The Scalasca Scalable Parallel Performance Analysis
Toolset - For POP Assessments and Beyond

Bernd Mohr

EU H2020 Centre of Excellence (CoE) 1 December 2018 — 30 November 2021

Grant Agreement No 824080



The Score-P Tool Ecosystem

The Context
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—‘tH?Score-P Performance Instrumentation and Measurement

* Provide typical base functionality for HPC performance tools https://score-p.org/
e C, C++, Fortran, Python support . __
v YEOn SEPP @) JULICH | i
* Instrumentation (various methods) Forschungszentrum | CENTRE
e Multi-process paradigms (MPI, SHMEM) TECHNISCHE
* Thread-parallel paradigms (OpenMP, POSIX threads) SR'.';‘Q%'?JTAT

* Accelerator-based paradigms (OpenACC, CUDA, OpenCL, Kokkos)
» Additional execution information (HW+SW counter, I/0, memory, ...)
* In any combination!

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

Highly scalable measurement
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% TAU Performance System® () | OREGON

 Very portable tool set for http://tau.uoregon.edu/
instrumentation, measurement and analysis
of parallel multi-threaded applications

* Supports

* Various profiling modes and tracing
Various forms of code instrumentation + sampling
C, C++, Fortran, Java, Python
Multi-process paradigms (MPIl, SHMEM, GPI, ARMCI)
Thread-parallel paradigms (OpenMP, POSIX threads)
Accelerator-based paradigms (OpenACC, CUDA, OpenCL, HIP/ROCm, OneAPI, Kokkos)

— DR
File Options Windows Help




. N JULICH
scalasca @ Performance Analysis ‘J JULICH | corcrconmum
* Scalable Analysis of Large Scale Applications https://scalasca.org/
* Approach
* Instrument C, C++, and Fortran parallel applications (with Score-P)
* Option 1: scalable call-path profiling _ _
. . : ” Where in the Which
 Option 2: scalable event trace analysis VWhich problem: program? | | process?

* Collect event traces e
. (S| (s]{r (3]
* Process trace in parallel —
* Wait-state analysis
* Delay and root-cause analysis
* Critical path analysis
e Categorize and rank results .

99999999
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The Scalasca Workflow

The Basics

222222222




scalasca ™ Performance Analysis Workflow

1. Instrumentation 2. Measurement 3. Analysis

._Optimized measurement__________
I configuration (e.g. filter) ;

Application : Summary .

source files - > profile < P.ro e
| 7 » manipulation
v
Instrumented l

application Trace analysis
profile -
v Measurement 4 B J
Instrumenter library T
compiler / linker
Hardware Parallel
counter library trace analysis Profile
: T A browser
Instrumented > Local
executable < trace files
7 >
27 May 2021 L 10




scalasca (¥ Performance Analysis Workflow

1. Instrumentation 2. Measurement 3. Analysis
_Optimized measurement __________
I configuration (e.g. filter) ;
Application : Summary
source files - >  CcuBes profile > CUBE
i 4 > tools
[ : v
Instrumented [ ] l
application Trace analysis
+ CUBE4 profile CUBE4 J
Score-P 4 Profile
Score-P library T
instrumenter
PAPI Scalasca
library trace analysis CUBE
: T 4 browser

Instrumented Local OTF2
executable trace files
4
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scalasca (¥ Performance Analysis Workflow

1. Instrumentation 2. Measurement 3. Analysis
_Optimized measurement __________
S I configuration (e.g. filter) I square ...
Application : Summary
source files I scan ... > CUBEA4 profile o S
I 4 > tools
5 \ 4
Instrumented B l
application Trace analysis
scorep ... CUBE4 profile CUBE4
v Score-P 4 Profile
Score-P library T
instrumenter
PAPI Scalasca
library trace analysis CUBE
[ T 4 browser
$ scan —q -t ...
Instrumented > Local OTF2
executable > trace files
7 >
27 May 2021 L 12




POP Assessments with Scalasca

This is the way
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Recap: POP Metrics

https://pop-coe.eu/further-information/learning-material

* Original (POP1) Metrics
 Article explaining the POP Standard Metrics for Parallel Performance Analysis
* Presentation summarizing the POP Standard Metrics for Parallel Performance Analysis

* New (POP2) Hybrid Metrics
B - Introduction explaining the POP2 Standard Metrics for Performance Analysis of Hybrid
Parallel Applications
e Cheat sheet for Additive Hybrid Metrics
e Cheat sheet for Multiplicative Hybrid Metrics
* In-depth explanation of the Additive Hybrid Metrics
B - Webinar Identifying Performance Bottlenecks in Hybrid MPI + OpenMP Software

