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In-Situ Visualization
with ParaView Catalyst

For ParaView Catalyst 1.0



Agenda

Introduction to ParaView Catalyst
Catalyst for Users

Catalyst for Developers
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Online Help

« Emaill list: paraview@paraview.org
Doxygen:

— http://lwww.vtk.org/doc/nightly/html/classes.html
— http://www.paraview.org/ParaView3/Doc/Nightly/html/classes.html

Sphinx:

— http://www.paraview.org/ParaView3/Doc/Nightly/www/py-
doc/index.html

Websites:

— http://www.paraview.org
— http://catalyst.paraview.orq

Examples:

— https://github.com/acbauer/CatalystExampleCode
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What is Catalyst
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Access to More Data

Post-processing In situ processing

Roughly equal data stored at simulation time
Reflections and shadows added in post-processing for both examples
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Why In Situ?

2010 2018 Factor Change
System peak 2 Pf/s 1 Ef/s 500
Power 6 MW 20 MW 3
System Memory 0.3PB 10 PB 33
Node Performance 0.125 Gf/s 10 Tf/s 80
Node Memory BW 25 GB/s 400 GB/s 16
Node Concurrency 12 cpus 1,000 cpus 83
Interconnect BW 1.5 GB/s 50 GB/s 33
System size (nodes) 20 K nodes 1 M nodes 50
Total Concurrency 225K 1B 4,444
Storage 15 PB 300 PB 20
Input/Output Bandwidth 0.2 TB/s 20 TB/s 100

DOE Exascale Initiative Roadmap, Architecture and Technology Workshop, San Diego, December, 2009.
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Two ways to run

/" Simulation /" Simulation

Separate MPI

E——

Catalyst

=
Disk Disk '
Storage Storage
S — S —

Visualization I Visualization |
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Catalyst Architecture

Catalyst
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High Level View

Simulation Users

- Knowledge of ParaView as
a post-processing/analysis
(e]0]

— Basic interaction with GUI co-
processing script generator
plugin
Incremental knowledge
increase to use the co-
processing tools from basic
ParaView use

Programming knowledge
can be useful to extend the
tools

Simulation Developers

Pass necessary simulation
data to ParaView

Need sufficient knowledge
of both codes
— VTK for grids and field data
— ParaView Catalyst libraries

Transparent to simulation
users

Extensible
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User Perspective

Simulation

Catalyst l
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User Perspective

Simulation

Catalyst

Output
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User Perspective

Simulation

Catalyst

Output
Processed
Data

Statistics

Series Data
Rendered Images
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ser Perspective

Velocity (cmys)
2000m = 4

Statistics

# Create the reader and set the filename.

reader = servermanager.sources.Reader(FileNames=path)
view = servermanager.CreateRenderView()

repr = servermanager.CreateRepresentation(reader, view)
reader.UpdatePipeline()

datalnfo = reader.GetDatalnformation()

pDinfo = datalnfo.GetPointDatalnformation()
arraylnfo = pDinfo.GetArraylnformation("displacement9")
if arraylnfo:

# get the range for the magnitude of displacement9
range = arrayInfo.GetComponentRange(-1)

lut = servermanager.rendering.PVLookupTable()
lut.RGBPoints = [range[0], 0.0,0.0, 1.0,

range[1], 1.0, 0.0, 0.0]

lut.VectorMode = "Magnitude"

repr.LookupTable = lut

repr.ColorArrayName = "displacement9"
repr.ColorAttributeType = "POINT_DATA"

-
N e
AN
\ .
- AN T
-
o . -
~
L
'l | T e

Series Data

Simulation

Augmented
script in
input deck.

