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SETTING THE CONTEXT

e Parallel Performance Analysis can be
e Analytical = Using analytical models
e Empirical ® Using experiments (“monitoring”)

{0 assess perform ance

e Parallel could mean
e Loosely-coupled = “Grid”/ distributed computing
e Tightly-coupled = HPC

e Performance Monitoring can target
e Computer systems
e Applications
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Background

PARALLEL PERFORMANCE TOOLS 101
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PERFORMANCE MEASUREMENT CYCLE

Instrumentation

!

Measurement

1

Analysis
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Insertion of extra code (probes, hooks)
Into application

Collection of data relevant to
performance analysis

Calculation of metrics, identification of
performance problems

Transformation of the results into representation
that can be easily understood by a human user

Elimination of performance problems (Left to User!)
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PERFORMANCE MEASUREMENT

Two dimensions

When performance measurementis triggered How performance data is recorded
e External trigger (asynchronous) e Profile
e Sampling e Summation of events over time

e Trigger: Timer interrupt OR
Hardware counters overflow e Trace file

e Sequence of events over time
e Internal trigger (synchronous)

e Code instrumentation
(automatic or manual)
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NO SINGLE SOLUTION IS SUFFICIENT!

= Combination of methods, techniques and tools needed

e Instrumentation

e Source code / binary, static / dynamic, manual / automatic
e Measurement

e [nternal / external trigger, profiling / tracing
e Analysis

o Statistics, Visualization, Automatic, Data mining, ...
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How and Why

MULTI- AND MANY-CORE
PERFORMANCE ANALYSIS
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PARALLEL ARCHITECTURES: STATE OF THE ART
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PERFORMANCE CHALLENGES FOR HPC SYSTEMS

e HPC systems consist of
e Complex configurations
e \WWith a huge number of components
e Very likely heterogeneous
e With never enough memory
e Dynamically changing configuration due to fault recovery + power saving

= Deep software hierarchies of large, complex software components
are needed to make use of such systems

= Sophisticated integrated performance measurement, analysis, and optimization
capabilities are required to efficiently operate an HPC system
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DESIRED TOOL FEATURES

This requires tools to be

e Portable e [Versatile]

* Insighttul e [Maintained]

o EasytoHse-

e Scalable

e Integrated
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TYPICAL PERFORMANCE TUNING
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NOT MANY HPC TOOLS MATCH THESE REQUIREMENTS

e TAU % e Vampir / VampirServer =
 University of Oregon, US (X ¢ TU Dresden, Germany VAMBIR

e http:/tau.uoregon.edu e http://www.vampir.eu
'HPCToolkit
e HPCToolkit e Scalasca scalasca
e Rice University, US e JSC/TU Darmstadt, Germany
e http://hpctoolkit.org e http://www.scalasca.org

cePBA
. core-P
e Extrae / Paraver e [Score-P] e e

e BSC, Spain e JSC, TUD, TUDA, TUM, RWTH, Germany
e http:/mww.bsc.es/paraver e http://mww.score-p.org 9 JULICH
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Run everywhere

PORTABILITY
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SCALASCA: SUPPORTED ARCHITECTURES

e Instrumentation and measurement only
(visual analysis on front-end or workstation)

e Cray XT, XE, XK, XC
e |IBM BlueGene/lL, BlueGene/P, BlueGene/Q
e K Machine, Fujitsu FX10 and FX100
e Tianhe 1A and 2
e Intel MIC (KNC, KNL)
e Full support (instrumentation, measurement, and automatic analysis)
e Linux IA32, I1A64, x86 64, PPC, ARM, and ARM64 based clusters
e IBM AIX Power3/4/5/6/7/8/9 based clusters
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TYPICAL HPC PLATFORMS

e OS
e Now: Mostly Linux (and HPC microkernels)

e C/C++ and Fortran Compilers (= OpenMP, OpenACCQC)
e GNU, Intel, PGI, Clang, IBM XL, Cray, Fuijtsu, ARM, ...
e Different versions supporting different versions of OpenMP and OpenACC

e MPI
« MPICH, OpenMPI, Intel, Cray, IBM PE, SGI, Fuijitsu, ...
e Different versions supporting different versions of MPI
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More than numbers and diagrams

