Visualization of molecular-simulation data
— tools overview and tutorial on octopus visualization -
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Part I. overview & demo (M. Rampp)
1) overview of visualization methods and tools

« visualization of (molecular) simulation data with Vislt (main focus) and ParaView (basics)
« demo of the Vislt GUI - get familiar with look and feel, basic commands

« a selection of advanced Vislt topics — learn about further capabilities

* outlook on in-situ visualization techniques — prepare discussion on implementation (Thu)

[lunch break]

2) using the MPCDF remote visualization service (RVS)

Part II: hands-on (M. Compostella)
3) script-based visualization of octopus data

4) Q&A, special topics, “hackathon”, data formats, ... (until Thu late morning)

MPI-SDM, Hamburg, Jul 6/7, 2016 M. Rampp, MPCDF
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Basic visualization methods

“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)

volume rendering of 3D
data (source: MPG)

» qualitative (bulk structure and dynamics) + quantitative

» Pseudocolor plots (2D, 3D)

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

*  most quantitative

pseudocolor image of 3

MPI-SDM, Hamburg, Jul 6/7, 2016 data with clipping (source:

M. Rampp, MPCDF
MPG) PP
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Basic visualization methods

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)

I

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

(source: MPG)

MPI-SDM, Hamburg, Jul 6/7, 2016 M. Rampp, MPCDF
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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 provide
complementary functionality, not
a complete replacement for IDL,

Matlab, python/matplotlib, ...

« Vislt, Paraview for >2D data (+time)
- interactive exploration
- quantitative analysis
— publication-quality plots, movies,

— scriptable (Python)

« (Others?

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

* VMD, PyMOL, ... (for — classical MD data): not considered in much detail so far, apparent weaknesses
in handling scalar -DFT- data, solids)

MPI-SDM, Hamburg, Jul 6/7, 2016 M. Rampp, MPCDF
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Example projects at the MPCDF (since 2006)

scientific domains:

« plasmaphysics, astrophysics, CFD, molecular dynamics, DFT, ...

data structures/grids:

* regular: cartesian, polar (2D, 3D), block-structured ("Yin-Yan”)
* molecular data with replicated unit cells

* irregular: (mapped) point clouds

data sizes, dimensions:

e up to 20482 (cartesian), 1000 x 180 x 360 (polar), 2048 x 769 x 1153 (cylindrical)
* upto 107 particles in 3D, 107 nodes in 3D unstructured mesh
« all: multi-variable (scalar, vector), time-dependent

* see also: http://lwww.rzg.mpg.de/services/visualisation/scientificdata/projects

tools: VisIT, Paraview, parallel HDF5 (+XDMF)

MPI-SDM, Hamburg, Jul 6/7, 2016 M. Rampp, MPCDF
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I Projects — Max Planck %
G0 = (& [1 www.mpcdf.mpg.de bed| =
IEIE  SERVICES ABOUTMPCDF | USERSPACE | HELPDESK -
Home + Sewvices » Visualization » Projects
PROJECTS
MPUTING
1A
A ion of ongoing and completed visualization projects supported by the MPCDF
ASUALIZATION
IZINTROD Neutrino-driven core collapse supernova (Type.ll) explosion in 3D
VIZ USER'S GUIDE [Mers:
7, 0% WARS Astrophysical scenario: =
WFROIECTS Heutrinc explosian of W=
PRESENTATIONS alow-mass iron-core star =
Simuiation: T. Melson, A Visualization (M. Rampp, RZG, 2014)
Marek, F. Hanke & H.-Th.
Janka (MP! for Astrophysics) . main objecti ractive data exploration, visualization of the turbulent intensity
(streamwise vorticity)
ONFERENCE Simulation Code: VERTEX « tool; Vislt
(3D Hydrodynamics &
Boltzmann neutrino References:
transport)
Rl « L. Shi, PhD Thesis, University of Goettingen (
ni L Rampp, B. Hat, lementation for
nulating Taylor-Couer
- # Computational Fluid ¢ )
« % Monlinear dynamics and turbulence (Hof Group at IST)
Visualization approach (E. Erastova & M. Rampp, RZG, 2014) eutrino-driven core collapse supernova (Type-ll) dynamics in 3D
s: interactive data exploration, visualization of the dynamics of large
namical instabilities ('SA AU sRhYarEa e e
HNeutrino-driven explosian of
amassive star
References and further reading:
H.-Th. Janka, A. Marek: f Simulation: F. Hanke, A
e ! Warek, B. Mull
01961) Janka (MPI for Astrophysics)
« Bild der Wissenschaft, Januar 2015 Simulation Code: VERTEX
« % Stellar Hydrodynamics at MPA (3D Hydrodynamics &
Boltzmann neutrino
Direct numerical simulations of (decaying) turbulence in Keplerian flow transport)
at Re=200.000
Physical scenario
Turbulence in an
astrophysical disc with
Keplerian velocity profile:
Visualization approach (E. Erastova & M. Rampp, RZ
nulation: L. Shi, . Avila,
B. Hot. (FAU Erlangen, IST
ALl 2 M PisR ek netite scale hydrodynamical instabi si)
for Dynamics and Self- - tool: Visit
Organization)
ACEMERE! References:
et iInEade . F.Hanke, B. Muell ngwathanarat, A Marek, H.-Th Janka
NSCOUETTE (P A - ofS
~ || . % Stellar Hydrodynamics at MPA
Visualization of bird migration
Bird migration is studied at
the Max Planck Institute for
Ornithology. Data from GPS
loggers carried by birds are
correlated with wind and
topography data to better
understand the migrafion.

MPI-SDM, Hamburg, Jul 6/7, 2016

http://www.rzg.mpg.de/services/visualisation/scientificdata/projects

M. Rampp, MPCDF
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@“ "‘i} @ [D www.mpcdf.mpg.de/services/visualization/rzgprojects

This animated visualization first shows points in 3d space only (i.e. raw data from a GPS
logger). The points are then connected to represent the migration path. Then, the
underlying topography is added followed by arrows representing the wind field

The second part of the animation is fully time dependent. The camera follows the bird,
and it becomes evident that the hird reacts to changes in the wind field and to the
topography.

