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Performance factors of parallel applications

y fBequential operformance factors
y  Computation
F Choose right algorithm, use optimizing compiler

y Cache and memory
F Tough! Only limited tool support, hope compiler gets it right

y  Input / output
F Often not given enough attention

y Parallel o performance factors

y  Partitioning / decomposition

y Communication (i.e., message passing)
y  Multithreading
y

Synchronization / locking
F More or less understood, good tool support
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Tuning basics

y  Successful engineering is a combination of
y  Careful setting of various tuning parameters
y  The right algorithms and libraries
y  Compiler flags and directives
y €
y  Thinking !!!
y Measurement is better than guessing
y  To determine performance bottlenecks
y To compare alternatives

y  To validate tuning decisions and optimizations
F After each step!

EPICURE GPU HACKATHON (CINECA, BOLOGNA, ITALY, 28 - 31 OCTOBER 2 024) 3



VIRTYUALANST ITUTE ¥ HIGH PRODUCTIVITY SUPERCOMPUTING

Performance engineering workflow

~
A Prepare application with A Collection of performance data
symbols A Aggregation of performance
A Insert extra code data
(probes/hooks)
\ Preparation Measurement v
p- Optimization ™
Calculation of metrics
A Modifications intended to A Identification of performance
eliminate/reduce performance problems
problem A Presentation of results
\ VY A
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The 80/20 rule

y Programs typically spend 80% of their time in 20% of the code

y  Programmers typically spend 20% of their effort to get 80% of the total speedup

possible for the application
F Know when to stop!

y Don't optimize what does not matter
F Make the common case fast!

Af you optimize everything,
you will always be unhappy. 0

Donald E. Knuth
0 4
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No single solution is sufficient!

A combination of different methods, tools and techniques is typically needed!
AAnalysis

A Statistics, visualization, automatic analysis, data mining, ...
AMeasurement

A Sampling / instrumentation, profiling / tracing, ...

Alnstrumentation
A Source code / binary, manual / automatic, ...
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Typical performance analysis procedure

y Do | have a performance problem at all?
y  Time / speedup / scalability measurements / how near to limits
y  What Is the key bottleneck (computation / communication)?
y  MPI/ OpenMP / flat profiling
y  Where s the key bottleneck?
y  Call-path profiling, detailed basic block profiling
y  Why is it there?
y Hardware counter analysis, trace selected parts to keep trace size manageable

y Does the code have scalability problems?
y Load imbalance analysis, compare profiles at various sizes function -by -function
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Performance engineering workflow

j#Score-P

You !
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trace tools (3

scalasca

cube™

scalasca

trace tools (3

VAMPIR scalasca
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core-P

DOI 10.5281/zenodo.1240731

Alnfrastructure for instrumentation and performance measurements
Alnstrumented application can be used to produce several results:

A Call-path profiling: CUBE4 data format used for data exchange

A Event -based tracing: OTF2 data format used for data exchange
ASupported parallel paradigms:

A Multi -process: MPI, SHMEM

A Thread -parallel: OpenMP, POSIX threads

A Accelerator -based: CUDA, HIP, OpenCL, OpenACC
Alnitial project funded by BMBF —
AClose collaboration with PRIMA project funded by DOE AR | Durpesministerium

und Forschung

AFurther developed in multiple 3 "d-party funded projects
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Vampir SCEEEeE UBE TAU Extra-P
Trace Tools
Event traces Call-path profiles
(OTF2) (CUBE4, TAU)

Score-P measurement infrastructure

Hardware counter
(PAPI, rusage, PERF, plugins)

A S S O O

Instrumentation wrapper

Accelerator-based

. . . I/O Activity Recording Source code Sampling
Process-level parallelism Thread-level parallelism parallelism (Posix 1/0 instrumentation intermupts
(MPI, SHMEM) (OpenMP, Pthreads) (CUDA, OpenACC, e ;
OpenCL, Kokkos, HIP) MPI-1O) (Compiler, PDT, User) (PAPI, PERF)
Application
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o
Call-path profiles
(019] 2] =/ p\V)

Vampir Scalasca
Trace Tools

Event traces
(OTF2)

Hardware counter
(PAPI, rusage, PERF, plugins)

Score-P measurement infrastructure

S O T4

Instrumentation wrapper

Accelerator-based

. . . I/O Activity Recording Source code Sampling
Process-level parallelism Thread-level parallelism parallelism (Posix 1/0 instrumentation intermupts
(MPI, SHMEM) (OpenMP, Pthreads) (CUDA, OpenACC, e ;
OpenCL, Kokkos, HIP) MPI-1O) (Compiler, PDT, User) (PAPI, PERF)
Application
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Score -P features

AOpen source: 3 -clause BSD license
A Commitment to joint long -term cooperation
A Development based on meritocratic governance model
A Open for contributions and new partners

APortability: supports all major HPC platforms
AScalability: successful measurements with >1M threads

AFunctionality:
A Generation of call -path profiles and event traces (supporting highly scalable 1/0)
A Using direct instrumentation and sampling
A Flexible measurement configuration without re -compilation
A Recording of time, visits, communication data, hardware counters
A Support for MP1, SHMEM, OpenMP, Pthreads, CUDA, HIP, OpenCL, OpenACC and valid
combinations