Catalyst

Output
Processed
Data

leld Data

Rendered Images
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Developer Perspective

/

/ Solver

Catalyst

function function

I I Co-processin
= Adaptor ] - ( pAPI 2

INITIALIZE()
ADDPIPELINE(in pipeline)

REQUESTDATADESCRIPTION(in time, out

fields)
CoPRocEess(in vtkDataSet)

FINALIZE()
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Developer Perspective

0.1 0.5

0.09 *;\ 0.45 2
0.08 ~ \ 0.4 \
0.07 L \ 0.35 N\
0.06 : 0.3 '

0.05 \

Decimate Time (sec)

< 0.25 -
0.04 S \\ 0.2
0.03 = \\\‘\ 0.15 —
0.02 BSEE \____\‘ 0.1 — ——
1 R O oo Wy S 020 0 &Sy 000000 0 0 0 0
0 0 ' . . . . ; .
0 5000 10000 15000 20000 25000 30000 35000 0 5000 10000 15000 20000 25000 30000 35000
Cores Cores

-
Y7 Kitware



\ .
W Kitware

ParaView Catalyst for
Simulation Users

ATAIGSH




Creating Catalyst Output

Two main ways:

Create and/or modify Python scripts
— ParaView GUI plugin to create Python scripts
— Modification with knowledge of ParaView Python API

Developer generated “canned” scripts

— User provides parameters for already created
Catalyst pipelines

— User may not even need to know ParaView
— See ParaView Catalyst User’s Guide

Y Kitware



Create Python Scripts from ParaView

Interact with ParaView normally
Export a script that mimics that interaction

Queries during each co-processing step
— (one frame at a time)

M ParaView 3.14.1-1754-g3dacba2 64-bit ]
p & B8 »wa & R R OE R 8 KA > M S Tmed o [
i = @ Solid Color : - Representation ¥ M L8 :ﬂ E g;: ﬂ ﬁ 3;2’ Irl@'»/ @
B 9 ¥ @ QW Y @ & v :
06 Pipeline Browser e ,-{ o) . Export T [ ] 1)’

T
B builtin:
|
@ WD disk_out_ref.ex2
‘ ParallelMultiBlockDataSetWriterl

Export Co-Processing State

This wizard will guide you
through the steps required to
export the current visualization

state as a python script that can

| Properties = Information | — be run in the co-processing
P component of ParaView. Make
(<) Properties sure to add appropriate writers
for the desired pipelines to be
used in the Writers menu.

..aL

Apply Reset (* Delete )C

Search...

= Properties (ParallelMultiBlockDataSetWriterl) R |

File Name filename, _t.vtm
Write Frequency

= Display




ParaView GUI Plugin

Similar to using ParaView interactively
— Setup desired pipelines

— ldeally, start with a representative data set from the
simulation

Extra pipeline information to tell what to output
during simulation run

— Add in data extract writers

— Create screenshots to output

— Both require file name and write frequency

c Y Kitware



In Situ Demo

Create a ParaView Catalyst Python pipeline
script

— Specify desired outputs from run

— EXxport the script

Run the script with a fictitious input

— Time dependent grid and field data come from a file
iInstead of from an actual simulation

Examine results

Y Kitware



Where is the source code: JUsers [ndfabia/Desktop/Work fParaView ( Browse Source... )

Where to build the binaries: |/Users/ndfabia/Desktop/Work /ParaView_build =| ( BrowseBuild... )
Search: |coprocessing| 1 Grouped W Advanced | € Add Entry Remove Entry
| Mame | Value [
BUILD_COPROCESSING_ADAPTORS v

BUILD_FORTRAN_COPROCESSING_ADAPTORS v

BUILD PARTICLE COPROCESSING ADAPTORS

PARAVIEW_BUILD_PLUGIN_CoProcessingScriptGenerator v

PARAVIEW ENABLE COPROCESSING v

Press Configure to update and display new values in red, then press Generate to generate selected build files.

( Configure ) ( Cenerate ) Current Generator: Unix Makefiles

Y Kitware



In Situ Demo — Load Plugin Step

rces  Filters imﬂ Macros Help du

-

—

Create Custom Filter

. matically searched for in
Add Camera Link :op/Work [ParaView_build/bin/paraview.app/Contents /MacO5/plugins.

