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AGENDA

e Paft_run and pat_report

e Apprentice2

e Perftools-lite

e Perftools

e Perftools API

e Load balance analysis

e Perftools Timeline

e Hardware performance counters
e Performance analysis on GPUs
e GPU timeline

e Reveal

—
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COURSE MATERIALS

e /home/tal59/tal159/shared/HPE_JunelO_demos directory
e /home/tal59/tal159/shared/HPE_JunelO_perftools slides

e /home/tal59/tal59/shared/HPE_JunelO_debug slides
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PERFTOOLS LANDSCAPE

perftools-base

//,perftools-lite <\\\ 2

NE

perftools-lite-events

pat_build

pat_report

perftools-lite-loops

API

pat_run

(*-hbm, *-gpu)

For in-depth performance
analysis. Includes everything from
“lite ",

KFor novices or convenience / \per'ftools

grid_order

MPI rank order list generator

pat_help
pat_info

Advanced help system

N

/

Reveal

Analysis, visualization, and parallelization.

~

Apprentice2

:::

=
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PAT_RUN AND PAT_REPORT

Launch a dynamically-linked program instrumented for performance analysis
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DEMO 1A_PAT_RUN_PS
1B_PAT_RUN_MPIPI
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PROFILE EXISTING BINARIES

$> srun -n 16 pat run ./app.exe
| $> pat_report app.exe+*/ > my_report
e Insert pat run before executable in run command. No instrumentation needed.
o Useful if source code is not accessible but program is dynamically linked

4 ™

$> export PAT_RT_PERFCTR=1
$> srun -n 8 pat run ./app.exe
e Use existing perftools capability.
e Optionally collect a different group of performance counters.

$> pat _report -P -0 callers+src app.exe+*/ > my callers_report

* Create additional views of the data with pat_report options.
e If at least object files and libraries are available, load the perftools-preload
module before relinking. It provides more information like line number hot spots.
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PERFTOOLS FOR PYTHON (EXPERIMENTAL SUPPORT)

$> module load cray-python
$> srun -n 4 pat_run “which python™ hello.py

e Load the cray-python module.
e Usepat run and the absolute path to python.

$> pat_report -o myrep <exp-dir>
$> pat_report -0 ct+src -o myrep.ct <exp-dir>

e Generate call tree report in addition to default one.

e Python module must be loaded when pat_report
is invocated.

e Python methods from the source code are

prepended with python. *

e Check the pat run man page for more details.

Table 1: Calltree View with Callsite Line Numbers

Samp% | Samp | Calltree
| | PE=HIDE

100.0% | 323.5 | Total

| python.evolve:heat-p2p.py:line.51(exclusive)
| __memcpy_avx_unaligned_erms

| python.evolve:heat-p2p.py:line.53(exclusive)
| __memcpy_avx_unaligned_erms

| __memcpy_avx_unaligned_erms
| python.evolve:heat-p2p.py:line.50(exclusive)

python.exchange:heat-p2p.py:1line.73
MPI_Sendrecv

python.exchange:heat-p2p.py:1line.77
MPI_Sendrecv

|
|
|
|
|
|
3
|
4
4
|
3
|
4
4
|
3
|
4
4
|
3
4
|1
|
|
3
4
3
4
|
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APPRENTICE2
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APPRENTICE2

e The actual information contained in the resulting data file will vary depending on your choice of pat_build

options and runfime environment variables

« Need to run pat_report on the experiment directory (it produces the ap2 summary files)

ece
File Compare View Help

rochpl+87387-8749894s

HCPMO AME

=

Function/Region Profile

59.5% = MP|_Waitany
7.8% = hipDeviceSynchronize
6.6% = get_library_and_adapter

e
-
4=

Load Imbalance
(samples)

= hipStreamSynchronize
i

=gomp_team_barrier_wait_end
hip:
= MPI_Waitany

e Help ->Panel Help open

Profile

CPU

o

Programming Model
w??.aﬁn'gh

Energy Usage
PM Energy Node 255946

Memory Utilization
Process HiMem = 2137.3 MiBytes

10011 ___ (10011
10101 10101

Data Movement
No data collected.

—

Waliclock time: 76.799797s

© 2024 HEWLETT PACKARD ENTERPRISE

10



APPRENTICE2 - DESKTOP INSTALLER WITH REMOTE ACCESS

e Remote visualisation of the PAT data
e |nstallers for Windows and MacOS available at

« /opt/cray/pe/perftools/<version>/share/desktop_installers/
e No Linux package!

o Note that the Windows version doesn’t support ssh key authentication

A

e MacOS application startup window;

g”® APPRENTICE2
e | =
“.:'.“:‘.:“ P;ig ”@ lllllllllllll __
e Open PAT datavia File -> Open Remote.. oy
o Insert the <1ogin> with Default path e —
. | | [Foc ] _Xom
« Navigate to your PAT data directories N — B
« NB does not work on ARCHER2 (due to ssh-key) | S e s
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APPRENTICE2 - LOCAL DESKTOP WITH COPY OF THE PAT DATA

e |t is possible to copy the PAT directories on your laptop/desktop
« Depending on the experiment, the directory can be quite large
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CALL TREE VIEW OF SAMPLED DATA

1

File Help
= sweep3d.mpi+samp.rs.ap2 XI
- Overview & ¥ Callgraph xI
[«]
glo
glo
mpi
i
[+
'.-:-l Search:l | =
[sweep3d.mpi+samp.rts.ap2 (4,551 events in 0.126s) < I

© 2024 HEWLETT PACKARD ENTERPRISE I 13



LOAD BALANCE

File N\ Help

Vs
vsweep3d+tr-u+mpi96p.ap2|vswim+tr16p.ap2| Min’ Avg’ al’ld MaX

@ e F1 M Values

w Overview I w Call Graph ¥ Load Balance |

Load Bafance: MPL Beast
FE Calls fin secs)
PE #33[ |
PE #37
PE #43
PE #41
PE #61
PE #57
PE #39
PE #53
PE #51
PE #45
PE #67
PE #91
FE #47
PE #59
PE #35
PE #31
PE #34
PE #55
PE #33
PE #29
PE #33
PE #42
PE #49
PE #57
PE #53
PE #35
PE #73
FE #75
PE #53
PE #77
PE #71
PE #52

4

Std Dev
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CALL TREE VIEW

File ( N\ Help
@AV EDBEMEE A | Width < inclusive time
wOverview ¥ CallGraph X | /\ J
\ Y
B Height < exclusive time
)

nodes or
sub tree

calcl
/ (c=0/3901 €=0.2933)

ﬁoad balance overview: \o.oz‘z‘ilfso.ﬂos} (emo|SRUR { 2,
Height <& Max time -
Middle bar <> Average time
Lower bar < Min time

DUH Button:
Provides hints

Yellow represents ‘ "} mplugitall 7] for performance
\.imbalance time 28638 tuning
mpl SSSE (4]
Function
List
4] |’|z
ﬂ Search:| ﬂ @.4 @‘l
A

|
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CALL TREE VIEW - FUNCTION LIST

File Help
@,y EDE : ( Right mouse click: W
M B= ¥
Node menu

w Overview & ¥ Call Graph x|
fo— e.g., hide/unhide B
Imleme|Name o 8

0.3702 mpi_waitall_[7] (c=2.1083) Chlldren

0.3103 mpi_waitall_[4]

0.1586 mpi_waitall_[10] nghT mouse CIiCk:

0.1226 mpi_waitall_[6] (:I-"IZI.‘:IJIAIIS}

0.1108 mpi_waitall_[1] V|eW menu: /

0.1017 mpi_waitall_[3]

0.0917 calcl_ e.g_’ F||'|‘er e mp}_ew-lnlltnldl':ll_z 10]

0-0673 cale3_ {c=0/3901 €=0.2933)

0.0649 calc2_

0.0249 mpi_waitall_[9]

0.0161 mpi_isend_[13] calc3_ calc2

- (c=0.0221 e=0.4705) (c=0/3803 e=0.5031)

0.0129 mpi_irecv_[10]

0.0117 mpi_isend_[10]

0.0090 mpi_waitall_[0] /1

0.0084 mpi_isend_[7]

0.0072 mpi_irecv_[13]

0.0070 mpi_isend_[4]

0.0065 mpi_irecv_[4]

0.0048 mpi_irecv_[7] @

0.0031 mpi_waitall_[2] Sort Options i /f mptié:algﬂlnﬂl

0.0029 mpi_reduce_{sync) mpi|waitall )[3]

i wai 0 < (€=0.0299
0.0025 tall_[5
mpf_wal all_[5] A) Tlme,

0.0001 mpi_reduce_ .

0.0000 mpi_waitall_[8] Tlme,

0.0000 mpi_irecv_[18]

0.0000 mpi_isend_[16] Imbalance % mpi|waitall [4]

0.0000 e n (6=0.3228)

. mpi_finalize_ o

0.0000 mpi_comm_rank_ Imbalance tlme

0.0000 mpi_init_

0.0000 mpi_comm_size,
4 L Function
% | Time| Imb % [|imb Time . =
=l —__ Listoff Lo
£ se Go |G} @

| A

0.00 058 112 1.68 2.24

| , ;
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MOSAIC VIEW

- Mosaic xl

Avg Time (Send)

5 6 7 8 9 10

1+l

Destination PE
0 1 2

L

[
1x1

oomzrs [ [n

L)
“IE

1.18-05 00006757

Wallclock time: 83.456537s
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EXPERIMENTS COMPARISON

e Compare 2 experiments in a side-by-side display
« Assuming they are the same e experiment and summary types

« Useful during an application optimization phase
« Can use CLI or the GUI menu Compare

eoce

Comparison

File Compare View Help
7 .4]vh—n—-x|

®0a

Tip.X_O0+pal+70489-87454981

v prone X |sv s %

M hipDeviceSynchronize
W main

hip.X_OZ+pat+78760-87454981

W hipKernel
' hipMemcpy

I All Others

w Profile xlm y Call ‘7'!

n
n

i main W hipDeviceSynchronize 17 Al Others
W hipKernel 1 hipMemcpy

Wallciock:

4.77328/1.7137s
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PERFTOOLS-LITE

An easy-to-use version of the Perftools Performance Measurement and Analysis Tool
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DEMO 1C_PERFTOOLS LITE
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TWO FUNDAMENTAL WAYS OF PROFILING

1. Sampling

« By taking regular snapshots of the applications call stack we
can create a statistical profile of where the application spends
most time.

« Snapshots can be taken at regular intervals in time or when
some other external event occurs, like a hardware counter
overflowing

2. Event Tracing

 Alternatively, we can record performance information every
time a specific program event occurs, e.g. entering or exiting a
function.

« We can get accurate information about specific areas of the
code every time the event occurs

e Event fracing code can be added automatically or included
manually through API calls.

