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Part I: overview (M. Rampp)
* introduction
« data handling strategies
« Basics ontools: VisIT (main focus) and Paraview (basics)
 HPC Visualization infrastructure & workflows
« example projects:
— practical hints (general)

— impression on VisIT's and Paraview's capabilities from practical experience

ISSS-12, Prague, Jul 6, 2015 M. Rampp, MPCDF
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Background: scientific visualization at the MPCDF

a central visualization infrastructure and project support for the Max-Planck Society (since 2008)

main targets: interactive, remote data exploration & analysis, presentation, publishing

support for adaptation and instrumentation of simulation codes
guidance for selection, adoption and usage of analysis & visualization software

dedicated support for individual (particularly demanding) visualization projects

challenges:

broad range of disciplines: plasmaphysics, astrophysics, . . ., comp. Biology

variety of simulation codes: "nome-grown”, commercial, open-source, third-party, . . .
non-standardized, heterogeneous data structures and formats
"legacy” analysis pipelines, . ..

massive datasets from HPC simulations:

* massive: amount of raw data, memory requirements, complexity

* multidimensional (3D + time), multi-variate data

* "unusual” grids: mesh-free data, special curvilinear coordinates, . . .

ISSS-12, Prague, Jul 6, 2015 M. Rampp, MPCDF



Data handling Erzg

Starting point (code developer's point of view)

code developer's point of view:
1) select data format and /O library: POSIX, MPI-I/O, HDF5, NETCDF, ...
2) instrument code (or implement for data-conversion: glue code, post processing, plugin)
3) select visualization tools and workflows —

>
4) ... go back to 1) >

... you start at 3) if you are a
user of an HPC code (not a
developer)

Observation
largest barrier-to-entry into interactive data analysis & visualization is data formats/conversion:
« steps 1) and 2) are boring, tedious and time-consuming

« step 3) can be fun but is time-consuming

» step 4) can be extremely frustrating —
>

>

... let's try to avoid trial and
error by learning from practical
experience

ISSS-12, Prague, Jul 6, 2015 M. Rampp, MPCDF



Data handling Erzg

Main selection criteria for data format (resp. I/O library)
portability
» platforms: different HPC machines, hardware generations, software stacks
» runs: distribution of data to parallel processors
» software support: available tools, libraries, community experience, ...
performance
» parallel I/0O (parallel file systems: LUSTRE, GPFS, BeeGFsS, ...
» data volumes (compression, archiving, ...)

usability/human efforts =

... avoid sacrificing portability
and usability for performance

» data “handling”: copying, bundling, archiving, debugging, .

Challenges
» typically there is an I/O bottleneck in HPC - performance can be a real showstopper

« balance/good compromise?

ISSS-12, Prague, Jul 6, 2015 M. Rampp, MPCDF



Data handling Erzg

General recommendations
« design and implement a clear hierarchy for output data (dimensionality, frequency of dumps)

» control variables (scalars, 1D vectors) — usability, negligible I/O (stdout or alike)

* datato be routinely analyzed/visualized (2D, 3D, 4D, ...) — optimize for usability keep an eye on
performance

* checkpoint/restart: full precision, usually never analyzed — optimize for performance
* in-situ visualization (?): full precision, full time resolution

« if usability vs. performance does not work out — think of a post-processing pipeline

caveat: memory requirements —» an HPC job in its own right => gains?

Software solutions for HPC
« MPI-1O (low-level), HDF5 (ecosystem of specifications, APIs, tools), NETCDF, ADIOS, ...

e popular strategy: HDF5 for data to be visualized, raw MPI-10 or HDF5 for checkpoints

 HDF5: open source, widespread use (blame your local computing center!), integrates with parallel
applications and file systems, high-performance I/O (implemented on top of MPI-10), many utilities and

tools, ...
« supported by many visualization tools (Vislt, Paraview ,...) l-TThe HDF Group

ISSS-12, Prague, Jul 6, 2015 M. Rampp, MPCDF



HDF5 in a nutshell

* Hierarchical Data Format
* documentation www.hdfgroup.org
* known issues and pitfalls:

- performance (tiny block sizes)

- 2GB limit per MPI task (will be fixed)

hierarchical data format
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Data handling: workflows Erzg

Explicit data conversion
@ allows some basic post-processing and/or data reduction of simulation output
@ quick (& dirty) programming: copy/paste from I/O statements in simulation code
@ duplication of data
- which format? Silo (Vislt's "proprietary" data format), HDF5, VTK, ...
Development of a plugin (VisIT, Paraview)
@ no data duplication, no additional pre-processing step
@ plugin is dynamically loaded (code can reside under $HOME)
@ development requires C programming and compilation against a Vislt installation
@ not portable to other tools
Adaptation of I/O in simulation code
@ no data duplication, no additional preprocessing step
@ can promote interoperability with other tools (depending on chosen format, e.g. HDFVIEW)
@ implications for software management (code policies, access to source code, ...)

- which format? HDF5 (requires XDMF or alike for metadata), VTK, ...

ISSS-12, Prague, Jul 6, 2015 M. Rampp, MPCDF



Basic visualization methods

9

“Visualization” vs. “Rendering”:

« visualization: visual representation of (simulation) data

e.g. chemical structures: create a “balls and sticks” model from molecules'’
positions and render an image

* rendering: generation of an image from shapes
e.g. 3D photo-realistic rendering of a “balls and sticks” model

(- “information visualization”: creating a model for high-dimensional,
unstructured data is highly nontrivial!)

Popular techniques for scalar fields
* volume rendering: ray-casting, splatting

» transfer function(1D, 2D) + colourtable maps from dataspace (pseudo-
realistic: resembles opacity and emissivity of a gas)

« qualitative (bulk structure and dynamics) + quantitative volume rendering of 3D

data (source: MPG)
» Pseudocolor plots (2D, 3D)

» colour table provides mapping from dataspace
«  2D: straightforward, 3D: requires “clipping”

*  most quantitative

pseudocolor image of 3

ISSS-12, Prague, Jul 6, 2015 data with clipping (source:

M. Rampp, MPCDF
MPG) PP



Basic visualization methods 9

Popular techniques for vector fields
 arrow plots
« streamlines, streaklines, ...

 “contraction” to scalar field:

« absolute magnitude

3D vector field

*  projected vorticity e
(source: visitusers.org)

streamlines of 3D data
(source: visitusers.org)

streamwise vorticity
(source: MPG)

~—r

velocity magnitude by courtesy of V. Avsarkisov (TU Darmstadt)

(source: MPG)

ISSS-12, Prague, Jul 6, 2015 M. Rampp, MPCDF



Visualization tools
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Overview of software tools

« IDL, Matlab, octave, python/matplotlib, ... for 1D and 2D plots (+time)

- automated, quantitative analysis with lots of data processing (powerful languages)

* VisIT, Paraview for >2D data (+time)

VisIT, Paraview provide
complementary functionality, not
a replacement for IDL, Matlab,
python/matplotlib, ...

- interactive exploration

— quantitative analysis

— publication-quality plots, movies
* VisIT or Paraview ?

» primarily a matter of taste: very similar functionality, free software, well supported, ...
« Paraview may look and feel more “natural” (coming from the world of AVIZO/AMIRA)
* VisIT has its roots in astrophysics (and some built-in strengths in this area)

- - VisIT used as an example here (personal bias, this audience, ...)

- - astrophysicists do use Paraview!
 Others?

* VAPOR, VOREEN (optimized for special purposes), ..., +tcommercial tools (AVIZO)

ISSS-12, Prague, Jul 6, 2015 M. Rampp, MPCDF



Visualization tools

Overview of software tools

ensight fluent

grace ]dl njathematica
matlab NC ncl

ncview

Surveyed sites:

non-authoritative survey by P. Messmer (Nvidia)
ISSS-12, Prague, Jul 6, 2015 M. Rampp, MPCDF



Visualization tools
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VisIT and Paraview (according to our own experience in the MPG) are:

comprehensive visualization tools
well documented: web pages, manuals, WiKi

well supported: responsive mailing lists, feedback from developers, user community: www.visitusers.org,
www.paraview.org

extensible: e.g. data-reader plugins

widely used in the scientific community, installed at many computing centres

easy to install (executables for Linux x86_32/x86 64, Windows XP/Vista/7, Mac OS X)
mature but also still under active development:

e Vislt 2.9.1 (May 2015) ... Vislt 2.5 (May, 2012) ...Vislt 2.0 (May, 2010) ... Vislt 1.10 (Aug, 2008) ...
* Paraview 4.3 (Jan 2015) ... Paraview 4.1 (Jan 2014) ... Paraview 3.2 (Nov 2007) ... Paraview 0.6 (Oct 2002)

VisIT or Paraview is not ...

necessary (sufficient?) for analyzing low-dimensional data (< 3D) — python, idl, matlab, . . .
a complete replacement for comprehensive quantitative analysis — python, idl, matlab, ...

a world-wide community effort for developing comprehensive repositories — python, GNU-R, ...

