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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
» 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
e 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
> Profile execution on > Profile
CPUs and GPUs Files
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HPCToolkit's Workflow for GPU-accelerated Applications

Step 1:

* host compiler/hipcc: -g
e nvcc: -lineinfo

Profile
Files
—

Trace
Files
—

. . . hpcrun
* Ensure that compilers record line mappings : :
> Profile execution on
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
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HPCToolkit's Workflow for GPU-accelerated Applications

Step 2:

> Profile I
Files
—

. hpcrun
* hpcrun collects call path profiles (and : P .
. I f fi > Profile execution on
optionally, traces) of events of interest CPUs and GPUs
Source Optimized .
Files |1 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
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Call Stack Unwinding to Attribute Costs in Context

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

Calling context tree

Call path sample

return address
return address
return address

instruction pointer




hpcrun: Measure CPU and/or GPU activity

e GPU profiling

— hpcrun -e gpu=xxx <app> ... xxx € {nvidia,amd,opencl,level0}

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

 GPU PC sampling (NVIDIA GPU only)

— hpcrun -e gpu=nvidia,pc <app>

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

e Use hpcrun with job launchers
— jsrun -n 32 -g 1 -a 1 hpcrun -e gpu=xxx <app>
— srun -n 1 -G 1 hpcrun -e gpu=xxx <app>
— aprun -n 16 -N 8 -d 8 hpcrun -e gpu=xxx <app>




HPCToolkit's Workflow for GPU-accelerated Applications

Step 3:

> Profile I
Files
—

> Tr.ace I
Files
—

hpcrun
* hpcstruct recovers program structure : :
b I | dinlined f . > Profile execution on
about lines, loops, and Inlinea tfunctions CPUs and GPUs
Source Optimized .
Files |1 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
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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 for interpreting PC samples on NVIDIA GPUs




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 |HK

Compile & Link

hpcrun

Optimized
Binary

Profile execution on
CPUs and GPUs

GPU Binary

> Profile I
Files
—

hpcstruct

hpcviewer

Present trace view and
profile view

Analyze CPU/GPU
program structure

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

e Analyze data from modest executions with multithreading

hpcprof <measurement-directory>

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

> Profile I
Files
—

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
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Code-centric Analysis with hpcviewer

®e . rhpcvirefwer

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

imainc  luleshRAJA-parallel.cxx 33 | forall_generic.hxx

1183

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

1186

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

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

11190 #endif

{1191 Real_t coefficient;

{1192

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

11196

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

11198 Index_t i3=8%i2;

s R : (1.0)/determli2]:

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

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

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

69: CalcVolumeForceForElems(Do

function calls in full context
inlined procedures
inlined templates

outlined OpenMP loops

loops

¥ E»1399: (1] CalcFBHourglassForceForElems(int®, double®, double®, double*, double*, double®, double®, double*, double®, double*, double*, double*, double*, double*, double*, double*, double, RAJA::Index
¥ 131187: [1] void RAJA::forall<RAJA::IndexSet::ExecPolicy<RAJA::seq_segit, RAJA::omp_parallel_for_exec>, RAJA::IndexSet, CalcFBHourglassForceForElems(int®, double®, double®, double®, double®, dou
¥ E»405: (1] void RAJA::forall<RAJA::omp_parallel_for_exec, CalcFBHourglassForceForElems(int*, double®, double®, double®, double®, double*, double®, double*, double®, double®, double®, double®, do

¥ loop at forall_seq_any.hxx: 498

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

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

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

» B)1300: [I] CalcElemFBHourg

> E1260: (1] CBRT(double)

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

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

REALTIME (usec):Sum (E)

1.47e+09 100.0%
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0%
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1.00e+03
1.00e+03
2.01e+03
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2.01e+03
5.97e+04
1.69e+05
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Understanding Temporal Behavior

e Profiling compresses out the temporal dimension

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

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

— Organize the samples for each thread along a time line

— View how the execution evolves left to right

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

Processes

Time
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Time-centric Analysis with hpcviewer

LA K] hpeviewer
,'f',‘f‘,',"," tlash3 | B Trace: flash3 | @ PP e L | MEsE =0
Main view | Depth 5 i.

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

The color at a particular point in a
timeline indicates the CPU procedure
1 or GPU kernel active at that time at
“* the selected call stack depth

MPI ranks,OpenMP Threads, GPU streams

flash
driver_evolveflash
hydro

. hy_ppm_sweep
eos_wrapped

eos

eos_helm

. _xlddpow

. expinner2

Call stack pane
shows full calling
context for the
cursor

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

’:\ EXASCALE . o . .
E(CP s A multi-level call stack based view of execution over time

Minimap indicates part of
execution trace shown




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 +




Case Studies

e GAMESS - an ab initio quantum chemistry package: Fortran + MPI + OpenMP offloading
e GEM - a gyrokinetic turbulence code that simulates both ions and electrons




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

Perimutter node at a glance

AMD Milan CPU
4 NVIDIAA100 GPUs
N exeenc 256 GB memory




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

File View Filter Help

g Profile: gamess.00.x ¥ Trace: gamess.00.x [FProfile: gamess.00.x B Trace: gamess.00.x 3 % + 5 v - M=
Main view Depth: a0 - i
Time Range: [0s, 53s] Cross Hair: (29s, RANK O GPUCONTEXT 1 GPUSTREAM 16)
RN 1 RN 1110 100 1A ) L ] 01O LR U 0 0% 14/ o g WO U 110 0 WO DO 0 0 01 ORI 10 3 4 I 8 £ UERE U 1 0 010 N RGN AT B8 || Call stack Statistics GPU Idleness Blame
lfprogram root>

main
gamess
brachx_
energx_
wfn_

rhfcl_

twoel _
ompmod_ompmod_twoei_jk_
gpu_ompmod_twoel_jk_
gpu_rhf_jo5_ppps_
o = - E > - i | . - e ! 1 { - __nvomp_target [libavomp.so]
launchTarget (libnvomp.so]
launchHXTarget [libnvomp.sol
hxtaunch {libnvomp.so]

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

I s s s s s s s n FE NN NN NN R s s e e e s RN NN NN NN

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

E\(\’g\;P EBNELTNG GAMESS original All CPU threads and GPU streams




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

: File Vview Filter Help

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

#) Select rank to display

' i+ B e M

Depth: 40 -

Main view Check all | | Uncheck all Regular expression

|¢-

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

= | Ranks or threads [ <thresd roors

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

RANK 3 GPUCONTEXT 2 GPUSTREAM 26

hxiExecuteHostTreeBarrierwWithTasks [libnvomp.so
{I] executeHostTreeBarrier

| [I] waitForNeighborThreads

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

(08 T Ll

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

E\(\g =i GAMESS original All CPU threads and GPU streams




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

File view Filter Help

Fdrrofile: gamess.00.x ¥ Trace: gamess.00.x TAIEE = T 4 Hemiy s = 0O
ey Depth: 40 - S

