ParaView

All you need for parallel visualization

(cluster, network, display, and administration not included)

Ken Martin, PhD
Kitware Inc.
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What Is It?

It Slices (importing data)
It Dices (distributing data)
It Cuts (and clips, and contours, ...)
What Comes In The Package?
But How Much Does It Cost?
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ParaView.— What'Is It?

Turn key application
ParaView is built on top of VTK

Distributed execution

= Data parallelism

= Sort last composite rendering
Configurable

= XML Readers and Filters

= Rendering Modules

Parallel visualization server
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ParaView. - Whatis It? ll,

H Kitware ParaView ;lglil TOO I bar

File Edt View Select Advanced Window Help

AR POBERY.
Sources and E q fon window

. Plot3D1)
filters

Parameters | Display | Information

Name: Stream0

Type: vtkStreamTracer ..4 "’ = ’- e
NSSREEPRY 5

Description: -

Parameters for re —| S

current filter Pornt 1 —3‘9656:% WW
by

Resolution |20

v Visibility
Max. Propagation Length — IlIT
Init. Step Len. Cel Length — Ir
IntegrationDirection FORWARD —

IntegratorType
{ Runge-Kutta 4-5 —

R ParaView




It Slices ({importing data) Z[hq.

VTK (all types including parallel, ASCIl and Binary)
e EnSight 6 and EnSight Gold (read only)

e Plot3D (ascii and binary, C or Fortran; support for multiple
blocks) (read only)

AVS UCD files Binary and ASCII

Various polygonal file formats including STL and BYU
Utilities to convert HDF (4 and 5) to VTK format available
The user can add readers and writers

The Data Can Be In A Single File or Split Into Parallel Files




It Slices (what does it slice?)

e Structured




It Slices (AMR datasets soon)
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It Dices (distributing data) Z[hq.

Distributed, runs on clusters and large scale servers
Distributed or local rendering

Four major components

= Client

= Server manager

= Data server

= Render server
Communication

= Servers use MPI internally

= Sockets between servers and client
Components can be merged

= Servers

= Client and server manager

= Single process execution




It Dices (across heterogeneous clusters) Zlhll.

Server
Manager

Process 0 « Process 0
Process 1< N\ Process 1

Process N \ / Process N

Process M

Render
Server Data Server




It Dices (en the data-server) Z[hq.

Data parallelism

Identical pipeline on all processes

Readers are responsible for partitioning data
Filters can use MPI in execute methods

Repartitioning and load balancing filters are available
= D3 from Sandia
= Load balancing from LANL
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It Dices (on the render-server) Z[hq.

Multiple socket connections with data server

M->N redistribution executes on data server then data is
transferred to render server

Geometry can optionally be sent to the client for local
rendering

Socket connections can be initiated in many different
configurations to handle fire-walls etc.
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Example -- A data parallel-visualization program %"I‘

Read Read Read Read

Isosurface Isosurface Isosurface Isosurface

Render
Server Sort-last Sort-last Sort-last Sort-last

Composite Composite Composite Composite

Display
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Server Manager Zlhll,

e Implements higher level visualization features
e Handles multi-block data sets

e Display objects that handle
= Actors

= Mappers
= Properties

= Decimation filters for geometry LOD’s
e Render modules abstract the rendering algorithm
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Render-Module

Multiple options
= |ce T (tiled displays)
= Sort last tree compositing
= Multidisplay (cave)

Specified with a command line option

Easy to add new modules
Unstructured grid volume rendering (Sandia)
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It Cuts (and clips-and cohtours...) V-Is[hll.

Access to VTK Filters

mustn, texns

15 of 32




Attribute:Calculator [(G V-Is[hll.

aushn, texns

F'E"'EIFI'IE'tEf-'l E:Iispla';.-'l InFn:nr‘rnatin:nnl

Marme: CalcO
Class: wtkarrayCalculakor

Label: l:'ah:III

Description: Compute new attribute arrays as function of exisking
arrays,

ficcepk |

Inpuk BPLs0 —
ResultArrayhame
Attribute Mode:  Point Data
Calculator

RTData+EBrownianYectors _1

HI:":Ir -
:
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mustn, texns

Label:
Descripkion:

Delete

Inpuk

&Elvph
Orient

Scale mode

kor Maagnitude

Scale Factar
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Cisplay | Information

eFormation.
Delete
Input

Vectors displacement10

Scale Fackar




Paramete i | Inform

Mame: Extract¥OI4

Label:
ripkian:

Accept |

Inpuk

Density
0.326 0.454
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Accept |

Input

¥ range: -10,000 to 10,000 (delta: 20.0




Patrameters

Display InFn:nr'rnatiI:Irul
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Farameters E:li::pla';.-'l InFn:nr'rnatin:nnl

Mame: Clipl
wEkPYClipDataSet

Label: I':hljli
Description: Clip with an implicit plane,
does not reduce the dime
outpuk data bype of this filker is
grid.

