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Scientific Visualization

© scientific Visualization
@ 2D/3D Visualization Generalities
@ Visualization Pipeline

2018 IHPCSS - Ostrava Scientific Visualization: VisIt M.Ponce (SciNet/UofT) 3/ 80



Scientific Visualization 2D/3D Visualization Generalities

@ Visualization is the
process of mapping
scientific data into
*visual form"

@ Much easier to

understand images than
a large set of numbers

@ For interactive data
exploration, debugging,
communication with
peers

~

VISIt 2.6 Patch 2

(©) 2000-2015 LLNS. Al Rights Reserved.
Vislt 2.6.2, svn revision Unknown
March 2013
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Scientific Visualization 2D/3D Visualization Generalities

1D plotting vs. 2D/3D visualization

time (au)
60 S0 40 30 200 100 0
= 1D plotting '°°’ e
gL

plotting functions of one variable, 1D

tabulated data (eg. gnuplot, xmgr, :oi :
or Python's matplotlib library) Ef R

| x N
( 100 200 300 400 500 6
time (au)

»

displaying multi-dimensional datasets,
typically data on 2D/3D structured
grids or on unstructured meshes (that
have some topology in 2D/3D)

v
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Scientific Visualization 2D/3D Visualization Generalities

@ represent data

@ plotting

@ visualization techniques
@ analyze/explore

@ communicate
(publications/+alks)

@ make it look nice?
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Scientific Visualization 2D/3D Visualization Generalities

2D/3D visualization packages
=» gnuplot: command-driven interactive 2d and 3d plotting program

®» GraphViz: represent strucrural information as diagrams of abstract
graphs and networks

= HDFview: visual tool for browsing and editing HDF4 and HDF5 files
=» ImageMagick: manipulation of image

= Molden: pre/post-processing for molecular and electronic structures
= OpenCV: library for real time computer vision

= ParaView: Parallel visualization application )

= SciLab: open source platform for numerical computation

» VisIt: Visualization Tool for HPC )

= XCrysDen: Crystaline and Molecular Structure Visualization
= yt: python-based package for visualization of AMR datasets

= VMD: Visualization for Molecular Dynamics
= openDX: very old, not mantained package, but really

nice approach to visualization process (modules)
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Scientific Visualization 2D/3D Visualization Generalities

2D/3D visualization packages

General Features

visualize scalar and vector fields

structured and unstructured meshes in 2D and 3D, particle
data, polygonal data, irregular topologies

ability to handle very large datasets (GBs to TBs)

ability to scale to large (103 — 10° cores) computing facilities
iteractive manipulation

support for scripting, common data formats, parallel I/0
open-source, multi-platform, and general-purpose

il N

= 2 .
.
VisIt 2.6 ruen:
() 2000-2015 LLNS. All Rights Reserved.

Vislt 2.6.2, svn revision Unknown
March 2013

l[l ParaView
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Scientific Visualization

Visualization Pipeline

» Data Visualization Process

remove all but
the data of
interest

An iterative process

obtain the data

acquire ——— parse —— filter ——= mine —— represent ——— refine —— interact

~—

provide
structure

apply methods from
statistics or data mining to
discern patterns or place

choose a basic
visual model,
such as a bar
graph, list or tree

Add methods for

manipulating the

data or controlling
what features are
visible

Input Data
Prepared Data
SciVis Model Data

Computer Graphics Data

improve the basic
representation to make it
clearer and more visually
engaging

Image data

the data in mathematical

context

» Scientific Visualiza-
tion Techniques

e contours/isosur-
faces, clips, thresh-
olds, glyphs, stream-
lines, pseducolors,

2018 IHPCSS - Ostrava

» Render/PostProcess
» Map to Geometry

= scalars, vectors, ten-

sors e YR
- 1D, 2D1 3D e Refinement
= mesh/grid 2
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Scientific Visualization Visualization Pipeline

Visualization Toolkit (VTK)

@ Leveraged by many

@ Open source, multiplatform applications

@ Supports distributed @ Divided into logical areas
computation models o Filtering

@ Extensible modular o Information Visualization
architecture @ Volume Rendering

@ Available for 3D computer @ Cross platform, using
graphics, image processing OpenGL
and visualization @ Wrapped in Python, Tool

@ Collection of C++ libraries Command Language (Tcl)

and Java

and are end-user applications with support:

= parallel Data Archiving/Reading/Processing/Rendering
= single node, Client-Server, MPI Cluster Rendering
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codes/visit

@ Developed by the DOE Advanced Simulation
and Computing Initiative, to visualize
results of terascale simulations, first
release fall of 2002 - mantained by LLNL

v2.13.2 available as source and binary for
Linux/Mac/Windows

Over 80 visualization features (contour,
mesh, slice, volume, molecule, ...)

@ Reads over 110 different file formats
@ Interfaces with C++, Python, and Java

@ Uses MPT for distributed-memory
parallelism on HPC clusters

2018 IHPCSS - Ostrava Scientific Visualization: VisIt M.Ponce (SciNet/UofT) 12/ 80


https://wci.llnl.gov/simulation/computer-codes/visit/
https://wci.llnl.gov/simulation/computer-codes/visit/
https://wci.llnl.gov/simulation/computer-codes/visit/
https://wci.llnl.gov/simulation/computer-codes/visit/
https://wci.llnl.gov/simulation/computer-codes/visit
https://wci.llnl.gov/simulation/computer-codes/visit
https://wci.llnl.gov/simulation/computer-codes/visit/downloads
https://wci.llnl.gov/simulation/computer-codes/visit/downloads
https://wci.llnl.gov/simulation/computer-codes/visit/gallery
https://wci.llnl.gov/simulation/computer-codes/visit/gallery
https://wci.llnl.gov/simulation/computer-codes/visit/gallery
https://wci.llnl.gov/simulation/computer-codes/visit/gallery
https://wci.llnl.gov/simulation/computer-codes/visit/gallery
https://wci.llnl.gov/simulation/computer-codes/visit/gallery
https://wci.llnl.gov/simulation/computer-codes/visit/gallery
https://wci.llnl.gov/simulation/computer-codes/visit/gallery

@ can read over a 100

@ can run: locally, remotelly,
client/server mode

@ inferface prefty much
looks the same on each
platform

different data formats
@ new database plugin Local computer

readers can be developed ~ remiccompuier

‘ Database server VCL

ﬁ Parallel Compute Engine
—
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@ can run: locally, remotelly,
client/server mode

@ inferface prefty much
looks the same on each
platform

@ can read over a 100
different data formats

@ new database plugin Local computer

readers can be developed  remiccompuir

» Suppor""ed Mesh Types ‘ Database server

VCL

» 1D Curves

o arallel Compute Engine
» 2D/3D meshes: Rectilin- T H
—

ear, Curvilinear, Unstructured,
Points, AMR, Molecular, CSG

2018 IHPCSS - Ostrava Scientific Visualization: VisIt

M.Ponce (SciNet/UofT) 13/ 80


https://wci.llnl.gov/simulation/computer-codes/visit/
https://wci.llnl.gov/simulation/computer-codes/visit/
https://wci.llnl.gov/simulation/computer-codes/visit/
https://wci.llnl.gov/simulation/computer-codes/visit/

@ can run: locally, remotelly,

client/server mode

@ inferface prefty much
looks the same on each

platform
@ can read over a 100

different data formats

@ new database plugin

readers can be developed  remiccompuier

= Supported Mesh Types

» 1D Curves

» 2D/3D meshes: Rectilin-
ear, Curvilinear, Unstructured,

‘ Database server

VCL

Parallel Compute Engine

Points, AMR, Molecular, CSG
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VisIt Generalities

It: Multiple Interfaces

@ GUI (graphical user
interface)

@ Python programming
interface

@ Java programming
interface

@ C++ programming
interface

2018 IHPCSS - Ostrava Scientific Visualization: VisIt

M_.Ponce (SciNet/UofT)

14/ 80


https://wci.llnl.gov/simulation/computer-codes/visit/

VisIt Generalities

It: Multiple Interfaces

@ GUI (graphical user

interface) o ‘
o Python programming » Use multiple interfaces simultaneously
interface » Use VisIt as an application or a library

w» C++, Python, Java interfaces allow

@ Java programmin
et 2 other applications to control VisIt

interface
@ C++ programming
interface
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VisIt Generalities

C8Cq visTt: 6UT
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Generalities

4 visIt: GUI

» GUI
= Select files to visualize e
= Create and manage plots PR AR

= Seft plot attributes
= Add operators :
= Set look and props. for visu- T -
alization
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| visTH: GUT

Generalities

» GUI

= Select files to visualize

= Create and manage plots

~ Set plot attributes

= Add operators

= Set look and props. for visu-
alization

» \iewer

= display all of the data being
visualized

= Mouse navigation

= up to 16 vis windows

= Popup menu

= Toolbars

2018 IHPCSS - Ostrava
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VisIt Generalities

I'r: GUIs

m Main window in GUT

= Access other important
windows

= Open files

= Set animation time state
= Set active window

= Create and manage filters
(pipeline)

= Displays progress from
compute engine

@ Visit262 File Controls Options Windows Plot Attibutes Operator Atrbutes Help
: 0o

1/ Apply operators t
¥/ Apply subset selections to all plots
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VisIt Generalities

I'r: GUIs

w Main window in GUT € wna e comoh oo e s O At 1
2

= Access other important P [T
windows i ;

b Open files L )
= Set animation time state
= Set active window

= Create and manage filters
(pipeline)

= Displays progress from
compute engine

» Really useful ones

= Appy to... check-boxes
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VisIt Generalities

 vain |

w Main Menu

= | Controls

= Op-hons ‘<| <« @ES > | I>

DB: noise.silo
ycle: 0

i Windows\
= |Plot ATTr‘ibuTeS‘
= | Operator Attributes

Apply to

1/ Apply oper:

w | He | p < Aopysu

w Visualization Toolbar

8 0o Window 1
Moo 8= =8 &Ik 0 & & & i 4> F 3
BEla K K= L )
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© 06 0 00060

(@

VisIt

Generalities

It: Visualization Pipeline

Open database (or file)
Create a plot
Set plot attributes

Apply operators to plot
to modify data

Set operator
attributes

Compute engine
generates plot

Plot displayed in vis
window

iterate//repeat...