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

15 145 165 18s 265 285 305 33

Call stack Statistics GPU Idleness Blame|

l <program root>
& main

| gamess
[ ‘ brachx_
energx_
win_
rhfcl_
twoel_
ompmod_ompmod_twoel_jk_
© gpu_ompmod_twoel_jk_
gpu_rhf_j06_pppp_
__nvomp_target [libnvomp.so]
launchTarget [libnvomp.so)
launchHXTarget [libnvomp.so]

|
|
|

hxtaunch [libnvomp.so]

launchInternal [libnvomp.so]

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

éoepth view Summary view fi+ = | Min1 map
- e T T - —— 1 T " — -
R e e e e e e e e
|y P e i e e P — ————=—

E\(\EXF’ EEntTRG GAMESS original All GPU streams, whole execution

<gpu kernel>
nvkernel_gpu_rhf_j06_pppp_ F1L686_22_ [30534090¢

365 385




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

[®] hpcviewer

Perlmutter

File View Filter Help

IR

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

GPU load imbalance due to triangular iteration spaces

- | D 4 & | K=

5y v 73

|Main view

‘ Depth: 40

Time Range: [25.28s, 29.73s] Cross Hair:

(27.04s, RANK 3 GPUCONTEXT 2 GPUSTREAM 26)

o B
I | [III

28125

265 26125 26.4s  26.6s  26.8s 27s 27125 27.4s | 27.6s  27.8s 28145 28'6s  28.8s 20725 2045 29.6s

‘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¢

-
—

GPU stream

EXASCALE
COMPUTING
PROJECT

E\(\’S\F’ GAMESS original

ﬁ+ = ‘

Mini map

s: 1 iteration




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

File view Filter Help
[ Profile: gamess.00.x B Trace: gamess.00.x [Profile: gamess.00.x B Trace: gamess.00.x [gProfile: gamess.00.x B Trace: 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 3

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%

—

E\(\i\)F’ EEeiRe 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 @ | F i+ b 4 5 v >+ M=

Main view Depth: 39
Time Range: [@s, 54s] Cross Hair: (27s, RANK 2 THREAD 0)
{11 T TR TR - o R AT RCTR O ST R T TR U (T AR AR TAE e IR R AU

:

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

l <program root>
main
gamess
brnchx_
energx_
wfn_
rhfcl_

twoei_

ompmod_ompmod_twoei_jk_
gpu_ompmod_twoei_jk_

| gpu_rhf_jo6_pppp_

launchInternal [libnvomp.so]

v libcuda.s0.515.48.07@0x2e8cab
| ' libcuda.so.515.48.07@0x134400

I libcuda.so.515.48.07@0x48d0dS
libcuda.so.515.48.07@0x25985b

libcuda.so.515.48.07@0x16ebf6

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

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

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

Depth view Summary view i+ Mini map

e = = IGAMESS improved I All CPU threads and GPU streams

= 0
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Time-centric Analysis: GAMESS 4 ranks, 4 GPUs on Perlmutter

File view Filter Help

[ Profile: gamess.00.x ¥ Trace: gamess.00.x [RjProfile: gamess.00.x ¥ Trace: gamess.00.x

|Ma1n view
[es, 54s]

Time Range: Cross

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

L

g+ = & S

v (-

Depth: 39 -

call stack Statistics GPU Idleness Blame)

<program root>
‘ main

gamess
; | brachx_

energx_

wfn_
rhfel_
twoel_
ompmod_ompmod_twoel_jk_
gpu_ompmod_twoei_jk_
gpu_rhf_306_pppp_
__nvomp_target [libnvomp.sol
launchTarget [libnvomp.so]
launchHxTarget [libnvomp.so]
hxLaunch [libnvomp.so]
Intarnal [libnvomp.so]
iF nch
launchInternal [libnvomp.sol
<gpu kernel>

nvkernel_gpu_rhf_j06_pppp_ F1L682_22_

r

os 25 3s 45 55 6s 7s B3

Depth view Summary view

o 1ls

—— T
i
[
S,
\\ EXASCALE
E (l ) P COMPUTING
PROJECT
\\n—

GAMESS improved

35! 3§s 3’5 3‘55 lls 451 4§s l’s l§5 si: 555
i+

=]

L - U BEC o T B L W B [ ]

-~ | Min1 map

M= =

.i.

[dca3e950¢

All GPU streams, whole execution




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

File View Filter Help

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

Main view

Time Range: [22.55s, 29.56s] Cross Hair:

|

1l

i

(23.885, RANK 3 GPUCONTEXT 2 GPUSTREAM 26)

{ Improved GPU load balance

P 20+ -

& f 4 He{fue
Depth: 39 - ry

Call stack Statistics GPU Idleness Blame|
l(proqram root>
“ main
Qamess
‘brn:hx_
energx_
win_
rhfcl_
twoel_
ompmod_ompmod_twoei_jk_
gpu_ompmod_twoel_Jk_

apu_rhf_j06_pppp.
__hvomp_target [libnvomp.so]
launchTarget [libnvomp.sol

launchHXTarget [libnvomp.sol
hxLaunch [libnvomp.so]

launchInternal [libnvomp.so]
[1] targettaunch
launchInternal [libavomp.so]
<gpu kernel>

nvkernel_gpu_rhf_306_pppp_ F1L682_22_ [dca3e950¢

22.63 23s 23.2s 23165 24s 2465 255

Depth view Summary view

__

EXASCALE
COMPUTING
PROJECT

ECP

25.65 263 27.6s 285 28.2s

28.65 295

29.25  29.6

i+ 3= | Min1 map

GAMESS improved

All GPU streams: 2 iterations




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

File view Filter Help

[ Profile: gamess.00.x B Trace: gamess.00.x [ Profile: gamess.00.x B Trace: gamess.00.x [@Profile: gamess.00.x B Trace: gamess.00.x [Profile: gamess.0l.x B Trace: gamess.0l.x [Profile: gamess.00.x B Trace: gamess.00.x == |=]

tgpu_ompmod_sp.F90

.
8.0E0 -

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

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

6.0E0 -

4.0EQ -|

Metric Value

2.0E0 -

0.0E0 -| . B B . . B B .