ISSS-12, Prague, Jul 6, 2015 M. Rampp, MPCDF
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HPC Visualization infrastructure

Remote visualization

why centralizing visualization ?

huge amounts of output data produced by HPC simulations
transfer of raw data for local analysis & visualisation no more possible
even dumping the RAM is becoming prohibitive due to I/O constraints

- in-situ visualisation (not covered here)

visualisation requires HPC-like resources (specialized hardware, housing, . . .

requires substantial expertise on methods, software, . .. sustainability

— a necessity for a HPC centre rather than an optional service

enabling technology

“server-side” rendering < naive approach (“ssh+X”) does not work!

g4
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efficient and transparent remote rendering solution via WAN: VirtualGL/TurboVNC

Issues: trans-continental latency

ISSS-12, Prague, Jul 6, 2015

M. Rampp, MPCDF



Visualization infrastructure
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Viz Cluster Desktop PC
Traditional (“X forwarding over ssh”)

3D geometry is transferred over network
fails to deliver interactive frame rates

uses X-server/graphics card of the client AESERVER
not suited for 3D applications
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« only (compressed) images are transferred
* interactive frame rates with moderate WAN
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» user's experience (example MPCDF viz service, linux desktop): remote desktop with optimization
options: network bandwidth, latency, quality of rendering

 transparent use of visualization resources and applications (look-and-feel like local desktop):
~>vglrun <executable>

ISSS-12, Prague, Jul 6, 2015 M. Rampp, MPCDF



Example projects @rzg

Example projects

» scientific domains:
* plasmaphysics, astrophysics, CFD, molecular dynamics, ...
» data structures/grids:
* regular: cartesian, polar (2D, 3D), block-structured ("Yin-Yan”)
* irregular: (mapped) point clouds
» data sizes, dimensions:
s Uup to 20482 (cartesian), 1000 x 180 x 360 (polar), 2048 x 769 x 1153 (cylindrical)
e upto 106 particles in 3D, 107 nodes in 3D unstructured mesh
» all: multi-variable (scalar, vector), time-dependent
* see also: http:/www.rzg.mpg.de/services/visualisation/scientificdata/projects
* tools: parallel HDF5 (+XDMF), VisIT, Paraview
Aims:
» sketch results & experiences from real-world visualisation projects. (visualisation team's & scientific user's perspective)
* what can be done ? are the tools worth considering at all for my research ?
» thisis not:

* about advertising or selling Vislt or Paraview (MPCDF has no interests or stocks in the business)

* about advertising our visualization expertise (MPCDF does not provide public services)

ISSS-12, Prague, Jul 6, 2015 M. Rampp, MPCDF
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Core-collapse supernova @rzg

Simulations by N. Hammer, Th. Janka & E. Mller (MPA)
« supernova explosion of 15 My, star
« first 3D simulations of long-term evolution (ammer etal., Aps 714, 1371, 2010)
* instabilities & mixing of heavy elements

« simulation code: PROMETHEUS/HOTB (3D hydrodynamics,
finite-volume, PPM)

Visualisation approach (M. Rampp)
e data: (1000x180%x360) zones on non-uniform, polar grid
=700 output files (time steps)
» proprietary output format: converted to silo format (simple FORTRAN code)
* "multi-channel” volume-rendering: non-standard use-case for Vislit
* elements Ni%6 , O16 | C12 "shine” in blue, green, red — composite RGB image of individual volume renderings
* heavy use of Vislt's Python scripting interface

* (+some nice results with stereo rendering)

ISSS-12, Prague, Jul 6, 2015 M. Rampp, MPCDF
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Core-collapse supernova

Visualization techniques (VisIT)

3D Volume rendering

* operators: box, transform ("spherical to cartesian”)
* plots: splatting (cheap, for quick exploration), "compositing” (HQ ray casting)
* individual image (file) for each of the 3 scalar variables

» RGB image composition (external: ImageMagick)

Quantitative analysis

* plots: pseudocolor

* operators: box, transform ("spherical to cartesian”), isosurface, slice (2D projection)

ISSS-12, Prague, Jul 6, 2015 M. Rampp, MPCDF



Core-collapse supernova @rzg

Quantitative analysis

* plots taken directly from Hammer et al., ApJ 714, 1371, 2010

IO, k]
-0.4 -0.2 0.0 0.
(x10712 cm)

(x10712 em)

il ‘ 8 - multiple isosurfaces (morphology)
* select slice planes

* analyze different scalar fields in
selected slice planes (chem.
composition mapped to RGB)

e stretches Vislt to its limits

ISSS-12, Prague, Jul 6, 2015 M. Rampp, MPCDF



Simulations by Th. Janka et al. (MPA)

Visualisation approach (E. Erastova, M. Rampp)

ISSS-12, Prague, Jul 6, 2015 (Melson et al. arXiv:1504.07631)

9

Core-collapse supernova

neutrino-driven explosions of massive stars from first principles

simulation code: VERTEX (3D, time-dependent radiation
hydrodynamics with detailed microphysics)-first 3D simulations
of long-term evolution

code writes HDF5 and XDMF
spiral mode discovered

with the help of 3D visualization

data: (1000x180%x360) zones on non-uniform, polar grid osToce

Entropy/Nucleon
. . Colors:
= 1000 output files (time steps) Radial Velocity
le? cm/s

pseudo-color plots for data exploration and quantitative y * - 20
analysis

combined volume renderings for HQ movies

alternative technique: multiple, semi-transparent iso-surfaces




Interactive graphics @rzg

Interactive graphics with X3DOM

* supplements publishing of simulation results, e.g., by APJ
(http://iopscience.iop.org/0004-637X/793/2/127/media)

« 3D data format and object model (http://www.x3dom.org/)
« X3D(OM) file export supported by Paraview, VisIT (2.10)

e controls: mouse, zoom, +custom interactio

« HTML5, no browser plugin required x3d file export
File Edit View Hel by E. Erastova (MPCDF)
Simulations by H.-Th. Janka et al. (MPA)
<html=
<head=
<title=450 ms</title=
=<script type='text/javascript' sre="http://www x3dom.orq/download/x3ddm.js'> </script=
<link rel='stylesheet' type='text/css' href="hitp://www.x3dom.org/down\oad/x3dom.css' »=/Tink=>
=/head=
<body>
‘:I]:":ISEI mns <?xml version="1.0" encoding ="UTF-8"?>
<br/> D profilesTmersive’ ve
Powered by <a href="http://www.x3dom.org"=X30D0M=/a> c etz B e ter 0.5.10
<br/=
=/p=

‘H:” 1.88614e+08 2.40873e+08 -5,17449e+07" description="Default View" orientation="-0,502423 0.577924 0.643098 -3 20849"

<x3d width="600px' height="400

speed=t4” headlight=" true" />
1nt nsity="0" col 1"/=

.X3d file reference

=sCene>
< i =" -1, "% < ine:> 11619 Zo. 766044 -0. sjjazz ‘1 097232 0,90222" intensity=" e />
inline url="450-1.x3d /inline e L 0449435 ©.965926 "0.90824 0.93314 1" intensity="0.25 >
f.fS(el‘le‘;v <Dire ight direc 0.939693 0 0.34202 0998 0.9998" intensity="0.214286"
E 1L 38693 0 0. 34202 9995 09998 0.5998" intensity="0.21425

o>
Tty g

</html=>

entIntensity="0" emissiveColor="0 0 0" diffuseColor="1 1 1" specularColor="0 0 0" shininess="0,78125" transparency="0"/>

colorPerVertex="true" normalPerVertex="true" coordIndex="

17 14 19 20 -
21 22 23 24 -
2221 25 26 -
27 2825 21 -
21 24 29 27 -
30 28 24 31 -

1
-1
1
1
1
1
1
1

ISSS-12, Prague, Jul 6, 2015 M. Rampp, MPCDF



DNS of turbulence 9

Simulations by L. Shi, M. Avila, B. Hof (MPI f. Dynamics
and Self Organization, FAU Erlangen, IST Austria)

* DNS of fluids (pipe flows, Taylor-Couette flows)

« code NSCOUETTE: incompressible Navier Stokes equations,
pseudospectral method (Shi, Rampp, Hof, Avila, Computers and Fluids, 2015)

* Dbasic research in turbulence: lab experiments, numerical

simulations, astrophysis: accretion in cold disSCS (e.g. Hofetal.,
Science, 2010, Avila et al., Science, 2011)

« PRACE/DECI project HYDRAD

Visualisation approach (M. Rampp, L. Shi)

e data: (2048x769%1153) zones on non-uniform, cylindrical grid (streamwise vorticity: du,/0z — du,/0r)

* =1000 output files (time steps)

* developed an I/0O and visualisation strategy "from scratch”:

how to do this
(straightforwardly)
with ParaView?

