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Who am | - Patrick Avery

@ Ph. D. in Computational Chemistry from University at Buffalo
e 2019 - Research on Crystal Structure Prediction
@ Staff R&D Engineer at Kitware
® 2019 - Present
e Lead a variety of materials science and chemistry projects
in the scientific computing team
e Helped Sebastien Jourdain develop trame
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Areas of expertise / Built on open source

@ iCSPlan

Computer Data and Scientific Medical Software
Vision Analytics Computing Computing Solutions

(\/< lKitware Making the world a better place through custom software solutions
y



Customers / Various fields of application

Academics Medical
70+ academic institutions Image processing, multimodal
worldwide visualization, image registration

& segmentation, assisted
surgery, custom software...

Energy

HPC, in-situ simulation, scientific
visualisation, particle flow, fluid
mechanics, ground exploration...

Government agencies

50+ government agencies and
national laboratories

Commercial companies
Over 500 commercial customers

Intelligence

Scene analysis, big data analysis, scientific
visualization, flow analysis...
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Used by 536

SHAH eSS -

Contributors 28

N o n
trame seeeee

+ 14 contributors

Test and Release [passing § pypi package v3.11.0 § downloads | 162k/month

583

Let's add
some stars

httﬁs://kitware.github.|o/trame/
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What is trame? (1/2) ,/ o l_%—> D

o Open Source Python framework to create Web Ul for applications

o Runs locally, in the cloud, in Jupyter or on HPC
o Seamless integration with VTK and ParaView

o Seamless integration with any Python and Vue.js libraries

o A French word - the weft or framework of a woven fabric
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orchestration of components

. @O RO EENaR O

What is trame? (2/2) 50 s=mv e H N H'H-mHO!
state events w idgets ui

. 4= S imﬁ Ve B B glg <t N

e Simple E TR - @ & Y

All logic and Ul definitions can be done in plain Python

e Powerful

Python offers scientific and information data visualization with
capable data processing (numpy, scipy, PyTorch, Matplotlib, VTK,

ParaView...)

e Ubiquitous

Runs on laptops, desktops, clusters, and the cloud while displaying

everywhere (phone, tablet, laptop, workstation)
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Architecture

Components orchestration

 Jferate we] ..

e Server
e Application logic
e Data & processing \
e Work like everything =@t

__application

is IOCaI i trame API i P Python
o | stat t dget |
____________________________________________________ £ state He"en S HW' gesD 1 &) Network
L Cllent . i Generic Web Application i JavaScript
e Presentation layer e /

and user input
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H (01"} to Set u p U I? Look up API on Vuetify website

Convert names to trame/Python syntax (“-” becomes “_")

You have access to all of Vuetify in Python!!

https://vuetifyjs.com/en/api/v-slider/#props

<« C @ % vuetifyjs.com/en/components/sliders/#usage [EA 5
Make a Sllder B|nd W|dget Va|Ue to thIS state Val’lab|e ’VUETIFY Q  Search cCtrl+k Learnv Support- Ecosystem-v Playground Sponsor m O
\ . Cneckboxes - label string
vuetify.VSlider( L — Default value for state variable Combobox
v_model=('sigma’, 0), File inputs Sets the text of the v-label#& or v-field-label& component.
min=0, Forms
= i ; Custom input: max string | number
max=10, Set other widget properties ustom inputs
step=0.05, Numberinputs'e Sets the maximum allowed value.
hide_details=True, OTP Input
dense=True, Radio buttons max-errors string | number
style="max-width: 300px’, Range sliders
) Selects Control the maximum number of shown errors from validation.
i slid
S Define cgllback funct.|on for when Sler S i
@state.change('sigma’) state variable is modified IS
def sigma_changed(sigma, **kwargs): Text fields Sets the maximum width for the component.
Textareas
messages string | string[]
DATA & DISPLAY
Confirm Edit Displays a list of messages or a single message if using a string.
Lots of trame examples available: github.com/Kitware/trame/tree/master/examples Data iterators ,
min string | number
Data tables v
Alternative Ul frameworks like “Quasar” and “Tweakpane” also available  sarkines Sets the minimum allowed value.