Top-down vxevr Bottom-up view Flat view

2316 F M= A A~ M-

4 » main [gamess.00.x]
4 » gamess
4 772 » brnchx_
4 1085 energx_
4 loop at gamess.
4 loop st gamess.
4 loop st gamess.F: 1436
41440 » win_
4 loop at gamess.F: 2645
4 2568 » rhicl_
4 loop at rhfuhf.f: 2678
4 loop at rhfuhf.f: 2723
4 loop at rhiuhf.f: 2723
4 2850 o twoel_
4 3993 » ompmod_ompmod_twoei jk_

: 1316
: 1436

4246
P 656

gpu_ompmod_twoel _jk_
gpu_rhf_y16_dppp_

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

Rank.Thread

GXER {sec}

Sum (1)

| GXER {sec

2,

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

NN LY S — 7 SR L 0 I — T [ ., S —
2.67e+01 07N 1.50e-02 0.0% 2.66e+01 15.9% 2.66e+01 16.0% 9.56e-03  3.6%
1.57e+01  0.4% 2.50e-02 0.0% 1.57e+01  9.4% 1.57e+01  9.4% 1.08¢-02 4.1%
1.22¢+01  0.3% 1.22e+01  7.3% 1.22¢+01  7.3% 9.87¢-03 3.7\
7.76e+00  0.2% 5.00e-03 _ 0.0% 7.77e+00  4.6% 7,76e+00 4.6% 9.99%-03  3.8%

—

—\
E(CP s

GAMESS improved




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

JFile view Filter Help

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

[Main view

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

|+

call stack!Statistics GPU Idleness Blame

[ AT

twoel_

ompmod_ompmod _twoer jk_
gpu_ompmod_twoei jk_
N gpu_rhf_j06_pppp_
__nvomp_target [libnvomp.so]
launchTarget [libnvomp.so]
launchHXTarget [libnvomp.sol
hxLaunch {libnvomp.so)
launchInternal [libnvomp.so]
(1] targetLaunch
launchInternal [labnvomp.sol
I 11bcuda.s0.515.48.07@0x2e8cab
1bcuda.s0.515.48.07@0x134400
l1bcuda.so0.515.48.07@0x48d0dS
libcuda.s0.515.48.07@0x25985b
11bcuda.s0.515.48.07@0x16ebf6
libcuda.s0.515.48.07@0x4b612e
l1bcuda.s0.515.48.07@0x4bd2ee
l1bcuda.s0.515.48.07@0x1501¢cd
libcuda.s0.515.48.07@0x3ce710

@

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

X+ Min1 map

RGBS ‘1?}2_‘.’ iesasat] ‘L. i

2:'»’-'-?7. n

L E—
i

E\(\’g\;P EXORETNS GAMESS improved CPU Threads and GPU Streams




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

bProﬁle: gamess.uo.x..'!ra:e: galess.oo.le’ruflle: qaness.ou.x‘.Trace: gauss.ao.x;BPrnfﬂe: galess.M.x?.Trau: gauss.oo.x;

Main view
Time Range: [os, 318s] Cross Hair: (161s, NODE 931186240 RANK 10 GPUCONTEXT 2 GPUSTREAM 26)

i
l
I

[l
[
[l
I

G P2 £a9pF44 HyEF e =0

‘Depth: 42 - 1

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

m twoel_cphfdyn_omp_twoei_cphfdyn_amb_omp_
gpu_ompmod_tdhf_asb_gpu_twoex_cphfdyn_amb_omp_
gpu_tdhf_amb_j06_pppp_

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

hxLaunch [libnvomp.so]

launchInternal [libnvomp.so]
I 1] targetLaunch

launchInternal [libnvomp.sol

<gpu kernel>
nvkernel_gpu_tdhf_amb_j06_pppp__F1L649_22_ [831]

o 105 205 30s 70s 8Os

Depth view Summary view

90s 1005 1105 120s 130s 1405 150s 160s 170s 180s 190s 2005 210s 220s 230s 2405 25!

o

s 2605 270s 2805 290s 3005 310s

;:@, (= | Man1 map

EXASCALE
COMPUTING
PROJECT

ECP

GAMESS improved




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

Help

s Profile: gamess.00.x B Trace

File View Filter

ess.01.x

mess.01.x B Trace: gam

55.00.x [ Profile: ga

: game

55.00.x | Trace

mess.00.x [ Profile: game

@ ga

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

: games

-

-+ |

a7

Depth:

view

Main
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Time Range: [0s, 485s] Cross Hair: (371s, NODE 4178203922 RANK 28 GPUCONTEXT 1)
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Time-centric Analysis: GAMESS 5 nodes, 40 ranks, 20 GPUs on Perimutter

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

} o &EDIF L ey KT

Depth: 47 -

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

|+~

l program root>

||||l |1II|I|M IIIIII |||||IH|IHIIHI‘ ] IllIllluIHHIlI! | IIHIII I||||| ll IIIH || H 0 LR VR (INTOD IlII‘I II IIIHI II|I HIHIIIIIIIIII J“” DN o't <cockistatistace GPy Tdleness Blane
LOCTRNRRR TR ANRRL RN I II 1l [

main

II‘IQU..“ SN D mmm m “w - :ﬁ‘f- gamess

y ‘ + & = fmox_
LR R N 4 5 monoscf_

brachx_

1_‘ I energx_
l' | win_
rhfcl_
B twoei_
‘ ompnod_ompmod_twoel_jk_
= ‘ ‘ ' EEER R } . : gpu_ospmod_twoei_jk_
l

gpu_rhf_306_pppp_
JIZRSRIRS s i __nvomp_target [libnvomp.so]
| ‘ l | launchTarget [libnvomp.so]

‘ i | I i launchHXTarget [libnvomp.sol

I Wi | 1 I' i T T T R 1 ! -‘ 1 ) I : wi ‘ : ‘\ i 1 hxLaunch [libnvomp.so]
.‘ ! II | L 4l L H 2494 243 | ! . 4 L A 4 R T S R TR T launchInternal [libnvomp.so]
I | : | ‘ [I] targetLaunch
1_ Ilaunchlntemal [11bnvomp.so]

<gpu kernel>
| nvkernel_gpu_rhf_j06_pppp__F1L682 22  [507aded9s

—

s 20s abs 603 8bs 1005 120s  140s  160s 180s  200s  220s  240s  260s  280s  300s 320s 340s  360s  380s  400s  420s  440s  460s  480s
Depth view Summary view + Mini map
......... = e e el
MEllisisilisssiliismals smilial maimEisiliiliE R et I
R e i L L ,_eg;:gsese=e===‘eme...,.,......:memgmE EEREEERERERIED
i i RRESHIEEELINS _._-_.._...i ....... “ ..... iiiii“_“_mm—— .......... liimiiilm .......................... T
UL l" “m LR R R R R R
[ 4 Pttt =t e et e m---u-- Mttt ettt ettt et

E\(\I;X)F’ EEeiRe IGAMESS improved adding Rank 0 Thread 0 to GPU streamsl




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

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

|

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

B PR €dFE AeE. M

AR 0 T

Main view| Depth: a7 - | \
—

Time Range: [15.37s, 24.24s] Cro

“ |

| Ts.as” 15Tes 1625 16.6s

1.685, NODE 931145794 RANK © THREAD 0)