\ Local Plugins
Manage Custom Filters g

ge Links | | Name | Property
Manage Plugins ] »  Moments Not Loaded
b PrismServerPlugin Mot Loaded
Record Test » PrismClientPlugin  Not Loaded
Play Test > PacMan Not Loaded
Lock View Size » PointSprite_Plugin  Not Loaded
. , > pvblot Not Loaded
Lock View Size Custom... b SierraPlotTools Not Loaded
i b SLACTools Not Loaded
Timer Log b StreamingView Not Loaded
Qutput Window b SurfacellC Mot Loaded
» HS5PartReader Mot Loaded
Python Shell | CoProcessingPlugin NotLoaded |
Version
Start Trace Location fUsers/ndfabia/Desktop/Wc
1 Stop Trace I Required Plugins
Status Not Loaded
Auto Load WM <
b AnalyzeReader Not Loaded
b AnalyzeWriter Not Loaded
» NIfTIReader Not Loaded
> NIfTIWriter Not Loaded
[ —— ] y4lr
" Load New ... ) [ Load Selected ) [ Remove ( Load MNew ... :l ( Load Selected j ( Remove :1

Close

2

Y Kitware




In Situ Demo — New Plugin Menus

Export State

Parallel PolyData Writer

. 2
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In Situ Demo — Creating a Catalyst
Python Script (00 oreric o mate s

Look in: [,-'hc-me;acbauer{DATAJParaviewDatafDataf |v] € &P A

|l Home |F|Iename Fﬂ
[l SLAC

(i SPCTH

¢ Load Can . eX2 S ::ELE«B\R:QE
|| bluntfin.vts
- | | bot2.wrl

— Note that there are 44 time B Fespui

- | | comb.xyz

Ste pS ﬁ - | ] disk_out_ref.ex2

- | | dualSphereAnimation.clone.pvd

] Dat_a ) - | dualSphereAnimation.pvd
i cavityClipped | ] elements.vtu
W damBreak | | iron protein.vtk

E-| | multicomb_..vts

| | NE2_ps_bath.png

File name: [can.exz ]
Files of type: [Supparted Files (*.cml *.Flash *.flash *.boundary *.hier | v]

- Create desired pipeline Pipeline Browser
B builtin:

b ﬁcan.eﬂ

@ ﬁﬂ:alculatnrl

« HEEA

Y Kitware



In Situ Demo — Adding In Writers

Parameters:

— File Name — %t gets
replaced with time step

— Write Frequency

Writers

Parallel MultiBlockDataSet Writer

o ParaView 4.0.1 64-bit
pe EREOaF ?2&H KAP>PME wmelomr o3
'Hr‘s'\agwtuc‘v] [Representation [=] E D__\ 3 ;’;ﬂ ﬂ’é @,:_*. ;‘.@‘ ;i@ 3;‘. ®» @ >

= Properties (ParallelMultiBlockDataSetWriterl) ]

File Name [sl\(ei%t‘vtm

J
Write Frequency [ 100 ]

[ = Display

Y Kitware




In Situ Demo — Exporting the
Script

Export 5tate

Export Co-Processing State

This wizard will guide you through the steps required to export the current wvisualization
state as a python script that can be run in the co-processing component of ParaView.
Make sure to add appropriate writers for the desired pipelines to be used in the Writers

menu.

Y Kitware




In Situ Demo — Select Inputs

Usually only a single input but can have multiple

Inputs

Export CoProcessing State

Select Simulation Inputs

Select the sources in this visualization that are inputs from the simulation. Use Ctrl
to select multiple sources.

can.ex2 |

[ Remove ]

[ < Back H Next = H Cancel

Y Kitware



In Situ Demo — Select Inputs

Each pipeline source is a potential input

% Export CoProcessing State

Select Simulation Inputs

Select the sources in this visualization that are inputs from the simulation. Use Ctrl

to select multiple sources.

can.ex?
Add
Remaove
’ ...... = Eackl [ — —

Y Kitware



In Situ Demo — Match Up Inputs

Source name (e.g. “can.ex2”) needs to be
matched with string key in adaptor (e.g. “input”)
| ©O Export Coprocessingstate |

Name Simulation Inputs
Assign names for the selected simulation inputs.

Pipeline Name Simulation Name
1 |can.ex2 input

< Back Next = ] [ Cancel \‘W Kitware




In Situ Demo —

Parameters/Options:
— Live visualization
— Rescale to Data
Range (all images)
— Individual images
Image Type
File Name
Write Frequency
Magnification
Fit to Screen
%t gets replaced with
time step

Generating an Image

X Export CoProcessing State

Configuration
Select state configuration options.

