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What is ParaView?

Open-source data analysis and visualization application (two- and
three-dimensional data sets)

Built on top of VTK => provides a comprehensive suite of
visualization algorithms

Supports many different file formats for both loading and exporting
data sets.

Supported platforms: Linux, Windows, Mac
Processing Modes:
Stand-alone mode
Client server configuration
Batch
Locally installed at JSC:
* Linux Workstation Group
 JURECA
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The History of ParaView

* 2000: collaboration between Kitware Inc. and Los Alamos National
Laboratory, funding provided by the US Department of Energy ASCI
program

 2002: first release of ParaView

* September 2005 - May 2007: development of Paraview 3 by Kitware, Sandia
National Lab. and other partners

v" user interface more user friendly

v' quantitative analysis framework
* June 2013: ParaView 4

v more cohesive GUI controls

v" better multiblock interaction

v" In situ integration into simulation and other applications (Catalyst)
* Recent Release: (currently ParaView 5.4.1)

v" brand-new rendering backend with OpenGL 3.2 features (big change to
the rendering infrastructure in ParaView’s lifetime) since ParaView 5.0
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ParaView‘s Architecture

ParaView

| pvpython Web Catalyst = Custom App

= Ul (Gt Widgets, Python Wrappings)

ParaView Server
VTK

OpenGL MPI lceT Etc.
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ParaView‘s Architecture

Concept of a visualization pipeline like VTK

Sources Filters Mappers Actors

input or new data into visible visible

generated ,objects* properties
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Renderers

The viewport on
the screen

Modular architecture

—> Separate processes possible for
 Data processing
* Rendering
* User interface

March 15, 2018
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Advantages using Paraview

Modular architecture => Separate processes possible for Data
processing, Rendering, User interface

All modes look the same (Stand alone, Client/Server)

Can handle large files

Built on VTK, which has more functionality than other alternatives
Free and actively supported by major DOE laboratories

Drawbacks

Not 100% stable
Internals are not well documented
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Basics of Visualization

* Visualization: convert raw data into a form that is viewable
and understandable to humans

« Data has well defined representation in 2D or 3D space
» Data from simulation meshes and scanner data well suited
Concept of a visualization pipeline (like VTK)
» Three basic steps:
* Read/generate data

* Apply filters - generate new data from existing ones
* Render data
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Data Types: Structured Data

Uniform Rectilinear Grid (Image Data)
(vtkimageData)

Non-uniform Rectilinear Grid (Rectilinear Grid)
(vtkRectilinearData)

Structured (Curvilinear) Grid
(vtkStructuredData)
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Data Types: Unstructured Data

Polygonal Mesh (Poly Data)
(vtkPolyData)

Unstructured Grid
(vtkUnstructuredGrid)

Multi-Block (several data sets grouped together)

v

Hierarchical Adaptive Mesh Refinement (AMR)
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Data Attributes

Data attributes at grid points (grid data, node data) or on cells
(cell data, element data):

General data attributes:
— Scalar
— Vector
— Tensor (nxn matrix)
Attributes with special meaning for the visualization process:
— Normals (3D vector)
— 2D or 3D texture coordinates
Any number of variables can be defined at points and cells
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Getting Started

ParaView can be downloaded at www.paraview.org

Precompiled versions available for Mac OS,
Windows and Linux

Sources for non-standard installations (e.g. using the mpi-
version tailored to your system)

ParaView client launches like most applications:
Windows: launcher located at the Start-Menu
Linux: execute paraview from a command prompt
Mac OS: open the application bundle that you installed
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Supported Data File Formats

Some examples: -DEM files (.dem)
-ParaView files (.pvd) ‘VRML files (wrl)
‘VTK xml based files -PLY Polygonal files (.ply)
(vtp, vti, vtr, vts, vtu) -Protein Data Bank files (pdb)
-Parallel xml based VTK files -Xmol Molecule files (xyz)
(.pvtp, .pvti, .pvtr, .pvts, .pvtu) -Stereo Lithography files (.stl)
‘VTK MultiBlock -Gaussian Cube files (.cube)
(vtm, vtmb, vtmg, vthd, vthb) -Raw (binary) files (.raw)
-Legacy VTK files -AVS files (.inp)
(vtk for all types of data) -Meta Image files (mhd, .mha)
-Parallel legacy VTK files (.pvtk) -Facet files (facet)
-EnSight files (.case) -PNG files (.png)
-EnSight Master Server files (.sos) -LSDyna files (.d3plot, .k, .Isdyna)
-Exodus Il files -Phasta files (.pht)
(g, .e, .ex2, .ex2v2, .exo, .gen, .exoll) -SESAME files (.sesame)
-BYU (.g) -Comma-separated values (CSV) files (.csv)

-XDMF files (xmf, xdmf)
.PLOT3D files (xyz, .q)
-SpyPlot CTH files (.spcth)

Full list at: htttps://www.paraview.org/Wiki/ParaView/Users_Guide/List_of_readers
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Input File Formats - VTK as an Example

VTK Family
(https://www.vtk.org/wp-content/uploads/2015/04/file-formats.pdf)
¢ Legacy serial (.vtk)

— polygonal, uniform, rectilinear, curvilinear, unstructured
* Legacy parallel

— same as legacy serial, but data is partitioned into several files
«  XML-based

— uniform (images, .vti)

—  rectiliniear (.vtr)

—  curvilinear (.vts)

—  polygonal (.vtp)

— unstructured (.vtu)
XML-based parallel

— same as serial XML, but data is partitioned into several files
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Converting Data to VTK Format

Example on next slide: time dependent vector data on
structured grid

Converter to convert ascii data has to VTK XML was
implemented

VTK provides a number of source and writer classes to read
and write popular data file formats

In this example an XML file format of type
vtkStructuredGrid (. vts) was chosen

Result of converted data;

— xml file including the name of the dataset for each
timestep

— n datasets files, each including data of each timestep
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XML based StructuredGrid Fileformat: .vts

This is the description dataset, which lists the names of all existing
time datasets in an XML-based format

<?xml version="1.0"?2>
<VTKFile type="Collection" version="0.1" byte order="LittleEndian">
<Collection>

<DataSet timestep="50"group="" part="0" file =
"/private/sutmann/vts Exercise 50.vts"/>

<DataSet timestep="100"group="" part="0" file =
"/private/sutmann/vts Exercise 100.vts"/>

<DataSet timestep="150"group="" part="0" file =
"/private/sutmann/vts Exercise 150.vts"/>

</Collection>
</VTKFile>
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<?xml version="1.0"?>
<VTKFile type="StructuredGrid" version="0.1" byte order="LittleEndian">
<StructuredGrid WholeExtent="0 47 0 47 0 151">
<Piece Extent="0 47 0 47 0 151">
<PointData>
<DataArray type="Float32" Name="Velocity" NumberOfComponents="3" format="ascii">
-0.21008299291 -0.051097899675 -0.04968290031 0.16106699407 -0.065898902714 0.010098299943
0.10389400274 0.19959899783 -0.16598799825 0.15902400017 0.20383499563 -0.017544399947
</DataArray>
</PointData>
<CellData>
</CellData>
<Points>
<DataArray type="Float32" Name="Points" NumberOfComponents="3" format="ascii">
-48.916801453 -49.018299103 -149.00500488 -46.871700287 -48.936100006 -149.16099548
-44.773601532 -48.920101166 -149.07600403 -42.637401581 -48.958599091 -149.1734432

</DataArray>
</Points>
</Piece>
</StructuredGrid>
</VIKFile>
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HDF5

* Hierarchical data format: HDF5
- Efficient, portable |0 library for storing scientific data
* High level of abstraction

« HDF5 is becoming a standard (even NetCDF is based on
HDF5)

- HDF5 is a container for your specific data, not a standard data
format

BUT: HDF5 files do not contain meta-information needed for
visualization (semantics of datasets)

Solution: eXtensible Data Model and Format (XDMF)
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XDMF

Description of the meaning of HDF5 datasets, e.g. what data
defines coordinates, what data defines attributes, ...

Small XML files (light data) in addition to (large) data files
(heavy data, typically HDF5)

Light data: XML file containing XDFM language statements
and references to datasets in heavy data

Heavy data: HDF5 files (or binary)

http://www.xdmf.org
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XDMF

How to generate XDMF files
1. Write XDMF files by hand (its just a text file)

2. Add commands to write an additional XDMF file in your
existing |/0 procedures

3. Use XDMF API to write both light and heavy data
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XDMF Elements

Important XDMF elements are:

Grid: defines a single grid, an array or tree of grids, or a sub
set of another grid

Topology: defines the topology of structured and unstructured
grids

Geometry: defines coordinates of node points

Attributes: defines values associated with the grid, node and
cell centered

Time: defines time values for a set of grids

Dataltem: the actual data, typically references to HDF5 or
binary data sets, but may also be directly defined in the XDFM
File. Also functions are possible in a Dataltem, e.g. to calculate
the magnitude of a vector on the fly.
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XDMF: Example for Structured Grid

<?xml version ="1.0" 72>

<!DOCTYPE xdmf SYSTEM "Xdmf.dtd"™ []>
<Xdmf Version="2.0">

<Domain>

<Grid Name="sphere" GridType="Uniform">
<Topology TopologyType="3DCoRectMesh" NumberOfElements="2048 2048 2048"/>
<Geometry GeometryType="ORIGIN DXDYDZ">
<Dataltem Dimensions="3" NumberType="Float" Precision="4" Format="XML">
-1024.000000 -1024.000000 -1024.000000
</Dataltem>
<Dataltem Dimensions="3" NumberType="Float" Precision="4" Format="XML">
1.000000 1.000000 1.000000
</Dataltem>
</Geometry>
<Attribute Name="distance" AttributeType="Scalar" Center="Node">

<Dataltem Dimensions="2048 2048 2048" NumberType="Float" Precision="4"
Format="HDF">

/viswork/hdf5Test/test 32768.h5:/sphere
</Dataltem>
</Attribute>
</Grid>
</Domain>
</Xdmf>
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XDMF: Example for Unstructured Grid (1/2)

