%OAK RIDGE

National Laboratory

HPC Best Practices Webinar

Kenneth Moreland
Oak Ridge National Laboratory

September 25, 2024

ORNL is managed by UT-Battelle LLC for the US Department of Energy




Particle Density

o

o

! ° o o g g
ﬁ\H.HH\$HHHJ \%HHHJ%HHH!L% H‘HHﬁ LLLLLL

o

o
Qo
AENRIRTN NRTRNIN

T e T e e e rrrrrrrrrpreerreres
o0hs | 0bs  obs o2 obi

Pseudocolor
Var: Time
300

—225.0

150.0
75.00
0.000




GUI / Parallel Management

In Situ Vis Library

(Integration with Sim) Sveceioras

q g — : =
" CatalySt S i ° Base Vis Library

(Algorithm Implementation)

/K

Multithreaded Algorithms
Processor Portability



VTK-m Designed with Portabllity in Mind
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What went well

* Prepare for portability from the start
- Recognize there is a lot of variability between hardware
- Focus on one major push

e There are software libraries to help with this process
— Kokkos, RAJA, ...

« Recognize an overhead for portability
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VTK-m Demonstrates Performance Portability

» Science Problem
— Leadership class facilities are using a variety of processor technologies.

» Hardware for the Exascale Computing Project (ECP) takes advantage of processors
from a variety of vendors — Intel, NVIDIA, AMD — each with their own programming
language and API.

— There are many scientific visualization algorithms that need to work well on
these accelerator processors.
* |t is infeasible to update every algorithm for every device.

 Technical Solution
— The VTK-m software framework provides abstractions that make it possible to
implement an algorithm once and port it to any of the devices used by ECP.

— Arecent literature review of algorithms implemented in VTK-m and
implemented for a particular hardware device show that the portable VTK-m
implementation works as well as the specialized implementations.

» Science Impact

— VTK-m makes it possible to support scientific visualization on the
heterogeneous architectures of today’s leadership class facilities.
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This plot and table demonstrate the speedup from implementing a
visualization algorithm in VTK-m vs. directly for a particular type of
hardware. The geometric means indicate a speedup near 1, meaning that
the VTK-m implementations, perform about the same as code optimized for
a specific platform. From Moreland, et al. (2021). Minimizing Development
Costs for Efficient Many-Core Visualization Using MCD3. Parallel
Computing, 108(102834). doi:10.1016/j.parco.2021.102834

Hashing

PGM 20

PGM 18
Point Data
Merge @ Small
Wavelet @
Cc?;?a?ession 8 Large
External !
Facelist Device.
Volume i
Rendering Xeon Phi
GPU (desktop)
Ray GPU (Kepler)
Tracing GPU (Pascal)
particle GPU (Volta)
Advection
D5 D4 9.4 92 54 20 91 92 D3 D4 95 96
Algorithm CPUs GPUs X.Phi Serial Total
External 0.34 0.34
facelist
PGM 18 3.32 0.87 1.69
PGM 20 2.39 0.25 0.78
Particle 0.38 1.53 0.76
advection
Point 1.82 3.10 2.38
merge
Ray 0.47 0.55 0.51
tracing
Volume 1.13 0.83 3.10 1.43
rendering
Wavelet 1.13 0.75 0.92
compression
Hashing 5.97 1.45 2.94
Total 1.45 0.95 0.47 1.48 1.14
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The Beginnings

o VIK-m started as an Office of Science research project
— Organized across 3 labs, 1 university, and an industry partner

e Starting plan that VIK-m would become production software

« Had the advantage that VTK-m was originally derived from 3
existing software projects

— Quickly established a base framework to structure contributions

e Established some rough contributing guidelines early
— It is fun to revisit slides from the kickoff describing what was expected
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VTK-m Kickoff Slides (Novemiber 2014)

Sandia

VTK-m Development Method e

Currently a small-ish but widely distributed software team
6 — 10 part-time developers across 4 — 6 institutions

Need enough formality to avoid wild west shootouts
Not so much to stifle early research and development

Focus on communication, cooperation, and testing
Weekly Development Meetings
Design Documents
Branchy Workflow
Coding Conventions
Unit Tests
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VTK-m Kickoff Slides (Novemiber 2014)
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Weekly Development Meetings

Once a week 1 hour meeting for developers
Videocon or telecon (technology permitting)

Opportunity to communicate current development progress
Roundtable of ongoing/about to be merged/merged source
Forum for design discussions
Heartbeat of project
Easy and informal (e.g. not like SDAV Vis telecons)
Don’t prepare slides
It’s OK to to say “Nothing to report” (happens all the time)
It’s OK to miss meetings due to conflicts with travel, vacation, etc.
It’s OK to have fun

Will establish good time later



Coding conventions help developers
agree on a style that makes the
overall code easier to read and easier
to interface.

