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Disclaimer

Performance tools will not automatically make
your code run faster. They help you

understand, what your code does and where to
put 1n work.
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Performance engineering workflow

*Prepare application with *Collection of )
symbols performance data
*Insert extra code * Aggregation of
(probes/hooks) performance data
- . J
Preparatlon Measurement
A\:J
Optimization Analysis
/ )
*Calculation of metrics
*Modifications intended to *Identification of
eliminate/reduce performance problems
performance problem L *Presentation of results
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Performance Analysis Approaches: Profiling vs. Tracing

Profiling Tracing

Data o e

: Statistics Timelines
Presentation
Data : Summarization Logging
Recording
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Data Samplin Event-based
Acquisition PHIS Instrumentation

Analysis Layer
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So what 1s the right choice?
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Score-P: Functionality

* Typical functionality for HPC performance tools
— Instrumentation (various methods)

— Sampling (experimental)
* Flexible measurement without re-compilation

— Basic and advanced profile generation

— Event trace recording

* Programming paradigms:

— Multi-process
* MPI, SHMEM

— Thread-parallel
* OpenMP, Pthreads — Hybrid parallelism

— Accelerator-based _
* CUDA, OpenCL, OpenACC

—
TECHNISCHE H
UNIVERSITAT Zl
SRRANE




Score-P: Architecture

Call-path profiles
Event traces (OTF2) (CUBE4, TAU) I
Online interface
S

core-P measurement infrastructure

Hardware counter Memory Recording IO Recording 3rd-Party Library
(PAPI, rusage, PERF, plugins) (libc/C++ API) (Posix, NETCDF, HD5F, ADIOS) Wrapping

T 1 T T

Process-level Thread-level Accelerator-based Source code instrumentation
(MPIl, SHMEM)  (OpenMP, Pthreads) @ (CUDA, OpenACC) (Compiler, PDT, User)

Sampling Interrupts
(PAPI, PEREF, timer)

Instrumentation wrapper
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Score-P Workflow: Profiling

Profile Analysis

o
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Score-P Workflow: Instrumentation

<options> cc
<options> CC

CC = CC
CXX =CC

FOO =ftn <options> ftn

* To see all available options for instrumentation:

S scorep --help
This is the Score-P instrumentation tool.

scorep <options> <original command>

The usage 1is:

Common options are:

—-—-cuda Fnables cuda instrumentation.

--user Enables user instrumentation.
—-—-openacc Enables OpenACC instrumentation.
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Score-P Workflow: Advanced Instrumentation

* For CMake and autotools based build systems it 1s recommended to
use the scorep-wrapper script instances

Disable

#CMake Instrumentation

SCOREP_WRAPPER=OFF cmake .. \
-DCMAKE C_COMPILER=scorep-icc \
-DCMAKE CXX COMPILER=scorep-icpc \
-DCMAKE Fortran COMPILER=scorep-ifc

#Autotools

SCOREP_WRAPPER=OFF ../configure \
CC=scorep-icc \
CXX=scorep-icpc \
FC=scorep-ifc \
-—-disable-dependency-tracking

* Pass instrumentation and compiler flags at make

make SCOREP WRAPPER INSTRUMENTER FLAGS="--user" \
SCOREP_WRAPPER COMPILER FLAGS="-g -02"

scorep --user <your compiler>—g —-02
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Score-P Workflow: Measurement

* Measurements are configured via environment variables

S scorep-info config-vars --full

SCOREP ENABLE PROFILING

[...]
SCOREP ENABLE TRACING

[...]
SCOREP_ TOTAL MEMORY

[...]
SCOREP EXPERIMENT DIRECTORY
Description: Name of the experiment directory

[...]