- programmable
filter

e simulation code NSCOUETTE:

- parallel HDF5 output of physical variables, p(6,z,r), (ug,u,,u,)

- generation of XDMF metadata and output in separate XML files
« visualisation with Vislt:

- "swap coordinates” operator for transposition of coordinates: (6,z,r)
ISSS-12, Prague, Jul 6, 2015 M. Rampp, MPCDF



DNS of turbulence

Visualization techniques applied (VisIT)

e expressions: vorticity(u,ug,uz)= 0u,/0z — du,/or

» operator "swap coordinates”: (6,z,r) - (r,6,2)

« operator "transform coordinates”: (r,6,2) - (x,y,2)

« plots: pseudocolor, volume, (+vector, ...)

*  Python scripting

ISSS-12, Prague, Jul 6, 2015

OpenDatabase("localhost:/ptmp/mjr/nsCouette/fields_x*.xmf database")
SetPipelineCachinglMode (0)

AddPlot ("Pseudocolor", "pressure", 1, 1)
AddOperator ("CoordSwap", 1)

AddOperator ("Transform", 1)
SetActivePlots (0)

CoordSwapAtts = CoordSwapAttributes ()
CoordSwapAtts.newCoordl = CoordSwapAtts.Coord3
CoordSwapAtts.newCoord2 = CoordSwapAtts.Coordl
CoordSwapAtts.newCoord3 = CoordSwapAtts.Coord2
SetOperatorOptions (CoordSwapAtts, 1)

TransformAtts = TransformAttributes ()
TransformAtts.transformType = TransformAtts.Coordinate
TransformAtts.inputCoordSys = TransformAtts.Cylindrical
TransformAtts.outputCoordSys = TransformAtts.Cartesian
TransformAtts.vectorTransformMethod = TransformAtts.AsDirection
TransformAtts.transformVectors = 1

SetOperatorOptions (TransformAtts, 1)

DrawPlots ()
for n in range(0,GetDatabaseNStates()-1):
SetTimeSliderState(n)
s = SaveWindowAttributes ()
.format = s.JPEG
.width = 800
.height = 800
s.fileName = "movie_%04d" % n
SetSaveWindowAttributes (s)
SaveWindow ()

w wm nm

-—
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M. Rampp, MPCDF



SPH visualization @arzg

Simulations by S. Kochfahr et al. (MPE)

 SPH simulations produce point clouds with — strongly
— varying particle density (SPH's “adaptive resolution”)

* background: SPH "particles" sample scalar fields,
particles carry size information (smoothing kernel)

« very limited support by standard software, special-
purpose software (Splotch, Splash) does not cover full
spectrum of features: interactivity, slicing, ...

visualization as
discrete particles
(Paraview)

visualization as a
smooth density field
(Paraview)

ISSS-12, Prague, Jul 6, 2015 M. Rampp, MPCDF



SPH visualization 9

Visualisation approach (C. Simion, MPE & K. Reuter, MPCDF)
* mapping to unstructured(!) grids which can be handled by Vislt, Paraview

« approach: Delaunay triangulation DB: SPH07000000.viu
Cycle: 7000000

Volume
Var Te n;{perorure

e preserves resolution, avoids interpolation [ s
to regular grid -

*  but: inefficient VTK library implementation
(employed by Vislit 2.0.0)

- CPU time scales as N2
- huge memory requirements

e custom implementation with Qhull

user: khr
Tue Apr 13092835 2010

visualization as a
smooth density field

(VisIT)
ISSS-12, Prague, Jul 6, 2015 M. Rampp, MPCDF




Geospatial data & bird migration @rzg

Data by M. Wikelski (MPI f. Ornithology) 2009.00.10 135

observational data

a bird’s (gull) track correlated with wind data

+ topography, earth's magnetic field,

time-dependent data

movie presented by M. Wikelski at general assembly of the MPG, 2012

Visualisation approach (K. Reuter, MPCDF & K. Safi, MPI-Orn.)
* visualization with ParaView (support for importing geo data)

* tedious generation and adaptation of camera movement (- Blender ?)

adapted for wall-projection in the “hennhouse” (visitors and media center
in Radolfzell at lake Bodensee)

M. Rampp, MPCDF



In-situ visualization

» supported by Paraview (Catalyst), Vislt (libsim)
 basic technique:

implement library calls in simulation code (C, Fortran API)

mediates callbacks to visualization tool

Script Export

ISSS-12, Prague, Jul 6, 2015

/; //

Statistics

Series Data

a big buzz or
something
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interesting to

script into
. input deck.
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M. Rampp, MPCDF



In-situ visualization

Motivation
« GPUs of a supercomputer can do graphics (sic!)
« watch the simulation running, reduce latency to first results ? ... Hmmm, well, ...

« enable real-time/interactive simulations (exploration)?

« avoid large-scale postprocessing runs

* reduce I/O traffic and volume

» write “data products” (e.g. iso-surfaces in vtk format) on the fly rather than full scale dumps
— for later postprocessing

» flexible “instrumentation” of the code:

Catalyst: python script decides at runtime about the data to be dumped

:'e“’v,-
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(vs. implementation of data-reduction in the I/O section of the code - x-plane, y-plane, or z-plane, ... ?)

— for later postprocessing

ISSS-12, Prague, Jul 6, 2015

M. Rampp, MPCDF
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Part Il: hands-on (M. Rampp & J. Skala)
e some hints on HDFS5 tools
« practical introduction to Vislt (and some Paraview basics)
« VisIT (and optionally Paraview) in action
—aims: get familiar with look and feel, basic commands
- limitations: workstation hardware may limit interactive experience

ISSS-12, Prague, Jul 6, 2015 M. Rampp, MPCDF



Hands-on: Schedule and Tasks

Exercises (rough schedule)
1) practical introduction to HDF5 and basic Vislt usage (20 min)

2)

3)

ISSS-12, Prague, Jul 6, 2015 M. Rampp, MPCDF



Hands-on: Schedule and Tasks @rzg

« material (*.h5, *.xmf):
~/1SSS12/Rampp_Skala/HDF5/
~/I1SSS12/Rampp_Skala/Vviz/

« expected insights and results:

* |earn how to use basic hdf5 command line tools
« explore data structure of a “real-world” hdf5 file

« explore xdmf format and contents, relate to hdf5 data layout
« learn basic usage of the VisIT GUI

