+INC

1100 IM1=I-1

1101 DO 1408 J=1,IM1

1102 I1=IJ+INC

1103 AIJ=A(I])

1164 IF{AIJ.EQ.ZERO) GO TO 140

1185 CALL DAXPY(MB,AIJ,B(I,1),NA,AB(J,1),NAE)
1106 CALL DAXPY(MB,AIJ,B(J,1).NA,AB(I,1),NAB)
1187 146 CONTINUE

11808 150 CONTINUE

1109 RETURN

1110 END




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

File View Filter Help

B B | . [ - -
g Profile: gamess.ee.x’gTrace: gamess.00.x [ Profile: gamess.00.x [ Trace: gamess.aa.xl@Profﬂe: gamess.ae.x’gTrace: gamess.ee.x‘@Profﬂe: gamess.el.x‘gTrace: gamess.el.x‘@Profﬂe: gamess.eﬂ.x‘gTrace: gamess.ae.x‘ = (=

gpu_dirfck_tdhf.F90 tgpu_ompmod_tdhf_apb_sp.F90 &3 ‘Metric properties ‘

643 NQUARTS=niijj*(niijj+1)/2
644 call gpu_mpi_slice_nshell(nproc,NQUARTS,me,nshell_start_, nshell_end_)

LPOPI=64; LPOP1=16; LPOPK= 4: LPOPL= 1:
I$omp target data map(to:N_BRA,XINT_BRA)

%0\ Sonp_target teans distribute parallel do sind &]
I$omp num_teams (nteams) thread_limit(limitthread) &

150mp private(i_tmp,iijjkkll,i1jj_tmp,kkll_tmp) &

private(iijj,kkll,ii_TMP,jj_TMP,kk_TMP,11_TMP) &

private(ii,jj.kk,11) &

shared(N_BRA) &

shared (XINT_BRA) private(IQUART) &

shared(IA,DA) &

shared(CO,KTYPE,KLOC, KMIN,KMAX, KSTART, KNG, EX,CS,CP) &

shared (RFINC, FGRID, XGRID,RMR, CMAX] &

shared(FA) &

private(gpople) & I
reduction(+:nintn)

IQUART=nshell_start_, nshell_end_

iiiikkll = IOUART-1

Top-down view‘Buttom—up view| Flat view‘
46 F MB A~ -
e Gin D) e © | OSSAY S D) OSSN S (0 GISSTLOBk Sn (D) G 0Bk Sn B [GoAior Ga (D) | Gapiop:

4 loop at cphi_taonlr.T: 192 7. toeri Z.ble+ld Z.1%e+14 J5. 5% 7. 1le+l
4 184 » aocptd_dyn_ 2.85e+14 75.7% 2.67e+14 75.T% 2.12e+14 75.7% 7.11e+10 59.3%
4 610 » cpdyn_aphx_ 1.53e+14 40.6% 1.44e+14 40.7% 1.17e+14 41.5% 3.8le+10 31.8%
4 536 » twoel_cphfdyn apb_ 1.53e+14 40.6% 1.44e+14 40.7% 1.17e+14 41.5% 3.8le+10 31.8%
4 1224 » twoei_cphfdyn_omp_twoei_cphfdyn_apb_omp_ 1.53e+14  40.6% 1.4de+14 40.7% 1.17e+14 41.5% 3.8le+10 31.8%
4174 » gpu_ompmod_tdhf_apb_gpu_twoei_cphfdyn_apb_omp_ 1.53e+14  40.6% 1.4de+14 40.7% 1.17e+14 41.5% 3.81e+10 31.8%
4 352 » gpu_tdhf_apb_j06_pppp_ 1.16e+14 30.8% 1.11e+14 31.5% 9.37e+13 33.4% 2.88e+10 24.1%
4 689 » __nvomp_target [Llibnvomp.so] 1.16e+14 30.8% 1.11e+14 31.5% 9.37e+13 33.4% 2.88e+10 24.1%
4 1294 » launchTarget [libnvomp.so] 1.16e+14 30.8% 1.11le+14 31.5% 9.37e+13 33.4% 2.88e+10 24.1%
4 1189 » launchHXTarget [libnvomp.so] 1.16e+14 30.8% 1.11e+14 31.5% 9.37e+13 33.4% 2.88e+10 24.1%
4 437 » hxLaunch [libnvomp.so] 1.16e+14 30.8% 1.11e+14 31.5% 9.37e+13 33.4% 2.88e+10 24.1%
4 163 » launchInternal [libnvomp.sol 1.16e+14 30.8% 1.11e+14 31.5% 9.37e+13 33.4% 2.88e+10 24.1%
4 573 » [I] targetlaunch 1.16e+14 30.8% 1.1le+14 31.5% 9.37e+13 33.4% 2.88e+10 24.1%
4 525 » launchInternal [libnveomp.so] 1.16e+14 30.8% 1.11e+14 31.5% 9.37e+13 33.4% 2.88e+10 24.1%
4 3682 » <gpu kernel= 1.16e+14 30.8% 1.11e+14 31.5% 9.37e+13 33.4% 2.88e+10 24.1% 2.88e+
4 loop at topu_ompmod_tdhf_aph_sp. o] 1.05e+14 28.0% 6.86e+10 . 1.0le+14 28.5% 6.28e+10  0.0% 9.37e+13 33.4% 4.2%9e+10
4 685 » mod_dirfck_tdhf_apb_gpu_genr70_dirfck_tdhf apb_... 6.5%9e+13 17.5%  6.59%e+13 17.5% 6.31e+13 17.9% 6.31e+13 17.9% 5.99e+13 21.3% 5.99e+13
4 loop at gpu_dirfck_tdhf.Foe: 135 6.47e+13 17.2% 6.47e+13 17.2% 6.21e+13 17.6% 6.21e+13 17.6% 5.90e+13 21.0% 5.90e+13
gpu_dirfck_tdhf.Foe: 137 1.1%e+13  3.2% 1.1%+13  3.2% 1.14e+13  3.2% 1.14e+13  3.2% 1.10e+13  3.9%% 1.10e+13
gpu_dirfck_tdhf.Foe: 141 1.07e+13  2.9%% 1.07e+13  2.9%% 1.03e+13  2.9%% 1.03e+13  2.9%% 9.95e+12  3.5% 9.95e+12
gpu_dirfck_tdhf.Fon: 147 9.66e+12  2.6% 0.66e+12  2.6% 9.35e+12  2.7% 9.35e+12  2.7% 9.00e+12  3.2% 9.00e+12