Download movie (1280x720, 55 MB, MPEG4)

More information

cts Qs =

« @ M. Wikelski atthe = Max Planck Institute for Ornithology
« @ article onthe General Meeting 2012 of the Max Planck Society

Simulation: J. Praff, W -C
Muller (Max-Planck-Institute
for Plasma Physics)

visualization by K. Peuter, RZG

Core collapse supernova (Type-ll) explosion dynamics in 3D

Aswophysical scenario:
Heutrino-driven explosion of
amassive star

Visualization: Passive fracer particles and a background field are displayed
simultaneously as functions of time. Visualization approach by K. Reuter (RZG) using

Simulation: F. Hanke, A. Vislt.

Marek, B. Miiler, & H.-Th
Janka (MP! for Astrophysics)

Simulation Code
PROMETHEUS (3D
Hydrodynamics) with
simplified neutrino physics

Visualization and Quantitative Analysis of Point Data from Smoothed-
Particle Hydr i i i

Challenge

Output from SPH simulations
is usualy given by point
clouds  with milions  of
entities (billions in future),
each of which contains local
information  on  physical
quantities such as
temperature  or  mass
density. While specialized
tools  produce  visually

Visualization approach (E. Erastova & . Rampp, RZG, 2011)

. main objectives: interactive data exploration, visualization of the dynamics of large
scale hydrodynamical instabilities ("SASI")

. 40060 x 120 zones on a non-uniform, time-dependent polar grid, approx. 1000
HDFS outputfiles a1 GB

appealing volume

« tool: Visit
oL renderings (e.0. SPLOTCH),
References: most state-of the-art

visualization packages fail to
handle point clouds properly.

« F.Hanke, A. Marek, B. Milller & H. Th. Janka: Is strong SAS/ activiyy the key 1o
successful newtrino-driven supemova explosions? (% arkiv1108.4355)

. 2
SElEHbE B Ve On the other hand, these packages offer a plethora of attractive possibilities for

quantitative data analysis of gridded data, e.g., for producing contour plots on arbitrary
planes through the simulation domain.

Visualization of Tracer Particles in Turbulent Magnetohydrodynamic

. Solution
Convection
Acode package was developed at RZG to create unstructured grids from SPH point data.
e Sy The fast three dimensional Delaunay triangulation provided by < ghull is used. The

resuling unstrustured grid is written together with the point data in a legacy file format
which can be read by applications such as Paraview or Visit. A serial domain

technique is 1o keep the memory footprint of the program
low. Hence, datasets of arbitrary size can be handled

Turbulent convection of an

Cooperation

Klaus Reuter (RZG), Claudia Simion (TUM), Claudio Dalla Vecchia (MPE), Markus
Rampp (RZG), Sadegh Khochfar (MPE)

Source code
The code package may be obtained upon request for use on RZG systems

References

._& TWeXaraun atthe & Mar-Planck.institite fr Physics

http:/mww.rzg.mpg.de/services/visualisation/scientificdata/projects

MPI-SDM, Hamburg, Jul 6/7, 2016 M. Rampp, MPCDF
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[ Projects — Max Planck  x
e = (G | [ www.mpcdf.mpg.de ic isualization/rzaprejects

« project poster by Claudia Simion

Mixing Instabilities in Type-Ill Supernova Explosions

Astrophysical scenario:
3D-Simulations of Mixing
Instabilities in Type-I|
Supernova Explosions

Simulation: N. Hammer,
H.-Th.Janka, E. Miller
(MP! for Astrophysics)

Simulation Code:
PROMETHEUS

Visualization approach (M. Rampp, 2009/2010):

. main objectives 3 analysis and

and morphology of the nuclear compesition
« rectilinear (polan) grids with 5
« tool: Visit ('multi-cr I"volume rendering,

of the dynamics

0x180x360 zones per timestep

, 2D-slices)

Results:
« download movie (8 MB mpeg4 avi)

References:

910.5169)
ipernova obiains its shape (MPA), @ Death of a star in

- Press releases @ How
three dimensions (MPG), 0

Merger of a white dwarf binary system

Astrophysical scenario:
Merger of awhite dwart
binary system as a Type la
supemova progenitor

MPI-SDM, Hamburg, Jul 6/7, 2016

b
m

http://www.rzg.mpg.de/services/visualisation/scientificdata/projects

M. Rampp, MPCDF
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Visualization highlights (focus on dissemination)

3D Supernova simulations

Simulation: H.-Th. Janka et al. (Max-Planck-Inst. f. Astrophysics)
Visualization: E. Erastova & M. Rampp (RZG)
Tool: Vislt

,Max Planck Award 2013 — Hidden Treasures ?“ (2™ prize)
Bild der Wissenschaft, Jan 2015

200 km

2009-09-10 13:38

Bird migration & geospatial data

GPS-Data: M. Wikelski et al. (Max-Planck-Inst. f.
Ornithology)

Visualization: K. Reuter (RZG)

Tool: Paraview

presented at general assembly of the MPG, 2012
and installed at the “Hennhouse” (wall projection
at the Visitor Center in Radolfzell)

MPI-SDM, Hamburg, Jul 6/7, 2016 M. Rampp, MPCDF
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Example projects: Interactive graphics

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]‘F‘dSG ns ersion="1.0" encoding ="UTF-8"?>
ﬂhl'!b (Dfll ="Immersiv ersion="3,0">
Powered by <a href="http: //www.x3don.org" >X3D0M</a> <5z;::::;fa-;zz:ﬂg::iﬁ:°$;;‘%&;1-;.za";;.m,,r
‘:hl',"b' erofelements” content="65"/>
=/p=

3d width="600px' height='400 :
Pt pi elg x3d file reference ,
<inline url="450-1.%3d"%> </inline= Zg”ﬁﬂﬂﬁﬂﬂﬁ
</scene>
>
Tty g

</html=>

"4 hthJht “true® />
" (alar— 11"/

rectlon="-0. 111619 0 766044 -0,633022" color="1 0.97232 0.90222" intel Hslt,‘— 0,75" on= t
rection="0. 0449435 0.965926 -0.254887" color="0.90824 0.93314 1" intensity="0.25"
<Directionallight rection="-0,939693 0 0.34202" color="0.9998 0.9998 0.9998" inte H‘slty‘— 0.214286" on:
<Directionallight direction="0,939693 0 0.34202" color="0.9998 0.9998 0.9998" intensity="0.214286" on="true"/>
<Transform translation="0 0 0" rotation="0 0 1 -0" scale="1 1 1"=>

ance>
rial ambientIntensity="0" emissiveColor="0 0 0" diffuseColor="1 1 1" specularColor="0 @ 0" shininess="0.78125" transparency="0"/>
ran

ceSet solid="false" colorPerVertex="true" normalPerVertex="true" coordIndex="
-1
-1
-1
-1

Mo nos
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MPI-SDM, Hamburg, Jul 6/7, 2016 M. Rampp, MPCDF
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Developed and implemented 2011 (K. Reuter, A. Marek, H. Appel):

« file format for task-local output of scalar fields in FHI-aims (default off)

« parallel post-processing tool a2rg (mapping of atom-centered grid to rectilinear grid by
triangulation)

— avoids memory and runtime overhead in FHI-aims simulations (cf. CUBE output)
— enables interactive visualization and high-quality rendering with VisIT, Paraview, ...