VTK-m has an explicit set of coding
conventions.

Documented in the User’s Guide.

Based off of explicit and implicit
conventions for VTK.

= Exception braces are not hanging.

Although formalized, the coding
conventions are not dogma.

The conventions can be broken if
there is a good reason.

Conventions can be considered
authority on developer
disagreements.

VTK-m Kickoff Slides (November 2014)

Coding Conventions

Sandia
National
Laboratories

Chapter 9

Coding Conventions

Several developers contribute to VTK-m and we welcome others who are interested to also
contribute to the project. To ensure readability and consistency in the code, we have adopted
the following coding conventions. Many of these conventions are adapted from the coding
conventions of the VTK project. This is because many of the developers are familiar with
VTK coding and because we expect VTK-m to have continual interaction with VTK.

e All code contributed to VTK-m must be compatible with VTK-m's BSD license.

o Copyright notices should appear at the top of all source, configuration, and text files.
The statement should have the following form:

Copyright (c) Kitware, Inc.

All rights reserved.

See LICENSE.txt for details.

This software is distributed WITHOUT ANY WARRANTY; without even
the implied warranty of MERCHANTABILITY or FITNESS FOR A PARTICULAR
PURPOSE. See the above copyright notice for more information.

Copyright 2014 Sandia Corporation.
Copyright 2014 UT-Battelle, LLC.
Copyright 2014. Los Alamos National Security

Under the terms of Contract DE-AC04-94AL8B5000 with Sandia Corporatiom,
the U.3. Government retains certain rights in this software.

Under the terms of Contract DE-AC52-06NA25396 with Los Alamos Natiomal
Laboratory (LANL), the U.S. Government retains certain rights im
this software.

The CopyrightStatement test checks all files for a similar statement. The test will print out
a suggested text that can be copied and pasted to any file that has a missing copyright
statement (with appropriate replacement of comment prefix). Exceptions to this copyright
statement (for example, third-party files with different but compatible statements) can be
added to LICENSE.txt.
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VTK-m Kickoff Slides (November 2014)
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Unit Tests

All code should have an associated regression test
Direct support for unit tests in build system

Tests automatically run in nightly dashboard once in master

Sandia
National
Laboratories

There is almost a one-to-one correlation between source code file

kmorell 0> ctest
Test project ZUsers/kmorel/src/builds/vtkn

and test

Yes, that’s a lot of tests.
Already 48 tests now.

Look for in a code review.
Saves time in the long run.

1/48
2/48
3/48
4/48
5/48
E/48
7748
8/48
9/48
10/48
11/48
12/48
12/48
14/48
15/48

Start
Test
Start
Test
Start
Test
Start
Test
Start
Test
Start
Test
Start
Test
Start
Test
Start
Test
Start

#13:
23
#21
3:
#31
43
#41
51
#53
62
#63
73
#71
83
#03
H
#3:
103

Test #103
Start 11
Test #11:
Start 123
Test #123
Start 133
Test #13:
Start 14:
Test #14:
Start 153
Test #15:

Start

#

162

CopyrightStatement
CopyrightStatement ..iuiuviiiiiieciiisssisiiinnnas
SystemInformation
SystemInformation ..usiivissnscisrisensrncrsnases
UnitTestExtent
UnitTestExtent
UnitTestListTag
UnitTestListTag sieevssseeronsss Trrses trrrrEreats
UnitTestPair
UnitTestPair ouuussservrsrsrsrororsrararsrsrrrnes
UnitTestTesting
UnitTestTesting
UnitTestTypelistTag
UnitTestTypelistTag
UnitTestTypes
UnitTestTUPES tuvvirrvrrrerrssrrssrrsssrrssrrsrns
UnitTestTypeTraits
UnitTestTypeTraits
UnitTestVecTraits
UnitTestVYecTraits
UnitTestConfigureFor32
UnitTestConfigureFord2 .oiiiiiieiiiiinsisiiinnnas
UnitTestConfigureForGd
UnitTestConfigureForB4 ....vvriiiiiiinriniinnnns
UnitTestFunctionInterface
UnitTestFunctionInterface
UnitTestArrayManagerExecut ionSharellithControl
UnitTestArrayManagerExecutionSharelithControl .,
UnitTestArrayPortalFromlterators
UnitTestArrayPortalFromlterators ovveerrrrvvrnoss
UnitTestDynamicTransform

nitlestlunamni R

Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed

Passed

2,21 sec
0,04 sec
0,77 sec
0,00 sec
0,01 sec
0,00 sec
0,00 sec
0,01 sec
0,00 sec
0,00 sec
0,00 sec
0,00 sec
0,00 sec
0,00 sec

0,01 sec




VTK-m Kickoff Slides (November 2014)
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Branchy Workflow

A simple git workflow to organize

development by topics.
Git history loops that branch of master,
develop a topic, and merge back in.
Lots of advantages (I use it even when
not collaborating).

Promotes breaking work into logical
sections (as opposed to large

monolithic changes).

Allows you to simultaneously work on
independent features.

Minimizes developers stepping on each
other’s foot.

= Reduces number of times master
branch changes.

= Code not visible until ready.
Gives opportunity to clean history.

Easier to share not-ready work with
yourself and others.

Sandia
National
Laboratories

ongn/HEAD || ongnimaster []Merge branch 'disable-function-interface-timip
Disable the timing test for Functioninterface.
(sofvereimasier JMerge branch 'pgi-fixes'
O delete operator and std::allocator are not necessarily the same
[smimssier JMerge branch "any-scalar-width'
Fix MSVC compiler warnings
Merge branch 'unify-test-value'
Unify test values.
Merge branch 'any-scalar-width’
Rename some type lists to be a bit more consistent.
Merge branch 'any-scalar-width’
TypeListTagAll should really have all basic types.
Remove vtkm::Scalar and vtkm::Vector# types
Change tests that try all base types to use different precision
Expand the list of types to include multiple widths.
Allow longer base lists
Change VectorTraits to VecTraits.
Change vtkm::Tuple to vtkm::Vec
Add IdComponent and other base types with explicit widths
| Merge branch 'function-interface-wrong-package'
g Fix wrapper macros around FunctionInterface header files
Keep pyexpander generated files out of build directory
Merge branch 'function-interface-slow’

:0 Add exception for timing test with MSVC in non-release mode.

Merge branch 'array-portal-from-wide-iterators’
Correct error message.
Merge branch 'array-portal-from-wide-iterators’

Q Add Systeminformation test
Merge branch 'no-portal-get-iterator'




ECP Project Management

Structured Grid Contouing optimization
Perf Regression Testing Infrastructure
Oulreach KW
VTK-m Maintenance (Kitware)
Kokkas Device Adapters

Deployment in Spack
Build on Iris

Support new compiler fypes
A21 Parting

Deployment in ParaView FY21
Shared Libraries

2 VTK-m

Ascent Integration
ECP CI
Perf Regression Testing Automation

3 Start Porting 4 Continue Porting

Deployment in ParaView FY23
GPU-o-GPU Comm
MFiX Support

Tool Support
Ghost celljpaint generation and processing
Resampling/Statistics/Aandom Numbers
Outreach LANL

Paricle Clustering/Density Numbers.
AMRHTG support

Makefile Flags

Filler Redesign

VTK-m Maintenance (LANL}

1 Design
FY20:1

2 Implement Rh@ement resampl
FY. FY20

Static Type Management
Nyx Infegration
Faster Compilation

FY22

Code Isolation
Nyx Support
Data files for tests.

2 Implement

Visualization for WOM application
Advanced Flow Techniques (ORNL)
Deployment in Vislt

Outreach ORNL

Build on Tulip

©21 Parting

Scheduling small blocks.