I
B
u

Sl 1 CPU Stream, 2 GPU Streams: 6 Iterations

{call stack Statistics GPU Idleness Blame

<program root>

| brachx_

H\\ MY H il

| hicl_
| [ tfteib_
mtarbr

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

21,45

|
| A
-

8s 20,25 20

Depth view Summary vicw§




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

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 s B
mthlib.f &
1653 END

iC

C*MODULE MTHLIB *DECK MTARBR
5 SUBROUTINE MTARBR(A.NA.B.MB,AB.NAB. INCA)
1057 C
1 use omp_lib

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

i
1052 DIMENSION A(*),B(NA,MB),AB(NAB, M8)
C
1064 PARAMETER (ZERQ#0.0D+00) I
1066 C* 31 OCT 1979
c
CYFUNCTION - TO MULTIPLY SYMMETRIC MATRIX A
3 o TIMES RECTANGULAR MATRIX B AND GET RECTANGULAR MATRIX AB
1070 C*
1071 C*PARAMETERS
72C A - THE INPUT REAL SYMMETRIC MATRIX OF ORDER NA
1073 C* STORED IN SYMMETRIC STOAGE MODE.
1074C* B - THE INPUT REAL NA BY MB RECTANGULAR MATRIX
1075C+  NA - THE ORDER OF MATRIX A
6C* ME - THE COLUMN DIMENSION OF MATRICES B AND AB
1 C» 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
1 C»
1081 INC=INCA
1082 C
1 c PROCESS DIAGONAL ELEMENTS OF INPUT MATRIX A
1 iC
S 1J=1-INC
DO 120 Ie1,NA
IJ=1J)+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

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(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
RETURN
END

Top-down view Bottom-up view Flat view

——

—\
E(CP s




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

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 = B
mthlib.f &
53 END
iC
C*MODULE MTHLIB *DECK MTARBR
5 SUBROUTINE MTARBR(A.NA.B.MB,AB.NAB. INCA)
1057 C
1 use omp_lib

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

ic
1062 DIMENSION A(*),B(NA,MB), AB(NAB,MB)
1064 PARAMETER (ZERO=0.0D+00) I
1066 C* 31 OCT 1979
c*
CYFUNCTION = TO MULTIPLY SYMMETRIC MATRIX A
3.Co TIMES RECTANGULAR MATRIX B AND GET RECTANGULAR MATRIX AB
1070C*
1071 C*PARAMETERS
12C* A - THE INPUT REAL SYMMETRIC MATRIX OF ORDER NA
1073 C* STORED IN SYMMETRIC STOAGE MODE.
1074 C* B - THE INPUT REAL NA BY MB RECTANGULAR MATRIX
1975 C* NA - THE ORDER OF MATRIX A
6C* ME - THE COLUMN DIMENSION OF MATRICES B AND AB
1 C» AB - THE OUTPUT PRODUCT NA BY MB MATRIX
1078 C* NAB - THE INPUT ROW DIMENSION OF MATRIX AB
79.C* INCA - ADDRESS DIFFERENCE OF TWO ADJACENT ELEMENTS OF A
c*
1 INC=INCA
1082¢C
1 c PROCESS DIAGONAL ELEMENTS OF INPUT MATRIX A
1084 C
S 1J=1-INC
DO 120 I=1,NA
IJ=1J)+I*INC
AlJ=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(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
RETURN

Top-down view Bottom-up view Flat view
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E(CP s




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

F1
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

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

1099 I1=I1+INC

11080 IM1=I-1

1101 DO 140 J=1,IM1

1162 I1=I1+INC

11063 ATIJ=A(IJ)

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

11085 CALL DAXPY(MB,AIJ,B(I,1),NA,AB(],1),NAB)
1106 CALL DAXPY(MB,AIJ,B(J,1).NA,AB(I,1),NAB)
1167 140 CONTINUE

1108 150 CONTINUE

1169 RETURN

1110 END




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

| File view Filter Help

n ]

| - - e
iavrohle: 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 [®Profile: gamess.0l.x ¥ Trace: gamess.0l.x [®Profile: gamess.00.x B Trace: gamess.00.x =

I
|'gpu_dirfck_tdhf.F90  tgpu_ompmod_tdhf_apb_sp.F90 52 Metric properties
NQUARTS=n113)*(n13)3+1)/2

call gpu_mpi_slice_nshell(nproc,NQUARTS, me,nshell_start_, nshell_end_)

LPOPI=64; LPOP)=16; LPOPK= 4; LPOPL= 1:
7 Isomp target data map(to:N_BRA,XINT_BRA)

4 amitthread)
prxvate(x top,113jkkll, xx)] (up kkll_tap) &

private(iljj. kkll, 11_THP,))_TMP, kk THP n_m™e) &

private(ii.3j.kk,11)7&

shared(N_BRA) &

shared (XINT_BRA) private(IQUART) &

shared(IA,DA) &

shared(CO,KTYPE,KLOC, KMIN, KMAX , KSTART, KNG, EX,C5,CP) &

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

shared(FA) &

private(gpople) & I

&

reduction(+:nintn)
662 IQUART=nshell _start_, nshell_end_
63 __iiiikkll = IQ-UARY'I

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

216 G ME A A~ N~

| GINS:

Sum (I)

GINS: ‘Sum (E)

GINS:STL_ANY: Sum (E)

GINS:STL_(MB%: Sum (E)

GSAMPLEXP: S

| GINS:STL_ANY: Sim (I) GINS:STL_GMBM: 5 | GSAMP:EXP: Sum (1)
bles, 2 e+ 10759

4 00p at Cp . . . . . . .
4 184 » docptd dyn_ 2.85e+14 75.7% 2.67e+24 75.7% 2, 7.11e+10 59.3%
4 610 » cpdyn_apbx_ 1.53e+14 40.6% 1.44e+1d 40.7% 1. 3.81le+10 31.8%
4 536 » twoei_cphfdyn_apb_ 1.53e+14 30.6% 1.44e+14 40.7% 1. 3.81e+10 31.8%
41224 » twoel_cphfdyn_omp_twoei_cphfdyn_apb_omp_ 1.53e+14  40.6% 1.4de04 40.7% 1. 3.8le+10 31.8%
4174 » gpu_ompmod_tdhf_apb_gpu_twoei_cphfdyn_apb_omp_ 1.53e404 40.6% 1.44ee1d 40.7% 1 3.8les10 31.8%
4 352 » gpu_tdhf_apb_j06_pppp_ 1.16e414 30.8% 1.1lesld 31.5% 9. 2.88e410 24.1%
4 689 » __nvomp_target [libnvomp.so] 1.16e+14 30.8% 1.1les14 31.5% 9. 2.88e+10 24.1%
4 1294 » launchTarget [libewomp.sol 1.16e+14 30.8% 1.11es14  31.5% 9. 2.88e+10 24.1%
4 1189 » launchHXTarget [libnvosp.sol 1.16e+14 30.8% 1.1le+14 31.5% 9. 2.88e+10 24.1%
4 437 » hxlaunch [libavomp.so] 1.16e+14 30.3% 1.11e+14 31.5% 9. 2.88e+10 24.1%
4 163 » launchInternal [libnvoap.so] 1.16e+14 30.8% 1.11e+24 31.5% 9. 2.88e+10 24.1%
4573 » [I] targetlaunch 1.16e+14 30.8% 1.11e+24 31.5% 9. 2.88e+10 24.1N
4 525 » \aunchInternal [libnvomp,so) 1.16e+14 30.8% 1.11e+14 31.5% 9. 2.88e+10 24.18N
4 3682 » <gpu kernel> 1.16e+14 30.8% 1.11e+14 31.5% 9. 2,88e+10 24.1% 2,88+
\
4 loop at topu_ompmod_tdhf_apb_sp.F90: 0 1.05e+14 28.6%  6.86e+10 0.0% 1.0le+14 6.28e+10 0.0% 4.29¢+10 0.0%
4 685 » mod_dirfck_tdhf_apb_gpu_genr70_dirfck_tdhf_apb_... 6.59e+13 17.5%  6.59-13 17.5% 6.31e13 6.31e+13 17.9% 5.99e13 21.3%
4 loop at gpu_dirfck_tdhf,F90: 135 6.47e+13 17.2%  6.47e+13 17. 28 6.21e413 6.21e+13 17.6% 5.90e+13 21.0%
gpu_dirfck_tdhf.F90: 137 119413  3.2%  1.19ee13 3.0 1.14e13 1.14e+13 3.8 1.10e413  3.9%
gpu_dirfck_tdhf.F90: 141 1.07e+13  2.9% 1.07es13 2.9% 1.03e413 1.03e+13 2.9% 9.95e+12  3.5%
gpu_dirfck_tdhf.F90: 147 9.66e+12 2.6  9.66es12 2.6% 9.35e+12 9.35e+12 27N 9.00e+12 3.2%