2018 IHPCSS - Ostrava
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VisIt Viz. Pipelines Basics

It: Import Data

» |File| — | Open file...
— choose data file ("noise.silo")
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VisIt Viz. Pipelines Basics

It: Import Data

» | File | —

Open file...

— choose data file ("noise.silo")

» Become available

» Active source: “noise.silo"
= Add button

2018 IHPCSS - Ostrava
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VisIt Viz. Pipelines Basics

It: Import Data

» | File | —

Open file...

— choose data file ("noise.silo")

» Become available

» Active source: “noise.silo"
= Add button

> \ File\ — \ File information. ..
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VisIt Viz. Pipelines Basics

It: Contours

> ‘ Add, | — | Contours

~+ | hardyglobal

a0o w262 widon
— Dr‘naw 7@ :;E?u\ufft::n\@\asmmﬂ<|»ﬁ§,»
e i (1) D ey

| # Boundary » 2 |
BT oy ]
| B Curve > ainvf
@ Filled Boundary > airvfGradient_magnitude h Teme
Histogram > chromeVf
# Label »  grad_magnitude ”:' e
B Mesh > % me oA i Y
& Molecule »  hgslice i, +
MultiCurve > operators 3 | > (¢ comour—rarggan |
| P Parallel Coordinates » | radial
[ Poincare » shepardglobal
4 Pseudocolor »  tensor_comps >
| Scatter > X sepyto @ iniow| O widows
et Sl -
BB S -
Wqheet " o) Finiliire- .
4 Surface > B > >
#' Tensor >
[l Truecolor [
+ Vector > [/ - -y’“
W Volume » lishow Draw  Variables,
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Viz. Pipelines Basics

w double-click on
Contour-hardyglobal

DB: noise.silo
Cycle: 0

/
y/
/
Contour plot attributes ke
.
@ tinear o)
() Minimm 0 () Maximum 1
Hygi
Selectby [Nievis ¢ 5
ot o
Color table Default ert
single f " 100% 9 /
® Multile
D ee—
> Il — 60% y fopth
0 ; ; ; A | fer ; .
4 aex - ;
. , , , , o 5 Svidth (pargec) 0
s 1 x
e s o mponce
T8 5s09 201
Line style —solid o) Unewidth [ 1
wse
#Legend Wireframe
Make default Load | [ Save | [ Reset
Aoply Post ) [ Dismiss
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Viz. Pipelines Basics

w double-click on
Contour-hardyglobal

w under Select by, choose

[N levels]- 5 [

600 Contour plot attributes
nnnnnnnnnn
Sale (@ Linear Log
) Minimum 0 (I Maximum 1
Select by [Nlevels ¢ |5
Color table Default vert
Single. e S 100%
© Multple
; e —
4 a8%
s —T
nesyie
Line style — solid 2] Line width (=1
vise
& Legend Wireframe
Make default Load | [ Save | [ Res
Asply Post | [ Dismiss
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w double-click on
Contour-hardyglobal

w under Select by, choose

[N levels] - 5 [Ez7

Viz. Pipelines Basics

Apply

& | Dismiss

o

user; mponcs,
Thu U116 1513609 2015

m Change opacity levels, eg: J ) /
100%, 60%, 60%, 48%, 24%
eoo Contour plot attributes B
HHHHHHHHHHHH
i -
T i
Hygi
Siole [ H — 5
@miple
;. e i, R
: pr— , :: LJ*: 5 Svidth (pargec)
une:y:z — solid Line width { 1 i
¥ Legen Wireframe
e

2018 IHPCSS - Ostrava

Scientific Visualization: VisIt

M_.Ponce (SciNet/UofT)

21/ 80


https://wci.llnl.gov/simulation/computer-codes/visit/

Viz. Pipelines Basics

w double-click on

Contour-hardyglobal w | Apply | & | Dismiss
m under Select by, choose

=5 iy oo

m Change opacity levels, eg:

4 4
2
o, o, o, ) )
100%, 60%, 60%, 48%, 247%
800 Contour plot attributes S
HHHHHHHHHHHH
T
e ==
Hygi
@miple
- - .
: pr— , , , :: Ut‘: 5 Svidth (pargec) 0
Line style — solid | Line width (= Thusuio 1erze9 2015
& Legend Wireframe
e \ Hide/Show \ or \ Dele‘re\
) (o
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~ | hardyglobal

= | Draw

VisIt Viz. Pipelines Basics

It: PseudoColor & IsoSurfaces

[EIENE
DB: noise silo

\I:I\ﬁ&!ﬂwux+--«lk@ﬁ¢lﬁv > > B 3 L
9 Q

‘Widtn (pargec) ¥

’GtunHm-m,ﬁn EEEEE
R LX)
DB: noise-silo

Width (pardec)

> > B 3>
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VisIt Viz. Pipelines Basics

It: PseudoColor & IsoSurfaces

— |Pseudocolor | m | Operators, | — | Slicing

~ | hardyglobal _>
— Dr'aw — | Draw

\I:hﬁ&!ﬂwux+»-«lk@ﬂ$lﬁi » > @ 3> =) a[unHm.mfnﬂwsﬁm > > B 3>
Bl % 80 RN XY

DB:noise o

Cycle:0

D okl

DB :noise dlo
&: 0

P S 7 G
T 5 Widtn (pardec) 0 " B Width (pardec) "
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VisIt Viz. Pipelines Basics

It: PseudoColor & IsoSurfaces

~ | hardyglobal _>
— | Draw — | Draw

L) Bloaao= & === Ak OGeG®o > >0 3> L JBCcREN=8mnen Ak QRGEGD > 4> B 5>
=N X ) - e (OSSN SRNANEE )

‘Widtn (pargec)

i

m click » to expand, double click on [Isosurface]

= under Select by, choose |Percent (s)|= 50 [Enter| &

2018 IHPCSS - Ostrava Scientific Visualization: VisIt M.Ponce (SciNet/UofT) 22 / 80


https://wci.llnl.gov/simulation/computer-codes/visit/

VisIt Viz. Pipelines Basics

It: PseudoColor & IsoSurfaces

hardyglobal — | Isosurface
— | Draw — | Draw
‘‘‘‘‘‘‘ O v—. R

Boad= + == #
=N X ) pe—
DB: noise silo DB
. C

o - ‘Widtn (pargec)

m click » to expand, double click on [Isosurf

ace]

= under Select by, choose |Percent (s)|= 50 [Enter| &

w change the opacity of [Pseudocolor]
M.Ponce (SciNet/UofT) 22 / 80
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VisIt Viz. Pipelines Basics

N

8It: PseudoColor & IsoSurfaces
?: o LI ABE0es = =8 &k @& & a6 4> 3 3
Acthe windowl L autospply REELS b \ N )

& & €

Time

«l < | EU 2 >

pots

o] - 2
iﬁ' 456:) - i/ A wm
Add, Opertors, Delete HdelShow Oraw  Variabies,
| v | |ardygiobal

J isosurface

& Pseudocolor
v (@ nardyglobal

! isosurface

& Pseudocolor
Apply to (@) active window ) all windows

Apply operators to all plots.
Apply subset selections to all plots

Unpost Di

=]
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VisIt Viz. Pipelines Basics

I‘r: seudoColor' & IsoSurfaces

IBoaBo=s==8 &k @& & & 4> 3 3
| A % x A K)

Auto apply.

DB: noise.silo

Cycle: 0 g UnSClCCT The

[Apply ...]
check-boxes

w add 1 more
Pseudocolor
+Isosurface,
w/Percent(s)=80
& adjust its
opacity

Apply to

Apply opera
Apply subset selections to all plots

=]
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VisIt Viz. Pipelines Basics

I‘r: seudoColor' & IsoSurfaces

IBoaEo-Bs=s =8 &k 0|8 &6 4> 8 3
N h % ~ A K)

Active window [ 1+ Auto apply.