Description: Total memory in bytes for the measurement system

* Example for generating a profile:

$ export SCOREP ENABLE PROFILING=true
export SCOREP ENABLE TRACING=false
$ export SCOREP EXPERIMENT DIRECTORY=profile

Ur

S aprun <instrumented binary>
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Score-P: Cube

* Profile analysis tool for displaying performance data of parallel
programs

Originally developed as part of Scalasca toolset

Available as a separate component of Score-P

Representation of values (severity matrix)
on three hierarchical axes

>
5 Call
— Performance property (metric) g— path
o
— Call-tree path (program location)
Location

— System location (process/thread)

Three coupled tree browsers
cubel®

scalasca
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Score-P: Cube Analysis Presentation

NN it
e Dy Papes 9
Sevton Lefey © Lam Ll
AL Lore

.\Hl- e

L 3958 Vists (o)
B 9 20e4 His (occ)

L 000 Mrsmum Inclusive Time (sec)
B 008 Maimum Inchusive Time (sec)
[ Objtes _put (bytes)

.. Obytes get(bytes)

[ ] OALLOCATION SIZE (bytes)

L] ODEALLOCATION SIZE (bytes)

L. Obytes leaked (bytes)

L 000 maxemum_ heap memory alocated
B 5 27e3 bytes sent (bytes)

B 5273 bytes receved (bytes)

== What kind of
performance
metric?

-l

O Cabe- 404 Prafie pratin ctee

e
.’-h' Ef.“_
B 000 MAIN

—

=1

B 028 mp sedp
B 00t gforan st open
B 003 WP Bcast
W 090 erv_setup
B 1.55 ntlalae
B 067 exact hs
8 6311 exch gbe
L) 0.00 ac
M 128 36 compute rths
L] 000 x_solve
S 13997 GOMP parailed
L 000y solve
B 069 GOMP _paralel
8 3505 1Somp paralel @y soive £ 4)
B 0085 gomrp thread stant
8l 11017 tSomp paraliel @2 _soive £4)

82 30 8dd_
B 013N Barer
B 000 data vanafer
B 088 verify

B 000 WP Reduc
B 00 WPl Finak

B 002 gomp

......

Where is it in the

source code?
In what context?

AL 1ot .
| RIS 'm
Ll -Blade 4 .
[ - asic 9572
(] « néc 3920
L« MP1 Rank 0

B 9 33 Master Swead
B 022 OMP twead 1
B 025 OMP twead 2
B 027 OMP thyead 3
L1« MPE Rank 1
B 9 42 Master fwread
B 043 0MP thread 1
B 085 OMP thread 2
B 0246 OMP thread 3
- MPI Rank 2
B 9 30 Master hread
B 084 0OMP thread 1
B 085 OMP thyead 2
B 024 0MP tyead 3
1 -MP1 B 3
o3

Hread

B 024 hiead 1
ooz theead 2

How is it

distributed across
the processes/threads?




Score-P Workflow: Profiling + Tracing

Trace Run
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Score-P Workflow: Filtering

» Use scorep-score to define a filter

— Exclude short frequently called functions from measurement
» For profiling: reduce measurement overhead (if necessary)
« For tracing: reduce measurement overhead and total trace size

S scorep-score -r profile/profile.cubex
Estimated aggregate size of event trace:
Estimated requirements for largest trace buffer (max buf):
Estimated memory requirements (SCOREP TOTAL MEMORY) :
[...]
Flt type max buf [B] visits time[s] time[%] time/visit[us] region

[...

About 10 GB just for
these 3 regions per
process!

0,9 5 ;0 5 o .08 . . oinvrns
USR 150,937,332 22,692,096 13.21 1.2 0.58 1lhsinit

o Filter file:

S o CEeEn . A Reduce measurement overhead and
SCOREP REGION NAMES BEGIN EXCLUDE size of event trace to about 40 GB!

