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CEDMAV builds infrastructure and
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High Resolution Sensing Devices and Massively
Parallel Simulation Generate Big Scientific Data
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The National Science Data Fabric:
Democratizing Data Access
for Science and Society
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The National Science Data Fabric Catalog

An academia-industry collaboration to build a

transdisciplinary, multi-federation catalog for m— > [ 2 .
real-time search over 75 petabytes of data, 1.59 Owen Koppe

billion records from 68 community repositories

lotal size 76.31 PiB Number of records 1.69 bilions

Pl Show @ Catalog
Catalog * - Lirmi 100 - Show [ Catalog
Buckat
Extension
Catalog Bucket tot_size num_files
aws-open-data sra-pub-run-odp 13,616,090 404 273 786 17,381 287
ranch AST20015 00442408 020142 036 64 188
ranch PHY20003 4,315,046,973,201,938 231,336
ranch CTS20009 2528 266,508 417 821 48 623
aws-open-data deafrica-sentinel-2 2,389,802,124 666,594 45,886,993
aws-open-data noaa-hrr-bdp-pds 2,144 318 216,738,649 33,5682 006
aws-open-data noaa-gefs-pds 1,890 930 002 645 210 80 362 647
o o o ge Technology
ranch rctftacc 1,497 793,189 666,427 32,218
'ud Storage
ranch ATM20005 1,445 297 808 898,192 76 000
aws-open-data human-pangenomics 1,305,993,292 339,773 183 868

Il provides sustainable, immutable, and
aaaaaaaaaaaaaa
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ccess data in hours vs days

COST EFFECTIVE
Up to 80% less than competitors

Discovering data across scientific B =




| The National Science Data Fabric Catalo

Seal Storage Technology and the University of Utah Enable Data Democratization for NASA
Climate Data
Over 200TB of NASA climate data is now accessible through a Jupyter notebook due to a
collaboration between Seal Storage Technology and the University of Utah's Scientific Computing and
Imaging Institute (SCI), enabling researchers around the world to access the data with zero egress
fees and visualize the data with ease.

Aashish Toronto, Ontario, and Salt Lake City, Utah, 12 April 2023: In an effort to democratize data,

Panta decentralized cloud storage provider Seal Storage Technology and the University of Utah's
Scientific Computing and Imaging Insitute (SCI) announced today that over 200 terabytes (TB) of
OpenViSUS IDX NASA atmospheric wind velocity and ocean current datasets are now available
through a Jupyter notebook. A Jupyter notebook is a digital document that makes it easy to access
and visualize data by combining text,

Catalog =

aws-open-data s|

ranch A
— | code, and visualizations all in one place. ==
e | This project is part of SCI's participation _ &=

awsopendata 4 1N The National Science Data Fabric
awsopendata | UNSOF), a trans-disciplinary approach to -

aws-opendata | INtegrated data delivery and access,
ranch 4 democratizing data-driven scientific |
ranch A discovery through shared storage, |-

aws-open-data h network[ngr computing, and educational NSDF- Nationsl Science Data Fabric

resources. "The democratization of data
) is essential to scientific progress, and we are thrilled to partner with the University of Utah to make
Dlscow this possible,” said Seal Storage Technology COO Alex Altman. “Seal’s decentralized cloud storage
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g Jupyter 10-bokeh-nasa-200tb (unsaved changes)
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3D Visualization Provides Very Effect
Intuition in Support of Decision Maki
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Complex Decisions Benefit from
3D Visualizations Combined Detailed Analytics

* Topological abstractions allowed to count features and
express structural skeletons of scientific data spaces

* Time tracking of models in time allows detailed
analysis of dynamic phenomena

CEDMAV
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Explanations are Essential to
Good Decision Making

A user may need to answer important

guestions such as:
How much can | trust a model/set of predictions?

Can | anticipate the outcome of a particular event?
Why did the model give me the result it did?

How stable is the prediction?

- w.r.t. perturbation of training, sample, model?

Could | have changed something to get a better prediction for
the kinds of phenomena | am interested in?

DMAV




. How would you make an automatic
transmission “explainable™?

The user needs to have an Interpretability approach:
expectation of what this provide a view inside to see
% o) will do to usef/trust it cause and effect

Explainability R £
approach: provide /i - . Jii: T g
the tools to let the o

user build a mental
model

RPM
nnnnn
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Explanations for Decision Making permeate science workflows,
and users from diverse backgrounds with multiple roles

/Domain Expert Expert Analyst Policy Maker h
Expert in application Knowledge in application Not expert in application
Intuition about phenomena Intuition process->outcome Intuition about ML Models
Primary tool users Adapts within tool context Power to adapt tools

\ [ ] M T /
Needs to process data Needs to manage process Needs to develop tools

- Quantity - ldentify problems - Understand tradeoffs
- Speed - Find solutions - Robustness/stability
Success is Success is Success is
- Outcome - Domain Experts Happy - Tools get used
- Accuracy - Integrate tool in production - Improved
performance/accuracy

- AWy
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New Clean Energy Manage Nuclear Reactors Wildfire mitigation . u
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Explanations for Decision Making permeate science workflows,
and users from diverse backgrounds with multiple roles

/Domain Expert Expert Analyst Policy Maker h
Expert in application Knowledge in application Not expert in application
Intuition about phenomena Intuition process->outcome Intuition about ML Models
Primary tool users Adapts within tool context Power to adapt tools
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The Core is to Understand Relationships
in High-Dimensional Multivariate Data
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Scientists/Engineers/Al Optimize “the best’
function for the task, given the input
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Maximize the quality
of the outcome

CEDMAV
Pascucci-19 _S‘gﬂ;/h mﬁ\?)%ﬂ




Topology is and Effective Language to Describe
Abstractions of Features from Raw Data
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Topology Has Been Successful for Analysis
and Visualization of Diverse Scientific Data
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Topology Has Been Successful for Analysis
and Visualization of Diverse Scientific Data
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Simplification Allows to Create a
Multi-Scale Representations of the Data

o Saddle  Extremum

Critical Contour

Regular Contour




Cancellation Trees Identify Prominent Ridges
as Part of the Simplification Process




We need the right abstraction for the task
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BURNING AND EXTINCTION
REGION TRACKING
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Understanding Turbulence for Low
Emission, High Efficiency Combustion

* Lean premixed H, flames

* Low Swirl Combustion
(LSC) Burners

* Low pollution in energy
production

« High Efficiency in fuel
consumption

« Scalable from residential
to industrial use

« Each variable 3.9-4.5TB

GarF ~ 1=

Experiment Simulation

g~ . Y il |\
1" burner (5 kW, 17 KBtulhr) 28" burner (44 MW, 150 MBtu/hr)

CEDMAV
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We Take on the Challenge of Developing a
Quantitative Analysis Detecting Turbulence

Understanding combustion processes over a
broad range of burning conditions is an
important problem for designing engines and
power plants.