Infinite scrollers
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http://github.com/Kitware/trame/tree/master/examples
https://vuetifyjs.com/en/api/v-slider/#props

./
M&M 2024 Interactive Demos (Toolbar Ul)

=  Trame application Sigma: 0 [ )

with SinglePagelLayout(server) as layout:
with layout.toolbar:
html.Div("Sigma: {{ sigma }}")
vuetify.VSpacer()
vuetify.VSlider(
v_model=('sigma’, 0),
min=0,
max=10,
step=0.05,
hide details=True,
dense=True,
style="'max-width: 300px’,
) Tiff Scalars

0.00 638 28 191. 256,
vuetify.VDivider(vertical=True, classes='mx-2") T—

github.com/psavery/mm2024_trame_demo

//< | e Try it out: wv run https://raw.githubusercontent.com/psavery/mm2024_trame_demo/refs/heads/main/volume.py
N\ KItware



http://github.com/psavery/mm2024_trame_demo

./
M&M 2024 Interactive Demos (Slider Callback)

=  Trame application Sigma: 0 ®

@state.change('sigma')
def sigma_changed(sigma, **kwargs):
shape = np_data.shape
np_data[:] = scipy.ndimage.gaussian_filter(
original_data.reshape(shape[::-1]),
sigma,
).reshape(shape)

# Update the view
data.Modified()
ctrl.view_update()

Tiff Scalars
0.00 63.8 128. 191. 255.

github.com/psavery/mm2024_trame_demo

//< | e Try it out: wv run https://raw.githubusercontent.com/psavery/mm2024_trame_demo/refs/heads/main/volume.py
N\ KItware


http://github.com/psavery/mm2024_trame_demo

Try it out?

e Easiest way to try out a trame app is through uv

o Install uv: docs.astral.sh/uv/getting-started/installation
= Easiest way might be “pip install uv’ uvx multivariate-view

e Run the command below the app you want to try

Latitude 900 900 &
—— A
_a. LR
© sohercal -
u )
% — Y
—0\22~
b;m""“"“" O n;sos’
Ge— =
° uv run uv run
uvx p ar SI I https://raw.githubusercontent.com/Kitware/trame/r https://raw.githubusercontent.com/psavery/mm20
V. . efs/heads/master/examples/06_vtk/04_wasm/app.p 24_trame_demo/refs/heads/main/contour.py
Kkitware ,


http://docs.astral.sh/uv/getting-started/installation/

Multivariate View Example

o Multivariate Volume Viz
e XRF Tomography from BNL

CGO (Ce,,Gd, ,0,)) CFO (Co, Fe 0,)

e ~1500 lines of Python
e ~300 lines of JavaScript

github_com/Kitware/mu|tivariate-view EP1 (Emergent Phase 1) EP2 (Emergent Phase 2)

Run: uvx multivariate-view

& kitware




Multivariate View

B @ MultivariateView X It v D & &

<« C O D localhost bas ®@ & =



https://docs.google.com/file/d/1LfeLqhjZU4eEAfRZxGo5fO8duHAcllww/preview




Many Applications e —

Mocel Sallency Algorttm

Task
@ XaiTK Image Classification  ~  ResNet-50 - RISE Stack =

® 0@ y visuaiizer x 4+

Data Selection

Model execution
C @ localhost:8080/index.html 6 % % 0@
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https://docs.google.com/file/d/1iv3u7bDdRTF62X8OUKOEn1PdmlfT6f2M/preview

Peacock - Idaho National Laboratory

® ° ® & peacock-trame x o+

& kitware
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- C  @® localhost:8080/index.html