INSIGHTFULNESS
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Visual presentation of
dynamic runtime
behaviour

e Event timeline chart for
states & interactions of
processes/threads

e Communication
statistics, summaries &
more
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VAMPIR GUI (ZOOM)
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Interactive browsing,
zooming, selecting

e Linked displays &
statistics adapt to
selected time interval

Trace formats

e OTF (VampirTrace)
e OTF2 (Score-P)

e EPIK (Scalascal)
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“A PICTURE IS WORTH 1000 WORDS...”
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“WHAT ABOUT 1000°S OF PICTURES?”
(WITH 100°S OF MENU OPTIONS)
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EXAMPLE AUTOMATIC ANALYSIS: LATE SENDER

1,533 m=)

Z.697 = 3,698 = 3.699 =
; : P I
Process 0 VELO P1_Send  AaE VELD
1 VELO
Proce== 4 VELO E M
TR risens T8
cmo —
Proces= 7 MELO ; MFPI_Fecw ELD
I — e e N —

@) JULICH| &2
SUPERCOMPUTING
Mitglied der Helmholtz-Gemeinschaft Forschungszentrum CENTRE



EXAMPLE MPI WAIT STATES

process

(a) Late Sender

process

»

time

(c) Late Sender / Wrong Order
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(b) Late Receiver
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SCALASCA scalasca (3

i " http: .scal ,
» Scalable Analysis of Large Scale Applications ttp:/fwww.scalasca.org/

e Approach
e Instrument C, C++, and Fortran parallel applications (with Score-P)
e Option 1: scalable call-path profiling
e Option 2: scalable event trace analysis e |
e Collect event traces a:I:ﬁ w % W W_’ E

e Process trace in parallel

e \Wait-state analysis

e Delay and root-cause analysis

e Critical path analysis

e Categorize and rank results ‘ . o
JULICH
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SCALASCA EXAMPLE: CESM SEA ICE MODULE

m Cube 3.0 QT: Experiments/epik_trace_filtercice_D_T62g16.4096.120304-162028.topo.cube.gz

Late Sender

Absolute v Absolute v Peer distribution v
A | - 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¢ 2 =[] -IBM BG/P ~
&+ [ 1.83e5 Execution 482 .96 ice_comp_mct:ice_import_n 2.04 R11-M0-NO
=+ [l 0.34 MPI [ 1.42e4 ice_step_mod::step_therm2 [ ] 0.00 R11-M0-N4
3.21e4 Synchronization — [ ] 0.00 ice_step_mod::step_dynamics | [ 15.73 R11-M0-N8

] 24.49 R11-M0-Nc
4.53 R13-MO0-NO
0.52 R13-M0-N4
] 30.56 R13-M0-N8
] 33.64 R13-M0-Nc
[0 9.72 R17-MO-NO
[ 15.73 R17-M0-N4

T 141 =+ [ ] 0.00 Communication &+ [] 0.00 ice_dyn_evp::evp (0.00%)
* FI nds Waltl ng at £+ [ 1.18e5 Point-to-point 2005.90 ice_boundary:iice_ha
[ 1.74e5 Late Sender 3536.37 ice_grid::t2ugrid_vect

M PI Waltal I () 0.02 Late Receiver W 1792.13 ice_boundary:ice_ha

—_ [ 1.06e5 Collective [ ] 0.00 ice_boundary:ice_haloup
. . (] 0.00 Init/Exit L[] 1.13e5 MPI_Waitall
Inside

[ ] 0.00 Overhead 1533.09 ice_grid::u2tgrid_vect

[+

2.73e10 Visits E [l 1.86e4 ice_transport_driver:trans ] 28.74 R17-MO-N8
: 2.17e6 Synchronizations 1.09e4 ice_state::bound_state [ ]-R17-MO-Nc
ICE bou ndary 1.87e10 Communications g 8529.44 cice_runmod::coupling_pre} - 1 51.32 Process 164
1.91e13 Bytes transferred + [] 0.00 ice_history::ice_write_hist (0.00" — 1 14.23 Process 165
halo u pd a‘te 9.58e4 Computational imbalance 20.82 ice_history_write:icecdf — [l 3.53 Process 166
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
I " " (] 0.00 Wiait states (direct vs. indirect) 5.57 piodarray::write_darray_4d_c — [ 6.85 Process 173
45e5 Direct wait time .[ 7 piodarray::write_darray_3d_c — . rocess
¢ ShOWS dIStrIbUtlon [l 1.45e5 Di it i [ 0.77 picd ite_d 3d @649 P 174
f . b I 1 1.40e5 Indirect wait time — [ 5.28 Process 175
2.85e5 Wait states (propagating vs. te — 1 15.15 Process 180
of Imbalance 201.86 Critical path profile — 1 36.34 Process 181
t 6.08e5 Performance impact n . - ] 33.16 Process 182 n
1 Ad AN MNucceee AN
acrOSS SyS em <[§ J ()v < [} | ()v <0 J()v
0.00 1.74e5 (26 449%) 5.14e5||0.00 1.13e5 (64.73%) 1.74e5(|0.00 100.00