Some test results taken from the user guide:

contours of the Hartree potential for H,O
 2d projection onto 512x512 grid

MPI-SDM, Hamburg, Jul 6/7, 2016



. . . . WYed MAX PLANCK
Visualization projects [ conome:

DATA FACILITY

contours of the Hartree potential for Alanine
« 2d projection onto 256x8192 grid

8192 x 2048 px*

MPI-SDM, Hamburg, Jul 6/7, 2016
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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.qg. data-reader plugins

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

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

e Vislt 2.10.2 (Mar 2016) ... Vislt 2.9.1 (May 2015) ...Vislt 2.0 (May 2010) ... Vislt 1.5 (Dec 2005) ...
« Paraview 5.1 (Mar 2016) ... Paraview 4.3 (Jan 2015) ... 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, . . .
« acomplete replacement for comprehensive quantitative analysis — python, idl, matlab, ...

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

MPI-SDM, Hamburg, Jul 6/7, 2016 M. Rampp, MPCDF
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or Paraview JllparaView ?

(MPCDF has no self-interests in any of the projects nor any conflict of interest)
« choice is primarily a matter of taste: very similar standard functionality, free software, well supported, ...
« Paraview may look and feel a bit more “modern” (coming from the world of AVIZO/AMIRA)
« Paraview might be somewhat easier to install (part of some Linux distributions)
« Vislt has its roots in astrophysics (and some built-in strengths in this area)

* Vislt provides rich(er) functionality for handling data from molecular simulations
(http://www.visitusers.org/index.php?title=Molecular_data_features)

VIZ TOOLS SURVEY OF 25 HPC SITES

ensight . fluent
grace idl n]athematica
matlab . nc ncl

ncview araview
tecplot

Surveyed sites:

non-authoritative survey by P. Messmer (Nvidia)
MPI-SDM, Hamburg, Jul 6/7, 2016 M. Rampp, MPCDF
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visit visualization molecule

Alle Bilder

Ungetéahr 340 000 Ergebnisse (0,54 Sekunden)

Molecular data features - Visltusers.org

www.\isitusers.org/index.php?tite=Molecular_data_f
/ 010 - In recent years, support in Vislt has grown gre

visualization and analysis. This comes in the form of ...

Visualization of Molecular datasets in Vislt
vis.|bl.gow~prabhat/MolVis/ * Diese Seite tibersetzen
19.03.2010 - Plot of multiple electron density contour lines
potential surfaces. Plot of multiple electrons (colored by ...

Vislt Screen Shots
hitps:/Awcillnl govisimulation/computer-codes/visit/scrg
Plotting Methods—Wislt contains a rich set of visualizatiol
various operators to visualize data within a ... molecule p

FPflvisualization with Visit Class Exercises -
hitps:/Awcillnl govicontent/assets/ . visit/VisltClassExg
This document contains the exercises for the Visualizatior
Change the Molecule plot's active variable back to elementy

3D Visualization: Visit - MPA
wwwmpa mpa-garching mpg de/~mselig/ivisitivisit html|
19.07.2010 - Vislt is a free [and open source] interactive paj
mesh, melecule, pseudocolor, streamline, subset, ..

FPFlIntroduction to Vislt - Max Planck Comp
www.mpedf mpg.de/. /visualization/ . visit_introducti
Vislt can be used to visualize scalar and vector fields defir
Dynamics): a molecular graphics software

IPPFlv/isit visualization - Mechsys
mechsys.nongnu.org/downloads/Visit_visualization p)
VISIT VISUALIZATION. CREATE NEW ... Plots — Add —
velocity. .. depends on value should be display by colour)

IPPTSclentific Visualization with Visit - Prince;
w3.pppl.govi~efeibush/visualization/course/nov20 12/
VTK = Visualization ToolKit. Graphics Primitives. Pixels.

Contour lines & isosurfaces. Polygons, mesh. Volume. Mol

[visit-users] Particle data visualization
hitps://elist.ornl.gov/pipermailivisit-users/2012../0125
09 2012 - Hi Stephan, The Molecule plot can be used t
one variable and scale the points using another variable

Molecular data: Vislt

& paraview visualizatio

X # Molecular data featur x

MPI-SDM, Hamburg, Jul 6/7, 2016

CcC D www.visitusers.org/index php?title= Molecular_data_feat,

Apps W openSUSE [} Latest Headlines B Chremium [ Imported

article discussion edit histary

Molecular data features

In recent years, suppart in Vislt has grown greatly in the areas of atomic and molecular visualization and analysis. This comes in the form of internal data model support, new plots and operators,
new and upgraded analysis features, a basic understanding of atomic characteristics, and a variety of file format readers

Contents [hids]
1 Molecular Plots and Operators
1.1 The Molecule Plot
1.1.1 Examples
1.1.2 Atoms tab
1.1.2 Bonds tab
1.1.4 Colors tab
1.2 The CreateBonds Operator
1.3 The Replicate Operator
1.4 Replicate and CreateBonds Examples
2 Other Plots and Operators
2.1 Pseudocolor Plot and ThreeSlice Operator
2.2 Contour Plot on a 3D Structured Grid
2.3 Volume Plot of the 3D Grid
2.4 |socontour Lines on a Slice
2.5 Vector Plot of Forces on Point Data
3 Analysis Capabilities
3.1 Subset Selection
3.2 Atomic Color Tables
3.3 Expressions
3.3.1 Basic Expression Support
3.3.2 Enumerate Expression
4 Enhanced Rendering
4.1 Plat Quality
4.1.1 Molecule Plot Quality
4.1.2 Vector Plot Quality
4.2 Annotations
4.3 File Export
4.4 FPOV-Ray
5 Data File Formats
5.1 VASP (CHGCAR, POSCAR, OUTCAR) File Formats
5.2 LAMMPS (input structure and output dump) File Formats
5.3 The ProteinDataBank (pdh) File Format
5.4 The XYZ File Format
5.5 The LMTO CTRL File Format
5.6 Using the VTK File Format for Molecular Data
6 Acknowledgements

Molecular Plots and Operators

The Molecule Plot

The Molecule plot takes as input data with atoms and bonds (stored internally as Vertices and Lines in a WVTK PolyData structure) and renders it as spheres and lines/cylinders.