<?xml version ="1.0" 72>

<!DOCTYPE xdmf SYSTEM "Xdmf.dtd"™ []>
<Xdmf Version="2.0">

<Domain>

<Grid Name="flow" GridType="Uniform">
<Topology TopologyType="Tetrahedron" NumberOfElements="13340987">
<Dataltem Format="HDF" Dimensions="13340987 4">
out.h5:/flow Cells
</Dataltem>
</Topology>
<Geometry GeometryType="XYZ">
<Dataltem Format="HDF" NumberType="Float" Precision="8" Dimensions="2286605 3">
out.h5:/flow Points
</Dataltem>
</Geometry>
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XDMF: Example for Unstructured Grid (2/2)

<Attribute Name="u" AttributeType="Scalar" Center="Node" >
<Dataltem Format="HDF" NumberType="Float" Precision="8" Dimensions="2286605">
out.hb5:/u
</Dataltem>
</Attribute>
<Attribute Name="v" AttributeType="Scalar" Center="Node" >
<Dataltem Format="HDF" NumberType="Float" Precision="8" Dimensions="2286605">
out.h5:/v
</Dataltem>
</Attribute>
<Attribute Name="w" AttributeType="Scalar" Center="Node" >
<Dataltem Format="HDF" NumberType="Float" Precision="8" Dimensions="2286605">
out.h5:/w
</Dataltem>
</Attribute>
<Attribute Name="p" AttributeType="Scalar" Center="Node" >
<Dataltem Format="HDF" NumberType="Float" Precision="8" Dimensions="2286605">
out.hb5:/p
</Dataltem>
</Attribute>
</Grid>
</Domain>
</Xdmf>
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Programmable Source

Read your data with a programmable source filter

See:
https://www.paraview.org/Wiki/Python_Programmable_Filter

Programmable filters are programmed in Python

Example later ...
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Starting ParaView

Start VNC-Server on JurecaVis (JurecaVis01 or JurecaVis02)
1.  Openaterminal and login to Jureca: ,;ssh jurecavis (passphrase is your password)

2.  Create directory .vnc: ,mkdir .vnc && chmod 700 .vnc*

3. Enter password for vnc: ,,vncpasswd®, type in the password you want

4.  Startvnc-server: ,vncserver -fg -geometry 1920x1080“

5. Look at the output and remember the login-node and the display-number, e.g.:

sjurecavis01.fz-juelich.de:4“
(Note: Display 4 corresponds to port 5300+4=5904)

Establish SSH Tunnel and start VNC-Viewer

1.  Open new terminal on your workstation (not on JURECA) and open tunnel to
Jurecavis: ,,ssh -L 5904:localhost:5904 jurecavis01“

2. Open new terminal on your workstation and start vncviewer:,vncviewer localhost:4“
Copy Files and Start ParaView
1. Openterminal on JURECA and copy files “cp -r ~train132/paraview .”

2. Start ParaView: “cd paraview; source setup_paraview_5.4.1; vglrun paraview”
Close splash screen.
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g
MW ParaView 4.2.0 64-bit

Menu Bar

Toolbars

Pipeline Browser =>

—
—

—)

File Edit View Sources Filters Tools Catalyst Macros Help
PE BB o F 2K KA DB meo
QOB TOT 2@ (5 ewscrioann [ 90 B O %

Fipeline Browser & X | OlLayout 1 X

|0

ruaiFeed

ﬁ builtin:
@ @ 0001.dem
@ —@slice1
@ @ slice2
o @

Properties ‘ln—l formation

IProperties F X

Properties &

Information Panel
Toggle advanced "
properties: m

Shows/hides additional
control parameter

| 4

S R
Search ., (use Esc to dear text)
| e

Slice Type Plane -

[ Show Plane

Origin - 99.5

| =3 Properties (Slice3)

137.0351034 63.5

Normal g 1 0
[ X Normal || ResetBounds |

¥ Mormal
Eonema ]
[ cameranormal || centerongounds |
[ crinkle slice
[7] Trianguiate the slice -

RenderViewl @

DIEOMImags
©.020=+02

Menu Bar: access the majority of features
Toolbars: quick access to the most commonly used tools
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The Pipeline Browser

shows data readers and filters

shows current visualization pipeline
structure

allows you to

select objects within the current
visualization pipeline

Pipeline Browser
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T
[ builtin:
1
@ W) disk_out_refex2

@ i;‘:j Slice1

@ N streamTracer 1
1

> ©F3

edit pipeline objects via the Properties Panel

concept of active objects:

* The selected object in the pipeline browser is the active object
» All changes within the GUI will refer on what is actually active

* The active object is used as the default object to use for

operations like adding a filter
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Properties Panel

M m = Displa E0Me Epresen
Depends on the active e = | =0 HG[ I @]
. . . . Representation |y rface -
object in the pipeline e cotoring
P ro pe rti es SeCti on: Search ... {use Esc to dear text) [ il i I [Magnimde b ]_
various parameters of = propertes lce) - wa:“’“‘ JECTTREET
the active object e [Plne Y opay 0
| Show Plane - o
Display section: orign 0 0 L s —
. Mormal 0 0 1
appearance of the aptlve e T R wer cDub:m_ d_
object (Representation, [ tvoma | Sow Axe E@E
. —= == Yiew (Render View)
Color, Annotation, ...) [_zomd |
[ Camera Mormal ][ Center on Bounds ] [ Center Axes visibility
View section: I crinde sice Orientation Axes
t. f t h e ren d er Triangulate the slice Orientation Axes Visibility

p.roper IeS 0 = Display (GeometryRepresent @ Back.gmund
View (Ba C kg roun d, Representation [Surfﬁce - ] = [Gradlent - ]
O . t t. A ) [. Color 1 v] [F‘.estore Default]

rrentation XeS’ vee [... Colar 2 -.] [F‘.estore Default] 8
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Apply/Reset

* changes to the object properties are not

immediately enacted

» press Apply button to synchronize
your view with the parameters

* Same applies to opening a file:

* File -> open just reads the header
information of the file

* Hit the Apply button to load the data
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Properties Information

“roperties

[ Flaoy || @ Reset |

= o cear text
oo (Use Esc to dear text]

= Properties (disk_out_ref.ex2)

[E| Variables

{fl Objectlds

il Global ElementIds
2% Global Mode Ids
22 Temp
3% v

* Hitting the Reset button will restore the options back to the

last time they were applied.
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Information Tab:

- modal, shows characteristics of the |l

Information F X

aCtive ObjeCt Data Hierarchy i
4 :Multi-block Dataset F

. Dataset Type > Element Blocks

Face Blocks

»

- Number of Cells, Points Clomentsee

> Side Sets
- Data Arrays e st
> Mode Sets

Properties

Filename: disk_out_refex2
Path: Habbinga/WORK ParaViewkurs/Data/ParaViewTutorialData
Statistics

Type: Multi-block Dataset

Mumber of Cells: 7472

Mumber of Points: 5499

Memory: 2MB

Data Arrays
Current data time: 0

Mame Data Type Data Ranges i

2 AsH3 double [0.0804768, 0.184839]

2 CH4 double [0, 0.00117024]

2 GaMe3 double [0.000222844, 0.0072... |E

2 GlobalModeld idtype [1, 8499]

< H2 double [0.807613, 0.917688) i
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Active Variable Controls, Representation Toolbar

Reset Scalar Range

@i._] ] _._ﬁ[ oV '][Magnih\.lllcln v] [Surface v]
/Edlt Color Man l Vector Component l
Toggle Mapped Variable ,

Color Legend Representation:

Surface, Wire Frame,
Surface with Edges, Points,...

Can also be found in the display group of the properties panel!
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Display Area

probably most important part
shows results of the current visualization pipeline
Various pOSSibIe formats ;L-ay:f:ljs +u B OB OB A Renderviewl (MEO)x] & = & &= BarChartviewl [)[B]O](X]
(2D and 3D views) s
Each display can be split
vertically/horizontally T -

[ | & | A 100

& ”“° BS UI N Ullqune:hlalrotWewzu[;][@[;Z[ﬂ
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Getting Data into ParaView

There are several methods loading data in ParaView:
» Reading data
- from a file (File - Open)
- command line argument --data=datafile
» Generate data from SOURCES Menu
* load a previously saved state file (File menu, Load State)

» this will return ParaView to its state at the time the file
was saved (loading data, applying filters, setting
preferences etc)

 If you want to start a fresh visualization:
> reset ParaView with the disconnect button: %
» Edit -> Reset Session
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Controlling the camera

* Mouse interaction is mapped to camera movements as follows:

Left Button Middle Button Right Button
[F‘.oiﬁte - ] [P'an - ] [Zoom - ]
Shift + | Rl * ||Rotate » ||Pan - |
Ctrl + [Eunm - ] [ante - ] [Zuum v]

* Can be customized in the Settings menu
* Camera Controls toolbar:

HE b dis
Reset camera (all visible objects,)/ \ Y j

maintains view but repositions camera, Zoom
that entire objects are visible to box

Align view to coordinate
axis

Zoom to data camerais
placed to look at data
(selected in pipeline browser)
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Controlling the camera (continued)

Within the toolbar of each view: // \ ~__

Camera Camera Toggle 3D/2
Undo Redo Interaction
Mode

Adjust camera:
4 custom views can

be stored

« Camera parameters < b
(position, view direction, S
view angle) can be set
manual |y :wl:p ) .268898685825 e

View Angle 30,00

4 Apply Manipulation

0,00 |5 degrees
0,00 |5 degrees
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Controlling the camera (continued)

E Show/hide orientation axes at bottom-left corner of
the active view

© Show/hide axis drawn at the center of rotation
Set center of rotation to the center of the object

G Allows to pick the center of rotation
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Memory Inspector

* @Gives overview about the
memory footprint

* In parallel mode, information
about client and server is given

March 15, 2018
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Memory Inspector
- .
P .':I_- client
o system Total [ENF.65 GiB 33.16% |
paraview ) 133.78 MiB 1.63% |
—