—

Advantages
* Only need to instrument main routine

* Low Overhead - depends only on sampling frequency

* Smaller volumes of data produced
Disadvantages

* Only statistical averages available

* Limited information from performance counters

Advantages

* More accurate and more detailed information

* Data collected from every traced function call not
statistical averages

Disadvantages
* |Increased overheads as number of function calls
increases

* Huge volumes of data generated
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TEST 1: GENERATE A SAMPLING PROFILE

f $> module load perftools-base
$> module load perftools-lite

e Subsequent compiler invocations (cc, CC, ftn) will automatically insert necessary
hooks for profiling (not always up-to-date with latest third-party compilers)

$> make clean; make

e Resulting executable app . exe is automatically instrumented. Object files needed!
e Not instrumented application stored as app . exe+orig

$> srun -n 8 app.exe >& job.out

e The report is printed to stdout.

e Successful execution creates a app.exe+*/ directory for further analysis.
Change this directory name with the PAT _RT EXPDIR NAME environment
variable.

: © 2024 HEWLETT PACKARD ENTERPRISE I 22



OUTPUT: SAMPLING

HHABH BB BB RT3
# #

# CrayPat-lite Performance Statistics #

# #

HHARHRBHHBBHHBHHHBHHHBRH AR HH R AR BHH BB HH AR HH AN

Regular program output

General job information

Sampling summary

Further analysis

Observations and suggestions

MFLOPS not available on Intel Haswell:

The document that specifies performance monitoring events for Intel
processors does not include events that could be used to compute a
count of floating point operations for Haswell processors: Intel 64
and 1A-32 Architectures Software Developer's Manual, Order Number
253665-050US, February 2014.

MPI ufilization:

No suggestions were made because all ranks are on one node.

End Observations

Table 2: File Output Stats by Filename

Write | Write | Write Rate | Writes | Bytes/ |File Name[max10]
Time | MBytes |MBytes/sec| | Call| PE=HIDE

0001908 10.000589 | 0.308860| 180 34.33 [Total

1
r
| 0001908 | 0000589 | 0.308860| 180 3433 Istdout

Program invocation: himeno.exe
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TEST 2: GENERATE AN EVENT PROFILE

$> module sw perftools-lite perftools-lite-events

J

e If perftools-1ite module notloaded, load subsequently perftools-base
and perftools-lite-events.

$> rm app.exe; make

e Only relink of app . exe necessary if object files and user libraries have been
generated with another perftools-1ite* module.

e Otherwise doamake clean; make

$> srun -n 8 app.exe >& job.out

e Thereport is printed to stdout.
e Successful execution creates a app .exe+*/ directory for further analysis.
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OUTPUT: EVENT TRACING

B g

# #
# CrayPat-lite Performance Statistics #
# #

HHARHRBHBBRHHBHHHBHHABHH AR AR HHBHHBRHHBRIH

Regular program output

Event tracing summary. Note

difference to sampling

Further analysis

Table 1: Profile by Function Group and Function

Time% | Time | Imb. | Imb. | Calls |Group

| | Time | Time% | | Function

| I I I | PE=HIDE
100.0% | 37.169472| -- | == 12,589.2 | Total

|

1

| 96.9%136.02032 | --
11
"
Il 93.5% 13476561 |0.764943 | 2.5% | 20 |jacobi
Il 3.4% | 1.253708 |0.006834 | 0.6% | 1.0 [initmt

| - | 60 |USER

Table 2: File Output Stats by Filename

Time| MByfes|MBytes/sec| | Call| PE=HIDE

0001694]0.000589 | 0.347860| 180| 34.33 [Tofal
I

| 0.001694 | 0000589 | 0.347860| 180/ 34.33 |stdout

Write| Write | Write Rate | Writes | Bytes/ |File Name[max10]

Program invocation: himeno.exe

For a complete report with expanded tables and notes, run:

| 31% | 1135804 | -- I == |2,423.0 IMPI

Il 2.6% | 0.95066311.135159 |62.2% | 450.0 | MPI_Waitall

General job information

© 2024 HEWLETT PACKARD ENTERPRISE
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TEST 3: GENERATE A LOOP PROFILE (CCE ONLY)

$> module sw perftools-lite perftools-lite-loops

/
_/

e |f perftools-lite module not loaded, load subsequently perftools-base and perftools-
lite-loops. Only for PrgEnv-cray.

$> make clean; make

* Need to clean everything and rebuild.

e Compiler drivers willuse -h profile generate for Fortran or
-finstrument-loops for Cimplicitly. This flag turns off OpenMP and
significant compiler loop restructuring optimizations except for vectorization.

$> srun -n 8 app.exe >& job.out
_/

* Successful execution creates a app.exe+*/ directory for further analysis.
* Thereport is printed to stdout.
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OUTPUT: LOOP PROFILE

06/27/16 17:24:11

Regular program output

Loop Statistics by function

General job information

VA

R
#

CrayPat-lite Performance Statistics

#
R

[11. 4/ | 4657924 | 0001652

511

| 150 5| 255 ljacobiLOOP.5.i.263
[11.4%| 4.656272 | 0959343 | 38,250 |2550| 255 acobl LOOP.6.i.264
| 91%| 3.696929 | 3.696929 [9,753,750 |511.0| 511]|
\ii%l 0.847145| 0.000004 | 1 [259.0| 259 259||n|TmTLOOP
["2.1%| 08471411 0000605 | 259 12590 259| 259 linitmt.LOOP.2.i.192

/ . o \ Subroutine
Table 1: Inclusive and Exclusive Time in Loops (from -hprofile_generate)

Loop [Loopincl | Time | LoopHit | Loop| Loop|Loop |Function=/.LOOPL]

Incl | Time | (Loop | | Trips | Trips | Trips | PE=HIDE

Time% | | Adj) [ | Avgl Min | Max|

I

197.0% 1394975511 7219257 | 2 | 7501 50 | 100 acoblLooP1f236}— |

67.8%127.620370 | 0.003188 150 |255.0] 255]| 255 ljacobiLOOP.2.i.240

678/|27617181| 0.230981 [ 255.0| 255| 255 jacobiLOOP.3.1i.241

511 ljacobiLOOP.4.li.242

515|

515 |initmt.LOOP.3.1i.193

| 21% | 0.846535| 0846535 | 67,081 |515.0]

Program invocation: himeno.exe

For a complete report with expanded tables and notes, run:
pat_report /lustre/scratch/x_esposia/test/himeno.exe+11333-36t.ap2
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PERFTOOLS-LITE REMARKS

e No intervention needed for build system and batch scripts.
e Only make sure to use the compiler driver wrappers CC, cc, and ftn.

e What we did not see with these simple tests:

e perftools-1ite can produce rank reordering files for MPI to optimize the communication. Not visible here
because of small portion of time spent in communication or job size.

e The resulting app+exe*/ directory can be processed with pat report, Apprentice2, and Reveal for further
analysis. From the sample experiment one can retrieve hardware performance counter information.

 Tailored profiling, i.e. for specific routines, trace groups, or specific portions of the code is not possible.
« Need the regular perftools module for this in-depth analysis.

e CRAYPAT LITE environment variable can be used to create distinct output files.
e Record Subset of PEs during execution: export PAT RT EXPFILE PES=0,4,5,10
e Use CRAYPAT LITE WHITELIST for binaries you DO want instrumented (rest ignored).
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FURTHER ANALYSIS (WITHOUT RE-RUNNING)

e Generate full report

$> pat _report app.exe+pat*/ > rpt

100.0% | 9.300473 | 1,056.2 | Total

e Generate report with call tree (or by callers) oo
| 99.2% | 9.228248 | 5.9 | USER
$> pat_report -0 calltree+src | onom ) ez 1 2t gt
$> pat_report -0 callers+src S 311 0.5 | 7517552 || 1.0 1 metn:inens.crline 150
- 311 16.2% | 1.502989 | 1.2 | main:himeno.c:1line.119

e Show each MPI rank or each OpenMP thread in report | 2.2% | 0.007618 | 1.0 | initmt

31 | | | main:himeno,c:line.1@2

$> pat_report -s pe=ALL |

$> pat_report -s th=ALL
e Generate a preview of data before processing the full report
$> pat_report -Q1
o Produces report from single (lexically first) ‘ap2’ file
» Useful for jobs with large number of processes

: © 2024 HEWLETT PACKARD ENTERPRISE



FURTHER ANALYSIS (WITHOUT RE-RUNNING)

e Generate report from specific subset of ranks
$> pat_report -s filter input=°‘pe==0’
» Report with only PE O data
$> pat _report -s filter intput=°‘pe<5’
« Report with data from first 5 ranks
« Use pat help report filtering for more details
e Don’t see an expected function ?
e Use the pat report -P optionto disable pruning.
 You should be able to see the caller/callee relationship with pat_report -P -0 callers
e Use ‘pat report -T’ tosee functions that didn't take much time
« Still don’t see it? Check the compiler listing to see if the function was inlined.
e Also try the GUI for analyzing performance analysis results.
$> app2 app.exe+*/
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ON-NODE ANALYSIS

e Example fraffic from an MPI+OpenMP run.
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OBSERVATION EXAMPLES

| Observation: Stall cycles are 66.4% of total cycles,
which exceeds the guideline of 40.0%. This can be caused

by issues in the program such as saturation of memory
bandwidth.

/" Observation: Program sensitivity to vectorization: The
- low proportion of packed instructions and low rate of
stalls in the program suggest that its performance
could be improved by increased vectorization. Use
compiler optimization messages to identify loops in

functions high in the profile that were not vectorized
. and try to use directives or restructure the loops to
. enable them to be vectorized.

~

\\.
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OBSERVATION EXAMPLES

e

Observation: Metric-Based Rank Order No rank order was
suggested based on the USER Samp metric because that
metric was already well balanced across the nodes.

Observation: Program sensitivity to memory latency The
relatively low memory bandwidth utilization but
significant rate of stalls in the program suggest that
its performance is limited by memory latency. It could
be beneficial to improve prefetching in loops in
functions high in the profile, by modifying compiler-
generated prefetches or inserting directives into the

__source code.

\\.‘_
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PERFTOOLS

In-depth Performance Analysis
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DEMO PAT_HELP
1D_PERFTOOLS_APA
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OVERVIEW

The perftools components:

 Instrumentation and report generation must be
done manually.

perftools-base

° o m)erftools-lite ‘ \

e pat_build — instruments the program to be o ]| [ [ srid order | N
ana Iyzed' ’ perftools-lite-loops ‘ Kzi_r‘epor‘t VP enk order st generetr

e pat_report — generates text reports from the ‘ Fornephpefamence s pr vl
performance data captured during program \‘For'm;'.‘;m;iﬂ:v’enieme ~ )\ perftools Ao oen
execution and exports data for use in other R 2
programs. | —

« These tools together with Reveal, Apprentice2, = E— Anelyss,visualization,and paraleiztion. -

pat help,and pat infoarein principle
already available with perftools-base
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AUTOMATIC PROFILING ANALYSIS (1/2)

module load perftools-base

module load perftools

Setup the perftools environment

make clean; make

pat _build app.exe

The APA (-0 apa) is the default experiment. No option needed.