14
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https://pop-coe.eu/node/69
https://pop-coe.eu/sites/default/files/pop_files/metrics.pdf
https://pop-coe.eu/further-information/learning-material/pop-standard-hybrid-metrics-for-parallel-performance-analysis
https://pop-coe.eu/sites/default/files/pop_files/pop_hybrid_metrics_additive_handout_v2.pdf
https://pop-coe.eu/sites/default/files/pop_files/pop_hybrid_metrics_multiplicative_handout_v2.pdf
https://pop-coe.eu/sites/default/files/pop_files/pop_hybrid_metrics_additive_explained.pdf
https://pop-coe.eu/blog/19th-pop-webinar-identifying-performance-bottlenecks-in-hybrid-mpi-openmp-software

Recap: POP Phasel (MPI) Metrics 009

* The following metrics are used in a POP Performance Audit: Global Efficiency
* Global Efficiency (GE): GE = PE * CompE | ! |
Computational Parallel
 Parallel Efficiency (PE): PE = LB * CommE Sealin Eficiency
* Load Balance Efficiency (LB): LB = avg(CT)/max(CT) —— — L
* Communication Efficiency (CommE): CommE = SerE * TE [_Fficiency Eicency
 Serialization Efficiency (SerE): Seﬁa”'saﬂm —
SerE = max (CT / TT on ideal network) Efficiency Efficiency

* Transfer Efficiency (TE): TE =TT on ideal network / TT

. _ CT = Computational time
* Computation Scaling (CompS) TT = Total time

* Computed out of IPC Scaling and Instruction Scaling
* For strong scaling: ideal scaling -> efficiency of 1.0

27 May 2021 15
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Recap: POP Phase2 (Hybrid) Metrics

Hybrid Parallel

Parallel Effici
arallel ciency Efficiency

1 _____..r;‘;(:':(-.:____-

Process Communication

Process Load Balance

Serial Region Efficiency OpenMP Parallel

: , Hybrid Communication Hybrid Load Balance . OpenMP Parallel
)
Process Efficiency & Thread Efficiency Effciency Efficiency MPI Parallel Efficiency Efficiency
i X ) 1 L]
(e . X <)
ey ) '

:

Efficiency Efiiciency Efficiency MPI Communication - MPI Load Balance —__|OpenMP Communication [— OpenMFP Load Balance
L Efficiency Efficiency Efficiency Efficiency
fuy L
A L T
Process Transfer Process Serialization OpenMP Load Balance Other OpenMP Efficiency T .
Effici i : ) )
iciency Efficiency Efficiency Metrics VP! Serialization

27 May 2021

Additive Version

MPI Transfer Efficiency

Efficiency

Multiplicative Version
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for scaling, repeat

POP Metrics + Scalasca 009

1.

27 May 2021 17

Instrument application and setup measurement parameters (e.g. filtering)
« scorep <comp+1link+cmds>
 scan <exec+cmd> ..

For parallel efficiency: perform trace measurement and analysis

For computational scaling: perform profile measurement with suitable HW counters
« scan -P pop <exec+cmd>