@ INPUTFILE  EXECUTE  EXODUS VIEWER

-

BCs [+ N |
Executioner [+ I |
Kernels (-2 |
Materials [+ |
Mesh [+ |
Outputs [+ I |
Variables o8
N

BLOCKS BOUNDARIES
Name Type
Mesh FileMesh ¥
file ®
reactor.e
active |6
_all_ (©]
add_subdomain_ids [-¥c)
@@ allow_renumbering ®
®
alpha_rotation
]
beta_rotation
block |



https://docs.google.com/file/d/14rdE4l-CjMukU8yz0qlzu_e5ie0uK6jk/preview

ArrowFlow - Live and templated CFD workflow

Agtaes Tk .

Mot Desrton

3 ArrowFlow

Rotation Speed [360 RPM]

s i the impeller sped, specified in otations per minute

INFORMATION ~ SIMULATION ~ RESULTS (3)

Liquid Level [0.42 meters]

Ths s the dopth ofthe fluid, as measured from the bottom of the vessel

3/ ArrowFlow x W

€ > C = oa

.trame kitware. i tank/1

4 ArrowFlow 0005

E: Velocity (m/s) A

Dye Injection Time [0 seconds]

Thi s tho tmo at which dyo willbo addod 1o the fluid

4
W KRILVare

B @ s |

Agitated Tank 8t

RUN SIMULATION

Velocity (m/s) Magnitude

Mean Shear Rate [1/s]

GlobalVariables

45

® «

>

* 0@
105/105 =

v Mean Shear Rate [1/s]

Time [s]

Finish update
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Example: VeraCore - Simulation result exploration

® 0 ® < VERACore x |+ G ® 0 ® < VERACore x  + .

€ 5 C = veratramekitware.com * O 0w L@

vera.trame.kitware.com p+d D == & 0O Q :

NBEAMS 10.962 Pin Exposures AP
0 [ . W o014 Pin Powers v
e e e \35\ Volume View ] ]
8 (p CoreView B I Axial Plot @ B Table View B o
Assembly D-14; 1 682 6n1 683 535 630 653 692 691 652 691 691 631 688 683 679 677 678
Dataset Axial 193.602 cm; 2 681 688 698 700 723 740 7.26 725 798 725 725 738 720 706 694 684 676
Pin (8, 8) s e oo poa S B R 0 G 7 e o
Pin Powers 1.101393 o+ omo 700 7y [fHe RN i isn A e o R | 70 7os oo
— s o0 723 e R 778 788 767 e 78 s s [ 70 A 7 700 o
Axial Void mh L s m‘ &
| 1 conil WM MW MWW BE e
Bounds 7 sea 20 [0 68 e U8 0 0 100 [ 58 8 o s
Axial Void Map 0 .m 725 71 759 768 78 771 173 797 770 7o 788 7 758 786 720 6
o o EHEE e i IS e
B10 0.199 conpEE I EEEEEE
Boron SoT:306 11 o 78 1 08 1 5 0 58 756 84 710 o0
e [REE I EE O EE e
Bypass 0 13 oen 720 s 68 76 788 o4 7 78 7 e D 7 A e 704 oo
= 14 asa 708 a2 v 74 278 oo a7
£ Cleanup Flow 208 588 7 i 758 78 54 s s
5 0 soMmEE BE BE EEEE o
s Abs 16 677 64 633 708 i 30 720 720 538 31 79 38 214 e 637 676 e
S Conservatism 1 17 678 676 670 631 634 687 686 695 686 654 45 68 681 676 671 666 664
Assembly View B Doppler
Conservatism 1
Ve i 6w e e W Modtemp
] Axial Plot 2] Time Plot 2]
Cool Chem 0 L -"'- G~ 2
| Max !
Cool Ma 335.6137 oo rf[lo coe o 20 :
Liquid Temp ;
A i 300, &
Coolden 0.743 9 1 — o 15 1
CEE BN EE EE ms s £ E |
o 5 5 s 5 4 i Core Av - S 2 i
5 O 1 o 84 0 9 700.5459 | 3 2 2 10 ;
R Density B 3 g 5
Core Avg Fuel 12 ¥ | 100 g s 1
0 T 624.951 ;
em) 13
0.4 0.6 0.8 | P “d B I
1 0 .
pin_powers Core Avg Temp 310.7827 , nd il 3 4 6 8 10 o 5 10 15
Core Inlet F— pin_exposures exposure
— State9d + | —}m-o e - . . . e Y L.
—  State11  + T -