4 | | server
P System Total| , Guﬁ_u.ss% |
pvserver |8 548.80 MIB 3.44% |
0 826 1] 142.61 MiB 0.89% |
1 827 [ 135.72 MiB 0.85% |
2 828 [ 135.89 MiB 0.85% |
3 529 [ 134.58 MiB 0.84% |

[¥] Auto-update
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Statistics Inspector

- Shows statistical information about all loaded data and filters
* Name
* Data type
* Number of cells and points
* Memory consumption
« Spatial and temporal bounds

[ e - e k= -
ot =g : =

| MName Data Type Mo, of Cells Mo, of Points Memuory (MB]) Geometry Size (MB) Spatial Bounds Temporal Bounds
disk_out_ref ex2 ’ﬁ Multi-block Dat.. @ 7472 @ 5499 1454 Unavailable [-575,575], [ . [ALL]
Clipl & Multi-block Dat.. @ 4218 < 5064 0,488 0,174 [0,575], [-5.7.. [ALL]
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Exercise |: Creating a Source

1. Select a Sphere from the Source Menu
— Show itin a 3D view and increase it’s resolution

— Experiment with dragging different mouse buttons within
the view (+ shift, ctrl)

2. (Delete the pipeline) Select a text from the Source Menu
— Additionally take a 3D text from the Source Menu
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Exercise Il: Loading and viewing Data

1. Open Open disk_out_ref.ex2

Select all variables, press “Apply”
Select variable V for the coloring

Try the different representation styles, finally choose
surface with edges

Turn the opacity value to 0.25
Save the actual state in a ParaView state file.

2. Experiment with the Center of Rotation:

March 15, 2018

Show/Hide it
Pick another Center (try some camera movements)
Reset the Center Of Rotation
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Applying Filters

Achievements so far:
* Read in the data, glean some information about it

» See the structure of the mesh, map some attribute data on its
surface
But! Many interesting features cannot be determined by just
looking at the original data

» Discover much more about the data applying filters!
« Extract or generate new features from the data

* filters are attached to readers, sources, or other filters to
modify its data in some way.

» Most common filters are available in the filters toolbar:

EOQUURTOEL®
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Common Filters: Calculator

| Properties Information

Properties g X
| Fapoly || @Reset |[ Kopeee || 27|
Search ... (use Esc to dear text)

= Properties (Calculator 1) @
Attribute Mode [puint Data - ]
Result Array Name poq ¢
| cear || ¢ J[ 3 [ #Hat | jHat || kHat |
[ sin ][ cos ][ tan ][ abs ][ aqrt ][ + ]
[ asin ][ aCos ][ atan ][ ceil ][ floar ][ = ]
| sich | cosh J[ tanh [ xty || e J[ = |
[ wlw2 ][ mag ][ niarm ][ In ][ lxg 10 ][ i ]
[ Scalars - ][ Vectors - ]

5P Display (GeometryRepresentation) @

gF View (Render View) @
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Evaluates a user-defined
expression on a per-point or
per-cell basis

generates a new data attribute
as a function of given attributes

Available attributes are listed in
the “Scalars” and “Vectors”
combo boxes

Vector result can be generated
by iHat, jHat and kHat, e.g.
“coordsX*iHat+coordsY*jHat+co
ordsZ*kHat”
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Common Filters: Contour

HORPRBO= 200

| Properties Information

Properties 'Y .
, _ | * Extracts the points, curves, or
| Faoy || @reset |[ Moo |2 ] o
e surfaces where a scalar field is
Search ... {(use Esc to dear text)

S — equal to a user-defined value.
Contour B o Temp -] * This surface is often also called
(7] Compute Normals an isosurface

[] compute Gradients
[ Compute Scalars
Generate Triangles

Isosurfaces
Value Range: [293.15, 913.15]

141 E]

=) (@]
.

5P Display (GeometryRepresentation)

gR View (Render View)
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Common Filters: Clip

Properties Information |

Properties

| & Apply H ) Reset |[ # Delete ”

Search ... {use Esc to dear text)

= Properties (Clip1)

Clip Type Plane

Show Plane

Origin  0,349899185222196  0.159987747723768  (.758396331080346

Mormal -0,57001778548227  0.223385856271723  -0.7905682289830522

[ X Normal Il Reset Bounds |
[ ¥ Normal )
[ ZNorma )
[ Camera Normal I Center on Bounds |

[] Inside Out
Crinkle dip

qP Display (UnstructuredGridRepresentation)

qp View (Render View)

March 15, 2018
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e

= O—,
=20 @

Intersects the geometry with a
user-defined plane, box or
sphere

Removes all the geometry on
one side of this plane (box,
sphere)
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Common Filters: Slice

— » : B
b v h
-.,_,.-a—o = } .?-,O { o)
—_— = ey

| Properties Information

\[Prwahes = x“ .
| * Intersects the geometry with a
| Fay || @reset || e [ 2 | .
Search ... (use Esc to dear text) QE,? plane, bOX, Sphere Or Cyllnder
= Properties (Slce1) =] ° Similar to clipping, except that
Sice Type Plane - all that remains is the geometry
£ Show Plane where the plane is located.

Origin  0,348030680617293  0.596263370043398  -0.100052940254971

Mormal 0.473996659300374  -0.41018080111483  0.779152666278491

[ X Normal I Reset Bounds |
[ ¥ Normal ]

[ ZNormal ]

[ Camera Normal I Center on Bounds |
Crinkle slice

Triangulate the slice

qp Display (GeometryRepresentation)
P View (Render View)
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Common Filters: Threshold
,:.. @::;_7 00 'H

Properties _ glafiomalion » Extracts cells that lie within a
Properties g X o o ”
specified range of a scalar field

‘ & Apply H D Reset H # Delete ” 2 ]

Search ... {(use Esc to dear text)

=2 Properties (Threshold1)

Smlars[ & hardyglabal

Minimum ] 3.92407
Maximum D 5.88965
Al Scalars

Use Continuous Cell Range

gp Display (UnstructuredGridR epresentation)

qp View (Render View)
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Common Filters: Extract Subset

Properties Information

Properties

| " Apply | | D Reset | [

x
E
"

Search ... (use Esc to dear text)

=3 Properties (ExtractSubsetl)

DEl e

@)

v al 0

]

]

Sample Rate I 4

Sample Rate 1 4

Sample Rate K 4

Incude Boundary

5P Display (GeometryRepresentation)

gR View (Render View)

March 15, 2018

Extracts a subset of a grid by
defining a volume of interest
and a sampling rate
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Common Filters: Glyph
Properties | Information | == LR
Properties g X

F aorly et | %oeee || 2| ° Placesaglyph, a simple shape,
on each point in a mesh

= Properties (Glyph1) b glyphs may be Orlented by d

Search ... {use Esc to dear text)

Glyph Source vector and scaled by a vector or
Glyph Type Arrow ']

R scalar.
Scalars [Temp. v ]

Veectors [u ']

Orientation

Orient

Scaling

Scale Mode [DFF ']

Scale Factor | [} 185472

Masking

Glyph Mode |Every Nth Point )

Stride 10

5P Display (GeometryRepresentation)
gR View (Render View)
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Common Filters: Stream Tracer

Properties | Information

Properties

| Faooly || @Resst || 3 Delete

Search ... (use Esc to dear text)

= Properties (StreamTracer 1)

Vectors ['ll’

Integration Parameters

Integration Direction [ﬂmH

Integrator Type [Wmm 4-5

Streamline Parameters

Maximum Streamline
Length

Seeds

[I 20.159999584741211 @]

Seed Type Foint Source
[

Show Point [ Center on Bounds |

Point 0 0

0.079999923 7080547

Mumber of Points 100

=S

Radius 2.01599998474121

Hote: Move mouse and use 'P' key to change point position

gp Display (GeometryRepresentation)

@) (]

gR View (Render View)

(@) (]

March 15, 2018

19008000

Seeds a vector field with points
and then traces those seed
points through the (steady state)
vector field.
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Common Filters: Warp (vector)
ﬁ@@@@@@igﬁé

Properties Information

Properties #x « Displaces each pointin a mesh
by a given vector field.

| &' Apply || @ Reset H 9t Delete ” 2

Search ... (use Esc to clear text)

22l

= Properties (WarpByVector1)
Viectors [grad =

Scale Factor 5

8P Display (GeometryRepresentation)

@) @)
= [

qF View (Render View)
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Common Filters: Group Datasets
i v  x 3900200 A0
[ builtin:

@ Cyindert *  Combines the output of several

1
‘> GroupDatasets1

e o

® G comet pipeline objects into a single
m I

e o

> GroupDatasets1 multi block data set

| | GroupDatasets 1

Properties Information

Properties A x
| 5 Apply || @ Reset ” 9 Delete ” 2? ]
Search ... (use Esc to dear text)

== Properties (GroupDatasets 1) @

5P Display (GeometryRepresentation) @
gP View (Render View) @
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Filter Menu:

Many more filters in the

Filters Menu

—

Search...

Recent

AME

CTH

Common

Data Analysis
Material Analysis
Quadrature Points
Statistics
Temporal

Alphabetical

Ctrl+5pace
3

Calculator

Extract Selection
Histogram
Integrate Variables
Plot Data

Plot Global Variables Owver Time

Plot On Intersection Curves

Plot On Sorted Lines
Plot Cwer Line

Plot Selection Owver Time -

Probe Location

Programmable Filter

ol @

0wz

* lists of all filters available in :
ParaView (Alphabetical

* state of the entries
enabled/disabled) depends
on the current data set's

March 15, 2(£¥pe

=1 7Y

Block Scalars
Calculator

Cell Centers.