and ranks
Mitglied der Helmholtz-Gemeinschaft _




SCALASCA EXAMPLE: CESM SEA ICE MODULE

Late Sender
Analysis +
Application
Topology

e Shows distribution
of imbalance
over topology

 MPI topologies
are automatically
captured
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SCALASCA ROOT CAUSE ANALYSIS

e Root-cause analysis e Approach
o \Walit states typically caused by load or e Distinguish between direct and
communication imbalances earlier in Indirect waiting time
the program e Identify 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 Identify original delay
cause

C foo (O bar (O Recv 2 1O

Indirect wait Directwait
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SCALASCA EXAMPLE: CESM SEA ICE MODULE

m Cube 3.0 QT: Experiments/epik_trace_filtercice_D_T62g16.4096.120304-162028.topo.cube.gz

Direct Wait
Time Analysis

e Direct wait
caused by ranks
processing areas
near the north
and south
Ice borders
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SCALASCA EXAMPLE: CESM SEA ICE MODULE

m Cube 3.0 QT: Experiments/epik_trace_filtercice_D_T62g16.4096.120304-162028.topo.cube.gz

Indirect Wait
Time Analysis

e Indirect waits
occurs for
ranks processing
warmer areas
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SCALASCA EXAMPLE: CESM SEA ICE MODULE

Delay Costs
Analysis

e Delays NOT

caused on ranks
processing
Icel
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Together we are strong

INTEGRATION
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INTEGRATION

e Need integrated tool (environment) for all levels of parallelization
e Inter-node (MPI, PGAS, SHMEM)
e Intra-node (OpenMP, multi-threading, multi-tasking)
e Accelerators (OpenACC, CUDA, OpenCL, and many more)

e Integration with performance modeling and prediction

e No tool fits all requirements
e Interoperability of tools
e Integration via open interfaces

Mitglied der Helmholtz-Gemeinschaft 11. Sep 2019 31 J Forschungszentrum
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STATUS: GPU SUPPORT" (BEYOND MPI+OPENMP)

GPU programming systems supported

TAU AMD ROCm+HIP, Kokkos, OpenCL, OpenACC, CUDA
* Plans to support OpenMP target

HPCToolkit OpenMP target, CUDA, RAJA, Kokkos

Extrae/Paraver CUDA, OpenCL, OmpSs

* Plans to support OpenACC, OpenMP target

Score-P/Scalasca/Vampir CUDA, OpenACC, OpenCL
» Experimental support for Kokkos, OmpSs
* Plans to support OpenMP target

* No publicly accepted definition what “XXX support” actually means

JULICH
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CENTRE

IJ JULICH

Forschungszentrum
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« Community-developed
open-source

Replaced tool-specific
Instrumentation and
measurement components
of partners

http://www.score-p.org

core-P

Scalable performance measurement
infrastructure for parallel codes

UNIVERSITAT J U LICH SUPERCOMPUTING
DRESDEN Forschungszentrum CENTRE
9 JULICH | %tomume
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http://www.score-p.org/

Periscope

TAU
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CUBE4
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To infinity and beyond

EXTREME CONCURRENCY



TYPICAL HPC SYSTEM SIZE (NO. OF CORES)
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ROADS TO PERFORMANCE TOOL SCALABILITY

e Scalable data collection and reduction
e Parallel collection + reduction based on MPI + parallel /0O (All tools)
e Automatic detection of most important execution phases (Paraver)

e Scalable parallel data analysis
e Parallel client/server processing and visualization (Vampir)
e Parallel wait-state, delay and critical-path analysis (Scalasca)
e Parallel analyzer and visualizer (Paraver)

e Scalable visualizations

e 3D charts and topology displays (TAU, Scalasca)
e Hierarchical browsers (Scalasca) ' 4 ' JULICH | e
Mitglied der Helmholtz-Gemeinschaft 11. Sep 2019 37 Forschungszentrum
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STATUS: TOOLS SCALABILITY