E\(\I;‘F’ R GAMESS improved with PC Sampling




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

[®] hpcvi
File View Filter Help

er

FrdProfile: gamess.00.x [ Trace: gamess.00.x [#Profile: gamess.00.x | Trace: gamess.00.x [FProfile: gamess.00.x [ Trace: gamess.00.x [ Profile: gamess.01.x [ Trace: gamess.@l.x [ Profile: gamess.00.x| @ Trace: gamess.00.x = [al
|
gpu_dirfck_tdhf.Foe ‘tgpu_ompmud_tdhf_apb_sp.FQB b ‘Metric properties ‘
_P_SHL{ii_TMP)
“PTSHL(§3_TMP)
P SHL (kk_THP)
“PTSHL(LL_THP)
call GPU_GENR70_jtype6(0Q04,II,]],KK,LL,CO,KSTART, KNG,&
EX,CS,CP,CMAX, RFINC, FGRID, XGRID,RMR, gpople, EI1, EI2, CUX,RXINC, TMAX)
call GPU GENR70 dirfck tdhf APB(IA,D. NXYZ,IT L, ONE, ONE, &
CUTOFF,KLOC,KMIN,KMAX,L1,L2,LPOPI,LP! »LPOPK, LPO LE)
END DO
I5omp end target teams distribute parallel do simd
Isomp end target data
deallocate(N_BRA,XINT_BRA)
return
END I

Top-down view‘Bottom—up view‘Flat view‘

T4+ 6 fE WMEB A&~ -~
GINS: Sum (I) GINS: Sum (E) GINS:STL_ANY: Sum (I) GINS:STL_ANY: Sum (E) GINS:STL_GMEM: Sum (I) GINS:STL GMEM: Sum (E) GSAMP:EXP: Sum (I) GSAMP:EXP: Su
Z.8be+ld /5.5 Z.bje+ld /5.5 Z.lze+ld /5.1 f.1lle+l 59.3%