E\(\Q\F’ = GAMESS improved with PC Sampling




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

File view Filter Help

P Profile: gamess.00.x B Trace: gamess.00.x [ Profile: gamess.00.x M Trace: gamess.00.x [Profile: gamess.00.x @ Trace: gamess.00.x [fProfile: gamess.0l.x M Trace: gamess.0l.x [Profile: gamess.00.x B Trace: gamess.00.x = 0

gpu_dirfck_tdhf.Foo tgpu_ompmod_tdhf_apb_sp.F90 £3 Metric properties

13 = I_P_SHL(13_TMP)
& 3j = I_P_SHL(jj_TMP)
s kk = I_P_SHL(kik_TMP)
680 1l = I_PCSHL(LL]TMP)

call GPU_GENR70_jtype6(Q04,1I,)],KK,LL,CO,KSTART, KNG, &
EX,CS,CP, CMAX,RFINC, FGRID, XGRID,RMR, gpople EI1,EX2, CUX,RXINC, TMAX)

call GPU GENR70 dirfck tdhf APB(IA.DA,FA, NXY. JJ.KK.LL,ONE,.ONE, &
CUTOFF,KLOC, KMIN, KMAX,L1,L2,LPOPI,LPOP],LPOPK, PL,GPOPLE)

END DO
ISomp end target teams distribute parallel do simd
ISomp end target data

deallocate (N_BRA, XINT_BRA)

return
END '

Top-down vxewraotton-up view Flat vxew.

*TE6 G MEB A W~

| GINS: Sum (T)

4 188 » socptd_dyn_ 2.85e+14 757N 2.67e+14 T5.7% 2.12¢+14 T5.7% 7.11e+10  59.3%
4 610 » cpdyn_apbx_ 1.53e+14 40.6% 1.44e+14 40.7% 1.17e+14 41.5% 3.81e+10 31.8%
453 » twoei_cphfdyn_spb_ 1.53e+14 40.6% 1440414 40.7% 1.17e+14 41.5% 3.81e+10 31.8%
41224 » twoei_cphfdyn_omp_twoes_cphfdyn_spb_omp_ 1.53e+14 40.6% 1446014 40.7% 1176024 41.5% 3.81e+10 31.8%
4174 » gpy_ompmod_tdhf_apb_gpu_twoe_cohfdyn_apb_omp_ 1.53e+14 40.6% 1446414 40.7% 1.17e14 41.5% 3.81e+10 31.8%
4 352 » gpu_tdhf_apb_j06_pppp_ 1.16e+14 30.8% L.1le+14 31.5% 9.37e+13 33.4% 2.88e+10 24.1%
4 689 » __nvomp_target [labnvomp.so] 1.16e+14 30.8% 1.1les24 31.5% 9.37e+13 33.4% 2.88e+10 24.1%
4 1294 » launchTarget [libnvomp.so] 1.16e+14 30.8% L.1les14 31.5% 9.37e+13 33.4% 2.88e010 24.1%
4 1189 » launchiXTarget [libnvosp.so) 1.16e+14 30.8% 1.1les14 31.5% 9.37e+13 33.4% 2.88e+10 24.1%
4 437 » hxtaunch {libnvomp.so) 1.16e+14 30.8% 1l.1lesld 31.5% 9.37e+13 33.4% 2.88e+10 24.1%
4 163 » launchInternal [libnvosp.so] 1.16e+14 30.8% 1l.1les14 31.5% 9.37e+13 33.4% 2.88e+10 24.1%
4 573 » [1] targetiaunch 1.16e+14 30.8% 1L.1les1d 31.5% 9.37e+13 33.4% 2.88e+10 23.1%
4 525 » launchInternal [libnvosp.so] 1.16e+14 30.8% L.1lesld 31.5% 9.37es13 33.4% 2.88e+10 24.1%
4 3682 » <gpu kernel> 1.16e+14 30.8% Lllesl4 31.5% 9.37e+13 33.4% 2.88e+10 24.1% 2.88e+
4 » nwkernel_gpu_tdhf_apb_j06_pppp_ F1L649 22 [831125d7925... 1.16e+14 30.8% 1.07e+13 2.9% L1les1d 31.5% 1.06e+13  3.0% 9.37e+13 33.4% 4.46e410 0.0%
4 loop at tgpu_ompmod_tdhf_apb_sp.F30: © 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% 4.29%+10 0.0%
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%
gpu_dirfck_tdhf.F90: 137 1.19e+13  3.2%  1.19+13 3.8 1.1de+13  3.2% 1148413 3.2% 1.10e+13  3.9% 1.10e413 3.9%
gpu_dirfck_tdhf.F90: 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.Foo: 147 9.66e+12  2.6% 9.66e+12  2.6% 9.35e+12 2.7% 9.3%e+12  2.7% 9.00e+12 3.2% 9.00e+12 3.