— follow demo

— optional: give it a first, quick try using data from ~/1SSS12/Rampp_Skala/VIz/

ISSS-12, Prague, Jul 6, 2015 M. Rampp, MPCDF



~>h5dump --contents timestep_0010.h5

HDF5 "timestep_0010.h5" {

HDF5 tools

RECHENZENTRUM GARCHING

FILE CONTENTS { Recent Files |fufmjr/nsCouette/fields 001015 v | clear Text
(5] fields_0010.h5 B Tableview - pressure - ffieldsf - JuimijrfnsCouette/fields_0010.hS o B
group / o @l fields Table Keldele | 1152 |6
[ pressure 00 |—_1039 T
. & @ volacity
group /fields Bur 0 1 2 3 4 5 5 7 3 9 10
& " 0 S1035.76...|-1039.76...|-1039.77...|-1039.784 |-1029 75..|-1039.61._-1039.84.. |-1039.87.. |-1039.90...|-1039.54...|-1039.98...
. ut 1 —1020.91...|-1020.915 |-1030.92...|-1020.93...|-1020.952 |-1030.97... -1030.99...|- 103 1.02...|- 103 L.05... =103 1.09... -103 L. 13...
dataset /fields/pressure B 2 ~1005.00...|-1005.00___|-1005.01...|-1005.02... |-1005 03...|-1005.05.. - 1005.08...|-1005.10... |- 1005. 14...|-1005. 18... |- 1005.22
- 3 CaR7 R47A |-9R1 R4S |-0R3 A5 16 |-963 ARDT |-063 ATA? 963 AAA1 -963% 9774 |-963 9517 |-9R3 9R4% |-0R4 071 |-964 O63A
. . o @ orid 4 910,298 |-910.2002 [-910.3069 [-910.217...|-510.3325 -910.353..,-910.277...-910.4067 [-910.4299 [-810.477...|-910.5196
group /f1e1ds/ve1001ty . 5 547 999 |-84B.001 |-B48 008 |-B48 019_|-B48 0353 |-A48.0553 -B48.0798 |-548 1067 |-848 1421 | -G48 1799 |-848.222 1
z 7810318 |-751.054...|-751.0408 |-781.051...|78L.0676 |-7E1.087. -76L 112+ |-781 1L |-781.175...|-761.2151 |-781.255...
B 7 ~713.572 |-712.5743 |-713.58L...|-713.592...|-713.608... -713.6285 -713.653...-713.682...|-712.7164 |-713.7547 |-713.7975
: : 8 649 533 |-649.5354 [-649.542.. |-649.553.|-549.569...-649.590. | -649.6152 |-649.644.. |-649 678 |-649.717._|-649.760
dataset /fields/velocity/u_r B 5 .[552.2396 |-502.2466 | 592.2581 |-582.2743 |-592.295.. |-502.320...|-582.3504 |-552,385 |-502.424..|-502.4579
24 setup 10 .|-544.150...[-544.157...|-544.169...|-544. 1856 |-544.205.. |-544.2324 |-544.2629 |-544,2979 |-544.237...|-544.2821
. . 11 |-506.679..|-506.682 . |-506.689.. |-506.701,.|-506.7178 |-506.738,,.|-506.765...|-506.796.._|-506.8319 |-506.872...|-506,9174
dataset /fleldS/Vel‘)Clty/U_th 12 |-4B0 108, [-480.1203 |-480.127..|-480.1585.. -480.185...|-480.216.. |-480.2532 |-480.294 .. |-480.2401
12 . |-463.535...|-463.547.. |-463.564... |-463.5869 -463.613... -463.6458 |-463.682...|-463.7242 |-463.770...
. . 11 455.042...| 455.014...| 155.052...| A55.06...| A55.0815 | 455.104% | 455.131..| 455.164. | 455.201...| 155.2436 | 155.2608
dataset /flelds/veloclty/u_z 15 |-451.892..|-451.895..|-451.903 |-4519156 |-451.932.. -451.955.. |-451.982...|-452.016...|-452.054 |-452.096,..|-452.144...
16 |-450.7712 |-450.773...|-450.781...[-450.794... |-450.811... ~450.8347 -450.5626 |-450.8956 |-450,933...|-450,9767 [-451.024...
L/ |-4AH 158, |44, 1613 |~44%, 166... |-440. 1H1... |-445. 1996 440,222, |- 440 2506 |-44u 204, |-445. 222, |-444. 165 |-240. 412
group /grid 18 |-440.688...-440.691 . |-440.6987 [-440.711...[-440.728... -440.752... 440, 780...|-440.8138 |-440,852...|-440.8356 [-440.944...
16 |-425 4937 425496 |-425.503. |-425.516. |-425.534.|-425.5577 -425.585 _|-425 6191 |-425 657.. |-425.7009 |-425.748
20 |-400.510...|-400.5122 |-400.520...|-400.533...|-400.551...-400.574.. -400.602...|-400.635...|-400.674...|-400.717...|-400.766...
. 21 |-264.705...|-364.708..|-264.7161 |-264.728...-364.7467 -264.769.. |-264.797.. |-364.8308 . |-264.9123 |-264.950
dataset /grld/r 22 218207, |-218.210_ |-218.21&. |-218.2200 |-218.248...|-218.2716 |-315.260. |-218 2326 ..|-218.4129 [-218.462
23 |-262.3311 |-262.323 .. |-262.353..|-262.371...-262.294.. |-262.4225 |-262.455... . |-262.536...|262.584...
. 24 |-199.486...|-199.489... ~199.509...[-199.5274 |-199.550... ~199.578...|-199.611... - |-199.692...|-199.7402
dataset /grid/th 25 |-132.990.|-132.995..|-155.000...|-155.0154 |-155.031..-155.055.. |-135.08L. |-155.114...|-155.152...|-133.195 . |-153.2438
26 |-66.77833 |-66.78085 |-66.7884...|66.80117 |66 81893 -66.84176 |-66.86966 |-66.90261 |-66,94063 |-66.98360 | 67.02170
27 |-5.06105...|-5.06359...|-5.07121...|-5.08391...|-5.10169.., -5.12455.. |-5.152481 |-5.185475 |-5.2235%...|-5.26663...|-5.314797
dataset /grid/z 28 |4B.048626 |45.04608 |45.038452 [45.02573 |48.007927 47.985043 [47.05708 |47.02404 |47.68594 |47.642772 |47.794556
29 |58.00131 |85.895766 [B5.85113 [88.878395 |88.560565 58.82/654 |58.50066 |98.77650 [BS.73844 |85.69527 |58.64695
20 114 R3S 114 AZNGS (114 F223 114 10561114 59272 (114 SRG79 (114 54177 (114 508_5 114 4705 114 4272 114 2TEUZ
31 |123.41983 [123.4172. [123.4096] L seq
group /setup 1 =
5.94E¢
} ~1.0982
@ Min = -1086.1007080078125
} Max = 123.41983032226562 220
Mean - -482.2116181201296 carh
Standard deviation = 332.20776163020497 e
- -4.5802
~>h5diff --relative=0.00001 \ -5.752
. . -6.91H2
filel.h5 file2.h5...
-B.07H2
i ~9.2282
. o " " " " " " " " ]
~>hdfview ressure (5754) Tl 4 7 10 12 22 25 28 32
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RECHENZENTRUM GARCHNGg

HDF5 tools

~>h5dump --onlyattr timestep_0010.h5
HDF5 "timestep_0010.h5" {
GROUP "/" {
GROUP "fields" {
DATASET "pressure" {
DATATYPE HS5T_IEEE_F32LE
DATASPACE SIMPLE { ( 32, 960, 1152 ) / ( 32, 960, 1152 ) }
}
GROUP "velocity" {
DATASET "u_r" {
DATATYPE HS5T_IEEE_F32LE
DATASPACE SIMPLE { ( 32, 960, 1152 ) / ( 32, 960, 1152 ) }

GROUP "setup" {
ATTRIBUTE "code:svn-id" {
DATATYPE H5T_STRING {
STRSIZE 6;
STRPAD H5T_STR_SPACEPAD;
CSET H5T_CSET_ASCII,
CTYPE H5T_C_S1,

}

DATASPACE SCALAR
DATA {

(0): "49:51M"

}

)
ISSS'12, Prague, Jul 6, 2015 M. Rampp, MPCDF



XDMF: metadata for HDF5

RECHENZENTRUM GARCHINGg

XMDF (eXtensible Data Model and Format) in a nutshell

Purpose: meta data description for HDF5 — required to read (non-trivial) HDF5 data into VisIT, Paraview

(why? - there is, no concept of, e.g., a “grid” in a hdf5 file)

concept:

* XML file with “light” meta data

» references to “heavy” data stored
in hdf5 file

* APIs for FORTRAN, C++, ..., but
can easily be generated a-
posteriori (- no installation
required)

documentation: www.xdmf.org
(poor)

links to data in hdf5 file

ISSS-12, Prague, Jul 6, 2015

grid metadata

<7xml version="1.0" 7>
<!DOCTYPE Xdmf SYSTEM "Xdmf
<¥Xdmf Version="2.0">
<Domain>
<Grid Name="

—~y )
<Geometry GeometryType w
<Dataltem Dimensions="i6e Meffe="xzn" NumberType="Float" Precision="4" Format="HDF">

s11.000000725: /Step#000000079105/xzn
</Dataltem>
<D : i =
§11.000000725: /5tep#000000079105/yzn
/Dataltem
<Dataltem Dimensions="120" Name="zzn" NumberType="Float" Precision="4" Format="HDF">
s11.000000725: /5tep#000000079105/zzn
</Dataltem>
</Geometry>

umberType="Float" Precision="4" Format="HDF">

<Time Value="0.830875" />

<Attribute Name="density" AttributeType="Scalar" Center="Node">

<Dataltem imensions="120,.60,,400" NumberType="Flocat" Precision="4" Format="HDF">
s11.000000725: /sm;;#ooooooomm@

</Attribute>

<Attribute Name="temperature" AttributeType="Scalar" Center="Node">

<Dataltem Dimensions="120,60,400" NumberType="Float" Precision="4" Format="HDF">
511.000000725: /5tep#000000079105/temn

</Dataltem>

</Attribute>

</Grid>
</Domain>
</Xdmf >

M. Rampp, MPCDF
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VIsIT Basics

VisIT is ... not easy to google:
* homepage: http://visit.linl.gov/

« do not confound with VISIT - a Visualisation Toolkit (FZ Julich)

VislIT, (according to the Vislt homepage) is ...

« afree [and open-source], interactive parallel visualization and graphical analysis tool for viewing scientific
data on Unix and PC platforms [Windows, Mac OS].

« users can quickly generate visualizations from their data, animate them through time, manipulate them, and
save the resulting images for presentations

» Vislt can be used to visualize scalar and vector fields defined on two- and three-dimensional (2D and 3D)
structured and unstructured meshes.