[ Live Visualization

[%):Output rendering components i.e. views
[ | Rescale to Data Range

Image Type png |

File Name | image_%t.png |

Write Frequency | 1 B

Magnification |1 B
Fit to Screen [

[ Next View l

[ Previous View l

< Back ll Finish ][ Cancel ]

Y Kitware



In Situ Demo — Generating Two Images

Parameters/Options: [

. . . . Configuration
- L|Ve V|Sual|zat|on Select state configuration options.
a Rescale to Data [] Live Visualization
Range (a” ImageS) [%| Output rendering components i.e. views
B Ind|V|duaI |mages [ ] Rescale to Data Range
Image Type image Type | png -]
File Name File Name [hi5togram_1_%t.png| | m‘
Write Frequency Write Frequency |10 = l
Magnification Magnification |1 : e
Fit to Screen R
[ Next View
[ Previous View

\_ J

Bk U[ Concel |

Y Kitware




iple import

In Situ Demo — Write
Out the Script

Generated script will look
something like this

def DoCoProcessing (datadescription)
= CreateProducer ( datadescription

ParallelMultiBlockDataSetWriterl = CreateWriter (
XMLMultiBlockDataWriter



In Situ Demo — Run the Script

Put candriver.py and the generated Python script
In the same directory

Linux and Mac from a terminal

— <path>/pvpython candriver.py <generated script>
<path>/can.ex2

Windows from a command prompt

— start “simple example” <path>/pvpython.exe
candriver.py <generated script> <path>/can.ex2

Y Kitware



Live In Situ Analysis and Visualization

Everything before this was “batch”
— Preset information with possible logic

“Beta” functionality for interacting with simulation
data during simulation run

— When exporting a Python script, select “Live
Visualization”

— During simulation run choose the “Tools->Connect to
Catalyst” GUI menu item

Y Kitware



Live In Situ Example

Linux and Mac from a terminal
— <path>/pvpython livecoprocessing.py <path>/can.ex2

Windows from a command prompt

— start “simple example” <path>/pvpython.exe
livecoprocessing.py <path>/can.ex2

Start ParaView and select Tools—Connect to
Catalyst

— Select port (22222 is default)

Y Kitware



Live In Situ Example

* Only transfer requested
data from server
(simulation run) to
client

— ExtractSurfacel Is
already getting extracted

. Use‘ K Delete
to stop transferring to
client

* Click on "’jJ' to transfer

Pipeline Browser

on client<D-"

to client from Catalyst

m H

4
D
D

&+ [ builtin:

4h Extract: ExtractSurfacel

=+ [ catalyst:

él TrivialProducerl
él ProcessldScalarsl
ﬁ ExtractSurfacel

Y Kitware
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ParaView Pipeline Concept

~undamental concept in
ParaView

Directed acyclic graph
specifying how to process
Information

Filters are nodes in the graph

— Perform a certain action on a
data set (grid and fields)
Contours, streamlines, file 10, etc.

— Do not modify input data set

Catalyst executes user
pipelines at specified times

Pipeline Browser

|
E builtin:
|
@ W0 FileReader

@ -0 ExtractBlockl
@ tl Threshold1
@ Calculatorl
@ W slicel

Y Kitware




Catalyst Pipelines

User generated Python scripts from the
ParaView plugin

— Executed with vtkCPPythonScriptPipeline
Hard-coded pipelines (“canned” output)

— Executed with a class that derives from vtkCPPipeline

Y Kitware



vtkCPPythonScriptPipeline

Typically from ParaView script generator plugin

Initialize from a path to a ParaView Catalyst
Python script

— vtkCPPythonScriptPipeline::Initialize(const char*
fileName)

http://www.paraview.org/ParaView3/Doc/Nightly/html/classvtik CPPythonScriptPipeline.html

Y Kitware


http://www.paraview.org/ParaView3/Doc/Nightly/html/classvtkCPPythonScriptPipeline.html

vtkCPPythonScriptPipeline (2)

Advantages

— Easily created through ParaView plugin
Output should be moderately readable

— Encourage advanced users to modify
Can use ParaView’s Python trace utility to see options

— View/screenshot settings can be difficult to set
Camera angle, zoom, lighting, data representations, etc.