The pat_build generates a binary instrumented for sampling (different from the pure
sampling shown before.)

srun -n 8 app.exe+pat

pat_report -o myrep.txt app+pat+*/

Running the “+pat” binary creates an experiment directory.

Applying pat report tothe app+pat+*/ directory generatesan *.apa file
therein.

© 2024 HEWLETT PACKARD ENTERPRISE I
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AUTOMATIC PROFILING ANALYSIS (2/2)

‘ > vi app.exe+pat+*/*.apa

e The *.apa file contains instructions for the next step, i.e. tracing. Modify it
according to your needs.

‘ > pat_build -0 app.exe+pat+*/*.apa

» Generates an instrumented binary app.exe+apa for tracing according to the
instructions in the app . exe+pat+*/*.apa file.

> srun -n 8 ./app.exe+apa
> pat_report -o myrep.txt app.exe+apa+*/

N i

e Running the app.exe+apa binary creates a new data file or directory.
e Applying pat_report tothe app+apa+*/ directory generates a new report.
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OUTPUT: APA WITH PERFTOOLS

Sampling

CrayPat/X: Version 6.4.1 Revision 6ab694f 06/27/16 17:24:11

Number of PEs (MPI ranks): 8
Numbers of PEs per Node: 8
Numbers of Threads per PE: 1
Number of Cores per Socket: 16

Execution start time: Wed Mar 8 14:24:42 2017
System name and speed: nid00036 2301 MHz (approx)
Intel haswell CPU Family: 6 Model: 63 Stepping: 2

Samp%| Samp|Imb.| Imb. |Group
| | Samp | Samp% | Function

I | 1 | PE=HIDE
100.0% 13,6850 --1 --|Tofal
1
| 84.2%13,1045] --|1 --|USER
1

|I
Il 81.9%13,018.1157.9 | 2.2% ljacobi
I 2.3%1 8611 29| 3.7%linitmt

1

I 12.2%1 45121 6.81 1.7%|__cray_scopy_HSW
I 1.0%1 3861 2.4 6.6%|__cray_sset_HSW

Il

| 25%1 9061 -1 --IMPI

Il
I 1.9%1 69.6146.4|45.7%|MPI_Waitall

CPU_CLK_THREAD_UNHALTED:THREAD_P 109,408,212,031
CPU_CLK_THREAD_UNHALTED:REF_XCLK 3,588,344,079
DTLB_LOAD_MISSES:MISS_CAUSES_A_WALK 53,188,056
PM_ENERGY:NODE 30.382 /sec 1112)

CPU_CLK 3.05GHz

TLB utilization 268.83 refs/miss

D1 cache hit,miss ratios 70.8% hits

D1 cache utilization (misses) ~ 3.43 refs/miss
D2 cache hit,miss ratio 67.8% hits
D1+D2 cache hit,miss ratio 90.6% hits 9.4% misses

D1+D?2 cache utilization 10.65 refs/miss 1.33 avg hits

D2 to D1 bandwidth 6,149.405MiB/sec 236,055,684,984 bytes

—

0.53 avg uses

29.2% misses
0.43 avg hits

32.2% misses

Suggestion to collect

Performance counters

APA file

4]

# C74Iect the default PERFCTR group.

# Libraries to trace.

# User-defined functions to trace, so

-w # Enable tracing of uger-defined functions.
# Note: -u should NOJ be specified as an additional option.

#81.90% 3735 bytes

Augment this list if needed,

ie.—g mpi,io

Add or remove functions
as needed.

Create the binary

for tracing

Event Tracing

CrayPat/X: Version 6.4.1 Revision 6a6694f 06/27/16 17:24:11
Number of PEs (MPIranks): 8

Numbers of PEs per Node: 8

Numbers of Threads per PE: 1

Number of Cores per Socket: 16

Table 1: Profile by Function Group and Function

Tim|e%| Time| Imb.| Imb.| Calls |Group

|  Time | Time% | | Function
| | | | PE=HIDE
100.09% | 37.748701| -| --|2,584.0 |Total
95.9% | 36.184768| -—-| -| 5.0]|USER

|

|

|

|| 92.5% | 34.935081 | 1.178364 | 3.7% | 2.0 |jacobi
|| 3.3% | 1.248950]0.016487 | 15%| 1.0 [initmt
|
|
|
|

41%]| 1537996 | | -|2423.0 |MPI
|
| 3.6% | 1.344349 | 1.096798 | 51.3% | 450.0 |[MPI_Waitall

I ——

Time% 92.5%

Time 34.935081 secs

Imb. Time 1.178364 secs

Imb. Time% 3.7%

Calls 0.057 /sec 2.0 calls
CPU_CLK_THREAD_UNHALTED:THREAD_P 104,712,083,433
CPU_CLK_THREAD UNHALTED:REF_XCLK 3,465,232,627
DTLB_LOAD_ MISSES:MISS_CAUSES A WALK 44,033,261
DTLB_STORE_MISSES:MISS_CAUSES A_WALK 26,116,487
L1D:REPLACEMENT 6,955,645,277

L2 RQSTS:ALL_DEMAND_DATA_RD 3,675,034,522

L2 RQSTS:DEMAND _DATA _RD _HIT 1,408,925,969
MEM_UOPS_RETIRED:ALL_LOADS 22,406,881,264

CPU_CLK 3.02GHz

TLB utilization 319.41 refs/miss

D1 cache hit,miss ratios 69.0% hits

D1 cache utilization (misses)  3.22 refs/miss

0.62 avg uses
31.0% misses
0.40 avg hits

© 2024 HEWLETT PACKARD ENTERPRISE I 39




SAMPLING WITH PERFTOOLS

"> module load perftools-base
> module load perftools

e No automatic instrumentation takes place as with perftools-1lite*.

> make clean; make
> pat_build -S app.exe

N 4

e This generates a new executable app.exe+pat and preserves app.exe.
e Object files must be present during this stage.

> srun -n 8 ./app.exe+pat
- > pat_report -o myrep.trace.rpt app.exe+pat+*/ |

e Running the app.exe+pat creates an app.exe+pat+*/ directory.

e pat report reads that directory and prints a lot of human-readable performance
data.

 If worthwhile, a MPI rank reordering file will be produced.
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EVENT TRACING USING PERFTOOLS

> module load perftools-base
> module load perftools

e No automatic instrumentation takes place.

> make clean; make )
- > pat_build -u -g mpi app.exe |

S

e This generates a new executable app.exe+pat and preserves app.exe.

 |f object files and user libraries have already been compiled with perftools enabled, just
relink the application with rm app.exe; make instead.

e Traces MPI functions calls and functions defined in the program source files.

> srun -n 8 ./app.exe+pat

> pat_report -o myrep.trace.rpt app.exe+pat+*/
e Running the app.exe+pat creates a app.exe+pat+*/ directory.
e pat _report reads that directory and prints a lot of human-readable performance data.
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OUTPUT: EVENT TRACING WITH PERFTOOLS

Table 1: Profile by Function Group and Function

Time%| Timel Imb.| Imb.| Calls |Group
| | Time | Time%| | Function
| | [ | PE=HIDE

100.0%136.7037061 -1 --13,036.0
1

1
| 97.2%135.6664061  --| --| 457,
1

|I

Il 93.8%|34.43206910.6837711 2.2%
[l 3.4%1 1232095 0.0128801| 1.2%1
Il 0.0%1 0.000941|0.001077 | 61.0%|
Il 0.0%1 0.000486 | 0.000232|36.9%|
Il 0.0%1 0.000356 | 0.000445] 63.5%|
[l 0.0%1 0.000266 | 0.000024| 9.3%1|
Il 0.0%1 0.000172| 0.000192 | 60.3% |
[l 0.0%] 0.000020| 0.000008 | 31.8% |
[l 0.0%1 0.000002 | 0.000001 | 29.9%|

- --12,423.0IMPI

Il 2.3%1 0.833848| 0.688832|51.7%| 450.0 IMPI_Waitall

I 0.5%1 0.169196|0.025124| 14.8%| 900.0 IMPI_Isend

I 0.0%1 0.012631]0.016372| 64.5%1 900.0 IMPI_Irecv

Il 0.0%1 0.001162| 0.000014| 1.3%| 152.0 IMPI_Allreduce

[l 0.0%1 0.001077| 0.000043| 4.4%| 1.0 IMPI_Cart_create
[l 0.0%1 0.000703|0.000038| 5.8%| 3.0 |MPI_Type_commit

Il
0.0%| 0.018161] --| --| 156.0|MPI_SYNC
1

0.0%1 0014154 0.014143199.9%1 2.0 IMPI_Barrier(sync)
0.0%1 0.003969| 0.003266182.3%1 152.0 IMPI_Allreduce(sync)
0.0%| 0.000029|0.00002792.5%1 1.0 IMPL_Init(sync)

0.0% 1 0.000009 | 0.000009 | 99.6%1 1.0 IMPI_Finalize(sync)

General job information Load balance with MPI More on MPI| with message
message statistics sizes

2.8% | 1.019132 | 602.0 | 197,839,216.0 | 328,636.57 |MPI [ [ | main
4.7% | 1.722054 | 602.0 | 197,839,216.0 | 328,636.57 |pe.5 6||||| 40.0% | 79,104,600.0 | 150.0| 0.0| 150.0 [pe.0
2.4% | 0.881184 | 602.0 | 197,839,216.0 | 328,636.57 |pe.1 6|[[| 40.0% 79,104,600.0|150.0 0.0| 150.0 |pe.4
0.9% | 0.332689 | 602.0 | 197,839,216.0 | 328,636.57 |pe.3 6)||| 40.0% | 79,104,600.0 | 150.0 | 0.0| 150.0 |pe.7
0.0%| 0.018161 | 0.0 00|  —|MPLSYNC L!zm.O%| 79,104,600.0 | 150.0 | o.%_| 150.0 [sendpl
Jacobi
0.1% | 0.029523 | 0.0 | 00| —|peb 4 | main
0.1% | 0.019500 | 0.0 | 00| —|pel I
0.0% | 0.001622 | 0.0 | 00| —|pe0 5)||| 40.0% | 79,104,600.0 | 150.0 | 0.0| 150.0 [pe.0
5/||| 40.0% | 79,104,600.0 | 150.0 | 0.0| 150.0 [pe.4
|E|> 40.0% | 79,104,600.0 | 150.0 | 0.0| 150.0 |pe.7

20.0% | 39,629,400.0 | 150.0 | 0.0| 150.0 [sendp3

All user defined routines traced and shown (-T option).
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OPTIONS FOR TRACING

e More information is given in the pat build man page
« -u Create new frace intercept routines for those functions that are defined in the respective source
file owned by the user.

o -Ww Make tracing the default experiment and create new trace intercept routines for those functions
for which no trace intercept routine already exists. If -t, -T, or the trace build directive are not
specified, only those functions necessary to support the CrayPat runtime library are traced.