DB: noise.silo

&y w unselect the
[Apply ...]
check-boxes

w add 1 more
Pseudocolor
+Isosurface,
w/Percent(s)=80
& adjust its
opacity

=]

w clipping = select/check the [Apply...] boxes

= [Operators, | - | Selection| | Clip

= choose combinations of # planes to modify the «clip>»
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VisIt Viz. Pipelines Basics

§It: General Remarks

» operators/plots can be removed -or- hidden | Hide/Show

» save your work frequently: |File| - [Save session. .. |
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VisIt Viz. Pipelines Basics

It: General Remarks

¥ operators/plots can be removed -or- hidden | Hide/Show

» save your work frequently: |File| - [Save session. ..

v

* Restoring a previous session

» | File|  [Restore session.. .|
loads the previous state of the given session (that needs to be
specifically saved)

» | File| —|Restore session w/sources.. . |
extremely useful for re-identifiying datasets that could have been
moved or renamed
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VisIt Viz. Pipelines Basics

It: General Remarks

¥ operators/plots can be removed -or- hidden | Hide/Show

» save your work frequently: |File| - [Save session. ..

* Restoring a previous session

» | File|  [Restore session.. .|
loads the previous state of the given session (that needs to be
specifically saved)

» | File| —|Restore session w/sources.. . |
extremely useful for re-identifiying datasets that could have been
moved or renamed

Be aware, that VisIt, by default won't save your work (session) nor
ask you when you try to exit the program!
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I'r: Intermesso i

Hands-on. ..

» Load some of the other datasets: [eg.
Grid.vtk", "headsqg.vtk", "disk out_ref.ex2", ..]

own datalll

"testRectilinear-
-or- your
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VisIt Viz. Pipelines Basics

I'r: Intermesso i

Hands-on. ..
» Load some of the other datasets: [eg.
Grid.vtk", "headsqg.vtk", "disk out_ref.ex2", ..]

own datalll
» Try to explore the data and visualize it, using some of the tools

we have discussed

"testRectilinear-
-or- your
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VisIt Viz. Pipelines Basics

I'r: Intermesso i

Hands-on. ..

» Load some of the other datasets: [eg. "testRectilinear-—
Grid.vtk", "headsq.vtk", "disk_out_ref.ex2", ..] -or- your
own datalll

» Try to explore the data and visualize it, using some of the tools
we have discussed

» If you have used other visualization packages, compare how easy
and whether it is possible or not, to obtain similar results, let's say,
with ParaView or VAPOR for instance...

» also which one, results more intuitive, elegant, useful for you and
your research

08 festRoctlineciGid vic

&
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VisIt Viz. Pipelines Basics

I'r: Intermesso i

Hands-on. ..

» Load some of the other datasets: [eg. "testRectilinear-—
Grid.vtk", "headsq.vtk", "disk_out_ref.ex2", ..] -or- your
own datalll

» Try to explore the data and visualize it, using some of the tools
we have discussed

» If you have used other visualization packages, compare how easy
and whether it is possible or not, to obtain similar results, let's say,
with ParaView or VAPOR for instance...

» also which one, results more intuitive, elegant, useful for you and
your research

08 festRoctlineciGid vic

&
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VisIt Viz. Pipelines Basics

00 Vislt 2.6.2

Active window [ 1 +| [ Auto apply

Slicing Isosurfaces
"'-»‘Oper'a’rors,‘ﬁ Slicing| — | Slice s

w double-click on [Slice] L % A& %
= try choosing different axes oa . ——

x

>
>
Geometry >
>
>
>

& Project to 2D s
= try also the other types of slices voim— s

9 W Isosurface
ModelFit ¥ Slice

® Spherical Slice

Applytl  E Remove last
& ThreeSlice

Fappl_ 8 Remove all

[ Apply subset selections to all plots
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VisIt Viz. Pipelines Basics

It: Vector Field representations - Glyphs

= Glyphs
> ‘ Add, | — \ Vector \ ~ \ air‘VfGradienT\

~ | Apply | & [Dismiss|
w double-click on [Vector]

w~ set Vector amount ~~
= more properties in [Data] & [Glyph]
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VisIt Viz. Pipelines Basics

It: Vector Field representations -

Streamlines

» Streamlines

w | Add,| — lw - -

IntegralCurve |~ |grad

w double-click on [IntegralCurve]
= set Source type ~
= increase samples/distance along axes~~
= Integration direction ~~
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VisIt Viz. Pipelines Basics

\ It: Vector Field representations -
Streamlines

=» Streamlines e

w | Add,| — |Pseudocolor| — —

IntegralCurve |~ |grad

w double-click on [IntegralCurve]
= set Source type ~
= increase samples/distance along axes~~
= Integration direction ~~

w double-click on [Pseudocolor]
= in [Geommetry], Line type ~~ . w/
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VisIt Viz. Pipelines Basics

\ It: Vector Field representations -
Streamlines

=» Streamlines e

w | Add,| — |Pseudocolor| — —

IntegralCurve |~ |grad

w double-click on [IntegralCurve]
= set Source type ~
= increase samples/distance along axes~~
= Integration direction ~~

w double-click on [Pseudocolor]
= in [Geommetry], Line type ~~ . w/

= [Data] ~ - | Apply
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VisIt  Viz. Pipelines Basics

It: Vector Field representations -
Streamlines

DB: noise.silo DB: noise.silo
Cycle: 0 Cycle: 0

fight {parsec)

| % N

{1 ¢. ;_J‘
s N /%

gg{%pm (parsec)
9 | |

. .
Qigth (parsed) 5 Qidth (parsed)

user: mponce
ThU Ul 16 2301:43 2015
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I'r: Slices

= | Add, | - |Pseudocolor |

~~ | grad_magnitude
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VisIt Viz. Pipelines Basics

g Addy — PSCUdOCOIOI" EB:Toi%e‘s\\o
Cycler

~~ | grad_magnitude

— | Slicing | ~~ | Slice

|
By T e @idth prQ)h -

L ‘ Operator,
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Viz. Pipelines Basics

= | Add, | - |Pseudocolor |

~~ | grad_magnitude

— | Slicing | ~~ | Slice

w double-click on [Slice]

= select ~
= unselect Project to 2D

= | Apply

= Draw|
= Hide/Show|

L ‘ Operator,
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VisIt Viz. Pipelines Basics

I‘r: Volume Rendering

""*‘Add, — | Volume
~» | grad_magnitude

DB: noise silo
Cycle: 0

v
800 Volume pot arib
Renderer O 20 ransfer
Colortable | Defaut Align | Smoothing| +]C) eaual
« Olog Oskew 1
Maximam o
Gaussian () From Color Table ¥ Show coors
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VisIt Viz. Pipelines Basics

I‘r: Volume Rendering

""*‘Add, — | Volume
~» | grad_magnitude

m double-click on [Volume]

= click on
= change Transfer Fn/Opacity

800

DB: noise silo
Cycle: 0

aaaaaaaaaaaaaa

uuuuuu

F#
v I
. ksDe
1o

Lz x
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VisIt Viz. Pipelines Basics

N ?‘..l_sl Aesthetics & Final Products

= | egends, axes, ... = “hard-copies”: images, ...

- = [File] -
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VisIt Dataset Exploration

sIt+: Aneurism DataSet

This tutorial uses the aneurysm dataset

» Launch VisIt

» In VisIt's GUI, under the section, click

» Navigate your file system to select the "aneurysm.visit” file.

» Alternatively, navigate into the aneurism directory and load all
the “* silo" files.
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VisIt Dataset Exploration

» Expand the Mesh plot object and
finite element mesh used in double click to open the Mesh
the blood flow simulation. Plot Attributes Window

» |Add| — | Mesh| — | Mesh|

» First we will examine the

Mesh plot attributes

Zone
I ] Show internal zones
i 2
°PI(_) L 5 7 1 Outline orly Tolerance 001
Add, Operators, = Delete  Hide/Show DOraw  Variables, Color
E Mesh color (&) Foreground () Custom
i Contour »
& Curve . Opague color () Background (@) Custom
y Opaque mode  (2) Auto on ooft
Histogram ) . . . n
Opacity — o

A Label

& Molecule

» click |draw

Mesh

Point / Line Style

Point type | Point

Scale point size by var

Line style | — solid

iable default

+| Point size (pixels) [2

:| Lnewidh [—1 3|

Geometry
Smoothing (=) None

Misc
™ Legend

Make default

Apply

) Fast () High

Load Save Reset

Post Dismiss

2018 IHPCSS - Ostrava

Scientific Visualization

+ VisIt

M.Ponce (SciNet/UofT)


https://wci.llnl.gov/simulation/computer-codes/visit/

VisIt Dataset Exploration

sTt: Plotting Mesh Topology

Experiment with settings for: —
» Mesh color BT,

v

Opagque color

Opaque mode

Show internal zones

You will need to click | Apply

to commit the settings to
your plot.

v

v

v
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VisIt Dataset Exploration

VisIt's Query interface provides several quantitative data
summarization operations.

» [Controls Menu] —
» Select and click Query

w number of elements in the mesh

» Select and click Query

w number of vertices in the mesh
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VisIt Dataset Exploration

sTt: Query Mesh Properties

VisIt's Query interface provides several quantitative data
summarization operations.