TAU 786,432 processes U O(100K)
« 48 racks Mira, BG/Q, ALCF Ser
« KG (Klein Gordon) code. MPI only

HPCToolkit 64K processes USer O(10K)

ECP funded scalability
enhancements by Q4/2019

« Cielo, SNL/LANL
« Shock physics code

Extrae/Paraver 64K processes O(1K)
 Cray XT5
« PFLOTRAN

Score-P/Scalasca 28,672 x 64 1,835,008 threads (28,672 x 64) 0O(100K)

« 28 racks JuQueen, BG/Q, JSC
* Nekbone (CORAL benchmark)

Score-P/Vampirserver 200,448 processes O(10K)
- JaguarPF, OLCF
« S3D (SNL)
* Required 21,516 analysis processes
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SCALASCA: 1,835,008 THREADS TEST CASE

e Nekbone
e CORAL benchmark
e JuQueen experiment

e 28,672 X 64 =
1,835,008 threads

e |_oad imbalance at
OpenMP critical
section

Mitglied der Helmholtz-Gemeinschaft
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Do | really need that?

PERFORMANCE ASSESSMENT
AS A SERVICE
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POP CoE (https://pop-coe.eu)

* A Centre of Excellence _poe
c .. . . rRAEE - HPAHPC

* On Performance Optimisation and Productivity
* Promoting best practices in parallel programming SEENE B 8 oo

* Providing FREE Services
* Precise understanding of application and system behaviour
» Suggestion/supporton how to refactor code in the most productive way

* Horizontal
* Transversal across application areas, platforms, scales

* For (EU) academic AND industrial codes and users !

11. Sep 2019 42




Partners

* Who? i
* BSC, ES (coordinator) @ e H L R :I: S
o H LRS’ DE Centro Nacional de Supercomputacion
* |T41, CZ ;I|S|B| EE&CE:E?I{Y ﬂgg:g\:AESEECOMPUTING ‘ JULICH éLLJJIE)lE:COMPUTING
. JSC DE | OF OSTRAVA CENTER Forschungszentrum CENTRE
®
e NAG, UK nag ‘ RWTH
* RWTH Aachen, IT Center, DE
+ TERATEC, FR /1:\ = universiTE DE W2
. UVSQ. FR eratec .  VERSAILLES &=

= o B ST-QUENTIN-EN-YVELINES

A team with
* Excellencein performance toolsand tuning
* Excellencein programming models and practices

* Research and development background AND
provencommitmentin application to real academic and industrial use cases  ,;




FREE Services provided by the CoE

e Parallel Application Performance Assessment
* Primary service
 |dentifies performance issues of customer code (at customer site)

* If needed, identifies the root causes of the issues found and
qualifies and quantifies approaches to address them (recommendations)

 Combines former Performance Audit (?) and Plan (!) CR
 Medium effort (1-3 months)

* Proof-of-Concept (V')
* Follow-up service
* Experiments and mock-up tests for customer codes

» Kernel extraction, parallelisation, mini-apps experiments to show
effect of proposed optimisations

* Larger effort (3-6 months)

Note: Effort shared between our experts and customer!




Status after 2% Years (End of Phase1)

Nl © 139 completed or reporting to customer
Assessments * 13 more in progress

Proof-of- e 19 completed Proofs of Concept
Concept * 3 more in progress

45



Some PoC Success Stories

* See = https://pop-coe.eu/blog/tags/success-stories

@ Performance Improvements for SCM’s ADF Modeling Suite

= 3x Speed Improvement for zCFD Computational Fluid Dynamics Solver

% 25% Faster time-to-solution for Urban Microclimate Simulations Improvements

@ 2x performance improvement for SCM ADF code

- Proof of Concept for BPMF leads to around 40% runtime reduction

ssssssss

POP audit helps developers double their code performance Reductions

£e% 10-fold scalability improvement from POP services

- POP performance study improves performance up to a factor 6
' POP Proof-of-Concept study leads to nearly 50% higher performance

' POP Proof-of-Concept study leads to 10X performance improvement for customer

46
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https://pop-coe.eu/blog/tags/success-stories

