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Objectives of this Tutorial

EHE - DEEE@D-~~0 1H

» Present Aftermath: A tool for performance analysis of parallel
programs
» Actually use Aftermath for performance analysis:
» Loop-parallel OpenMP programs
» Task-parallel OpenStream programs
» Get feedback from you
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Morning: Intro + Analysis of OpenMP Programs [10:00 — 13:00]
Overview of Aftermath

v

v

Examples of OpenMP analyses

v

Generating traces with Aftermath-OpenMP
Hands-on session

v

Lunch [13:00 - 14:00]
Afternoon: Task-Parallel Programs / NUMA [14:00 - 17:30]
» Introduction to Data-Flow Tasks in OpenStream

Visualization / analysis of task-based programs
Performance analysis on NUMA platforms

v

v

v

Hands-on session
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Analysis of parallel Programs

Run-time 0s

Application Hardware

Andi Drebes, Antoniu Pop — Aftermath Tutorial



Analysis of parallel Programs

Run-time 0s

Application Hardware
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Analysis of parallel Programs

Run-time 0s

Programming model

( )

Application Hardware
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Analysis of parallel Programs

Run-time 0s

Programming model

#pragma omp task depend(...)
()

(-
(-
-

o0
000

#pragma omp parallel for
for(inti = 0;i < N; i++)

. J

Application Hardware
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New Tools for Performance Analysis

Frequent topics in performance analysis:

v

Amount of parallelism / load balacing

v

Duration of execution phases

v

Synchronization overhead (e.qg., barriers)
OpenMP loop schedules

Data distribution on NUMA systems
Relate hardware events to loops / tasks

v

v

v
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New Tools for Performance Analysis

Frequent topics in performance analysis:
Amount of parallelism / load balacing
Duration of execution phases
Synchronization overhead (e.qg., barriers)

v

v

v

v

OpenMP loop schedules
Data distribution on NUMA systems
Relate hardware events to loops / tasks

v

v

Our tools

» Aftermath: Graphical tool for performance analysis
Aftermath-OpenMP. Instrumented LLVM/clang run-time
OpenStream: Programming framework for data-flow tasks

v

v

v

Libaftermath-trace: Low-level library for instrumenting run-time
systems
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Trace-based Analysis with Aftermath

Aftermath-OpenMP /

OpenStream
0s Run-time Appllcallon Hardware

_.]

Lt I e
- Trace file
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Trace-based Analysis with Aftermath

Aftermath-OpenMP /

OpenStream
0s Run-time Application Hardware

%

00D
.| oo
0oo

- Trace file

!
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Programming
Exploratlon Accurate Numbers Model-centric
Analysis
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Some History

2013-2016: OpenStream only

» Originally developed for OpenStream
» Focus on dependent tasks & NUMA
» Analysis of data accesses by tasks

» Analysis of data placement strategies by the run-time system
Since 2016: Loop-based OpenMP programs
» Specific views for OpenMP
» Instrumented version of the LLVM/Clang OpenMP run-time
» Library for the generation of trace files

Near future: Dependent tasks in OpenMP
» Large overlap of analyses in OpenMP and OpenStream
» Instrumentation based on OMPT
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Aftermath: Overview of the GUI
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Aftermath: Overview of the GUI
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Aftermath: Overview of the GUI

Time line
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Aftermath: Overview of the GUI

Activity
during

execution

Time line
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Aftermath: Overview of the GUI

N

Sequential Execution
(orange)

Time line: Run-time states
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Aftermath: Overview of the GUI

Parallel loop
(green)

Time line: Run-time states
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Aftermath: Overview of the GUI

\ Barrier

Synchronization
(dark red)

Time line: Run-time states
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Aftermath: Overview of the GUI

!