Project Management (ORNL)
VTK-m Maintenance (ORNL)

021 Deployment

XGC Integration

Schadule AMR

0 4 Integration
1 Engage
1 Prioritize
FY20:1

5 Identify

Fy21:2

1 Proxy App 2 Compare

1 Identify

6 Enhance

3 Develop
2 Plan

7 Implement

4 Performance
3 Implement

Variable Vec Processing
WOMADp Support
ArrayHandle thread safety

3 Imph t

Tes! image comparison
Project Management
VTK-m Maintenance (SNL}

Outreach SNL

Simultaneous data on multiple devices
Device resource management GPU
Kokkas Performance

Kakkos 021

Kokkos AZ1

3 Complete

FY20:2

Fy21:4

3 Select
2 Analyze

Fr22:4

2.00 mo
4.50 mo
1.50 mo
775 mo
1.00 mo
3.00 mo

4 Improve

1 Benchmark

Impactful Vis
Volume Fractions

Higher arder mesh support 3 Fille
Quireach UO i 3
Advanced Flow Techniques (UO)
Parformanca Evaluation
Optimize Rendering with Annotations
Paricie/glyph rendering (UO)
ExaWind Infegration

2 Improve

1.00 mo
3.00 mo

Movie Making
ExaWind Support
Movie Generalion

Fyz0:1 FY20:2 FY203 Fy20:4 Fyai: Fy21:2

OAK RIDGE

National Laboratory

FY21:3

Fy2i4

Fya2z:1

FY22:3

Fy224

o

B
H

Fy23:4

Development of VIK-m During ECP



Branchy Workflow Solidified in GitLalb Merge Requests

1 : & Distributed Isosurface extrac
 Only way to contribute to VIK-m is e —
. < C M 25 gitlab.kitware.com/vtk/vtk-m/-/merge_requests/3226 (K +g & & e :
through a GitLab Merge Request 0 i e e
. Distributed Isosurface extraction from branch decomposition Edi :
o R e v | eWS eX p e C -I- e d O n O | | M R S £2 Open  Mingzhe Li requested to merge ¥ mingzhefluorite/vtk-m:di. [f} into master 2 months ago
Overview 58 Commits 7 Pipelines 48 Changes 41 3 unresolved threads A~ v ¢ Mark as done
e Clan g -format enforces conventions branches Wi i volumes (16, Ton K. Then we ot e mashis an i conot sty the sadles o e opicme. | Nore - s youself -
branches.
) ¥0 O Rgviewer Edit
o All tests run for every merge request (Cl) & cmorv :
® Members who can merge are allowed to add commits. Labels it
None
« Contributors don't need “write access” © e st 000t
e

Merge request pipeline passed for 473f9ace 29 minutes ago

to contribute

— A nyo N e Wi 'I' h O G i 'I' I_O b O C C O U N 'I- C O N fo rk © Test summary: no changed test results, 5080 total tests Fullreport | v 6 partcipants
the repo and submit an MR R . eceen

() squash commits @ () Edit commit message

1
— A develo per can merge o ther's S T suresbranh ' 24 cml i gt rach 7 o and  mrg it i b o mestr

- Safe way to onboard new developers Activity

7”7 ~

8~ Approval is optional @ A Time tracking d +

No estimate or time spent
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Later Requirement: Safe Deprecation

e Early revisions regularly broke the API
— Necessary for the experimental development we were doing
- As we moved to production and adoption, this became unacceptable

« Needed a way to change the APl w/o breaking it in minor
revisions

e Solution: deprecation mechanism

— Use [ [deprecated] ] modifier (in C macros) to mark old functionality
« Use of deprecated features gives compiler warning that points to replacement
- Any new functionality needs a new name or overload

%OAK RIDGE
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Cl Improvement: Build and Run on OLCF