4 Lloop at cph_tdanlr.T: 192
4 184 » aocptd dyn_ 2.85e+14 T75.7% 2.67e+14 75.7% 2.12e+14 75.7% 7.1le+10 59.3%
4 610 » cpdyn_apbx_ 1.53e+14 40.6% 1.44e+14 40.7% 1.17e+14 41.5% 3.8le+10 31.8%
4 536 » twoei_cphfdyn apb_ 1.53e+14 40.6% 1.44e+14 40.7% 1.17e+14 41.5% 3.8le+10 31.8%
41224 » twoei_cphfdyn_omp_twoei_cphfdyn_apb_omp_ 1.53e+14 40.6% 1.44e+14 40.7% 1.17e+14 41.5% 3.81e+10 31.8%
4174 » gpu_ompmod_tdhf_apb_gpu_twoei_cphfdyn_apb_omp_ 1.53e+14 40.6% 1.44e+14 40.7% 1.17e+14 41.5% 3.81e+10 31.8%
4 352 » gpu_tdhf_apb_j06_pppp_ 1.16e+14 30.8% 1.1le+14 31.5% 9.37e+13  33.4% 2.88e+10 24.1%
4 689 » __nvomp_target [Libnvomp.so] 1.16e+14 30.8% 1.11e+14 31.5% 9.37e+13 33.4% 2.88e+10 24.1%
4 1294 » launchTarget [libnvomp.so] 1.16e+14 30.8% 1.11e+14 31.5% 9.37e+13 33.4% 2.88e+10 24.1%
4 1189 » launchHXTarget [libnvomp.so] 1.16e+14 30.8% 1.11e+14 31.5% 9.37e+13 33.4% 2.88e+10 24.1%
4 437 » hxLaunch [libnvomp.so] 1.16e+14 30.8% 1.11e+14 31.5% 9.37e+13 33.4% 2.88e+10 24.1%
4 163 » launchInternal [libnvomp.so] 1.16e+14 30.8% 1.1le+14 31.5% 9.37e+13 33.4% 2.88e+10 24.1%
4 573 » [I] targetLaunch 1.16e+14 30.8% 1.11e+14 31.5% 9.37e+13 33.4% 2.88e+10 24.1%
4 525 » launchInternal [libnvomp.so] 1.16e+14 30.8% 1.11e+14 31.5% 9.37e+13 33.4% 2.8Be+10 24.1%
4 3682 » <gpu kernel> 1.16e+14 30.8% 1.11e+14 31.5% 9.37e+13 33.4% 2.8Be+10 24.1% 2.8Be+

4 » nvkernel_gpu_tdhf_apb_j®6_pppp_ F1L643_22  [831125d7925... 1.16e+14 30.8% 1.07e+13  2.9% 1.11e+14 31.5% 1.06e+13  3.0% 9.37e+13 33.4% 4.46e+10  0.06%

4 loop at topu_ompmod_tdhf_apb_sp.F90: © 1.05e+14 28.0% 6.86e+10  0.0% 1.0le+14 28.5% 6.28e+10  0.0% 9.37e+13 33.4% 4.29e+10  0.06%

4 loop at gpu_dirfck _tdhf.Foo: 135 6.47e+13 17.2% 6.47e+13 17.2% 6.21e+13 17.6% 6.21e+13 17.6% 5.90e+13 21.0% 5.90e+13 21.0%

gpu_dirfck_tdhf.Foe: 137 1.19e+13  3.2% 1.1%+13 3.2% 1.14e+13  3.2% 1.14e+13  3.2% 1.10e+13  3.9% 1.10e+13  3.9%

gpu_dirfck_tdhf.Foo: 141 1.07e+13  2.9% 1.07e+13  2.9% 1.03e+13  2.9% 1.03e+13  2.9% 9.95e+12  3.5% 9.95e+12  3.5%

gpu_dirfck_tdhf.Fo0: 147 9.66e+12  2.6% 9.66e+12 2.6% 9.35e+12  2.7% 9.35e+12  2.7% 9.00e+12 3.2% 9.00e+12 3.2%

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

1% !$omp atomic update

139

143

140 1$omp atomic update
141

DO IXYZ=1,NXYZ

FA(I),IXYZ) =
uc 5omp atomic update
FA(KL,IXYZ) =

142 150mp atomic update
FA(IL,IXYZ) =
l-H !$omp atomic update
FA(IL,IXYZ) =
1% Isomp atomic update
FA(JK, IXYZ) =

FA(IK,IXYZ) =

FA(IJ,IXYZ) + VAL4*DA(KL,IXYZ)

FA(KL, IXYZ)
FA(IK,IXYZ)
FA(IL,IXYZ)
FA(IL,IXYZ)

FA(JK,IXYZ)

+ VAL4*DA(I1,IXYZ)
- VALL*DA(IL,IXYZ)
- VALL*DA(IK,IXYZ)
- VAL1#DA(JK,IXYZ)

- VALL*DA(IL,IXYZ)