- (Example uses 4 processes)




Score-P Workflow: Measurement

* Example for generating a trace

export
export
export
export
export

Ur Uy U Uy

SCOREP_ENABLE PROFILING=false
SCOREP_ENABLE TRACING=true

SCOREP EXPERIMENT DIRECTORY=trace
SCOREP_ TOTAL MEMORY=2G
SCOREP_FILTERING FILE=scorep.filt

S aprun <instrumented binary>
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Vampir: Event Trace Visualization

* Show dynamic run-time behavior graphically at a fine level of detail

* Provide summaries (profiles) on performance metrics

Timeline charts

» Show application activities and
communication along a time axis

Summary charts

Provide quantitative results for the
currently selected time interval
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Vampir: Performance Charts
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Vampir: Performance Charts

* Trace visualization of FDS (Fire Dynamics Simulator)
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Vampir at Scale: FDS with 8192 cores

* Fit to chart height feature in Master Timeline

Ewluﬂoﬂal&'ﬁgﬂwm

F AL Summary
(=1 100 » 20014 300 2 OO)t $00 » 600 3 J00 s 800 » 900 » ANl Proceses, Accumulated Dacluvwe Time per Function
Naster thread. | 2,000,000 s O
Master theead 207 NP Rarrier
Master thoead 364 MAIN
Master thread 4RO g
Master thread G4 divg.divergence_part_L_
Master thread. 864 464,258,627 2+ T pren.preasere_soiver_

Master thread: LOOS -
Master theead. L 306
Master theead 1506
Mastes theead 1769
Master theead 2000
Master thread 2118 -
Master theead 2120
Maater thread: 2500
Master thread - 2643
Nastes theead 2909
Master thread 3222
Master theead 3522
Master theead 36738
Mastes thread: 3967
Master thread 4210 -
Naster thread 4414
Master theead 4601
Master theead €746
Mastes theead 4910
Master theead SOO5
Master theead 5311
Master thread 5410
Master thread: %641
Master thread 5790
MNaster theead 5975
Master thread 6176
Master theead 6400
Mastes theead 6608
Master thread 6758
Master thread: 70013
Naster thread:- 71413
Master theead 7332
Master thread. 7484
Mastes theead 7727
Master theead 7897
Master theead 8132

J5R161.A83 NA_Alreduce
98,333,802 s B NP _Watall
T7675037 s ENM_File_wroe_at
S1.606.982 2 | NM_Cathery
SR AL2ATE s | NI _Allgathery
41030476 5 | NPL_Init_thread
14,504 9509 3 | dvg.divergence_part_2
2. 196 408 s | MPY_File_open
3,976 264 3 | N _Startall

Cavtew) View
= - Traim bt | e A
Prage*y .
File Cheater: hustre /atias)
Creator Score-P 2.0-1runk
Verson 20
Namber of Processes 5.1
Timer Rmolstion 454 540618 pn

Overview of the entire
application run across
all processes based on
available pixels on
screen.

Vumdtomn (eye~d)
M vn
™ Preswre
B Dvergerce
W Apgiicavon
Nomtor

Gt
UNIVERSITAT ZIH

D RES D E N Cen_ter for Infarmation Servic_es &

High Performance Computing



Demo: Jacobi Solver

* Jacobi Example
U,
— Iterative solver for system of equations ®
unJ u'J u"‘J
Uy =U ® ©o o
u,, = buold,i,j +a, (uold,i—l,j + uold,i+1,j) ta, (uold,i,j—l + uold,i,j+1) —rHs /b '”-w
— Code uses OpenMP, CUDA and MPI
for parallelization
MPI MPI

Process 1 Process 2

* Domain decomposition

— Halo exchange at boundaries:
* Via MPI between processes
* Via CUDA between hosts and accelerators

o
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The Score-P Tools Infrastructure

* Documentation at https://www.olcf.ornl.gov/support/software/

)I SCOrcp-score

Thank you for
your attention!

e run D

Reduce overhead and
trace size
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Demo: Jacobi Solver / Setup

« Connect to Summit-dev and copy sources

S cp /ccs/home/winklerf/scorep tutorial/jacobi.tar.gz .
$ tar xzvf jacobi.tar.gz
$ cd jacobi

« Change programming environment and load modules

$ module load gcc/5.4.0
$ module load cuda
S module load scorep

« Compile benchmark and submit job

S make

S cd bin

S bsub < run.lsf

S less run.lsf
Jacobi relaxation Calculation: 8192 x 8192 mesh with
2 processes and 6 threads + one Tesla P100-SXM2-16GB for each process.
614 of 4097 local rows are calculated on the CPU to balance the load
between the CPU and the GPU.