ROl Examples

Application Savings after POP Proof-of-Concept

e POP PoCresulted in 72% faster-time-to-solution

e Production runs on ARCHER (UK national academic supercomputer)
e Improved code saves €15.58 per run

e Yearly savings of around €56,000 (from monthly usage data)

Application Savings after POP Performance Plan

e Cost for customer implementing POP recommendations: €2,000

e Achieved improvement of 62%

e £€20,000 yearly operating cost

e Resulted in yearly saving of €12,400 in compute costs = ROl of 620%

11. Sep 2019 47




W hat does not work right now very well

OUTSTANDING ISSUES



FUTURE WORK

e Memory and vectorization performance analysis
e Hard to capture performance data
e Only possible if suitable hardware counters are provided
 VERY processor specific = hard for open-source portable tools
e Trend towards task-based/ asynchronous programming models
e Very dynamic execution might be non reproducible = off-line tools fall
e Hard to get the “big picture” = good high-level metrics still missing here
e Trend towards more modern programming languages (Python, C++)
e How to automatically instrument template-based frameworks and programming styles?
e How to present the data on Python level (and not on the interpreter lowlevel)?
e Performance assessment of data analytics codes

JULICH
SUPERCOMPUTING
CENTRE

IJ JULICH

Forschungszentrum
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USEFUL RESOURCES

Overview Parallel Performance and Debugging Tools

e hitp://pramodkumbhar.com/2017/04/summary-of-profiling-tools/

e http://pramodkumbhar.com/2018/06/summary-of-debugging-tools/

e http://pramodkumbhar.com/2019/05/summary-of-python-profiling-tools-part-i/

JULICH
SUPERCOMPUTING
CENTRE
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http://pramodkumbhar.com/2017/04/summary-of-profiling-tools/
http://pramodkumbhar.com/2018/06/summary-of-debugging-tools/
http://pramodkumbhar.com/2019/05/summary-of-python-profiling-tools-part-i/

MY REQUEST

e Give performance tools a chance!

o It will require effort
e Need to read and understand tool documentation

e Attend tool tutorial at conference or tool training at HPC centres
e Attend tuning workshops or performance hackathons

e Do not give up at the first thing that does not work

e Ask for help from tool developers
e Report tool (and documentation) bugs

Mitglied der Helmholtz-Gemeinschaft 11. Sep 2019 51 J Forschungszentrum
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PERFORMANCE TUNING: STILL A PROBLEM?
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o Performance Optimisation and Productivity
A Centre of Excellence in HPC

00
Contact:
https://www.pop-coe.eu O oS
mailto:pop@bsc.es X
£ @POP HPC
o youtube.com/c/POPHPC

= ')

fi et

[=] 4P
F

dinnovation programme under grant agreement No 676553 and 824080.

This project has received funding fromthe European Union‘s Horizon 2020 research an



scalasca ¥

e http://www.scalasca.org

e scalasca@fz-juelich.de

core-P

Scalable performance measurement
infrastructure for parallel codes

* http://www.score-p.org

* support@score-p.org

@) JULICH
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Mitglied der Helmholtz-Gemeinschaft 11. Sep 2019 54 Forschungszentrum | CENTRE



BACKUP
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MEASUREMENT METHODS: PROFILING

e Recording of aggregated information Advantages
e Time + Works also for
long-running programs
e Counts
e Calls Disadvantages
— Variations over time
e Hardware counters get lost

e about program and system entities
e Functions, call sites, loops, basic blocks, ...
e Processes, threads

e Statistical information

e Min, max, mean and total number of values

JULICH
SUPERCOMPUTING
CENTRE
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MEASUREMENT METHODS: TRACING

e Recording information about significant
points (events) during execution of the program

e Enter/leave a code region (function, loop, ...)
e Send/receive a message ...
e Save information in event record
e Timestamp, location ID, event type
 plus event specific information

e Event trace := stream of event records
sorted by time

= Abstract execution model on level of defined events

Mitglied der Helmholtz-Gemeinschaft 11. Sep 2019 57

Advantages

+ Can be used to
reconstruct the
dynamic behavior

+ Profiles can be calculated
out of trace data

Disadvantages

— Can only be used for
short durations or small
configurations

— HUGE trace files
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EVENT TRACING

Process A

void foo() {
trc_enter("foo");

trc_send(B);
send(B, tag, buf);

trc_exit("foo");