— Takes care of parallel image compositing
— Can modify without recompiling

Y Kitware



vtkCPPythonScriptPipeline (3)

Disadvantages
— Slight overhead compared to C++ hard-coded
pipeline
Roughly 10-° seconds per time step
— Simulation code must be linked with Python

Static build issues
More complex to minimize executable size

Y Kitware



Hard-coded Pipelines

Derives from vtkCPPipeline
Generally C++ but could be Python code

Most are done directly creating VTK filters and
connecting them together

— Creating screen shots from rendering pipeline with
compositing can be daunting

Possible to do using ParaView C++ proxies
— Low level access is more complex
— Simpler set up for rendering pipeline

Less dependencies for compiling and linking

c http://www.paraview.org/ParaView3/Doc/Nightly/html/classvtkCPPipeline.html

Y Kitware


http://www.paraview.org/ParaView3/Doc/Nightly/html/classvtkCPPipeline.html

Catalyst

Catalyst’s job is to create and execute pipelines

Y Kitware



Data Structures

Simulation has separate data structures from
VTK data structures

User an adaptor to bridge the gap

— Try to reuse existing memory

— Also responsible for other interactions between
simulation code and Catalyst

-

Solver Adaptor Ji

ATALYST

~scalable in-situ analysis

Y Kitware



Information Flow

-

Solver

Adaptor J

Initialization
— Information for creating pipelines

c VY Kitware



Information Flow

-

Solver

Adaptor ]

- After simulation completes time step update
— Time, time step, force output flag
— Information for creating grid and field information

c Y Kitware



Information Flow

~

Solver { Adaptor

After simulation completes time step update

— Time, time step, force output flag passed to each
pipeline

c Y Kitware



Information Flow

~

Solver { Adaptor

After simulation completes time step update

— Flag indicating which pipelines need to be
executed/updated

c Y Kitware



Information Flow

-

Solver [ Adaptor ]

- After simulation completes time step update

— If any pipeline needs to be executed
« Adaptor creates VTK objects to represent grids and fields

Y Kitware




Information Flow

-

Solver [ Adaptor ]

- After simulation completes time step update

— Pass VTK data object representing grids and fields
to pipelines that need to execute/update

Y Kitware



Information Flow

-

Solver [ Adaptor ]

- After simulation completes time step update
— Pipelines execute and output desired information

Y Kitware




What is Catalyst?

Communication/synchronization routines

Pipeline mechanics

Data processing through filters

Writers

Compositing and rendering Y Kitware




Interfacing with Catalyst

Adaptor J

Catalyst calls should have minimal footprint in
simulation code

— Initialization call

— Co-processing call

— Finalize call

VTK data structures usually not appropriate for
simulation code data structures

Adaptor’s job is to provide interface between
simulation code and Catalyst ¥ iitware



Adaptor Architectural View

Adaptor: \

vtkCPProcessor* Processor;
vtkDataObject* CreateGrid();
vtkCPPipeline* CreatePipeline();

Initialization

— Creates vtkCPProcessor and initializes it
vtk CPProcessor manages pipelines
vtk CPProcessor::Initialize()
— Creates vtkCPPipeline objects and adds them to
vtk CPProcessor
vtk CPProcessor::AddPipeline(vtk CPPipeline*)

Y Kitware



Adaptor Architectural View

Adaptor: \

vtkCPProcessor* Processor;
vtkDataObject* CreateGrid();
vtkCPPipeline* CreatePipeline();

J
When called after update time step is completed

— Creates a vtkCPDataDescription

Information needed by Catalyst to determine what pipelines
need to execute
vtkCPDataDescription::SetTimeData(double time, vtkldType
timeStep)

vikCPDataDescription::SetForceOutput(bool) optional

— Queries pipelines to determine if co-processing Is

necessary
Processor->RequestDataDescription(vtkCPDataDescription*)

c Returns O if no co-processing is needed that time step Y Kitware




Adaptor Architectural View

Adaptor: \

vtkCPProcessor* Processor;
vtkDataObject* CreateGrid();
vtkCPPipeline* CreatePipeline();

