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« Community-developed
open-source

« Replaced tool-specific

iInstrumentation and
. measurement components

of partners
Scalable performance measurement +  hitp://WWW.SCOre-p.org
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—“#Score-P FUNCTIONALITY

e Provide typical functionality for HPC performance tools

Instrumentation (various methods)

e Multi-process paradigms (MPIl, SHMEM)

e Thread-parallel paradigms (OpenMP, POSIX threads)

* Accelerator-based paradigms (OpenACC, CUDA, OpenCL, ROCm, Kokkos)

e In (almost) any combination!

Flexible measurement without re-compilation:
e Basic and advanced profile generation (= CUBE4 format)
e Event trace recording (= OTF2 format)

Highly scalable 1/O functionality

Support all fundamental concepts of partner’s tools
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SCORE-P: ADVANCED FEATURES

e Measurement can be extensively configured via environment variables

» Allows for targeted measurements:
e Selective recording
e Phase profiling

e Parameter-based profiling

e GPU support: CUDA, OpenACC, OpenCL, HIP, Kokkos, ...

e Please ask us or see the user manual for details
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core-P ARCHITECURE @) JULICH| St

Call-path profiles

.

PAPI, rusage, PERF, plugins Score-P measurement infrastructure

Hardware counter
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SCALASCA scalasca (3

http:// .scal .org/
« Scalable Analysis of Large Scale Applications P-IWWW.SCalasca.org

e Approach
e Instrument C, C++, and Fortran parallel applications (with Score-P)
e Option 1: scalable call-path profiling
» Option 2: scalable event trace analysis ol g
e Collect event traces ﬁz,zﬁ W ﬁ W% E

e Process trace in parallel

e Wait-state analysis 1

e Delay and root-cause analysis

e Critical path analysis

e Categorize and rank results P JULICH | e
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TYPICAL PERFORMANCE ANALYSIS PROCEDURE

s Do | have a performance problem at all?

s [ime / speedup / scalability measurements

= Whatis the key bottleneck (computation / communication)?
= MPI/ OpenMP / flat profiling

= Where is the key bottleneck?

n Call-path profiling, detailed basic block profiling
= Whyis it there?

s Hardware counter analysis

m [race selected parts (to keep trace size manageable)

m Does the code have scalability problems?

s Load imbalance analysis, compare profiles at various sizes function-by-function, performance

modeling 9 JUL'CH
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WHAT AND WHERE IS THE KEY BOTTLENECK?

e Generate call-path profile using Score-P/Scalasca
e Requires re-compilation
e Runtime overhead depends on application characteristics
e Typically needs some care setting up a good measurement configuration
e Filtering

e Selective instrumentation

e Option 1 (recommended for beginners):
Automatic compiler-based instrumentation

e Option 2 (for in-depth analysis):
Manual instrumentation of interesting phases, routines, loops
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CALL-PATH PROFILE: RECIPE

0. Make a reference run and note the runtime # This is an example of a filter file
SCOREP_FILE_NAMES_BEGIN
1. Prefix your compile & link commands with EXCLUDE *ffiltering/filter*
“score p” INCLUDE */filter_test.c

SCOREP_FILE_NAMES_END

2. Prefix your MPI Jaunch command with SeEr MEcion] dulss EEE

) \ EXCLUDE *
scalasca -analyze INCLUDE bar foo
. . . . baz
3. After execution, compare overall runtime with uninstrumented run to main
determine overhead SCOREP_REGION_NAMES_END 7

4. If overhead is too high

1.  Score measurement using
“scalasca -examine -s scorep_<title>”

Absolute 1
Esystemvee W swatsics Msuoust e »| 3
: 1.17e8 machine Linux]

2. Prepare filter file automatically (or manually)

“scorep-score -g scorep_<title>/profile.cubex”

3. Re-run measurement with filter applied using prefix il |- |
“scalasca -analyze -f <filter_file>” What kind of SNSRI  \\hore is tin the S How is it

performance source code? distributed across
metric? In what context? the processes/threads?