ithub.com/Kitware/veracore

(\/< kitware https:




Example:

® 0@ © xaTKsalency x4

xaitk.trame kitware.com

Qax)D W Le

) Task Nodel Top classes
&  XAITK Saliency Image Classification  ~  ResNet-50 ~  RISE Stack -7 -
Data Selection % Model execution
® Egyptian cat
tabby
French bulldog
0y space heater
4 tiger cat
& Boston bull
. pug
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
XAl parameters # XAl [

Number of random masks used in the algorithm
1000

Spatial resolution of the small masking grid
8
P1 —'
should be a float value in the

Seed
1234

Prababiltyofthe 0rid cal being sat o 1 (therwise 0). This
flra

for reproducibility

Threads ———————()

The number of threads o utlize when gensrating
masks I s Is <=0 or None, no freading s
G Srocesting is peviormmed i seral

J® Debiased

d to pass into the constructed random rwwcncmtav to allow

tabby

0@ © xaTKsaliency x o+

XAITK - Understanding complex machine learning models

xaitk.trame.kitware.com

Qax)D W Le

Task

) Model Saliency Algorithm Top classes
&  XAITK Saliency Image Classification  ~  ResNet-50 ~  RISE Stack -7 -
Data Selection # Model execution
® Egyptian cat
tabby
French bulldog
N space heater
h tiger cat
Boston bull
pug
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
XAl parameters % XAl €& 03455 &, —0 o lol
Number of random masks used in the algorithm
French bulldog ~
1000

Spatial resolution of the small masking grid
8
H——®

Probsbilty of the orid cal being sat o 1 (therwise 0). Tis
should be a float value in the [0, 1] rai

Seed
1234

d to pass into the con:
for reproducibility

Threads ——————()

The number of hreads o utiize when gensrating
masks. If this i thre:
T rotesaing s peviotmeg inine seah

J® Debiased

ucted random nuwcmamno allow

& Kitware
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Usage examples (1/5)

1 Python file ~ 10 lines

1 Python file ~ 500 lines

Aixs|dwo)

3-6 files ~ 1500 lines

Many files ~ +2000 lines

N




Usage examples (2/5)

Viewer

Mini-app

G @ localhost:8080/index.html * O W@

1 Python file ~ 10 lines

Focused Application / Tool

Complex Application / Tool

Y
\< NiLvvalc

1 Python file ~ 500 lines

" Jupyter uUntitled Last Checkpoint: 35 minutes ago a
i co . Trusted
3-6 files ~ 1500 lines PEALLLEOILED . -
—
Many files ~ +2000 lines ‘
Tif ggalors 191 255,

AE 0.00 638




Usage examples (3/5)

WL 1171111
oo % ol oo 3 B L o

1 Python file ~ 10 lines

[ 1 Python file ~ 500 lines 1

3-6 files ~ 1500 lines T

Many files ~ +2000 lines




./
Usage examples (4/5)

Viewer 1 Python file ~ 10 lines
Mini-app 1 Python file ~ 500 lines
Focused Application / Tool [ 3-6 files ~ 1500 lines
Complex Application / Tool Many files ~ +2000 lines

Y
\< KNiLvvadl




Usage examples (5/5)

Viewer 1 Python file ~ 10 lines
Mini-app 1 Python file ~ 500 lines
Focused Application / Tool 3-6 files ~ 1500 lines
Complex Application / Tool Many files ~ +2000 lines | = s 1=
P ApieEnt [ | = amae wm
4 - BREH RS
\( KiLvvdi e ‘ s s




Nothing is too big or too small for trame

From visualization to interactive data processing
Running locally or on HPC
Within Jupyter or in the cloud
Trame has you covered

What you do with it is up to you...