Merge profile and trace measurement Requires

Post-process measurement * Scalasca V2.6 !
* Cube 4.6

Analyze POP metrics with Cube Advisor
 square <measurement+archive>




POP Metrics + Scalasca 009

F r— 1
" CubeGUI-4.6.0: sc rep_tea_leaf_16p32x8_multi-run_c2\trace+su Se I eCt PO P Se I eCt Reg I 0 n - Fi n d Adviso r O n
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. Metric tree . Call tree Flat tree §
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> 2460.67 Execution v ® 0.00 tea_leaf =
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> O 1325.66 Idle threads > ® (.57 'Somp parallel ghtea_leaf.f90:45 Parallel Efficiency 0.61 I cood ) ET
3.64e8 Visits (occ) > 5.21 initialise =)
> @ 288 MPI synchronizations (occ) v ® 0.00 diffuse + Process Efficiency ! [ Good 0
> O 0 MPI pair-wise one-sided synchronizations {occ) 0.00 timer ++ Computation Load Salance 0.78 ] Good (7} @‘/
» 6.26e6 MPI communications (occ) b4 0.06 set_fiel o _ 080 _ i
> O 0 MPI file operations (occ) N 0.03 timesfep + + Communication Efficiency _ Very good e
> ® 6£.01e10 MPI bytes transferred (bytes) v ++ + Serialisation Efficiency “ ' (7]
> @ 1484.10 Delay costs (sec) 1.00 timer - 0.98 -
. . . . . + + + Transfer Efficiency _ Ve od e
» @ 6.21 MPI point-to-point wait states (propagating vs. terminal) (sec » @ 540.69 update_halo
> 6.21 MPI point-to-point wait states (direct vs. indirect) (sec) > 3.96 tea_leaf_kernel_init_cg_fortran + Thread Efficiency 04 _ rery good | ()
> 14.86 Critical path (sec) > 58.70 tea_allsum +++ Amdahl Efficiency 0.96 _ ery good D)
> 3804.82 Performance impact (sec) > 0.93 tea_leaf_kernel_cheby copy u
> 95.68 Computational imbalance (sec) » 3 779.35 tea_leaf_kernel_solve_cq_fortran_calc_w ++ + OpenMP Region Efficiency %9 _ rery good ()
0 0.00 Minimum Inclusive Time (sec) > O 645.25 tea_leaf_kernel_solve_cg_fortran_calc_ur Resource stall cycles |
18.88 Maximum Inclusive Time (sec) > 347.08 tea_leaf_kernel_solve_cg_fortran_calc_p hos
O 0io_bytes_read (bytes) > ® 2.07 tea leaf kernel finalise e Value (7]
O 0io_bytes_written (bytes) ’ 0.30 field_summary Instructions (only computation) - -##12 Value e
6.08e12 PAPI_TOT_INS (#) > ® (0,02 tea_allgather o 733,75
6.59¢12 PAPI_TOT CYC (#) > @ 0.01 tea_finalize Computation time vae @)
Candidates
Callpath Issue
< >
0.00 2460.67 (64.09%) 3786.33| [0.00 1.82 (0.07%) 2460.67
[ - Cmm———




(Detailed) Performance Analysis
with Scalasca

Finding the cause(s)
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“A picture is worth 1000 words...

E@E VAMPIR — Global Timelir
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e MPIring program + “Real world” example
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“What about 1000’s of pictures?”
(with 100’s of menu options)

File Malue Mode

l Eile Configure Help | VAMPIR — Global Timeline
: 0,0 _ o

Functions | Collections | Process 8

node 0 [ ] 9.90%
node 1 10.63% node 0
node z [ ] 9.99% nade 1
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33
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o
o
B0
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File Mode Help |
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Z-dimensional shape Process

T —
.
d

T3
I7
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&8
&4
~m

Process
ode 15 total 79.07% 20.93% Process
node 0 B a0aw 18z Frocess
Process
node 1 o 4.94%  1.10% Frocees
= node 2 | 4.94%  1.34% Process
node 3 . 4.84%  1.10% process
Eile dalue Order node 4 | 4.94%  1.58% Process
Frocess
my3P node 5 ] 4.94%  1.10% e
randic node & | 4.84%  1.34% Process
. e - oo (i
1.10%
Processor_Main = [reaces
pexx_Barvier [N 1.82% Process
Grispread_and_comm3 K Help 1.10% Process
1 3a% Process
vranlc E Process
Grenormau3 msec #call usecscall name 110% Procees ¥
1.58% Process
25,065 1z 2088779 Process
16.713 32768 510 pandle 1.10% Frocees
1 63351668 1.34% Process
2500 4374 (e P 1109 Frocess
170 52177 Griispread_and_comm3 N Process
15700 [ Process
Frocess
Process
init_elem Pracess
Lsiom Process
cosrser_slem process

1 Frocess
close
> Wholo Program Thread Times - all threa Process
rocess i T Communigation(2.372%)
Pracess L — o

File  Window  Options

Window  Options  Graphi Process
7.0 5. [ ariors Process
215 3. bt rocess

Jparallel ov Frocess
5616 parall Process

whole program speedups estimates

ut le apal_Kpta, Caleulation(sd 453%)

ot
Total time = 170.0 5. Thread numbs

-
F ¥z o

- Theead arder: T0 11 T2 T3 T4 76 16 17

s .

ROBI  RIGBI  RI3BI

MPIEI2.15%)

® upper speedup curve
_ lover spoedup curve

1z = s wpper speadup
® run's lowor apeedup
& s actust specdup

ot reference run

Y0 apoi_kptan.stat |

VAMPIR
Ch:

Caleulation
= Communication

MPI
. . . . . o

Bessecen  Process | Process 2 Processd  Processd  Process5  Process  Process 7
VAMPIR |'442.0 ms 442,0 ms 442.0 ms 4420 ms 4420 ms 442.0 ms 442,0 ms

oM |Progess 9 Process 10 Process 11 Process 12 Process 13 Process 14 Process 15
ms 442.0 ms 4420 ms 442.0 ms 442.0 ms 0 ms 442.0 ms
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Late Sender KX XL
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Example Automatic Analys

I WARMPIR — Global Timeline
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Example MP| Wait States 0009

process

process

time

(a) Late Sender

v

time

(c) Late Sender / Wrong Order

process

process

l |

time
(b) Late Receiver
time'