No activity
(background visible)

\

Time line: Run-time states
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Aftermath: Overview of the GUI

Time line: Loop constructs
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Aftermath: Overview of the GUI

Time line: Loop constructs
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Aftermath: Overview of the GUI

State statistics

Andi Drebes, Antoniu Pop — Aftermath Tutorial 7/35



Aftermath: Overview of the GUI

equential executio

arallel region

State statistics
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Aftermath: Overview of the GUI

Histogram showing duration of iteration periods
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Aftermath: Overview of the GUI

94462174975 - 101198193468
6.74 Geycles selected

9589 iteration periods considered
101.87 M cycles / iteration period (avg)

Iteration periods length distribution

Histogram showing duration of iteration periods
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Aftermath: Overview of the GUI

Detailed text view for parallel loops
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Aftermath: Overview of the GUI

Loop construct Loop

For addr: 0x407e80 Transformed start iteration: 0
#Instances: 191 Transformed end iteration: 511
Schedule: static Transformed increment 1
Chunked: no

Iteration set Iteration period

Transformed iterations: [300, 302] CPU: 100

#Iteration periods: 1 Start: 90208916861

Total time: 1.25 G End: 91455952
Duration: 1.25 Geycles

#Workers: 192

#Chunks: 171

#Iteration sets: 192

Wall clock time: 1.31 Geycles
Total time: 210.93 Gceycles

1300,302)

etailed text view for parallel loops
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Aftermath: Overview of the GUI

Filter for loop constructs

Andi Drebes, Antoniu Pop — Aftermath Tutorial 7/35



Aftermath: Overview of the GUI

OpenMP parallel for
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Filter for loop constructs
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Terminology

#pragma omp parallel for schedule(static, 10)
for(inti=0;i<100; i++)
{..}
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Terminology

#pragma omp parallel for schedule(static, 10) Loop construct
for(inti=0;i<100; i++)
{..}
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Terminology

#pragma omp parallel for schedule(static, 10) Loop construct
for(inti=0;i<100; i++)
{..}

( ) Loos

0 Iteration space 99

Andi Drebes, Antoniu Pop — Aftermath Tutorial



Terminology

#pragma omp parallel for schedule(static, 10) Loop construct
for(inti=0;i<100; i++)
{..}

( co C1 Cc2 c3 Cc4 C5 C6 Cc7 c8 c9 ) Loop

0 Iteration space 99
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Terminology

#pragma omp parallel for schedule(static, 10) Loop construct
for(inti=0;i<100; i++)
{...}

Chunk

—A—

( co C1 Cc2 c3 Cc4 C5 C6 Cc7 c8 c9 ) Loop

0 Iteration space 99
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Terminology

#pragma omp parallel for schedule(static, 10) Loop construct
for(inti=0;i<100; i++)
{...}

Chunk

—A—

( co C1 Cc2 c3 Cc4 C5 C6 Cc7 c8 c9 ] Loop

0 Iteration space 99

Cco C3 C6 C9
Worker 0 ([o-g] [30-39]  [60-69] [90-99])

C1 C4 C7
Worker 1 [1019] [40-49] [70-79]

C2 C5 Cc8
Worker 2 [2029] [50-59] [80:89]
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Terminology

#pragma omp parallel for schedule(static, 10) Loop construct
for(inti=0;i<100; i++)
{...}

Chunk

—A—

o

co C1 Cc2 c3 Cc4 C5 C6 Cc7 c8 c9 ] Loop

0 Iteration space 99

Cco C3 C6 C9
Worker 0 ([o-g] [30-39]  [60-69] [90-99])

C1 C4 C7
Worker 1 [1019] [40-49] [70-79]
C2 C5 Cc8
Worker 2 [2029] [50-59] [80:89]
—_—

Iteration set




Terminology

#pragma omp parallel for schedule(static, 10) Loop construct
for(inti=0;i<100; i++)
{...}

Chunk

—A—

o

co C1 Cc2 c3 Cc4 C5 C6 Cc7 c8 c9 ] Loop

0 Iteration space 99

Worker 0

Worker 1

(
)
Worker 2 (:)

Iteration set

Andi Drebes, Antoniu Pop — Aftermath Tutorial



Terminology

#pragma omp parallel for schedule(static, 10) Loop construct
for(inti=0;i<100; i++)
{...}

Chunk

—A—

o

co C1 Cc2 c3 Cc4 C5 C6 Cc7 c8 c9 ] Loop

0 Iteration space 99
Worker0 [ )

Worker1 . )

worker2 ()

L —
Iteration set
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Terminology

#pragma omp parallel for schedule(static, 10) Loop construct
for(inti=0;i<100; i++)
{...}