« ECP worked to provide access to Spock, Crusher, and Frontier

* There are still barriers; the implementation needs babysitting

®@ ©® © Vvikm x  + v
< C m 2% open.cdash.org/index.php?project=VTKM Y ) & a
master 1 build [view timeline]
Update Configure Build Test
Not Sta
Site Build Name Revision Error Warn Error Warn Run Fail Pass Time Tim
v
A 89 1€
fronti hi 1522 0 29 1 h
PR Al relwithdebinfo+kokkos+hip+gfx90a+frontier+ccache+no_rendering 8 b 0 0 0 0 0 S Sm 2
165.1 ag
release 1 build [view timeline]
Update Configure Build Test
Not Sta
Site Build Name Revision Error Warn Error Warn R:n Fail Pass Time Timr
v
A 37 17
fronti hi
L relwithdebinfo+kokkos+hip+gfx90a+frontier+ccache+no_rendering 963335 0 0 0 0 0 0 293 1Sm heu
¥, 0AK RIDGE 125, KN
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Cl Improvement: Performance Testing

®  ® O TestResults X o+

* Most tests just verify the result is correct, o o COEEET— B oo

but does not ensure that performance
does not drop coboms U Pri

290ms
Test: PerformanceTestBenchContourPartitionedReport 9

Build: release+benchmarks+ampere+perftest+cuda+mpi+shared (ubuntu1804_cuda_perf) on 2024-07-22 07:17:06

° W e r e C e n.l.ly O d d e d O S p e Ci O | j O b -I-h O-I- ::;o;iet;?s:ec\;:)sr:;r:;tsezs22b96f7fob949f23758d8077318ff324dc46
runs a select set of benchmarks

Processors 1

MmShow Command Line

e Performs a null-hypothesis test against
previous run execution fime with a
ThreShO|d Of 95% fOilUre ‘ifir:jisiipa:nt‘ '81522be6f7f2fh949123758d80773f8ffa24dc46"

are.py' '—-alpha' '0.05' '--dist' 't' 'benchmarks' '/builds/gitlab-kitware-sciviz-ci/build/vtk-m-benchmark-records/81522be6f7f2fb949f23758d80773"
522be6f7f2fb949f23758d80773f8ffa24dc46_BenchContourPartitioned.json to /builds/gitlab-kitware-sciviz-ci/build/81522be6f7f2fb949f23758d80773f8ffal

Time CPU Time 0ld Time New CPU 0ld CPU New

. N O-I- p e rfe C 1- Jormals:@/MultiPartitioned:1/manual_time -0.0044 —-0.0045 2148 2139 2186 2177
Jormals:@/MultiPartitioned:1/manual_time —-0.0064 —-0.0065 2102 2089 2141 2127

Jormals:@/MultiPartitioned:1/manual_time -0.0022 -0.0022 2104 2100 2142 2138

. . e e Jormals:@/MultiPartitioned:1/manual_time -0.0029 -0.0025 2103 2097 2141 2135

— A WI d e 'I'O | e ro n C e 'I'O O V O I d fo | Se OS I 'I'I V eS Jormals:@/MultiPartitioned:1/manual_time -0.0101 -0.0100 2111 2090 2150 2128
Jormals:@/MultiPartitioned:1/manual_time —-0.0039 -0.0039 2108 2100 2147 2139

Jormals:@/MultiPartitioned:1/manual_time —-0.0086 —-0.0084 2113 2095 2151 2133

Jormals:@/MultiPartitioned:1/manual_time -0.0011 -0.0013 2104 2102 2142 2140

)

. . . .
— T h e n U m b e r Of ‘I'h I n S ‘I'es‘l‘e d IS | I m I‘I'e d Jormals:@/MultiPartitioned:1/manual_time -0.0038 -0.0038 2104 2096 2142 2134
Jormals:@/MultiPartitioned:1/manual_time -0.0024 -0.0025 2110 2105 2148 2143

Jormals:@/MultiPartitioned:1/manual_time_pvalue U Test, Repetitions: 10 vs 10

=)
o
w
o
o
=)
]
w
a
o

. . . Jormals:@/MultiPartitioned:1/manual_time_mean —-0.0046 —-0.0046 2111 2101 2149 2139
Jormals:@/MultiPartitioned:1/manual_time_median -0.0038 —-0.0038 2106 2098 2145 2137

— Times of code in containers on shared ¢ ) & 14
Jormals:@/MultiPartitioned:1/manual_time_cv +0.0394 +0.0310 ) ) 0 0

d evices C O n be jo n ky Jormals:1/MultiPartitioned:1/manual_time -0.0050 -0.0046 1956 1947 2099 2090
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Early Feature: Cross Platform Support

e Builds across systems supported by CMake

« Although GPUs were a focus, intentionally focused on others
— Worked on CPUs, even in seridl