5. After:axecutlon, examine _anaIyS|s results using ) l J U LlCH JOLICH
scalasca -examine scorep_<tit/e> SUPERCOMPUTING
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CASE STUDY: CLOVERLEAF_OPENACC

« HPC mini-app developed by the UK Mini-App Consortium

« Solves the compressible Euler (partial differential) equations in 2D
using an explicit, second-order finite-volume method on a regular Cartesian grid

 Part of Mantevo project and SPEC HPC benchmark suite
 Available on GitHub: https://uk-mac.qgithub.io/Cloverl eaf/

* OpenACC-enabled MPI version written in Fortran90, run using short testcase
» clover bm1024 short.in input deck: 30720x30720 cells, 87 timesteps

* Run on 2 nodes of JUPITER with 4 MPI tasks-per-node so that each has a
dedicated GPU
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FLAT MPI PROFILE: EXAMPLE

Eile Display Plugins Help

'Absolute - | |Absolute - | Absolute "o
E Metric tree | B call tree | Flat tree [ System tree | B Statistics B Sunburst 5
[~ 165.66 Time (sec) |~ @ 105.53 clover leaf Ei i
3.19e4 Visits (occ) 4 54.91 MPI_Init_thread itch ipbi o
g 1.34e+10 Bytes transferred (bytes) 0.00 MPI_Comm_rank =
» [ 0 MPI file operations (occ) 0.00 MPI Comm _size nternal T
v 0.97 Computational imbalance (sec) 0.00 MPI Comm_split type 5
0.00 Minimum Inclusive Time (sec) 0.00 MPI_Comm _free E
20.93 Maximum Inclusive Time (sec) 1.43 MPI _Barrier 0.40 MPI Rank 2 =
0.49 MPI_Isend 0.28 MPI Rank 3 o
0.12 MPI Irecv - i .internal .
[ 2.68 MPI Waitall o
0.08 MPI_Reduce I
0.40 MPI_Allreduce S
0.01 MPI_Finalize ~
| [l |L«] D&
4 DERE | | All (8 elements) -]
0.00 165.66 (100.00%) 165.66| (0.00 2.68 (1.62%) 165.66| (0.00 2.68
L ————— [ ]
H S 4 W

....... DD OEoRe N 5
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CALL-PATH PROFILE: EXAMPLE

% scalasca -examine —-s scorep_myprog_Ppnxt_sum
scorep-score -r ./scorep_myprog_Ppnxt_sum/profile.cubex

INFO: Score report written to ./scorep_myprog_Ppnxt_sum/scorep.score

e Estimates trace buffer requirements

e Allows to identify candidate functions for filtering

e Computational routines with high visit count and low time-per-visit ratio

e Region/call-path classification
e MPI (pure MPI library functions)
e OMP (pure OpenMP functions/regions)
 USR (user-level source local computation
e COM (“combined” USR + OMP/MPI/CUDA/ACCI/LIB/...)
 ANY/ALL (aggregate of all region types)

Mitglied der Helmholtz-Gemeinschaft
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CALL-PATH PROFILE: EXAMPLE (CONT.)

% less scorep_myprog_Ppnxt_sum/scorep.score

Estimated aggregate size of event trace: 162GB
Estimated requirements for largest trace buffer (max_buf): 2758MB
Estimated memory requirements (SCOREP_TOTAL_MEMORY): 2822MB

(hint: when tracing set SCOREP_TOTAL_MEMORY=2822MB to avoid
intermediate flushes or reduce requirements using USR regions
filters.)

flt type max_buf[B] visits time[s] time[%] time/ region
visit[us]
5.49 ALL
2.07 USR

ALL 2,891,417,902 6,662,521,083 36581.51 100.
USR 2,858,189,854 6,574,882,113 13618.14 37.

MPI 676,342 550,010 208.98 0.
COM 371,930 735,040 34.61 0.

379.96 MPI
47.09 CoMm

0
2
OMP 54,327,600 86,353,920 22719.78 62.1 263.10 owmP
6
1

921,918,660 2,110,313,472 9.0 1. matmul_sub

921,918,660 2,110,313,472 6.2 2. binvcrhs

921,918,660 2,110,313,472 . 0.4 1. matvec_sub

41,071,134 87,475,200 . 1.0 4. Thsinit

41,071,134 87,475,200 0.4 1. binvrhs

29,194,256 68,892,672 . 0.2 1. exact_solution
OMP 3,280,320 3,293,184 15.81 0.0 4.80 !$omp parallel
[...]

4
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CALL-PATH PROFILE: FILTERING

 In this example, the 6 most fequently called routines are of type USR

e These routines contribute around 35% of total time
 However, much of that is most likely measurement overhead
e Frequently executed
e Time-per-visit ratio in the order of a few microseconds
e Avoid measurements to reduce the overhead

e List routines to be filtered in simple text file
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FILTERING: EXAMPLE

e Score-P filtering files support
e Wildcards (shell globs)
 Blacklisting
e Whitelisting
e Filtering based on filenames 9 JULICH
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CALL-PATH PROFILE: EXAMPLE (CONT.)