Chunk

—A—

o

co C1 Cc2 c3 Cc4 C5 C6 Cc7 c8 c9 ] Loop

0 Iteration space 99

Worker 0

(
Worker 1 ( & ]

Iteration period Iteration period

L —
Iteration set
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Example: Finding Prime Numbers in an Interval

int main(int argc, char*x argv)

{
int n = 1;
#pragma omp parallel
#pragma omp for \
schedule(static) reduction(+:n)

for(int i = 3; i < 1000000; i += 2)
n += isprime naive(i);
}

printf ("There are %d prime numbers"
"in the interval\n", n);

return O;
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Example: Finding Prime Numbers in an Interval

int main(int argc, char*x argv) int isprime naive(int n)
{ {
int n = 1; int j;
#pragma omp parallel if(n % 2 ==0 && n != 2)
return O;
#pragma omp for \
schedule(static) reduction(+:n) for(j = 3; j <= sqrt(n); j += 2)
for(int i = 3; i < 1000000; i += 2) if(n % j == 0)
n += isprime naive(i); return 0;
}
return 1;
printf ("There are %d prime numbers" }

"in the interval\n", n);

return O;
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Example: Finding Prime Numbers in an Interval

int main(int argc, char*x argv) int isprime naive(int n)
{ {
int n = 1; int j;
#pragma omp parallel if(n % 2 ==0 && n != 2)
return O;
#pragma omp for \
schedule(static) reduction(+:n) for(j = 3; j <= sqrt(n); j += 2)
for(int i = 3; i < 1000000; i += 2) if(n % j == 0)
n += isprime naive(i); return 0;
}
return 1;
printf ("There are %d prime numbers" }

"in the interval\n", n);
return O;

Size of chunks?
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Example: Finding Prime Numbers in an Interval

int main(int argc, char*x argv)

{

int n = 1;
#pragma omp parallel

#pragma omp for \
schedule(static) reduction(+:n)
for(int i = 3; i < 1000000; i += 2)
n += isprime naive(i);

}

printf ("There are %d prime numbers"
"in the interval\n", n);

return O;

int isprime naive(int n)

{

int j;
if(n % 2==0%&& n != 2)

return O;

for(j = 3; j <= sqrt(n); j += 2)
if(n % j == 0)
return O;

return 1;

}

Size of chunks? Amount of work per chunk?
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Example: Prime Numbers

# Go to folder with examples
$ cd /home/openstream/aftermath/doc/examples
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Example: Prime Numbers

# Go to folder with examples
$ cd /home/openstream/aftermath/doc/examples

# Compile with clang
$ clang -fopenmp -g -o prime naive prime naive.c -1lm
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Example: Prime Numbers

€ H*

N H H O H OH

Go to folder with examples
cd /home/openstream/aftermath/doc/examples

Compile with clang
clang -fopenmp -g -o prime naive prime_naive.c -lm

Execute using Aftermath-OpenMP

-0 prime naive.ost: write results to prime_naive.ost

-f: overwrite existing trace file

Executable name and arguments after --
aftermath-openmp-trace -o prime naive.ost -f -- ./prime naive
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Example: Prime Numbers

€ H*

N H H O H OH

Go to folder with examples
cd /home/openstream/aftermath/doc/examples

Compile with clang
clang -fopenmp -g -o prime naive prime_naive.c -lm

Execute using Aftermath-OpenMP

-0 prime naive.ost: write results to prime_naive.ost

-f: overwrite existing trace file

Executable name and arguments after --
aftermath-openmp-trace -o prime naive.ost -f -- ./prime naive

There are 78498 prime numbers in the interval
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Example: Prime Numbers

€ H*

N H H O H OH

Go to folder with examples
cd /home/openstream/aftermath/doc/examples

Compile with clang
clang -fopenmp -g -o prime naive prime_naive.c -lm

Execute using Aftermath-OpenMP

-0 prime naive.ost: write results to prime_naive.ost

-f: overwrite existing trace file

Executable name and arguments after --
aftermath-openmp-trace -o prime naive.ost -f -- ./prime naive