(d) Wait at N x N

LIENTER [CIEXIT BESEND [ERECV B COLLEXIT
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Scalasca Example: CESM Sea Ice Module RXRS

m Cube 3.0 QT: Experiments/epik_trace_filtercice_D_T62g16.4096.120304-162028.topo.cube.gz
File Display Topology Help

Late Se n d e r Absolute v | Absolute v | Peer distribLtion v

A I o Metric tree Call tree | Flat view System tree | Box Plot  Topology 0 Topolo < »
n a ys I S &+ (] 0.00 Time ~ []0.00ice_comp_mct:ice_run_mct (0.00¢ ~ = [ ]-IBMBGIP ~
&+ [ 1.83e5 Execution 482.96 ice_comp_mct:ice_import_n 2.04 R11-MO-NO
=+ [l 0.34 MPI [ 1.42e4 ice_step_mod::step_therm?2 [ ] 0.00 R11-M0-N4
3.21e4 Synchronization = [ ] 0.00 ice_step_maod::step_dynamics | @ 15.73 R11-M0-N8
. oy =+ [ ] 0.00 Communication Ct [ 0.00 ice_dyn_evp::evp (0.00%) (] 24.49 R11-M0-Nc
* Finds waitin g at =+ [ 1.18e5 Point-to-point 2005.90 ice_boundary:ice_ha 453 R13-M0-NO
. (L] 1.74e5 Late Sender 3536.37 ice_grid:t2ugrid_vect 0.52 R13-M0-N4
MPIl Waital |() 0.02 Late Receiver 1792.13 ice_boundary:ice_ha 1 30.56 R13-M0-N8
. A [ 1.06e5 Collective [ ] 0.00 ice_boundary:ice_haloup ] 33.64 R13-MO-Nc
|nS|de [] 0.00 Init/Exit L [ 1.13e5 MPI_Waitall O 9.72 R17-M0-NO
. ~ [ ] 0.00 Overhead 1533.09 ice_grid::u2tgrid_vect @ 15.73 R17-MO0-N4
Ice bo un da ry — [l 2.73e10 Visits E [l 1.86e4 ice_transport_driver::trans ] 28.74 R17-MO0-N8
2.17e6 Synchronizations 1.09e4 ice_state::bound_state [ ]-R17-MO-Nc
ha IO u pdate 1.87e10 Communications E 8529.44 cice_runmod::coupling_pref - 1 51.32 Process 164
1.91e13 Bytes transferred — [ ] 0.00 ice_history:iice_write_hist (0.00" — 1 14.23 Process 165
. . . 9.58e4 Computational imbalance 20.82 ice_history_write:icecdf — [l 3.53 Process 166
° Sh OWS d |Str| b ut|o N 2.82e5 Short-term delay costs = [] 0.00 ice_restart::dumpfile_pio (0.00% — [l 1.83 Process 167
2.76e5 Delay costs 5.05 ice_pio:ice_pio_initdecomp. — [ 6.61 Process 172
Of |m ba |a nce [ ] 0.00 Wait states (direct vs. indirect) 5.57 piodarray::write_darray_4d_c — [ 6.85 Process 173
1 1.45e5 Direct wait time 0.77 piodarray::write_darray_3d_c — [ 6.49 Process 174
1 1.40e5 Indirect wait time — [ 5.28 Process 175
aCross SySte m 2.85e5 Wiait states (propagating vs. te — [ 15.15 Process 180
201.86 Critical path profile — ] 36.34 Process 181
an d ran kS 6.08e5 Performance impact . . - [] 33.16 Process 182 n
[l A4 AN MNue e A0
< J <> v < J <> v <[ I <> v
0.00 1.74e5 (28.44%) 5.14e5]0.00 1.13e5 (64.73%) 1.74e5( [0.00 100.00
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Scalasca Example: CESM Sea Ice Module RXARS

m Cube 3.0 QT: Experiments/epik_trace_filtercice_D_T62g16.4096.120304-162028.topo.cube.gz
File Display Topology Help

Late Se n d e r Absolute v | Absolute v | Peer distribution v

I o Metric tree Call tree | Flat view Topology 0 Topeology 1 Virtual topology < »
An a ys I S + + [10.00 Time ~ []0.00 ice_comp_mct:ice_run_mect (0.00° *  mrrrmmmrssmms )
. . &+ [ 1.83e5 Execution 48296 ice_comp_mct:ice_import_n R
Ap p I I cat l O n =+ [l 0.34 MPI [ 1.42e4 ice_step_mod:step_therm2
3.21e4 Synchronization —1 [ ] 0.00 ice_step_mod::step_dynamics |
£+ (] 0.00 Communication £+ [] 0.00 ice_dyn_evp::evp (0.00%)