— Simulation with AMR mesh.

— Simulations of lean premixed hydrogen flames
with three degrees of turbulence.

— Can we identify precisely and track in time
burning regions?

— Can we discriminate the degree of turbulence
from a quantitative analysis?

Pascucci-28 %{//h uNiveRsT






We Build a Reduced Topological Model of
H2 Consumption on an Isotermal Surfaces
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hierarchy

CEDMA

Pascucci-30 _S‘g:j;/h uﬁj?l%w




We Build a Reduced Topological Model of
H2 Consumption on an Isotermal Surfaces
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We Build a Reduced Topological Model of
H2 Consumption on an Isotermal Surfaces
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We Build a Reduced Topological Model of
H2 Consumption on an Isotermal Surfaces

hierarchy
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We Build a Reduced Topological Model of
H2 Consumption on an Isotermal Surfaces

T
:”i.‘_“
'.'(-;.‘.'___L N

<« ,
V& "r g
| | {

hierarchy

CEDMA
e

Pascucci-34 %ﬁ mﬁ{{%{w




We Build a Reduced Topological Model of
H2 Consumption on an Isotermal Surfaces

hierarchy
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We Build a Reduced Topological Model of
H2 Consumption on an Isotermal Surfaces

hierarchy
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We Build a Reduced Topological Model of
H2 Consumption on an Isotermal Surfaces

hierarchy
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We track in time by interpolation in 4D and
contraction to a Reeb Graph

Time

t
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We track in time by interpolation in 4D and
contraction to a Reeb Graph

t=1

Time

t
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We track in time by interpolation in 4D and
contraction to a Reeb Graph

Time
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We track in time by interpolation in 4D and
contraction to a Reeb Graph

Time




We track in time by interpolation in 4D and
contraction to a Reeb Graph

Time

CEDMA
R

-
UNIVERSITY
STUTAH



We track in time by interpolation in 4D and
contraction to a Reeb Graph
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We track in time by interpolation in 4D and
contraction to a Reeb Graph

Time
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We track in time by interpolation in 4D and
contraction to a Reeb Graph

Time
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Each Set of Parameters Results in a Robust
Segmentation and Tracking of Burning Cells

CEDMAV
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Topological Segmentation Allows to Quantify
Turbulence as Slope of the Area Distributions

ion %\
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distribution of Cell Area Topological Segmentation
« Combustion & flame into Burning Cells
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LLNL Deployment for High-Resolution Metrology of Additive
anufacturing Parts, NIF Targets, Energetic Materials, ...

BT S

i ol KI5 ; x _
Sy ; \ = N L= Inner cone Implosion process
/ o s 41 ) V ~ ; Capsule schematic
A - 28 R WY ¢ e - Bath of hohlraum ~
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§ g | e T ice [
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B L
= e,
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o £ Ablating shell
Radiation drive 1

— Laser power

— Hohlraum radiation
temperature

=~ Hohlraum

L]
Fuel fill tube JQ\\\r b
1|

Compress |,
Laser entrance and haat |
1ol fuel

i} . i}
m High-resolution CT scans provide insights  ° e Laso quads
into internal structures o N

— Additive manufacturing

— NIF targets: Voids and high Z inclusions that
disturb the implosion

— High energy materials: Material aging and
performance characteristics

m These applications pose a number

of new challenges

— Massive collections of large (2Kx2Kx6K and
above) scans exceeding local resources

— Diverse stakeholders: CT technicians, scientists, |
decision-makers, etc.

— Distributed teams and data collection -

— Data access restrictions i o s

| Done(0.093) io_nopen(0) io_rb(0/0) io wb(0/0) net totreq(0) net rb(0) net wb(0) mem visus(370.8MB) mem_used(19.3GB) mem tot(31.7GB) gpu_tot(1024.0GB) gpu_used(309.9MB) gpu_free(1023.7GB) nthreads(7) thread_njobs(0) net._n




How do we explore a family of
combustions to design new types of fuels?

HIGH DIMENSIONAL
DATA EXPLORATION



Intuition in 3D is Very Strong: Avoiding Misleading
Visualization in 3D is Very Easy
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Intuition in 3D is Very Strong: Avoiding Misleading
Visualization in 3D is Very Easy




Intuition in 3D is Very Strong: Avoiding Misleading
Visualization in 3D is Very Easy

yourge.com/biusspuj
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Intuition in 3D is Very Strong: Avoiding Misleading
Visualization in 3D is Very Easy
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Lifting the Exploration from 2D/3D to High-
Dimensional Complex Parameter Space

Geometric Domain + Merit Function

2D+1 2 D+1

CEDMA
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Lifting the Exploration from 2D/3D to High-
Dimensional Complex Parameter Space

Geometric Domain + Merit Function
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Lifting the Exploration from 2D/3D to High-
Dimensional Complex Parameter Space

Geometric Domain + Merit Function

2D+1 21D+1




Exploration of High Dimensional
Functions Data

Integrated presentation of statistics and topology

266.97
Value: 265.06

Input std: 1.49 —__ Regression value, standard deviation
Density: 0.1024 : : :
and density at slider location

260.7‘

Regression curve
colored by function
value

Location slider ‘

- .
—_  Standard deviation
of regression curve

Shading indicating
sampling density

CEDMAV
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Improve Techniques for Visualizing

and Exploring High Dimensional Data

CEDMAV

Reduce dimensionality
and then extract structure

Al
S 8
5 K 1600
g ° /
o) - 11400
O 4 :
8 - 11200
£,
£
3 2 - 11000
o 0#
5 1800
4 600
2 0 2 4 &6
Principal Component 1
Gerber et al, 2010
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Improve Techniques for Visualizing
and Exploring High Dimensional Data

Reduce dimensionality
and then extract structure
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Principal Component 1

Gerber et al, 2010
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Topological Summary

Value: 496.57
Input std: 2.54
Density: 0.0000

Statistical information
at selected point

Luminance of edge
signifies sampling density

Light = low, Dark = high

Current rotation
transformation of

CEDN axes

0.0

Range space colormapping -
shows the range of the selected 1802.04
crystal and the selected output

level

Selected point/curve

Varying width signifies
changes in "spread” of
cell in input space from
minimum to maximum