There are 78498 prime numbers in the interval

#
$

Open with aftermath
aftermath prime naive.ost

Andi Drebes, Antoniu Pop — Aftermath Tutorial 10/ 35



Demo: Static Schedule
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OpenMP Schedules
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OpenMP Schedules

Static

#pragma omp parallel for schedule(static)
for(inti = 0; i < 100; i++)

{..}
0 Iteration space 99
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OpenMP Schedules

Static

#pragma omp parallel for schedule(static)
for(inti = 0; i < 100; i++)

(.}

( )
0 Iteration space 99
Static + chunked

#pragma omp parallel for schedule(static, 10)
for(inti = 0; i < 100; i++)

{..}
0 Iteration space 99
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OpenMP Schedules

Static Dynamic

#pragma omp parallel for schedule(static) #pragma omp parallel for schedule(dynamic)
for(inti = 0; i < 100; i++) for(inti = 0; i < 100; i++)

{..} {..}

( ) ( )
0 Iteration space 99 0 Iteration space 99
Static + chunked

#pragma omp parallel for schedule(static, 10)
for(inti = 0; i < 100; i++)

{..}
0 Iteration space 99
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OpenMP Schedules

#pragma omp parallel for schedule(static, 10)
for(inti = 0; i < 100; i++)

Static Dynamic

#pragma omp parallel for schedule(static) #pragma omp parallel for schedule(dynamic)
for(inti = 0; i < 100; i++) for(inti = 0; i < 100; i++)

{..} {..}

( ) ( )
0 Iteration space 99 0 Iteration space 99
Static + chunked Dynamic + chunked

#pragma omp parallel for schedule(dynamic, 10)
for(inti = 0; i< 100; i++)
{)

{..}
0 Iteration space 99 0 Iteration space 99
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OpenMP Schedules

#pragma omp parallel for schedule(static, 10)
for(inti = 0; i < 100; i++)

#pragma omp parallel for schedule(dynamic, 10)
for(inti = 0; i< 100; i++)
{)

{..}
0 Iteration space 99 0 Iteration space 99

Static Dynamic Guided

#pragma omp parallel for schedule(static) #pragma omp parallel for schedule(dynamic) #pragma omp parallel for schedule(guided)
for(inti = 0; i < 100; i++) for(inti = 0; i < 100; i++) for(inti = 0; i < 100; i++)

{..} () {..}

( ) ( ) ( )
0 Iteration space 99 0 Iteration space 99 0 Iteration space 99
Static + chunked Dynamic + chunked
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Prime Numbers: Dynamic Schedule

int main(int argc, char** argv)

{

int n = 1;

#pragma omp parallel

{

#pragma omp for \
schedule(dynamic, 1000) \
reduction(+:n)

for(int i = 3; i < 1000000; i += 2)
n += isprime naive(i);

}

printf ("There are %d prime numbers"
"in the interval\n", n);

return O;
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Demo: Dynamic Schedule

Andi Drebes, Antoniu Pop — Aftermath Tutorial 14/35



Prime Numbers: Guided Schedule

int main(int argc, char** argv)

{

int n = 1;

#pragma omp parallel

{

#pragma omp for \
schedule(guided) \
reduction(+:n)

for(int i = 3; i < 1000000; i += 2)
n += isprime naive(i);

printf ("There are %d prime numbers"
"in the interval\n", n);

return O;

Aftermath Tutorial



Demo: Guided Schedule
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NPB’'s MG benchmark

Benchmark: NPB MG
» NPB 2.3 C implementation from the Omni Compiler Project
» Cinput class (512 x 512 elements)

Test platform

SGI UV 2000 (Xeon E5-4640)

192 cores (Hyperthreading disabled)

24 NUMA nodes, 756 GiB RAM
LLVM/clang 3.8.0

Aftermath-OpenMP for trace generation

v

v

v

v

v
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Demo: NPB
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Preparing the Hands-on Session

Virtual Machine Image

Preinstalled Aftermath, Aftermath-OpenMP and OpenStream
Example programs and traces

Documentation and quick-start guide

USB sticks with VM image available

Available online:
https://www.aftermath-tracing.com/hipeac-2017-tutorial/

v

v

v

v

v

Handout
» Suggestions for exercises, with example commands
» Bibliography and online resources

Andi Drebes, Antoniu Pop — Aftermath Tutorial


https://www.aftermath-tracing.com/hipeac-2017-tutorial/

Virtual Machine Image

Fle Machine Help

Virtual Media Manager. Cirl+D
(R Export Appliance. Cirl+E
& Preferences. ctri+G
& Exit crl+Q

Import an appliance into VirtualBox

VM VirtualBox Manager

to VirtualBox!