2005.90 ice_boundary:ice_ha
3536.37 ice_grid::t2ugrid_vect
1792.13 ice_boundary:ice_ha
[ ] 0.00 ice_boundary:ice_haloup
L 1 1.13e5 MP|_Waitall

1533.09 ice_grid::u2tgrid_vect

TO p O I ogy =+ [E 1.18e5 Point-to-point

[ 1.74e5 Late Sender
0.02 Late Receiver
[ 1.06e5 Collective
[ ] 0.00 Init/Exit
[ ] 0.00 Overhead

[+]

 Shows distribution

. — [l 2.73e10 Visits E ] 1.86e4 ice_transport_driver:trans
Of Im ba Ia nce 2.17e6 Synchroniz_atiqns 1.0994_ice_state::bound__state
1.87e10 Communications g 8529.44 cice_runmod::coupling_pre;
over to po I Ogy 1.91e13 Bytes transferred —1 [ ] 0.00 ice_history:ice_write_hist (0.00" “
9.58e4 Computational imbalance 20.82 ice_history_write:licecdf
. 2.82eb Short-term delay costs £+ [] 0.00 ice_restart::dumpfile_pio (0.00%
° M Pl to polog|es 2.76e5 Delay costs o 5.05 ice_pio:ice_pio_initdecomp)
. [ ] 0.00 Wiait states (direct vs. indirect) 5.57 piodarray::write_darray_4d_c
are a uto m at|ca I Iy ] 1.45e5 Direct wait time 0.77 piodarray::write_darray_3d_c
[[1 1.40e5 Indirect wait time
2.85eb Wiait states (propagating vs. te
Ca ptu red 201.86 Critical path profile W
6.08e5 Performance impact . n e
W W

* Also: topology < ol , o<
Process x Threads o 1.74e5 (28.44%) 6 14e5/(0.00 1.13¢5 (64.73%) 1.74¢5][0.00 0.00 100.00
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Scalasca Root Cause Analysis 009

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

C foo () bar () Recv @
Indirect wait  Direct wait

27 May 2021 26




Scalasca Example: CESM Sea Ice Module

Direct Wait
Time Analysis

* Direct wait
caused by ranks
processing areas
near the north
and south
ice borders

27 May 2021

m Cube 3.0 QT: Experiments/epik_trace_filtercice_D_T62g16.4096.120304-162028.topo.cube.gz
File Display Topology Help

Absolute )

Metric tree

=+ (] 0.00 Time A
= [ 1.83e5 Execution

= [l 0.34 MPI
3.21e4 Synchronization
£+ (] 0.00 Communication
=+ [ 1.18e5 Point-to-point
] 1.74e5 Late Sender
0.02 Late Receiver
[ 1.06e5 Collective
(1 0.00 Init/Exit
[] 0.00 Overhead
2.73e10 Visits
2.17e6 Synchronizations
1.87e10 Communications
1.91e13 Bytes transferred
9.58e4 Computational imbalance
2.82eb Short-term delay costs
2.76eb Delay costs
0.00 Wait states (direct vs. indirect)
[l 1.45e5 Direct wait time
[l 1.40e5 Indirect wait time

2.85eb Wiait states (propagating vs. te
201 .86 Critical path profile
6

1 O T I I

Absolute

Call tree | Flat view

[ ] 0.00 ice_comp_mct:ice_run_mct (0.00°
311.34 ice_comp_mct:ice_import_rr
5438.88 ice_diagnostics::init_mass_:
4386.36 ice_step_mod::step_thermz
[ ] 0.00 ice_step_mod::step_dynamics |
£+ [] 0.00 ice_dyn_evp::evp (0.00%)
191.82 ice_boundary::iice_halc
216.54 ice_grid:t2ugrid_vecto
202.63 ice_boundary::ice_halc
[ 1 0.00 ice_boundary:ice_haloup
L[] 2.50e4 MPI_Waitall

353.54 ice_grid::u2tgrid_vecto
1.16e4 ice_transport_driver:itrans
1711.84 ice_state::bound_state
11.58 cice_runmod:;coupling_pref.
0.00 ice_history::ice_write_hist (0.00'
] 0.00 ice_history_write:iicecdf (0.0
11.64 ice_broadcast::broadcas
1442 53 ice_pio:ice_pio_init
3.34 ice_pio:ice_pio_initdecol
281.19 ice_pio:ice_pio_initde:
252.77 nf_mod::pio_def_dim
352.10 nf_mod::def_var_md

O
65

b4

Y

Peer distribution v

Topology 0 Topeology 1

009

Virtual topology |« »

~

.08e5 Performance impact . 123.11 nf_mod:iing_varid_varc , s
w I I - TR .- T RG-S DU pIR.T TP PRpU ) < T <>
<L i <> < L ) <>
0.00 1.45e5 (50.86%) 2.85e5||0.00 2.50e4 (17.26%) 1.45e5||0.00 0.00 100.00
.