}

Local trace A

MONITOR

iInstrument

Process B

void bar() {
trc_enter("bar");

recv(A, tag, buf);
trc_recv(A);

trc_exit("bar");

}

*

MONITOR

Mitglied der Helmholtz-Gemeinschaft

Global trace
58 | ENTER
2| SlED 58] A|ENTER | 1
e =2 60| B | ENTER | 2
62| A | SEND B
1 | foo 64] A | EXIT 1
681 B | RECV A
691 B | EXIT 2
Local trace B
60| ENTER T
merge
68 | RECV _ 1 | foo
| unify
69| EXIT » 2 | bar
1 | bar .o .
4 J JULICH | 5o
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EVENT TRACING: “TIMELINE” VISUALIZATION

1 | foo

2 | bar

3
58| A|ENTER | 1
60| B | ENTER | 2
62| A | SEND B
64| A | EXIT 1
68| B | RECV A
69| B | EXIT 2

Mitglied der Helmholtz-Gemeinschaft
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Forschungszentrum Julich GmbH

JULICH SUPERCOMPUTING CENTRE
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-« Germany's largest
national laboratory

e About 5800 employees
e Research areas
e Information technology

e Health (Neuroscience /
prain research)

e Energy

e Atmosphere + Climate

IJ JULICH

Forschungszentrum

JULICH
SUPERCOMPUTING
CENTRE
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JULICH SUPERCOMPUTING CENTRE (JSC)

HPC Centre for
e Forschungszentrum Jilich

e Julich Aachen
Research Alliance (JARA)

e Germany as GCS
(1 of 3 German National
Centres)

e Europe
(1st European Centre
inside PRACE)

JULICH
SUPERCOMPUTING
CENTRE
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JSC MACHINE HALL (JULY 2018)

~45.000 cores Haswell
=

~110.000 cores Skylake

E‘ ~1700 KNL nodes %

S

~—— _= -

STORAGE

= o

JULICH
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CENTRE




You KNOW YOU made it ...

... WHEN LARGE COMPANIES
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Introducing the Intel® Trace Analyzer and
Collector Performance Assistant

Motivation: Improve method of performance analysis via the GUI

Solution:
» Define common/known performance problems

» Automate detection via the Intel® Trace Analyzer

Example: A “Late Broadcast” is not easy to identify with existing
VIewsS

P1 broadcast |}—

(root) '
wait time l
—
P2 r broadcast
e wait time :
Y
Pn broadcast: S
: time
»

Source:
https://software.intel.com/en-us/videos/quickly-discover-performance-issues-with-the-intel-trace-analyzer-and-coll ector-90-beta

Copynght © 2014, Intel Corporation. All nghts reserved. *Other names and brands may be claimed as the property of others.




Which Performance Issues are
automatically identified?

Point-to-point exchange Problems with global collective
problems: operation performance:

= | ate Sender = \Wait at Barrier
Late Sender —— N
p1— __tm_ b
P —
wait ime “’—.___';;-_‘—
PZ—[ receive >
o o
[ m er
= | ate Receiver » Early Reduce —
| e
Late Receiver >
wait time = | ate Broadcast

P1 —l send Late Broadgast

P1 broadeast
(root) ..
PZ receive wait ime l
B I
time g I
»

Source: >

Copynght © 2014, Intel Corporation. All nghts reserved. *Other names and brands may be claimed as the property of others.



Together we are strong

INTEGRATION
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—"#Score-P FUNCTIONALITY

Provide typical functionality for HPC performance tools
Instrumentation (various methods)

e Multi-process paradigms (MPI, SHMEM)

e Thread-parallel paradigms (OpenMP, POSIX threads)

e Accelerator-based paradigms (OpenACC, CUDA, OpenCL)
e In any combination!

