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Resources  (

KVL Contact Information User Resources
e KVL Website: e Vislt Downloads:
wiki.vis.kaust.edu.sa https://visit-dav.github.io/visit-website/releases-as-tables/#latest
® Discussions:
® General Inquiries: https://github.com/visit-dav/visit/discussions
help@vis.kaust.edu.sa e User Guide:

https://visit-sphinx-github-user-manual.readthedocs.io/en/develop/
e Wiki

http://www.visitusers.org

Download Vislt now while we go over basic concepts so you are ready for the hands-on portions
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The KVL Team

(@gg%‘? |
Dr. Sohaib Ghani Dr. James Kress Dr. Ronell Sicat Dr. Didier Barradas Dr. Abdelghafour Halimi
(LEAD STAFF SCIENTIST) HPC SCIVIS SCIVIS, AR/VR Data Scientist Data Scientist
*VISUAL ANALYTICS *VISUALIZATION SOFTWARE *SCIENTIFIC VISUALIZATION * DATA SCIENCE * DATA SCIENCE
*INFORMATION VIS *HPC INSITU VISUALIZATION *SEGMENTATION & 3D ANALYSIS * MACHINE LEARNING * MACHINE LEARNING
*STATISTICAL ANALYSIS *DISTRIBUTED VISUALIZATION *AR/VR DEVELOPMENT * DEEP LEARNING * DEEP LEARNING
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KVL Core Expertise
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KVL Wiki
--- Find Highlights, Training Info, and More ---

 ((

Welcome to the KAUST Visualization Core Lab (KVL)

& Welcome to the KAUST Visualization
Core Lab (KVL)
Who We Are =
Core Services ® Who We Are
Mission
Contact Us The KAUST Visualization Core Laboratory is a state-of-the-art facility within the Core Labs that offers students, faculty, researchers, and university

collaborators a unique opportunity to utilze one-of-a-kind visualization, interaction, and computational resources for the exploration and analysis of
scientific data.

Contact Us

o
Location o0 o o °
Recent Highiights

Video Overview

00060

People = .
e S Core Services

FioNtes Our mission is to support the data visualization and data science needs of KAUST researchers and In-Kingdom entities. To that end we have a varied Il Location
Highights range of expertise across the team. Contact us with your questions, project requests, or collaboration requests that fall within our service areas:
Our main showcase faciliy is located @
* 2D/3D Visualization Facilities Building 1 (seaside), Level 2, Showcase
Froquently Asked Questions o We provide a unique set of visualizatio facilities on campus.
Visualization Tools User Guides o & Contact us for inquiries or use your KAUST credentials to create a t

» Community Map
VR Tools User Guides
« Data Visualization and Data Science Workflows
o We support KAUST users with visualizatior

o Contact us for & al information, to &

Data Science Tools User Guides
Facility User Guides Diner
i
« Training and Workshops
o We have a wide variety of trainings available on our © be Channel © as well as select trainings performed in-perso

Buiding 1
N1550

AlKhawarizm:
East Block

Suiing 3
= T e
> Mission O >

Buslaing 1
N1

AlKhamwarss
To support the needs of KAUST researchers and In-Kingdom entities by: Wisst Block

« Developing and maintaining an effective and efficient environment for data exploration and analysis

s i ety e ot o : https://wiki.vis.kaust.edu.sa

« Providing training on state-of-the-art visualization hardware and software for scientific discovery
« Developing new capabilities to remain at the cutting edge of visualization and data science
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KVL Training Events '
--- Available In-Person and Online --- ’))),

* Scientific Visualization Workshop Series
e ParaView, Vislt, Avizo/Amira
* Data Science Workshop Series
* Shell, Conda, Python, Git, and more
* Hands-on Al Tools and Techniques Workshop Series

* Intro to Machine Learning/Deep Learning,
Visualization for Data Science

https://www.youtube.com/@kaustvislab
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Data Visualization and Science Workflows

KVL Collaborates in areas such as:

HPC Visualization
Scientific and Information Visualization

AR/VR —
E " Micro-CT and Holographic Visualization of Late
I m age Seg me ntat IoNn an d 3 D A na |yS IS Cretaceous Benthic Foraminifera in Saudi Arabia

Large-scale Al and Data Science

Send us an email if you have a collaborative
project that can benefit from our expertise:

help@vis.kaust.edu.sa

ColorPCA: Scalable Colored Dimensionality
Reduction for Unlabeled High-Dimensional Data