Scalasca Example: CESM Sea Ice Module RXARS

m Cube 3.0 QT: Experiments/epik_trace_filtercice_D_T62g16.4096.120304-162028.topo.cube.gz
File Display Topology Help

[ ) [ )
I n d I re Ct Wa It Absolute v | |Absolute v | Peer distribution v

Metric tree Call tree | Flat view Topology 0 Topeology 1 Virtual topology < »

TI m e An a Iys I S =[] 0.00 Time ~ []0.00ice_comp_mct:ice_run_mct (0.00° & g m 2

&+ [ 1.83e5 Execution [ 171.63 ice_comp_mct:ice_import_n e i 3
=+ [l 0.34 MPI

6982.49 ice_diagnostics:init_mass_. =
3.21e4 Synchronization @ 9775.74 ice_step_mod::step_thermz l
° . . £+ (] 0.00 Communication -1 [ ] 0.00 ice_step_maod::step_dynamics |
Ind I reCt Wa |tS =+ [ 1.18e5 Point-to-point £+ [] 0.00 ice_dyn_evp::evp (0.00%)
1 1.74e5 Late Sender 1814.08 ice_boundary:ice_ha

OCCUrs for 0.02 Late Receiver 3319.83 ice_grid::t2ugrid_vect
. [ 1.06e5 Collective 1589.51 ice_boundary:ice_ha
ran kS p rocessi ng [[] 0.00 Init/Exit [ ] 0.00 ice_boundary::ice_haloup

[] 0.00 Overhead L[] 8.79e4 MPI_Waitall
2.73e10 Visits 1179.55 ice_grid::u2tgrid_vect
2.17e6 Synchronizations E [ 1.38e4 ice_transport_driver:trans
1.87e10 Communications 9155.42 ice_state::bound_state
1.91e13 Bytes transferred

9.58e4 Computational imbalance
2.82eb Short-term delay costs
2.76eb Delay costs

0.00 Wait states (direct vs. indirect)
[ 1.45e5 Direct wait time

L

warmer areas N

0.00 ice_history_write::icecdf (0.0
0.02 ice_broadcast::broadcast
0.04 ice_pio:ice_pio_init -
0.09 ice_pio::ice_pio_initdecol
67 .67 ice_pio:ice_pio_initdect
61.62 piodarray;:write_darray_:
1.44 piodarray::write_darray_4.

1.40e5 Indirect wait time
2.85eb Wiait states (propagating vs. te
201 .86 Critical path profile
6

1 O - T I I

.08e5 Performance impact . %— 140.06 ice_diagnostics:runtime_dia¢ . s
w [ 2 W .Y - R TP (YUY -] PR R o T 2 T2 1t P -
<L I <>
<L i <> < L ) <>
0.00 1.40e5 (49.14%) 2.85e5||0.00 8.79e4 (62.83%) 1.40e5||0.00 0.00 100.00
.
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Scalasca Example: CESM Sea Ice Module