& kitware



4
s like playing with legos...

—
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Demo Time - Trame with ParaView

e Create Python 3.10.13 conda environment
e Python 3.10.13 is needed for ParaView later

conda create -n trame-examples -y

conda activate trame-examples

conda install -y -c conda-forge python=3.10.13 \
paraview-trame-components paraview=5.13.3

Alternatively, these can be installed with pip.
These include dependencies needed for the

ParaView example later__________________

& kitware



Demo Time - Trame with ParaView (Pip only, external ParaView)

e Create Python 3.10.13 virtual environment
e Python 3.10.13 is needed for ParaView later

pip install \
trame trame-vtk trame-client trame-components trame-vuetify

These include dependencies needed for the
ParaView example later.

& kitware




Validate it is working

& kitware

python -m trame.app.demo

L




Important: differences between remote and local rendering

e It's very easy to switch between remote and local rendering in
trame
o Remote: all rendering done on the server, images are streamed
to the client. Mouse interactions are streamed from the client
to the server.
o Local: geometry/data is sent from the server to the client. All
rendering and interactions are done on the client.
e Local rendering is usually done with VTK.js. It may not
contain all components.
e When VTK-WASM is ready (getting close), that will be used
for local rendering, and all components will be available.

& kitware



https://kitware.github.io/vtk-js/index.html
https://docs.vtk.org/en/latest/getting_started/using_webassembly.html

Tricks Needed for ParaView

« Using ParaView from conda-forge
e Everything works out of the box.

# conda install -c conda-forge paraview trame ...
# Then run your trame apps that use ParaView

« Using pre-installed ParaView
e ParaView’s pvpython does not come with network capabilities (pip
and OpenSSL), making it difficult to install new Python packages

o This is partly so ParaView can be easily integrated in systems with
security concerns

e Often need to merge our venv with ParaView's venv

<\/< lkibware o Requires identical version of Python in our venv
y



ParaView Demo Time

Ensure your virtual environment is activated
Download these ParaView state file examples
Unzip them somewhere and remember location
Clone trame. We will run an example script in it.

git clone https://github.com/kitware/trame
cd trame

& kitware



https://drive.google.com/file/d/1IN_Hcfsum4CXmgMIbQMYauanOydUBOPK/view?usp=sharing

ParaView Examples - Cone

python ./examples/07 paraview/SimpleCone/RemoteRendering.py

RemoteRendering.py Link

=  Cone Application -° )

/

€ kitwar ..



https://github.com/Kitware/trame/blob/master/examples/07_paraview/SimpleCone/RemoteRendering.py

Caching Issues?

® Modern web browsers do a lot of caching (for improved performance)
@® You may occasionally get pages with issues, such as failure to load, due to caching
issues, especially when switching between Vue2 and Vue3 trame apps.
@® To fix: open dev tools, go to “Network”, check “Disable cache”, and reload web page
e Note that “Disable cache” only works while dev tools are open. If you close the dev
tools, the cache will not be disabled. You must open dev tools and reload again.

mmmmmmm

& kitware

@ »error: Uncaught TypeError: r.a.extend is not index-52cf50l1e.js:23
a function

@ Uncaught trame-vuetify.umd.min.js:1745
TypeError: r.a.extend is not a function
at ./src/mixins/themeable/index.ts (
trame-vuetify.umd.min.js:1745:398)

at n (trame-vuetify.umd.min.js:1:546)
} at ./src/components/VApp/VApp.ts (trame-vuetify.umd.min.js:21:130
N )
at n (trame-vuetify.umd.min.js:1:546)
Loading... at ./src/components/VApp/index.ts (trame-vuetify.umd.min.js:25:81