Friday, Juna 13,2025
%00 am - 1:00 pm
Held with 1SC High Performance 2025

KVL Releases Open Source Software to Visualize
Supercomputing Simulations

Dr. James Kress Scientific Visualization 101: Vislt

KVL Co-Organized Visualization Workshop

PFA1GA Perfusion

Imaging: TFM: Pixel 7
Mic

Imaging: TEM; Pixel Size: 3.71 nm, Width: 73.21 um; Height: 70.23 um

Segmentation and 3D Reconstruction of Glycogen
and Mitochondria in Microwave-fixed Brain EM

e

3D Modeling of Composite Membranes from TEM

Analyzing Particle Advection Performance



mailto:help@vis.kaust.edu.sa

)

Workshop Goals (@ )

e Hands-on learning with Vislt
* Introductory course

* Slides / demonstrations

* Why Vislt @ KAUST
®* Open source, scalable, multi-platform visualization application with users worldwide
* Available on all major computation resources at KAUST
® Vislt on Ibex and Shaheen
® Support for distributed computations to process very large data sets

® Vislt has been proven on up to 27 billion element meshes

Dr. James Kress Scientific Visualization 101: Vislt 8
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Vislt Basics

What is Vislt and What can It Do?

Dr. James Kress Scientific Visualization 101: Vislt



What is Vislt?

* Open-source application for analysis and visualization of mesh-based data

* Infrastructure for parallel post-processing that scales from laptops to HPC clusters

* Built-in in situ capabilities

Dr. James Kress Scientific Visualization 101: Vislt
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Vislt Supports a Wide Range of Use Cases « <D

? .
2B - S AP

- .
Comparative Analysis

Time: 152ps

High

Point: <0.58807, 8.09064, 0.146425> @ P Z

Zone: 59805

Incident Nodes: 62225 62226 62275 62276 P

64725 64726 64775 64776 &

radial: <nodal> 0.0 50.0 100.0 150.0 200.0 0.0 50.0 100.0
(62225) = 14.2915 Time (ps) Time (ps)

(62226) = 14.0149
Presentation Graphics

Ve

Dr. James Kress Scientific Visualization 101: Vislt 11



)

Vislt Supports a Wide Range of Plotting Types o

7 -~ \ v
)
|l — —
Streamlines / Pathlines Vector / Tensor Glyphs Pseudocolor Rendering
|
Volume Rendering Molecular Visualization Parallel Coordinates

Dr. James Kress Scientific Visualization 101: Vislt 12



How Do | Obtain Vislt?

* Use an existing build:
* For your Laptop or Workstation:

® Binaries for Windows, OSX, and Linux (RHEL + Ubuntu):
(https://visit-dav.github.io/visit-website/releases-as-tables/#latest)

* KVL team manages builds on Ibex and Shaheen
* Build Vislt yourself:

*  “build_visit” is a script that automates the process of building Vislt and its third-party dependencies. (docs:
https://visit-sphinx-github-user-manual.readthedocs.io/en/develop/building_visit/index.html)

Dr. James Kress Scientific Visualization 101: Vislt 13


https://visit-dav.github.io/visit-website/releases-as-tables/#latest
https://visit-sphinx-github-user-manual.readthedocs.io/en/develop/building_visit/index.html

()

How Do | Get My Data Into Vislt?  ((

)

Vislt supports more than 110 file formats
* VTK, Silo, Xdmf, PVTK
* The PlainText database reader can read simple text files (CSV, etc)

® https://visit-sphinx-github-user-manual.readthedocs.io/en/develop/data_into visit/PlainTextFormat.html

* visit_writer utility: code to write VTK files from your sim code

® https://visit-sphinx-github-user-manual.readthedocs.io/en/develop/data_into visit/VTKFormat.html

* Support for Mesh-based data in Conduit Blueprint:

* http://lInl-conduit.readthedocs.io/en/latest/blueprint_mesh.html

Read the docs: https://visit-sphinx-github-user-manual.readthedocs.io/en/develop/data into visit/index.html
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Visualization Techniques

For Mesh Based Simulations

Dr. James Kress Scientific Visualization 101: Vislt
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Pseudocolor Rendering
— Maps Scalar Fields to a Range of Colors