» Vislt was designed to handle very large data set sizes in the terascale range and yet can also handle small
data sets in the kilobyte range

« originated from Lawrence Livermore National Laboratory (ASC/DOE)

» distributed project, developed by several groups: VACET (SciDAC), ASC, GNEP

ISSS-12, Prague, Jul 6, 2015 M. Rampp, MPCDF



Vis|IT Basics @rzg

Why VisIT ? — experiences in the MPG

« Computing Centre’s point of view:

2007: survey of freely available tools: Vislt, (ParaView)
Vislt produced good results in short time

flexible client-server architecture: allows running GUI, and rendering, data access on
different machines

continuing positive feedback from a (experienced and critical) scientific users from different
domains

a main workhorse employed by the MPCDF visualisation team

« Scientific user’s point of view:

steep (i.e. efficient) learning curve (knowledge transfer: visualisation team — users)
promotes gradual transition from GUI-based, interactive work to Python scripting
comprehensive set of standard functionalities

data handling: many supported formats

allows to produce publication-quality plots along the way

ISSS-12, Prague, Jul 6, 2015 M. Rampp, MPCDF
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Basic concepts

plots (ways to render data). > 20

VIsIT Overview

* pseudocolor, volume-rendering, contour, vector, scatter, ...

* operators (ways to manipulate data, "filters”). > 40

* isosurface, isovolume, clip, slice, project, (coordinate-)transforms, ...

» file format readers (ways to import data):. > 80

e queries (ways to extract quantitative information): > 50

* HDF5/XDMF, NetCDF, (common CFD fmts), VTK, BOV, PDB, ...

e expressions (ways to create derived quantities)

* simple expression syntax: math, logical, relational, mesh, ...

*  Python syntax

» other features/utilities (not fully covered here)

* movie generation: simple, keyframing

* session management: save/restore status of interactive session

e jt-situ visualisation: instrumentation of simulation codes

ISSS-12, Prague, Jul 6, 2015
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—| @ Filled Boundary L
Histogram .
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B Mesh r i
& Molecule 3
[ Parallel Coordinates *
[% Poincare r
= Pseudocolor »
# Scatter ,
i~ spreadsheet »
¥ Streamline >
@ Subset v EPlE
operators e =
—Plots L
w % = % 4 '3
Add_| Operators, | Delete Hide/Show Draw Lo
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Debugging * L
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Transforms * W cylinder

£ Remove last

& Remove all

ik Index Select
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VIsIT Overview

“ g
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Intuitive concept for visualization “pipeline”
* Plots: pseudocolor, volume, vector, ...
« and Operators: isosurface, transform (e.g. coordinate), clip, box, revolve, ...
« options for plots and operators (double-click or pull down menu)
* multiple (successive) operators per plot

« hint: for performance reduce as early as possible, e.g.:1: box, 2: transform (not vice versa)

« multiple plots per window

Example

DB: s11,000000674.xmf

Time:0.780393

isosurface of a scalar variable F(x,y,z) colored

by the value of another scalar variable G(x,y,z)

-1 - ] L3 L1 3

(F, G are defined on the same mesh): > L % A .
'.Enu:wera'.l.ue
1) create pseudocolor plot for G .
=

2) apply isosurface operator for F

(instead of default: G)

S % active window Bl
| Apply operators to all plats

| #pply subset selections to all plots

M 2012

ISSS-12, Prague, Jul 6, 2015 M. Rampp, MPCDF
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. Visit 2.5.0 [workshop_2.session] | Window 1 EEE
|YIa “ l l I IEI ” I > Fle Corfrols Opfions  Windows Plotatts  Opatts  Help

o
B s Boepdfr-ree=esrk aas »~d-5 5-
Main | Pseudocolor piot | e

[ Global @C\ +z +N +s L:-';. “\ . B . 0 i
.Acti\te N [ sl

file controls e : DB: s11.000000674.xnf
' > ea e & ow o e

Open Cloze Reopen Replace Qverlay

| Betive source | s11.0% xmi database =
. . 2 Time:
—animation controlg. = CE
= J <« = » J[ » |
;- Flots

plot controls 5 | % % = % & Ay

Add‘ Operatorsv Delete HidesShiose Draee \f‘ariablesv

F Biox :I

F..- Tranzform :I:I

pipplinp

>

=5 l=ovolume :I

= P=eudocolor

Apply to 4 active window all windonws
| &pply operators to all plots

[] Apply subset selections to al plots

Unpost Disrmiss -
m nir

un 11 14:47

single main window multiple visualization windows
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Fle Controls  Options Windows  Flotatts  Opatts  Help

o
kin | Pasudocolor plot |

VisIT GUI

mouse interaction

variable

operators

/

plot
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VIsSIT demo 9

The demo dataset |
Fo@Rl o ocs === ik (7 @ od @bl ( 4 » B 3~

&R + - + k= ¢ } . et
* example data taken from 3D supernova Fat L AEN\NEDQ

simulations of Hanke et al. (arXiv:1108.4355)
« data and grid

* spherical coordinates (r,0,®)
* scalar variable s(r,©,®)

* asubset (3 time steps, few variables) of the
complete dataset

(400x60x120), ca. 20 variables, 1000 dumps

(- meanwhile: 10x increase in resolution)

e Xmdf format: .xmf, .h5
 goals:

1) follow the demo

2) experiment yourself later on (Q&A wi
Jan and Markus at the workplaces)

 files:

~/1SSS12/Rampp_Skala/VIZ/visit/*.xmf

ISSS-12, Prague, Jul 6, 2015 M. Rampp, MPCDF



VIsIT demo

Basic functionalities of the GUI: a brief
demo covering:

» plots:

* pseudocolor

* volume: splatting, ray-casting
» operators:

« transform: coordinates

* selection: isovolume,slice,clip,box

* [nteraction tools

—Plots
*  navigate (default) 4 B O = % &
Add_| Operators, | Delete Hide/Show Draw
° Zoom :\ Analysis »
Debugging *
. plane & Geometry
. Molecular *
° line |_ Selection ® Box
slicing L & cli
. = Clip
¢ pICk (Zone +l node +u ) Transforms * ¥ cylinder
£ Remove last itk Index Select
& Remove all = Isovolume
8 Onion Peel
4% Threshold
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& Pseudocolor »
& Scatter g
i~ spreadsheet r
@ Streamline ’
W Subset >
il 4- Surface 3
TENSOr
‘ B Truecolor r
|- += Vector ’
~ % Volume r

WS

LT

Add_ Operators

Delete
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Advanced VisIT: Colour tables

Notes of colour tables

« Vislt 2.5 added many new colour tables
» preview icons for choosing colour table in plot options
 Vislt allows to create/manipulate colour tables:
* interactively. by manipulating existing colour tables
« programmatically: via Python interface
» externally: via editing colour table files

 additional colour tables can be stored in userspace and
shared with others

ISSS-12, Prague, Jul 6, 2015
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Advanced VisIT: Colour tables

- colour tables in XML format defined by control points € [0,1] and (RGB,alpha) €[2563,256]

RECHENZENTRUM GARCHINGg

<7xml wersion="1.0"7>
<0bject name="CeolorTable">
<Field mname="Version" type="string">2.0.0</Field>
<0bject name="ColorControlPointList">
<0Object name="ColorControlPeint">
</0bject>
<0Object mame="ColorControlPoint">
<Field name="colors" type="unsignedCharArray" length="4">0 0 127 255 </Field>
<Field name="position" type="float">0.333</Field>
</0bject>
<0bject name="ColorControlPeint">
<Field name="colors" type="unsignedCharArray" length="4">0 127 255 255 </Field>
<Field name="position" type="float">0.666</Field>
</0bject>
<0Object mame="ColorControlPoint">
<Field mname="colors" type="unsignedCharArray" length="4">255 255 255 255 </Field>
<Field name="posgsition" type="float">1</Field>
</0bject>
</Dbject>
</0Object>

- simple XML format facilitates conversion or creation (e.g. Python script for converting Amira/Avizo tables)

#9 Jusr/bin/env python

# Program: cteconvert.py

# Creator: Jeremy Meredith

# Date: February 19, 20089

#

# Convert sampled color tables from ome of a few imput formats into
# VisIt’s format, choosing an optimel selection of some number of

# control points. (The number of control points is chosen by the

# user, though something between 5 and 10 does well for many

# common types of coler table creations.)

#

# It currently supports already sampled color tables in Amira/Advizo
# formats. It could eastly support other sampled color table types,
[...]

ISSS-12, Prague, Jul 6, 2015
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Advanced VisIT: GUI utilities
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Advanced VIsIT:. expressions

Visit 2.5.0 [workshop_2.session]
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SOUFCEs -

& & B & O

Opet Cloge Reopen Replace el

Active source ES‘I‘I.D'.xmf databaze - !
- Time:
e oms
. P Sl [ Definition
11 [ 1 1
| =« || « || = g » || » |
| 1. | Hame | entropy_per_mazs
(i Type {Scalar Iesh \ariable =
0 = 2 [ .
%_',‘.. pI,EI = h/'/ ..‘ Er/| | Shows varizble in plot menus
Addv Operatorsv Delete Hided Shiow Dz \p"arlablesv Standard Editar | Pythan Expressian Editar ]
Definition ———
i i I ahs
entropyidensity o ! 7 -
Tensar F floar
Array ¥ exp
hterisl E In
Mesh 14 loglo
Y Pseudocolor Mesh Quality k e
Compatison K min
Izge Processing * mod
hMzcellaneous k round
Trigonometry K S
Relational C — 3{x1078
Conditional E random
Apply to @ active window all weincowes Logical & +
i Tirne Herati 5
| apply operators to 3l plats Mew || Delete I &
|Insert Function... = | .[Ins
+'| Apply subset selections to all plots Display expressions from database _
Uripzzt Digmizss

I | Dizmizs ,

 allows simulation codes to dump only non-redundant quantities
* basic expression syntax: math, logical, relational, mesh, ...
* new: Python expression editor
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Paraview Basics

Paraview:
* homepage: www.paraview.org

* tutorial: http://www.paraview.org/Wiki/The_ParaView_Tutorial

Paraview, (according to the Paraview homepage) is ...
* an open-source, multi-platform data analysis and visualization application. ParaView users can quickly build visualizations to
analyze their data using qualitative and quantitative techniques. The data exploration can be done interactively in 3D or
programmatically using ParaView’s batch processing capabilities.