« -T tracefunc Instrument program to trace the function references to tracefunc. This option applies to
all user-defined entry points as well as to those that appear in the predefined function groups listed
under the -g option. Use the nm or readelf command to determine function names to specify for
tracing. If tracefunc begins with an exclamation point (!) character, references to tracefunc are not
traced.

« -t tracefile Instrument program to trace all function references listed in tracefile.

e Only true function calls can be traced. Functions that are inlined by the compiler or that have
local scope in a compilation unit cannot be traced.
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OPTIONS FOR TRACING

e More information is given in the pat build man page

« -g fracegroup Instrument the program to trace all function references belonging to the trace function group
tracegroup. Only those functions actually executed by the program at runtime are traced. A selection of
tracegroup values is:

—blas Basic Linear Algebra subprograms
—netcdf Network Common Data Form

— hdf5 HDFS5 1/O library

—heap dynamic heap

—io includes stdio and sysio groups

—lapack Linear Algebra Package

- mpiMPI

-omp OpenMP API

—sysio |/O system calls

-syscall system calls

e More information on the various tracegroup values is given in $CRAYPAT _ROOT/share/traces
after loading the perftools-base module.
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USING PAT_REPORT

e Always need to run pat report at least once to perform data conversion

« Experiment directory contains *.xf files in the xf-files/ subdirectory.

o Perftools combines information from Xf output (raw performance data optimized for writing to disk) and
executable to produce ap?2 files (optimized for visualization analysis) stored in the ap2-files/ subdirectory.

e Instrumented binary must still exist when data is converted!

e Resulting ap2 files are the input for subsequent pat _report calls and Reveal or Apprentice2
— Always use the entire experiment directory as input and not single ap2 files.

o XfT files and instrumented binary files could be removed once ap?2 file is generated.

e Generates a text report of performance results

o Data laid out in tables

e Many options for sorting, slicing or dicing data in the tables.
> pat_report -0 <table option> app.exe+pat+*/
> pat_report -0 help (list of available profiles)

e Volume and type of information depends upon sampling vs tracing.
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USING PAT_REPORT

e The performance numbers reported are in general an average over all tasks (also explains

non-InTeger Values) Time% | Time | Imb. | Imb. | Calls |Group
| | Time | Time% | | Function
. | | | | | PE=HIDE
e Not always meaningful
100.0% | 20.643909 | -- -- | 1149.0 |Total
[ = m e e e
e Master-slave schemes | 98.8% | 20.395989 | | -- | 219.e |USER
L e e
o MPMD || 91.1% | 18.797e60 | ©.115535 | ©.7% | 2.0 |jacobi
. . " . || 7.7% | 1.597866 | 0.006647 | 0.5:A | 1.0 |initmt
° TO Solve -l-hls you can fII-I-er -I-he apz flle || ©.0% | ©.000402 | ©.000167 | 33.5% | 53.0 |sendp3

> pat_report -sfilter input=°‘condition’
« The ‘condition’ should be an expression involving 'pe’ such as '‘pe<1024' or 'pe%2==0"

« This option is also useful when the size of the full data file makes a report incorporating data from all PEs take too long or exceed the available
memory

e More help:
e pat_report -h => usage
e pat _report -0 -h => available report tables
e pat report -s -h => options for content and format
« pat report -d -h => options for data columns
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GENERAL REMARKS

e Always check that the instrumenting binary has not affected the run time significantly compared
to the original executable.

 Collecting event traces on large numbers of frequently called functions, or setting the sampling
interval very low can infroduce a lot of overhead (check trace-text-size option to
pat build)

e Highly recommended to run on Lustre !

e The runtime analysis can be modified using environment variables of the form PAT RT *

e Check the PAT LD OBJECT TMPDIR variable if you cannot preserve the original build tree.

e pat build may recognize for instance MPI in your application and trace MPI Init and
MPI Finalize.Not the same as -g mpi which traces all MPI calls.

e Processing the app+*/ directory from perftools-1ite yields all the options of pat build
to reproduce the experiment with regular perftools.

: © 2024 HEWLETT PACKARD ENTERPRISE I 47



PERFTOOLS API

Customized performance analysis.
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DEMO 1E_PERFTOOLS_API
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API FOR ADDING USER INSTRUMENTATION

e The Perftools API calls enable you to insert functions into your source code that write special
tracing records into the experiment data file at runtime. Useful for large routines
o API calls are supported in both Fortran and C.

 After the perftools module is loaded, the include files that define the Perftools APl can be found in
the $CRAYPAT ROOT/include directory and consist of the C header file, pat api.h, and the
Fortran and Fortran 77 header files, pat _apif.hand pat apif77.h, respectively.

e« int PAT region begin (int id, char *label)
—1id is a unique identifier for the region,
—Label is the description that will appear in profiling output.
o« int PAT region _end (int id)
—1d must match begin call.
« Forfran equivalents, are subroutines with extra final integer argument for return value similar to MPI.
Data collection through API can be controlled with PAT _RT TRACE API
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API FOR ADDING USER INSTRUMENTATION

e Main information is given in the pat build man page in the section APPLICATION PROGRAM
INTERFACE.

« For further examples of Pertools API calls in source code, see the topic "API" in the
pat help system.

e When one of the perftools instrumentation modules is loaded, it defines a compiler macro called
CRAYPAT which can be used to wrap headers and API calls.

C: Forfran:

#ifdef CRAYPAT
PAT_region_begin ( 1, "loop" );
#endif

#ifdef CRAYPAT
call PAT_region_begin ( 1, "loop", istat );
#endif

e HWPC are collected for individual regions.

e The API works for sampling, tracing, and loop profiling as well as with the perftools-1lite*
modules.
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PAT REGIONS EXAMPLE IN C AND FORTRAN

The #ifdef CRAYPAT is not mandatory but helps code handling.

C:

Foriran:

#include "pat_api.h”

PAT _region_begin( 1, ”jacobi_partl");

PAT_region_end( 1);

PAT _region_begin( 2, ”jacobi_part2”);

PAT _region_end( 2);

// the execution of this code segment will
// appear in CrayPAT output as “jacobi_partl”

// the execution of this code segment will
// appear in CrayPAT output as “jacobi_part2”

4

—

include "pat_apif.h*

call PAT_region_begin( 1, *jacobi_partl", istat )
I the execution of this code segment will

I appear in CrayPAT output as “jacobi_partl”

call PAT_region_end(

1, istat )

call PAT_region_begin( 2, *jacobi_part2", istat )
I the execution of this code segment will

I appear in CrayPAT output as “jacobi_part2”

call PAT_region_end(

2, istat )

4
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EVENT TRACING W/ AND W/O PERFTOOLS API (C)

Time% | Time |
| |
| |

100.0% | 45.429778 |

Imb. |

Imb. |
Time | Time% |

Calls |Group
| Function
| | PE=HIDE

-- | 3,336.0 |Total

| 69.9% | 31.777804
| 9.9% | 4.480465
| 2.8% | 1.252451
| ©.0% | o.e001015
| ©.0% | ©.000479
| ©.0% | ©.000298
| ©.0% | ©.000297
| ©.0% | ©.000271
| ©.0% | ©.000132
| ©.0% | ©.000019
17.3% | 7.843884 |
| 16.8% | 7.652373
| ©.4% | o.170341
| ©.0% | o.016676
| o0.0% | ©.001239
| ©.0% | o.001214
| ©.0% | ©.000933
| ©.0% | o.000644
| ©.0% | ©.000459
| ©.0% | o.000004

7
0
0
0
0
0
0
0
0
0

OO O0OO0OO0OOOON

.855317
.484320
.066733
.002053
.000493
.000075
.000026
.000211
.000255
.000000

.858017
.033417
.018946
.000039
.000015
.000022
.000031
.000027
.000002

-- | 757.0 |USER

22.7% | 150.0
11.1% | 150.0

5.8% | 1.0 |
76.5% | 1.0 |main

58.0% | 150.0 |sendp

22.9% | 2.0 |jacobi

9.2% | 1.0 |initcomm

50.0% | 150.0 |sendp3
75.2% | 150.0 |sendp2

2.8% | 1.0 |exit

-- | 2,423.0 |MPI

31.1% | 450.0 |MPI_Waitall
18.7% | 900.0 |MPI_Isend
60.8% | 900.0 |MPI_Irecv

3.4% | 1.0 |MPI_Cart_create
1.4% | 152.0 |MPI_Allreduce
2.6% | 3.0 |MPI_Type_commit
5.2% | 3.0 |MPI_Cart_shift
6.5% | 3.0 |MPI_Type_vector
34.5% | 2.0 |MPI_Barrier

With API

Regions
Time% Time | Imb. | Imb. | Calls |Group
| | Time | Time% | | Function
| | | | | PE=HIDE
100.0% | 45.649773 | - -- | 3,036.0 |Total
| _____________________________________________________________________
| 83.4% | 38.065287 | - -- | 457.0 |USER
| == = m o oo o oo
|| 80.6% | 36.771025 | 7.132552 | 18.6% | 2.0 |jacobi
||  2.8% | 1.291914 | 0.077825 | 6.5% | 1.0 |initmt
|| o©.0% | ©.001031 | ©.000933 | 54.3% | 1.0 |main
|| ©.0% | ©.000520 | ©.000342 | 45.3% | 150.0 |sendp
|| ©.0% | ©.000337 | 0.000028 | 8.7% | 1.0 |initcomm
|| ©.0% | ©.000320 | ©0.000264 | 51.6% | 150.0 |sendp3
|| ©.0% | ©.000121 | 0.000322 | 83.1% | 150.0 |sendp2
|| o©.0% | ©.000017 | ©.000001 | 3.9% | 1.0 |exit
| |===============s=s=s==s==s==s==s==s==s==s=====s==s=====s==s==ss======
| 16.4% 7.500291 | - -- | 2,423.0 |MPI
== e oo
|| 16.0% | 7.298155 | 4.192142 | 41.7% | 450.0 |MPI_Waitall
|| ©.4% | ©.183874 | ©.048775 | 24.0% | 900.0 |MPI_Isend
|| ©.0% | ©.014285 | ©.020122 | 66.8% | 900.0 |MPI_Irecv E
|| ©.0% | ©.001146 | ©.000013 | 1.3% | 1.0 |MPI_Cart_create
|| ©.0% | ©.001003 | ©0.000012 | 1.4% | 152.0 |MPI_Allreduce <
|| ©.0% | ©.000756 | ©.000012 | 1.7% | 3.0 |MPI_Type_commit  sjem
|| ©.0% | ©.000566 | ©0.000009 | 1.8% | 3.0 |MPI_Type vector o3
|| ©.0% | ©.000501 | ©.000015 | 3.3% | 3.0 |MPI_Cart_shift (o]
|| ©.0% | ©.000005 | ©.000002 | 34.1% | 2.0 |MPI_Barrier N o
|| ©.0% | ©.000000 | ©0.000000 | 15.4% | 4.0 |MPI_Wtime .-I:
|| ©.0% | ©.000000 | ©.000000 | 18.7% | 1.0 |MPI_Cart_get ;
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LOAD IMBALANCE ANALYSIS

: © 2024 HEWLETT PACKARD ENTERPRISE I 54



LOAD IMBALANCE

e Common cause for performance bottlenecks when running applications at scale
e Look for high imbalance time and percentage.

