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VTK-m Project

Target Multi and Many core architectures.
Combines the strengths of multiple projects:

EAVL, DAX, and PISTON

Reduce the complexity of writing highly
concurrent code.
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Funding

VTK-m development made part of recent XVis
proposal to ASCR Scientific Data Management,
Analysis and Visualization at Extreme Scale 2
call

Recommended for award
Funding expected to start in September
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Multi and Many Core

What exactly are we talking about
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Multi Core
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Many Core
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Memaory Controller

Memory Controller

Raster Enging

EENENENENEEREEAN
SNENENEEEEENOEERD
EEEERENNENREEEENE
SENEEENAERNEREEDE
SESSEREEENFEEEER
GENEENEEENEEEERS
EENENNERENNEEERE
NN ENNEENEEIEE NN
SRESEEEENEREEERS
SN EEEEENEEDEENE
ANNENNEENNERNERE
SN ENRNEEEEEEEED

iR SENEEEEREERER
AEREEEEERNREAERES
AENNENEENEEREEDE
SEESEEEEENEEEERD
SN SENEENEEEEERND
SR NNEEREEEREEDR
ERNENNEEEEREEENE
SRS SEREENREREEED
SESEREEEEEERNEEED
SERNENEENNEEOEED
SENFANEENEEENERE
SENANREREEREEERS

SEETUNEENENNEUNNE
BENEIENENREENEEN
ENREERREAERAESNEE
ENEENENNEEEEONEE
ENNEUEEENRRNEONEE
ENNEREERERNEREEEE
AENEDENENENOREEED
NENEEDEDEERENEENES
EENEENNEENNEONEE
SENEURERRREEENER
SENERREREERNRORER
SEENEERNERERGRAR

ENEEEEENBNNEONEE
SERENERERESFEERE
SEREARAREREGEEEEND
SEEDDNESENDEOEED
FENEENESEEREOEED
INNESEEEFSEEREENER
AEREERBANNERERER
AENEANERENERERER
EEESENEEERNEUNEE
HEREDENFRNNDEDER
SURENERRANOREEER
BANEDNENENOENEER

Raster Engine

ERNREEEERERREERE
ININNNEENENDEERE
SRENENEENEREEENN
SRREENEEEEEEEEDD
SRR EARDENERERENR
GENNERNEEENEREEEE
SNNEENEEENENEENE
SR NENEREEEEEEED
GRS ENEEEEEEENERD
EENEEEEEENRENENE
SNESENDENEREEEER
SERSEENEENEAEERS

AECARNEEEREROEEDD
SENEEENEENPAEERE
NENFEREENEEIEENE
SENEEEEEEENANENE
AENEEEEEEEEEERA
EENNEEENENNENERS
EEEENNENNEEERERE
ENNENEEENNRENERE
NEEENNEENNEEEENN
NN ENEEENREEERRE
HENENNENENEEEERE
SENIEENEENFEEORE

INNSNENEEEREAENE
CEEEREEEN
SENUNEESNNEEONEE
EENENERSAREEINER
ENENEEEERENRENER
EENERENEENNNENNE
BENERAARENIAEEAN
BENNORENENTERNER
EENEENENENNNONEN
SENDDANEAREROEAER
SENERENEEERNEGEES
SENENRERENERANER

IEREAEENNNENENEE
NERENREENRNEERES
NENSHARSANNEONNA
EUNNENEFENRNENNEDE
ENNEEEEEENEEERER
INNENEEENNEEENNE
ARNENEEEANTRNEER
FEEEIREERENEREEE
BENENNNEERENENEE
PENENENEERERANER
EENNNEEEENERENEE
NENENENRARERNEND

Jajjenuod Lowap

Jajjonuod fowap

Office of
Science

ENERGY

U.S. DEPARTMENT OF

c
i=]
©
N
©

=2
L
=
©

[—

©
i

w
=

©

c
<
o

1]

£

(]

(=]

©

c

©
=
ol

©
[a]
2
e
o
©

[+]

73]



VTK-m: A Foundation

Combines the strengths of multiple projects

PISTON
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VTK-m Architecture

Filters
PISTON EAVL Data N\odel

Use

Worklets Develop
EAVL
Device Algorlthms Executlon Arrays Research
PISTON PISTON Dax EAVL

Programming Interfaces / Device Hardware
CUDA OpenMP TBB OpenACC

Tesla x86 64 Xeon Phi
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Highly concurrent code
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High Level Concept

Decompose algorithms into sections that can run
small section of data.

The approach is essentially that same as
presented by Baker and colleagues, functional
mapping [Baker, et al. 2010]

functor()] e
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Encapsulate Parallel Operations

Visualization algorithms can be composed of
base operations like scan, sort, for each,
reduce, etc.

Based on work of Belloch [1990]

— o S
1. input 0 1 2 3 4 5 6
transform(classify cell) == : =9 - e
2. caseNums 4 0 12 0 6 0 5 |
|
— » — — —®
3. numVertices ﬂ 0 TT 0 2 0 4 |
transform _inclusive scan(is valid cell) : — =
4, validCellEnum 1 il 2 2 3 3 4
v : S L iy ]
5. CountingIterator 0 1 2 3 # of valid cells = 4
upper _bound . @
6. validCellIndices 0 2 4 6
—TI *—o ]—YD
make_permutarion_irerator L
7. numVerticesCompacted 2 2 2 4
exclusive scan ] Total # of vertices = 10
8. numVerticesEnum 0 l 2 4 6
for _each(lsosurfrace_ functor) 0 B 3
Lo, Swell, Ahrens. “PISTON: A Portable Cross-Platform Framework 9. outputVertices N 23 5 \9
for Data-Parallel Visualization Operations,” 2012 ! 5 S .
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Simplifying Algorithm Development

Many visualization algorithms share algorithm
structure. These patterns can be directly
implemented in the toolkit.