File Display Plugins Help

| Absolute ~ | | Absolute ~ | | Absolute | w
-

- n-— - oo-n @
) et »

. Metric tree . Call tree . Flat tree . System tree | . Statistics g
[ 312.39 Time (sec) a] I 312.39 clover leaf Al L 222.3% machine Linux - 5
2.06ek Visits (occ) =

] 1.34e+10 Bytes transferred [bytes) .

¥ [ 0 MPI file operations {occ)

3 30.66 Computational imbalance [sec) =)
O 0.00 Minimum Inclusive Time {sec) E
19.82 Maximum Inclusive Time {sec) g
5.40ed CUDA Memory (bytes) "

]
*
s §
o
o
—
| || r
- - ;
4 9| P Y| | Process (8 elements) - |
0.00 312.39 (100.00%) 312.39( (0.00 312.39 ({100.00%) 312.39( (0.00 312.359 (100.00%) 312.39
L __——— ———— EEESES—SES—-_
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CALL-PATH PROFILE: EXAMPLE (CONT.)

File Display Plugins Help

- | | Absolute

|Ab5nlute b | |Ab5[:|ute o
—_— —————— @
. Metric tree . Call tree Flat tree tree | M statistics | 5
« [] 0.00 Time (sec) - = [l 0.01 clover_leaf %
= [ 0.00 Execution [Tl = [l 0.01 MAIN_ -
W 95.09 Computation ] 0.00 clover_module_clove — | 3853 |
] 33.24 MPI ~ [M 0.10 initialise_ 1
¢ O 0.00 POSIX threads 0.00 get_unit_ i g
3 0.47 OpenACC 3 0.00 clover medule clove— i 2
v [ 91.77 CUDA 0.00 parse_module_parse_init_ i -
0.06 Overhead 0.00 parse_module_parse_getline_ ! -3.833 =
0 91.76 Idle GPUs 3 0.03 read_input_
2.06e6 Visits {occ) - 0.01 start_
b 1.34e+10 Bytes transferred (bytes) k 0.00 clover_module_clover_barrier_ .'F"l'
k[ 0 MPI file operations {occ) 0.00 clover_module_clover_get num_chunks_ =
b 30.66 Computational imbalance (sec) 0.00 clover_module_clover_decompose_ a
[ 0.00 Minimurm Inclusive Time {sec) 0.00 clover module_clover_tile_decompose_ -
19.82 Maximum Inclusive Time {sec)
5.40e8 CUDA Memory (bytes) 0.00 clover_module_ er_allocate_buffers_ L 3.795
b [0 0.00 acc_data_enter@shosggo.1o03 ]
3 0.00 initialise_chunk_
3 0.00 generate_chunk_
3 0.00 ideal_gas_module_ideal_g
3 0.00 update_halo_module_updateN
3 0.00 field_summary_
» [ 0.00 acc_data_exit@start.f90:103 3762
» 0.17 hydro_ i m
[0 0.00 BUFFER FLUSH i
¢ [0 0.00 THREADS !
[0 0.00 PER PROCESS METRICS !
] 64.44 KERNELS ! L 3.741
@) Box Plot [ Wiolin Plot
- -
4 Y| q | | Process (8 elements) * |
0.00 95.09 (30.44%) 312.39( |(0.00 30.32 (31.89%) 95.09| (3.74 3.79 (43.79%) 3.85

Mitglied der Helmholtz-Gemeinschaft

- W Em e W s =
Forschungszentrum

QU LRUJIVITU | JNG

CENTRE



CALL-PATH PROFILE: EXAMPLE (CONT.)