Arabian
Sea

Indian

Ocean

Pseudocolor Rendering of Elevation Pseudocolor Rendering of Density

Dr. James Kress Scientific Visualization 101: Vislt 16



Volume Rendering
— Cast Rays and Applies Transfer Functions

PN m—1 Film/Image
_ -—
Emitter

Dr. James Kress Scientific Visualization 101: Vislt 17
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Isosurfacing (Contouring) (( =
— Extracts Surfaces of that Represent Level Sets

e‘_—_

)4

2D Contour (Elevation) 3D Contour (Pressure)

Dr. James Kress Scientific Visualization 101: Vislt 18
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Particle advection S
— Foundation of Several Flow Vis Techniques D

* S(t) = position of particle at time t
* S(t))=p,
* t,:initial time
N % initial position
* S'(t) = v(t, S(t))
* v(t, p): velocity at time ‘t’ and position ‘p’

* S'(t): derivative of the integral curve at time ‘t’

This is just an ordinary differential equation

Dr. James Kress Scientific Visualization 101: Vislt 19



Streamline and Pathline
— Built on Particle Advection

e Streamlines:
Instantaneous paths

* Pathlines:
Time dependent paths

Dr. James Kress Scientific Visualization 101: Vislt 20



Domain Decomposed Meshes
— Enable scalable parallel visualizations

* Simulation meshes may be composed of smaller mesh “blocks” or “domains”

* Domains are partitioned across MPI tasks for processing

Dr. James Kress Scientific Visualization 101: Vislt 21



Vislt Interface Tour

Dr. James Kress

Scientific Visualization

101: Vislt
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Vislt GUI

Active Window Selector
Data Sources

Time Slider

Plots & Operators
Pipeline Browser

Apply To

Notepad

Output Indicator

Dr. James Kress

Pulldown Menus

visig.2.2 - o @
File Controls Options Windows PlotAtts OpAtts Help
Global
Active window | 1 ¥ Auto apply

Sources
& g &
Open Close Reopen

Active source | globe.silo

=
Add, Operators, Delete Hide/Show Dra

e

"

Apply to ® active window all windows
Apply operators to all plots
V! Apply subset selections to all plots
Engines

Engine: | KW60540
Engine information
Default
Lo

Load balanc Static
Domain assi Contiguous

Total Status:
Stage Status:
Clear cache || Close engine

Unpost || Dismiss

Plot Window

] Ocoos=8#ik @
%t 3 KJ

Pseudocolor
Var: vel_magnitude
— 10.00

7.500

5.000

2.500

— 0.000
Max: 10.00
Min: 0.000

4

Scientific Visualization 101: Vislt

4

Window 1

4=
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Hands—On Session 1
GUI Tour

Dr. James Kress

Scientific Visualization

101: Vislt
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- Creation of our data

First Data Set

Miniapp simulation data: Gray-Scott Miniapp

. This is a 3D 7-point stencil code to simulate the Gray-Scott reaction diffusion}nod L

o A Reaction-diffusion system is a system in which a dynamical system is attached to a diffusion
® Gray-Scott Data Set ffusion s y y yst iff

el a
it creates various patterns. This is an equation that simulates the chemical reaction between tié‘c%mim/
‘U’ and ‘V’. U’ is called the activator and ‘V’ is called the repressor.

O grayScott_step-*.pvti - Parallel VTK Image File Psudocolor
Y o0
B Multi Time Step / Multi Block Files 0787 \
Hebrare 0744 D R b
)
- 03616 0 By 1
3 001 06 08 (
5 —0.1488
55 Max: 1,000
7 Min: 0.1488
Pseudocolor ] | ! { ]
Var:u I+
1.000
0.7872
05744 ~id e
/
I/
03616 -
—0.1488 4‘
Max: 1.000 .
Min: 0.1488 \
\ ’
\ ’
s ’
57

W
Dr.‘}an?es Kress Scientific Visualization 101: Vislt 25
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https://gitlab.kitware.com/jameskress/KAUST_Visualization_Vignettes/-/tree/master/Miniapps/gray-scott?ref_type=heads

Vislt GUI Tour

* Opening files / file types

* View file info

* Navigating views

e Multiple views

* Window tools

* Add plot / add operator

» Change plot / operator attributes
* Selectively applying operators

e Link views

Dr. James Kress

Scientific Visualization 101: Vislt
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Hands—On Session 2

Basic Plots / Slices / Contours

Dr. James Kress

Scientific Visualization 101: Vislt
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Second Data Set

e Arabian Gulf Data Set

* Arabian_gulf.vtu — VTK binary XML format

Pseudocolor
Var: potemp

1 5.|(D 19.46 d i i&
Max: 32.84

Min: 15.00

Dr. James Kress

Location of our data

Scientific Visualization 101: Vislt
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Hands—On Session 3