0, 0.489197

100, 0.002397

[...]
total: 9.409952 s




Demo: Jacobi Solver / Profiling

* Build instrumented executable

S make clean
S make scorep
scorep --cuda cc .. —o bin/jacobi mpi+openmp+cuda

e Submit job for profiling run

$ less run profile.lsf

[...]

export SCOREP ENABLE PROFILING=true

export SCOREP ENABLE TRACING=false

export SCOREP EXPERIMENT DIRECTORY=jacobi profile
export SCOREP CUDA ENABLE=yes

[...]

mpirun -n 2 ./jacobi mpitopenmp+cuda 8192 8192 0.15

$ bsub < run profile.lsf
$ less jacobi.o[JOB ID]
Jacobi relaxation Calculation: 8192 x 8192 mesh with
2 processes and 6 threads + one Tesla P100-SXM2-16GB for each process.

]

[...
total: 10.678350 s




Demo: Jacobi Solver / Profile Analysis

» Perform flat profile analysis with cube_stat

$ cd bin
$ cube stat -t 10 -p jacobi mpitopenmptcuda profile/profile.cubex
cube: :Region

!Somp for @jacobi cuda.c:188
!Somp implicit barrier

NumberOfCalls ExclusiveTime InclusiveTime
32000.000000 131.797289 131.797289
32000.000000 104.298683 104.298683

!Somp for @jacobi cuda.c:258 32000.000000 42.999056 50.568642
[...]
« Perform call-path profile analysis with Cube
$ cube jacobi profile/profile.cubex
i e
- e e ,
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Demo: Jacobi Solver / Scoring

* Do we need a filter? (Overnhead and memory footprint)

$ scorep-score jacobi profile/profile.cubex TJOiiEGIHQ;
Estimated aggregate size of event trace: 10MB requHEd~
Estimated requirements for largest trace buffer (max buf): 5MB

Estimated memory requirements (SCOREP TOTAL MEMORY) : 41MB

(hint: When tracing set SCOREP TOTAL MEMORY=41MB to avoid intermediate
flushes or reduce requirements using USR regions filters.)

flt type max buf[B] visits time[s] time[%] time/visit[us] region
ALL 4,924,060 310,504 308.53 100.0 993.63 ALL
OMP 4,135,850 256,417 287.31 93.1 1120.46 OMP
CUDA 494,338 38,025 10.40 3.4 273.53 CUDA
COM 156,260 12,020 10.406 3.4 870.58 COM
MPI 137,222 4,012 0.30 0.1 73.96 MPI
MEMORY 260 20 0.06 0.0 2972.15 MEMORY
USR 130 10 0.00 0.0 10.26 USR
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Demo: Jacobi Solver / Tracing

« Submit job for tracing run

$ cd

$ less run trace.lsf

[...]

export SCOREP ENABLE PROFILING=false

export SCOREP ENABLE TRACING=true

export SCOREP EXPERIMENT DIRECTORY=jacobi trace
export SCOREP CUDA ENABLE=yes

export SCOREP TOTAL MEMORY=50MB

[...]

mpirun -n 2 ./jacobi mpitopenmp+cuda 8192 8192 0.15

$ bsub < run trace.lsf
$ less jacobi.o[JOB ID]
Jacobi relaxation Calculation: 8192 x 8192 mesh with

2 processes and 6 threads + one Tesla P100-SXM2-16GB for each process.
614 of 4097 local rows are calculated on the CPU to balance the load
between the CPU and the GPU.

0, 0.489197

100, 0.002397

[...]
900, 0.000269
total: 9.895828 s




Demo: Jacobi Solver / Trace Analysis

« Perform analysis on the trace data with Vampir

S cd bin
S module load vampir
$ vampir jacobi trace/traces.otf2

W Trace View - [Users/tw
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