J

If Processor->RequestDataDescription() != 0
— CreateGrid()

Creates grids and fields
Biggest part of the adaptor

— vtkCPDataDescription::AddInput(const char* name)
Convention is that name := “input” for a single input
— vtkCPDataDescription::GetlnputDataDescriptionByNa
me(const char* name)->SetGrid( CreateGrid() )

~ — Processor->CoProcess(vtkCPDataDescription*)
c V7 Kitware




Adaptor Architectural View

Adaptor: \

vtkCPProcessor* Processor;
vtkDataObject* CreateGrid();
vtkCPPipeline* CreatePipeline();

Finalize
— Processor->Finalize()

Y Kitware



Main Co-Processing Parts

Initialize
Check with each Catalyst pipeline if execution Is
necessary

— Input is simulation time and time step

— Output is If co-processing is needed along with
needed grids and fields

If co-processing is needed at specified time and
time step:

— Input the grid and field information

— Execute the proper Catalyst pipelines

Finalize
Y Kitware



C++ Example

int main(int argc, char* argv]|])

{
MPI Init (&argc, &argv);
std::string cpPythonFile = argv/[1l];
int nSteps = atoi(argv|[2]);
vtkCPProcessor* processor =
processor->Initialize();
vtkCPPythonScriptPipeline* pipeline =

vtkCPPythonScriptPipeline: :New () ;

vtkCPProcessor: :New () ;

// read the coprocessing python file

if (pipeline->Initialize (cpPythonFile.c str()) == 0) {
cout << "Problem reading the python script.\n"
return 1;
}

processor->AddPipeline (pipeline) ;

pipeline->Delete () ;

~e

if (nSteps == 0) {
return 0O;

}

Y Kitware



C++ Example (2)

double tStart = 0.0;

double tEnd = 1.0;

double stepSize = (tEnd - tStart)/nSteps;
vtkCPDataDescription* dataDesc = vtkCPDataDescription::New() ;

dataDesc->AddInput ("input") ;

for (int i = 0; i < nSteps; ++1i)
{
double currentTime = tStart + stepSize*i;
// set the current time and time step
dataDesc—->SetTimeData (currentTime, 1i);

// check if the script says we should do coprocessing now

if (processor—->RequestDataDescription (dataDesc) != 0)
{
// create our vtkDataObject with the grids and fields
vtkDataObject* dataObject = <generate grid>;
dataDesc—->GetInputDescriptionByName ("input")->SetGrid (dataObject) ;
processor—>CoProcess (dataDesc) ;

}

dataDesc—->Delete () ;
processor—->Finalize () ;
processor->Delete () ;

MPI Finalize();

return O;

are




Creating VTK ODbjects




Getting Data Into Catalyst

Main object will derive from vtkDataODbject
— Grids that derive from vtkDataSet
— Multiblock grids that contain multiple vtkDataSets

Field (aka attribute) information

— Point data — information specified for each point in a
grid

— Cell data — information specified for each cell in a
grid

— Field data — meta-data not associated with either
points or cells

c All object groups are 0-based/C/C++ Indexifngitware



vtkDataSet Subclasses

vtkimageData
vtkPolyData vtkUniformGrid  vtkRectilinearGrid

O

et
>

§ vtkUnstructuredGrid vitkStructuredGrid
O/

>

‘ http://www.vtk.org/doc/nightly/html/classvtkDataSet.html L ¢ Kitware



http://www.vtk.org/doc/nightly/html/classvtkDataSet.html

vtkDataSet Class Hierarchy

vtkObject ~ €——— vtkDataObject «—— vtkDataSet

vtkPolyData

vtkPointSet

N

vtkStructureGrid*

vtkUnstructureGrid

vtkRectilinearGrid

vtkStructurePoints
vtkimageData % vtkUniformGrid ’F

% Topologically regular grid
* lrregular geometry
C;*Supports blanking ¥ Kitware



Topologically Regular Grids

vtkimageData/vtkUnstructuredGrid,
vitkRectilinearGrid and vtkStructuredGrid

Topological structure defined by whole extent
— Gives first and last point in each logical direction
— Not required to start at O