Flexible measurement without re-compilation:

e Basic and advanced profile generation (= CUBE4 format)
e Event trace recording (= OTF2 format)

e Online access to profiling data

Highly scalable I/O functionality

Support all fundamental concepts of partner’s tools
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SCALASCA = VAMPIR INTEGRATION

- . Cube 3.0 QT: pexpert/solve_2-5.cube [=][=] [x]

1. Connect to Vampir Fle Display el

. Open Ctrl+O H-r0t| 302 Ey-rot| 39 :
« Loads underlying trace | <= o I ‘,][[Abstlmfe R ol 3

Open external Ctri+E
' a|»
oo b i Call tree | Flat view ] System tree | Topoloqu |
solve_nmm (0.00%) [~]| & ] - Mare Nostrum [+]
00wrf_get_myproc £ [ - 532¢3b07
Setfings > Connectto paraver  Cirl+P |00 wif_dm_on_monitor 0.01 Process 0

0.01 Process 1
0.01 Process 2

[]0.00wrf _get dm_communicator

Dynamic loading threshold  Ctrl+D
[] 0.00 wif_get_nproc

Screenshot Cor+S g 1 0.00 buckets 0.01 Process 3
Quit Ctrl+Q [ast [] 0.00rsl_lite_init_exch 0.04 s32¢2b13
[ 0.00rsl_lite_pack 0,04 s32c2b11
Soibs o ncihe ] 0.00 rsl_lite_exch_y 0.03 32c2b10
(] 0.00 Late Receiver [] 0.00rsl_lite_exch_x O 0.06 s31c4b10
L [J 0.00 Messages in Wrong Order (] 0.00 buffer_for_proc 0.05s31c3b14
1.70 Late Sender ] 0.00 MPI_lrecy O 0.06 s31¢3b11
L [ 1.99 Messages in Wrong Order []0.00 MPI_Isend 0.04 531¢3b09
—[]0.0010 ] 0.00 MPI_Wait 0.05525¢1b10
- [] 0.00 Init/Exit — ] 0.00wif_message 0.04 525¢1b09
= [] 0.00 Synchronization &[] 0.00 rdtermnp 0.05 525¢1b08
Bt [] 0.00 Barrier - [] 0.00 cltend 0.04 525¢1b07
t (] 0.00 Barrier Completion &[] 0.00 _ module_advection NMQD_ 0.03 s25c1b06
(] 0.00 WaitAtBarrier ] 0.00wrf_get dm_communicator 0.02 s25c1b04
] 0.00 Cverhead 0.68 MPI_Alreduce 0.05 s25¢1b03
0.04 s25c1b02

L [ 2.53e5 Visits

: : :

« DR O L J [z
0.000000 0.684535 (1.136389%) 60.243010| [0.000000 0.684595 (100.000000%) 0.684595| |0.000000 0.684585

Ready
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SCALASCA = VAMPIR INTEGRATION

" . Cube 3.0 QT: pexpert/solve_2-5.cube [=][=] [x]

1. ConneCt tO Vamplr File Display Help

. kot 302 [yrot(3e Xy [+
« Loads underlying trace ll@@@@ |-][[Abs]jmfe =5 = e g

Metric tree Calltree | Flatview System tree Topologyd<|:

& [] 0.00 Time «]l = [ 0.00 solve_nmm (0.00%) +| = [ - Mare Nostrum -

&+ [l 52.44 Execution ] 0.00wrf_get_myproc CF (] -532¢3b07
B[] 0.00 MPI ] 0.00 wif_dm_on_monitor 0.01 Process 0
] 0.00wrf_get_dm_communicator 0.01 Process 1

2 Use Context menu =[] 0.00 Communication
. 0.02 Collective
E ] 0.00 Early Reduce
[ 0.00 Late Broadcast
GIEB WaitAtNxN zr‘ucess g:Oﬁ.E 2:06,7 I OE.E 2:06.9 2 - ! ] 2:07.2 2:07.3 2:07.4
3.41 P2 Collapse all

i} [ 10.00 Collapse subtree

] 0.00 wif_get_nproc 0.01 Process 2

" . Vampir - Timeline

* Max severity

Lo
1.70 Expand all

e ZOOMS to
. . L@ 1] Expand subtree
corresponding view T 00010 | Bpandargest

=[] 0.00Synchl Finditems
EF[10.00Ba]  ging ext

tD&m :
] 0.00 Unmark items
- [ 0.00 Overhead Info |
~ [l 2.53e5 Misits Online description [ |
Statistics E
0.000000 0.684595 (1,136389%) 60,243 ﬁii%;
= ied
E Process 45 1
Process 46
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SCALASCA = VAMPIR INTEGRATION

- . Cube 3.0 QT: pexpert/solve_2-5.cube [=][=] [x]