» [Controls Menu] — e
» Select [NumZones |and click Query

w number of elements in the mesh

» Select and click Query

w number of vertices in the mesh

Pop quiz

33.046)
36.0344)
51.6576)

» How many elements are used to
construct the mesh?

» How many vertices are used to
construct the mesh?

0344, 4.75729, 2.736%, 524628, 351821, 6.29238)

node 0 are (3:37391, 277752, 5.70382).
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VisIt Dataset Exploration

It: Examining and Identifying Data Fields

In addition to the mesh topology, this dataset provides two mesh
fields:

» A scalar field pressure, associated with the mesh vertices.
» A vector field velocity, associated with the mesh vertices.
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VisIt Dataset Exploration

It: Examining and Identifying Data Fields

In addition to the mesh topology, this dataset provides two mesh
fields:

» A scalar field pressure, associated with the mesh vertices.
» A vector field velocity, associated with the mesh vertices.

» [File Menu] — \ File information...
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VisIt Dataset Exploration

| It: Examining and Identifying Data Fields

In addition to the mesh topology, this dataset provides two mesh
fields:

» A scalar field pressure, associated with the mesh vertices.
» A vector field velocity, associated with the mesh vertices.

» [File Menu] — \ File informaﬁon...\

VisIt automatically defines an expression that allows us
to use the magnitude of the velocity vector field as a
scalar field on the mesh

m the result of the expression is a new field named
velocity_magnitude
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VisIt Dataset Exploration

It: Visualizing Scalar Fields

We will use Pseudocolor Plots to examine the pressure and
velocity_magnitude fields.

QCafQ-Ces=ash BRseasey 4 UmPP 5 o2
P LNEASONSENN Y T )

jas

Yohxis
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VisIt Dataset Exploration

isIt: Visualizing Scalar Fields

We will use Pseudocolor Plots to examine the pressure and
velocity_magnitude fields.

» |Add]| — ’Pseudocolor‘\ —

v

» Expand the Pseudocolor plot )
and double click to bring up the
Pseudocolor Plot Attributes
Window.

» Change the color table to
Spectral and check the Invert
button

» Click | Apply

» [Plot List] click
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VisIt Dataset Exploration

isIt: Visualizing Scalar Fields

We will use Pseudocolor Plots to examine the pressure and
velocity_magnitude fields.

» |Add]| — ’Pseudocolor‘\ —

v

» Expand the Pseudocolor plot )
and double click to bring up the
Pseudocolor Plot Attributes
Window.

Change the color table to
Spectral and check the Invert
button

Click | Apply

[Plot List] click

v

v

v
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VisIt Dataset Exploration

It: Visualizing Scalar Fields

We will use Pseudocolor Plots to examine the pressure and
velocity_magnitude fields.

» |Add]| — ]Pseudocolor‘\ —

v

» Expand the Pseudocolor plot .
and double click to bring up the
Pseudocolor Plot Attributes
Window.

» Change the color table to _— \%
Spectral and check the Invert .

button Experiment with:

» Click | Apply » setting the Pseudocolor plot lim-

» [Plot List] click its

» hiding/showing the Mesh plot
Time Slider] click | Play [/ Stop]| ) J B

Yohxis
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VisIt Dataset Exploration

It: Analizing Scalar Fields

Query the Maximum Pressure Over Time

We can use the pressure field to extract the heart beat signal.
We want to find the maximum pressure value across the mesh ele-
ments at each time step of our dataset.

800 QueryOverTime

X-hois:

Choices entered here only apply to values
displayed in the x-axis of the time curve.

Cycle (e Time Timestep

Use 1st unused window or create new
[V one. All subsequent queries will use this
same window.

Window # 2
Make default Reset
Apply Post Dismiss
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VisIt Dataset Exploration

It: Analizing Scalar Fields
Query the Maximum Pressure Over Time

We can use the pressure field to extract the heart beat signal.
We want to find the maximum pressure value across the mesh ele-
ments at each time step of our dataset.

m VisIt provides a Query over time mechanism that allows us to
CXTI"GCT ThIS dGTG. 8e0o QueryOverTime

X-hois:

Choices entered here only apply to values
displayed in the x-axis of the time curve.

Cycle (e Time Timestep

Use 1st unused window or create new
[V one. All subsequent queries will use this
same window.

Window # 2
Make default Reset
Apply Post Dismiss
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VisIt Dataset Exploration

It: Analizing Scalar Fields

Query the Maximum Pressure Over Time

We can use the pressure field to extract the heart beat signal.
We want to find the maximum pressure value across the mesh ele-
ments at each time step of our dataset.

m VisIt provides a Query over time mechanism that allows us to

CXTI"GCT ThIS dGTG. 800 QueryOverTime
. X-Axis:
> F”ﬂST/ we need To SeT our quer‘y Choices entered here only apply to values

displayed in the x-axis of the time curve.

options to use fime as the
independent variable for our

Cycle (e Time Timestep

query: [Controls Menu] — .g”*:l«idzw;’"ﬁ‘:“""wn‘fé
‘Quer‘y over time options ‘ Window # 2

> SeleCT f'me Make default Reset

> Clle Apply Gnd dISI’T\ISS The Apply Post Dismiss
window T
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VisIt Dataset Exploration

It: Analizing Scalar Fields

800

Now we can execute the Max query CGOQ-as-EAK@NeS - -5 3

. TEEETES )
on all the time steps and collect the
results into a curve.

010 020 030 040 050 050 070 080 050
Time (time)
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VisIt Dataset Exploration

It: Analizing Scalar Fields

800

Now we can execute the Max query CGOQ-as-EAK@NeS - -5 3
. TEEEETEY )

on all the time steps and collect the

results into a curve.

» [Plot List] Click o make sure
the Pseudocolor plot is active

» [Controls Menu]| — \ \

U.‘VU DIZU 0.30 O‘AOH U‘i‘l‘l UIMI 0.70 D‘!D U.‘?U
KN
» Select Max tme)

» check ‘ Do Time Quer‘y‘

Max (x1043)
@
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VisIt Dataset Exploration

It: Analizing Scalar Fields

Now we can execute the Max query G -zro-sc-csnamnss o o -
. F AW ™ 4
on all the time steps and collect the

results into a curve.
» [Plot List] Click to make sure z
the Pseudocolor plot is active

» [Controls Menu]| — \ \

~ SeleCT Max 010 020 030 vonm:.(s‘L‘)uw 070 080 050
» check ‘ Do Time Quer‘y‘

This will process the simulation
output files and create a new
window with a curve that contains
the maximum pressure value at each
time.
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VisIt Dataset Exploration

It: Analizing Scalar Fields

Now we can execute the Max query c-:co-sc-csnansa o o -
. e ’ |

on all the time steps and collect the

results into a curve.

» [Plot List] Click to make sure L
the Pseudocolor plot is active £

» [Controls Menu]| — * \ \
g SeIeCT Max 010 020 030 Olonm:.(i‘l‘lm.)ubﬂ 070 080 050

» check ‘ Do Time Quer‘y‘

Exercises
This will process the simulation » How many heart beats does this
output files and create a new Satas caa

window with a curve that contains ) Estimate the number of beats
the maximum pressure value at each per minute of the simulated

time. heart.
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VisIt Dataset Exploration

It: Analizing Scalar Fields

Next, we will create a Pseudocolor plot to look at the magnitude of
the velocity vector field.
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VisIt Dataset Exploration

Next, we will create a Pseudocolor plot to look at the magnitude of
the velocity vector field.

» First,
plots

» Add a Pseudocolor Plot of the
velocity_magnitude: [Plot List] —
|Add| — \Pseudocolor\ —

velocity_magnitude

Hide /| Delete | previous
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VisIt Dataset Exploration

Next, we will create a Pseudocolor plot to look at the magnitude of
the velocity vector field.

» First,
plots

» Add a Pseudocolor Plot of the
velocity_magnitude: [Plot List] —
|Add| — \Pseudocolor\ —

velocity_magnitude

Hide /| Delete | previous

» Open (double-click) Pseudocolor
Plot Attributes Window, and set
the color table options as before

» [Plot List] —
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VisIt Dataset Exploration

It: Analizing Scalar Fields

Notice that the velocity at the surface of the mesh is zero. To get
a better understanding of the flow inside the mesh, we will use
operators to extract regions of high blood flow.

Creating a Semi-Transparent Exterior Mesh Plot

When looking at features inside the mesh, it helps to have a par-
tially transparent view of the whole mesh boundary for reference.
We will add a Subset plot to create this view of the mesh boundary.

;|
35
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VisIt Dataset Exploration

It: Analizing Scalar Fields

Notice that the velocity at the surface of the mesh is zero. To get
a better understanding of the flow inside the mesh, we will use
operators to extract regions of high blood flow.

Creating a Semi-Transparent Exterior Mesh Plot

When looking at features inside the mesh, it helps to have a par-
tially transparent view of the whole mesh boundary for reference.
We will add a Subset plot to create this view of the mesh boundary.