+ ParaView was developed to analyze extremely large datasets using distributed memory computing resources. It can be run
on supercomputers to analyze datasets of petascale size as well as on laptops for smaller data, has become an integral tool
in many national laboratories, universities and industry, and has won several awards related to high performance
computation.

» developed by Kitware Inc. and academic/US government agency partners (LANL, Sandia)

Paraview, (according to my personal bias) is ...
« certainly a great tool !
» slightly less tailored towards typical (astrophysics) visualization tasks than Vislt
« slightly less intuitive than Vislt (due to my practical experience with Visit and maybe my ignorance)
=> | feel less competent in Paraview

~1h left => let's focus on Vislt, basic exercises can be optionally done with Paraview (- J. Skala)

ISSS-12, Prague, Jul 6, 2015 M. Rampp, MPCDF



Paraview Overview

RECHENZENTRUM GARCHINGg

Visualization “pipeline”
« filters are the central concept of manipulation

« options for display

ParaView 4.3.1 6 4-bit (on viz00)

File Edit View Sources Filters Tools Catalyst Macros Help

S EEwaF?h KA PME ™ B
@ia £ 5e fe | o velocy_magniude [~ [~ [suace BRI B cars S I @ GG
VIR TOELP R wax

Pipeline Browser Olayout#1 x | +

 buitin B %o B OISR R B R Rendetvies] [m]E]o]x]

@ —1511.000000300:s

@ £€I 511,000000556.vts

@ = 511.000000600.4s

Example LB

isosurface of a scalar variable F(x,y,z) colored

Properties

Properties:
by the value of another scalar variable G(x,y,z) {0 wame 2
’ [Search _ (use Esc to clear tex) ]

: § [= romms comrr |G
(F, G are defined on the same mesh): ey =

%] Compute Normals
] Compute Gradients

1) create a contour filter for F | O comutescas

[®] Generate Triangles

o Isosurfaces
1 value Range: [0.803712, 17.6568]

2) apply colouring for G

lsi
=
%]

(instead of default: F)

|| Point Locator
PointMerge Method Uniform Binning -
I D\wsmns[SU ISU ISU ]
Number

of points
er E ]

bucket

= Display (GeometryRepresentat mg
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Paraview GUI

" ParaView 4.3.1 64-bit (on vizOO)

_m.am—mﬂn-U—> File Edit View Sources Filters Tools Catalyst Macros Help

file_and animation cogtrols PEREROAF?R KAPDPMHE mi T H
_Cammmm @iﬂ 7 56 el o velocty_magnitude |+ || [+] [surface B R Ea I pe e e p R @ @ @

EO0OPRTOEL®
CO m m O n I e rS Pipeline Browser O Layout#1 X

T
[ builtin: ]
@ £tl 511.000000300.vts

S Renderviewl EEE

) 511.000000556 wts
¥ 511.000000600 vts

mpPMW= -

@

1]
1]
1]
1]
1]

aptions A e R
' > _[ : o Prc::erlies
[ 41 Anply ” @ Reset ” ? ]

[SE‘B\"ZH .. (Use Escto clear text) ]
fal

Isosurfaces
Value Range: [0.803712, 17 6568]

1 n‘IE

1 Point Locator

PointMerge Method Uniform Binning hd

1 Divisions [0 |s0 |50 ]

MNumber
of points

per (2 ]
bucket

d [ = Display (GeometryRepresentat l..

Representation [ Surface

inoin

1
Coloring

4 [ o velocity magnitude | ][ \v]

i

[ U show H & Edit H “ Rescale ]

q Scalar Coloring
[%| Map Scalars
(] Interpolate Scalars Before Mapping

Styling @
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Paraview demo 9

The demo dataset —_— ‘
File Edit View Sources Filters Tools Catalyst Macros Help
pEBREOLEF 2R KAPPMEB tmel0 1 3
« example data taken from 3D supernova W=t SEemoy Bl ) Bk ) ME st
simulations of Hanke et al. (arXiv:1108.4355) E9CB3POEL200L Oews s
Pipeline Browser OlLayout# * | + |
. Iﬁbuihiﬂ: 5 &\ R EE R RenderView! AE_A
° data and grld: = ©1511.000000600.xmf

@ @ SphericalToCartesianTransform1
@
@ Wi Clip1

« spherical coordinates (r,0,®)

«  scalar variable s(r,0,®)

Properties | Information

 asubset (3 time steps, few variables) of the Propertes
complete dataset {@é""‘y”“’ﬁesa“ bl D]
Search ... (use Esc to clear text) 23
(400x60x120), ca. 20 variables, 1000 dumps I::"“‘*”ej
nput Scalars | ¢ entro ~ opy
. . ; . Mirimum ——0— |12 = =
(= meanwhile: 10x increase in resolution) Masimum 0 17 ca76772 =
I = Display (UnstructuredGr l@
«  Xmdf format: .xmf, .h5 .
. [oenrony || :
d goaIS. | U Show ” = Edit “fiResca\e
Scalar Coloring
1) follow the demo = Ve Senes ,
%/ Interpolate Scalars Before Mapping
- (ol | &)
2) experiment yourself later on (Q&A wi I e

Jan and Markus at the workplaces)

 files:
~/ISSS12/Rampp_Skala/VIZ/visit/*.xmf
~/1SSS12/Rampp_Skala/VIZ/paraview/SphericalToCartesianTransform.cpd

(special thanks to E. Erastova for developing this “programmable filter” - prototype, a generic solution will be contributed)
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Paraview Demo @rzg

The demo dataset
 example data taken from J. Skala et al.

« data and grid

 ERsancaan Heed ameus
* cartesian (x,y,2)

» scalar variables f(x,y,2)

* asubset (10 time steps) of the complete

dataset e
[T TS

(66x66x66), ca. 10 variables, 1000 dumps

e  Xmdf format: .xmf, .h5

 goals:

1) follow the demo

2) experiment yourself later on (Q&A w/
Jan and Markus at the workplaces)

« files:

~/1SSS12/Rampp_Skala/HDF5/3DEvol/* . xmf
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Paraview Demo

o Parsiview 431 64 bt o NN
Fle Edit Wiew Sources Flters Jools Catalyst Macros Help
ROCBEDPEOFEF TR KAD> DG nmelo 5] ® ( ® G
Teny o[ — DREzdssedk Foeea
ser Bx | Qrayout #1x [ + |
[ builtin: H R XBEN PR EER Renderviewl m|g[o|x

Properties | Infarmation |

Properties &)
| 2 [ # E3
[ se " 3 &2
I = Properties Q’ |' H I
I. = Display . eI!Hi
i = View (Render View) | e | H

Center Axes Visibility
Orientation Axes
|| Orientation Axes Visibility

Sterea Render

Background

| Single calor -|

@ color E Restore Default |

_
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Paraview Demo g

w Open Fle: (open mulbple Ses wih <ctri= key | 2 @

Look in: :._fa.fs_{fp'ls.mf'ﬁcunl.GJMi;‘ms-sI&Q_{ISSSl?{ﬁmpﬂ__Skata{HDFE:‘ﬁIbEwl_{ I.v. L - * ﬁ

E Home Blename ]
& f_xmf

*\ Select xmf file

fle name:  |[ftotemf ==

Files of type: | Supported Files (%.inp *.cml *.csv %.bd $.CSV & THT S.dem v | | Cancel |
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Paraview Demo

- Paravion 4.3 1 64-bit
Fle Edit “iew Sources Flters Tools Catalyst Macres Help
pe B wa T KAD> DB nm o [Sefas VOO
TEEE B0 DEREsdbesa: Feea
Pipsing Browser B0 [ OLavout#:1x | + |
B buitin: FROBEELDPREBBA

+»

Properties | Information |
Properbes IS
@ Heset | # Delete ?|

[Search ._{use Esc to clear tex) r_l

I = Properties (ftot xmf] ||

» Point Arrays

| Sets

Blocks | Hurarch;_
I x Blocks =

£ E— | G

Requires an input

RECHENZENTRUM GARCHING

Renderviewl |UJ Blolx]
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Paraview Demo

n Paravien 4
Fle Edit View Sources Fhiters Tools Catalyst Macres Help
peBEOwaF TR KADPDMHE L 2vis EQORPRBDOEL®
B & 5 5t % @soid color [=][__]=] ‘outine T=) B B o3 g L% & 28 2f &2 @ Qg [LL®royE
Pipsine Browser 8% | O Layout #1 X +_|
ﬁbuimn: MR oo @R DB B RenderViewl m|g[o[x

Properties ||:|fnrrnat|nn | |
Properties f!j!] |

i  ApE @ Feset i K Delete |?