€23 Details (2 Snapshots

Jof this window is a list of all virtual machines on your computer. The list is empty now

haven't created any virtual machines vet.

In order to create a new virtual machine, press the New button in the main &=
tool bar located at the top of the window.

You can press the F1 key to get instant help, or visit www.virtualbox.org for
the latest information and news.
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Virtual Machine Image

Import Virtual Appliance

Appliance to import

VirtualBox currently supperts imperting appliances saved in

the Open Virtualization Format (OVF). To continue, select the
file to import below.

[/home testuser/Downloads/Openstream.ova

Hide Description

ceack |[ met> | cancel

Aftermath Tutor




Virtual Machine Image

[ importing Appliance ...: Importing appliance home/testuser/T + O X

Importing virtual disk image 'OpenStream-diskl.vmdk' ... (2/3)
5 ~
b 3 minutes remaining
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Virtual Machine Image

@ ‘openstream-vm [Running] - Oracle VM VirtualBox +.oOXx
Machine View Devices Help

Welcome to openstream-vm

Login: openstream

Password: |I

debian

B G &P um [ [ & [E]Right eirl
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Virtual Machine Image

Oracle VM

ualBox Manager x

Fle Machine Help

) Details (@) Snapshots

AV
New Seftings Start Discard

BIE opensty = = Preview =
(@ ©rongll] setins- _____ _cvies |
eam
Clene. Cwrl+e  feipi
$4 Remove. Cri+R
(& Group ctri+U
S seare OpenStream
- D, Hard Disk
(il Eause Cerl+P ested Paging
Chrl 4T
G+
artl o
abled
abled
Show in Fle Manager
(A create Shortcut on Desktop -
88 sort /DVD] Empty
SATA Port 0 OpensStream-diskl.umdk (Normal, 20.00 GB)

{F Audio

Host Driver: ALSA Audio Driver
Contraller:  ICH AC97

Manage the virtual machine settings
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Virtual Machine Image

OpensStream - Settings ox

E General ‘ System ‘

Motherboard | processor | Acceleration

Display

Storage Base Memory: 4 2048 = MB
143 b

Audio

Network Boot Order:

Serial Ports

O &P Network

uss

Chipset: [PIDG
Pointing Device: [USE Tablet X

Extended Features: ¥ Enabls /O APIC

I~ Enable EFi (special OSes only)

DeavrveE

Shared Folders

¥ Hardware Clock in UTC Time
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Virtual Machine Image

OpenStream - Settings o x

E General ‘ System ‘
Motherboard  Processor | Acceleration
Display
Storage Processorls): } =
1cPU 8 CPUs
5 Audio
Execution Cap: Jto0 =

& Network e ¢
{8 serial Ports Extended Features: [~ Enabls PAE/NX
& uss
[ shared Folders
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Hands-on Session
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Morning: Intro + Analysis of OpenMP Programs [10:00 — 13:00]
Overview of Aftermath

v

v

Examples of OpenMP analyses

v

Generating traces with Aftermath-OpenMP
Hands-on session

v

Lunch [13:00 - 14:00]
Afternoon: Task-Parallel Programs / NUMA [14:00 - 17:30]
» Introduction to Data-Flow Tasks in OpenStream

Visualization / analysis of task-based programs
Performance analysis on NUMA platforms

v

v

v

Hands-on session
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Task-parallel Programming

Principles of task-parallel programming

. 0000
» Expose large amounts of parallelism

o-0-0

Define small units of work: tasks %(2
cne s ore 00 &b
Fine-grained synchronization ggé

Run-time manages execution

v

v

v

Frameworks for task-parallelism
» OpenMP (since 4.0: dependent tasks), OmpSs
» OpenStream
» Cilk, CnC, Habanero, X10
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Concepts
» Extension to OpenMP for data-centric computing