» [Plot List] — Uncheck BrsTarie gt aRedTian vimre s o
Apply operators to all plots -

» Add a Subset Plot of the mesh: [Plot o
List] —|Add| — | Subset | — | Mesh | v
- P

;|
35
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VisIt Dataset Exploration

isIt: Analizing Scalar Fields

Notice that the velocity at the surface of the mesh is zero. To get
a better understanding of the flow inside the mesh, we will use
operators to extract regions of high blood flow.

Creating a Semi-Transparent Exterior Mesh Plot

When looking at features inside the mesh, it helps to have a par-
tially transparent view of the whole mesh boundary for reference.
We will add a Subset plot to create this view of the mesh boundary.

» [Plot List] — Uncheck
Apply operators to all plots

» Add a Subset Plot of the mesh: [Plot
List] —|Add| — | Subset | — | Mesh | v

» Open (double-click) Subset Plot e A’
Attributes Window: change color to
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VisIt Dataset Exploration

It: Analizing Scalar Fields

Contours of High Velocity

Now we will extract contour surfaces at high velocity values using
the IsoSurface Operator
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VisIt Dataset Exploration

It: Analizing Scalar Fields

Contours of High Velocity

Now we will extract contour surfaces at high velocity values using
the IsoSurface Operator

» [Plot List] — Click to select the
Pseudocolor Plot

» Add an IsoSurface Operator:
[Plot List] — ‘ Opera’rors‘ — | Slicing

— [IsoSurface|

2018 IHPCSS - Ostrava Scientific Visualization: VisIt

M_.Ponce (SciNet/UofT)


https://wci.llnl.gov/simulation/computer-codes/visit/

VisIt Dataset Exploration

It: Analizing Scalar Fields

Contours of High Velocity

Now we will extract contour surfaces at high velocity values using
the IsoSurface Operator

» [Plot List] — Click to select the » [Plot List] —
Pseudocolor Plot » use the [Time Slider] to
» Add an IsoSurface Operator: animate the plot

[Plot List] — ‘ Oper‘a‘ror‘s‘ — | Slicing

— [IsoSurface

» Open (double-click) IsoSurface
Operator Attributes Window:
set | Select by ~~Value, and use
10 15 20;
click and dismiss the window
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VisIt Dataset Exploration

It: Analizing Scalar Fields

Sub-Volumes of High Velocity

As an alternative to contours, we can also extract the sub-volume
between two scalar values using the IsoVolume Operator
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VisIt Dataset Exploration

It: Analizing Scalar Fields

Sub-Volumes of High Velocity

As an alternative to contours, we can also extract the sub-volume
between two scalar values using the IsoVolume Operator

» |Remove \/\ Hide| the 'IsoSurface
Operator’

» Add an IsoVolume Operator:

[Plo.l. LlST]—>—> n:ﬁff,‘ _vil_;:.-w..;‘... T TN -

| Selection | — \IsoVqume \
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VisIt Dataset Exploration

It: Analizing Scalar Fields

Sub-Volumes of High Velocity

As an alternative to contours, we can also extract the sub-volume
between two scalar values using the IsoVolume Operator

» |Remove \/\ Hide| the 'IsoSurface » [Plot List] —
Operator’ » use the [Time Slider] to
» Add an IsoVolume Operator: animate the plot

[Plot List] — N e et
| Selection | — \IsoVqume \ 4t

» Open (double-click) IsoVolume
Operator Attributes Window:

set the | Lower Bound ~~10, and

Upper Bound ~~20;
click m and dismiss the window
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VisIt Vector Fields Visualizations

It: Vector Fields Visualization

Plotting the Vector Field Directly with Glyphs

VisIt's vector plot renders a vector field at each time step as a collection
of Arrow Glyphs. This allows us to see the direction of the vectors as well
as their magnitude.
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VisIt Vector Fields Visualizations

It: Vector Fields Visualization
Plotting the Vector Field Directly with Glyphs

VisIt's vector plot renders a vector field at each time step as a collection
of Arrow Glyphs. This allows us to see the direction of the vectors as well
as their magnitude.

» Add a Vector Plot of velocity:
[Plot List]: \Add M Vector || velocity
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VisIt Vector Fields Visualizations

$8It: Vector Fields Visualization

Plotting the Vector Field Directly with Glyphs

VisIt's vector plot renders a vector field at each time step as a collection
of Arrow Glyphs. This allows us to see the direction of the vectors as well
as their magnitude.

» Add a Vector Plot of velocity: » [Plot List] —
[Plot List]: | Add M Vector || velocity » use the [Time Slider]
» Open Vector Plot Attribute Window: fo animate the plot

[Vector Tab] set w5,

[Data Tab] set wSpecTr‘um+Inv., g
[Glyphs Tab] set|Scale]~0.5, '

Arrow Body ~~cylinder,

Geommetry Quality ~~High L. \\

click | Apply | and dismiss the window
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VisIt Vector Fields Visualizations

It: Vector Fields Viz - streamlines

Examining features of the Flow Field with Streamlines

To explore the flow field further we will seed and advect a set of stream-
lines near the inflow of the artery.

Streamlines show the path massless tracer particles would take if ad-
vected by a static vector field.

To construct Streamlines, the first step is selecting a set of spatial loca-
tions that can serve as the initial seed points.

We want to center our seed
points around the peak velocity
value on a slice near the inflow of 4

the artery. | V.
To find this location, we query a -
sliced pseudocolor plot of the

velocity_magnitude ) 1
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VisIt Vector Fields Visualizations

It: Vector Fields Viz - streamlines
Slicing the blood flow:
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VisIt Vector Fields Visualizations

It: Vector Fields Viz - streamlines

Slicing the blood flow:

» Add a Pseudocolor Plot of velocity_magnitude:

[Plot List]:

| Add \—»\ Pseudocolor \—»

velocity_magnitude
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Scientific Visualization: VisIt
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VisIt Vector Fields Visualizations

$SIt: Vector Fields Viz - streamlines

Slicing the blood flow:
» Add a Pseudocolor Plot of velocity_magnitude:
[Plot List]: - 4
| Add \—»\ Pseudocolor \—» velocity_magnitude

» Open Pseudocolor Plot Attributes Window:

[Data Tab] set wSpecTral

» Add a Slice Operator:
[Plot List]: ‘Oper‘a‘rors ‘—> Slicing |—|slice
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VisIt Vector Fields Visualizations

$SIt: Vector Fields Viz - streamlines

Slicing the blood flow:
» Add a Pseudocolor Plot of velocity_magnitude:
[Plot List]:

\ Add \—»\ Pseudocolor \—» velocity_magnitude
» Open Pseudocolor Plot Attributes Window:

[Data Tab] set wSpecTral

» Add a Slice Operator:
[Plot List]: ‘Oper‘a‘ror‘s ‘—» Slicing|—|slice |

» Open Slice Operator Attributes Window:
[Normal] set | Orthogonal Y axis,
[Origin] set |Point |~~3 3 3,
[Up Axis] uncheck|Project to 2D | click | Apply
and dismiss the window
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isIt

Vector Fields Visualizations

It: Vector Fields Viz - streamlines
Query to find the Maximum Velocity on the Slice

800 Query
Python Query Editor |

Dispiay Query parameters
[An :| () Original Data
Queries (%) Actual Data

L2Norm Between Curves (] Do Time Query
Line Sampler Info

Line Scan Transform Start and End are Time
Lineout .
Localized Compactness Factor not cycles of times
Mass Distribution

Memory Usage
Min

MinMax

Morment of Inertia

Node Goords

Number of Connected Components
NumNodes

NumZones

Pick

Query results

Starting timestep |0
Ending imestep 199

Stride 1

| Query |

Float Format: |%g

velocity_magnitude - Max = 20.1189 (node 16620 at coord <3.45115, 3, 5.54927>)

Clear results Save results as...

Post Dismiss.
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VisIt Vector Fields Visualizations

It: Vector Fields Viz - streamlines
Query to find the Maximum Velocity on the Slice
» [Plot List]: click on the

pseudocolor | velocity_magnitude
to make is active L —

Queries

600

Python Query Editor |

() Original Data

() Actual Data

L2Norm Between Curves [ ] Do Time Query

Line Sampler Info -

Line Scan Transform Start and End are Time
Lineout .
Localized Compactness Factor not cycles or times.
Mass Distribution

Starting timestep |0
Memory Usage

Min Ending imestep 199 |
MinMax

Moment of Inertia Stric

Node Coords e L
Number of Connected Components

NumNodes

NumZones Quer

Pick ( Qo J

Query results Float Format: |%g

velocity_magnitude - Max = 20.1189 (node 16620 at coord <3.45115, 3, 5.54927>)

Clear results Save results as... Post Dismiss.
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VisIt Vector Fields Visualizations

It: Vector Fields Viz - streamlines

Query to find the Maximum Velocity on the Slice
» [Plot List]: click on the 0o

Query

Python Query Editor |

pseudocolor | velocity_magnitude
to make is active e .