Screenshots / Movies / Animations / Custom Expressions / Queries / Saving Vislt State

Dr. James Kress Scientific Visualization 101: Vislt

)

<)

9



Screenshots / Movies

Save Window / Save Options

Vislt 3.2.2 =

[3l5] Controls Options Windows PlotAtts OpAtts Helg

= Openfile. .. cti+0
Close file
ReOpen file
Refresh file list
File information
SeedMe
Save session
Save session as.. .
Restore session
Restore session with sources

Simulations

Set save options . . . Ctri+shift+0
Save movie

Save to Cinema .

& Print window cti+p

Export database . . .
Compute engines

Exit

Dr. James Kress

Set save options
Filename

Filename |visit

v/ Output files to current directory

Format options

File type

Stereo
Aspect ratio and resolution
Aspect ratio | screen ratio
Width 1024
Screen capture
Pixel data
v/ RGB

Alpha

Multi-window save

Save and Dismiss

V! Family

Luminance

Valut

Dismiss

Filename & Directory

Save Options

Scientific Visualization 101: Vislt
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Designed by e KAUST Visuolization Core Lab
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Animation / Keyframing (¢ )

Resulting Movies

Viewing Animations Keyframing

.
Animation Time Slider -

T
Visit 342.p - o @&

Keyframe editor
File Controls Options Windgfis HlotAtts OpAtts Help

!
Global

Active window Auto apply

Keyframe Editor
Sources

%A

Open

Number of frames
V! Keyframing enabled

Attributes Keyframes
Current frame
View [}
Active sougfe | aneurysm.visit ™ nolsesllo
~ © Contour(hardyglobal) |}
State [}
Attributes *

[T ————

Add view keyframe | V! Use view keyframes

Add state keyframe
Anim .ion

Apply

Dismiss b
V| Cache animation for faster playback

Animation playback

Looping Play once (® Swing

Animation increment | 1 s

Animation speed

slower faster

Apply Dismiss

Dr. James Kress Scientific Visualization 101: Vislt 31
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ueries / Pic

Query Window

Query

BICUEEICRIENEER  Python query editor

Query parameters
Display

Al a Original Data
Queries © Actual Data

L2Norm

L2Norm Between Curves
Line Sampler Info

Line Scan Transform
Lineout

Localized Compactness Factor
Mass Distribution

Max

Memory Usage

Min

MinMax

Moment of Inertia

Node Coords

Query results Float format %g

Mean

Std Dev
Variance
Skewnes:
Kurtosis

potemp -- Min = 14.9973 (node 7861930 at coord <59.225, 24.565, 1.2255)
potemp -- Max = 32.8447 (node 7183962 at coord <53.195, 26.235, 0.85>)

Clear results Save results as... Dismiss

Dr. James Kress

Pick Options

B O WS o el O
L)

Scientific Visualization 101: Vislt

Output display Time pick Spreadsheet

Concise output
Mesh name

Incident nodes/zones
Reference pick letter

Distance to previous
For nodes

®ud

Physical coords

For zones

Make default

T

Swivel focus.
Timestep

Global nodes/zones

Pick highlights

Domain-logical coords

Block-logical coords

main-logical coords

Block-logical coords

N |

arabian_gulf.vtu

mesh1170x780x50

Poi 50.227, 28.5836, 0>

Zone: 707492

Incident Nodes:
2281029 <54.745, 26.415, 0.05>
2281030 <54.755, 26.415, 0.05>
2282199 <54.745, 26.425, 0.05>
2282200 <54.755,26.425, 0.05>
3193629 <54.745, 26.415, 0.075>
3193630 <54.755, 26.415, 0.075>
3194799 <54.745 26.425 0.075>

Max tabs 2 Save picks as...

Variables §  potemp
Float format %g
Automatically show window

D clear this window Clear picks

Reset pick letter

Reset

Dismiss

32
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Save Session / Restore Session w/Sources  ( )

Save Session Dialogue Restore Session with Sources

Vislt 3.2.2 [visit0000.session] - o & Visit 3.2.2 [visit0000.session] - o &

13151 Controls Options Windows [PlotAtts OpAtts Help 1315l Controls Options Windows PlotAtts OpAtts Help
(& Openfile... " cuito | | 4 Open fle ... " cuito | See each source and what plot uses-each-source

Close file Close file

>
© apply
»

ReOpen file
Refresh file list Refresh file list

ReOpen file Update sources

Make sure that the sources used in thigfSession are up to date. You can change
the sources here to restore your sesgfdn using different sources, making

File information . . . File information . . . your session file a helpful visualizajfon template.