° User func-l-ions Table 1: Profile by Function Group and Function
Imbalance time = Maximum time - Average time T O S R e
. . . . . . ! ! ! f | PE=HIDE
e Synchronization (Collective communication and barriers)
100.0% | 1.957703 | == | -— | 42,970.8 |Total
Imbalance time = Average time — Minimum time o008 | a1 T T e T
« Imbalance percentage of time that the rest of the team is Iy e e A
o . . || 19.2% | 0.375117 | | 1,200.0 |function2
not engaged in useful work on the given function Il 9.1% | 0.178111 | | 1,200.0 |functionl_
| |= |
e Also look for MPI (SYNC) time. ookl ocToe ) Tl Tl e menswe
. .. . . | 25.8% | 0.505b174 | | 9,596.0 |mpi barrier (sync)
« Measure for time spent waiting in collectives. | 05 | eilens | | 1.0 Impi_init_(sync)

. . | 2.3% | 0.045351 | | 9,596.0 |MPI BARRIER
e Guidance on rank reordering for better load | 1.1% 1 0.021520 | 8,756.9 INPT_ISEND
balance might appear in report
(MPI Utilization: ...)

!
!
I
!
« Only available with event tracing experiments. o fete LT = ol e
!
!
I
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COMMUNICATION BOTTLENECKS

e Sort messages by caller

 Available in default report for tracing (lite-events)
experiments.

e Analyze message sizes

e Useful when tuning MPI env vars (eager, rendez-vous, ...)

e Found in default report.

e Put barrier in front of collectives to filter sync times.

e Use rank reordering for max. on-node communication.
« Look for guidance and instructions in report.

e grid order utility.
e Visualizing datfa

« Apprentice2 (app2 app.exe+*/)imbalance or activity

report.

e pat _report -s pe=ALL shows data by MPI rank

—

MPI | MPTI Msg | MPI Msg | MsgSz | 4KiB<= |Function
Msg | Bytes | Count | <16 | MsgSz | Caller
Bytes% | | | Count | <64KiB | PE=[mmm]
| | | | Count |
100.0% | 34,940,767.4 | 8,771.9 | 258.6 | 8,513.3 |Total
‘ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
| 100.0% | 34,940,647.4 | 8,756.9 | 243.6 | 8,513.3 |MPI_TISEND
| |[===============================================================
Il 56.2% | 19,622,700.0 | 4,837.5 | 56.2 | 4,781.2 |calc2_
31 | | | | | shalow
Mnmr-——---------——
4111 56.4% | 19,718,400.0 | 7,200.0 | 2,400.0 | 4,800.0 |pe.0O
4111 56.4% | 19,699,200.0 | 4,800.0 | 0.0 | 4,800.0 |pe.32
4111 42.3% | 14,784,000.0 | 4,800.0 | 1,200.0 | 3,600.0 |pe.63
N
Total
MPI_Send / LAMMPS NS::Comm::reverse com
00.08 || T
MPI Msg Bytes% 48.6%
4,465,684,125. MPT Msg Bytes 2,171,466,150.3
13,057.0 msgs 6,006.0 msgs
719.0 msgs 0.0 msgs
28.0 msgs it 0.0 msgs
0.7 msg. unt 0.0 msgs
279.8 msg; ount 0.0 msgs
12,029.6 msg: unt 6,006.0 msgs
MPI_Send MPT / LAMMPS NS: :Comm: :
77777777777777777777777777777777777777777777777777777777777 F- MPS
MPI Msg Bytes$ 100.0%5 W | T
MPI Msg Bytes 4,465,680,353.8 MEL Mog Dytask 8- 64
MPI Msg Count 12,318.0 msgs MPI Msg Bytes 2,169,218,110.3
MPI Msg Count 6,000.0 msgs
8.0 msgs L .
0.0 nags MsgSz <16 Count 0.0 msgs
16<= MsgSz <: 0.0 msgs
0.7 msgs
256<= M 0.0 msgs |
4KiB<= MsgSz <64KiB Coun 279.8 msgs o o o |
) / 4KiB<= MsgSz <64KiB Count 0.0 msgs J
<= MsgSz < 029.6 ms | .
SEASE s G G 12 UHEL0 2= 64KiB<= MsgSz <IMiB Count 6,000.0 msgs I
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PERFTOOLS TIME LINE
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DEMO 1F_ PERFTOOLS_TIMELINE
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DATA AGGREGATION / TIMELINE

e By default, perftools aggregates data over time.

e Use PAT RT SUMMARY=0 to turn off aggregation.
 This will give you data as a function of time in apprentice2
« Do not run large experiments with this setting because size of data files!

e Timelines can be visualized for every rank separately.
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TIMELINE HINTS

export PAT_RT_EXPFILE_PES=0,4

—to only frace listed ranks

e pat_build -w -T sendp_ -T sendpl_ -T sendp2_ -T sendp3_ -T initcomm_ -T initmt_ -r himeno.exe
— Trace top time-consuming user routines using -T
— The -r flag on pat_build is useful for reporting on tracing issues

-D trace-text-size=900 and -D varargs=y may be required to include some functions in the timeline

pat_report -s traced_functions=show

nm -a <exe> shows available user routine names
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TIMELINE VIEW

o000
File Compare View Help

himeno.exe+36494-76s

= About Apprentice2 & w himeno.exe+36434-76s wl

N

w Overview [ W Plots $|

Call Stack Levels (5 Levels)

(L L L

2670409 [

D [

DTLB_LOAD_MISSES:MISS_CAUSES_A_WALK - (-}

348138.2

329340.5

310542.8

217451

274

254149.7

235351.9

216554.2

197756.5

178358.8

1601611
141363.4

|3.94 442

.54

(]

Plots | Zoom:|

No data was collected for the plots:

) ) FP_ARITH:256B PACKED SINGLE &

PE] 2  Thread] 0  pp ARITH:128B PACKED DOUBLE for PE
=2 in the interval (3.935485, 7.326893).

| 3 Time:| 5.631189

Fune:

Prev| MNext

Wallclock time: 10.174225s
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TIMELINE VIEW

User Functions, MPI
\& SHMEM Line

w swimHompi+ 1 SEEtd ap2 % T+hw 1 +swprio+mpi+48n ap2 |

®PAY i A :
- Ovarview | w Function "% Traffic Report | w Text Report |VMDSajc | w Activity | w Counters Flot | - HW Counters Owvery ales
3.564 3.508 3,502 3.695 3,739 3,783 3,526 3.570 3,914 3,958 4,001
o = e N .
FE #1 — L i — "
FE #3 Il —h.....# 4 — —
PE #3 - 1 ¢ ] e e e _.ll
PE s TR e —
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PE #7 N "\
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PE 49 by pp— 8 — pe—
FE #10 by f— WA — 1 Jo—
FE #11 W — H. " J 1 — )
----- L P — Ik H | —]
EE :g p— ——— 1 ||:| I P
FE #1d4 i ——LLLL 1 r——— m b .
PE #15 L e — e s L] o m "
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FE #17 l — 1 o 0 1 W 1 1 J —
FE #15 i ——LLLL un mye o n ﬁ 111 —
FE #19 L} i — 1 g N
P2 ~ ~ "
PE #21 I I "y
PE #29 H H b ———] 1 M "
FE 493 H o ———] 1 i "W
P s = it - "y
PE #25 —n - ias o g R, ".
PE 426 1 b I "
PE #27 i o | ann in ll. B ﬂ
Kl I I

Wy-ite Read Il Barrier Beast M send MReceive Housekeeping Reduce AL1ToAll Comm File Other IMEBarricr IParallel Region Housekeeping

scale = 1454 7% (& zoom In| (&, Zoom Qut [ @ Best it ‘
Y| | | | h
0.00 115 230 345 151
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HARDWARE PERFORMANCE COUNTERS
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HARDWARE PERFORMANCE COUNTERS

e Perftools supports the use of hardware counters to collect hardware events
« All counters accessed through the PAPI interface.

» Predefined sets of hardware counters are specified that can be instrumented for performance analysis
experiment.

o Number of simultaneous counters limited by hardware.
e Perftools provides information at the function call level on hardware features like caches,
vectorization and memory bandwidth.
« Very useful feature for deep understanding of application performance bottlenecks.
« Impact of compiler options and code optimization.
e HWPC collection can slow down the execution notably.

o Should be used within a tracing experiment only for a small set of functions or ideally through an
automatic performance analysis.
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WHEN TO COLLECT HARDWARE PERFORMANCE COUNTERS

e Use to understand the causes of a bottleneck. .
Thread Time 9,951056¢ secs
e Default set of CPU counters are already collected for »Tdc"mm ”232
whole program OFFCORE RESPONSE 0 A REQUEST:L3_MIS5LOCAL ol
OFFCORE_RESPONSE_1:ANY_REQUEST:L3_MISS_MISS_REMOTE_HOP1_DRAM 114,681
. CPU_CLK 3.33GHz
 Used to present memory and vector summary metrics UK post 1 x
Memory traffic GgyFes g 1.769G/sec 1?:50 GB
e To collect performance counters Lol Nemry aftic Gytes (e v w
. . . Memc.;r'y Traffic / Nominal Peak 1.4%
e Set PAT _RT _PERFCTR environment variable to list of events fetired Tnst per Cloc o

or group prior to execution.
(Or use -Drtenv=PAT_RT_PERFCTR=<event list> | <group> forpat_build.
Environment variable has priority.)
e Run the following utility on a compute node to get list of events for a processor:
e papi_ native avail
e papli avail
e Use pat_help to see counter groups and derived metrics
« $> pat_help counters processor type deriv
« Example: $> pat help counters rome deriv
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HARDWARE PERFORMANCE COUNTERS

e For AMD Rome PAT_RT_PERFCTR note the following counters:

e PAPI L2 DCM (L2 data cache misses),
e« PAPI L2 DCR (L2 data cache read attempts),
e« PAPI L2 DCH (L2 data cache hits)

« PAPI FP_OPS (floating point operations)
o« PAPI_TOT _CYC (total cycles)

e stalls (group of stalls counters)
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PERFORMANCE ANALYSIS ON GPUS

Performance Analysis Tools (PAT)
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PERFORMANCE ANALYSIS ON GPUS

e You can use the cross-platform perftools capabilities you are familiar with on ARCHER?2 to get whole-
program analysis at scale with some GPU information

e For deep-dive of individual GPU behaviour (one rank) look at ROCm tools (rocprof)
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GENERATE AN EVENT PROFILE FOR GPU EXPERIMENTS

Iy N

. $> module load perftools-lite-gpu

\
N

e Assuming perftools-base is loaded,load perftools-lite-gpu.