0.5 1.0
Persistence graph shows the selected
persistence level as a red block and value
in red indicates number ofcellsrendered ¥

UNIVERSITY
ey e . | STUTAH



Interface: Statistical Summary

) N— J/
Xuan Huang
Value: 496.57
Input std: 2.54

Density: 0.0000
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change in coordinate value with I
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0.0 05 10 : ‘ j

Mean of crystal
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Inverse Coordinate Plots
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Parallel Coordinates Plots

Value: 408 57
Input sid: 2.54
Dansity: 0.0000
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Pairwise Scatter Plots

Al Ly
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Analysis of Combustion Simulations

Combustion Simulation
of Jet CO/H2-Air Flames

Input: Composition of 10 chemical species

Output: Temperature



The Framework Allows Detailed Visualization
and Analysis of High Dimensional Functions

H2

6.27
1791.80
VVVVV - 1066.76 )
Input std: 0.61
Density: 0.0004 \
0.00
475,98 1791.80

B 2.74 02

- =
r\/ :
. 4‘55—__—9—4— 1791.80 h
OH e
_‘/ :
s.ﬁ——_gi 1791.80 m
3.25 H20
/LGE
£(x) @35.98 1791.80
.nzf" 414 H
“ 0.0 0’5 1.0 l_18//'—_\
. 0535;;/ 1791.80
10 dimensional data set describing the HO2
heat release wrt. to various chemical
species in a combustion simulation e
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The Framework Allows Detailed Visualization

and Analysis of High Dimensional Functions

1791.80
Value: 1066.76

f(x)

2|

| 0.0 05 10
p

10 dimensional data set describing the
heat release wrt. to various chemical
species in a combustion simulation

CEDMAV
Pascucci-69

475.98

H2

475.98 1791.80

475.98 17591.80

475.98

475.98

1791.80

Pure oxidizer



The Framework Allows Detailed Visualization
and Analysis of High Dimensional Functions

6.27 H2
1791.80
Value : 1066.76
Input std: 0.61 0.00 —eS3
Density: 0.0004 475.98 1791.80
2.74

0.00 \__
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5.13 (o]
475.98
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0.00

475.98 1791.80
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/‘/\ o

595____"—1;5- 1791.80 .;

s H20 o
115/
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59_5—4-4-li 91.80 m
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®

o
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‘ 0.0 05 1.0 47558 J 7 179180
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species in a combustion simulation '
CEDMAV

Pascucci-70 _SE,D/E NIVERSH



Nuclear Reactor Safety
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Nuclear Reactor Safety
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The SCRAM Event: Strategies to Avoid Catastrophic
Consequences (Meltdown) for the Reactor

* 10,000 individual simulations of a SCRAM event.
* Input = 6 dimensions:
« PumpTripPre - pressure in heat exchange pump causing

SCRAM

PumpStopTime - the relaxation time (sec) of pump’s phase-
out

PumpPow - end power of the pump

SCRAMtemp - the maximum temperature (K) in the system
CRinject - control rod position at the end of SCRAM
CRtime - the relaxation time of the control rod system. £
« Output = Peak Coolant Temperature (PCT) s I S
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VR,* Simulator

Value: 712.00
Input std: 2690.69
Density: 0.0000

.. PumpTripPre
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VR,* Simulator

Value: 712.00
Input std: 2690.69
Density: 0.0000

PumpTripPre

625.82 720.39

. PumpStopTime
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VR,* Simulator

Value: 712.00
Input std: 2690.69
Density: 0.0000

PumpTripPre

.{-n-. a
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_PumpStopTime

625.82 720.39
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0.00
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VR,* Simulator

Value: 712.00
Input std: 2690.69
Density: 0.0000

775
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625.82

0.0 0.5
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VR,* Simulator

Value: 712.00
Input std: 2690.69
Density: 0.0000
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VR,* Simulator

Value: 712.00
Input std: 2690.69
Density: 0.0000
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VR,* Simulator

Value: 712.00
Input std: 2690.69
Density: 0.0000

720.39

625.82 720.39

625.82 ’ 7120.39
625.82
0.40 PumpPow
775
0.00
625.82 720.39
\ 635.00 _ — SQRAMtemp
. Aty L
H""*-..._‘__
6 } 625.00 e
0.0 0.5 1.0 625.82 72039

0.24

Pump trip pressure is the clearest distinguishing factor
differentiating the high PCT (Peak Coolant e
Temperature) modes

(*Necessary, but not sufficient conditions for high PCT) B

Invariants:

Pump power 1000
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VR,* Simulator

Value: 712.00
Input std: 2690.69
Density: 0.0000

720.39

625.82 720.39
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625.82
0.40 PumpPow
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625.82 720.39
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0.24

Pump trip pressure is the clearest distinguishing factor
differentiating the high PCT (Peak Coolant e
Temperature) modes

(*Necessary, but not sufficient conditions for high PCT) B

Invariants:

Pump power 1000
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VR,* Simulator

Value: 712.00
Input std: 2690.69
Density: 0.0000

720.39

625.82 720.39

625.82 ’ 7120.39
625.82
0.40 PumpPow
775
0.00
625.82 720.39
\ 635.00 _ — SQRAMtemp
. Aty L
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6 } 625.00 e
0.0 0.5 1.0 625.82 72039

0.24

Pump trip pressure is the clearest distinguishing factor
differentiating the high PCT (Peak Coolant e
Temperature) modes

(*Necessary, but not sufficient conditions for high PCT) B

Invariants:

Pump power 1000
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VR,* Simulator

Value: 712.00
Input std: 2690.69
Density: 0.0000

720.39

625.82 720.39

625.82 ’ 7120.39
625.82
0.40 PumpPow
775
0.00
625.82 720.39
\ 635.00 _ — SQRAMtemp
. Aty L
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6 } 625.00 e
0.0 0.5 1.0 625.82 72039

0.24

Pump trip pressure is the clearest distinguishing factor
differentiating the high PCT (Peak Coolant e
Temperature) modes

(*Necessary, but not sufficient conditions for high PCT) B

Invariants:

Pump power 1000
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EXPLAINABILITY INCLUDING
CATEGORICAL DATA FOR
Al AND COMPLEX SYSTEMS
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Al Applications and Explaining their
Effectiveness

e ChatGPT ® OpenAl
o AlphaGO

o Auto-pilot
e ImageNet

ALPHAGDO

¥ 1 v ¥ X
Y‘/ﬂ,\ 2017 dl‘ MFESTIVAL F.\:M rEslevu‘t! Official tion

ChatGPT: Optimizing
Language Models
for Dialogue

T1037 / 6vra T1049 / 6y4f
90.7 GDT 93.3 GDT
(RNA polymerase domain) (adhesin tip)

Experimental result

® Computational prediction

ting Peru
Cantechnology help

Preferentialpractice |
Howmarinedoudsare  USuniversitiesfavour 1
Indigenousgroups + affectedbyaerosols  prestigeinfaculty  {
preservethe Amazon? ~ emitted fromshipping _hiringandretention 1

CEDMAV

Pascucci-85 _S}::D/h uﬁj\h%w



Explaining inference in
natural language processing

An illustration of natural language inference.