Examples

MPCDF
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2 Login ! create account

[edit]

[edit]

[edit]
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Molecular data: Paraview

&« C {1 | B https://www.google.de/webhp?
i Apps [ openSUSE [ Latest Headlines [ Chromium [ Imported

paraview visualization molecule !, E

Alle Bilder Videos Mews Shopping Mehr = hoptionen

Ungetéhr 39 100 Ergebnisse (0, kunden)

Using ParaView to Visualize Scientific Data (online tutorial) : Techweb ...
www.bu edu/tech/supportiresearchitraining../online.../paraview/ = Diese Seite Ubersetzen
This tutorial is organized around a set of ParaView visualization examples which are stored as
ParaView state files (filename. pvsm). The examples we will be ..

[Paraview] Molecular viz with PV? - CMake
https//cmake.org/pipermail/paraview/2012-April/024583 htm| * Diese Seite libersetzen
06.04.2012 - We plan to add some new representations to ParaView at some point ... that is tasked
with extending ParaView for molecular visualization.

[Paraview] Molecular viz with PV?
www.paraview.org/pipermail/paraview/2012-April/024582.html ~ Diese Seite (ibersetzen
06.04.2012 - Does it mean that nothing has been developped around PV to visualize molecules?
From: stan1313 at hotmail fr To: paraview at paraview.org ..

Cannot get parallelism working in paraview 4 2.0 on our clusters 26 Nov. 2014

[Paraview] Display velocity in paraview 19, Mov. 2014
[Paraview] Trying to visualize molecular trajectories from ... 18. MNov. 2014
[Paraview] Gaussian cube files 16. Marz 2012

‘Weitere Ergebnisse von www.paraview.org

Hands-on Tutorial: ParaView - HPC University

hpcuniversity. orgivscse/petascale/hands-on-tutorial-paraview. php ~ Diese Seite Gbersetzen
Parallel Visualization, Data Formatting, Software Oveniiew = Hands-on ... + Molecular Dynamics
Exercise 1 ... Hands-on Tutorial part lIl: ParaView [ppt] [pdf]

FPFyisualization Plugin for Paraview

www2 cpfs.mpg.de/~baranov/pvdgrid/pvdgrid.pdf « Diese Seite Ubersetzen

von Al Baranov - Zitiert von: 8 - Ahnliche Artikel

Alexey |. Baranov. Visualization Plugin for. ParaView version 1.3. Springer ... 1.1 Visualization
pipeline for structure plot and Atom tab of ParaView plugin.

3D visualization software for scientific molecular dynamics model ...
stackoverflow.com/.. /3d-visualization-software-for-scientific-mo... v Diese Seite (ibersetzen
30.06.2011 - | am writing & program that will visualize a molecular dynamics experiment. ... | would
suggest to consider ParaView; what you need to do is to ...

visualization - How to visualize data in paraview with fortran - Stack ...
stackoverflow.com/  /how-to-visualize-data-in-paraview-with-fo .. v Diese Seite tibersetzen
27.09.2013 - I wrote a program in Fortran which calculates molecular movements ... I'd like to
visualize these data in ParaView, which I'm capable of.

List of molecular graphics systems - Wikipedia, the free encyclopedia
hitps://en wikipedia.org/wiki/List_of_molecular_graphics_systems v Diese Seite (ibersetzen
This s a list of software systemns that are used for visualizing macromolecules. The tables below

indicatac uwhich hinae of data can hevienalizad in aach evetam
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Vislt (see hands-on by M. Compostella)

step # 0000000

ParaVIeW (scripts by K. Duglué)
standard ray-casting
molecules can be rendered as simple
glyphs (sphere)
only .cube format (VTK + xyz does not
work)

no interactive time series STep #0000000

MPI-SDM, Hamburg, Jul 6/7, 2016 M. Rampp, MPCDF
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Paraview Step #0000000

MPI-SDM, Hamburg, Jul 6/7, 2016 M. Rampp, MPCDF
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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

MPI-SDM, Hamburg, Jul 6/7, 2016 M. Rampp, MPCDF
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Why VisIT ? — experiences at the MPCDF with MPG projects
« Computing Centre’s point of view:

« 2007: survey of freely available tools: Vislt, (ParaView)
e 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

MPI-SDM, Hamburg, Jul 6/7, 2016 M. Rampp, MPCDF
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Experiences with Vislt & lessons learned
@ \Visltis a tool definitely worth considering for multi-D data analysis & visualization
@ highly competitive with Paraview, VAPOR, and also commercial tools
@ Vislt has its roots clearly in visualization of massive (astrophysics) data ...
... but has matured to a comprehensive, general-purpose analysis & visualisation tool
@ Vislt employs intuitive concepts for user interaction
@ personal experience: quite often, the right tool (operator, plot, ...) is just there
@ observation: many plots in scientific publications (astro and related) apparently produced with by Vislt
@ parallel capabilities allow to utilize CPU, RAM of a cluster (multiple nodes) for a single visualization session
@ movies: Python scripting superior (in flexibility and work efficiency) to keyframing
@ parallel version not trivial to install and operate (system administrator's perspective)
@ parallel efficiency not easy to achieve (user's perspective)
@ |ong-running renderings: more control required (start/stop, pause)
@ progress bar sometimes useless (shows percentage of individual rendering phases)

@ many other deficiencies already resolved (VisIT 1.x — VisIT 2.x)