- )

. $> rm app.exe; make

.\_ Y,

e Only relink of app . exe necessary if object files and user libraries have been
generated with another perftools-1ite* module.

e Otherwise doamake clean; make

/

. $> srun -n 8 app.exe >& job.out

e Thereport is printed to stdout.
e Successful execution creates a app.exe+*/ directory for further analysis.
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EVENT TRACING USING PERFTOOLS FOR GPU (HIP)

e ™
module load PrgEnv-gnu |

module load craype-x86-trento craype-accel-amd-gfx90a rocm/5.2.3

module load perftools-base

vV VvV VvV VvV

module load perftools

( > make clean; make

- > pat_build -u -g hip app.exe

\\_ » /F

e This generates a new executable app.exe+pat and preserves app.exe.
» Traces HIP functions calls.

. > srun -n 8 ./app.exe+pat

—

e pat_report -v -T -0 myrep.trace.rpt app.exe+pat+*/

e Running the app.exe+pat creates a app.exe+pat+*/ directory.
e pat report reads that directory and prints human-readable performance data.
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‘OUTPUT: EVENT TRACING, PERFTOOLS FOR GPU (HIP)

Table 1: Profile by Function Group and Function
Time%| Time|Imb.| Imb.| Calls | Group

pat_report -v app.exe+pat+*/ T raadernoe

100.0%11.055954| --1 --11,255.0] Total
I

(or add "-O accelerator ™ for only HIP statistics) | 999%110586141 1 ~1 80801 HP

| 01%10.001300| --1 --| 446.0|ETC

I

Il 0.1%10.001225| --1 --1 3.0 __hip_module_dtor

Il 0.0%10.000044| --1 --1 41.0] hiprtcCreateProgram
Il 0.0%10.000025| --1 --1 400.0] call_init.part.0

Il 0.0%10.000004| --1 --|1 1.0|__hip_module_ctor

Il 0.0%10.000002| --1 --1 1.0l _hip_register_globals
| 0.0%10.000040| --1 --1 1.0|USER

I

Il 0.0%10.000040| --1 --1 1.0|main

Table 2: Profile of maximum function times
Time%| Time | Imb.| Imb.| Function
| | Time | Time% | Thread=HIDE

1100.0% | 0.930584 |

-] --| hipDeviceSynchronize

| 13.2%10.123213| --| --1hipMalloc
| 01%10.001225| --1 --|__hip_module_dtor
| 0.1%10.000684| --1 --|hipLaunchKernel
| 0.0%10.000057 | --| --|hipMemcpy
| 0.0%10.000044| --| --|hiprtcCreateProgram
| 0.0%10.000040| --| --1main
. | 0.0%10.000039| --1 --|hipMemsetAsync
General job | 00%10000025| | --I calliit.part0
| 0.0%10.000012| --| --|hipFree
H H | 0.0%10.000011| --| --|hipKernel.count_kernel
Informaflon | 0.0%10.000008| --| --|hipGetDeviceProperties
| 0.0%10.000004| --| --|__hip_module_ctor
| 0.0%10.000004| --| --|__hipPushCallConfiguration
| 0.0%10.000003| --| --|__hipPopCallConfiguration
| 0.0%10.000002 | --| --1__hip_register_globals

© 2024 HEWLETT PACKARD ENTERPRISE I 71



EVENT TRACING USING PERFTOOLS FOR GPU (MPI+OPENMP OFFLOAD)

vV VvV VvV Vv

module load PrgEnv-cray

module load craype-x86-trento craype-accel-amd-gfx90a rocm
module load perftools-base

module load perftools

>
>

make clean; make
pat build -u -g mpi,omp app.exe

e This generates a new executable app.exe+pat and preserves app.exe.
e Traces MPI functions calls, OpenMP offload directives and functions defined in the program source

files.

>
>

srun -n 8 ./app.exe+pat
pat_report -T -o myrep.trace.rpt app.exe+pat+*/

e Running the app.exe+pat creates a app.exe+pat+*/ directory.
e pat _report reads that directory and prints human-readable performance data.
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EVENT TRACING WITH PERFTOOLS FOR GPU (MPI+OPENMP OFFLOAD)

Table 1: Profile by Function Group and Function
Time%| Time| Imb.| Imb.| Calls | Group

| | Time | Time% | | Function
| | [ | PE=HIDE
100.0% | 24.5512841  --| --13,449.0] Total

|
| 90.3%122.160000|  --1|

--11,733.0| OACC

User traced routines

6.2%| 1.515424] --] 130.0| USER

OpenMP offload regions

CrayPat/X: Version 22.06.0 Revision 4b5ab6256 05/21/22 02:03:49

MPI routines

0.0%| 0.005111]

-1 -1 66.01MPI_SYNC

Il 0.0%] 0.0028220.002792198.9%| 2.0 | MPI_Barrier(sync)

Il 0.0%1 0.00221110.000429|19.4%1 62.0 | MPI_Allreduce(sync)
Il 0.0%1 0.000066 |0.000062192.8%| 1.0 MPLInit(sync)

Il 0.0%1 0.000012 | 0.000010180.8%| 1.0 | MPI_Finalize(sync)

General job

information

0.0%1 0.000606] -1 --| 121.0|HIP

| 0.0%1 0.00004110.000008|17.9% 400.01ETC

m
Il 0.0%] 0.000041]0.000008|17.9%| 400.0| __libc_csu_init
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GPU TIMELINE

Perftools timeline
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TIMELINE VIEW

e By default, perftools aggregates data over time
e Use PAT _RT_SUMMARY=0 to turn off aggregation
« This will give you data as a function of time in Apprentice2
« Do not run large experiments with this setting because size of data files!
e |t shows:
 Traffic timeline
o GPU timeline with concurrent activity on the CPU (host) and GPU (accelerator)
e NOTE: GPU timeline requires a new ROCM (5.5.1+)

»module use /pfs/lustrep2/projappl/project 462000125/samantao-public/mymodules
»module load rocm/5.5.3

»Make sure you include and link the correct ROCM during the building of the application, e.g. by adding
-I${ROCM PATH}/include and -L${ROCM PATH}/1ib -lamdhip64
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TRAFFIC TIMELINE VIEW

e It shows internal PE-to-PE traffic and I/O activity by PE over time
e Quite dense and typically requires zooming in or filtering to reveal meaningful data

ene N Teace PEGAaplde

Bde Compare ‘Yew Help
w About Appreatie? Q) ¥ Tiace Plsiapien Q

SPCPPalAY L I
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GPU TIMELINE VIEw ﬁ-lover the cursor over a box to see a tooltip that
|

describes the event.

Colors of the boxes have different meaning:
* Green boxes are transfer CPU<->GPU

* Red boxes are wait-related functions

[ ] [ ] rochpl+pat+14258-8746690t

[CPU s’rac‘k, s’rar;ing with v:;z“:we g‘i ~ Wlé - 24 : CB;IrtTZ tt))ct))))((eess aarree gl:l:llk’rehr: ?/Iess’r
1 (main) at the top ﬂ__,__ K| ﬁ /% 5
[ GPU D:C:S J ; R 10 0 O O T o
(Device:Context:Stream) | .., | "R R 0 0 0 1 1 2 T e £ | |
L LR AL N e
Related time line and T iR
[ magnification controls L - W C—— G sl
ey i HMMMWHMW | VHWHMNMHM A MMMW ™ R .....M__l |
activities (Kernel, In, PE'? ‘,I ™ 97]
Out, Wait) in 10

| A
7540 7R 6A 17197

percentage (full height
of the window

\ representing 100%) J

Select data of a PE and
thread (both set to zero
by default)
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REVEAL

Compiler feedback and code restructuring assistant
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DEMO 2_REVEAL+PERFTOOLS
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MOTIVATION: COMPILER LISTINGS (CCE)

e Much information produced by compiler.
Can be listed together with source code for better clarity.
Use -fsave-loopmark forCand -rmd for Fortran(-hlist=a for C/C++ from cce/*classic modules.)

generates an *.1st file for every source code file.

%564 Loopmark

Primary Loop Type

Legend 9%36%

Mcdifiers

- Pattern matched

- Collapsed

- Deleted

- (Cloned

- Flat - No calls
Accelerated
Inlined

- Multithreaded

EMMOOMMOoOMN

R - Rerolling

kVector'ized

a
b
c

f
9
1
m
n
p
r
s
w

atomic memory operation
blocked
conditional and/or computed

fused

partitioned

interchanged

partitioned

non-blocking remote transfer

unrolled

Can also be inspected in Reveal with a corresponding program library.

shortloop
unwound

partial

+ - More messages listed at end of listing

210.
211.
212.
213,
214,
215.
216.
217.
218.
219.
220.
221.
222.
223.
224,
225.
226,
227.
228.

12 VrZ A
12 VrZ A
12 VrZ A
12VrZ A

12 Vr2--

for(i=0 ; i<imax ; ++i)
for(j=0 ; j<jmax ; ++j)

for(k=0 ; k<kmax ; ++k){
af0][i][j](k]=1.0;
a[1][i1[j][k1=1.0;
al2]1[1][j](k]=1.9;
a[31[i]1[j]1[k]=1.0/6.0;
ble][i]1[j]1[k]=0.0;
b[11[1][j][k]=0.0;
b[2]1[1][j](k]=0.0;
cleIlil[31k]=1.9;
c[11il[5]0k]=1.9;
c[2][i]1[j]k]=1.0;
pLi1[j][k]=CfFloatd((i+itd*(i+it))/(Float)((mx-1)*(mx-1));
wrk1[1][3][k]=0.9;
wrk2[1][j]1[k]=0.0;
bnd[i][j][k]=1.0;

A + sign indicates that more information can be found after the routine definition.

@294 CC: VECTOR initmt, File = himeno.c, Line = 210

A loop was not vectorized because a better candidate was found at line

CC-6294 CC: VECTOR initmt, File = himeno.c, Line = 211

A loop was not vectorized because a better candidate was found at line 212.

CC-6005 CC: SCALAR initmt, File = himeno.c, Line = 212
A loop was unrolled 2 times.

(C-6204 CC: VECTOR initmt, File = himeno.c, Line = 212
Qloop was vectorized.