P/H sentences entaill  contradict  neutral
premise A boy ate an apple. - - -
hypothesis A kid ate fruit. v’
hypothesis A boy ate a banana. v’
hypothesis Tom ate an apple. v’
hypothesis | A boy ate a Fuj apple. v’
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ML Task: determine if a hypothesis is an entailment,
contradiction, or neutral w.r.t. a premise statement

(Entail, Neutral, Contradict)

Premise(P): (0.9, 0.1, 0.0)
A boy ate an apple
Hypothesis(H):
A kid ate a fruit
O

Contradiction Entailment




Questions a user may need to answer

How much can | trust a model/set of predictions?

Can | anticipate the outcome of a sample given a
model?

Why did the model give me the result it did?
How stable is the prediction?
w.r.t. perturbation of training, sample, model?

Could | have changed something to get a better
prediction for the kinds of phenomena | am interested
in?

\"/




Interactive tool for understanding
NLP Inference

Zhimin Li

Summary =] Sentence = Pipeline
[ —/daterdav-set-gtatistic jaon hi Predict All ex A couple is taking a break from bic' ¢ reset model Allow Update
groundTruth / prediction 7 PerturbCount ) ch . >
Premise I_rate || [
iter ENEER

=1 A couple is taking a break from bicycling .

|I
! ] Hypothesis Perturb parameters parameters parameters.
a couple sit next to their bikes .

S— o s M o Ml s
— Gradient Histo Gradient Histo Gradient Histo
Perturb
|( ) . . . . o . : __ Sensitivity ( ) ( ) current configuration  all configurations
a0 02 04 a6 a8 10 oo 02 04 os o8 10
AttentionGraph AttantionMatrix =] Prediction o
cCPD = 0.00 0.50 1A]00 Neutra|
= ‘ v adgvod nned case Original },.'
= o " TNt gtvmog » "f:wp‘”-; e Perturbed B
& » o i ] & 3 Be
e P : ¢ 1 R Optimized
det aux's det- . case att1
- » » I » » u » . e Ground Truth
=
o B g
3 S « £ o § § 3 S g
8 s ex a g vcoup!
=
\ o| Y-
% = taking
p
£
2 6 - + & s i f By
2 b 3 & break %
. 1 ®
L 3 -
= det = nsubj advmud' * ;mud:posz oo
advmod case . s
(d) nmod (e) abicycling (f)
Contradiction Entailment

0

T
R m

Ranads 0

e

Pascucci-89 _S‘g:j;/h uﬁj{:%![w

!‘-‘Fg
<




Interactive tool for understanding
NLP Inference

INPUT DISPLAY
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Interactive tool for understandin
NLP Inference
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Interactive tool for understanding
NLP Inference
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Interactive tool for understandin

NLP Inference
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Interactive tool for understanding
NLP Inference
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Interactive tool for understanding
NLP Inference

= Pipeline
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What can we manipulate intuitively
to explain the ML for NLP?

Natural Language Processing Model

Sentence :>

Pair

Classifier

-
2
)

(=
=
<

Input

Perturb
Prediction

Perturb

/ Perturb
Sentence

Attention
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Perturbations Input - Different Modes of
Failure After Applying Input Perturbations

Neutral
Original

o Perturbed
Optimized
Ground Truth

Contradiction

Stable

CEDMAV

Neutral N Neutral
Original Original
o Perturbed o Perturbed
Optimized Optimized
Ground Truth Ground Truth
)
e ‘ "m;,
\: ‘2 /,“
)
[
Entailment  Contradiction Entailment Contradiction Entailment
Truly Boundary
Unstable Condition
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Perturbations Input - Different Modes of
Failure After Applying Input Perturbations

Sentence O | Prediction

Neutral
Original Neutral m MEGIM@(®  ex | A woman with a green he # Original :
;
o Perturbed o Perturbed
Optimized o Premise Optimized '\
Ground Truth : A Ground Truth
A woman with a green headscarf , blue shirt and a very
big grin .
( 4
Hypothesis Perturb |

The woman is young .
i Perturb ‘

Contradiction Entailment Contradiction Entailment
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Perturbations Input - Different Modes of
Failure After Applying Input Perturbations

Neutral e G s Neutral
Original MEOYM ex Acouple is taking a breal + Original
o Perturbed o Perturbed
Optimized Premise Optimized
Ground Truth 0 , : . - GowdTuth
i There is a man poking a long stick up towards the ceiling . L
0 %e O.I
Al o p Al (4
® A g i ¢ . "
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A J ( ‘ A ()
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( : (4
) 4] 0 k0
Contradiction Entailment Contradiction Entailment
CEDMAV
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Perturb Attention - Edit the attention
to correct a prediction
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EXPLAINABILITY INCLUDING
CATEGORICAL DATA FOR
Al AND COMPLEX SYSTEMS

WIFIRE: TOWARDS MAKING
WILDFIRE MANAGEMENT
EXPLAINABLE
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WIFIRE project — Tools for fire management
community

WCWIFIRELEY)

- Led by UC San
Diego’'s WIFIRE Lab

- Develop science-
driven technologies

- Deployed with the
fire management
community

CEDMAV
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BurnPro3D is a decision-making tool to
plan safe and effective prescribed burns

Users create
scenarios
Combines LIDAR
inputs and Geo data
Simulation
ensembles for burn
scenarios
Variations in:

— Environmental

conditions

— Fuels data
- Ignition Patterns

Advanced metrics
for evaluation

ML proxies
Landscape level
optimization

BurnPro3p,

Burn Visualizations

run 6ec320c8
fuels-dens t=2100s
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Four Pillars of BurnPro3D

FastFuels TrueTrees DripTorch QUIC-Fire

3D Fuels for Fire Lidar-Derived Tree Custom Ignition Prescribed Fire

Models Positions and Patterns Simulator
Heights

,I,UIIIEIE—.\\

Powered By «(&Wl FIR E‘)))
C@émme@ns



mailto:ialtintas@ucsd.edu

Machine models augment human interpretation:
reduce human labeling and recommendations