Accept | Delete

Inpuk Threshaldd —
Input bounds
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Scalar Range: 104.975706 to 2
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gushn, texns
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VIS
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antourFilker

2TSourced —d
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Display | Infarmation |
Cornpuke Mormal

Marme: Conbourl
Mew Yalue:

Description: Generate isolines or isosurfaces using point scalars.
Inpuk

ompute Gradients
Cormpute Scalars

Parameters




PREEES E:'iEF'l'E":-"l IrIFl:erI'I-EItiI:Irll

Mame: Clipl

Description: Clip with an irmplici :
do ok reduce imensionality
oukput daka tvpe of this Filker i
arid.

Input
Input bounds

% range; -10,000 ko 10,000 (delka: 2

2: -10.000 ko 10,000 (delk

Clip Function

Flane |
Center Iljlu:ul— 0000

Marmal [-0,700 0.500 0,500

Set Plane Center bo Center of Bounds
Camera Morrmal it ¥ MWormal
W visibility

Inside Ouk
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Pararmeters E:-i::pla';.-'l InFn:nr'rnatin:nnl

Mame: Probed
tkPProbeFilker

Descripkion: Sample data attributes at & point or along a line, Probed
lines will be display b of the attributes,

Accept |

Probe object
Lire: |

Paint 1
Paink 2

275,
225.
RTData 175.
125.

75.0 ' '
0.000 , 10.0 15.0

Line Divisions




Stream Lines Vlé[hq

mustn, texns

F'ar‘arneter::l Display | Tnformation

Yiew

IV Data Set Yiew ko Daka
¥ Scalar bar

[ Cubesxes

Color

Colar by Paink InkegrationTinne
Actor Color
¥ Map Scalars Edit Color Map...

Display style

Representation: Surface

Interpolation: Gouraud — |
Point size: 1
Line width: 1

Actorcombtol———————————— 1

Translate: lnni ﬂlnljllli ﬂl[lniﬂ

';:'r'iEFI;ZEItiI:IFI: Iﬂiﬂlﬂiﬂlniﬂ

Integrationiime
13.2 26.3 39.5 52.6




Display Style V]S[hll

aushn, texns

Parameters | Display | Information
¥iew

¥ Data Sek Wiew to Daka

[T Scalar bar

[T Cubedxes

Color

Color by Paint YRMLColar (3)
ackor Caolar

¥ Map Scalars Edit Colar Map. ..

Wireframe

Display style

Poinks

Representation: Surface —

Interpolation: Souraud — | I
Foink size: | ﬂ Flat
Lire: width: | 1 ﬂ v Fouraud

Actorcontrol ————————— %
Translate: WJ 0.0 J 0.00 J
Scale: .00 »froo oo i
N T I -
Origin: ITJ 0.0 J 0.00 J
Cpacity: Ilﬂiﬂ 27 of 32




What Comes in The Package? Zlhll.

ParaView client uses Tcl and Tk widgets

Proxy/Property object APl between client and server
manager.

Batch scripting uses this API
Web-based client is in development

28 of 32




The Package Includes 3D Widgets

e vtkPointWidget
e vtkBoxWidget

e vtkLineWidget
®
®

Vtk P I an eW| d g et ' Visualization Toolkit - Win320penGL #1

———

vtkSphereWidget ﬁ

e
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General F'.nru:ntatel I:Zarner'al

Advanced render parameters
[ Use parallel projection
[ Use kriangle strips

¥ Use immediate mode rendering

LOD parameters
1.9 MEvtes

D eC i m ati O n LOD threshald:
D i Str i b uted / I Ocal re n d e r i n g LoD resolution:
. Composite above 20,0 MBytes
Image reduction R 2 R

2 Pixels

Subsample Fate; v

Squirk Compression: ¥
v Allow rendering interrupts
3D interface settings

v Display 30 widgets autamatically




The Package Also Includes

Configurable with XML
= Loading data
= Filters / toolbar buttons

Animation editor (with flip book)
Annotation

Probing
Picking

31 of 32




But How-Much Does It Cost?

e ParaView is Freel!!

e Developed and supported by:
ASCI Views Program
Los Alamos National Lab
Sandia National Labs
Army Research Lab
Lawrence Livermore National Lab
Kitware Inc.

Get your copy now!!! from
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