J
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INPUT TO REVEAL: PROGRAM LIBRARY

R

> ftn -03 -hpl=my program.pl -c my_program filel.f90

> cc -03 -fcray-program-library-path=my program.pl -c my_program_file2.c

e Recompile only sources to generate program library my program.pl

e The program library is most useful when generated from fully optimized code.
e Use absolute paths to specify the program library if necessary.

e Use -hpl=my program.pl for C/C++ for cce/*classic modules.

1

> reveal my program.pl &

vy

e Optionally, collect loop work estimates in a separate experiment and load it with the
program library or directly from the tool.

e Note that -hprofile generate option disables OpenMP and significant compiler
loop restructuring optimizations except for vectorization, which is why Cray recommends
generating this data separately from generating the program library.

e Desktop client installer: fopt/cray/pe/perftools/<version>/share/desktop_installers/

—
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REVEAL

 View source, performance, and optimization information at the same time.

8 0o

Eile Edit W¥iew Help

|»| Reveal

Loopmark Legend
Pattern Matched

Collapsed

= vhone.pl ¢ |

A loop nest has been collapsed into one loop
Deleted

-Na vigation

<4 Loop Performance

RdE:

4.0423
38576
38573

SWEEPX2 @32
SWEEPZ @51
SWEEPZ@52

22058
1.2289

RIEMANN@G63
RIEMANN @64
PARABOLA@GT

st 7

Instance #2

[
[
[
[
[
e

=]
N

sweepx] _LOOPZ21i.32@53
sweepx] LOOP1.1.31@32
SWEEPX1@31
YWHOME@Z32

Instance #3
Insitance #4
Instance #5
Instance #&
Instance #7 =]l
[+ | »]
M Traceback
PARABOLA@ET
FPMLREES1

-Source - lhome/usersfheidifreveal/parabola fa0

D
E Cloned
G Accelerated

0 Up| <+ Down

I Inlined
H | Mot Inlined

Fldo n = nmin, nmax
(51=] deltaain) = arin) - alin)
69 agin) =6. * (a(n) - .5 * {(alin) + arinll)
70 scrchlin) = (ar(n) - a(n)) * (ainl)-alin))
71 scrchzin) = deltaa(n) * deltaaln)
72 scrch3in) = deltaain) * agin)
73 enddo
74
- Vr2 75 do n = nmin, nmax
76 if(scrchlin) == 0.0) then
77 ar(n) = aln)
78 al{n) = a(n)
79 endif

L Loop

M Multithreaded

A loop or block of code is multi-threaded
Region
Scoping Analysis

vV
=03

Wectorized

Atomic Memory Operation
Blocked

Conditional and/or Computed
Fused

FPartitioned

Interchanged

Mon-blocking Remote Transfer
Fartial

Unrolled

[/ T < = '+ B I T <

Shortloop
A loop was converted to a single vector iteration

-
£

Unwound

[>)

[«] |

Iafo-Ling 67 —m—o—

A loop starting at line 67 was fused with the loop starting at line 53

hone.pl loaded. vhone_loops.ap2 loaded.
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REVEAL

e Access Cray compiler message information

o M N
Eile Edit XNiew Help

w vhone.pi 3 |

~Wavigation

[*%| Reveal

~Source - /lus/sonexion/heidifreveallsweepx2 130

-# Program View
riemann. fa0
remap./2ao
evolve f20
volume. fa0
forces f20
ppmirfa
states f20
flatten.f20
sweepz.fal
sweepy fa0
boundary 20
prin fa0
sweepx2 f30

- 053% SWEEPX2
Loop@z2a
Loop@23
Loop@3z2

Loop@dd
Loop@sa
[ sweepx] .90 [+]

(]VVVVVVVVVVVV‘

[ &

ecause it dog
es.

@ Aloop starting at line 33 was notwvec
O A loop starting at line 33 was un

vhone. pl loaded. vhone_loops. ap

Double click on
optimization message

| The compiler unrolled the loop. Unrolling creates a number of copies of the

_|user directive (pragmaj.

I
— This message indicates that unroll-and-jam was performed with respectto the
I— 32 dD m=1 b an]l' identifed loop. A differentmessage is issued when literal outer loop
unrolling is performed, as this transforation is far less likely to be
beneficial
34 n=1+ iS]"* m-1) + & For sake of illustration, the following contrasts unroll-and-jam with literal
. . outer loop unrolling.
35 rin) = recv2(l,k,1,j.m)
35 pin) = recvz2(2,k.1.7.m) #426 "ptmpiulib/buildslaves/pdges-81-edition-builditbsibuild/release/pdgcs/pdges_fin. msg.c”
.. DoOJ=1.10
37 uin) = recv2(3,k,1,j.m) DO 1= 1,100
. . AL =B(LD) +420
=] vin) = recv2(4,k,i,j.m) o = B+
30 winl) = recv2(5,k,1.j.m) ENDDO
40 fin) = recvz(6.k,i,j.m) poJzLee
Al y=B(. J)+420 lunroll-and-jam
4l enddo A(LJ+1) = B(LJ+1) + 420
42 enddo S0
43 y~ DOoJ=1.102
) 44 do 1 = 1.imax Bols 1100
. ALy =Bi(lLDy +420 iteral outer unroll
. ENDDO
|- 45 n=1+=85 DO I=1.100
= AllJ+1) = B(lLJ+1) + 420
. ENDDO
~lnfo - Line 332 / ENDDO

_|behavior and forthose rare instances where the user has determined that it

S.0.0

OPT_INFO: Aloop starting at line %s was unrolled.

|X| Explain

loop body. When unrolling an outer loop. the compiler attermpts to fuse
replicated inner loops - a transformation known as unroll-and-jam. The
compiler will always employ the unroll-and-jam mode when unrolling an outer
loop; literal outer loop unrolling may occur when unrolling to satisify a

The literal outer unroll code performs the same seguence of memaory operations
as the original nest, while the unroll-and-jam transformation interleaves
operations from outer loop iterations. The compiler employs literal

outerloop unrolling only when the data dependencies in the loop, or a control
flow impediment, prevent fusion of the replicated inner loops. Literal outer

loop unrolling is generally not desirable. tis provided to ensure expected

is beneficial.

w Close

| Explain other message... | |

)

for more detailed
information
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REVEAL

e Scope selected loop(s)

* Trigger dependence
analysis

* scope loops above

given threshold

|8 0 0 [%| Reveal OpenMP Scoping
: I Scoping Results I
Edit Listl Listof Loops to be Scoped
Scope? ILine = IFiIe or source Line I3
g Jhomesusersheidisrevealsevolve, T90
[ | Shomesusers/sheidisrevealsflatten. foO
[ | Shomesuserssheidisrevealsforces. T90
[ I Jhome/users /heidi/reveal/simages. 90
[ 1 Shomesusers/sheidisrevealsinit. T90
g ] Shome fuserssheidisrevealsparabola. foo
[ I Jhomesuserssheidisrevealsppmlr. f90
[ ] Shome fusers/sheidisrevealsprin. fo0
[ Jhomesuserssheidi/srevealsremap. 90
[ Shomesusers/sheidisrevealsriemann. T90
g Jhomesuserssheidisrevealsstates. f20
[ Jhomesusers/sheidi/sreveal /sweepxl. 90
[ Shome fusers/sheidisrevealssweepx2. TO0O —
3 Jhome fusers/heidi/sreveal /ssweepy. 90
b [+1 JFhome fusers/sheidisreveal /sweepz. f90 =1
Apply Filterl Time: IWE Trips: IE_E Threads: |4_E Speedup: m
Start Scnpingl : | l:ann:ell Clnsel
L
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REVEAL

e Review scoping results.

/’_—\

[ NoN ] [%| vhone.pl
Eile Edit View Help
-Navigatio -Sowurce - /home/users/heidifreveal’:

< |Loop Performance

M

Loops with scoping
information are

== wall pdg

b 40778 SWEEPY@35 @ 50 #zendif

b 40773 SWEEPY@36 @ ] flagged . Red needs

b 40529 SWEEPX1@31 @ user aSSIStanCe

b 40526 SWEEPX1@32 @ radius = zxc (i+my

P 40425 SWEEPX2@31 @ == 54 theta = zyc(j+mypey*js)

b 40423 SWEEPX2@32 @ 55 stheta = sin(theta)

56 radius = radius * stheta Jl
b 38573 SWEEPZ@52 @ 57

P 22068 RIEMANN@63 I 58 ! Put state variables into 1D arrays, padding with 6 ghost zones

b 12299 RIEMANN@64 59 dom =1, npez

b 0.8068 PARABOLA@67 60 dok =1, ks

b 054259 PARABOLA@44

P 05331 PARABOLA@7S5 i n=k+ ks*(m-l)- * 6

b 04244 REMAP@83 M 62 rin) = recva(l,]-dk,?,m)

b 03341 PARABOLA@30 63 p(n) = recv3(2,j,k.i,m)

b 02966 PARABOLA@BA I 64 u(n) = recv3(5,j.k.i,m)

b 02915 PARABOLA@53 65 v(n) = recv3(3,j.k.1i,m)

b 02287 RIEMANN@44 I :\<| (23] win) = recv3f4.i.k.i.m) | _»lzll
b 02028 PARABOLA@36 |—/——7rir—rn————————————————

b 02003 PARABOLA@117 piefo- Ling 51 =
b 0.1858 PARABOLA@24 @ Aloop starting atline S1 was scoped with errors. See Scoping Tool for more intformation. =l
b 0.1847 SWEEPY@86 I "ppmir” (called from "sweepz"y was notinlined because /0O was detected in "volume"

b 01771 STATES@64 | @ "ppmir (called from "sweepz") was notinlined because the enclosing loop body did not completely flatten

b 01723 EVOLVE@70 | I Alloop starting at line 10S is flat (contains no external calls)

b 01638 REMAP@111 @ Aloop starting at line 105 was not vectorized because it does not map well onto the target architecture.

b 0.1619 PARABOLA@129 W Aloop starting at line 105 was unrolled 8 times

b 01070 PARABOLA@139 @ Aloop starting at line S1 was not vectorized because it contains a call to subroutine "ppmir* on line 81.

b 00938 SWEEPZ@120 | @ Aloop starting atline S2 was notvectorized because it contains a call to subroutine "ppmir” on line 81.

b 00936 sSWEEPZ@121 [l [ Aloop starting at line S8 is flat (contains no external calls).

b 00930 SWEEPZ@122 [l @ Aloop starting at line S9 was notvectorized because a befter candidate was found at line 60.

b 00925 SWEEPX1@59 Wl W Aloop starting at line €0 is flat (contains no external calls)

b 00901 SWEEPZ@22 W @ Aloop starting at line 60 was notvectorized because it does not map well onto the target architecture

b 00898 SWEEPZ@23 [l W Aloop starting at line 60 was unrolled 8 times. -
P 00832 STATES@50 W Aloop starting at line 71 is flat (contains no external calls)

b 00880 SWFFP7@105 L'I I Aloop starting at line 71 was vectorized |

homefusers/heidifrevealivhone_loops ap2 loaded.