MPI-SDM, Hamburg, Jul 6/7, 2016 M. Rampp, MPCDF



VIsIT Overview

Basic concepts

plots (ways to render data). > 20

* 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

MPI-SDM, Hamburg, Jul 6/7, 2016
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pIOtS iE % Boundary pES
@ Contour 3
_:1"_ curve L
—| @ Filled Boundary L
Histogram .
& Label r P9.C
B Mesh r i
& Molecule 3
[ Parallel Coordinates *
[% Poincare r
= Pseudocolor »
# Scatter ,
i~ spreadsheet »
¥ Streamline >
@ Subset v EPlE
operators e =
—Plots e IS
% * - % 4 [
Add_| Operators, | Delete Hide/Show Draw Lo
Analysis ’ —
Debugging * L
Geometry * Delete Hid
Molecular » _
Selection » TN
slicing ' @ Clip
Transforms * W cylinder

£ Remove last

& Remove all

ik Index Select
= Isovolume
8 Onion Peel
#* Threshold
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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 -
p p p indows  Plotatts  Opatts  Help = % @ © §om o= @ & @a & & ETIRET
Example B DB: 511.000000674.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) —— ! = l
(F, G are defined on the same mesh): > L % A .
'.EFIIIJE‘VE'.I.UE
1) create pseudocolor plot for G -
W osurta |

2) apply isosurface operator for F

(instead of default: G)

S % active window Bl
| Apply operators to all plats

| Agply subset sefections fo all plots

M 2012

MPI-SDM, Hamburg, Jul 6/7, 2016 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

D
o et Boegll-~-pe=ssux Puse »d4-0 i-

1 Global = gFM C\ +z +N _'__S L;;,—, \\ . hs ' 0
Active winciow [ Avta apply

. e : DB: s11.000000674.xXnf
file contrals 4, Time:0.780393

TR = & @

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

MPI-SDM, Hamburg, Jul 6/7, 2016 M. Rampp, MPCDF
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Visht 2.5.0 [workshop_2.session] Window 1 BEIE
.Ele_ Cortrols  ptions ﬂihdows Plotatts Opatts  Help m % | D| o B m om | /‘@ & IQ| ﬁ ﬁ’ ] 2 ‘l 2 @ - 7
kin | Pasudocolor plot | —

- Glokal —' @ & L o= ~ o ' a {

. : Active winco M | sl DB .l .l 00000674 k f
-. Sources - 3 .0 XN

mouse Interaction aE— = : Time:0.780393

g e & & &

Open Cloze Reopen Replace Qverlay

| Betive source | s11.0% xmi database =
e

(71 oma |
L« J[ - | » [ » |
piots

® ¢ Y % 4 S

Add‘ Operatorsv Delete HidesShiose Draee \f‘ariablesv

F Biox :I
F..- Tranzform :I:I

variable

operators /

/

=5 l=ovolume

= P=eudocolor

plot

Apply to 4 active window all windows
| Apply operators to all plots

[] Apply subset selections to al plots

Uripost Dismiss

MPI-SDM, Hamburg, Jul 6/7, 2016 M. Rampp, MPCDF
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Example dataset (NOMAD CoE)

context: adsorption of a CO, molecule on CaO(001) surface

data: I -

* 400 time steps x 3 MB (Gaussian cube) from ab-initio MD
simulation with FHI-aims

* 50x50x100 grid, 35 atoms, 2x2x1 replication of unit cell -
1003 grid, 140 atoms

documentation: https://gitlab.rzg.mpg.de/nomad-lab/public-wiki/wikis/remoteviz/Home

« data and pre-configured sessions *®

Global

ddaarp B 3 & 3
.o

Active window |1 ¥

(Vislt, Paraview) -

* publicly accessible on Hydra

''''''''

MPI-SDM, Hamburg, Jul 6/7, 2016



Basic functionalities of the GUI: a brief
demo covering:

» plots:

* pseudocolor

* volume: splatting, ray-casting
» operators:

« transform: replicate (unit cell)

* selection: isovolume,slice,clip,box, ...

* [nteraction tools

VIsSIT demo

—Plots
*  navigate (default) 4 % ¥ |- % &
Add_| Operators, | Delete Hide/Show Draw
° Zoom :\ 5 Analysis »
Debugging *
. plane & Geometry

) Molecular
N line |_ Selection

] slicing
° p'Ck (Zone +: node +u ) Transforms

£ Remove last

& Remove all

MPI-SDM, Hamburg, Jul 6/7, 2016

@ Box

@ clip

W cCylinder

ik Index Select
= Isovolume
8 Onion Peel
#* Threshold

MPCDF

-~ Boundary

@ Contour
i g Curve

# rilled Boundary

Histogram
4 Label
Bl Mesh
& Molecule
Ff{ Parallel Coordinates
2 Poincare
& Pseudocolor
& Scatter
i~ spreadsheet

@ Streamline

W Subset

il 4- Surface
TENSOr

‘ B Truecolor

|- += Vector

— ¥ Volume

MAx PLANCK
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WS

N

Add_ Operators

Delete

M. Rampp, MPCDF



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

MPI-SDM, Hamburg, Jul 6/7, 2016

File  Controls  Options indows

i~ Global
-
Active wincdow .1 i | [
Sources

e & &

Open Close Reopen R
o s
| A
- Data
L Seale 4 Linear
=] .
Lirnits Uz O
= | | Mnimum |0
Plots
%.Il Certering 9 Original
Hil |- Color
u colortzbie | R

Opacity @ set expli

Opacity

Pairt § Line Style -

Pairit tiype Pairt

:

Scale point size by vl

Line style =
| Apphd| | —
= ] ety
i ety
e Smoothing i)
Rd” |
; Misc -

| Legend

Mahe default
[ Aeoy

Advanced VisIT: Colour tables

Default

B Accent
Bl Elack
B Blackbody
Hl Elue
Bl ElusSimple
I EBlue_Tirt
3 EBlues
E 1 BrBG
A Buih
M BuPu
B Cyan_Tint

| Dark2

B Dark_Gray
BB [arkbus

| Don

i GhBu
B Gray
B Gray2
B Gray3
E ay Blue
E jéy'Green
B GrayRed

Green

< GreenSimple
| Green_Tint

@ Gresns

| Greys
B Lighthue
I Mxed_GrayScale
Bl Wixed_ Fainbow

(|1 Qld_Rainbow

| OrRd
W Orange_Black_Lime
B Orange_Tint
H Oranges
E 1 PRGH
AL Paired
Paztel
Pastel2
1 FiYG
E A Pink_Wwhite_Elue
W PuBu
M PuBuGH