= Properties (ftot xmf)

® Point Arrays

%2 density
2% magnetic

Sets

Blocks | Hlurarth?_-
!! Blocks

1 — | G
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Paraview Demo

RECHENZENTRUM GARCHING

o Paraviow 431 64 bt S
Fle Edit Wiew Sources Flters Jools Catalyst Macros Help
pOBEODEOFE TR KAD> DS e o [Slefis C w

O
m =
-

TEELYT Db e ) BE o is il
Fipeline Browses & O layout #1% |

ﬁ builtin:

@ﬁﬂut.xmf

Renderviewl |-|I| glol=

_Information |

Properties (&)

@ Fesct | 3¢ Delete | 2 |
| = Properties (slice) |[ @]
Slice Type | Plane
|% Show Plane 4
Origin 217499996 21.7493996 | 0 ’
Normal| o 0 1 E8
| % Normal | Reset Bounds
| ¥ Wermal I
i Z Naormal |
! Camera Normal r Center an Boun|
i Reset Camera to Normllé
[ Crinkle slice
%] Triangulate the slice =
| = Display || E |
| = View (Render View) “ e i
|| Center Axes Visibility E
€1 m— | (I

_
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Paraview Demo

L Parsview 431 64
Fle Edit Wiew Sources Flters Jools Catalyst Macros Help
PEBEOEFEF IR KAP DS nn o [2jer1s 0D RT O S
kst D EEsdksdt Pleea
Fipeline Browses
ﬁbuiltir\:

4. Apply chnage

[ Pfopertes | iformain |
FProperties (&)

H apply || @D Aeset | & Delete | 2 |

|. e uSe ESc to clear tex 54
|‘ = Properties [StreamTrace . e [

Vectors magnetic -

Integration Parameters

Integration = T
Direction L S
Integrator Type | aunge-Kutta 4-5
Streamline Parameters
Maximum

Streamiine ———(] [63.1409727) @

Length

Seeds
Seed Type Point Source

%! Show Paint Center on Bounds
Paoint ! 21.74599%| | 21 7495391| | 5

Radius 6.31403727632999

Note: Move mouse and use ‘P key to
change point position

21— T

RECHENZENTRUM GARCHINGg

Renderviewl (m|g (o] =

B_z
_2.103e+01

=.8.373e+01
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Paraview Demo

et - |
Cell Centers |za Volume = Stream Tracer |

i . |
a ell Data to Point Data K Mea Stream or Generic Datasets
= 5 Legacy Ghph Stream Tracer With Custom Source

St {Non-0

o e Generate Surface Nermals Reflect LANC Y S
Fle Edit Wew Sources |Fiters | Jools Catalyst Macros o q} Glyph esample AM
—_ Resample With Dataset
= & B OFR n Search... Ctri+Space Glyph With Custom Source P
B o ow Recant . Eradient
= &> ¢ =3 AR : ts f Gradient OF Unstructured DataSet otational Extru
R R Annotation v AM g Alter Grid vty Scatter Plot
Pipeine Browser CTH v Annctate Attribute Data () Group Datasets Shrink
ﬁhuiltir\: Eaimkin 1 Annotate Clabal Data i Histogram 0 Slice Renderviewl |-|I| aelalx
Data Analysis v Annotate Time Flte ol = Slice (demand-driven-composite) | i e
e Material Analysis . Append Attributes |mage + Slice AMA data | |I
Slicel E > = |
Quadrature Points . Append Datasets imageResampling Slice Alang PolyLine f . |
® | Ly streamacens e . (R ST velocity Magnitude
Temporal v Block Scalars Int . re Points smooth I 7, 9459102
[l calculator | StreakLine | - |

Alphabetical
1 |

1. Select ftot.x

y Cells to Grid
Clean to Grid

U clip

Sul

urface Flow
Surface Vectors

Loop Subidiv
Mask Points Teble To Structured Grl

lip T
Computa Derivatives Matarial [nterface Fibar Temporal Cache
Properties | |ﬁfﬁﬁiﬂ-ﬁéﬁmi & Compute Quartiles Median Temporal Interpolator
Fm; @x Connactivity Merge Block Temporal Particles To
ntngency Statistics Mesh Quality Temporal Shift Scale
i T £PF ol i # O | 2 | Q Contour ] § Temperal Snap-to-Time-Step
- Ge i Normal Glyphs Temporal Statistics

Tessellate

~3.4620-07
|
.-

| = Properties (ftot.xmf) Ou‘H — Tetrahedralize
I ine

T TE— Outline Carmers Texture Map to Cylinder B_Z |

’-t B G Curvilinear DataSet Texture Map to Plane ) lOGe+D]

_x . =

* =gt ParticlePath Texture Map to Sphere = III

¥ % B =z ParticleTracer ™0 Threshold - |

& oy Pass Arrays Transform

% o U &

oe Plot Data f }

X =5 density Triangle Skips

® 5% magnetic 2% plat Global Variables Over Time T ps

% 2% vx B Plot On Intersection Curves A

x vy Plot On Sorted Lines ook

f V—T ) # Plot Over Line Warp By Scalar

2 o
Cell Arrays S = Plot Selection Over Time - 'M!rn Eﬂlkmr e
Point Data to Cell Data = ARl
Extract Level Brir | Carmpanant &
neipal Companent Anak/eyy -
 earact Location g 2. Go to menu:
., Extract Selection el . H =
;T Filters->Alphabetical-

| ¥} Extract Subs [} Programmable Rilter

Blocks | Hurarch?__ : Extract Surface Python Annotation
I = Blocks B gl FFT Of Selection Over Time Python Calculator
| — - = Festure Edges Quadric Clustering
[‘ I : | Gaussian Resampling Random Attributes J
Evaluates a Python expression Generate Ids Random Vectors

B i =i = e
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prBEoaf 2 KAP DS

RECHENZENTRUM GARCHINGg

Paraview Demo

Paraview 43 1 64 hit

VOP DS

[12 [2of13

- € ‘el 1=l A BT T
Pipeing Browser @ [ Otayouts1x | + |
[ buitin: e e ommnew e
@tf‘tat.:mf
@ [~If Slicel

| search .. (use Esc to clear test
I = Properties (PythonCalculat .
Expression curl(magnetic) i

Array Association pointData ||

Array Name current density

3] Copy Arrays

| = View (Render View) g“il

| | Center Axes Visibility

| = Display

Ori ition Axes
[%| Orientation Axes Visibility

|| Sterea Render
Background

l Single calor | v]

sesers et
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Paraview Demo @ArzQ

- w31 E ) (o)
o Paraviow 42 1 64-bit L= e

Fle Edit Wiew Sources Fiters TJools Catalyst Macros Help
PP BRRODAaFEF TR KAD> DS e (12 [2lef1s OSRDRBT O E
B & 20 el Il o Eeeaee ) BE 3 SBEES38E\L2O06aG L

Fipsine Browser B | Orayout #1x | + |
B buitin: | ermmnew e . Renderviewl [ [5[0] x
r tf‘tat.:mf | |

@ [-ifslicel
@ l t StreamTracerl I."' ‘\.I’E|¢)C IT\/ MdgﬁlTude
honCalculatorl I.I I,-" Sm I e_DI
f | -0.28

5. Hide Clip

\4. Apply change

FProperties (&)

Apphy [ @ Fcset | K Delete |1|

| Search ... fuse Esc to clear test £y
[ = Praperties Clipl) “ e 7
Clip Type | Plane

|3 show Plane
Origin | 21.7499396 | 717499996 3

Normal o 0 1
| X Narmal I Reset Boundy:
¥ Wermal

Z Naormal

| Camera Normal i Center an Boun§

| Reset Camera to Normll|
[ inside Out
| Crinkle clip B

(= o G
le]

| = View (Render View) I

|| Center Axes Visibility E

@l : WD
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Paraview Demo
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o Paraiiew 431 64-bt
Fle Edit Wiew Sources Fiters TJools Catalyst Macros Help

PEBREOEFE PR KADDIE v LR B QUOPRIQRELD
(0] = 2 o D RERsuksdd [fleeg Leee

Pipeiing Browser k)
[ builtin: ! 3 endsen o [eilnix
£ ¢ ftot.xmf
@ [-ifslicel e
@ t StreamTracerl gk ."' ‘v’t’:"|0C IT\/ MdgﬁlTude
@ =@ PythonCalculatorl B0.000¢ : II.n. 309 I e_DI
r i clipl | !