Delay Costs
Analysis

e Delays NOT

caused on ranks
processing
icel

27 May 2021

009

m Cube 3.0 QT: Experiments/epik_trace_filtercice_D_T62g16.4096.120304-162028.topo.cube.gz
File Display Topology Help
Absolute v | Absolute v Peer distribution v
Metric tree Call tree | Flat view Topology 0 Topeology 1 Virtual topology < »
&+ [ ] 0.00 Time A I 9.97 ICe_TUXINI_TIuX_ocn ~ 1A
IE} [ 1.83e5 Execution 200.42 ice_step_mod::prep_radiatiol i
& [ 0.34 MPI [C] 3.16e4 cice_runmod::step_therm1 afEis H
3.21e4 Synchronization 1.01e4 ice_step_mod::step_therm2 i i
= [ ] 0.00 Communication 18.02 ice_step_mod::step_dynamics oils i : i
=t (B 1.18e5 Point-to-point - [l 1.48 ice_flux::init_history_dyn :
] 1.74e5 Late Sender — [l 10.78 perf_mod:t_barrierf e i s
0.02 Late Receiver - [ 2.34e4 ice_dyn_evp:evp i
[H 1.06e5 Collective £ 3.23 ice_dyn_evp::evp_prep] |
] 0.00 Init/Exit + 445.78 ice_boundary:ice_halc
L[] 0.00 Overhead — [l 4.54 ice_grid::to_ugrid :
| W 2 73e10 Visits G+ [l 796.38 ice_grid::t2ugrid_vecto S== i
2.17e6 Synchronizations — Il 2.64 ice_dyn_evp::evp_prep2 H ]
1.87e10 Communications + 367.41 ice_mechred:ice_strel H i
1.91e13 Bytes transferred + 437.34 ic_e_boundary::ic_e_halc S R R i
9.58e4 Computational imbalance T 3639.12 ice_boundary:ice_ha
2.82e5 Short-term delay costs 274205 MPI_lrecv
2.76e5 Delay costs 2160.76 MPI_lIsend
[ ] 0.00 Wait states (direct vs. indirect) H 7.38e4 MPI_Waitall
[ 1.45e5 Direct wait time - Il 1277.20 ice_grid::u2tgrid_vect
[ 1.40e5 Indirect wait time ++ [ 2.23e4 ice_transport_driver:trans
2.85e5 Wait states (propagating vs. te 2231.08 ice_mechred:ridge_ice
201.86 Critical path profile 97.12 ice_itd::cleanup_itd L
6.08e5 Performance impact - 2198.30 ice_state::bound_state A
' s +1 M 105.75 ice itd::aqareaate el Y
- v — Yi<k J <>
<L J <> <N J <>
0.00 2.76e5 (100.00%) 2.76e5| 0.00 7.38e4 (26.78%) 2.78eb[|0.00 0.00 100.00




Scalability

Towards Exascale
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Scalasca: 1,835,008 Threads Test Case

9 L Cube-4.3.2: scorep_nekbone_1p28672x64_sumisummary_cg.cubex <@jrl05=

o N e k bo n e File Display Plugins Help

Restore Setting ¥ Save Settings

[Absolute || [Absolute |+| [Peer percent [-]
(CORAL benchmark) Hosie e Woyseniree | Moo |

=-® -0,00 Time (sec) +]| [=-00.00cg [+]

(<
(>
x

* Measurement of TG Cotaton Longa s
2,29e4 MPI 0 0.00 copyi i

full system BGQ JuQueen 7O P - 50 mecs s
3.39e4 Mar?agement i

= 0.00 § izati 80.00 |

CO m pute r ru n -0 O.OJrE]igrlI'—i?e?lza on .00 !'$omp barrier @omp.prep.f:53 ; E

oo
0 2.23e6 Explicit 0 0.00 !'$omp master @omp.prep.f:54 : L 0.24
1.13e5 Implicit oo '

.00 '$omp barrier @omp.prep.f:58

—_ - 4,18e5 Critical O 0.00 solvemi I

* 28’ 672 X 64 -_ 0 0.00 Lock API 0 0.00 add2s1i : 0.22
O 0.00 Ordered O 0.00 axi 60.00 7 .
O 0.00 Overhead 0 0.00 add2s2i !
1 83 5 008 t h rea d S 3.95e4 Idle threads O 0.00 !'$omp implicit barrier @cg.prep.f:134 !
) ’ 3.24e10 Visits (occ) i
O 0 Synchronizations (occ) i
O 0 Communications (occ) !
L4 A feW TB t ra Ce d ata ! 2.25e13 Bytes transferred (bytes) GXL) § i
O 0 MPI file operations (occ) i
9.18e4 Computational imbalance (se i
NI O 0.00 Minimum Inclusive Time (sec) !

® A feW M I I I IO n eve nts ! 1.11 Maximum Inclusive Time (sec) 4 L 0.08

20.00 1

* Possible because:

e Scalable parallel P — 5 u—mE Al (1835008 elements) B

0.00 4,18e5 (6.35%) 6.58e6| |0.00 4,18e5 (100.00%) 4,18e5| |0.00 100.00 100.00

measurement and e — _ 838
t ra Ce a n a Iys I S Selected "!$omp critical @omp.prep.f:49"
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Scalasca: User Analysis of NEST on K Computer 009