[ lend MAX PLANCK
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E 1 Pudr
A PuRd
B Purple_Tirt

A Purples
E 1 Rainbow | Auto apply
E 1 RdBu
B 1 RdGy

W RdPu
E 1 RdylBu
E 1 Rd¥lGn
Bl Red
Hl RedSimple
B Red_Tint

# Reds

T

il

BE Setl
Set2
Set3
E 1 Spectral
B Yellow Tt
3 YlGn

| IGnEu |
A YIOrEr

| vlorRd

I amino_tasmnol
I amino_shapely
B bluehot

B 1 caleblack

1 calewhite

B calewhite2
1 contoured

[l cpk_jmal

1Bl cpk_rasmol

F 1 difference

B gray

B 1 hot

W hot_asnd_cold
A hot_desaturated

o

B newcalewhite

Dizrnizs

I orangehot
01 rainkow
| =nll

o cray

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

<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,
[...]

MPI-SDM, Hamburg, Jul 6/7, 2016 M. Rampp, MPCDF
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= G-I
Advanced features: S R
~Aan 1 - Display
. . k-0 [0.0] 4 Format |1 1
e expressions: expression language Normal € XY &Z F Color __ Defauht__|
¥ Show tracer plana
* kil |
1|=u ||=1E |1=15 ||i=17|r ||=13
* ﬁ 0. 13803665
=17
=16
[ ] E‘lg
=14
- - - 513
e guantitative analysis: :If 020092138 !
 spreadsheet 10 0.24727500 0.216025%
* Zone_ pICk Variable Distanos 1o font ,|
° querles . . Min = 024727580 I Max = 0.13903569 |
e correlations of multivariate data

|y

D4 Comcis Damorw Biobowt e ekttt R L INEL T T T T IO N =R R
[, LB L

=

Tan
srad i T EER A e
(=30 B 5 NI

| N
Lo [ |
L]

Rive pden i vl T Plakeo sen

[T,

= VI, Iarrpypy, IVII'UDF
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Options  indowss  Plotatts  Opafts  Help Expression List P .:!
hiai @ Animation . . . Ctrl+a |
Sld | Annctation ... CirleN . Ll eriropy_per_mass
- Color table .. Cirl+T Auto apply Type |[ Scalar Mesh VWariable =
Latatiki i S +'| Showe wariable in plot menus
Command . . . Cirl+Shift+C
Data-Lewel Compatisons ... Clel+Shift+D Standlard Eclitar | Python Expression Editor
Databaze correlgtions . . . Chrl+Dr Definition
ertropyidensity
Ach % Eeyframing . . . Cirl+k > ]
= W Lighting - .. Chrl+L
o [ Lineout . .. Cttl+ Shift+L i _-0013
Macros . .. : L
[_ M Meterial Options . .. Ctrl+M j I » ‘ | ™
— Mezh managemert . . . Clrl+ Shift+ b
Pct by pick . .. Cttl+ Shift+P
Query over time options | . . Chrl+Shift+0 [
Query ... Chrl+ ) |
BB selections .. Ctrle Shift+3 varales,
Ii:?i Wiewr ... Chrl+y |
EC =1 l Newy | I Delete
re | : 1T ;
« Transform 5] e e e e | Ihzert Function... '] llnser‘t ariahle. ']
=5 lsovalume ﬁl Load ] | e |
| Il
* Pzeudocaolor
Dismizs
Apply to @ gctive window all windows
+'| Apply operators to all plots
v'| Apply subset =elections to all plote
| Unpost Dismizs

=
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- - . [workshop_2.session S, Vindows , . . . : .
.E"e_ Qolntrols Options mlr:dows Plotatts  Opatts  Help I] :I | [ | o [ = = H ’.,3’ h |@ | .:i a ﬁ‘i » ‘I 2 E‘l g
Iy | Peeudocaolor plat | | f — ==
Global =il | ‘;'E"J SN +z +N +s I—-—. * 5 '- \)
)] | | Auta apply

Active winciow: |

DB: s11.000000674.xmf
Time:0.780393

SOUFCEs -

e & & O

Opet Cloge Reopen Replace el

Active source is‘l‘l.o'.xmf databaze - |
- Time:
[ ioms
: - St [ Definition
1= | | |

. I S R | S
. | | Name | entropy_per_mass

- Plots Tipe {sCalar Mesh variahle

o) B = ' L] i
%.Ir-" pul’(:-;l = 5/ -“. BV | Shows varizble in plot menus

Addv Operatorsv Delete Hided Shiow Dz \p"arlablesv Standard Editar | Pythan Expressian Editar ]

Definition

BT
ertropyidensity [ \iector ! 3

Tensor k
Array

hfeterial

esh

=5 lzovolume

Y Pseudocolor Mesh Quality
Compatison

Irnzge Processing

Trigonometry
Relztional
Canditional

3 {x10"3

Apply to @ active window all windowes Logical

13
g
*
»
*
¥
hizcellaneous 5
F
r
L 2
|
r

Tirne Kerzti
«'| Apply operators to all plots Mt !| Delete IME: ErEtiorn

- |Insert Function... = | .[Ins
+'| Apply subset selections to all plots | Dizplay expressions from database _

Uripzzt Digmizss |

|m| | | | Dismis=

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

MPI-SDM, Hamburg, Jul 6/7, 2016 M. Rampp, MPCDF
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MAN-PLANCR-GESELLSERAFT

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

>>>

MPI-SDM, Hamburg, Jul 6/7, 2016 M. Rampp, MPCDF



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)

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

AddPlot ("Pseudocolor", "pressure", 1
AddOperator ("CoordSwap", 1)
AddOperator ("Transform", 1)
SetActivePlots (0)

, 1)

CoordSwapAtts = CoordSwapAttributes ()
CoordSwapAtts.newCoordl = CoordSwapAtts.Coord3
CoordSwapAtts .newCoord2 = CoordSwapAtts.Coordil
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,GetDatabasellStates () -1):
SetTimeSliderState(n)
s = SaveWindowAttributes ()
.format = s.JPEG
.width = 800
.height = 800
s.fileName = "movie_%04d" % n
SetSaveWindowAttributes (s)
SaveWindow ()

w wm u

-———————————+—+—+—++—/

MPI-SDM, Hamburg, Jul 6/7, 2016
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Prototypical example: “flyaround”