SeedMe. .. SeedMe. ..

Source identifiers Source

SOURCE00 =
SOURCEO1 localhost:/home/kressjm/dataStorage/testDataWithaZLevels/redSea/time.visit  |...

Save session Save session S
Save session as. .. Save sessionas. .. -
Source used in

Restore session.. . . 1 Restore session.. . . Window 1, Pseudocolor plot of psal

Restore session with sources . . . Restore session with sources . . .

Simulations . . . Simulations . . .
& Save window Ctri+S [ & Save window Ctri+S

Set save options . . . Ctrl +Shift+0 Set save options . . . Ctrl +Shift+0
|5} save movie . . . |5} save movie . . .

Save to Cinema. .. ave to Cinema.. ..
& Print window " & Print window

Cancel

Export database . . . Export database.. . .

Compute engines.. . . Compute engines.. . .

Exit Exit

Dr. James Kress Scientific Visualization 101: Vislt 33



Vector Plots / Streamlines

Vector

Var: arabian_vec
6.486e-05 0.9000 1.800 2700 3.600

| |

Max: 3.600
Min: 6.486e-05

Create a vector expression, then:

1. Create vector plot
d. Transform coordinates in

Pseudocolor

Var: arabian_vec - Variable: psal Z"d i I'ECtI 0 n
31.79 41,04 50.30 59.56 68,‘81 .
2. Create integral curve plot
Mo 577 a. Slice in z-direction

b.  Project data to 2D
C. Integral curve
d. Elevate data back to 3D

Dr. James Kress Scientific Visualization 101: Vislt 34
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Vislt Wrap-up

Best Practices / Scaling-up Workflows

Dr. James Kress Scientific Visualization 101: Vislt 35



Visualization Best Practices

KAUST
Supercompu Quickstart System Architectur c 1 Policy Data Ma ement  Training Blo Contact Us

A > Software ecosystem > Visualization > Visualizatio...

Visualization Best Practices

1. If your data is small/manageable
o Do your visualizations on your laptop or desktop

2. If your data is medium/large
o Do interactive visualization on Ibex
= Run ParaView or Vislt on your local machine and connect directly to Ibex to
load/process/visualize

3. If your data is large/huge and you have a defined workflow
o Do batch visualization on Shaheen
. tch Proce ith Par

4. If you have repeatable repetitive tasks

o Do scripted or batch visualization

Reach out
Contact the KAUST Visualization Core Lab for visualization advice, help, collaboration, and consulting:

« KVL email:

Previous
Vi ization ParaVi

docs.hpc.kaust.edu.sa

Dr. James Kress Scientific Visualization 101: Vislt 36
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Accessing KAUST HPC Resources

* Must have an active/valid user account Setup Host Profiles and Configuration -+ x
To finish the Vislt install on this computer select any computing centers whose
e Load the KAUST profi le resources you are using to configure host profiles automatically for their

machines.

’ £ Select computing centers used
e Connect & Visualize

Argonne National Laboatory (ANL) network
Arizona State University network
Atomic Weapons Establishment network
Clemson University network
King Abdullah University of Science and Technology (KAUST) network
H H . Lawrence Livermore National Laboratory (LLNL) closed network
For Instructions see: Lawrence Livermore National Laboratory (LLNL) open network
Los Alamos National Laboratory (LANL) open network
e https://docs.hpc.kaust.edu.sa/soft_env/visualization/visit_overview.html Los Alamos National Laboratory (LANL) closed network

Leibniz Supercomputing Centre network
Lousiana State University network
National Center for Atmosnheric Research (NCAR) netwark

4
Select default configuration

@ None (use Vislt's standard defaults)
Chombo Users
Lawrence Livermore National Laboratory
Princeton University

Cancel Install

Dr. James Kress Scientific Visualization 101: Vislt 37


https://docs.hpc.kaust.edu.sa/soft_env/visualization/visit_overview.html

Thanks!

Contacts:

james.kress@kaust.edu.sa

help@vis.kaust.edu

Dr. James Kress

Scientific Visualization 101: Vislt
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