- Replicate a domain expert in labeling data
- Asses is a prescribed burn is safe

Name Strip and Dash

Description Firing @ 330

Firing Technique Strip v

Ignition Type Dashes v

Dash Length (m) 2

Gap Length (m) 4

Number of Igniters 5

Igniter Velocity (mph) 225

Stagger Distance (m) 10

Depth Distance (m) 15

Pass Distance (m) 15

Side of Wind to Start Ignition Left v

Blackline Width (m) 10 %
%

Control Line Width (m) 2 "5';9

C| Total ignition time: 3h 22 m



Level O: Explaining a trained black box model




ML can be an opaque process to a user

Sam Leventhal

Data [ Outcome

CEDMAV

Pascucci-108 %/k unj:{%.{w




Given a sample, the model gives a result

T T

How much can | trusta
model?

Data Outcome

CEDMAV

Pascucci-109 %/k unj:{%.{w




Co-visualization of samples and outcomes

T T

How much can | trusta
model?

CEDMAV

Pascucci-110 _S‘g:j;/h uﬁj{:%![w



Co-visualize results on top of samples

How much can | trust a

?
sample->outcome outcome->sample model?

Visualization uses:
Context to show outliers - ~
Turn on-off outcomes sl flo sl

Capability to load various
outcomes

Color by class/prediction value




Co-visualization of samples and outcomes

Can | anticipate the
outcome of a sample
given a model?

CEDMAV

Pascucci-112 _S‘g:j;/h uﬁj{:%![w



Co-visualize results on top of samples

Can | anticipate the
outcome of a sample
given a model?

3
sample->outcome >

5 1000
outcome->sample

P 800
Visualization uses: )
Context to show -

outliers

Turn on-off outcomes

200 58

0 200 400 600 800 1000 1200

Pascucci-113 _S‘g:j;/h uﬁj{:%![w



Co-visualize results on top of samples, and

high dimensional exploration.

sample->outcome
outcome->sample
Visualization uses:

Context to show
outliers

Turn on-off outcomes

Brushing samples for
deeper dive

5y 1000

"~ 800

Y 600

200 58

400

Can | anticipate the
outcome of a sample
given a model?

Regression: PCA, T-$
; Added to Vis Tool:

Loose coupling with high-dim
exploration tool

800 1000 1200

T T T
Label Wind Speed (m/s) Wind Direction Surface Moisture Surface Consumed (%Eanopy Consur

Parallel coordinates

Pascucci-114 _S‘g:j;/h uﬁj{:’%w



Co-visualize results on top of samples, and

high dimensional exploration.

Can | anticipate the

sample->outcome
outcome->sample
Visualization uses:

Context to show
outliers

Turn on-off outcomes

Brushing samples for
deeper dive

200

400

outcome of a sample
given a model?

o Regression: PCA, T-SNE

4
< Safe/Unsafe by VWind Speed (m/s) v= Surface Moisture
~ Y

| E— | I —
o © © © © e o o

800 1000 1200

T T T
Label Wind Speed (m/s) Wind Direction Surface Moisture Surface Consumed (%Eanopy Consur

Parallel coordinates

Pascucci-115 _S‘g:j;/h uﬁj{:’%w



Co-visualize results on top of samples, and

high dimensional exploration.

model give me
the result it did?

Regression: PCA, T-

)
sample->outcome : B Smreronar e wind Seeed s v{}m =
, 1000 I P ]
outcome->sample ' § .
P ; / Added to Vis Tool: h
800 ]
Visualization uses: : : :
Context to Show ; Selection mechanisms to
. 3 e § focus high-dim exploration
outliers L
Turn on-off outcomes 400 Multi-label selections to
N Kiompare data items
Brushing samples for 200 18 ) RREEK .
deeper dive 0
0 Lo
0 200 400 600 800 1000 1200

T T T
Label Wind Speed (m/s) Wind Direction Surface Moisture Surface Consumed (%Eanopy Consur

Parallel coordinates

Pascucci-116 _S‘g:j;/h uﬁj?l%w



Co-visualize results on top of samples, and
high dimensional exploration.

Why did the
model give me
the result it did?

Regression: PCA, T-S

4
- Safe/Unsafe by VWind Speed (m/s) v= Surface Moisture

sample->outcome
outcome->sample
Visualization uses:

Context to show
outliers

Turn on-off outcomes

Brushing samples for
deeper dive

| E— | I —
o © © © © e o o

0 200 400 600 800 1000 1200

T T T
Label Wind Speed (m/s) Wind Direction Surface Moisture Surface Consumed (%Eanopy Consur

Parallel coordinates

Pascucci-117 _S‘g:j;/h uﬁj{:’%w



User Flow - Scenario Creation/Analysis

USER »

Uploads shapefiles
and LIDAR

Selects burn area
with map layers from
WIFIRE Data
Commons

Designs ignition
pattern(s)

|
|
|

Defines environmental
conditions

BP3D »

Generates FastFuels

\
!

Runs QUIC-Fire
simulations

Calculates fuel
consumption

USER

Defines burn
objectives and
identifies the 1)
environmental
conditions and 2)
ignition patterns that
achieve objetives

Explores visualizations

of burns

Reviews risk

Finalizes details for
burn plan and to send
to WIFIRE Model
Commons

Pascucci-118

Inputs: Map Layers,
LIDAR, burn unit

shapefiles, ignition
patterns

S

Variations: Environmental

conditions including wind
speed, direction, moisture

levels

1
I

Outputs: 1000’s of

simulated burns, 10s Tb
time-varying 3d arrays

Derived: computed

metrics, labeled outputs,

Al predicted labels



Tools are needed to support decision-making
across stakeholder roles

RSER » EISD » REER LIDAR, burn unit -
BP3D Developers: @ 2 e () Fire Managers:
: Which burn units should
e | prioritize this year?

time-varying 3d arrays

Did the simulations
produce expected
outputs?

5 Derived: computed
e | metrics, labeled outputs,
Al predicted labels

How would changes in

Did hyperparameters Burn Bosses: available mitigatiqn
have intended effects?  What environmental conditions ~ fésources affect fire

lead to safe/unsafe predictions? risks?

Are there systematic

instabilities? Can we meet objectives without
excess risk?

How can | make fair
decisions?

Are outliers “real” or

“bug™? Are there unexpected hazards
(slop over, smoke)?