Partitioning defined by extents

— First and last point in each logical direction of part of
the entire grid

Ordering of points and cells is fastest in logical
X-direction, then y-direction and slowest in z-
direction " Kitware



Extents
Whole extent for all processes (0, 8, 0O, 6, 0, 0)
Extents different for each process
— Rank 0: (0, 2, 0, 6, 0, 0), 21 points, 12 cells
— Rank 1: (2, 8, 0, 3, 0, 0), 28 points, 18 cells
— Rank 2: (2, 8, 3, 6, 0, 0), 28 points, 18 cells

| -
Y7 Kitware



Extents

Point and cell indices for extent of (3, 8, 3, 6, 0, 0)

— From rank 2 in previous slide
— 28 points and 18 cells

21 27
(2,6,0) (8,6,0)

’Kitware



vtkimageData/vtkUniformGrid

vtk CPInputDataDescription::SetWholeExtent() —
total number of points in each direction

SetExtent() — a process’s part of the whole extent
SetSpacing() — cell lengths in each direction
SetOrigin() — location of point O (i=0, =0, k=0)

vtkUniformGrid
— Supports cell blanking
— Currently written to file as vtkimageData

‘ http://www.vtk.org/doc/nightly/html/classvtkUniformGrid.html \‘\.ffKitware



http://www.vtk.org/doc/nightly/html/classvtkUniformGrid.html

vtkRectilinearGrid

vtikCPInputDataDescription::SetWholeExtent() —
total number of points in each direction

SetExtents() — a process’s part of the whole
extent

Set<X,Y,Z>Coordinates() — point coordinates In
each direction

— Only values for process’s extents
— Index starting at O

\@¢
c http://www.vtk.ora/doc/nightly/html/classvtkRectilinearGrid.html Kitware
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Irregular Geometry

Data sets that derive from vtkPointSet
— vtkStructuredGrid — still topologically regular

— vtkPolyData — topologically irregular with 0D, 1D and
2D cell types

— vtkUnstructuredGrid — topologically irregular with 0D,
1D, 2D and 3D cell types

Uses vtkPoints to specify grid’s point locations

— SetPoints(vtkPoints*) — set the number and
coordinates of a process’s points

Y Kitware



vitkDataArray — Basis for vtkDataObject
Contents

An array of n tuples

Each tuple has
m components which are
logically grouped together

Internal implementation is a
pointer to an n X m block of
memory

Data type determined by
© class

tuple O

Two APIs : generic and
tuple n-1 data type specific

\ H
c http://www.vtk.org/doc/nightly/html/classvtk DataArray.html e Kitware



http://www.vtk.org/doc/nightly/html/classvtkDataArray.html

vtkDataArray

SetNumberOfComponents() — call first

SetNumberOfTuples()

— For point data must be set to number of points
— For cell data must be set to number of cells

SetArray()

— If flat array has proper component & tuple ordering use existing
simulation memory — most efficient

— Can specify who should delete

— VTK uses pipeline architecture so Catalyst libraries will NOT
modify array values

SetTupleValue() — uses native data type
SetValue() — uses native data type
SetName() — array descriptor, e.g. velocity, density

< http://www.vtk.org/doc/nightly/html/classvtkDataArray.html ¢ Kitware
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vtkFieldData

Object for storing vtkDataArrays

vikDataSet::.GetFieldData() — non-grid
associated arrays

Derived classes
— vtkPointData — vtkDataSet::GetPointData()
— vtkCellData — vtkDataSet:.GetCellData()

vtkFieldData::AddArray(vtkDataArray*)

Specific arrays are normally retrieved by name
from vtkFieldData

— Unigueness is not required but can cause unexpected
results

Ve ki
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Point Data and Cell Data