1. Connect to Vampir Fle Display el

. xroti| 302 [Hyoti39 By [
« Loads underlying trace ll@@@@ \,][[Absj; = 5

- Ahsollfe b
Metric tree | =P Vampir - Identified Marker [=][m] [x]
&[] 0.00 Time =] ofl Location ¢ process 56
&+ [ 52.44 Execution Time : 0,346 =
B[] 0.00 MPI Marker + Severe Performance Pattern Instance (1)

& []0.00C icati ,
2. Use Context menu DOIoggnglgthijeIOH Description ¢ 'mpi_wait_nxn' at crode 78

] 0.00 Early Reduce
(] 0.00 Late Broadcast " Vampir - Timeli

« Max severity osswataten

zarpzp e

ssssss

i} ] 0.00 Late Receiver o

L[Jo.00 Messages in Wrong Orde| s
1.70 Late Sender s

sssssss

« Zooms to
. . L [ 1.99 Messages in Wrong Orde
corresponding view oI

= [] 0.00 Synchronization
Bt [] 0.00 Barrier
(] 0.00 Barrier Completion
[] 0.00 WaitAtBarrier
] 0.00 Cverhead

3. Use extenS|Ve Vamplr - M 2.53e5 Visits

features to investigate
T —— (1]

0.000000 0.684595 (‘I 5| 363899{’] 60,243
further : i

ssssss

Regdy @ e Process
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INTEGRATION OF MEASUREMENT AND MODELLING

e Example: DFG SPPEXA Catwalk Project
Performance measurements (profiles)

main() { i
foo()
bar()
compute() Instrumentation + Measurement
}
77  All functions
q 4
Input Automated
modeling
Output

1 bar() 4.0 *p + 0.1*log(p)
compute() 0.5 *log(p)
3 foo() 65.7

Mitglied der Helmholtz-Gemeinschaft



CATWALK: RESULT VISUALIZATION

Elle Qlﬁpla'l‘f It:]p[}lt:] qy Elu{_:“ ns ﬂelp

e Reusing Cube e T :
reSUIt browser l Calltree Flat view l System tree .] BoxPlot | Plot

=8 main 2.49e-01%x(3/2)*log(x) + 7.79e+04
mainzinitialize_ 1.23e-04*x2(3/2)*log(x)*(2) + 1.12e-06%x

[ main:parseinput_zisatty_ 5.04e-07*x*log(x) + 2.94e-04
[ main:parseinput_znewstdin_:MPI_Comm_rank 1.12e-07
[ main:parseinput_zewdmsg_ 2.70e-06%x + 9.35e-05
main:parseinput_getkey_ 1.21e-09*x*(5/2) + -7.13e-10* Value: 1.02e-05*x"(2/1)*log(x)"(2) + 6.67e+01
[ main:parseinput_zgetstrn_ 4.45e-06*x*log(x) + 2.74e-03
& main:parseinput_ngetstr_ 6.20e-07*x*log(x) + 3.62e-04

Selected: main::parseinput_:ewdfilesize_8

e However:

b rOWS I n g fu n Ctl O n S [ main:parseinput_sewdlen_ 1.27e-06%*x*log(x) + 7.252-04 4.8-108 i
| main::parseinput_zgetint_ 2.58e-07*x*log(x) + 1.56e-04 [
main:parseinput_zoldstdin_ 3.15e-06%x*log(x)™(2) + 6.12 4.108 5 f

Instead of values

O main:parseinput_zgetreal 2.25e-06*x*log(x) + 1.23e-03
main:parseinput_:parsemat_ 3.86e-05*x*log(x) + 2.26e-(

. B |-

[ main:parseinput_supdatedt_ 7.18e-07#x*log(x) + 4.44e-( 3.210% 1
main:parseinput_:ewdFfilesize_ 1.02e-05*x"(2/1)*log(x)" I
mainzparseinput_iewdreadint_ 1.53e-04*x~(2/1)*log(x) - > 2.4108 |
O main:parseinput_sewdscanint_ 2.2 1e-03*x*log(x) + 8.35¢ F
mainzhypo_ 1.75e-15%x(3/1) + 3.19e-12%x~(5/2)*log(x)* 1.6-108 F
main:finalize_ 5.88e-06*x"(3,/2)*log(x)"(2) + 3.31e+00 [
8107 |

L L L L L L 1 L L L 1 L L L 1 L L L | L L
80000 160000 240000 320000 400000 480000

X

T y 3

0.00 8.00 (100.00%) 8.00( [0.00 8.00 (100.00%) 8.00

I . e
,
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