How do we balance
area, habitat, and
property risks?

Day of burn: how risky are the
current conditions?

Pascucci-119 _ngl;/é u.i;%%IY




Next Steps: Add interface-driven
counterfactual creation/evaluation/vis

Inputs: Map Layers,
USER » BP3D ’ USER LIDAR, burn unit
n s

shapefiles, ignition
patterns

eeeeeeeeeee

Uploads shapefiles Generates FastFuel
and LIDAR tile

Variations: Environmental
conditions including wind
speed, direction, moisture
levels

—
—/

Outputs: 1000’s of
simulated burns, 10s Tb

time-varying 3d arrays
Derived: computed

for burn plan and to N

sendtoWIFIREModel | Mefrics, labeled outputs,

Al predicted labels

&)

Al Model

Commons

Al Model

Al Models are coming online:

- PGML to speed up fire sim

- Regression models to automate
output labeling

CEDMAV

Pascucci-120

Principles of Explainability to apply:

co-visualization of ground truths and
predictions throughout interface,
and between models (glyph shapes)
Enable what-ifs: draw polygons to
“fill” with perturbations, select runs
and auto-generate perturbations

—




We support developers and burn bosses
through an interactive interface

C'  @® localhost:5006/WIFIRE_xai

Imported From Fire.. (& Google M UC Davis CAS - Cen... 'SE LaTeX/Mathematics.. “f Community
Glyph Size Color Apply Jitter: 0.03
Surface Consumed (%) v Label v

I
R

123
124
| 125
126
| 127
128
129
130
131
T
Label Wind Speed (m/s) Wind Direction Surface Moisture ~ Surface Consumed (%ganopy Consumed (%)
Safe/Unsafe by Wind Speed (m/s) vs Surface Moisture Safe/Unsafe by Wind Direction/Wind Speed
14 as0 0 150
3300 300
10 4 |
2 |
£
o 87
1
2
%)
©
S
=
67 @
4
/
2100 150.0
| | | | 1950 ang 1650
0 0.05 0.1 015
Surface Moisture
x values y values
Surface Moisture v Wind Speed (m/s) v

Enter text query, vars are ([TableColumn(id='p1011', ...), TableColumn(id='p1014', ...), TableColumn(id="p1017', ...), TableColumn(id="p1020',

CEDMAV ™"

Make Selection All Points

...), TableColumn(id='p1023', ...), TableColumn(id="p1026",

Igen: Generalizedkt... oaules >0... ) rojects - tas asnboard -
Eigen: GeneralizedE NERSC Modules S @ Proj CZ Stash Dashboard - CZ C

ensemble_name | run_id Label Surface Consume Wind Direction | Canopy Consume Surface Moisture | Wind Speed (m/s)
piedmont-210_sin f7eb3210-b5d6-41 marginal 296 225 042 0.12 6 a
piedmont-210_sin 42049724-8638-4 marginal 231 225 035 0.16 6
piedmont-210_sin efce2f42-3b6f-447 safe 1461 225 025 02 6

5 piedmont-210_sin 2fd160da-facf-44¢ unsafe 7874 210 0.17 0.04 6
piedmont-210_sin f9921d9f-876a-41 unsafe 50.98 210 05 0.08 6
piedmont-210_sin adb3205¢-20f1-4¢ marginal 30.16 210 039 0.12 6
piedmont-210_sin d609d4d8-d89f-4¢ safe 2284 210 0.31 0.16 6
piedmont-210_sin a4da80cd-b62-41 safe 14.37 210 0.18 02 6
piedmont-210_sin 2bd753ac-1d05-4 unsafe 5198 195 045 0.08 6
piedmont-210_sin f79e9f99-be22-40 safe 2751 195 0.33 0.12 6 -

»
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105.0

1200

135.0

...), TableColumn(id='p1029', ....), TableColumn(id="p1032", ...)])
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We support developers and burn bosses
through an interactive interface

c

Imported Fr

Deployed in browser for diverse, distributed users base

board - CZ C

Glyph Size
Surface Consumed (%)

Color

v Label

Apply Jitter: 0.03

(4]

Label Wind Speed (m/s)

Safe/Unsafe by Wind Speed (m/s) vs Surface Moisture

Wind Speed (m/s)

Wind Direction

1
Surface Moisture  Surface Consumed (%ganopy Consumed (%)

t
0 0.05

x values

Surface Moisture

Enter text query, vars are ([TableColumn(id="p1011', ...), TableColumn(id='p1014", ...), TableColumn(id="p1017", ...

Highlight

CEDMAV

Make Selection

Al Points

t
0.1

Surface Moisture

y values

v Wind Speed (m/s)

t
0.15

Safe/Unsafe by Wind Direction/Wind Speed

&

a0 0
3300
3150
3000
285.0
700 )
255.0
2400 ~Q 4
2250
2100
195.0 180.0

), TableColumn(id="p1020', ...), TableColumn(id="p1023',

ensemble_name | run_id Label Surface Consume Wind Direction | Canopy Consume Surface Moisture | Wind Speed (m/s)
122 piedmont-210_sin f7eb3210-b5d6-41 marginal 296 225 042 0.12 6 a
123 piedmont-210_sin 42049724-8638-4 marginal 231 225 035 0.16 6
124 piedmont-210_sin efce2f42-3b6f-447 safe 1461 225 025 02 6
| 125 piedmont-210_sin 2fd160da-facf-44¢ unsafe 7874 210 0.17 0.04 6
126 piedmont-210_sin f9921d9f-876a-41 unsafe 50.98 210 05 0.08 6
| 127  piedmont-210_sin adb3205¢-20f1-4¢ marginal 30.16 210 039 0.12 6
128 piedmont-210_sin d609d4d8-d89f-4¢ safe 2284 210 031 0.16 6
129 piedmont-210_sin a4da80cd-b62-41 safe 14.37 210 0.18 02 6
130 piedmont-210_sin 2bd753ac-1d05-4 unsafe 5198 195 045 0.08 6
121 piedmont-210_sin f79e9f99-be22-40 safe 2751 195 0.33 0.12 6 -
»
15.0
300
45.0 |
60.0
75.0 |
90.0
105.0
120.0
135.0
150.0
165.0

.), TableColumn(id="p1026', ...), TableColumn(id="p1029", ...), TableColumn(id='p1032', ...)])
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We support developers and burn bosses
through an interactive interface

C'  @® localhost:5006/WIFIRE_xai

~

Imported From Fire.. & Google M UC Davis CAS - Cen... 'SE LaTeX/Mathematics.. “JF Community @ Eigen: Generalizec... m NERSC Modules So... @ Projects - CZ Stash ¥, Dashboard - CZ C