Surface Vectors
Elevation (with Glyph)

Generate Ids

Moreland, Geveci, Ma, Maynard. “A
Classification of Scientific Visualization
Algorithms for Massive Threading,” 2013

Cell Derivatives ™ *- Extract
(with Glyph) K 2%  Mesh Quality by Region

Threshold

Tube (of Stream Tracer,

Gradient g
Extract Edges (with Glyph)

gﬁ@"’f T,

fEI 0 R U.S. DEPARTMENT OF Oﬁ'lce Of
%\q@/ S DAV?N '- EN ERGY Science

Scalable Data Management, Analysis, and Visualization



Powerful, Flexible Data Structures

Need to represent many structure types but with
consistent access that works on all devices
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VTK-m Code Repository

http://public.kitware.com/qgitweb?p=vtkm.qit

Currently contains basic foundations to combine
features from Dax, PISTON, EAVL

Expect to hit ground running when XVis starts

800 % e

ublic.kitware.com Git

&« C # [ public.kitware.com/gitweb?p=vtkm.qit

1]}

i apps [ vis [l wikis [ misc [ Papers (@ Bookmarks |0 Sandia Email %3 Dropbox [ Detexify ExtremeScaleOct20
projects / vtkm.git / summary 337 gt
summary | shortlog | log | commit | commitdiff | tree commit + |2 search: re

description  vtkm
owner Kitware, Inc.
last change Thu, 10 Jul 2014 16:58:04 +0000 (10:58 -0600)

shortlog

6 hours ago  Kenneth Moreland
6 hours ago  Kenneth Moreland
3 days ago Kenneth Moreland
10 days ago Robert Maynard
10 days ago Robert Maynard
13 days ago Robert Maynard
13 days ago Robert Maynard

Merge branch 'icc-fix' masier |

Make floating point comparison more tolerant in UnitTes...
Merge branch 'expand-function-interface'

Merge branch 'cdash_support'

Add the correct copyright statement to CTestConfig.
Merge branch 'edash_support'

Add a CDash support to vtkm.

13 days ago Kenneth If is avail run it and check the source...

2014-06-25 K h Moreland Repl Boost prep if ion with macro expansi... So7m1 commighiee
2014-06-25 Kenneth Moreland Merge branch 'container-to-storage'

2014-06-24 K h Morel: Change ArrayC inerControl to Storag

2014-06-20 FRobert Maynard
2014-06-20 Robert Maynard
2014-06-19  Kenneth Moreland
2014-06-19  Kenneth Moreland
2014-06-19  Kenneth Moreland

heads

6 hours ago  master

Merge branch 'windows_function_interface'

MSVC 2010 has troubles with < operators in the middle...
Merge branch 'count-vectors'

Fix a test object to handle changes in the counting...
Minor change that allows vector types to be used in... commi | commidi | freg | snapshot

shortiog | log | tree

2weeks ago function_ptr_issue 2metha ko e

4 months ago dynamic-arrays

vtkm

shoniog | iog | tree
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http://public.kitware.com/gitweb?p=vtkm.git
http://public.kitware.com/gitweb?p=vtkm.git

Interchangeable Devices

Cannot rewrite every algorithm for every device
Use an abstract device to minimize porting

Serial
Algorithm 1
Generic
Algorithm 2 Device
Algorithm 3

@SDAV /R~
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Enable Polymorphic Types

Efficient code likes templates for direct data
access (especially on GPUs)

Data types are often unknown until run time

float[]
Dynamic float[3][]
Array

struct {
float[];
float[];

float[];




Documentation

Writing documentation
for VTK-m as we go

Important for
communication

All existing code well
documented with
examples (currently
about 60 pages)
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2.4.2 Vector Traits

The vtkm: : VectorTraits<T> templated class provides information and accessors to vector
and tuple types. It contains the following elements.

ComponentType This type is set to the type for each component in the vector. For example,
a vtkm: :Vector3 has ComponentType defined as vtkm: :Scalar.

NUM_COMPONENTS An integer specifying how many components are contained in the vector.

HasMultipleComponents This type is set to either vtkm: :VectorTraitsTagSingleCompo-
nent if the vector length is size 1 or vtkm: :VectorTraitsTagMultipleComponents
otherwise. This tag can be useful for creating specialized functions when a vector is
really just a scalar.

GetComponent A static method that takes a vector and returns a particular component.

SetComponent A static method that takes a vector and sets a particular component to a
given value.

ToTuple A static method that converts a vector of the given type to a vtkm: :Tuple.

The definition of vtkm: : VectorTraits for vtkm::Id3 could like something like this.
Example 2.10: Definition of vtkm: :VectorTraits<vtkm::Id3>.
namespace wiks {

tezplate <>
struct VectorTraits<vtkm::Id3>

typedef vtkz::Id CosponentType;
static const int NUM_COMP TS = 3;
typedef VectorTraitsTagMultipleComponeats HasMultipleCompomeats;

VIKM_EXEC_COKT_EXPDRT
static vtkm::Id kGetComponent(vtkm::Id3 kvector, int cozponent) {
return vector [compoment];

VTKE_EXEC_CONT_EXPDRT
static void SetComponent(vikm::Id3 &kvector, int componemt, vtkm::Id value) {
vactor [component] = value;

VIKM_EXEC_CONT_EXPORT
static vekm::Tuple<vtkm::Id,3> ToTuple(const vtk=m::Id3 &vecter) {
return vector;
¥
i H

} // namespace wika

The real power of vector traits is that they simplify creating generic operations on any
type that can look like a vector. This includes operations on scalar values as if they were
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