File Display FPlugins Help

| Absolute

~ | | Absolute

~ | | Absolute

. Metric tree

. Call tree

Flat tree

. System tree | . Statistics

B - machine Linux

* [0 0.00 Time (sec) | | = O 0.00 clover leaf ne Linux
= [] 0.00 Execution = [ 0.00 MAIN = O - switch jpbi-076-12-01
¥ [0 95.09 Computation v [ 0.00 clover module clover init comms *= O - switch jpbi-078-11-03
~ [0 0.00 MPI b 12.18 initialise B - - - = [ - node jpbo-078-35.jupiter.internal
3 21.48 Management = [ 0.00 hydro_ v [ 0.00 CUDA Device 0
» 6.91 Synchronization irm + [0 0.00 CUDA Device 1
3 1.31 Communication ¢ [0 0.00 CUDA Device 2
» [ 0.00 File IfO + [0 0.00 CUDA Device 3
3 3.54 Request Handling 3 0.96 MPI Rank O
¢ [ 0.00 POSIX threads 4 0.93 MPI Rank 1
3 0.47 OpenACC 4 0.95 MPI| Rank 2
20.70 CUDA . 4 0.94 MP| Rank 3
3.88 General management 3 2.89 flux_calc_module_flux_calc_ = O - node jpbo-078-37 jupiterinternal
1.59 Mermory management = [ 0.00 advection _module_advection v O 0.00 CUDA DE‘-"!CE 0
T £65.02 Synchronization 3 1.50 update halo module update halo v [ 0.00 CUDA DF—“-"!CE 1
0.58 Kemel launches = [ 0.00 advec_cell_driver module_advec_cell_driver + [ 0.00 CUDA DE“-"!CE 2
0.06 Overhead + [ 0.00 advec_cell kernel module_advec cell kernel ¢+ O 0.00 CUDA Device 3
[J 591.76 Idle GPUs b [ 0.00 acc_data_enter@advec_cell_kernel.f30:81 r IO 1.03 MPI Rank 4
2.06e6 Visits {occ) O 0.00 culibraryGetkemel r 0.95 MPI Rank 5
3 1.34e+10 Bytes transferred (bytes) O 0.00 cukemelGetFunction 4 0.95 MPI Rank &
+ [ 0 MPI file operations {occ) = [0 0.00 acc_compute@advec_cell_kermnel.f90:86 + [ 0.95 MPI Rank 7
k 30.66 Computational imbalance [sec) [ 0.00 cuDeviceGetattribute
[0 0.00 Minimurm Inclusive Time {sec) ¥ [ 0.00 acc_launch_kemel@advec_cell_kemnel.f30:8
19.82 Maximum Inclusive Time {sec) b [0 0.00 acc_launch_kemel@advec_cell_kemel.f90:1
5.40e8 CUDA Memory (bytes) b [0 0.00 acc_launch_kemel@advec_cell_kemel.f90:1
= [] 0.00 acc wait@advec cell kermel.f30:168
b [ 0.00 acc_launch_kemel@advec_cell_kemel.f90:1
¥ [0 0.00 acc_launch_kemel@advec_cell_kemel.f90:2
b [0 0.00 acc_launch_kemel@advec_cell_kemel.fO0:2
r 4.83 acc_wait@advec_cell_kemel.f90:255 =
b [0 0.00 acc_launch_kemel@advec_cell_kemel.f90:1
» O 0.00 acc_launch_kemel@advec_cell kermel.f90:1 A 4
4 M N A0 ac- daras avieShaduar call larmal FO0-27 4
1 3 4 1 | Process (8 elements) - |
0.00 65.02 (20.81%) 312.39] |0.00 7.66 (11.78%) 65.02| (0.00 7.66
— —
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WHY IS THE BOTTLENECK THERE?

e This is highly application dependent!

e Might require additional measurements
e Hardware-counter analysis
e CPU utilization
e Cache behavior
e Selective instrumentation

e Automatic/manual event trace analysis
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AUTOMATIC TRACE ANALYSIS

e Automatic search for patterns of inefficient behaviour
o Classification of behaviour & quantification of significance
 |dentification of delays as root causes of inefficiencies

2 Call
— 21 path
Low-level m High-leve IS
event trace result
Location

e Guaranteed to cover the entire event trace
e Quicker than manual/visual trace analysis

e Parallel replay analysis exploits available memory & processors to deliver scalability
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EXAMPLE MPI WAIT STATES @) JULICH 5.
Forschungszentrum CENTRE
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0 | | 2 | |
8 : : 5 5 f
2 — G —
time g time g
(a) Late Sender (b) Late Receiver
A ‘r
I
m=
time g time ”
(c) Late Sender / Wrong Order (d) Waitat N x N
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SCALASCA ROOT CAUSE ANALYSIS

e Root-cause analysis e Approach
e \Wait states typically caused by load or e Distinguish between direct and
communication imbalances earlier in Indirect waiting time
the program e |dentify call path/process
e Waiting time can also propagate (e.g., combinations delaying other
indirect waiting time) processes and causing first order
« Enhanced performance analysis to find waiting time
the root cause of wait states e |dentify original delay
cause