Glyph Size Color Apply Jitter: 0.03
. . "
et T ' Standard High-dim views
-
! ! o g
v + [Oleriolnime | e
I f 122 piedmont-210_sin f7eb3210-b5d6-41 marginal 296 225 042 0.12 6 -
123 piedmont-210_sin 42049724-8638-4 marginal 2311 225 035 0.16 6
124 piedmont-210_sin efce2f42-3b6f-447 safe 14.61 225 025 0.2 6
| 125 piedmont-210_sin 2fd160da-facf-44¢ unsafe 7874 210 0.17 0.04 6
126 piedmont-210_sin f9921d9f-876a-41 unsafe 50.98 210 05 0.08 6
| 127  piedmont-210_sin adb3205¢-20f1-d¢ marginal 30.16 210 0.39 0.12 6
128 piedmont-210_sin d609d4d8-d89f-4¢ safe 2284 210 031 0.16 6
129 piedmont-210_sin adda80cd-b62-41 safe 1437 210 0.18 0.2 6
130 piedmont-210_sin 2bd753ac-1d05-4 unsafe 51.98 195 0.45 0.08 6
121 piedmont-210_sin f79e9f99-be22-40 safe 2751 195 0.33 0.12 6 -
T
Label Wind Speed (ms) Wind Direction Surface Moisture ~ Surface Consumed (%ganopy Consumed (%) »
Safe/Unsafe by Wind Speed (m/s) vs Surface Moisture Safe/Unsafe by Wind Direction/Wind Speed
14 as0 0 150
3300 300
315.0 45.0
10 |
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e | 285.0 750
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o 87
1
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©
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=
5 @ 255.0 105.0
2400 : 4 120.0
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2250 y 135.0
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/
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0 0.05 0.1 0.15
Surface Moisture
x values y values
Surface Moisture v Wind Speed (m/s) v

Enter text query, vars are ([TableColumn(id='p1011', ...), TableColumn(id='p1014', ...), TableColumn(id="p1017', ...), TableColumn(id="p1020', ...), TableColumn(id="p1023', ...), TableColumn(id="p1026', ...), TableColumn(id="p1029', ...), TableColumn(id="p1032', ...)])
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We support developers and burn bosses
through an interactive interface

C'  @® localhost:5006/WIFIRE_xai

Imported From Fire.. (& Google M UC Davis CAS - Cen... 'SE LaTeX/Mathematics.. “f Community

Glyph Size Color
Surface Consumed (%) v Label v

Apply Jitter: 0.03

o

122
123

| 124

126

@ Eigen: GeneralizedE... m NERSC Modules So...

@ Projects - CZ Stash ¥, Dashboard - CZ C

Dynamic customization
- Of colors, sizes, glyphs,

ensem|

piedm

piedm

-l Jitter

piedmo

piedmont-210_sin adb3205¢-20f1-4¢ marginal

piedmont-210_sin d609d4d8-d89f-4¢ safe

9 piedmont-210_sin a4da80cd-b62-41 safe

piedmont-210_sin 2bd753ac-1d05-4 unsafe

1 piedmont-210_sin f79e9f99-be22-40 safe

30.16
2284
14.37

51.98

2751
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Label Wind Speed (ms) Wind Direction Surface Moisture ~ Surface Consumed (%ganopy Consumed (%)
Safe/Unsafe by Wind Speed (m/s) vs Surface Moisture Safe/Unsafe by Wind Direction/Wind Speed
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Enter text query, vars are ([TableColumn(id="p1011', ...), TableColumn(id='p1014", ...), TableColumn(id="p1017", ...
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Make Selection All Points
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We support developers and burn bosses
through an interactive interface

C'  @® localhost:5006/WIFIRE_xai

~

Imported From Fire.. & Google M UC Davis CAS - Cen... i) LaTeX/Mathematics... “JF' Community

@ Eigen: GeneralizedE... m NERSC Modules So...

@ Projects - CZ Stash ¥, Dashboard - CZ C

ensemble_name | run_id Label Surface Consume Wind Direction | Canopy Consume Surface Moisture | Wind Speed (m/s)
piedmont-210_sin f7eb3210-b5d6-47 marginal 2986 225 0.42 0.12 6
piedmont-210_sin 42049724-8638-4 marginal 231 225 035 0.16 6
piedmont-210_sin efce2f42-3b6f-447 safe 1461 225 025 02 6
5 piedmont-210_sin 2fd160da-facf-44¢ unsafe 7874 210 0.17 0.04 6
6 piedmont-210_sin f9921d9f-876a-41 unsafe 50.98 210 05 0.08 6
piedmont-210_sin adb3205¢-20f1-4¢ marginal 30.16 210 039 0.12 6
2 piedmont-210_sin d609d4d8-d89f-4¢ safe 2284 210 0.31 0.16 6
) piedmont-210_sin a4da80cd-b62-41 safe 14.37 210 0.18 02 6
30 piedmont-210_sin 2bd753ac-1d05-4 unsafe 5198 195 045 0.08 6
piedmont-210_sin f79e9f99-be22-40 safe 2751 195 0.33 0.12 6

Glyph Size Color Apply Jitter: 0.03
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S .
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T
Label Wind Speed (ms) Wind Direction Surface Moisture ~ Surface Consumed (%ganopy Consumed (%)
Safe/Unsafe by Wind Speed (m/s) vs Surface Moisture Safe/Unsafe by Wind Direction/Wind Speed
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10 4 1
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E
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6 @ 255.0
2400 2
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Relates wind angle +
speed to safety + area
burned using color,size

Enter text query, vars are ([TableColumn(id='p1011', ...), TableColumn(id='p1014', ...), TableColumn(id="p1017', ...), TableColumn(id="p1020', ...), TableColumn(id="p1023', ...), TableColumn(id="p1026', ...), TableColumn(id="p1029', ...), TableColumn(id="p1032', ...)])
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We support developers and burn bosses
through an interactive interface

C'  @® localhost:5006/WIFIRE_xai

~

Imported From Fire.. & Google M UC Davis CAS - Cen... 'SE LaTeX/Mathematics.. “JF Community @ Eigen: Generalizec... m NERSC Modules So... @ Projects - CZ Stash ¥, Dashboard - CZ C

Glyph Size Color Apply Jitter: 0.03
Surface Consumed (%) v Label v
.} # ensemble_name  run_id Label Surface Consume Wind Direction | Canopy Consume Surface Moisture | Wind Speed (m/s)