ENDDO

ENDDO
ENDDO

File View Filter Help

[ Profile: gamess.00.x |® Trace: gamess.00.x |[#Profile: gamess.00.x @ Trace: gamess.00.x [ Profile: gamess.00.x | Trace: gamess.00.x [#fProfile: gamess.01l.x [ Trace: gamess.0l.x Profile: gamess.00.x [ Trace: gamess.00.x| = 0
|

gpu_dirfck_tdhf.F9e &2 ‘tgpu ompmod_tdhf_apb_sp.F90 [Metric properties l

131 IF(II EQ KK AND.JJ.EQ.LL) VAL = VAL*PTS

132

133 VAL4 \/AL”‘F04

134 | A+B

Top-down view‘Bottom—up view‘Flat view‘

T I e fE ME A~ -

4 Lloop at cphT_tddnlr.T: 192
4 184 » aocptd_dyn_
4 610 » cpdyn_apbx_
4536 » twoei_cphfdyn_apb_
4 1224 » ‘twoei_cphfdyn_omp_twoei_cphfdyn_apb_omp_
4 174 » gpu_ompmod_tdhf_apb_gpu_twoei_cphfdyn_apb_omp_
4 352 » gpu_tdhf_apb_j06_pppp_
4 689 » __nvomp_target [Llibnvomp.so]
4 1294 » launchTarget [libnvomp.so]
4 1189 » launchHXTarget [libnvomp.so]
4 437 » hxlaunch [libnvomp.so]
4163 » launchInternal [Libnvomp.sol
4 573 » [I] targetlaunch
4 525 » launchInternal [libnvomp.sol

4 3682 » <gpu kernel=

4 loop at tgpu_ompmod_tdhf_apb_sp.Fo0: @

4 loop at gpu_dirfck_tdnf.F90: 135

gpu_dirfck_tdhf.Foo: 141
gpu_dirfck_tdhf.Fo0: 147

4 » nvkernel_gpu_tdhf_apb_j06_pppp_ F1L649_22_ [83112547925...

4 685 » mod_dirfck_tdnf_apb_gpu_genr70_dirfck_tdhf apb_...

IS: 5Ill| (I] GINS. Sum (E)
Z.g5e+14

2.85e+14
1.53e+14
1.53e+14
1.53e+14
1.53e+14
1.16e+14
1.16e+14
1.16e+14
1.16e+14
1.16e+14
1.16e+14
1.16e+14
1.16e+14
1.16e+14
1.16e+14
1.05e+14
6.59e+13
6.47e+13

1.07e+13
9.66e+12

75.7%
40.6%
40.6%
40.6%
40.6%
30.8%
30.8%
30.8%
30.8%
30.8%
30.8%
30.8%
30.8%
30.8%
30.8%
28.0%
17.5%
17.2%

2.9%
2.6%

1.07e+13
6.86e+10
6.59%e+13
6.47e+13

1.07e+13
9.66e+12

2.9%
0.0%
17.5%
17.2%

2.9%
2.6%

GINS:STL_ANY: Sum (I) GINS:STL_ANY: Sum (E) GINS:STL_GMEM: Sum (I) GINS:STL_GMEM: Sum (E) GSAMP:EXP: Sum (I] GSN‘P 2H

Z.b/e+ld /5% Z.lze+ld /5.5 /.lle+l0
2.67e+14 75.7% 2.12e+14 75.7% 7.11le+10 59.3%
1.44e+14 40.7% 1.17e+14 41.5% 3.8le+10 31.8%
1.44e+14 40.7% 1.17e+14 41.5% 3.8le+10 31.8%
1.44e+14 40.7% 1.17e+14 41.5% 3.8le+10 31.8%
1.44e+14 40.7% 1.17e+14 41.5% 3.8le+10 31.8%
1.11e+14 31.5% 9.37e+13 33.4% 2.88e+10 24.1%
1.1le+14 31.5% 9.37e+13 33.4% 2.88e+10 24.1%
1.1le+14 31.5% 9.37e+13 33.4% 2.88e+10 24.1%
1.1le+14 31.5% 9.37e+13 33.4% 2.88e+10 24.1%
1.11e+14 31.5% 9.37e+13 33.4% 2.88e+10 24.1%
1.11e+14 31.5% 9.37e+13 33.4% 2.88e+10 24.1%
1.11e+14 31.5% 9.37e+13 33.4% 2.88e+10 24.1%
1.11e+14 31.5% 9.37e+13 33.4% 2.88e+10 24.1%
1.1le+14 31.5% 9.37e+13 33.4% 2.88e+10 24.1% 2.88e+
1.1le+14 31.5% 1.06e+13  3.0% 9.37e+13 33.4% 4.46e+10  0.0%