Alatest release: Score -P 8.4 (Mar 2024)
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cube™

scalasca
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'Ot Jl DO! 10.5281/zenodo.1248078
o1 Jc]8/Jll DO! 10.5281/zenodo.1248087

AParallel program analysis report exploration tools
A Libraries for XML+binary report reading & writing
A Algebra utilities for report processing

A GUI for interactive analysis exploration
ARequires Qt O 5

AOriginally developed as part of the Scalasca toolset

ANow available as separate components
A Can be installed independently of Score -P

and Scalasca, e.g., on laptop/desktop
A Latest releases: Cube v4.8.2 (Sep 2023)
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Analysis presentation and exploration

ARepresentation of values (severity matrix)

on three hierarchical axes

A Performance property (metric)

A Call path (program location)

A System location (process/thread)

AThree coupled tree browsers

ACube displays severities
A As value: for precise comparison
A As color: for easy identification of hotspots
A Inclusive value when closed & exclusive value when expanded
A Customizable via display modes

Property

Call

path

~

»
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Plain summary analysis report (opening view)

CubeGUI-4.4,3: scorep_tea_leaf_baseline_8x12_sum/profile.cubex <@jri11>

File Display Plugins Help
Restore Setting ~ Save Settings

Absolute * | | Absolute

E Metric tree E Call tree Flat view
~ 1.17e8 Visits (occ) - I~ 1.17e8 tea leaf baseline

8633.39 Time (sec)
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EPICURE GPU HACKATHON (CINECA, BOLOGNA, ITALY, 28 - 31 OCTOBER 2 024)

Where is it in the

source code?

In what context?

-

Absolute v | w
5

E System tree .] Statistics Sunburst ﬂ Pry 1|} g
~ 1.17e8 machine Linux| ==

=

12U10

1

All (96 elements)

1.17e8 (10 HOW |S |t

distributed across

the processes/threads?

il




VIRTYUALANST ITUTE ¥ HIGH PRODUCTIVITY SUPERCOMPUTING

Plain summary analysis report (expanded call tree/system tree)

CubeGUI-4.4.3: scorep_tea_leaf baseline_8x12_sum/profile.cubex =@jrl11=
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Post -processed summary analysis report (Scalasca)

CubeGUI-4.4.3: scorep_tea_leaf_baseline_8x12_sum/summary.cubex <®@jril1>
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Vampir Event Trace Visualizer

AOffline trace visualization for Score -P0O s
OTF2 trace files
AVisualization of MPI, OpenMP

and application events
A All diagrams highly customizable (through context menus)
A Large variety of displays for ANY part of the trace

Ahttp:// www.vampir.eu

AAdvantage:
A Detailed view of dynamic application behavior

ADisadvantage
ARequires event traces (huge amount of data)
A Completely manual analysis
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Vampir Displays
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Vampir: Timeline Diagram
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AProcess timeline

show call stack nesting

ACounter timelines
for hardware and
software counters
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Vampir: Execution Statistics
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Vampir: Process Summary

Trace View - fhome/doleschajtracetiles/feature-traces/wrt-p6d-io-mem-rusage/wrf. 1h. ot

' File View Help
View Chart Filter
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' File View Help
View Chart Filter
‘- N — g
EXLOTIERS &G v | | N N0 .
Process Summary
0s




VIRTYUALANST ITUTE ¥ HIGH PRODUCTIVITY SUPERCOMPUTING

Vampir: Communication Statistics
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Vampir : CUDA Example

Vampir - [Trace View - /home/jucked/Des i op'ixg 0 24x 3072 2000 _co/t rage ot f] X
. . . ) W File View Help cle®
A Detailed information View Chant Fiter
- - » , ll= g — t‘_‘ (7l
on kernel execution SErXxkeTEERES BOV 7 b
Tmeine
and memory
2167 s 2368 2369 s 23708 23718 21728
transfers .
Process 1
CUDA[0] 11
- .. Thread 1:2
A All statistics and Thread 13
) Process 2
displays also CUDAD 21
. Thread 2.2
available for CUDA Thiead 23
Process 3
events CUDA[1) 3:1
Thread 3.2
Thread 3.3 l :
< ' [} . ) ) o
Function Summary Cortext View Functon Legend
All Processas Accumulated Exclusive Time per Fun BB MasterTimeline X o+ Application
100 ms Oms ‘ ~ E ;UDA-‘P'
CUDA_KERNEL Prpery Ve - O vt 2
= c Y_SYNC
CUDA_MEMCPY_SYNC ?)::lav ':::::;:me""e I wer =
107.719845 ms | Appiication Function Name deviceMovaAndMz Feam
25 _ETGSH ims WP Function Group CUDA_KERNEL
i 1877892 ms |CUDA API interval Begin ¢ 23.708293 s
! ; = Interval End 23718334 5
§ Ml Dueaan a0100a1s =
|




VIRTYUALANST ITUTE ¥ HIGH PRODUCTIVITY SUPERCOMPUTING

Motivation

Trace View / t: Vampir
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