» Streams: Typed, unbounded channels for communication
» Tasks: Short-lived entities accessing stream elements

» Tasks and streams are created dynamically at execution time
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Concepts

» Extension to OpenMP for data-centric computing

» Streams: Typed, unbounded channels for communication
» Tasks: Short-lived entities accessing stream elements

» Tasks and streams are created dynamically at execution time

Stream accesses

» Stream elements accessed using views

o e e e -

:
CTe{w[w]w=]sl ) [
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OpenStream program with one consumer and two producers

/* Stream of floating point elements */
float str __attribute__((stream));
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OpenStream program with one consumer and two producers

/* Stream of floating point elements */

float str __attribute__((stream));

/* Declaration of a view providing access to 4 stream elements */
float in_view[4];
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OpenStream: Syntax

OpenStream program with one consumer and two producers

/* Stream of floating point elements */

float str __attribute__((stream));

/* Declaration of a view providing access to 4 stream elements */
float in_view[4];

/* Consumer with input view of 4 elements */
#pragma omp task input(str >> in_view[4])

for(int i = 0; i < 4; i++)
printf ("Read %f\n", in_view[il);




OpenStream:

Syntax

OpenStream program with one consumer and two producers

/* Stream of floating point elements */
float str __attribute__((stream));

/* Declaration of a view providing access

float in_view[4];

/* Consumer with
#pragma omp task

for(int i = 0;
printf ("Read
s

input view of 4 elements
input (str >> in_view[4])
i < 4; i++)

%f\n", in_view[il]);

/* Declaration of a view providing access

float out_view[2]

to 4 stream elements */

*/

to 2 stream elements */
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OpenStream: Syntax

OpenStream program with one consumer and two producers

/* Stream of floating point elements */

float str __attribute__((stream));

/* Declaration of a view providing access to 4 stream elements */
float in_view[4];

/* Consumer with input view of 4 elements */
#pragma omp task input(str >> in_view[4])

for(int i = 0; i < 4; i++)
printf ("Read %f\n", in_view[il);
s

/* Declaration of a view providing access to 2 stream elements */
float out_view[2];

/* Producers */
for(int i = 0; i < 2; i++) {
#pragma omp task output(str << out_view[2])

for(int j = 0; j < 2; j++)
out_view[jl = ...;
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OpenStream: Syntax

OpenStream program with one consumer and two producers

/* Stream of floating point elements */
float str __attribute__((stream));

/* Declaration of a view providing access
float in_view[4];

/* Consumer with input view of 4 elements
#pragma omp task input(str >> in_view[4])

for(int i = 0; i < 4;
printf ("Read %f\n",

i++)
in_view([il);

}

/* Declaration of a view providing access
float out_view[2];

/* Producers x*/
for(int i = 0; i < 2; i++) {

to 4 stream elements */

*/

to 2 stream elements */

#pragma omp task output(str << out_view[2])

for(int j = 0; j < 2; j++)
out_view[jl = ...;
}
}

How does the run-time match producers and consumers?




OpenStream: Matching of Producers and Consumers

float str __attribute__((stream));
float in_viewl[4];

#pragma omp task input(str >> in_view[4])
for(int i = 0; i < 4; i++)
printf ("Read %f\n", in_view[il);
}

float out_view[2];

for(int i = 0; i < 2; i++) {
#pragma omp task output(str << out_view[2])

for(int j = 0; j < 2; j++)
out_view[j]l = ...;
}
}
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OpenStream: Matching of Producers and Consumers

float str __attribute__((stream)); <<«
float in_view[4];

#pragma omp task input(str >> in_view[4])
for(int i = 0; i < 4; i++)
printf ("Read %f\n", in_view[il);
}

float out_view[2];

for(int i = 0; i < 2; i++) {
#pragma omp task output(str << out_view[2])

for(int j = 0; j < 2; j++)
out_view[j]l = ...;
}
}
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OpenStream: Matching of Producers and Consumers

float str __attribute__((stream));
float in_viewl[4];