1.0le+14 28.5% 6.28e+10  0.0% 9.37e+13 33.4% 4.2%e+10  0.0%

6.31e+13 17.9% 6.3le+13 17.9% 5.99e+13 21.3% 5.99e+13 21.3%

6.21e+13 17.6% 6.21e+13 17.6% 5.90e+13 21.0% 5.90e+13 21.6%

1.03e+13  2.9% 1.03e+13  2.9% 9.95e+12  3.5% 9.95e+12  3.5%

9.35e+12 2.7% 9.35e+12  2.7% 9.00e+12  3.2% 9.00e+12  3.2%
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Time-centric Analysis: GAMESS 5 nodes, 40 ranks, 20 GPUs on Perimutter

File View Filter Help
g Profile: & Trace: Frg Profile:

profile:

gamess.00.x gamess.00.x gamess.00.x QTrace: gamess.00.x @Profile: gamess.00.x GTrace: gamess.00.x @Profile: gamess.01.x gTrace: gamess.01.x gamess.00.x gTrace: gamess.ae.xi
|

gpu_dirfck_tdhf.F90 &3 ‘tgpu ompmod_tdhf_apb_sp.F90

[Metric properties l

131 IF(II EQ KK AND.JJ.EQ.LL) VAL = VAL*PTS
132

133 VAL4 \/AL*F(M

1341 A+B

1 e

atomic te

FA(KL,IXYZ) = FA(KL,IXYZ) + VAL4*DA(IJ],IXYZ)
0 '$omp atomic update
1 FA(IK,IXYZ) = FA(IK,IXYZ) - VAL1*DA(JL,IXYZ)
2 150omp atomic update
FA(JL,IXYZ) = FA(JL,IXYZ) - VAL1*DA(IK,IXYZ)
{144 1Somp atomic update
145 FA(IL,IXYZ) = FA{IL,IXYZ) - VAL1*DA(JK,IXYZ)
(146 1$omp atomic update
147 FA(JK,IXYZ) = FA(JK,IXYZ) - VALI*DA(IL,IXYZ)

ENDDO
300 ENDDO
151_320 ENDDO
Top-down view‘Bottom—up view‘Flat view‘
T4 S foE WME A~ 0l i#
4 loop at cphT_taanir.T: 197 l e+14 l b/e+ld /5. /% 2.12e+14 " /5.7% /.1le+1
4 184 » aocptd_dyn_ 2.85e+14 75.7% 2.67e+14 75.7% 2.12e+14 75.7% 7.11le+10 59.3%
4 610 » cpdyn_apbx_ 1.53e+14 40.6% 1.44e+14 40.7% 1.17e+14 41.5% 3.8le+10 31.8%
4 536 » twoei_cphfdyn_apb_ 1.53e+14 40.6% 1.44e+14 40.7% 1.17e+14 41.5% 3.8le+10 31.8%
41224 » twoei_cphfdyn_omp_twoei_cphfdyn_apb_omp_ 1.53e+14 40.6% 1.4de+14 40.7% 1.17e+14 41.5% 3.8le+10 31.8%
4 174 » gpu_ompmod_tdhf_aph_gpu_twoei_cphfdyn_aph_omp_ 1.53e+14 40.6% 1.44e+14 40.7% 1.17e+14 41.5% 3.8le+10 31.8%
4 352 » gpu_tdhf_apb_jO6_pppp_ 1.16e+14 30.8% 1.1le+14 31.5% 9.37e+13 33.4% 2.88e+10 24.1%
4 689 » __nvomp_target [Llibnvomp.so] 1.16e+14 30.8% 1.11e+14 31.5% 0.37e+13 33.4% 2.88e+10 24.1%
4 1294 » launchTarget [libnvomp.so] 1.16e+14 30.8% 1.11e+14 31.5% 9.37e+13 33.4% 2.88e+10 24.1%
4 1189 » launchHXTarget [libnvomp.so] 1.16e+14 30.8% 1.11e+14 31.5% 9.37e+13 33.4% 2.88e+10 24.1%
4 437 » hxLaunch [libnvomp.so] 1.16e+14 30.8% 1.11e+14 31.5% 9.37e+13 33.4% 2.88e+10 24.1%
4 163 » launchInternal [libnvomp.so] 1.16e+14 30.8% 1.11e+14 31.5% 9.37e+13 33.4% 2.88e+10 24.1%
4 573 » [I] targetlaunch 1.16e+14 30.8% 1.11e+14 31.5% 9.37e+13 33.4% 2.88e+10 24.1%
4 525 » launchInternal [libnvomp.sol 1.16e+14 30.8% 1.11e+14 31.5% 9.37e+13 33.4% 2.88e+10 24.1%
4 3682 » <gpu kernel= 1.16e+14 30.8% 1.1le+14 31.5% 9.37e+13 33.4% 2.88e+10 24.1% 2.88e+
4 » nvkernel_gpu_tdhf_apb_jO6_pppp_ F1L649_22_ [831125d7925... 1.16e+14 30.8% 1.07e+13  2.9% 1.1le+14 31.5% 1.06e+13  3.0% 9.37e+13 33.4% 4.46e+10  0.0%
4 loop at tgpu_ompmod_tdhf_apb_sp.Fo0: @ 1.05e+14 28.0% 6.86e+10  0.0% 1.01e+14 28.5% 6.28e+10  0.0% 9.37e+13 33.4% 4.29e+10  0.0%
4 685 » mod_dirfck_tdhf_apb_gpu_genr70_dirfck_tdhf_apb_. .. 6.59e+13 17.5%  6.50e+13 17.5% 6.31e+13 17.9% 6.31e+13 17.0% 5.09e+13 21.3% 5.99e+13 21.3%
4 loop at gpu_dirfck_tdhf.F90: 135 6.47e+13 17.2% 6.47e+13 17.2% 6.21e+13 17.6% 6.21e+13 17.6% 5.90e+13 21.0% 5.90e+13 21.6%
gpu_dirfck_tdhf.Fo0: 141 1.07e+13  2.9% 1.07e+13  2.9% 1.03e+13  2.9% 1.03e+13  2.9% 9.95e+12  3.5% 9.95e+12  3.5%
gpu_dirfck_tdhf.Fo0: 147 9.66e+12  2.6% 9.66e+12  2.6% 9.35e+12 2.7% 9.35e+12  2.7% 9.00e+12  3.2% 9.00e+12  3.2%
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Time-cgntrig_éqglygj_g;___C__SA_MI§§_S_____§_n_c_)_q§§_,_40 ranks, 20 GPUs on Perimutter