CubeGUI-4.4.0TP3: scorep_nest_82944x8_sum/POP_summary.cubex <@jrl08>

File Display Plugins Help

o Jllich rEsiat

Absolute [V | Metric root percent [V | Peer percent [v |
N e u ra I ] etWO rk [ metric tree | [ calltree | Flat view | [F] system tree ‘ | BoxPlot |
. < [ -0.00 Time (sec) =l <[ 0.00 simulate El
SI m u Iato r COd e + [J 0.00 Execution b [ 0.28 prepare 100.00 T 33.85
[0 2.20e8 Computation <[] 0.00 run i
< [ 0.00 MPI b [0 0.00 '$omp critical (logging) @logging_manager.cpp:122 i
b [0 0.00 Management = [0 0.00 '$omp parallel @simulation_manager.cpp:772
= [ 0.00 synchronization O 0.00 '$omp barrier @simulation_manager.cpp:969
d M e a S U re m e nt Of a2 .Oge? Collective > [0 0.00 !$omg single @event_deliv_ery_mgnaggﬁcpp:390
< [ 0.00 Communication b [ 0.00 !$omp single @event_delivery_manager.cpp:412 80.00
[J 0.00 Point-to-point [J 0.00 !'$omp barrier @event_delivery_manager.cpp:450
fu I I Syste m K co m p ute r ru n O 0.00 !$omp atomic @event_delivery_manager.cpp:455
» [ 0.00 File IfO [ 0.00 !$omp barrier @event_delivery_manager.cpp:457 i
< [J 0.00 OpenMP + [ 0.00 !$omp single @event_delivery_manager.cpp:470 i
Y 8 2 944 d < [0 0.00 Synchronization [ 0.00 !$omp implicit barrier @event_delivery_manager.cop:485 £0.00 1 ;
) n O e S < [0 0.00 Barrier o < [ 0.00 '$omp singlle sblock @event_delivery_manager.cpp:470
[ 1.55e7 Explicit [0 0.00 MPI_Barrier
O 2.21e8 Implicit H 2.07 MPI Alltoall r16.95
[d 5429.13 Critical [J 0.00 !'$omp atomic @event_delivery_manager.cpp:489 e L
i 6 6 3, 5 5 2 t h re a d S [J 0.00 Lock API [ 0.00 '$omp barrier @event_delivery_manager.cpp:494 | 15.06
[J 0.00 Ordered b [0 0.00 '$omp single @event_delivery_manager.cpp:4956 40.00 1346
[J 0.00 Task Wait > [0 0.00 '$omp single @event_delivery_manager.cpp:508
° P f I t [ 0.00 Flush [ 0.00 !$omp barrier @event_delivery_manager.cpp:514
b [ 5.66e6 |dle threads [J 0.00 !'$omp barrier @event_delivery_manager.cpp:466
e r O rm a n Ce a n a yS B8.02e9 Visits (occ) [ 0.00 '$omp barrier @simulation_manager.cpp:992 I
14 2.87el5 Bytes transferred (bytes) [ 0.00 !$omp master @simulation_manager.cpp: 996 20.00 1 i
. b [0 0 MPI file operations (occ) O 0.00 '$omp barrier @simulation_manager.cpp:1015 - F5.56
® Ita ru Kltaya m a ( R I K E N ) b [l 7.33e6 Computational imbalance ( [0 0.00 !$omp implicit barrier @simulation_manager.cpp:1047
0.73 Load balance efficiency [0 0.00 MPI_Barrier
0.62 Communication efficiency b [0 0.00 '$omp parallel @node_manager.cpp:882
0.45 Parallel efficiency b [ 0.00 cleanup

* Analysis of MPl and OpenMP | | o |
. . q Yl {7 | Al(663552 elements) -
communication and mﬂm
synchronization

at large scale
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Wrapup

What | hope you remember
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Executive Summary

 Scalasca facilitates
* Simple POP assessments based on POP metrics!

* Advanced performance analysis!

* Even on extreme scales!
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Further Info

https://pop-coe.eu/further-information/online-training

* POP Online Training modules

 Installing POP Tools: Score-P, Scalasca, Cube
« Using POP Tools: Score-P and Scalasca

» Using POP Tools: Cube

Score-P

scalasca ™

https://pop-coe.eu/blog/19th-pop-webinar-identifying-performance-
bottlenecks-in-hybrid-mpi-openmp-software

s;-:.a * POP Hybrid MetricsWebinar
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https://pop-coe.eu/further-information/online-training/installing-pop-tools-score-p-scalasca-cube
https://pop-coe.eu/further-information/online-training/using-pop-tools-score-p-scalasca
https://pop-coe.eu/further-information/online-training/using-pop-tools-cube

Upcoming Training

https://www.vi-hps.org/training/tws/tw40.htmi

« 40" VI-HPS Tuning Workshop
e 14" to 18% June 2021
* Online (ZOOM)

https://app.swapcard.com/widget/event/isc-high-performance-2021-digital/
planning/UGxhbm5pbmdfNDUzNTIw

 ISC 2021 Tutorial “Determining Parallel Application Execution Efficiency and
Scaling using the POP Methodology”

e 24% June 2021, 14:00 — 18:00 CET
 Judit Gimenz (BSC), Brian Wylie (JSC)
* Online (SwapCard)

27 May 2021 36




O 0 0 Performance Optimisation and Productivity

A Centre of Excellence in HPC

Contact:
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