#pragma omp task input(str >> in_view[4]) <<«
for(int i = 0; i < 4; i++)
printf ("Read %f\n", in_view([il);
}

float out_view[2];

for(int i = 0; i < 2; i++) {
#pragma omp task output(str << out_view[2])

for(int j = 0; j < 2; j++)
out_view[j]l = ...;
}
}
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OpenStream: Matching of Producers and Consumers

stream [ -
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float str __attribute__((stream));
float in_viewl[4];

#pragma omp task input(str >> in_view[4]) <<«
for(int i = 0; i < 4; i++)
printf ("Read %f\n", in_view([il);
}

float out_view[2];

for(int i = 0; i < 2; i++) {
#pragma omp task output(str << out_view[2])

for(int j = 0; j < 2; j++)
out_view[j]l = ...;
}
}
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OpenStream: Matching of Producers and Consumers
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OpenStream: Matching of Producers and Consumers

float str __attribute__((stream));
float in_viewl[4];

#pragma omp task input(str >> in_view[4])
for(int i = 0; i < 4; i++)
printf ("Read %f\n", in_view[il);
}

float out_view[2];

for(int i = 0; i < 2; i++) { <<«
#pragma omp task output(str << out_view[2])

for(int j = 0; j < 2; j++)
out_view[jl = ...;
}
}
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OpenStream: Matching of Producers and Consumers

stream [ -

float str __attribute__((stream));
float in_viewl[4];

#pragma omp task input(str >> in_view[4])
for(int i = 0; i < 4; i++)
printf ("Read %f\n", in_view[il);
}

float out_view[2];

for(int i = 0; i < 2; i++) {
#pragma omp task output(str << out_view[2]) <<«

for(int j = 0; j < 2; j++)
out_view[j]l = ...;
iy
s
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OpenStream: Matching of Producers and Consumers

stream [ -

float str __attribute__((stream));
float in_viewl[4];
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OpenStream: Matching of Producers and Consumers

stream [ -

float str __attribute__((stream));
float in_viewl[4];
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OpenStream: Matching of Producers and Consumers

e (o [T 0T

Ready for /
execution \_

float str __attribute__((stream));
float in_viewl[4];

#pragma omp task input(str >> in_view[4])
for(int i = 0; i < 4; i++)
printf ("Read %f\n", in_view[il);
}

float out_view[2];

for(int i = 0; i < 2; i++) {
#pragma omp task output(str << out_view[2]) <<«

for(int j = 0; j < 2; j++)
out_view[jl = ...;




OpenStream: Matching of Producers and Consumers

e (o [T 0T

Ready for /
execution \_

float str __attribute__((stream));
float in_viewl[4];

#pragma omp task input(str >> in_view[4])
for(int i = 0; i < 4; i++)
printf ("Read %f\n", in_view[il);
}

float out_view[2];

for(int i = 0; i < 2; i++) { <<«
#pragma omp task output(str << out_view[2])

for(int j = 0; j < 2; j++)
out_view[jl = ...;




OpenStream: Matching of Producers and Consumers

float str __attribute__((stream));
float in_viewl[4];

#pragma omp task input(str >> in_view[4])
for(int i = 0; i < 4; i++)
printf ("Read %f\n", in_view[il);
}

float out_view[2];

for(int i = 0; i < 2; i++) {
#pragma omp task output(str << out_view[2]) <<«

for(int j = 0; j < 2; j++)
out_view[j]l = ...;
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OpenStream: Matching of Producers and Consumers
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stream [...Gvo | vigg valvsl 2 | 2 | 2

float str __attribute__((stream));
float in_viewl[4];

#pragma omp task input(str >> in_view[4])
for(int i = 0; i < 4; i++)
printf ("Read %f\n", in_view[il);
}

float out_view[2];

for(int i = 0; i < 2; i++) {
#pragma omp task output(str << out_view[2])

for(int j = 0; j < 2; j++)
out_view[j]l = ...;
}
}
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OpenStream: Matching of Producers and Consumers
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stream [...Gvo | vigg valvsl 2 | 2 | 2

p1 p2 ¢ ) Ready for
N \— ' execution

float str __attribute__((stream));
float in_viewl[4];