[®] hpcviewer

File View Filter Help

1 1
g Profile: gamess.aﬂ.x‘gTrace: gamess.aa.x’@Profile: gamess.GB.x’gTrace: gamess.aﬂ.x‘@Profﬂe: gamess.aﬂ.x‘ETrace: gamess.ea.x‘l’rofile: gamess.al.x‘gTrace: gamess.Bl.x‘Profile: gamess.BG.x‘gTrace: gamess.ae.x!

gpu_dirfck_tdhf.F9e &2 ‘tgpuicmpmoditdhfiapbisp.FQB [Metric properties l
131 F(II.EQ. ND.1J.EQ.LL) VAL = VAL*PTS

VALL = VAL
= #

136!$oﬂh atomic update
137 FA(IJ,IXYZ) FA(I],IXYZ) + VAL4A*DA(KL,IXYZ)
138 1%omp atomic update

139 FA(KL,IXYZ) = FA(KL,IXYZ) + VAL4*DA(IJ,IXYZ)
140 1%omp atomic update —
141 FA(IK,IXYZ) FA(IK,IXYZ) VALI*DA({JIL,IXYZ)

142 1%omp atomic update  [oseror s
143 FA(JL,IXYZ) FA{JL,IXYZ) VAL1*DA(IK,IXYZ) |
144 1%omp atomic update

145 FA(IL,IXYZ) = FA(IL,IXYZ)

VALLI#DA(JK, IXYZ)

146 1%omp atomic update
147 FA(JK,IXYZ) = FA(JK,IXYZ) - VAL1*DA{IL,IXYZ)

148 ENDDO o

mod_dirfck_tdhf_apb_gpu_genr70_dirfck_tdhf_apb_... 6.5%e+13 17.5% 58e+13 17.5% e+l3 17.9% les13 17.9% oe+13 21.3% %e+13 21.3%

: e13 17.2% 47e+13 17.2% e+13 17.6% les13 17.6% 0e+13 21.0% De+13 21.0%

opu_dirfck_tdhf.Foe: 141 €13 2.9% 67e+13  2.9% e+13 2.9% 3e+13  2.9% 5e+12  3.5% Se+12  3.5%
opu_dirfck_tdhf.Foo: 147 es12  2.6% 66e+12  2.6% esl2  2.7% Se+12  2.7% 0e+12  3.2% 0e+l2  3.2%




Time-centric Analysis: GAMESS 16 ranks, 8 GPUs on Crusher

hpcviewer

o000
e

[*%5| Profile: mini_int |. Trace: mini_int ‘a Profile: gamess.00.x |. Trace: gamess.00.x ‘. Profile: gamess.00.x {. Trace: gamess.00.x

Ao pi €243 M 0 AE-0

Main view |

Time Range: [0s, 35s] Cross Hair: (17s, Rank 1 Thread 0)