« Can develop on laptop, deploy on HPC

o Careful structure to protect most code from parallel race
conditions

- Majority of debugging can happen on deterministic serial devices
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Comprehensive Documentation

LB AN LHe R

yTK-m version 11
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Comprehensive Documentation

VTK-m comes with many filters, which are documented in Chapter 9. For this example, we will demonstrate
the use of the vtkm::filter: :MeshQuality filter, which is defined in the vtkm/filter/MeshQuality.h header file.
The MeshQuality filter will compute for each cell in the input data will compute a quantity representing some
metric of the cell’s shape. Several metrics are available, and in this example we will find the area of each cell.

AUE RN LHe R

on 1.1 : Like all filters, MeshQuality contains an Execute method that takes an input DataSet and produces an output
' DataSet. It also has several methods used to set up the parameters of the execution. Section 9.1.9 provides
details on all the options of MeshQuality. Suffice it to say that in this example we instruct the filter to find the
area of each cell, which it will output to a field named “area.”

VTK-m versi

Example 3.3: Running a filter.

1 vtkm::filter::mesh_info::MeshQuality cellArea(
2 vtkm::filter::mesh_info::CellMetric::Area);
3 vtkm::cont::DataSet outData = cellArea.Execute(inData);

3.4 Rendering an Image

Although it is possible to leverage external rendering systems, VTK-m comes with its own self-contained image
rendering algorithms. These rendering classes are completely implemented with the parallel features provided
by VTK-m, so using rendering in VTK-m does not require any complex library dependencies.

Even a simple rendering scene requires setting up several parameters to establish what is to be featured in
the image including what data should be rendered, how that data should be represented, where objects should
be placed in space, and the qualities of the image to generate. Consequently, setting up rendering in VITK-m
involves many steps. Chapter 10 goes into much detail on the ways in which a rendering scene is specified. For
now, we just briefly present some boilerplate to achieve a simple rendering.

Example 3.4: Rendering data.
1 vtkm::rendering::Actor actor(
2 outData.GetCellSet (), outData.GetCoordinateSystem(), outData.GetField("area"));
3
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omprehensive Documentation
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VTK-m versi

on1.1

®  ® [[] TheVTK-mUser's Guide—7 X  +
< C M 25 vtk-m.readthedocs.io/en/latest/index.html Pe
# The VTK-m User's Guide
A / The VTK-m User's Guide View page source
0 q
The VTK-m User’s Guide

1. Getting Started

2. Using VTK-m

3. Developing Algorithms
4. Advanced Development
5. Core Developmel

6. Appendix
ARRE e
by i =)
ARER =

Cupstream [

Upstream: A celebration of open
source. Watch now!

Ad by Et

& Read the Docs

The VTK-m User’s Guide
Version 2.2.0-rc1-54-g81522be

Kenneth Moreland

with special contributions from Vicente Bolea, Hank Childs, Nickolas Davis, Mark Kim, James Kress,
Matthew Letter, Li-Ta Lo, Robert Maynard, Sujin Philip, David Pugmire, Nick Thompson, Allison
Vacanti, Abhishek Yenpure, and the VTK-m community.

Moreland, K. (2024). The VTK-m User’s Guide, version 2.2, Tech report ORNL/TM-2024/3443, Oak
Ridge National Laboratory.

Join the VTK-m Community at http:/m.vtk.org.

VTK-m User's Guide

o 1. Getting Started

o 1.1. Introduction
o 1.2. Building and Installing VTK-m
o 1.3. Quick Start

e 2.Using VTK-m

o 2.1. Base Types

o 2.2.VTK-m Version
o 2.3. Initialization

o 2.4. Data Sets

o 2.5.Filel/O

o 2.6. Running Filters
o 2.7. Provided Filters
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Setting up for Success

e It is best to prepare for porting at the start

« Use software libraries for this purpose (e.g. Kokkos, RAJA)
- Share the burden of porting

« On a brand-new system, get ready to encounter things that
are broken or dysfunctionadl

— These are very difficult to find because the problem is not in your code

« Have a working relationship with engineers from the vendor
— It may not be possible to find errors without them
— Even if you find errors, some may be beyond your capability to fix
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What Went Awry: The Virtual Methods Saga