028

\4. Apply change

[ Rroperties [ information |
FProperties (&)
I

AS Apply | @ Fecset | K Delete |1|

| searct use Esc to clear text
[ &= Properties (Glyphl) “e” =18
Glyph Source
Glyph Tipe
Active Attributes
Scalars | gensity

VECLOrS | current density
ori H
%! Orient

Scaling

Secale
Mode

Scal FT—
Risr. S L |2

vector hd

Gheh  torm Spatial Distbution -
Made :

Maximum

Generate a ghyph at each point of the input data set -
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Hands-on: Schedule and Tasks

Exercises (rough schedule)
1)
2) visualization with Vislt or Paraview (45 min)
» |oad data in Vislt, Paraview
« check validity — file info, mesh plot, ... (grid resolution etc.)
e create a “pseudocolour” plot
« cut out (“clip”) octant and/or isovolume for entropy variable (hint: use min=12, max="max’)

« ... experiment with other visualization methods: threeslice, slice, lineout, ...

3)
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Hands-on: visualization with Vislt

* material (*.xmf, *.vts):

~/1SSS12/Rampp_Skala/VIiz/

« expected insights and results:

» |earn basic usage of the VisIT GUI
- use basic knowledge and hints from the demo
- give it a try using data from:

~/I1SSS12/Rampp_Skala/VIZ/visit/*.xmf

- try other visualization methods: e.g. three-slice, ...

- optional: try Paraview on the same data set using data from:

~/1SSS12/Rampp_Skala/VIZ/visit/*.xmf

(requires programmable filter:
~/1SSS12/Rampp_Skala/VIZ/paraview/SphericalToCartesianTransform.cpd

or use pre-transformed data in vtk format:

~/1SSS12/Rampp_Skala/VIZ/paraview/*.vts
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Hands-on: visualization with Paraview EIZ(

* material (*.xmf, *.vts):

~/1SSS12/Rampp_Skala/Vviz/

« expected insights and results:

» |earn basic usage of the Paraview GUI
— use basic knowledge and hints from the demo
— give it a try using data from:
~/1ISSS12/Rampp_Skala/VIZ/visit/*.xmf

- try other visualization methods

ISSS-12, Prague, Jul 6, 2015 M. Rampp, MPCDF



Advanced VisIT: Python scripting @rzg

startup:

“>visit -cli -nowin -s example.py

list available functions:
“»visit -¢li -nowin
Running: ¢1i2.0.0 -nowin
Running: viewer2.0.0 -host 127.0.0.1 -port 5600 -noint -nowin
Python 2.6.4 (r264:75706, Mar 23 2010, 16:35:33)
[GCC 4.1.2 20080704 (Red Hat 4.1.2-44)] on linux2
Type "help", "copyright", "credits" or "license" for more information.
>>> dir ()
[’ActivateDatabase’, ’*AddArgument’, ’AddColorTable’, ’AddOperator’,
‘GetQueryOutputValue’, ’‘GetQueryOutputXML’®, ’GetQueryOverTimeAttributes’, ’'GetRenderingAttributes’?,
‘GetSaveWindowAttributes’, ’'GetTimeSliders’, ’GetUltraScript’, ’'GetView2D'’, ’'GetView3D’,
‘SetPrinterAttributes’, ’'SetQueryFloatFormat’, ’SetQueryOverTimeAttributes’, ’SetRenderingAttributes’,
‘SetSaveWindowAttributes’, ’SetTimeSliderState’, ’SetTreatAllDBsAsTimeVarying’', ’SetTryHarderCyclesTimes'’,
‘SetUltraScript’, ’SetView2D’, ’SetView3D’,
!__visit_script_file__?, '__visit_source_file__"', ’ __visit_source_stack__ ]
>35>

query/modify visit objects with accessor methods :GetXXX(), SetXXX()

>>> GetView3D ()
viewNormal = (0, 0, 1)
focus = (0, 0, 0)
viewUp = (0, 1, 0)
viewAngle = 30
parallelScale = 0.5
nearPlane = -0.5
farPlane = 0.5
imagePan = (0, 0)
imageZoom = 1

>>>
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Advanced VisIT. Python scripting

prototypical example: “flyaround”

Python fragment for rotating an object

RECHENZENTRUM GARCHINGg

import math

OpenComputeEngine ("localhost",("-np","4")) # open a (parallel) compute engine
OpenDatabase("localhost:/viadata/mjr/HOTB /data/b0123dDZ_0656.silo") # open a single data file

AddPlot ("Volume" ,"Nib6") # wolume plot for variable named "NiS6"
DrawPlots () # required once for proper View3D 4dnitialisation
c = GetView3D () # get a reference to the View3D object

8 = SaveWindowAttributes () # dinstantiate a new WindowAttributies object
s.format = s.JPEG

s.width = 1024

s.height = 1024

s.screenCapture = 0

SetSaveWindowAttributes(s) # do not forget this for newly created instances

nsteps = 100

for i in range(0,nsteps):
phi = 2*math.pi*{(float(i)/float (nsteps—-1))
c.viewlNormal = (math.cos(phi),math.sin(phi), 0.2)

s.filellame = "flyaround_"+str(i)
SaveWindow ()

DeleteActivePlots ()
CloseComputeEngine ()

see also examples at http://visitusers.org/index.php?title=Category:Scripting
- Visit-tutorial-python-fly
- fly through
ISSS-12, Prague, Jul 6, 2015
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Advanced VisIT. Python scripting

getting started with Python scripting

RECHENZENTRUM GARCHING

9

—Commands
@ Record e Pause B Siop |
File | Controls Options Windows PlotAtts OpAtts Help Store commands in IActive tab j
~Glc g Animation ... Ctri+A ™ Append commands to existing text
Act I Annotation . . . Ctri+N Lito apply
@ Color table . .. Ctrl+T 1|2]3]a|5]6]7]|8]| Macros|
—Sel
elad Command . .. Ctri+Shift+C
E=- : il kddelot ("Pseudocolor”, "TEME", 1, 1) =
Database correlations. . . Ctri+D Addoperator ("Clip”, 1)
a+h Expressions. . . Ctri+5shift+E SetActivePlots (D)
o : : hbase SetAct ivePlots (0]
22 Keyframing.... 25 - ClipAtts = ClipAttributes()
 Lighting ... Ctri+L 1 ClipAtts.quality = ClipAtts.Fast Fast, Acc
1 Cli s.funcTy = C1li 5.P # Dlane
& Lineout . .. Ctrl+Shift+L | g dhseasiyuelipps s MEghseashilane gei
&= ClipAtts.planelStatus = 0
Macros. .. 1 ClipAtts.plane2status = 1
p - S
B Material Options. .. Ctri+M , ClipAtts.plane3sStatus = 1
! ClipAtts.planelOrigin = (0, 0, 0)
Mesh management. .. Ctrl+shift+M } _ ClipAtts.plane20rigin = (0, 0, 0)
4] & Pick... ctri+shift+p [ 3| ClipaAtts.plane30rigin = (0, 0, 0}
uery over time options ... Ctrl+Shift+ Sliphitsiplaneiiiommal = &, O O
It Biiely B 8 flay | ClipAtts.planeZNormal = (0, 1, 0}
| Query ... Ctri+Q ClipAtts.plane3Normal = (0, 0, 1)
rTin ’f} Subset ... Ctrl+u ClipaAtts.planelnverse = 0 _ILI
4 3
& view . .. Ctrl+V 0oo1
P | 7 | I = . e | > Execute Clear Make macro |
Post | Dismiss |

1) use the dialog Controls — Command to automatically create Python code

2) paste code into your favourite editor and save as a python script
3) polish and extend Python code
4) consult the “VisIT Python Interface Manual”

ISSS-12, Prague, Jul 6, 2015

M. Rampp, MPCDF



http://visitusers.org/index.php?title=Category:Scripting

:'e“’v,-
RECHENZENTRUM GARCHNGg

Hands-on: Schedule and Tasks

Exercises (rough schedule)
1)
2)

3) basic scripting with VisIT (25 min)
« create a python script for the visualization — record

« create a script for rotating the scene — use recorded script and your favourite text editor
(solution provided in solutions/ directory)

ISSS-12, Prague, Jul 6, 2015 M. Rampp, MPCDF



Hands-on: python scripting with Vislit @rzg

« material (*.xmf, *.py):
~/1SSS12/Rampp_Skala/VIiz/visit
~/I1SSS12/Rampp_Skala/VIiZ/solutions

« expected insights and results:

* |earn Python scripting with VisIT
— try scripts, explore content, modify, ...
— explore structure of Vislt python classes

— produce a “movie” (sequence of jpeg files)

ISSS-12, Prague, Jul 6, 2015 M. Rampp, MPCDF
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