\l‘m |II\H |

Rank Range: [Rank 0 Thread 0, Rank 15 Thread 1]
LI

o ——ccsss————————— R —————

T mlll Ilm--llllllllwmllll il Il.m.mllu\ll%l
iy

I\IHI
\

i
111
|IIIH fm

' I‘”.‘.“’....l.ml ST M EESTE S M T E—
w

nm

IWMI I\Hi

Depth: 37 S 3

Call stack | Statistics |

<program root>
gamess_
brnchx_
energx_
wfn_
rhfcl_
twoei_
ompmod_twoei_jk$ompmod_
| gpu_ompmod_twoei_jk_
gpu_rhf_jO5_ppps_
_cray_acc_wait [libcrayacc_amdgpu.so.1.0]
[1] __cray_acc_wait_1
cray_acc hw::| HIPHardwareDevlce :wait(cray_acc_version_he

p 0.5.2.50200]
0x1d6e60 0.5.2.50200]
0x26e240 0.5.2.50200]
0x26b314 0.5.2.50200]

__GI__sched_yield [libc-2.31.s0]

Depth view | Summary view
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Time-centric Analysis: GAM

16 ranks, 8 GPUs on Crusher

[ X N ] hpcviewer
[ profile: int \g race: mini_int ‘B Profile: gamess.00.x \gnace; gamess.00.x ‘E Profile: gamess.00.x [g Trace: gamess.00.x @ P e & D H. /& MEe =8
Main view | Depth: 37 S 3

Time Range: [14.53s, 19.655]

Rank Range: [Rank 0 Thread 501, Rank 7 Thread 501]

Cross Hair: (17.51s, Rank 7 Thread 501)

Call stack} Statistics ‘

<program root>

gamess_

brnchx_

energx_

whn_

rhfel_

twoei_

ompmod_twoei_jk$ompmod_

gpu_ompmod_twoei_jk_

gpu_rhf_jo4_psps_
cray_start_acc_kernel [libcrayacc_amdgpu.so.1.0]
__cray_start_acc_kernel [libcrayacc_amdgpu.so.1.0]
__cray_start_kernel(cray_acc_new_kernel_info_1*) [libcrayacc_t
__cray_acc_hw::HIPHardwareDevice::start_kernel(cray_acc_nev
<gpu kernel>
gpu_rhf_j04_psps_$ck_L448_19 [gamess.00.x.38c797e.gpubin
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Case Study: PeleC

e An adaptive mesh refinement solver for compressible reacting flows

e Experiment
e PC Sampling on Summit node with NVIDIA GPU




hpcviewer

Analysis of PeleC using PC Sampling on an NVIDIA GPU

[7] profile: PeleC3d.gnu.TPROF CUDA ex

reactor.cpp 23 \ Metlric properties ‘

438 UserData udata = static_cast<ARKODEUserDatax>(user_data);
439 udata->dt_save = t;

440
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->stream>>>(
[=] AMREX_GPU_DEVICE() noexcept {
for (int icell = blockDim.x * blockIdx.x + threadIdx.x,
stride = blockDim.x * gridDim.x;
icell < udata->ncells_d; icell += stride) {
fKernelSpec(
icell, udata->dt_save, udata—>ireactor_type, yvec_d, ydot_d,
udata->rhoe_init_d, udata->rhoesrc_ext_d, udata->rYsrc_d);

¥
453 B;
454 #else

455 for (int icell = @; icell < udata->ncells_d; icell++) {
ASA farnalGnar(

Top-down vwew] Bottom-up view Flat view

Cause:

passed udata structure pointer to lambda capture

Improvement:

pass udata components as scalars

https://github.com/AMReX-Combustion/PelePhysics/pull/192
4% speedup on PeleC PMF drm19 test case