Queries () Actual Data

L2Norm Between Curves ("] Do Time Query
> GO o t he Con'hnols Menu: Line Samgler Info

Line Scan Transform Start and End are Time
Lineout

steps,
Localized Compactness Factor not cycles or times.
[Max] select

I E— Staring trmoeiop [0_|;
Memory Usage
Min Ending imestep 199 ||+
Actual Data ~~Query

ax

Moment of Inertia e

Node Coords e 1
Number of Connected Components

NumNodes

NumZones Quer
Pick [ Query |

Query results Float Format: |%g

velocity_magnitude - Max = 20.1189 (node 16620 at coord <3.45115, 3, 5.54927>)

Clear results Save results as... Post Dismiss.
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VisIt Vector Fields Visualizations

It: Vector Fields Viz - streamlines

Query to find the Maximum Velocity on the Slice
» [Plot List]: click on the 0o e

pseudocolor | velocity_magnitude .

Query parameters

Display
to make is active e U Qe
L2Norm Between Curves
» 6o to the Controls Menu: SrEe e
[Max] select i |
528 Ending imestep 199 |
Actual Data ~~Query oot e LI

s
Number of Connected Components

w This will return the maximum tmodes

Pick [ Guery..|
scalar value on the slice and the
X,Yy,z coordinates of the node
GSSOC|aTed WITh This Value_ velocity_magnitude — Max = 20.1189 {node 16520 at coord <3.45115, 3, 5.54927>)

= We will use the x,y,z coordinates

of Thls node o seed a set of Clearresuts | | Save resulls as... Past | | Dismiss
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VisIt Vector Fields Visualizations

It: Vector Fields Viz - streamlines
Plotting Streamlines of Velocity

eoce IntegralCurve operator attributes ece Pseudocolor plotattributes
WEZETTN Avpoarance  Advanced M Geomety
source D,
e — B Scle  @Unear ~log  Skew 1
Limts | Use Origina Data
Origin  3.45115 3 554027 =
Minimum 0 Masimum 1
Normal (010
Centering @ Orginal  Nodal ( Zonal
Upaxis (001 °
color
Radius 0.12 Colortablo W Reds | imvent
Samping
Sampiingtype: ) Lniform Random Sampling along: ) Boundary  Interior S o B
Samples inTheta: |12 B e
Legend Lghing
Make default load | | Save | | Reset
Apply Post | | Dismiss

2018 IHPCSS - Ostrava M.Ponce (SciNet/!


https://wci.llnl.gov/simulation/computer-codes/visit/

VisIt Vector Fields Visualizations

It: Vector Fields Viz - streamlines

Plotting Streamlines of Velocity
[Plot List]:

\ Add \—>\ Pseudocolor \—» operators/IntergralCurve/velocity

ece IntegralCurve operator attributes (XX ]

WL Appearance  Advanced

Pseudocolor plot attributes.

0 Geomety
source D,
e — B Scle  Q@Unear ~log  Skew 1
Limts | Use Origina Data
Origin  3.45115 3 554027 &
Minimum 0 Masimum 1
Normal (010
Centering @ Orginal  Nodal  Zonal
Upaxis (001 °
color
Radius 0.12 Colortablo Wreds | inven
Samping
Sampiingtype: ) Lniform Random Sampling along: ) Boundary  Interior S o B
Samples inTheta: |12 B e
Legend Lighing
Make default load | | Save | | Reset
Apply Post | | Dismiss
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VisIt Vector Fields Visualizations

It: Vector Fields Viz - streamlines

Plotting Streamlines of Velocity
[Plot List]:

\ Add \—>\ Pseudocolor \—» operators/IntergralCurve/velocity

ece IntegralCurve operator attributes (XX ]

WL Appearance  Advanced

Pseudocolor plot attributes.

0l Geomety
source D,
e — B Scle  QUnear ~log  Skew 1
Limts | Use Origina Data
Origin  3.45115 3 554027 =
Minimum 0 Masimum 1
Normal (010
Centering @ Orginal  Nodal ( Zonal
Upaxis (001 °
color
Radius 0.12 Colortablo Wreds | inven
Samping
Sampiingtype: ) Lniform Random Sampling along: ) Boundary  Interior S o B
Samples inTheta: |12 B e
Legend Lghing
Make default load | | Save | | Reset
Apply Post | | Dismiss
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VisIt Vector Fields Visualizations

It: Vector Fields Viz - streamlines

Plotting Streamlines of Velocity
[Plot List]:

\ Add \—>\ Pseudocolor \—» operators/IntergralCurve/velocity

e0e P p— ece Pseudocolor plot attributes
[inieoraton Iy M Geomety
source D,
Source type | Circe B SEERNO et CJoapROJskei |
Limts | Use Origina Data
Origin  3.45115 3 554027 =
Minimum 0 Masimum 1
Normal (010
Centering @ Orginal  Nodal ( Zonal
Upaxis (001 °
color
Radius 0.12 Colortablo Wreds | inven
Samping
Sampiing type: ) Uniform Random  Sampling along: ) Boundary  Interior S o B
Samples inTheta: |12 B e
9 Legend 2 Lighting

» [Geometry tab] ) (s

wTubes, Sl
~-Sphere, ~~Cone,
| Head/Tail Radius |-~0.02
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VisIt Vector Fields Visualizations

It: Vector Fields Viz - streamlines

Plotting Streamlines of Velocity
[Plot List]:

\ Add \—>\ Pseudocolor \—» operators/IntergralCurve/velocity

ece IntegralCurve operator attributes. eoce Pseudocolor plot attributes
WEZEZ Avpearance Advanced WEEi] Geometry
Sourco . _ o
Sourcatype | Circle 2] =k Ot O S0 =
Limits Use Original Data
Origin~ 3.45115 3 556927 =
Minimum 0 Maximum 1
Normal 010
Gentering @ Original ~— Nodal ~ Zonal
Upaxis 001
color
adisg0.12 Golor table M Recs Invert
Sampiing
Sampling tye: @) Uniform Random  Sampling along: ) Boundary  Interior Opacy Fully opoque B
Samples in Theta: |12 8 Mise
£ Legend [ Lighting

» [Geometry tab]

wTubes, Sl
~-Sphere, ~~Cone,
| Head/Tail Radius |-~0.02
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VisIt Vector Fields Visualizations

08T+ Vector Fields Viz - streamlines

e
RACTRA Q==& = o F i Bllddodd d4dpr k=
L R . i W2

™ e
ol cneuwsmr)mﬁénc
Cyclea  Timefdd e

e 50
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VisIt Professional Quality Plots

Professional Quality Plots

Vislt 2.9.0 File Options Windows Plot Attr

[ JOX ) & Animation . . . A

I Annotation . . . BN |
Global #> Color table . . . 8T
Active window | 1 X Launch CLI. .. X #8C
1 Command . . . £38C
S, Data-Level Comparisons ... {+3D
. Database correlations . . . 38D
o AHHOTGTIOHS % t% | a+b Expressions . . . 0 8E
35 Keyframing . . . 8K
@ Colors o0 O § @uighting... 8L
. . Active source = Lineout . .. 0381

(] ngh'hng ) Macros . . .

0 e Ml Material Options . . . ¥M
o Vlews Mesh management . . . %M
@ Pick . . . 08P
ol | * Query... ®Y
Query over time options . . . 0®8Y
Plots B Selections . . . 0 %8S
. op(s) @ Subset . . . $8U
I~ | @ View. .. £

Add Operators,, . -~ v -
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VisIt Professional Quality Plots

Annotations

Types of Annotations
- il il

@ objects in the ® User name
viz-window that convey @ plot legends
information about the @ plot axes and labels (2d
plots & 3d)
@ make clear what is @ 3d triad
being visualized and @ 2d, 3d text
make the visualization . .
: @ time slider
appear more polished

@ images
@ line and arrows
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VisIt Professional Quality Plots

Annotation Window

Annotation -ox

Legend No annotations.

Database

Path Expansion |File

General annotations rentrame (T3] retscos ] O sod O e
2D axes settings oo
3D axes settings o

Array axis settings e S - oo

Use foreground coloy

Use foreground coloy

Time

Time scale factor [1 Time offset [0

1

Color and Backgrounds

Objects (legend, time
slider, ...)

Make default Reset

Apply Post Dismiss
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Professional Quality Plots

2D & 3D Annotations

bl Grid lines Tick marks  Axis label

2D Plot with annotations

Database info
B
= = Grid lines
v i e
Plot legend _l \Tick
Marks
AXis labels— by o e o <
User info —» % emae
3D Triad
w | Controls | — | Annotation. . . | .
w | Controls | —
=»["2D" tab] -
\ Annotation... |=["3D" tab]
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VisIt

Colors and Backgrounds

w | Controls| — | Annotation. ..