Point data — 36 values Cell data — 25 values

Y Kitware




Multiple Grids

» Use something that derives from
vtkCompositeDataSet to group multiple
vikDataSets together

vtkObject
|
vtkDataObject
|
vtkCompositeDataSet
/ \
vtkDataObjectTree vtkUniformGridAMR
vtkMultiBlockDataSet vtkMultiPieceDataSet vtkNonOverlappingAMR vtkOverlappingAMR K itwa re




vikMultiBlockDataSet

Y Kitware
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vtkMultiPieceDataSet

Way to combine multiple vtkDataSets of the
same type into a single logical object
— Useful when the amount of pieces is unknown a priori

Must be contained in a vtkMultiBlockDataSet
SetNumberOfPieces()
SetPiece()

Vo wi
D /st ot fd baiiaht i el R i o Kitware



http://www.vtk.org/doc/nightly/html/classvtkCompositeDataSet.html
http://www.vtk.org/doc/nightly/html/classvtkCompositeDataSet.html

AMR Data Sets

Classes derive from vtkUniformGridAMR

Concept of grid levels for changing cell size
locally
Uses only vtkUniformGrids

— vtkNonOverlappingAMR — no blanking used since no
data sets overlap

— vtkOverlappingAMR — vtkUniformGrids overlap and
use blanking

Vo wi
http://www.vtk.org/doc/nightly/html/classvtkUniformGridAMR.html Kitware
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Grid Partitioning

For unstructured grids and polydatas

— Single data set per process — use as Is

— Multiple data sets per process — choice of combining
or not depends on memory layout

For topologically structured grids
— Must be partitioned into logical blocks

— SetExtent()
Index of first and last point in each direction
Will be different on each process

— vtkCPInputDataDescription::SetWholeExtent() —
same on each process

c ' Kitware




vtkUnstructuredGrid Example

numPoints, double* coordsArray, int numCells, int*
cellConnectivity, double* dofArray)
{
vtkUnstructuredGrid* grid = vtkUnstructuredGrid: :New/() ;
vtkPolints* nodePoints = vtkPoints: :New/() ;
vtkDoubleArray* coords = vtkDoubleArray::New() ;
coords—->SetNumberOfComponents (3) ;
coords—->SetNumberOfTuples (numPoints) ;
for (int 1=0; i<*numPoints;i++)
{
double tuple[3] = {coordsArrayli],
coordsArray[i+numPoints],
coordsArray[i+numPoints*2]};
coords—->SetTupleValue (i, tuple);
}
nodePoints->SetData (coords) ;
coords->Delete () ;
grid->SetPoints (nodePoints) ;
nodePoints->Delete () ;

void CreateGrid (vtkCPDatabDescription* dataDescription, int

" Kitware



vtkUnstructuredGrid Example (2)

Only tetrahedra in this example

Canonical ordering of tetrahedra is same In
simulation data structures and VTK

vtkIdType [(4];
for (int iCell=0;iCell<numCells;iCell++)
{
for (int 1=0;1<4;1++)
{
pts[i] = cellConnectivity[iCell+i*numCells];
}
grid->InsertNextCell (VTK TETRA, 4, pts);
}
dataDescription->GetInputDescriptionByName ("input")
->SetGrid (grid) ;
grid->Delete () ;
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vtkUnstructuredGrid Example (3)

vtkCPInputDataDescription* i1dd =
dataDescription->GetInputDescriptionByName ("input") ;
1f(1dd->IsFieldNeeded ("velocity")) {
vtkDoubleArray* velocity = vtkDoubleArray::New() ;
velocity—->SetName ("velocity") ;
velocity->SetNumberOfComponents (3) ;
velocity->SetNumberOfTuples (numPoints) ;
for (vtkIdType 1dx=0; i1dx<numPoints; idx++) {
velocity->SetTuple3 (idx, dofArray[idx],
dofArray[i1dx+ numPoints], dofArray[idxt+ 2*numPoints]) ;
}
grid->GetPointData () ->AddArray (velocity) ;
velocity->Delete () ;
}
if(idd->IsFieldNeeded ("pressure")) {
vtkDoubleArray* pressure = vtkDoubleArray::New() ;
pressure—->SetName ("pressure") ;
pressure->SetArray (dofArray+3*numPoints, numPoints, 1);
grid->GetPointData () ->AddArray (pressure) ;
pressure->Delete () ;

}
| rare