Python fragment for rotating an object

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
= SaveWindowAttributes () # <nstantiate a new WindowAttributes object
.format = s.JPEG

s
3
s.width = 1024
s.height = 1024
8

5

.screenCapture = 0O
etSaveWindowAttributes(s) # de¢ 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

MPI-SDM, Hamburg, Jul 6/7, 2016 M. Rampp, MPCDF
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getting started with Python scripting
—~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
~__, & Colortable . .. Ctri+T 1|2]3]a|5]6]7]|8]| Macros|
—Sel
i Command . . . Ctri+5Shift+C
B = : il Lm:ld?lct:":—"se-m.:-:-:l-::", "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()
i) Lighting... Ctri+L 1 ClipAtts.quality = ClipAtts.Fast # Fast, Accu
5 i 1 Cli s.funcTy = 14 =.Plar # Plane !
I Lineout . .. Ctri+shift+L | _1;pp.tt g T*?E 'llp{"tt Flane P
&= ClipAtts.planelStatus = 0
Macros. .. 1 ClipAtts.plane2sStatus = 1
p : S
B Material Options. .. Ctri+M , ClipAtts.plane3sStatus = 1
! ClipAtts.planelOrigin = (0, 0, 0)
Mesh management. .. Ctri+shift+M ClipAtts.plane20rigin = (0, 0, O)
4] & Pick... ctri+shift+p [ 3| ClipaAtts.plane30rigin = (0, 0, 0}
uery over time options ... Ctrl+Shift+ ClipAtts.planelNormal = (1, 0, 0}
It Biiely B 8 flay | ClipAtts.planeZNormal = (0, 1, 0}
T | Query ... Ctri+Q ClipAtts.plane3Normal = (0, 0, 1)
—Tin 8 Subset ... Ctrl+u Clipatts.planeInverse = _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”

MPI-SDM, Hamburg, Jul 6/7, 2016
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Paraview:
 homepage: www.paraview.org

* tutorial: http://www.paraview.org/Wiki/The ParaView_Tutorial

Paraview, (according to the Paraview homepage) is ...

e 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 intuitive than Vislt
» slightly less tailored towards typical (astrophysics, CFD) visualization tasks than Vislt

» lacks genuine molecular visualization capabilities

MPI-SDM, Hamburg, Jul 6/7, 2016 M. Rampp, MPCDF
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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
(W =% 5 5 Lo vty mamntae [+] (5] [surce D EEsdkeauas BFeea
VIR TOEL® Mewax

Pipeline Browser Olayout#1 x | +

T
[ builtin:
@ - 5110000003001

@ £G 511,000000556.vts
@ = 511.000000600.4s

Example LB

'y

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

) Properties matin |
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 et
? I:;::I::;;Z: [0.803712, 17 £5€8]

2) apply colouring for G

(instead of default: F)

Point Locator

PointMerge Method Uniform Binning -
I D\wsmns[SU ISU ISU ]

Number

of points

o2 J

bucket

= Display (GeometryRepresentat mg

MPI-SDM, Hamburg, Jul 6/7, 2016
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Paraview GUI @

ParaView 4.3.1 64-bit (on vizOO)
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The demo dataset

« example data taken from 3D supernova
simulations of Hanke et al. (arXiv:1108.4355)

« data and grid:

« spherical coordinates (r,0,®)
« scalar variable s(r,0,®)

 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 w/
Jan and Markus at the workplaces)

 files:
~/ISSS12/Rampp_Skala/VIZ/visit/*.xmf

Paraview demo
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ParaView 4.3.1 64-bit

File Edit View Sources Filters Tools Catalyst Macros Help

peBEMC

F2H KAPBMS tmell T [

[l = 2 % ooy I-H

L EE T T T

H ISurface

BE9UEDRTO

Fipeline Browser

@ builin:
@ @511 .000000600. xmf
@ @ SphericalToCartesianTransform1
@

@ W Clip1
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I@.gpp\y][@ﬁeset“ Qelete” 1 ]
I’Sca\ ch ... (use Esc to clear text) }@
I = Properties (IsoVolume1) I@j
| nput Sca\ars‘ entropy

Minimum === |12
Maximum =0 [17. 656787872 —

I = Display (UnstructuredGr IDL
Representation | Surface

Coloring

| = entropy HI ‘-
I H Show ” s Edit “ " Rescale

Scalar Coloring

(% Map Scalars

® Interpolate Scalars Before Mapping @
(ol | 2

B e f‘/‘”’ e B

Renderview! [m|E]o]x

opY

~/1SSS12/Rampp_Skala/VIZ/paraview/SphericalToCartesianTransform.cpd

(special thanks to E. Erastova for developing this “programmable filter”

MPI-SDM, Hamburg, Jul 6/7, 2016

- prototype, a generic solution will be contributed)

M. Rampp, MPCDF
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NOMAD visualization use case

S

ParaViiew'510:0/64:bit

MAx PLANCK
COMPUTING &
DATA FACILITY

MPCDF

BE|

®

CICI I

Properties [ Infarmation ]

G 8 https://gitlab.rzg.mpg.de
Apps BB openSUSE [ Latest Headlines B Chromium B Imported

nomad-lab / public-wiki - Wiki

Usecasel_paraview - last edited by Jyrki Hokkanen 28 days ago

Interactive graphical analysis with ParaView
prepare the preconfigured Paraview session for UseCasel
ssh hydra. rzg.mpg

mkdir -p $HOME/De:
cp /u/mjr/public/»

1_Paraview. desktop SHOME/Desktop

connect to pRVS

launch the preconfigured Paraview session for UseCasel

dof r named NOMAD-VIZ_UseCasel_Paraviev

o

module load paraview
valrun paraview --state=/u/mjr/public/NONAD -VIZ/UseCasel_Paraview. pvsm
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https://gitlab.rzg.mpg.de/nomad-lab/public-wiki/wikis/remoteviz/Home
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» supported by Paraview (Catalyst), Vislt (libsim)

a big buzz or
something

interesting to
watch ???