LA s A Al

Scope

[GINS.[00] (F) | GINS:STL ANY.[0,0] (n GINS:STL_ANY.[0,0] (E) GINS:STL GMEM.[0,0] (|) GINS:STL_GMEM.[0,0] (E)
9.35%

4 loop at AMReX_Amr.cpp: 2061 1.24e+13 88.6% 1.05e+13 5.58e+12
4 Bp2062: amrex::Amr::timeStep(int, double, int, int, double) 1.24e+13 88.6% 1.05e+13 88. 796 5.58e+12 89.395
4 B2015: PeleC::advance(double, double, int, int) CPU 1.24e+13 88.5% 1.05e+13 88.6% 5.57e+12 89.2%
4 B»36: PeleC::do_sdc_advance(double, double, int, int) 1.24e+13 88.5% 1.05e+13 88.6% 5.57e+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_iteration(double, double, int, int, int, int) 1.24e+13 88.4% 1.05e+13 88.5% 5.57e+12 89.1%
4 By561: PeleC::react_state(double, double, bool, amrex::MultiFab*) 9.61le+12 68.5% 8.29%e+12 70.0% 4.17e+12 66.8%
4 |oop at React.cpp: 109 9.43e+12 67.2% 8.14e+12 68.7% 4.06e+12 65.0%
4 B»210: react(amrex::Box const&, amrex::Array4<double> const&, amrex::Array4<double> cons... 9.39%e+12 66.9% 8.10e+12 68.4% 4.03e+12 64.5%
4 Bp234: arkEvolve [libsundials_arkode.s0.4.7.0] 9.28e+12 66.2% 8.00e+12 67.6% 3.94e+12 63.1%
4 B erkStep_TakeStep [libsundials_arkode.s0.4.7.0] 7.16e+12 51.1% 6.19e+12 52.3% 3.05e+12 48.9%
4 B cF_RHS(double, _generic_N_Vector* _generic_N_Vector*, void*) 6.27e+12 44.7% 5.49e+12 46.3% 2.48e+12 39.7%
4 B»443: [I] amrex:launch_global<_ nv_dl wrapper_t<_ nv_dl_tag<int (*)(double, _generic_N... 6.27e+12 44.7% 5.49e+12 46.3% 2.48e+12 39.7%
4 B»12: [I] _wrapper_device_stub_launch_global<_nv_dl_wrapper_t<_nv_dI_tag<int (*)(do... 6.27e+12 44.7% 5.49e+12 46.3% 2.48e+12 39.7%
4 9 26: [I] _device_stub__ZN5amrex13launch_globallZ6cF_RHSdP17_generic_N_VectorS2... 6.27e+12 44.7% 5.49e+12 46.3% 2.48e+12 39.7%
4 824: [I] cudaLaunchKernel<char> 6.27e+12 44.7% 5.49e+12 46.3% 9.4% GPU stalls 2.48e+12 39.7% Mostly memory
4 B»211:_cudaLaunchKernel [PeleC3d.gnu.TPROF.CUDA.ex] 6.27e+12  44.7% 5.49e+12 46.3% oOutside the loop 2.48e+12 39.7% stalls
4 B <gpu kernel> 6.27e+12 44.7% 5.49e+12 46.3% 2.48e+12 39.7%
4 B» amrex::launch_global<cF_RHS(double, _generic_N_Vector* _generic_N_Vector* v... 6.27e+12 44.7% 1.75e+10 0.1% 5.49e+12 46.3% 1.70e+10 0.1% 2.48e+12 39.7%
context \A B»12: [I] cF_RHS(double, _generic_N_Vector*, _generic_N_Vector* void*):: 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% 1.14e+12 18.2%
» loop at reactor.cpp: 446 5.14e+12 36.6% 5.35e+10 0.4% 4,36e+12 3&.551 4.62e+10  0.4% T—W+12 2L 3.29e+10 9.5%
AMReX_Gpul.aunchGlobal.H: 12 1.75e+10 0.1% 1.75e+10 0.1% 1.76%+10 0.1% 1.70e+10 0.1%
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HPCToolkit Status on GPUs

* NVIDIA

» heterogeneous profiles, including GPU instruction-level execution and stalls using PC
sampling

 traces
« AMD
» heterogeneous profiles; no GPU instruction-level measurements within kernels
 measure OpenMP offloading using OMPT interface
 traces
* Intel

» heterogeneous profiles, including GPU instruction-level measurements with kernel
instrumentation and heuristic latency attribution to instructions

* fraces




Using HPCToolkit at OLCF

«  Summit (NVIDIA GPUs)

— module use /gpfs/alpine/csc322/world-shared/modulefiles/ppc64dle
— module load hpctoolkit

e Crusher (AMD GPUs)

— module use /gpfs/alpine/csc322/world-shared/modulefiles/x86 64
— module load hpctoolkit

e Join our ECP Engagement Slack and ask questions

— https://join.slack.com/t/hpctoolkit-ecp/shared invite/zt-1lgrzjt93-
aEB4303SVagKFy1yFCjwlvA




HPCToolkit Resources

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

e Tutorial videos

« http://hpctoolkit.org/training.html
e recorded demo of GPU analysis: https://youtu.be/vixa3hGDuGg
e 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
* Processors: x86 64, aarch64, ppc64le
e http://hpctoolkit.org/download.html

* Install HPCToolkit on your Linux desktop, cluster, or supercomputer using Spack
 http://hpctoolkit.org/software-instructions.html