#pragma omp task input(str >> in_view[4])
for(int i = 0; i < 4; i++)
printf ("Read %f\n", in_view[il);
}

float out_view[2];

for(int i = 0; i < 2; i++) {
#pragma omp task output(str << out_view[2])

for(int j = 0; j < 2; j++)
out_view[j]l = ...;
}
}
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Visualization of per-task Performance Indicators
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Visualization of per-task Performance Indicators
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Visualization of per-task Performance Indicators
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Finding Correlations




Finding Correlations
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Finding Correlations
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Task Buffers
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Task Buffers

- AN

Output j Input  Output
Buffers Buffers Buffers Buffers

Buffers managed by run-time

» Amount of data accessed by a task known

» Access mode known

» Contiguous memory region for each dependence
» Aware of placement / control over placement
>

Traces with rich information on dependences and memory
accesses
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Reconstruction of the Task Graph

cPUO (@ @f0 | 4 b2 t
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Main Memory

» During execution: only trace memory accesses for dependences
» When loading the trace: find reader and writers for each buffer
» Reconstruct task graph
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Analysis of the Task Graph
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Analysis of the Task Graph

Y Y Y Y
¥ ¥ ¥ ¥
to ty ty ta

Available parallelism

1
0 20 40 60 80 100 120 140 160 180 200 220 240
Depth in the task graph




Analysis of the Task Graph

Y Y Y
¥ ¥ v ¥
to t ta ts

Available parallelism
5000 m
4500

1
0 20 40 60 80 100 120 140 160 180 200 220 240
Depth in the task graph




Analysis of the Task Graph

Y Y Y
¥ ¥ v ¥
to t ta ts

Available parallelism

1
0 20 40 60 80 100 120 140 160 180 200 220 240
Depth in the task graph




Analysis of the Task Graph

Y Y Y
¥ ¥ v ¥
to t ta ts

Available parallelism

1
0 20 40 60 80 100 120 140 160 180 200 220 240
Depth in the task graph




Analysis of the Task Graph
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Analysis of the Task Graph
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Non-Uniform Memory Access (NUMA)
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Non-Uniform Memory Access (NUMA)
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Non-Uniform Memory Access (NUMA)
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Non-Uniform Memory Access (NUMA)
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Non-Uniform Memory Access (NUMA)
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Non-Uniform Memory Access (NUMA)
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Visualization of Behavior wrt. NUMA
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Visualization of Behavior wrt. NUMA
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Visualization of Behavior wrt. NUMA
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Visualization of Behavior wrt. NUMA
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Visualization of Behavior wrt. NUMA
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Demo: Seidel-2d

(1] Current Iteration

D Previous Iteration

Current Block
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Demo: Seidel-2d

[ current teration OpenStream implementation

D Previous Iteration
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Demo: Seidel-2d

[ current teration OpenStream implementation
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Demo: Seidel-2d

[ current teration OpenStream implementation
D Previous Iteration
I \ 1D

Current Block

13 (1

Benchmark parameters
Double precision floats
Matrix: 2'4 x 214 (2 GiB)
Block: 28 x 28 (512KiB)
60 iterations

254,977 tasks
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Demo: Seidel-2d

D Previous Iteration

Current Block

[ current teration OpenStream implementation

NN, \ D

N\

3 (D
Benchmark parameters Test system
» Double precision floats » SGI UV 2000
» Matrix: 2'4 x 214 (2GiB) » 24xIntel Xeon E5-4640

» Block: 28 x 28 (512KiB) >
» 60 iterations >
» 254,977 tasks >

Hyperthreading disabled
192 cores
24 NUMA nodes, 756 GiB RAM

Andi Drebes, Antoniu Pop — Aftermath Tutorial 33/35



Hands-on Session
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Summary & Conclusion

Aftermath
» Reactive graphical user interface for trace analysis
» Programming model-centric analysis: Loops and tasks
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Summary & Conclusion

Aftermath
» Reactive graphical user interface for trace analysis
» Programming model-centric analysis: Loops and tasks

Aftermath-OpenMP
» Instrumented LLVM/clang OpenMP run-time
» Low tracing overhead

OpenStream
» Framework for task-parallel programming
» Data-flow tasks
» Built-in support for Aftermath

Source code / papers / documentation / mailing lists
» https://www.aftermath-tracing.com

> http://www.openstream.info
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