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

mediates callbacks to visualization tool

Script Export script into
. input deck.
= Simulation
s R
i Catalyst ]
/

|
Output
Processed

|
2 / 1'
et \
/’/ Data
&
s = o= |
=2 = [

Rendered Images

= Polygonal Output
= | FTT— with Field Data

Statistics
Series Data

MPI-SDM, Hamburg, Jul 6/7, 2016 M. Rampp, MPCDF
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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 l/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 (job startup) about the data to be dumped
(vs. implementation of data-reduction in the I/O section of the code - x-plane, y-plane, or z-plane, ... ?)

— for later postprocessing

MPI-SDM, Hamburg, Jul 6/7, 2016 M. Rampp, MPCDF
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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, . . .)

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

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

enabling technology for operating a remote visualization service (RVS)

« ‘“server-side” rendering < naive approach (“ssh+X”) does not work!
« efficient and transparent remote rendering solution via WAN: VirtualGL/TurboVNC

* issues: trans-continental latency

MPI-SDM, Hamburg, Jul 6/7, 2016 M. Rampp, MPCDF



c C . . YXasid MAX PLANCK
Remote visualiztion basics gjy;;;gjg
Remote Visualization Local Visualization

Application | “g/ Compming “ g/i

" GLX Interposer . SL F
libGL vinaiony || X1 QiEEE?'E;}”g( Al Center

A pad A custam

protocal

K11

Xn
Events

GLX

|
=4
5 cmds
&
=1

&Y
rendered Ubel
operst| | Ko : ~ HDFS5, ...
v | [3D X Server =t | Y
[3D Driver | S N )

A \
\
\
\

Application Server

Network

Technology for remote visualisation (TurboVNC/VirtualGL):

* proven open-source solution, deployed by many HPC centres
(e.g. BSC, CSC, LRZ, MPCDF)

* application-agnostic “remote desktop” (with optimizations for
3D graphics)

* 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>




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
not suited for 3D applications

Server-side rendering (“VNC"-like)

« only (compressed) images are transferred
* interactive frame rates with moderate WAN

bandwidth

* uses X-server/graphics card(s) of the server
» generic and transparent solution (OpenGL)

* mature software solutions/products:
» VirtualGL/TurboVNC (Open Source, ex
SUN)

MPI-SDM, Hamburg, Jul 6/7, 2016

Visualization infrastructure

Viz Cluster

H-SERVER

OPENGL

2D AND 3D
COMMANDS
AND DATA

UP TO 4 GBYTE/S

APPLICATION <

Viz Cluster

H-SERVER

3D DATA + COMMANDS
UPTO 4 GBYTE/S

4!

S5H -X

0—32_5—
eD

TURBOVNC

OPENGL

COMPRESSED
2D IMAGES + GUI
4 MEYTE/S

w

APPLICATION

SERVER

MOUSE/KBD EVENTS

(illustrations by L. Scheck, with permission by LRZ)
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Desktop PC
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H-SERVER
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2D IMAGES
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M. Rampp, MPCDF
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Focus MPCDF: Software/Workflow
» enable our (geographically dispersed) » visualization applications: Vislt, Paraview, pymol, VMD, ...
scientific users to perform complex
visualization tasks without special ;?ﬁ’gﬁ;gﬁ; e ] e
technical prerequisites (software, TR e SOELL reEEEs
hardware)
: . : submit visualization job:
* remote visualization via WAN, LAN mjr@hydra> vi $HOME/remotevis/remotevis.1l
(VirtualGL/TurboVNC) mjr@hydra> llsubmit $HOME/remotevis/remotevis.ll
Hardware: Hydra-viz (+Draco-viz) receive E-mail with connection info and connect with TurboVNC

mjr@myPC> vncviewer -via gatezero.rzg.mpg.de hydra:55910

4 visualization nodes, each with:

« 2 Intel Xeon CPUs (E5-2680v2
@2.80GHz), 10 cores each

2 NVIDIA Tesla GPUs (K20x), 6 GB
GPU memory each

e 2 nodes with 128 GB CPU RAM

* 2 nodes with 256 GB CPU RAM
=> 8 concurrent sessions (8+ on draco)

=> use view-only VNC password to
(passively) share screen (~> vncpasswd)

MPI-SDM, Hamburg, Jul 6/7, 2016



Outlook

next steps (octopus):

finalize data format for octopus viz: likely VTK (or cube)

plan implementation of libsim and/or catalyst (in-situ viz) into octopus
help streamlining standard visualization workflows with octopus (et al.)
support viz applications with custom python scripts — M. Compostella

keep an eye on Paraview and other tools

next steps (MPCDF infrastructure):

RVS on draco (8+ visualization slots, like hydra)

GPU virtualization and convenience of RVS access ? -~ NOMAD CoE

VR ? - LRZ, NOMAD

MPI-SDM, Hamburg, Jul 6/7, 2016
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« Backup material

MPI-SDM, Hamburg, Jul 6/7, 2016 M. Rampp, MPCDF
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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?

MPI-SDM, Hamburg, Jul 6/7, 2016 M. Rampp, MPCDF
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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 (Visit, Paraview ,...) l-TThe HDF Group

MPI-SDM, Hamburg, Jul 6/7, 2016 M. Rampp, MPCDF
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HDF5 in a nutshell architecture
. Hierarchical Data Format APP:ﬁTﬁLnJ A:::;ﬁn W { H:ﬁl:::ilm {B:P]imhn User Applications
. F 3 F Y F Y F
* documentation www.hdfgroup.org ¥ v ¥ ¥
) ) Parallel HDF + MFI HDF library
» known issues and pitfalls: -
L
- performance (tiny block sizes) MPLIO Parallel /O layer
- 2GB limit per MPI task (will be fixed)
: : 02K Unix I/0 SP GPFS TFLOPSPFS Parallel Filesystems
hierarchical data format
FileA.hS
example data distribution: “contiguous hyperslab”
L
& oot group Pl Pl P2 P
FO -
Grouph o File ]

/ P2 -
:
GroupB -

P1 MR
|Dataaat2|

1 memory-to-file mapping (C)

|Dutaaat3|

MPI-SDM, Hamburg, Jul 6/7, 2016

memory-to-file mapping (Fortran)

(images taken from : www.hdfgroup.org)

M. Rampp, MPCDF



http://www.hdfgroup.org/

XDMF: metadata for HDF5
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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

MPI-SDM, Hamburg, Jul 6/7, 2016

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




Data handling strategies

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 (Vislt, 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, ...

MPI-SDM, Hamburg, Jul 6/7, 2016
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