Cell Data to Point Data

Clean

Clean Cells to Grid

Clean to Grid

clip

Clip Closed Surface

Clip Generic Dataset

Compute Derivatives
Connectivity

Contingency Statistics
Contour

Contour Generic Dataset
Convert AMR dataset to Multi-block
Curvature

D2

Decimate

Delaunzy 2D

Delaunzy 3D

Descriptive Statistics

Elevation

Extract AMR Blocks

Extract Block

Extract CTH Parts

Extract Cells By Region

Extract Edges

Extract Generic Dataset Surface

Extract Level

o

&

Extract Selection
Extract Subset

Extract Surface

FFT Of Selection Over Time

Feature Edges

Gaussian Resampling

Generatelds

Generate Quadrature Points

Generate Quadrature Scheme Dictionary
Generate Surface Normals

Glyph

Glyph With Custom Source

Gradient

Gradient Of Unstructured DataSet

Grid Connecti

Group Datasets

Histogram

Image Data To AMR

Image Data to Point Set

Integrate Variables

Interpolate to Quadrature Points
Intersect Fragments

Iso Volume

K Means

Level Scalars(Non-Overlapping AMR)

Level Scalars(Overlapping AMR)
Linear Extrusion

Loop Subdivision

Mask Points

Material Interface Filter
Median

Merge Blocks

Mesh Quality
Multicorrelative Statistics
Normal Glyphs

Octree Depth Limit
Octree Depth Scalars
Outline

Outline Corners

Outline Curvilinear DataSet

®

}

ParticlePath

ParticleTracer

Pass Armays

Plot Data

Plot Global Variables Over Time
Plot On Intersection Curves
Plot On Sorted Lines

Plot Over Line

Plot Selection Over Time
Point Data to Cell Data
Principal Component Analysis
Probe Location

Process Id Scalars
Programmable Filter

Python Annotation

Pythen Calculator

Quadric Clustering

Random Attributes

Random Vectors

Rectilinear Data to Point Set
Rectilinear Grid Connectivity
Reflect

Resample AMR
Resample With Dataset
Ribbon

Rotational Extrusion
Scatter Plot

Shrink

Slice

Slice (demand-driven-composite)

Slice AMR data

Slice Generic Dataset
Smooth

StreskLine

Stream Tracer

Stream Tracer For Generic Datasets

Stream Tracer With Custom Source

Subdivide
Surface Flow

Surface Vectors.

JULICH
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)

Table To Points
Table To Structured Grid
Temporal Cache

Temporal Interpolator
Temporal Particles To Pathlines
Temporal Shift Scale
Temporal Snap-to-Time-Step
Temporal Statistics

Tensor Glyph

Tessellate

Tetrahedralize

Texture Map to Cylinder
Texture Map to Plane
Texture Map to Sphere
Threshold

Transform

Triangle Strips

Triangulate

Tube

Warp By Scalar

Warp By Vector

Youngs Material Interface
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Exercise lll:
Applying filters, creating Visualization Pipelines
1. Applying Filters

—  Openthe file: disk_out_ref.ex2

— Add a Contour Filter, select variable
Temp and set the isosurface value to 400

— Use variable V to color data
—  View the data as a wireframe and the
filtered contour as a isosurface

2. Creating Visualization Pipelines
—  Add (to the original data) an additional
Extract surface filter (see: Filter - alphabetical)
—  Create a Clip filter to Extract surface filter
—  Make Contour and Clip visible
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Exercise IV: Streamlines, Volume Rendering

1. Vector Visualization: Streamlines
— Open the file: disk_out_ref.ex2
— Select a Stream Tracer Filter, Add a tube filter

— Add a glyph filter to the Stream Tracer Filter.
Set Vectors to V, show the glyphs as cones and color them with
variable Temp

—  Play with the glyphs parameters until the result pleases you

Fipeline Browser B X
ﬁ builtin:

' d]disk_uut_reﬁexi

o d]steamTracerl
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Exercise IV: Streamlines, Volume Rendering

2. Volume Rendering

— In previous example:
. Change the representation of the input data to Volume

— make the input data visible,
— Choose Temp for the coloring and make color legend visible

|

E buittin:
@ ‘disk_nut_ref.exz
@ ‘StreamTraceH

@ @ Tubel
e
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Changing the color map

*Via Color Map Editor (View->Color Map Editor, |&]

Ml Preset Color Scales 7=

[ ] 1 1 Name Color Space * Import
ParaView provides a number of e - o e

reset color scales [ = e v

p -—‘ Grayscale Re | e

* To add another color/value pair to the mapping function
(double-)click into the gradient bar = S R ¢
(or add it manually into the table underneath)

* (Double-)click into the graph to modify the opacity transfer
function.
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Multiple Views

Achievements so far:
« Coloring with one variable, extract iso surfaces with another

O Layout #1 X ,T‘ ‘

One’ Streamlines vee B @K R s RendeVew] [MER)E) & B 0 WK G AR A

But: still difficult to make correlations
between the variables!
» Use Multiple Views!

LineChartview? @

- Each view can show an
independent aspect of the data

« 2D (e.g. histograms, line charts,
spreadsheets ...) and 3D views are
possible
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Multiple Views

* Multiview is not limited to only two views

* Each view has its own set of multiview buttons EZELOX
to split horizontally/vertically or erase the view:
The view with the blue border is the active view

» The display and view parameters in the Properties Panel
depend on the active view (and on the selected item in the
Pipeline Browser).

The views can be changed in size by clicking in the space
between views

*  Swap two views by clicking and holding on one of the view
toolbars and dragging onto one of the other view toolbars
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Multiple Views: Linking the Camera of RenderViews

Renderview2 (I]([E)@)(%)

* Make Views comparative by
adding Camera Links:

» Right click on one of the
views over the background
-> Link Camera, then click
in the view to link with

» The two cameras are
linked, both draw the view
from the same viewpoint
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Comparative View

Visualize several representations of the same
scene, but with different parameters to make
parameter studies

» QOpen a new view and select
Render View (Comparative)

» Enable the comparative view inspector in the
View Menu

Choose a layout (e.g. 2x2)

Select the parameter(s) you want to vary
(upper panel)
> Adjust the parameter for the views (lower panel)

- Either click on one cell in the parameter
table, OR

- Select a range of cells and enter a

parameter range
March 15, 2018
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Comparative View Inspector

-

Layout: 2 5 x 2 =

[] owerlay all comparisons

Parameter

% Contourl:lsosurfaces

[ F'}I ][Cuntourl - ][Isnsurfac. -

4 Contour 1:Isosurfaces

Comma-separated values accepted.
A B

0 400 489,817

1 706483 91315
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Comparative View

Example: Visualization of a contour with 4 different isovalues

layout #1 X | Layout#2% | + Comparative View Inspector -
DEEE o Hxz B

[ overlay all comparisons

Parameter

# Contourlidsosurfaces

[Conbourl hd ][Isosl.u'faces

4 Contour 1:1sosurfaces

Comma-separated values accepted.
A B

0 10 36,6667

1 633333 90
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Plotting

* mechanism to drill down into your data to allow quantitative
analysis.

* Plots are usually created with filters (Filters->DataAnalysis)

 also: data analysis toolbar containing the most common data
analysis filters, some of which are used to generate plots.

Extract Location |__F| @ A G

o8| Plot Global Variables Over Time

w  Plot Over Line
9| Plot Selection Over Time
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Plotting Example: Plot over a line in space

Hit Plot Over Line from the Data Analysis Toolbar
Place a Line Widget in the 3D space, hit Apply

Choose the variables you would like to see in the Line Chart
View (in the Properties Panel, while Line Chart View and the
Plot Over Line filter are active!)

Line plot allows for a PromEL R ek @EEE xnnEn e QEEE
different scale on the left and ) —tame] "
right axis -> scale each

variable individually on each

axis.

save the plot as a screenshot
(File-> Save Screenshot) or
export it to a vector graphics _
that scales properly o
(File->Export Scene).

r0.026
800

750+ r0.024
700
0.022
630
600 002
550
oms
500

4504 Fo0016

4004
Fa.014

March 15, 2018 Folie 64



A J0LICH

FORSCHUNGSZENTRUM

Exercise V: Plotting

1. Creating a Plot Over Line:
— Open disk_out_ref.ex2, load all variables

— Add a Clip filter, uncheck the Show Plane checkbox in the
Properties Panel, click apply

— Click on disc_out_ref.ex2 to make it the active object and
select the plot over line filter.

— Tryto position the line segment in 3D space
» try grabbing and moving the handles, the line itself,

“K.\”

different mouse buttons, press “p” for picking a point
under the curser)

— Finally, hit the button “Z Axis” in the Properties panel, hit
apply
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Exercise V: Plotting (continued) - =

Iy |[ @ Reset 9 Delete
s todear ext)
I '
. . o [ V_Magnitude [l V_Magnitude
2. Changing the display options i B
— Make the plot view active and e H G ‘
deselect all variables exceptfor =~ ™ =

Line Thickness 2

Line Style [ Solid

Temp and Pres e )
5

Chart Axes [Botmm-ﬂ.lght

— Select Pres Variable in the = o @

Chart Title

Display options of the B

: o =] (@ B[]
Properties panel i

eeeee dLocation | TopRight -]

— Change the Chart Axis to S I
Bottom-Right | -
— Add annotations to the left and

right Axis (Temperature,
Pressure)

Tempe ature (K)
o

B & & &§ 8 &8 8 &8 3 a & & 8
g8 2 8 & 8 8 8 8 8 &8 8 8 8

——————

------
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Text Annotation
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* Use Text source to place some text in the 3D view
* Drag it with the mouse to the position you like
* Use the Display section of the property panel to change the

appearance of the Text (font, size, position, color)

» ParaView supports
MathText markup for
equation rendering

= B K
pE B8 » F ? R K> D> o 0
§ 2 ¢ s ] {[Represertaton RS 8 S S = » sphere
EOQ0RPRe®EOE @5, o) |} Extract Location D,J § i
Pipeline Brows ser % | Olayout#1x | 4 |
ﬁbumum B % 30 B9 IR (B ED BB R RenderView (I)(B][E)(x]
@ 0 sphere1
® tm; n < 5 0
Volume = TOnIT ==7r
| Information | Properties | 2 3
Properties 8 % —7r
Apply Reset 3 Delets [E
ear E ar text)
= Propertes (fext1) \@|:
e i [‘

(See http://matplotlib.org/users/mathtext.html for details)
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Time in ParaView

« ParaView supports visualization of temporal data providing

* Readers for file series and datasets containing several
time steps

* Temporal filters, e.g.
» Annotate Time

» Temporal Interpolator (good for mesh deformations,
topology has to remain consistent!)