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

File view Filter Help

[ Profile: gamess.00.x B Trace: gamess.00.x & Profile: gamess.00.x ¥ Trace: gamess.00.x [fProfile: gamess.00.x B Trace: gamess.00.x [FgProfile: gamess.0l.x B Trace: gamess.0l.x [@Profile: gamess.00.x B Trace: gamess.00.x

gpu_dirfck_tdh?.FDO &2 tgpu_ompmod_tdhf apb_sp.F90 Metric properties
IF{II.EQ.KK.AND.JJ.EQ.LL) VAL = VAL*PTS

VALY = VAL

VALY = VAL*FO4

DO IXYZ=1,NXYZ

atomic update
FA
I$omp atomic update
9 FA(KL,IXYZ) = FA(KL,IXYZ) + VAL4*DA(I],IXYZ)
150mp atomic update
FA(IK,IXYZ) = FA(IK,IXYZ) - VALL1#*DA(JL,IXYZ)
2 'somp atomic update
43 FA(JL,IXYZ) = FA(JL,IXYZ) - VAL1*DA(IK,IXYZ)
150mp atomic update
5 FA(IL,IXYZ) = FA(IL,IXYZ) - VAL1*DA(JK,IXYZ)
!$omp atomic update
7 FA(JK,IXYZ) = FA(JK,IXYZ) - VAL1*DA(IL,IXYZ)
ENDDO
300 ENDDO
320 ENDDO

Top-down view Bottom-up view Flat view

r 36 ME A -

o &

gou_dirfck_tdhf.F90: 141
gpu_dirfck_tdhf.F90: 147

| GINS: Sus (1)

1.07e+13
9.66e+12

2.9
2.6%

GINS: Sum (E)

1.07e413
9.66e+12

2%
2.6%

1.03e+13
9.35e+12

GINS:STL_ANY: Sus (E)

1.03e+13
9.35¢+12

2.9
2.7

: St (I)

9.95e+12
9.00e+12

| GINS:STL_GMEM: Sum (E)

9.95¢+12
9.00e+12

3.5%
3.2

| GSAP:EXP: Sum (1)

4 loop at cpnt_ 3 e+ 1V
4 184 » 20cptd_dyn_ 2.85e+14 2.67e+14 75.7% 2.12e+24 7.11e+10 59.3%
4 610 » cpdyn_apbx_ 1.53e+14 1l.4deedd W0.7% 1.17e+14 3.8les10 31.8%
4 536 » twoel_cphfdyn_apb_ 1.53e+14 1l.44e+14 40.7% 1.17e+14 3.8les10 31.8%
41224 » twoei_cphfdyn_omp_twoer_cphidyn_apb_omp_ 1.53e414 1.4d4eeld 40.7% 1.17e014 3.81es10 31.8%
4174 » gpu_ompmod_tdhf_apb_gpu_twoes_cphfdyn_apb_omp_ 1.53e424 1.4des1d 40.7% 1.17e424 3.81es10 31.5%
4 352 » gpu_tch_apb_j06_pppp_ 1.16e24 1.1leeld 31.5% 9.37ee13 2.88e010 24.1%
4 689 » __nvoep_target [libavomp.so] 1.16e+14 1.1les1d4 31.5% 9.37e+13 2.88e+10 24.1%
4 1294 » launchTarget [libewomp.so] 1.16e+14 L.1les1d4 31.5% 9.37e+13 2.88e+10 24.1%
4 1189 » launchHxTarget [libnvosp.so] 1.16e+14 1.1lesld 31.5% 9.37e+13 2.88e+10 24.1%
4 437 » hxtaunch [Libnvomp.so] 1.16e+14 1.1le+1d4 31.5% 9.37e+413 2.88e+10 24.1%
4 163 » launchinternal [libnvomp.so] 1.16e+14 1.1le+14 31.5% 9.37e+13 2.88e+10 24.1%
4573 » [1] targetiaunch 1.16e+14 L.1le+14 31.5% 9.37e+13 2.88e+10 24.1%
4 525 » launchInternal [libnvomp.so] 1.16e+14 1.11e+14 31.5% 9.37e+13 2.88e+10 24.18%
4 3682 » <gpu kernel> 1.16e+14 1.11e<14 31.5% 9.37e+13 2.88e+10 24.1% 2.58es
4 » nvkernel_gpu_tdhf_apb_)06_pppp_ F1L649 22 [83112547925... 1.16e+14 1,07e413 2.%% 1.11e+14 31.5% 1.06e+13 3.0 9.37e+13 4.462+10 0.0%
4 loop st tgpu_ompmod_tdhf_apb_sp.F90: © 1.05e+14 28.0%  6.86e+10 0.0% 1.01e+14 28.5% 6.28¢+10  0.0% 9.37e+13 4.29e+10 0.0%
4685 » mod_dirfck_tdhf_apb_gpu_genr70_dirfck_tdhf apb_... 6.59e+13 17.5%  6.5%+13 17.5% 6.316413 17.9% 6.31e+13 17.9% 5.99e+13 5.9%e+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% 5.90¢+13 5.90e+13 21.0%
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Time-centric Analy_sis: GAMESS 5 nodes, 40 ranks, 20 GPUs on Perimutter

File view Filter Help

[ Profile: gamess.00.x B Trace: gamess.00.x & Profile: gamess.00.x ¥ Trace: gamess.00.x [fProfile: gamess.00.x B Trace: gamess.00.x [FgProfile: gamess.0l.x B Trace: gamess.0l.x [@Profile: gamess.00.x B Trace: gamess.00.x

gpu_dlrfck_tdh*.F?O &2 tgpu_ompmod_tdhf apb_sp.F90 Metric properties

IF(II.EQ.KK.AND.JJ.EQ.LL) VAL = VAL*PTS
VALY = VAL
VALY = VAL*FO4

1341 AB
ta¢e A
7 ( * I

(L35 1Somp atomic update
139 FA(KL,IXYZ) = FA(KL,IXYZ) + VAL4*DA(I],IXYZ)
140 150mp atomic update
141 FA(IK,IXYZ) = FA(IK,IXYZ) - VALL1#*DA(JL,IXYZ)
{142 1Somp atomic update
143 FA(JL,IXYZ) = FA(JL,IXYZ) - VAL1*DA(IK,IXYZ)
144 150mp atomic update
45 FA(IL,IXYZ) = FA(IL,IXYZ) - VAL1*DA(JK,IXYZ)
(146 1Somp atomic update
147 FA(JK,IXYZ) = FA(JK,IXYZ) - VAL1*DA(IL,IXYZ)
148 ENDDO

300 ENDDO

320 ENDDO

Top-down view Bottom-up view Flat view

r4 6 g MEB A x Nl

| GINS: Sus (I) | GSAP:EF: Sum (1)

: St (I)

| GINS: Sum (E) GINS:STL_ANY: Sus (E) | GINS:STL_GMEM: Sum (E)