ArrayHandle

Get(index)
Set(index, value)

/\
float-3 AoS double-3 SoA float-2 outer product
Get(index) Get(index) Get(index)
Set(index, value) Set(index, value) Set(index, value)

X X X X X

XoYoZo | Xy Y121 | Xo:YouZy | X3YaZg | - Xo | X1 | X2 | X3 | %4 ° : ? > :
Yo | Yi | Y2 )| Ya | Ya | - Yo Xo:Yo|X1:Yo|X2:Yo[X3:Yo[X4 Yo
Ly | 4y | Zp | Z3 | Z4 Y1 Xo Y1 1X0:Y1 X2/ Y11 X3 Y1 [ X4 Y4

Yo Xo/'Y2|X1:Y2| X2, Y2 | X3, Y2 X4/ Y2
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What Went Awry: The Virtual Methods Saga

ArrayHandle

CPU: Virtual Methods ————  Gef(index)
Sef(index, value)

/\
float-3 AoS double-3 SoA float-2 outer product
Get(index) Get(index) Get(index)
Set(index, value) Set(index, value) Set(index, value)

X X X X X

XoYoZo | Xy Y121 | Xo:YouZy | X3YaZg | - Xo | X1 | X2 | X3 | %4 ° : ? > :
Yo | Yi | Y2 )| Ya | Ya | - Yo Xo:Yo|X1:Yo|X2:Yo[X3:Yo[X4 Yo
Ly | 4y | Zp | Z3 | Z4 Y1 Xo Y1 1X0:Y1 X2/ Y11 X3 Y1 [ X4 Y4

Yo Xo/'Y2|X1:Y2| X2, Y2 | X3, Y2 X4/ Y2

%OAK RIDGE Y3 X0 Y3[X1:Y3| X2, Y3 | X3, Y3 X4, Y3
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What Went Awry: The Virtual Methods Saga

ArrayHandle

o : GPU: Templated Class
CPU: Virtual Methods ————  Get(index) <« ArrayHandle<type,size storage>

Sef(index, value)

| T |
float-3 AoS double-3 SoA float-2 outer product
Get(index) Get(index) Get(index)
Set(index, value) Set(index, value) Set(index, value)

X X X X X

XoYoZo | Xy Y121 | Xo:YouZy | X3YaZg | - Xo | X1 | X2 | X3 | %4 ° : 2 > :
Yo [ Vi | Yo [ Ya | VYa]| Yo XoYo|X1:Yo[X2:Yo|X3:Yo [X4:Y0
Lo | 4y | Zp | L3 | 24 | - Y1 Xo Y1 1X1:Y1 | X2/ Y1 X3: Y1 [ X4 Y1

Y2 Xo'Y2[X1:Y2|X2: Y2 X3/ Y2 [ X4:Y2

%OAK RIDGE Y3 X0:-Y3|X11Y3| X2, Y3 X3, Y31 X4, Y3
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What Went Awry: The Virtual Methods Saga

array |
type: float-3, AoS

template<typename Ail>
void MyAlgorithm (ATl arrayl);

ATI
Instantiation float-3, AoS

%NOAK RIDGE
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What Went Awry: The Virtual Methods Saga

—
« / array |
type: ¢
template<typename AT1l>

vold MyAlgorithm (ATl arrayl);

AT
Instantiation 2

%OAK RIDGE
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Potential Solutions

e Use virtual methods on the GPU
- Irecommend from experience not doing this!
- Virtual methods are not always supported (e.g., SYCL)
- Even when supported, they have serious limitations that limit their effectiveness
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Potential Solutions

e Use virtual methods on the GPU
— lrecommend from experience not doing this!
— Virtual methods are not always supported (e.g., SYCL)
- Even when supported, they have serious limitations that limit their effectiveness

« Make instantiations of every possible template instantiation
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What Went Awry: The Virtual Methods Saga

B
« / array |
type: ¢
template<typename AT1l>

vold MyAlgorithm (ATl arrayl);

AT]

Instantiations float-1, AoS

float-3, AoS
float-3, SOA
float-3, prod
double-1, AoS

%NOAK RIDGE
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What Went Awry: The Virtual Methods Saga

type: ¢ type: 2
template<typename ATl, typename ZT2>

void MyAlgorithm (ATl arrayl, AT2 arravy?);