» Particle Tracer

* Toolbars: VCR Controls, Current Time Controls:
4 <0 > 1> Pl 55| om0 0 [2]ef10

* View -> Animation View: see next Slide
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Controlling Time: Animation View

Animation View g X
Mode: ISnap To Timesteps JTIITIE 0 Start Time: |0 End Time: | 0,004299983850 :u.-'&::--*: 10

Time 0. 000e+20 1.433e-03 2.867e-03 4, 300e-03
T T S S SN W O TN T S S O O T T T S S T T T SN ST ST SO T T SN ST ST ST S T TN SN ST ST S SO S T

TimeKeeperl - Time

o lmn.exz T] lUseMEE File 'r]

- Animation Mode: determines how ParaView steps through
time during playback

- Snap To TimeSteps: plays exactly those steps defined by
your data

« Sequence: Specified number of frames equally spaced
between start and end time

* Real Time: animation lasts approx. the specified number of
seconds

* Default: Snap to TimeSteps
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Exercise VI: Time Dependent Data

Open the file: can.ex2

Set the view direction to +y

Add an Annotate Time filter to observe time changes
Animate the mesh

Time: 0.000000 Time: 0.000500 Time: 0.004300
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Exercise VI: Time Dependent Data (cont.)

Split the view horizontally and apply the Temporal Interpolator
Filter to the data.

Select Real Time as animation mode, set duration to 30 seconds
Linkthe cameras . .c.ivive. oo 0Bmm s oo oies o e oEEK
Hit Play

L.

i i
Time: 0.00102¢ B Time: 0.00102¢ B
Animation View =4
Mode:[RealTme v |Time).00102867481311199 StartTime: 0 (3 End Time: 0.0042093885044892 {5 Duration: 30
Time .000e+00 - 1.433e-03 2.867e-03 4, 300e-03}
TimeKeeperl - Time |

L] [Tempcrallnterpclatnrl - ] [Discrete Time Step Interval + ]
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Exercise Vll: Time Dependent Data, Comparative
View
* Reset the session and open the file can.ex2, enable all variables.

* Color the surface by VEL

* (Generate a comparative view with a 3x2 layout showing 6 different
time steps. Az |2

RenderViewComparative 1 @
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Animations

With ParaView, you can
animate

» Data time steps

* nearly any property of any
pipeline object

* The camera, to perform
camera flights along a
specified path or orbit.

March 15, 2018
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O Layout #1 X +

Renderview1 @

Animation View g X
Mode: | Sequence ~ |Time 0.75 Start Time: 0 End Time: 1 No. Frames: 25

Time p.000e+00 5.000e-01 1.000e+00|

TimeKeeperl - Time

® Slicel - Slice Type - Origin (1) |0 P 255
9F [sicet v | [slice OffsetValues  ~

Slice Type - Normal (1) | =
Slice Type - Normal (2Z)
Slice Type - Offset
Slice Type - Origin (0)
Slice Type - Origin (1)
Slice Type - Origin (2) ™
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Animating Properties

* Select object and property from the combo boxes within the
Animation View, press #

» A new track is created, holding key frames that
specify values for the property at a specific time instance

Animation View g X
Mode:ﬂme 0.75 StartTime: 0 End'ﬁme: 1 No.Frames: 25
Time [.000e 400 5.000e-01 1,000 400,
P T S S TR T T S N T S T T AT SN E. N T R S T

TimeKeeperl - Time

it Slicel - Slice Type - Origin (1) [0 e 255
1& Slice1 hd SlioeDFFsetV?L.les— hd >
* Double-click at the new track to BY Animation Keyfromes [ZIr=]
edit the keyframes: Pt [
Time Interpolation  Value New
10 < Ramp 0 Delete

21 2
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Animating the camera

® ¢« ” 3 1 Animation Yiew
S e | e Ct Ca m e ra I n t h e O bJ eCt Mode: 'I'|rne 0,75 StartTime: 0 End'l'lrne: 1 No. Frames: 25

combo box within the
Animation View.

« Choose one of the options:

A J0LICH
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B X

Time

it Camera

TimeKeeperl - Time

[.000e+00 5.000e-01 1.000e+00
L

o8 |camera - lOrbit - |

Follow Path
Follow Data
Interpolate camera locations

> “Orbit” and “Follow Path” to create a (closed) spline widget
around your data along which the camera is animated

» “Follow Data” to zoom to the data in every step of the

animation.

» “Interpolate camera locations” to create a path between two

or more locations.

* Double-click at the new element to edit the keyframes

March 15, 2018
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Saving Screenshots and Animations oo s
* File -> Save Screenshot 9] Saveony selected view
 Save the current view(s) as —
PNG, BMP, TIFF, PPM, JPEG, PDF e o a0 -ich iy
* File -> Export Scene M..ED..,m
* save your Image as a vector graphic e ——
oses 2
Co [ o ]
* File -> Save Animations saves the current [ s e TI=]
animation as At O ation ) |
« 0gg/Theora (many open source viewers) ot [ :
AVI (windows, Some open Source VIiewers) e+ o
- JPEG, TIFF, PNG (creates a flipbook) e ez
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Exercise Vlll: Animations

1. Animating Properties
— Create a sphere from the Sources-Menu
— Animate the Start Theta property of the sphere from 0 to 360.
—  Set Number of Frames to 50.
— Save the animation as an AVl file.

W iS BN

2. Modifying Animation Track Keyframes

— Modify the animation track so that the sphere first becomes
smaller, from 360 to O degress, and them becomes greater O to
360 degrees
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Exercise VIII: Animations (cont.)

3. Animating the camera
—  Create a Box from the Sources-Menu
— select “real time” as animation mode and 10 seconds duration
— Animate the camera in an orbit around your box
4.  Modify the key frames of the Orbit
— Open the key frame editor, double-click on “Path ...”
— Select “Camera Position” in the Key Frame Interpolation Dialog
—  Modify the Spline Widget (now visible in the 3D view) in some way
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Visualizing Large Models

ParaView is meant for extremely large data processing:
Examples from Sandia National Lab in the web:

(about1 billion cells on 256 nodes)

* Visualizing extremely large data requires a big amount of resources
(especially memory)

» Use parallel visualization capabilities of ParaView
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Parallel ParaView

« ParaView has three main components:
— GUI (paraview)

— Data Server (pvdataserver) } Server (pvserver)
I

— Render Server (pvrenderserver)

. |
Source Filter Data Server Render Server |

Data Object Data Object

. Data Object
Data Object Data Object
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Parallel ParaView (continued)

 ParaView can be started in non parallel (standalone) mode:
* All three components in one single process
— command: paraview

Client

Data Render
Server Server
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Parallel ParaView (continued)

- ParaView can be started in two parallel modes:

1. Local client and parallel server
(data server and render server
In one JOb) Data Render

Server Server sl

— command on local client: paraview
— command on remote cluster:

mpiexec -n <NUM_pProcesses> pvserver
— connect client and server
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Parallel ParaView (continued)

2.

March 15, 2018

Local client and parallel data and render server
(data server and render server may run on different
machines)

— command on local client: paraview

— command on data processing server:
mpiexec -n <num_dataserver> pvdataserver

-m=machines.pvx
— command on render server:
mpiexec -n <num_renderserver> pvrenderserver
-m=machines.pvx
(num_dataserver >= num_renderserver)

Data

Render :
Sarvar Client

Server
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Parallel ParaView (continued)

Guideline;

« Cost of connecting data server and render server over TCP
sockets often overwhelms the benefit!

» run data server and render server in one process!

 Avoid X11 forwarding! (inefficient, lots of low level
communication underneath)

* Run client on desktop, NOT on login-node

« Or use VNC+VirtualGL on login-node (our
recommendation)

Advantages of using Parallel ParaView:

* Local view on remote data: “File -> Open” shows you the data
server’s file system => big data may stay on the server!
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Data Distribution
Data needs to be distributed on a cluster (load balancing, memory

usage)
Some visualization algorithms work directly on distributed data, e.g.
clipping
% % ~ ~ -
d H d T i S ~u B
SH ] SH TR - 1 T
| B

Other algorithms need ghost cells, e.g. external faces

4 < <l
Structured data is handled automatically (
cells)

For unstructured data use the D3 filter

Example: extract surface filter with
and without D3:

partitioning and ghost

March 15, 2018 Folie 85



A J0LICH

FORSCHUNGSZENTRUM

Memory Footprint

Memory footprint of structured data is MUCH lower than
unstructured data, because topology (and maybe geometry) is
implicitly given
Many filters need to convert structured data to unstructured
data: BEWARE OF DATA EXPLOSION!

— Examples: clip, threshold, ....., many, many others!

— Some filters reduce the dimensionality = less dangerous
Examples: contour, slice, stream tracer

“Save” filters just don’t change the data structure but only add
new data values (attributes)
Examples: calculator, gradient, curvature
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Remote Rendering

Server side rendering and
client side rendering possible:

server side rendering:
images are send to client

N

client side rendering:
graphical primitives are send
to the client

A

Client 2

JURECA
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Remote Rendering (Parallel Rendering)

*  Depth Compositing: All nodes will render their own part of the data
(local data)

* Nodes keep their color in depth buffers and cooperate to decide
what the color of each pixel is based on the depth value

* Implemented with the ICE-T compositing lib
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Remote Rendering

Recommended settings for Remote Rendering:
Edit -> Settings -> Render View:
» Disable use of display lists!