4 loop at cpnt_ e+ 1V
4 184 » 20cptd_dyn_ 2.85e+14 2.67e+14 2. 7.11e+10 59.3%
4 610 » cpdyn_apbx_ 1.53e+14 1l.4deedd W0.7% 1.17e+14 3.8les10 31.8%
4 536 » twoel_cphfdyn_apb_ 1.53e+14 1l.44e+14 40.7% 1.17e+14 3.8les10 31.8%
41224 » twoei_cphfdyn_omp_twoer_cphidyn_apb_omp_ 1.53e414 1.4d4eeld 40.7% 1.17e014 3.81es10 31.8%
4174 » gpu_ompmod_tdhf_apb_gpu_twoes_cphfdyn_apb_omp_ 1.53e424 1.4des1d 40.7% 1.17e424 3.81es10 31.5%
4 352 » gpu_tch_apb_j06_pppp_ 1.16e24 1.1leeld 31.5% 9.37ee13 2.88e010 24.1%
4 689 » __nvoep_target [libavomp.so] 1.16e+14 1.1les1d4 31.5% 9.37e+13 2.88e+10 24.1%
4 1294 » launchTarget [libewomp.so] 1.16e+14 L.1les1d4 31.5% 9.37e+13 2.88e+10 24.1%
4 1189 » launchHxTarget [libnvosp.so] 1.16e+14 1.1lesld 31.5% 9.37e+13 2.88e+10 24.1%
4 437 » hxtaunch [Libnvomp.so] 1.16e+14 1.1le+1d4 31.5% 9.37e+413 2.88e+10 24.1%
4 163 » launchinternal [libnvoap.so] 1.16e+14 1.11es14 31.5% 9.37e+13 2.88e+10 24.1%
4573 » [1] targetiaunch 1.16e+14 L.1le+14 31.5% 9.37e+13 33.4% 2.88e+10 24.1%
4 525 » launchInternal [libnvomp.so] 1.16e+14 1.11e+14 31.5% 9.37e+13 33.4% 2.88e+10 24.18
4 3682 » <gpu kernel> 1.16e+14 1.11e<14 31.5% 9.37e+13 3.4\ 2.88e+10 24.1% 2.58es
4 » nvkernel_gpu_tdhf_apb_)06_pppp_ F1L649 22 [83112547925... 1.16e+14 30.8% 1,07e413 2.%% 1.11e+14 31.5% 1.06e+13 3.0 9.37e+13 33.4\ 4.462+10 0.0%
4 loop st tgpu_ompmod_tdhf_apb_sp.F90: © 1.05e+14 28.0%  6.86e+10 0.0% 1.01e+14 28.5% 6.28¢+10  0.0% 9.37e+13 33.4% 4.29e+10 0.0%
4685 » mod_dirfck_tdhf_apb_gpu_genr70_dirfck_tdhf apb_... 6.59e+13 17.5%  6.5%+13 17.5% 6.316413 17.9% 6.31e+13 17.9% 5.99e+13 21.3% 5.9%e+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% 5.90¢+13 21.0% 5.90e+13 21.0%
gou_dirfck_tdhf.F90: 141 1.07¢+13  2.9% 1.07e+13 2.9% 1.03e+13 2.0 1.03e+413  2.9% 9.95e+12  3.5% 9.95¢+12 3.5%
gpu_dirfck_tdhf.F90: 147 9.66e+12 2.6%  9.66e+12  2.6% 9.35e+12 2.7% 9.35¢+12 2.7% 9.00e+12  3.2% 9.00e+12 3.2%
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Time-cgntrig_Analygis:_ GAMESS5 'n-o'd_eg,{fo ranks, 20 GPUs on Perimutter

File view Filter Help

[ Profile: gamess.00.x B Trace: gamess.00.x & Profile: gamess.00.x ¥ Trace: gamess.00.x [fProfile: gamess.00.x B Trace: gamess.00.x [FgProfile: gamess.0l.x B Trace: gamess.0l.x [@Profile: gamess.00.x B Trace: gamess.00.x et s

136 !$omp"atomic update |
137 FA(IJ,IXYZ) FA[IJ,IXYZ) + VAL4*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) VAL1*DA(JL,IXYZ)
142 1%omp atomic update bz
143 FA(JL,IXYZ) = FA({JL,IXYZ) VAL1*DA(IK,IXYZ) : '
144 1'somp 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) - VAL1*DA(IL,IXYZ) x
148 ENDDO —==




Case Study: GEM (Gyrokinetic Turbulence Code)

e GEM: a comprehensive electromagnetic delta-f particle-in-cell code that includes the full
dynamics of gyrokinetic ions and drift-kinetic electrons

— Developed by University of Colorado at Boulder, part of ECP WDMApp project

e Code is written in Fortran 90 + MPI + OpenACC, with ongoing porting efforts to OpenMP target
offload (https://dl.acm.org/doi/abs/10.1007/978-3-030-97759-7_7)

e Tested platforms: Perlmutter, Crusher, and Frontier using Cray compiler

— Frontier: 16 nodes, 8 MPI ranks per node, 4 OpenMP threads per rank, 1 GPU per rank, 2
GPU streams per GPU device

e



https://dl.acm.org/doi/abs/10.1007/978-3-030-97759-7_7

First attempt: not all parallel loops should be offloaded

hpcviewer (on amd1)

File View Filter Help

[ Profile: gem_main | @& Trace: gem_main |[#g Profile: gem_main | @ Trace: gem_main‘ N % 0+ & d 44 HypE~
||Main view | _| Depth: 5 - +

Time Range: [48,323ms, 49,383ms] Cross Hair: (48,402ms, CORE 0 RANK 0 THREAD 0)
Rank 0 Thread O gy s— o s 5o o -—*nﬂn--—m--—- T S SRS W s | Call stack [Statistics| GPU Idleness Blame

I«

1 1| | B
OpenMF’ threads am 3 ) iy B & I 3] 1 o <no activity>, <omp idle> 86.0%
GPU streams i ek 1 o : ! |
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n 1
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"1 5 2 = 4 e g - E t 4 E1 - "1 lpmpi_anreduce_ [libmpifort_cray.s0.12.0.0] 0.8%
—‘-‘—--F‘ o e e e m— s = e s e e m o b w'e S e R S WSS ST el RN LA 9.7%
" i I i | <omp barrier wait> 0.7%
L] L] u lpmpi sendrecv__ [libmpifort_cray.s0.12.0.0] 0.4%
M _ = 9
I h i I I 1 ! | E ﬁ Wenforce_ 0.4%
i"d“v-_-‘ql(--u--“:l-wl- -"‘im—-n-f--lr— lq—nl—-l'i-—.mn--T—- _lﬂtx 0.3%
% T . TR " . " "a  dempy_ 0.3%
| 5 'y
| [ ] [ ] [] N [} [} [] " . ltest init_pmove$gem_pputil_ 0.3%
‘ Tk i . ' B, = ’ lezamp_ 0.3%
il - - | P NN g = -‘qh wl ”—‘_ - h’F e e s | W pmpi_barrier__ [libmpifort_cray.s0.12.0.0] 0.2%
II I l' I I ] l Il n ! ] Il lcfftbl 0.2%
i " .1 Ll o | ccftggem_fft_wrapper_ 0.2%
| - pmpi_waitany__ [libmpifort_cray.s0.12.0.0] 0.2%
»—hw—lnniln-ﬁ hmul -ri‘ﬂﬁ-#-—hhl “F#WTlﬁﬁ--ﬁluﬁ—ﬁ‘-ﬂ iqusmtl 0.2%
| T " s = - [ ] : w 3 [ enfz_ 0.2%
| . _: = ] 1 - 3 = ] ] [ . dsinf$gem_fft_wrapper_ 0.1%
] ‘_HY-‘—} o e ”-T-llmi-i emmm " om'men e I.-.-—. — 2 e ] riin—‘ e .- :;:\_1.50.140@0xc9bao g:
d o . N n o " u Wdrdt_ 0.1%
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1 1 (RN | (N | | L= {8 I | I | el iabeps, 0.0%
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First attempt: not all parallel loops should be offloaded