=»["Colors" tab]

@ set background/foreground
@ Backgroun styles:

solid

gradient

image (flat image)

image sphere (warped
image, that rotates with
the view)

e number of repetitions

2018 IHPCSS - Ostrava Scientific Visualization:

Professional Quality Plots

io
General | 2D | 3D | Array | Colors | Objects
Background color [l

Foreground color
Background style

© solid @ (Gradient () Image

© image sphere

| Radial
[
[

Gradient style

Gradient color 1

Gradient color 2

| Make default

| apply

VisIt

M_.Ponce (SciNet/UofT)
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VisIt Professional Quality Plots

Annotation Objects

w | Controls | — | Annotation. ..
=»["Objects" tab] = -~

General | 20 | 3D | Array | Colors | Objects

@ 2D/3D Text | e

= Legend:Mesh - Mesh
Legend:Pseudocolor - pressure

. 3D Text Legend:Pseudocolor - Isosurface(velocity_magnitude)
@ 2D/3D Lines

Time slider | || egend:streamline - velocity

@ Time Slider )|

Image

Hide/Show Delete

eme0 ¢ (@b @ 2aa Time slider
Lower left [0.010.01 54
Width [a0% %] Height [3% =
Text label [Time=stime |
Time format [%g |
Start color ™™
End color B e

) Use foreground color

100%
Time source Al frames S
@ Visible i Rounded 7] Shaded

Make default Reset
Apply Post Dismiss
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VisIt

Lighting
o

brightness of plots

@ 3D visualizations may require
multiple light sources

@ VisIt allows up to 8 light
sources

@ Each light source can be
positioned and colored

Professional Quality Plots

Lighting

Edit

Mode C

® Preview| Active light | &

Make default Reset

Apply Post Dismiss
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VisIt Professional Quality Plots

Lighting

Lighting
o

Edit

Mode

® Praview| Active light [ §

brightness of plots

@ 3D visualizations may require
multiple light sources

@ VisIt allows up to 8 light
sources

@ Each light source can be
positioned and colored

'S M — nghhng ..

Make default Reset

Apply Post Dismiss
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VisIt Professional Quality Plots

Lighting
IghTing attects the
brightness of plots

@ 3D visualizations may require
multiple light sources

@ VisIt allows up to 8 light
sources

@ Each light source can be
positioned and colored

'S M — nghfmg ..

@ [Edit]: configure light
sources

@ [Preview]: all sources are
visible

Lighting

Edit

Mode

® Praview| Active light [ §

Brightness 315

Make default Reset

Apply Post Dismiss
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VisIt

Lighting
IghTing attects the
brightness of plots

@ 3D visualizations may require
multiple light sources

@ VisIt allows up to 8 light
sources

@ Each light source can be
positioned and colored

m | Controls | —

@ [Edit]: configure light
sources

@ [Preview]: all sources are
visible

Lighting. ..

2018 IHPCSS - Ostrava

Professional Quality Plots

Lighting

Make default Reset

Apply Post Dismiss

@ only the active light can
be modified

@ once a light has been
selected, you can change
its props.

@ Types of lights: Ambient,
Camera, Object Light

Scientific Visualization: VisIt

@ Position, Color, Brightness
M.Ponce (SciNet/UofT) 58 / 80




VisIt Professional Quality Plots

@ the "view" can be set inferactively in the viz-wind
drag, ...)

@ or using a "View Window", to specify exactly the configuration
view

-
\iewport [02 095 015 095 Vewrormall o1 ]
Window [0101 | Focus [T
e on O on Up Vector fo1o )
Keie (E3) Angleofview  [30 )
¥ seal e Paralielscale 05 )
Near clipping s
Far clipping (o5 ]
mage pan [oo )
imagezoom 1 )
Shear [ )
Eye Angle (stereo) [2 | ——
@ perspective
Aign to axis z
O scale 30axes [111
commands[ | ‘Comman o[ Commands.
Apply ros | [ oismiss Bl rosi | oismiss Apply rosi | oismiss
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VisIt Professional Quality Plots

@ the "view" can be set inferactively in the viz-wind
drag, ...)

@ or using a "View Window", to specify exactly the configuration

view
w | Controls| —[View. ..
s [ooo 7]
o i Up Vector [o10
Log Angleofview [0
‘ |

eeeeee

Commands Comman ds Commands

Apply Post Dismiss apply post [ pismiss Apply Post | Dismiss

@ "Locked view": when the view changes in any locked window, all

o, z o,

K )
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VisIt

Generating “hardcopies”, aka plotting images and

figures

Generating Hardcopies: Figures
e [ 2 —

‘ Set Save option... ‘

Allows you to control the
properties of the image:
file type, resolution, naming
convention, etfc...

Q = |File| - | Save window|
Generates the image/file of
the currently displayed

window.

Professional Quality Plots

[ Stereo

Aspect ratio and resolution

Aspect ratio | screen ratio c
Width 1024 | Height [1024

[J Screen capture

[J Multi-window save

Height |128

0 Position (Y) |0

- RN
Layer Fansparency

Save Save and Dismiss

- Set save options
Filename
Filename | visit | Family
Output files to current directory
Output directory
Format options
File type png <
Quality L 0]
Compression type

0%
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VisIt Movies Generation

Movie Generation

Movies & Animations

= sequence in time
(evolution)

= motion through space
(usually done through
scripting)
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aneurism_movie0.mp4
Media File (video/mp4)


aneurism_movie2.mp4
Media File (video/mp4)


VisIt Movies Generation

Basic timestep Animation

@ Simplest case: "static animation”, in which only the database
timestep changes

@ Allows database behaviour over time o be quickly inspected
(without the complexity of scripting)

@ Controled through [VCR]-typeof buttons on the time-framming
panel of the main windows

a4 «[s]rp»

2018 IHPCSS - Ostrava

Scientific Visualization

- Vislt 2.10.2 [aneurism.session] - - Animation o
File Controls Options Windows PlotAtts OpAtts  Help
Global ICache animation for faster playback
Active window |1 ¥ [ Auto apply Animation playback
@ Looping (O Play once (O Swing
Sources
B g & 2 @ Animation increment |1 =
Open Close Reopen Animation speed
Active source | aneurysm*.silo database (i)
. slower faster
Time
ol 0000 Apply Post Dismiss
- - n > "

: VisIt M_.Ponce (SciNet/UofT)
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VisIt

Movies Generation

Basic timestep Animation

@ Simplest case: "static animation”, in which only the database

timestep changes

@ Allows database behaviour over time o be quickly inspected
(without the complexity of scripting)
@ Controled through [VCR]-typeof buttons on the time-framming

panel of the main windows
[Time Slider]

- Visit 2.10.2 [aneurism.session] _ o x
File Controls Options Windows PlotAtts OpAtts Help
Global

Active window |1 2 [ Auto apply

Sources

T g & & ©

Open Close Reopen
Active source |aneurysm.silo database

Time
[ 0000 |
-l -« | n ‘ » m
[Main Window]

a4 «[s]rp»
2018 IHPCSS - Ostrava

- Animation - g x

ICache animation for faster playback
Animation playback
@ Looping (O Play once (O Swing
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VisIt

Movies Generation

Basic timestep Animation

@ Simplest case: "static animation”, in which only the database

timestep changes

@ Allows database behaviour over time o be quickly inspected
(without the complexity of scripting)

@ Controled through [VCR]-typeof buttons on the time-framming

panel of the main windows
[Time Slider]

[ Visit 2.10.2 [aneurism.session] - O x
File Controls Options Windows PlotAtts OpAtts Help
Global
Active window |1 ¥ W A
Sources
B & & & @
Open Close Reopen
Active source |aneurysm*.silo database
Time
[ 0000 |
-l -« | n ‘ » m

[Main Window]
a4 «[s]rp»
2018 IHPCSS - Ostrava
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[Animation Window]

| Animation - g x
ICache animation for faster playback
Animation playback

@ Looping (O Play once (O Swing
Animation increment ‘
Animation speed
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Apply Post Dismiss
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VisIt Movies Generation

Movie Wizard

IS ‘ File‘ — ‘SGVC Movie. .. ‘

Guided Movie Generation

@ Produce several formats
and resolutions, at the
same time

@ Stereo movies

@ Can handle currently
allocated processors or

spawn another VisIt
session for

movie-generation
@ Can use movie templates to

assemble complex sequence

of frames
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VisIt Movies Generation

as the animation progresses

@ Attributes that can be keyframed: Plots attributes, Database
states, View

@ Eg. make a plot fade out as the animation progresses, make
view slowly change, ...

Keyframe Editor
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VisIt Movies Generation

as the animation progresses

@ Attributes that can be keyframed: Plots attributes, Database
states, View

@ Eg. make a plot fade out as the animation progresses, make
view slowly change, ...

-~
Keyframing...

- Keyframe Editor

or(velocity_magnitudel|

e | 0 Use view keyframes
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VisIt Movies Generation

as the animation progresses

@ Attributes that can be keyframed: Plots attributes, Database
states, View

@ Eg. make a plot fade out as the animation progresses, make
view slowly change, ...

> - w Enable “keyframing mode"
Keyframing. .. m Adjust number of frames

- - =m0 a keyframe is created for each
plot attrib.
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VisIt Movies Generation

as the animation progresses

@ Attributes that can be keyframed: Plots attributes, Database
states, View

@ Eg. make a plot fade out as the animation progresses, make
view slowly change, ...

> - w Enable “keyframing mode"
Keyframing. .. m Adjust number of frames

- 5 =m0 a keyframe is created for each
plot attrib.

@ Plot attribs. are calculated for
each frame

m Using the keyframe indicators

+, set the time range for each
attribute
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VisIt Movies Generation

as the animation progresses

@ Attributes that can be keyframed: Plots attributes, Database
states, View

@ Eg. make a plot fade out as the animation progresses, make
view slowly change, ...