AT] AT2

Instantiations float-1, AoS float-1, AoS
float-3, AoS float-1, AoS
float-3, SOA float-1, AoS
float-3, prod float-1, AoS
double-1, AoS float-1, AoS

float-1, AoS float-3, AoS
float-3, AoS float-3, AoS
float-3, SOA float-3, AoS
float-3, prod float-3, AoS
double-1, AoS float-3, AoS

%NOAK RIDGE
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Potential Solutions

e Use virtual methods on the GPU
— lrecommend from experience not doing this!
- Virtual methods are not always supported (e.g., SYCL)
- Even when supported, they have serious limitations that limit their effectiveness

« Make instantiations of every possible template instantiation
- We had some templates that required thousands of instantiations
— Very slow to compile and very memory intensive, especially with device compilers
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Potential Solutions

e Use virtual methods on the GPU
— lrecommend from experience not doing this!
- Virtual methods are not always supported (e.g., SYCL)
- Even when supported, they have serious limitations that limit their effectiveness

« Make instantiations of every possible template instantiation
- We had some templates that required thousands of instantiations
— Very slow to compile and very memory intensive, especially with device compilers

o JIT compilation
- We did noft try this
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Potential Solutions

Use virtual methods on the GPU

— lrecommend from experience not doing this!

- Virtual methods are not always supported (e.g., SYCL)

- Even when supported, they have serious limitations that limit their effectiveness

« Make instantiations of every possible template instantiation
- We had some templates that required thousands of instantiations
— Very slow to compile and very memory intensive, especially with device compilers

o JIT compilation
- We did noft try this

e Assume the type, have a fallback
- Fallback 1: Copy to a known type
- Fallback 2: Make a general type (e.g., flexible indexing that does some arithmetic to
find memory locations)

%NOAK RIDGE
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Universal Array Access with Strides

float-2 AoS float-2 SOA float-2 outer product
Xo | X | X | X5 | X4
XoYo | X1:Y1 XoY2 | X3Y3 Xo | Xp | X2 | X3 | X4
1
Yo | Yi | Y2 | Ya | Ysa| - Yo §\X\01Y0 X1:Yo|%2:Yo|X3:Yo[X4-Yo
Y1 %\((1:\’1 X0 Y1 |X3:Y1|Xa Y1
Y2 Xo' X2 | X2-Y2|X3:Y2[X4:Y2
Y3 X Y3 XY Y3|X3,Y3|X4.Y3
float strided float strided float strided
Stride: 2, Offset 1, Stride: 1, Offset O, Stride: 1, Offset O,
Div: 1, Mod: 0 Div: 1, Mod: 0 Div: 4, Mod: 0

%OAK RIDGE
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Geftting an Unknown Array from an Abstract Object

ArrayHandle¢?¢¢

— .
UnknownArrayHandle Get(index)

Set(index, value)

%OAK RIDGE
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Geftting an Unknown Array from an Abstract Object

UﬂkﬂOWﬂArrC]yHQnd|e — - ArrCinGndleSTride

Get(index)
= Set(index, value)

%OAK RIDGE
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Final Remarks




High Performance Software Foundation (HPFS)

« Formed at the close of ECP to help stewardship of software

e Provides a neutral hub for high-performance software projects
— Builds, promotes, and advances a portable software stack for HPC

« We joined the HPSF under the rebranding Viskores
- Renaming required to avoid trademark issues

« We expect to transition the software over the next year

%OAK RIDGE
National Laboratory




Summary

e Build tests early, test often!
- The longer a problem goes, the harder it is to fix
— Tests are worth it even in “research” code

e Use pull/merge requests

e Regular informal meetings go a long way to compensate for
ack of formal development methods

— More generdlly, pick and adapt agile practices that benefit you

e |f you care about compute throughput, use a porting layer

e Beware: some of the most basic design patterns get tricky in a
restricted GPU environment

%OAK RIDGE
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For More Information Visit hitp://m.vtk.org
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The upper left image is of an idealized Inertial Confinement Fusion (ICF) simulation of a Rayleigh-Taylor instability with two fluids mixing in a spherical geometry.
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