» Remote render threshold: set the data size beyond which to
render the data remotely

» First, try the presets for recommended settings for the
remote render threshold
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Visualization on JURECA

«  With JURECA, JSC offers computer resources of the highest
performance class to its users:

e 1872 compute nodes
« 12 visualization nodes equipped with
* Two NVIDIA K40 GPUs per node
* 10 nodes with 512 GiB memory
» 2 nodes with 1024 GiB memory
« 2 vis-login nodes providing direct user access: JURECAVIS

- See
http://www.fz-

juelich.de/ias/jsc/EN/Expertise/Supercomputers/JURECA/JURECA node.h
tml for more details about JURECA
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Visualization on JURECA (Hardware Components)

User’s Work- Firewall
station Jureca ¢
@ data access ¥
éi image
ssh + generation  [{SiesllTy
user interface tunnel Ut
display images
HM,
Remote Visualization with ParaView: login node
Remote Machine may be T e
* login node
L

=
- compute node or GPFS

e visualization node of JURECA
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Visualization on JURECA

* Various approaches possible!
* Demonstrated in this course:

- ParaView in Client-Server mode with server running on
* Login node (non-parallel)
« Compute node(s)
* Visualization node(s)

* Virtual Network Computing (VNC) in conjunction with
ParaView

March 15, 2018 Folie 92



Remote ParaView in Client-Server mode A JULICH

FORSCHUNGSZENTRUM

Server running on login node/compute node(s)

Users Workstation Remote Machine

ParaView Server
Keyboard Mouse Screen A7 using OSMesa

: Cluster
ParaView I :/ image delivery on many nodes
Viewer \'\ ParaView Server | | ParaView Server
e or In-Situ or In-Situ
using OSMesa using OSMesa

+ using OSMesa -> no GPU or X Server needed on remote machine
+ cluster:
parallel rendering possible, large aggregate resources available (cpu, memory, 1/0)
in-situ visualization possible
- user has to install ParaView locally,
must match the version on remote machine
- software rendering is slow

March 15, 2018 Folie 93



JULICH

FORSCHUNGSZENTRUM

Remote ParaView in Client-Server mode

PVserver on login node: Jureca
User’s Work- data access +3;
station : 'mage B
Firewall generation
@ ssh + tunnel
f § \ (ParaView: port 11111)

Users Workstation
[Kepboara | Wouse | soeen | RemoteAMachme compute node
J/ J/ T 47 > ParaView Server
PaTaView using OSMesa
Viewer w
login node
+ convenient: no batch job needed, :
vis node

no accounting

- load on login node S glitlfs pa—

- only suitable for small data .'
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PVserver on compute node Jureca .
.
User’s Work- . oL
station . IMESE | e e
Firewall generation | [ "
@ ssh + tunnel
\ (ParaView: port 11111)
Users Workstation
[Keyboard ” Mouse ” Screen |
[ 1
ParaView 4*
Viewer

login node

+ ParaView server can be run in parallel
on a really huge number of nodes
+ in situ visualization possible —

vis node

Data

. GPFS’

<«
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Server running on visualization node(s)

Users Workstation

A J0LICH

FORSCHUNGSZENTRUM

Keyboard Mouse Screen
7/}
ParaView mags
Viewer \ deliver
N y
\ Cluster on many nodes
™3| ParaView Server ParaView Server
using libGL using libGL
+ hardware accelerated OpenGL is J v
fast 3D X Server 3D X Server
A A
\ 4 \ 4
GPU GPU
March 15, 2018 Folie 96



JULICH

FORSCHUNGSZENTRUM

Remote ParaView with X/GPU

PVserver on vis node Jureca
User’s Work- data access +3;
station . gl X —
Firewall generation
@ ssh + tunnel
(ParaView: port 11111)
Users Workstation
IKeylj/uard || MD\I,use ” Scr}Fen |
t
ParaView 3 |
Viewer
login node wl==R==
+ rendering on GPU h N
+ ParaView server can be run in parallel vis node

(but number of vis nodes limited)

Data
E GPFS
- batch job needed u
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VNC (Virtual Network Computing)

simplifies the access to remote visualization
provides a complete graphical and remote desktop by

* transmitting the keyboard and mouse events from your computer to the
remote machine

* relaying the graphical screen updates back in the other direction.

platform-independent (VNC viewers are available for almost any operating
system)

multiple clients may connect to a VNC server at the same time sharing the
same session (support, presentation, group discussions)

VNC software used at the JSC:
TurboVNC (optimized for use with VirtualGL)

For best performance do not use any other VNC viewer!
but ... TurboVNC requires VirtualGL in order to run OpenGL applications
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Users Workstation
Keyboard Mouse Screen
N
Remote Machine

. (Turbo) VNC with | .| Vis Appusing

VNC Viewer € VNG protocol > 3D X Server < > OpenGL

(imageJ VirtualGL

delivery $

GPU < > 3D X Server

+ easy to use, user only needs to install VNC viewer (not the vis app itself)
+ very convenient, full desktop access on remote machine

+ image delivery is fast

+ hardware accelerated OpenGL is fast
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Remote Visualization with VNC

PV viewer onvis login node

Jureca
User’s Work- data access +%
station . IMEge : —
Firewall generation
@ ssh + VNC
\ tunnel
(pori@80<d>)
Users Workstation
[Keywosra || wose || soreen | TT———— compute node
G pl | [ M
| GPU |(_,.| 3D X Server ‘
vis login node
+ user does not need to install ParaView ,
i vis node
+ rendering on GPU
+ large memory 3 Data ¢

+ no accounting

- resources shared between users

- tunnel has to be established
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Remote Visualization with VNC

PV viewer on vis login node
PV server on vis node

JULICH
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Jureca

data access +%
image £
generation

User’s Work-
station
Firewall
@ ssh + VNC
\ tunnel
(por. <d>)
Users Workstation
[eoosrs J[_vowse_|[_soreen ]
[

+ user does not need to install ParaView

+ rendering on GPU

+ ParaView server can be run in parallel
(but number of vis nodes limited)

- batch job needed

- tunnel has to be established

March 15, 2018

Vis App using
OpenGL
irtualGL * S
Cluster on many nodes
r | ParaView Server } o | ParoView Server |
weinglibgl || ||  usinglibGL
i ir (o] [
3D X S¢ 3D X S
vis login node P .
[ GPU | [ Py |
vis node

Data
3 . GPFS ’
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PV viewer on vis login node
PV server on compute node Jureca T
User’s Work- data access +{RUHT.
station image el
Firewall generation/ | " i
using OSMesa using OSMesa
@ ssh + VNC
\ tunnel
(por <d>)
Users Workstation
[ Keyboard ][ Mouse || screen ‘
47

+ user does not need to install ParaView

+ ParaView server can be run in parallel on
a really huge number of nodes

+ in situ visualization possible

- batch job needed

- tunnel has to be established

March 15, 2018

vis node

Data :
3 GPFS

S
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ParaView Python Scripting

Why Python Scripting?

» Can be used when GUI is undesired or unavailable (batch
execution)

« Automate repetitive tasks (several similar datasets)

* Leverage ParaView as a scalable parallel post-processing
framework
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ParaView Python Scripting

* Python scripting available via

« ParaView client 0y s
E'-;t,h';::: 2.7.3 :c.le:'auJ..r,_, Se}_: 23 2014, 20:23:11) [MS5C w.l1500 it (AMDE4)] on win32
(Tools -> Python Shell) | s =
¥

Run Script ] [ Clear ] [ Reset

« MPI-enabled batch application (pvbatch)
* Interactive ParaView python client (pvpython)
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Building a Python script in the ParaView GUI

Automated facility for creating Python scripts: Tracing

Tools -> Start Trace to begin trace recording,
Tools -> Stop Tracetoend it

FORSCHUNGSZENTRUM

Produces a python script that reconstructs the actions taken in

the GUI

In the Script Editor the
documented commands
can be saved as a Python
script or as a macro (see
next slide)

The modification of the
Python script can be done
here or by any other editor

March 15, 2018

M untitled.py” - Script Editor

¥ import the simpls module from Ehe
mp 15 pls moduls from the

from paraview.simple import *

parsviav

paraview.simple. DisableFirstRenderCameraReset()

boxl = Boxi)

get active view
renderViewl = GetRctiveViewlrlCreate ('

RenderView')

8 Specllis ViseV S1I5

boxlDisplay = Show(boxl, renderViewl)
trace defasults for the display

boxlDisplay.ColorArraylame = [MHone,

renderViewl ResetCameral()

propertiss.

v

smers placements for =sll sctive vievs
current camers placement for rendsrliswl
renderViewl CameraPosition = [0.0, 0.0, 3.3480852145512318]

renderViewl . CameraParallelScale =

#### uncomment the following to

0.8660254023784438¢

===
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Macros

«  Macro (=automated script)

Macros can be invoked from the Menu Button Macros or
directly inside the toolbar by clicking on it.