)
at n (trame-vuetify.umd.min.js:1:546)
at ./src/components/index.ts (trame—vuetify.umd.min.js:1369:2344)
at n (trame-vuetify.umd.min.js:1:546)
at ./src/index.ts (trame-vuetify.umd.min.js:1425:75)
at n (trame-vuetify.umd.min.js:1:546)

X

i [0 Elements Console Sources Network ~ Performance = Memory >> Q10 A3 B2

® @ Y Q ([ rpreservelog €4 Disable cache Dlo throttling v T & 4 @«
Y Filter O Invert  (J Hide data URLs (] Hide extension URLs

All Fetch/XHR | Doc || CSS | JS | Font | Img | Media | Manifest |WS | Wasm | Other [ Blocked response cookies
(J Blocked requests (] 3rd-party requests




ParaView Examples - State Viewer

ptc-state --state $HOME/Downloads/pv-state/<file>.pvsm

motobike2.pvsm ” diskout/diskout2.pvsm

& kitware




ParaView Trame Components - control ParaView with trame!

ptc-lite

((( kitware https:/github.com/kitware/paraview-trame-components
A



https://github.com/kitware/paraview-trame-components

Using external ParaView

This was for my Mac

# First, be sure to remove ParaView from the conda environment
conda remove paraview --force

/Applications/ParaView-5.13.3.app/Contents/bin/pvpython \
./examples/07 paraview/SimpleCone/RemoteRendering.py --venv $CONDA_ PREFIX

RemoteRendering.py Link R ]

e Use the path to pvpython on your
system.
e On Windows, use %CONDA_PREFIX% /

K kitware .



https://github.com/Kitware/trame/blob/master/examples/07_paraview/SimpleCone/RemoteRendering.py

Running trame on HPC

o ParaView handles the parallelism (i. e., pvbatch)
o Need to connect to the root node from web browser
e Might require a little network configuration/tricks for

each HPC cluster
e For example, a reversed connection

e Sebastien can handle it...
o Infrastructure is available to set it up on any cluster

e Already being done at Sandia

& kitware




New Developments

e WASM for client-side rendering

o More robust local rendering (uses the same VTK code
locally)

o Access to more VTK components, including 3D widgets
(whatever is serializable in VTK)
More user-friendly API for interacting with objects
Better performance through access to WebGPU (coming
soon)

& kitware




Check out the website and the many examples available

® Website with Great Examples: kitware.qgithub.io/trame

Live Trame Examples
(might be slow if everyone runs them at once)

VERACore: vera.trame.kitware.com
Visualizer: visualizer.trame.kitware.com
ArrowFlow: arrowflow.trame.kitware.com

XAITK: xaitk.trame.kitware.com
e Example File

& kitware



https://kitware.github.io/trame/
https://vera.trame.kitware.com/
https://visualizer.trame.kitware.com/
https://arrowflow.trame.kitware.com/
https://xaitk.trame.kitware.com/
https://farm1.staticflickr.com/74/202734059_fcce636dcd_z.jpg

Kitware Services

Training

Learn how to confidently use trame from the expert
developers at Kitware

GET STARTED

& kitware
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Support

Our experts can assist your team as you build your
Web application and establish in-house expertise

GET SUPPORT

Custom Development

Leverage Kitware's 25+ years of experience to quickly

build your Web application

REQUEST A QUOTE




Questions?

Thank you

& kitware
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VTK Demo

e Do this in a separate conda environment than ParaView
e The conda VTK may collide with ParaView's VTK

e First, install VTK

conda install -c conda-forge 'vtk>»=9.3"

e Second, run VTK example scripts in trame repo

python ./examples/06 vtk/01l SimpleCone/RemoteRendering.py

& kitware