Procedures

test init pmove
and test_pmove
have high data
movement compared
to GPU computation

—

= (E\\)F’ expscel
\\-‘ PROJECT |

File View Filter Help

@ Profile: gem_main | @& Trace: gem_main |7 Profile: gem_main @ Trace: gem_main

58 CONTAINS
59 #ifndef OLD PMOVE

62 REAL, DIMENSION(:), INTENT(in) ::
63 INTEGER, INTENT(in) ::

INTEGER, INTENT(out) :: ierr

[ Metric properties gem_pputil.f90 X gem_méin,fso

] SUBROUTINE test init pmove(xp, np, lz, ierr)
1

xp !z position of particles
np !total number of particles

64 REAL, INTENT(in) :: 1z !total length of z direction

5

hpcviewer (on amd1)

|| Top-down view | Bottom-up view Flat view
|
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4 Experiment Aggregate Metrics
» cray_acc_transfer_list [libcrayacc_amdgpu.so.1.0]
» loadi_
» loader_wrapper_
» Idel_
» initialize_
» init_

» test_pmove$gem_pputil_
» ppush_

) weatxeps_

» jpar0_

» ampere_

» gridl_

» accumulate_
» cpush_

» wiatxeps_

» pint_

> setw_

» push_wrapper_
» gem_main_

» split_weight_
» jie_

» cint_

100.
100.
100.
100.
100.
100.

45.
40.
35.
33
33.
32.
3T
<5 )
27.
27+
25.
24.
24.
17
175
16.

% GCQ:Y = 100 x GXCOPY / GPUOP

8 % 4.61e+01 100.0% 4.61e+01 100.0%  3.47e+01 100.0% 3.47e+01 100.0% 1.14e+01 100.0%
00 % 1.14e+01 24.8% 1.14e+01 24.8% 1.14e+01 100.0%
00 % 4.22e-02 0.1% 4.22e-02 0.4%
00 % 1.32e-01 0.3% 1.32e-01 1.2%
00 % 8.97e-02 0.2% 8.97e-02 0.8%
00 % 5.54e-03 0.0% 5.54e-03 0.0%
00 % 5.54e-03 0.0% 5.54e-03 0.0%
53 % 6.38e+00 13.8% 3.48e+00 10.0% 2.91e+00 25.4%
47 % 3.50e+00  7.6% 2.08e+00  6.0% 1.42e+00 12.4%
89 % 1.59e-01 0.3% 1.02e-01 0.3% 5.70e-02  0.5%
46 % 4.45e+00 9.7% 2.96e+00  8.5% 1.49e+00 13.0%
46 % 4.45e+00 9.7% 2.96e+00  8.5% 1.49e+00 13.0%
54 % 2.82e+00 6.1% 1.90e+00 5.5% 9.18e-01 8.0%
98 % 3.07e+00  6.7% 2.08e+00 6.0% 9.80e-01 8.6%
05 % 4.60e+00 10.0% 3.17e+00  9.1% 1.43e+00 12.5%
72 % 2.73e-01  0.6% 1.97e-01 0.6% 7.56e-02 0.7%
71 % 7.01e+00 15.2% 5.07e+00 14.6% 1.94e+00 17.0%
61 % 2.45e-01  0.5% 1.82e-01 0.5% 6.28e-02 0.6%
87 % 2.71e+01 58.7% 2.03e+01 58.7% 6.73e+00 59.0%
78 % 4.61e+01 100.0% 3.47e+01 100.0% 1.14e+01 100.0%
81 % 1.09e+01 23.7% 8.98e+00 25.9% 1.95e+00 17.1%
81 % 1.09e+01 23.7% 8.98e+00 25.9% 1.95e+00 17.1%
26 % 1.20e+01 25.9% 1.00e+01 28.9% 1.94e+00 17.0%

[scope [ %GCOPY(I) |GPUOP (sec): Sum (1) |GPUOP (sec): Sum (E) |GKER (sec): Sum (1) | GKER (sec): Sum (E) |GXCOPY (sec): Sum (1) | GXCOPY (sec): Sum (E)
24.7

1.14e+01 100.0%
1.14e+01 100.0%




Use CPU threads to reduce GPU idleness

hpcviewer (on amd1) = R
File View Filter Help
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Rank 0 Thread 0
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Final step: parallelizing £1tm procedure to reduce GPU idleness

hpcviewer (on amd1)

File View Filter Help

Profile: gem_main @ Trace: gem_main [ Profile: gem_main }.Trace: gem_main [ Profile: gem_main | @ Trace: gem_main| @ B e § 3
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Main view |
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Call stack | Statistics | GPU Idieness Blame |

Procedure

pmpi_barrier__ [libmpifort_cray.s0.12.(
| pmpi_alltoall__ [libmpifort_cray.so.12.(
GI___sched_yield [libc-2.31.s0]
lezamp_
pmpi_allreduce__ [libmpifort_cray.so.1
enforce_
| laplace_
|| _cray_SIN_01_ [libcraymath.s0.1.0]
l]paro |
|_cray2_EXP_01_ [libcraymath.s0.1.0]
Idcmpy_
[ifitm_cray$mts$p0oso
Borid1_

est_init_pmove$gem_pputil_
cray_COS_01_ [libcraymath.s0.1.0] |

cray_acc_hw::HIPHardwareDevice:c
.pmpl sendrecv__ [libmpifort_cray.so.1
__cray2_RTOR_V_01 [libcraymath.so.1
EhipMemcpyHtoD [libamdhip64.50.5.3.%
l_cray_acc_hw::HIPHardwareDevice::c
‘eqmo_ [

I <unknown procedure> 0x1417a0 [hba

fitm_

passb4_
grad_
.ampere
__cray_CO0SS_01 [libcraymath.so.1. 0]
Hcmtef

| mani mathar  [likeanifack sraoes 190

Mini map
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HPCToolkit Status on GPUs

« NVIDIA
— heterogeneous profiles
— GPU instruction-level execution and stalls using PC sampling
— traces
e AMD
— heterogeneous profiles
— no GPU instruction-level measurements within kernels
— measure OpenMP offloading using OMPT interface
— hardware counters to measure kernels
— traces

— heterogeneous profiles

— GPU instruction-level measurements with instrumentation; heuristic latency attribution to instructions
— measure OpenMP offloading using OMPT interface

— traces
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Ongoing Work

Enhancing measurement to identify root causes of scalability losses
— identify measurement of delays caused by GPU and communication
Developing comprehensive support for NVTX/ROCTX/Caliper/Kokkos Labels
Support for instruction-level measurement and attribution on AMD and Intel GPUs
Improving the scalability of hpcprof-mpi
— avoid unnecessary serialization of I/O
Developing new GUI support for analysis of remote data
Adding a Python-based interface for analysis of performance results
— developing a Python API to support arbitrary queries and analysis of profiles and traces
— developing a tool that presents high-level performance reports
— exploring automated analysis to identify notable features in executions

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