[ NON
Scope Loops Scoping Results

[%| Reveal OpenMP Scoping

sweepz.fo0: Loop @51

Call or VO at line 81 of sweepz.90 =
4 /homefusersiheidifrevealivolume f30:34
3 /home/users/heidifreveal/evolve f90:21
2:/homefusersiheidifreveal/ppmirf30:73
1:/hemefusers/heidifreveallsweepz.fo0:81
Call or VO at line 81 of sweepz.90
A tmarsaliieavelmaidilesuastbonliimm ~ #3028 ;II
Mame |Type | Scope Info =
wi@remap_ I Scalar  [Unresolved | FAIL: Possible recurrence involving this object.
FAIL: Fossible resolvable recurrence invalving this object.
xa Array Unresolved | FAIL: Possible recurrence involving this object.
FAIL: Possible resolvable recurrence involving this object.
WARN: LastPrivate of array may be very expensive
a0 Array Unresolved FAIL: Possible recurrence involving this object.
FAIL: Possible resolvable recurrence involving this object.
WARNM: LastPrivate of array may be very expensive.
i Scalar  Private
i Scalar  Private
k Scalar  Private
m Scalar  Private
n Scalar  Private
stheta Scalar  Private
theta Scalar  Private
gamm Sealar  Shared Parallelization inhibitor
isz Scalar  Share g
is Scalar  Shar messages are provided
ks Scalar  Share 1 1
to assist user with
mypey Scalar  Shared

[«
First/Last Private
[] Enable FirstPrivate

[] Enakle LastPrivate

analysis

——
MNone

Find Name: |

Insert Directive |  Show Directive | Close |
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REVEAL

e Generate OpenMP directives.

| Directive inserted by Cray Reveal. May be incomplete.

1$0MP parallel do default(none) &
I$OMP&  unresolved (dvol,dx,dx@,e,f,flat,p,para,q,r,radius,svel,u,v,w, &

1 $OMP& Xa, xao) &
1$0MP&  private (i,j,k,m,n,$$ n,delp2,delpl,shock,temp2,0ld flat, &

1$0MP& onemfl, hdt,sinxf@,gamfacl,gamfac2,dtheta,deltx,fractn, &

1$0MP& ekin) &
1$0MP&  shared (gamm,isy,js,ks,mypey,ndim,ngeomy,nlefty,npey,nrighty, &

1$0OMP& recvl,send2,zdy, zxc,zya)

do k = 1, ks
do i =1, isy
radius = zxc(i+mypey*isy)

! Put state variables into 1D arrays, padding with 6 ghost zones
do m = 1, npey
do j =1, js

n=73j+ js*(m-1) + 6

r(n) = recvl(1,k,j,i,m)

p(n) = recvi(2,k,j,i,m)

Reveal generates OpenMP
directive with illegal clause
marking variables that need

u(n) = recvi(4,k,j,i,m) addressing
v(n) = recvl(5,k,j,i,m)
w(n) = recvl(3,k,j,i,m)
f(n) = recvl(6,k,j,i,m)
enddo
enddo

do j = 1, jmax
n=7+6
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REVEAL

e Validate user inserted directive.

=NsRs]

= vhone._pl 23

~a vigation

| Program Wiew e

images.f20
init.fa0
parabola. 20
pRpmilr a0
prin 20
remap. a0
riemann.f20 08
= RIEMANM 0
LoopEhdd
Loop@7o [N
Loop@sa
states 120
sweaepx] . f20
sweepx2 20
sweepy 20
sweepz.f@0
vhi1mods 20
vhone 120
volume 20
zonemod. f230

{ v v v v T T

vV vy vV

v v

~Sowurce - /jufsfhome/users/heidifrevealiriemann. f20

(o0 oo

/L] S LAVS LSS LSW Wy i ay 1wvswsan, FIEy WS L LS LS,

@ Aloop starting at line 8659 was notwvectorized for an unspecified reason.
E A loop starting at line 62 was partitioned.

. -
R 64 1$0MP parallel do default(none)
65 ! $0MPE& private (1)
65 ! $0MP& shared (lmin,lmax,prgh,urgh,vrgh,plft.ulft,v1ft,pmid.clft.
67 | $0MP& crgh.gamfacl, gamfac2,plfti,pmold. prghi.umidl, umidr
68 ! $0MPE wlft,wrgh,zlft,=zrgh.n) —
do 1T = 1min, lmax User InsertEd dlreCtlve
7o do n =1, 12 . .
74 pmold(1) = pmid(1) with mis-scoped
72 wlft (1) = 1.0 + gamfacl* (pmid{1l) - pLft(l 3 (19
73 wrgh (1) = 1.0 + gamfacl*(pmid(1) - prgh @90 i Varlable n
74 wlft (1) = c1ft(1l) * sqriiwlft(Ll)) Scope Loops | Scoping Results
75 wrgh (1) = crgh(1l) * sqgrt{wrgh(Ll]}] riemann 90 Loop@63
76 z1ft (1) = 4.0 * y1Fft{1l) * wlfti{l) * wlf Name Type Scope Info 4
] | Scalar  Private
i n Scalar  Private WARN: Scope does not agree with user OMP directive
e LI clft Array Shared

crgh Array Shared
gamfacl Scalar  Shared

vhone.pl loaded

—

gamfac2 Scalar Shared v
] Reduction .
None L
Find Name: | |

Insert Directive | | Show Directive | | Close |
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REVEAL

e Look for vectorization opportunities.

| NN % vwvhone.pl

File Edit View Help
-avigation -Source - jhomefusersiheidifrevealiriernann f30
| 4 CompilerMessages [v | E + ] gpl gawnl Eavel E + ]
. . 52 B
Mot Wectorized [vlﬁll - = 63 do 1 = lmin, lmax
HilE 123
p - = images.f20 j :
Choose Comp"er ine 149 85 pmold (1) = pmid(1)
D . .8 < initfen 65 wlft (1) = 1.0 + gamfacl*{(pmid(1l) - pLlfti{l)) * plfti(l)
Messages view tO line 113 (0.000 sec) 67 wrgh (1) = 1.0 + gamfacl* (pmid(1) - prgh{l)) * prghi(l)
access message line 114 {0_000 SEC:I &8 wlft “.J = clft “.J * Sqrt hﬂ.f‘t “.J]
. . line 153 (0.000 sec) 2] wrgh (1) = crgh(l} * sqrtiwrgh{1}}
fllterlng, then select line 154 (0.000 sec) 70 zZ1ft (1) = 4.0 * v1ft{l) * wlft(l) * wlft(l)
: line 132 71 zrgh (1) = 4.0 #* vrgh(l) * wrgh({l) #* wrgh(1l)
deSIred type Of = prin.fa0 72 z1ft (1) = -z1ft{l) * wlft(L)/(z1ft (1) - gamfac2*(pmid(Ll) - plft(l
message line 125 (0.00& sec) 73 zrgh (1) = zrgh(l) * wrgh(l)/(zrgh(l} - gamfacZ* (pmid(Ll) - prgh{l
line 42 (0.000 sec) 74 umidl({l) = ulft(Ll) - (pmid{l) - pLft{l))  wlft(Ll}
line 43 (0.000 sec) 75 umidr{l) = urgh{1l} + {pmid(1l) - prghil)) s wrghil)}
line 127 {0.000 sec) 76 pmid (1) = pmid(l) + (umidr{l} - umidl{1))*{z1ft(1) * zrgh(1)) s {
I!”E 128 {0.000 sec) 77 pnid (1) = max(smallp,pmid(1))
line 129 (0.000 sec) 78 if (abs(pmid(1)-pmold(1))/pmid(1) < tol ) exit
line 104 (0.000 seac)
79 enddo
= riemann.f2a0 - L =l
line 63 (0.387 sec) [ET| | |
line 64 (0,224 sec) Jnfo-Line6d oo
= sweepxl f30 0 A loop starting at line 64 is flat (contains no external calls).
line 31 {4.053 sec) @ & loop starting at line 64 was notvectorized because a recurrence was found on "prmid” at line 77.
line 32 (4.053 sec)
line 59 (D093 sec) Rd|
|

thane.pl loaded. vhone_loops.ap2 loaded. ﬂ —
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OPENMP DATA COLLECTION AND REPORTING

e For OpenMP programs

» Perftools can measure the overhead incurred by entering and leaving parallel regions and work-sharing
constructs within parallel regions

e Show per-thread timings in addition to other data.
 Calculate the load balance across threads for such constructs.
e For programs that use both MPl and OpenMP
 Profiles by default show the load balance over PEs of the average time in the threads for each PE
« But you can also see load balances for each programming model separately.
e Options for pat_report
e profile pe.th
— Imbalance based on the set of all threads in the program
e profile pe th (default view)
- Highlights imbalance across MPI ranks
- Uses max for thread aggregation to avoid showing under-performers
- Aggregated thread data merged into MPI rank data
e profile th pe
— For each thread, show imbalance over MPI ranks
— Example: Load imbalance shown where thread 4 in each MPI rank didn’t get much work
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OPENMP DATA COLLECTION AND REPORTING

e OpenMP support needs to be enabled during compilation.
e OpenMP ftracing calls inserted by default when perftools is loaded.

Table 1: Profile by Function Group and Function
Time% | Time | Imb. | Imb. | Calls |Group
| | Time | Time% | | Function
[ [ | | | PE=HIDE
| | | | | Thread=HIDE
100.0% | 2.452453 | - -- | 1426.8 |Total
| .........................................................................
96.9% | 2.377154 | -- -- | 309.8 |USER
| ........................................................................
| 82.1% | 2.013394 | ©.027282 | 1.8% | 100.0 |work.LOOP@li.533 ]
| 10.6% | ©.259470 | 0.000282 | 0.1% | 1.0 |exit
| 2.4% | ©.057711 | ©.000562 | 1.3% | 1.0 |initializeMatrix ]///
| 1.e% | 0.e24130 | @.000313 | 1.7% | 1.0 |setPEsParams.SINGLE@1i.355
I ettt
1.6% | ©.039963 | - -- | 909.0 |MPI

Work sharing construct

Overhead

Table 2: Load Imbalance by Thread
Max. | Imb. | Imb. |Thread
Time | Time | Time% | PE=HIDE

2.452470 | ©.316486 | 17.2% |Total

2.453287 | 0.000817 | ©.0% |thread.o
2.078727 | 0.036293 | 2.3% |thread.2
2.074969 | 0.048712 | 3.1% |thread.1
2.066243 | 0.043468 | 2.8% |thread.3
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