Recv (O

@
o}
o
.
)

Indirect wait Direct wait
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CRITICAL PATH

N\
foo foobar
o
O
S
foo Send bar foobar

time

Computation Communication _ Critical path

« Shows call paths and processes/threads that are responsible for the program’s wall-
clock runtime

« ldentifies good optimization candidates and parallelization bottlenecks

IJ JULICH
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SCALASCA TRACE ANALYSIS EXAMPLE

File Display Plugins Help

| Absolute

B | |Ab50|ute

= | |Ab50|ute

1

. Metric tree

= [ 0.00 Time (sec)
~ O 0.00 Execution
30.65 Computation
* O 0.00 MPI
v [ 51.22 Management
b 1.13 Synchronization|
=~ 0 0.00 Communication
- 2.71 Point-to-point

W 0.00 Late Recenrer.
b 0.74 Collective
¢ [ 0.00 One-sided
v [0 0.00 File JjO
v [0 71.22 OpenACC
O 0.00 Overhead
9.28e5 Visits (occ)

[»

= O 0.00 clover leaf

=[O

{4 v v w w

. Call tree | Flat tree

[»

0.00 TIMESTEP
O 0.00 timer
0.20 timestep_module_timestep |
0.01 pdv_module pdv |

[ 0.00 accelerate_module_accelerate_

O 0.00 flux_calc_module flux calc_

[0 0.00 advection_module_advection_
lo_module_update_halo_
tile_hale_module_updat
module_clover exchangs

. System tree | . Statistics

M - machine Linux
~ O - switch jpbi-076-12-01

. Sunburst

D

= O - switch jpbi-078-11-03
* [0 - node jpbo-078-35.jupiter.internal
0.06 MPI Rank 0
O 0.00 MPI Rank 1
[ 0.18 MPI Rank 2
O 0.17 MPI Rank 3
= [ - node jpbo-078-37 jupiter.internal
O 0.00 MPI Rank 4
O 0.00 MPI Rank 5
O 0.17 MPI Rank &
0.08 MPI Rank 7

Mitglied der Helmholtz-Gemeinschaft

3 104 MPI synchronizations {occ) er_module_clover_pack_
¢ [0 0 MPI pair-wise one-sided synchronization P O D 00 clover_module_clover send_
3 2.34e4 MPI communications {occ) O 0.32 MPI_Waitall [
v [ 0 MPI file operations (occ) v [ 0.00 clover_module_clover_unpac
3 1.34e+10 MPI bytes trans O 0.00 clover_module_clover_pack_|
b 3.21 Delay costs (sec) wer send
3 1.71 MPI point-to-point wait states {pmpagatlng vs. ter er_unpac
3 1.71 MPI point-to-point wait states (di er_pack_
3 19.79 Critical path (sec) r 0.00 clover_module_clover_send_ |
b 158.34 Performance impact (sec) » O 0.00 clover module_clover unpac 1=
» 0.33 Computational imbalance (sec) = » O 0.00 clover_module_ _clover_pack_ _ 1] 1L
! PO o I 0 o T« TP PRy randAula slaveme condA |
1] b | All (8 elements) - |
0.00 1.20 (0.75%) 159.38 0.67 (55.81%) 1.20| (0.00 0.67
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TRACE GENERATION & ANALYSIS W/ SCALASCA

e Enable trace collection & analysis using “-t” option of “scalasca -analyze”:

HAHHBRHHHHBHBHAABHR R BB H Y
## 1In the job script: ##
HUH AR RHRHHBHBHRARHR RSB H A

module load Score-P Scalasca
export SCOREP_TOTAL_MEMORY=120MB # Consult score report
scalasca -analyze -f filter.txt -t \

srun ./myprog

e ATTENTION:
e Traces can quickly become extremely large! Be careful!

e Remember to use proper filtering, selective instrumentation, and Score-P
memory specification
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scalasca 3

TRACE ANALYSIS DEMO
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RECAP

e Performance tools provide detailed insight into application behavior
* Help identify bottlenecks and tuning potential

e Generating data is easy, getting a good measurement is not

e Think about what to record at which granularity

e Take care setting up measurement environment
e Talk to us — we are happy to assist you
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QUESTIONS
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