* View and customize macros within the Macro Menu:

* edit, delete existing macros,

 add new macros (load python scripts from file system)
* Use Macros for:

« Creating data from scratch

 Applying filters to existing data (to automate the same
visualization on different data)
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pvpython and pvbatch

- Command line programs that execute Python scripts

* Feeding scripts from command line or file to the python
interpreter

* pvpython:
 serial program

* equivalent to the GUI-Client, replacing the GUI with the
python interpreter

* pvbatch:
 parallel application, can be launched with mpirun
* runs without user interaction, saves images to disk
* uses offscreen-rendering
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ParaView Python Scripting - basic bindings

* First thing any ParaView Python script must do is load the
paraview.simple module: from paraview.simple import *

* Automatically invoked in the scripting dialog in ParaView
(Tools->Python Shell)

M Python Shell | % | 22|

Bython 2.7.3 (default, Sep 23 2014, Z0:23:11) [MSC
v.1500 64 bit (2ZMD&4)] on wini3Z

>»» from paraview.simple import *

* Add it yourself when writing | >
script from scratch

- paraview.simple defines a

funCtion for every ’ Run Script ] [ Clear ] [ Reset
 Source o Filter
 Reader * Writer defined in ParaView.
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ParaView Python Scripting - functions

- Have the same name as shown in the GUI menus, but spaces
and special characters removed:

« Sphere = Sources->Sphere
* PlotOverLine = Filters->Data Analysis->Plot Over Line

* Create a pipeline object that shows up in the pipeline browser
(except for writers)

* Return an object that can be used to query and manipulate
properties

 List of functions available in paraview.simple:
« dir(paraview.simple)
* help(paraview.simple) -> verbose listing

* Example: https://trac.version.fz-
juelich.de/vis/wiki/Examples/Brain
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Python Scripting - Simple Example

Creating and showing a source

from paraview.simple import * needs to be invoked at the
beginning of any ParaView Python script

import os generated Output will be
os.chdir(“path_to _directory”) written to the specified path

sphere= Sphere() create a sphere pipeline object
Show () turn on visibility of this object
Render() cause results to be seenin the view

WriteImage("testl.png") create an output
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Python Scripting - Simple Example

Creating and Showing a Filter

Hide () hides the sphere

shrink=Shrink() adds a Shrink Filter to the sphere
Show() and shows that

Render() Shrink Filter makes all the polygons
WriteImage("test2.png") smaller and give the mesh an

exploded type of appearance
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Python Scripting - Simple Example

Changing pipeline object properties

help(sphere)

print sphere.ThetaResolution

sphere.ThetaResolution=16
Render()

WriteImage("test3.png")

print shrink.ShrinkFactor
shrink.ShrinkFactor=0.25
Render()

WriteImage("test4.png")

March 15, 2018

get a full list of properties

print current value of theta resolution
(=8)

set it to a new value
turn on visibility
create an output

print current ShrinkFactor
set it to a smaller value
turns on visibility
create an output
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Python Scripting - Simple Example
Branching Pipelines

wireframe=ExtractEdges(Input=sphere) add a second filter to the

Show() sphere source
Render()
WriteImage("test5.png")

Note: Any action is performed to the active object

- get/set active object via GetActiveSource/SetActiveSource
functions

« Set the Input property upon construction of an object to by-
pass this behavior
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Exercise IX: Create a Python Script and run it
Create a Python script by tracing ParaView:

— Create a Sphere Source with ThetaResolution=20, hit
apply
— Apply the Extract Edges filter to the sphere
— Save a screenshot
» Testthe script as a macro

* Test the script with pvpython
(Note: you have to edit the script and

add the “Connect()” command at the
beginning)
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Loading Data with Programmable Source

Example: load csv data.

Input files: .csv (text) files with naming scheme
TOAR_YYYYMMDD_HHMM.csv

Content: latitude, longitude, value, of an unconnected “point
cloud” e.g.:
8.3082, 54.9250, 46
12.7253, 54.4367, 42

.0939, 50.7547, 29

.5484, 52.0232, 26

.8746, 51.8620, 32

.9769, 51.5260, 28

.4575, 51.5369, 25

~] o o O O
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Loading Data with Programmable Source

Request Information Script:

def setOutputTimesteps (algorithm, timesteps):
"""helper routine to set timestep information"""
executive= algorithm.GetExecutive ()

outInfo = executive.GetOutputInformation (0)

outInfo.Remove (executive.TIME STEPS())

for timestep in timesteps:
outInfo.Append(executive.TIME STEPS (), timestep)

outInfo.Remove (executive.TIME RANGE ())

outInfo.Append (executive.TIME RANGE (), timesteps[0])
outInfo.Append (executive.TIME RANGE (), timesteps[-1])
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Request Information Script (continued)
def getFilelist (fpath, fprefix, fpostfix):
"""get all files"""
import os
files=[]
for i in os.listdir (fprath):
if os.path.isfile(os.path.join (fpath,i)) \
and fprefix in i \
and fpostfix in i:
files.append (i)
files.sort ()

return files

def getTimeTuple (fname, fprefix, fpostfix):

"""get timetuple from file name"™"

import time

import datetime

ftime str = fname[len(fprefix):-len(fpostfix)]
ftimetuple =
time.mktime (datetime.datetime.strptime (ftime str, "$Y%m%d SH%M") .timetuple())

return ftimetuple
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Loading Data with Programmable Source

Request Information Script (continued)
def getTimestepsFromFiles(files, fprefix, fpostfix):

"""generate timestap from filename"""
ref ftime = 0.0
ftime sec = []
for i, fname in enumerate(files):
cur ftime = getTimeTuple (fname, fprefix, fpostfix)
if i ==
ref ftime = cur ftime
ftime sec.append(cur ftime -ref ftime)
ftime h = [ x / 3600 for x in ftime sec ]
ftime h int = [int (i) for 1 in ftime h]

return ftime_h_int
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Loading Data with Programmable Source

Request Information Script (continued)

# get all files

fpath="/data/30-Projekte/2018-03-
12 TagDerWissenschaft/m.schultz/"

fprefix="TOAR "
fpostfix=".csv"

files = getFilelist (fpath, fprefix, fpostfix)
timestamps = getTimestepsFromFiles (files, fprefix, fpostfix)

# get time-steps

setOutputTimesteps (self, timestamps)
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Loading Data with Programmable Source

Main Script

def GetUpdateTimestep (algorithm) :

"""Returns the requested time value, or None 1f not
present."™""

executive = algorithm.GetExecutive ()
outInfo = executive.GetOutputInformation (0)
return outInfo.Get (executive.UPDATE TIME STEP()) \

if outInfo.Has (executive.UPDATE TIME STEP()) else
None

*** getFilelList, getTimeTupe, getTimestepsFromFiles as above
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Loading Data with Programmable Source

Main Script (continued)
def getFileFromTimestep(tstep, fprath, fprefix, fpostfix):

"""generate filename for time-step"""

import time

import datetime

files = getFilelList (fpath, fprefix, fpostfix)
timestamps = getTimestepsFromFiles (files, fprefix, fpostfix)
# get a tstep, which we have data for

ret tstep = min(timestamps, key=lambda x:abs(x-tstep))
# get date-string from tstep

ref ftime = getTimeTuple(files[0], fprefix, fpostfix)
ftimetuple = time.localtime (ref ftime + ret tstep*3600)
tstr = time.strftime ("$YSm%d %HSM", ftimetuple)

# create filename

ret fname = fpath + fprefix + tstr + fpostfix

return ret tstep, ret_fname
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Loading Data with Programmable Source

Main Script (continued)
def readCSVFile (fname, output):

import math

import csv

import vtk

newPts = vtk.vtkPoints ()

valArray = vtk.vtkDoubleArray ()
valArray.SetName ('Ozone')
valArray.SetNumberOfComponents (1)
# fill VTK objects

with open (fname) as csvfile:

csvReader = csv.reader (csvfile, delimiter=',")
numPts = sum(l for row in csvReader)
i =20

csvfile.seek (0)
for row in csvReader:
# read row
# longitude, latitude, (ozone) value [letzterer in nmol mol-
1]
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Loading Data with Programmable Source

Main Script (continued)

sphere

lon = float(row[0])
lat = float(row[1l])
val = float(row[2])

# convert longitude,latitude,altitude to x,vy,zZ

# spherical coordinates to cartesian coordinates on a unit

(radius=1)

radTmp = math.cos(lat);

z = math.sin(lat);

x = math.cos(lon +1.5*math.pi) *radTmp;
y = math.sin(lon +1.5*math.pi) *radTmp;

i = 1i+1
newPts.InsertPoint (i-1, x,vy,z)

valArray.InsertValue (i-1, wval)

output.SetPoints (newPts)
output.GetPointData () .AddArray (valArray)

March 15, 2018

Folie 123



A J0LICH

FORSCHUNGSZENTRUM

Loading Data with Programmable Source

Main Script (continued)

# req time is the requested time-step.

# This may not be exactly equal to the time-step published in
RequestInformation () (the code must handle that)

req time = GetUpdateTimestep (self)

# Use req time to determine which CSV file to read
fpath="/data/30-Projekte/2018-03-12 TagDerWissenschaft/m.schultz/"
fprefix="TOAR "

fpostfix=".csv"

ret time, ret fname = getFileFromTimestep (req time, fpath, fprefix,
fprostfix)

# read CSV file
#fpdo = self.GetPolyDataOutput ()
readCSVFile (ret fname, output)

# Mark the time-step produced
output.GetInformation () .Set (output.DATA TIME STEP(), ret time)
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ParaView Plugins - Introduction

ParaView comes with a large range of readers, filters and
views providing a large range of functionality

ParaView provides an extensive plugin mechanism which
enables the user to

add new readers, writers and filters

add custom GUIl components such as toolbar buttons to
perform common tasks

add new views for displaying data

The following slides cover
how to use existing plugins
how to write new plugins for ParaView.
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Using ParaView Plugins

Plugins are distributed as shared libraries (*.so on Unix, *.dylib on
Mac, *.dll on Windows)

Plugin must be built with the same version of ParaView
ParaView has to be built with shared libs enabled

three ways for loading plugins:
using environment variable PV_PLUGIN_PATH (Auto-loading plugins)
placing the plugins in a recognized location:

- “plugins” subdirectory beneath the directory containing the
paraview client or server executables

- “plugins” subdirectory in the user's home area.

SHOME/ .config/ParaView/ParaView<version>/Plugins on
Unix/Linux/Mac

%APPDATA%\ParaView\ParaView<version>\Plugins on
Windows

using the GUI
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Loading ParaView Plugins Using the GUI

- Plugin manager accessible from Tools | Manage Plugins
menu:

|1

¥ Plugin Manager | ? 2|

Local plugins are automatically searched for in C:\JsersHabbinga\AppDataRoaming/Paraview Faraview Flugins.