> - w Enable “keyframing mode"
Keyframing. .. m Adjust number of frames

- 5 =m0 a keyframe is created for each
plot attrib.

@ Plot attribs. are calculated for
each frame

m Using the keyframe indicators
+, set the time range for each
attribute

w [time slider]: "Keyframing Animation"”
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VisIt Movies Generation

I‘r: Intermesso ii

Hands-on...
» Using the "aneurysm" dataset -or- your own data, generate a time

sequence movie

\eurysm0000.silo
Time:
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VisIt Movies Generation

I‘r: Intermesso ii

Hands-on...
» Using the "aneurysm" dataset -or- your own data, generate a time

sequence movie
» Experiment with keyframming, lighting, ... or any of the other
techniques we have been discussing

Uurysm0000.silo
) Time:
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VisIt Movies Generation

I‘r: Intermesso ii

Hands-on...
» Using the "aneurysm" dataset -or- your own data, generate a time

sequence movie
» Experiment with keyframming, lighting, ... or any of the other
techniques we have been discussing

Uurysm0000.silo
) Time:
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aneurism_movie1.mp4
Media File (video/mp4)
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VisIt Movies Generation

I‘r: Intermesso ii

Hands-on...
» Using the "aneurysm" dataset -or- your own data, generate a time

sequence movie
» Experiment with keyframming, lighting, ... or any of the other
techniques we have been discussing

Uurysm0000.silo
) Time:
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aneurism_movie1.mp4
Media File (video/mp4)

https://wci.llnl.gov/simulation/computer-codes/visit/
http://www.visitusers.org/index.php?title=Blood_Flow_Aneurysm_Tutorial_Dataset_Exploration
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VisIt Remote Vizualization

Remote Visualization

Thre may be different reasons why one would want to visualize
data remotelly:

@ data locality: data is located in a remote site, eg. cluster

@ the remote server is more powerful and can generate more
demanding visualizations

Ways to Visualize Remotely

@ X-forwarding
@ VNC
@ Server-Client protocol, natively provided by the Viz.Suite
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VisIt Remote Vizualization

X-forwarding

@ the viz. software will run on the remote host
@ all the graphics are forwarded to the local computer
@ it is usually slow! Alternatively one could use VNC instead...
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VisIt Remote Vizualization

X-forwarding

@ the viz. software will run on the remote host
@ all the graphics are forwarded to the local computer
@ it is usually slow! Alternatively one could use VNC instead...

ssh -X -p2222 USERNAME(@bridges.psc.edu ]
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VisIt Remote Vizualization

X-forwarding

@ the viz. software will run on the remote host
@ all the graphics are forwarded to the local computer
@ it is usually slow! Alternatively one could use VNC instead...

ssh -X -p2222 USERNAME(@bridges.psc.edu )
module load visit Try running,

visit visit -help

# for executing in parallel visit -fullhelp
with 40 processors for more command line
module load intel intelmpi arguments...

visit —-np 40

However, bridges does *not™ provide interactive VisIt via
x-forwarding, hence this method won't work!
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VisIt Remote Vizualization

Client-Server Protocol

Local computer
H BN BN O O . - O N N | B S N e . EE BN BN BN BN B O N

Remote computer

Database server VCL
ﬁ Parallel Compute Engine
- -
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VisIt Remote Vizualization

Remote Visualization - Client-Server Mode

VisIt supports "remote visualization” protocols, which includes:
@ accessing data remotely, ie. stored on the cluster
@ rendering visualizations using the compute nodes as rendering
engines
@ or both

2018 IHPCSS - Ostrava Scientific Visualization: VisIt M.Ponce (SciNet/UofT) 69 / 80


https://support.scinet.utoronto.ca/~mponce/viz/host_bridges.xml
https://support.scinet.utoronto.ca/~mponce/viz/host_bridges.xml

VisIt Remote Vizualization

Remote Visualization - Client-Server Mode

VisIt supports "remote visualization” protocols, which includes:
@ accessing data remotely, ie. stored on the cluster
@ rendering visualizations using the compute nodes as rendering
engines
@ or both

For allowing VisIt connect to the Bridges cluster you need to set

up a "Host Configuration"

© use the Bridges Host configuration file: https://support.
scinet .utoronto.ca/~mponce/viz/host_bridges.xml

@ configure the host manually

* OBS: VisIt requires to use the same version in both the local
client and the remote host!
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VisIt Remote Vizualization

Using the Bridges Host configuration file

© Download the Bridges Host configuration file, from the
following link
https://support.scinet.utoronto.ca/~mponce/viz/
host_bridges.xml
© Depending on the OS you are using on your local machine:
@ on aLinux/Mac OS place this file in ~/ .visit/hosts/
@ on a Windows machine, place the file in
My Documents\VisIt 2.13.0\hosts\
© Restart VisIt and check that the brigdes profile should be
available in your hosts
[Options] m Host Profiles...
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VisIt Remote Vizualization

Manual Host Configuration

© [Options] = "Host profiles...", click
on ‘New Host' and select:

Host nickname = bridges R e ——
Remote host name = —_ -
bridges.psc.edu B
Username = YOURusername e
Path to VisIt

installation =

/opt/packages/Vis-—

It/visit2.12.3/src/ = =

NewHost  Deleto Host

CopyHost  Export Host

@ Click on the "Tunnel data
connections through SSH", and
then hit Apply!
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VisIt Remote Vizualization

Manual Host Configuration (cont.)

© On the top of the window click on ‘Launch Profiles' tab.
You will have to create a profile:

@ Profile name: bridges_28
© Then click on the Parallel tab and set the "Launch parallel engine"

@ Parallel launch method: sbatch/mpirun
e Partition/Pool/Queue: RM-small
@ Number of processors: 28

© Don't forget to select Options/Save Settings!
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VisIt Remote Vizualization

Manual Host Configuration (cont.)

st pro
i HostSonings _ |IETINE aad LR auch Profies |
9 traoms.20 @ oreges 20
Now Proie Dol Protie Copy Prote New Pria Daleta Protie oy Proie
GEITHN  Puse GPUAcoeson : Sotings  ZTUIM  GPU Accoleraton
Profle name (oroges 28 Launch parallel sngine.
ETE  Aovaces
Timeout (minutes) £ < v
; [ > § O Pawelincnmaos s B
£ hastonw woumaes T putonspoot/Guase rsmen
H HE Constrats
] & Numborotprocessors 2
Nomber ot odes 1
Bank Account
Time Linit
New Host Delete Host New Host Delete Host Machine Fie
Copy Host Expon st opy Host Exportost
Apoly.

ooty Post  Demss

O Finally, go to the "Options" menu and select "Save settings", so that
your changes are saved and available next time you relaunch VisIt.
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VisIt Remote Vizualization

Accessing Remote Hosts...

@ [File] = Open file... ~ click on "Host +"

@ A list possible hosts should display, including "bridges" - select
it!

@ You will be asked to enter your password, check that the
username is correct! Otherwise, click on [Change Username]!

@ If the connection was sucessful, the window should be
displaying the remote File System, eg. rath: /home/uservave
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VisIt Remote Vizualization

Accessing Remote Hosts...

[File] = Open file... ~ click on "Host +"

A list possible hosts should display, including "bridges" - select
it!

You will be asked to enter your password, check that the
username is correct! Otherwise, click on [Change Username]!

If the connection was sucessful, the window should be
displaying the remote File System, eg. rath: /home/uservave

ssh into br‘idges: ssh -p2222 USERNAME@bridges.psc.edu

Try copying the datasets, either directly from the internet,
curl -L -0

https://support.scinet .utoronto.ca/~mponce/courses/datasets/visit/datasets.tar.gz

or Copy |T fr‘om my homedir‘, cp -rv /home/mjponce/visit-examples ~
Uncompl"eSS your‘ dClTCl'ﬁleSI tar -xvvzf datasets.tar.gz
Hit [Refresh] in VisIt's file browser window
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e Summary
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Summary

Section 3

Summary
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http://arxiv.org/abs/1601.07942

Further Resources

Q@ Further Resources
@ References
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i § P visTt

w Website:
https://weci.llnl.gov/simulation/computer—
codes/visit/
https://weci.llnl.gov/codes/visit/

= Documentation:
https://weci.llnl.gov/simulation/computer—
codes/visit/manuals

w VisIt User Manual:
http://visit-sphinx—-user-manual.readthedocs.io

» Gallery: https://weci.llnl.gov/simulation/computer-—
codes/visit/gallery

w Visit Users wiki: http://www.visitusers.org
L g TUTOPiCllSZ http://www.visitusers.org/index.php?title=VisIt_Tutorial

» Examples Datasets:

http://www.visitusers.org/index.php?title=Tutorial_Data
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Further Resources References

- lllParaView Tutorial

mw http://www.paraview. org/Wiki/The_ParaView_Tutorial)

» CI-Tutor: Cyber Infrastructure Tutor
w http://www.citutor.org “Introduction to Visualization” |

» specifics or general questions abotu viz...

m  mponce_AT_scineteutorontoeca
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