Remote Plugins Local Plugins

Name Property MName Property
> NIFTIWriter Mot Loaded
> MIfTIReader Mot Loaded
> AnalyzeWriter Mot Loaded
> AnalyzeReader Mot Loaded
> VisTrailsPlugin Mot Loaded
» H5PartReader Mot Loaded
> VRPMPlugin Mot Loaded
> SurfacelIC Mot Loaded
> StreamingView Mot Loaded
> SLACTools Mot Loaded
> SierraPlotTools Mot Loaded
> pvblot Mot Loaded

7

PointSprite_Plugin Mot Loaded
PrismClientPlugin Mot Loaded
Prism5erverPlugin Mot Loaded
Moments Mot Loaded
EyeDemelightingView Mot Loaded

7

7

7

7

Load Mew ... | |Load Selected Remove Load Selected Remove
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Writing ParaView Plugins -

Server Manager Configuration

ParaView uses the VTK Server Manager for building distributed
client-server applications by means of the Proxy design pattern

Proxies are defined in the Server Manager Configuration XML
Proxies are organized in ProxyGroups
Examples: sources, filters, views, ...

Each Proxy stores a reference to the corresponding VTK object
located on the server

Examples: SourceProxy, ViewProxy, ...

The Proxy contains Properties to describe the part of the interface
which is exposed to the client (function name and arguments)

Examples: IntVectorProperty, StringVectorProperty,
InputProperty, ...
The range of values of a property can be restricted by Domains

Examples: IntRangeDomain, FileListDomain, DataTypeDomain,
ProxyGroupDomain,...
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Enabling existing VTK-Classes as Plugins

- Toenable an existing VTK-class, write a Server Manager
configuration xml-file and load it into the ParaView GUI

- example: enable the VTK-filter vtkCellDerivatives, write
CellDerivatives.xml as follows

<?xml version="1.0"7>
<ServerManagerConfiguration>
<ProxyGroup name=,filters“>
<SourceProxy name=,MyCellDerivatives® class=,vtkCellDerivatives® |label=,My Cell Derivatives“>
<Documentation
long_help=,Create point attribute array by projecting points onto an elevation vector.”
short_help=,Create a point array representing elevation.“>
</Documentation>
<InputProperty
name=,Input”
command=,SetlnputConnection>
<ProxyGroupDomain name=,groups“>
<Group name=,sources‘/>
<Group name= filters"/>
</ProxyGroupDomain>
<DataTypeDomain name=,input_type“>
<DataType value=,vtkDataSet‘/>
</DataTypeDomain>
</InputProperty>
</SourceProxy>
</ProxyGroup>
</ServerManagerConfiguration>
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Writing New ParaView Plugins - Source Code

Compiling plugins requires own build of ParaView since binaries
downloaded from www.paraview.org do not include necessary header
files

Example: simple reader called vtkCSVIimageReader (example taken
from

http:.//www.kitware.com/products/htmI/WritingAParaViewReaderPlug-
in.html)

read a 2D image from a text file with simple delimited format

allow someone to export simple matrices of data from Excel and
visualize them as heat maps or height fields in ParaView

assume the files consist of strictly numeric values separated by
commas or some other delimiter

use a vtkDelimitedTextReader instance which will read delimited
text into a vtkTable

methods to set and get the file name and field delimiter characters,
which are delegated to the vtkDelimitedTextReader instance

variable
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Writing New ParaView Plugins

Writing a new plugin requires generating the following files:
.cxx and .h files (the actual plugin source code)
Server manager configuration (xml-file)
configuration xml for the GUI (optional for filters)

CMakeLists.txt for compiling your source code into a shared
library

Hint: try to find similar plugin in the ParaView sourcecode
(src/Plugins, src\Examples\Plugins)

Use this code as a starting point
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Writing New ParaView Plugins -

Source Code

Step 1: override the following methods of the chosen vtk superclass
to make it operate properly in a standard vtk pipeline:

tell the VTK pipeline information about the data before creating
the output, e.g. extent, spacing and origin in case of
vtklmageData

int vikCSVImageReader::Requestinformation( vtkinformation *request,
vtkinformationVector **inputVector,
vtkinformationVector “outputVector)

read data from the file and store it in the corresponding data
object in the output port

int vikCSVImageReader::RequestData( vtkinformation *request,
vtkinformationVector **inputVector,
vtkinformationVector *outputVector );

Step 2: override other methods, e.g. SetFileName(const char*
fname), SetFieldDelimiterCharacters(const char* delim), ...
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Class vtkCSVimageReader

class vtkCSVImageReader : public vtklmageAlgorithm

{

public:
static vtkCSVImageReader* New();
vtkTypeRevisionMacro(vtkCSVIimageReader,vtkimageAlgorithm);
void PrintSelf(ostream& os, vtkindent indent);
virtual void SetFileName(const char* fname);
virtual const char* GetFileName();
virtual void SetFieldDelimiterCharacters(const char* delim);
virtual const char* GetFieldDelimiterCharacters();

protected:
vtkCSVImageReader();
~vtkCSVImageReader();

int Requestinformation(vtkinformation*, vtkinformationVector**,
vtkInformationVector*);

int RequestData(vtkinformation*, vtkinformationVector**, vtkInformationVector*);

vtkDelimited TextReader* Reader;

private:
vtkCSVImageReader(const vtkCSVImageReader&);
void operator=(const vtkCSVImageReader&); };
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Requestinformation(...) < JULICH

int vtkCSVImageReader::Requestinformation (vtkinformation*, vtkinformationVector**,
vtkinformationVector* outputVector)
{
vtkinformation* outinfo =outputVector->GetInformationObject(0);
this->Reader->Update();
vtkTable* output = this->Reader->GetOutput();
vtkldType rows = output->GetNumberOfRows();
vtkldType columns = output->GetNumberOfColumns();

int ext[6] = {0, rows, 0, columns, 0, 0};
double spacing[3] =11, 1, 1};
double origin[3] = {0, 0, 0};

outInfo->Set(vtkStreamingDemandDrivenPipeline::WHOLE _EXTENT(), ext, 6);
outInfo->Set(vtkDataObject::SPACING(), spacing, 3);
outInfo->Set(vtkDataObject::ORIGIN(), origin, 3);
vtkDataObject::SetPointDataActiveScalarinfo(outinfo, VTK_FLOAT, 1);
return1;
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int vtkCSVImageReader::RequestData(vtkinformation*, vtkinformationVector**,
vtkinformationVector* outputVector)
{
vtkimageData* image = vtkimageData::GetData(outputVector);
vtkTable* output = this->Reader->GetOutput();
vtkldType rows = output->GetNumberOfRows();
vtkldType columns = output->GetNumberOfColumns();
image->SetDimensions(rows, columns, 1);
image->AllocateScalars();
vtkDataArray* scalars = image->GetPointData()->GetScalars();
scalars->SetName(“Data”);
for (vtkldType r = 0; r < rows; ++r)
{
for (vtkldType ¢ = 0; ¢ < columns; ++c)
{
vtkVariant val = output->GetValue(r, c);
float f = val.ToFloat(;
scalars->SetTuplel(c*rows +r, f);
}
}

return1;

}

March 15, 2018 Folie 135



A J0LICH

FORSCHUNGSZENTRUM

Writing New ParaView Plugins -

Server Manager Configuration
- Server Manager Configuration for the example CSVImageReader:

<?xml version="1.0"7?>
<ServerManagerConfiguration>
<!— Begin CSVImageReader -->
<ProxyGroup name=,sources">
<SourceProxy name=,CSVImageReader*
class=,vtkCSVImageReader >
<StringVectorProperty name=,FileName*
number_of elements=,1°
command=,SetFileName">
<FileListDomain name=,files/>
</StringVectorProperty>
<StringVectorProperty
name="FieldDelimiterCharacters”
command="SetFieldDelimiterCharacters”
number_of elements="1"
default_values=","/>
</SourceProxy>
</ProxyGroup>
<!— End CSVImageReader -->
</ServerManagerConfiguration>
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Writing New ParaView Plugins - Configuration XML
for the GUI

Provides the higher-level information about where new elements
will be placed in the user interface.

Example: CSVImageReaderGUIl.xml

<?xml version="1.0"?>
<ParaViewReaders>
<Reader
name=,CSVImageReader"
extensions=,csvimg"

file_description=,csv Image data“>
</Reader>
</ParaViewReaders>

tells ParaView to create GUI elements for “CSVImageReader”

creates a new entry in the File Open dialog for CSV image data
files

associates files ending in “.csvimg” with the new reader
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Writing ParaView plugins - CMakeLists.txt

Use cmake to build the ParaView plugin
CMakeLists.txt file ties sources and xml files together

March 15, 2018

CMAKE_MINIMUM_REQUIRED(VERSION 2.6)
PROJECT(CSVImageReader)

FIND_PACKAGE (ParaView REQUIRED)
INCLUDE(${PARAVIEW_USE_FILE})

ADD_PARAVIEW_PLUGIN(CSVImageReader "1.0"
SERVER_MANAGER_XML CSVImageReader.xml

SERVER_MANAGER_SOURCES vtkCSVImageReader.cxx
GUI_RESOURCE_FILES CSVImageReaderGUI.xml)

locate ParaView with FIND_PACKAGE

import the CMake configuration parameters from ParaView by
including PARAVIEW _USE _FILE.

ADD_PARAVIEW_PLUGIN specify all the information needed to
build the plugin.
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Documentation

The Paraview User’s Guide
The Visualization Toolkit
The VTK Guide
Mastering Cmake

All are published by Kitware, Inc.

i Paranm Guide N

A Parallel Visualization Application

Iﬂ]astennq CMake NN

Ai{-‘mssﬂarhnnBNd Syslam

M

JS0ALzsnon T

Ll Sehroeder
Hen Martin
Bil Lorensen

" rsh Ayachit n
k Kitware et Aered and Poblshet oy

Felawe, e

Spects Comssoes:
L3 S A, Fick R, C. Chates Lo

ParaView Guide (Community Edition), Getting Started and Tutorial (pdf) are
included in ParaView download
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ParaView Links

ParaView Homepage: http://www.paraview.org
ParaView Wiki: http://www.paraview.org/Wiki/ParaView

* Importing Data

* Extending Paraview

* ParaView Server Setup
* Tutorials

Mailing List: https://www.paraview.org/mailing-lists/
Searching the ParaView Mailing List: https://paraview.markmail.org/
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