122 piedmont-210_sin f7eb3210-b5d6-41 marginal 296 225 042 0.12 6 a
123 piedmont-210_sin 42049724-8638-4 marginal 231 225 035 0.16 6
124 piedmont-210_sin efce2f42-3b6f-447 safe 1461 225 025 02 6

| 125 piedmont-210_sin 2fd160da-facf-44¢ unsafe 7874 210 0.17 0.04 6
126 piedmont-210_sin f9921d9f-876a-41 unsafe 50.98 210 05 0.08 6

| 127  piedmont-210_sin adb3205¢c-20f1-4e marginal 30.16 210 039 0.12 6
128 piedmont-210_sin d609d4d8-d89f-4¢ safe 2284 210 031 0.16 6
129 piedmont-210_sin a4da80cd-b62-41 safe 14.37 210 0.18 02 6
130 piedmont-210_sin 2bd753ac-1d05-4 unsafe 5198 195 045 0.08 6
121 piedmont-210_sin f79e9f99-be22-40 safe 2751 195 0.33 0.12 6 -

Label Wind Speed (ms) Wind Direction Surface Mois| »
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enter ext query, vars die (| 1avlecournngd=pi0i1, ...), rabiecolumn(ia=p1ui4, ...), TableColumn(id="p1017', ...), TableColumn(id="p1020', ...), TableColumn(id="p1023', ...), TableColumn(id="p1026', ...), TableColumn(id="p1029', ...), TableColumn(id="p1032', ...)])
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We support developers and burn bosses
through an interactive interface

C'  @® localhost:5006/WIFIRE_xai

Imported From Fire.. (& Google M UC Davis CAS - Cen... 'SE LaTeX/Mathematics...
Glyph Size Color Apply Jitter: 0.03
Surface Consumed (%) v Label v

Community

Safe/Unsafe by Wind Speed (m/s) vs Surface Moisture

1
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14 as0 0
3300
315.0
10 o |
3000

@ | 2685.0
H
o 87
@
2
& 700 .
b=}
S
=

6 @ 255.0

240.0 ' 4
44
225.0
/
/
210.0
| | | | 1950 eoo
0 0.05 0.1 015
Surface Moisture
x values y values
Surface Moisture v Wind Speed (m/s) v
Enter text query,
Highlight
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@ Eigen: GeneralizedE...

ensemble_name | run_id Label
piedmont-210_sin f7eb3210-b5d6-47 marginal
piedmont-210_sin 42049724-8638-4 marginal

piedmont-210_sin efce2f42-3b6f-447 safe

5 piedmont-210_sin 2fd160da-facf-44¢ unsafe

piedmont-210_sin f9921d9f-876a-41 unsafe

piedmont-210_sin adb3205¢-20f1-4

7§ NERSC Modules So...

@ Projects - CZ Stash ¥, Dashboard - CZ C

Surface Consume Wind Direction | Canopy Consume Surface Moisture | Wind Speed (ms)

296 225 042 0.12 6 -
231 225 0.35 0.16 6
1461 225 025 02 6
7874 210 017 0.04 6
50.98 210 05 0.08 6

piedmont-210_sin d609d4d8-d8
piedmont-210_sin a4da80cd-6:
piedmont-210_sin 2bd753ac-1d

piedmont-210_sin f79e9f99-be2.

Fire perimeter of each
run
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We support developers and burn bosses
through an interactive interface

C'  @® localhost:5006/WIFIRE_xai

Imported From Fire... & Google
Glyph Size Color
Surface Consumed (%) v Label

M UC Davis CAS - Cen...

'SE LaTeX/Mathematics...

Apply Jitter: 0.03

Label Wind Speed (m/s)
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@ Eigen: GeneralizedE...

ensemble_name | run_id Label
piedmont-210_sin f7eb3210-b5d6-47 marginal
piedmont-210_sin 42049724-8638-4 marginal

piedmont-210_sin efce2f42-3b6f-447 safe

5 piedmont-210_sin 2fd160da-facf-44¢ unsafe

piedmont-210_sin f9921d9f-876a-41 unsafe
piedmont-210_sin adb3205c-20f1-4¢ marginal
piedmont-210_sin d609d4d8-d89f-4¢ safe
piedmont-210_sin a4da80cd-b62-41 safe
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We support developers and burn bosses
through an interactive interface

Key Design Strategy: Enable interaction, use natural visualizations, flexibility to explore

C @ localhost:5006/WIFIRE_xai
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Fire simulations provide landscape-
level fire risks

700K Generated Fire Scenarios
(lightning, human causes, etc.)

Risk map

Fire scenarios Base 0 risk map
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: : How can we help fire
simulated fire area

managers pick which units w
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Separate landscape-level optimization
dashboard

What units should be burned each year to
minimize overall fire risk?

eGiven: candidates for prescribed burn (based on topology, breaks, barriers) and
associated operational costs/resource needs

eSelect a set of burn areas within a burn-management budget such that
landscape-level effect results in

eMaximizing reduction in potential wildfire damages such as
oarea burned

ocost/number of structures damaged

ohabitat loss (critical species)

oCO2 emissions
etc.

CEDMAV
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Genetic algorithm for multi-objective
optimization yields Pareto-frontier

e Each solution is set of 5 burn units

e Each solution is not “dominated” by any other solution, e.g. not “worse” in
every dimension

Specific
z Plan (red)
A set of
solutions
on Pareto
Front

CEDMAV

Pascucci-132 _&E’th UNIvERSH



Making sense of landscape

optimization

CEDMAV

Landscape Optimization: Burn Units and Pareto Frontier

Add/Move constraints on parallel coordinates plot (draw box, drag) to constrain

probability computation. Double-click box to remove, or double-click background to clear all constraints

Click-select on map (hold SHIFT for multiple) to restrict view of solutions to those that include

selected regions. Click background to clear region constriants.

Pareto Frontier (each line is one solution)
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Making sense of landscape

optimization

CEDMAV

Landscape Optimization: Burn Units and Pareto Frontier

Add/Move constraints on parallel coordinates plot (draw box, drag) to constrain

probability computation. Double-click box to remove, or double-click background to clear all constraints

Click-select on map (hold SHIFT for multiple) to restrict view of solutions to those that include
selected regions. Click background to clear region constriants.

Pareto Frontier (each line is one solution)
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Making sense of landscape
optimization

CEDMAV

Landscape Optimization: Burn Units and Pareto Frontier

Add/Move constraints on parallel coordinates plot (draw box, drag) to constrain
probability computation. Double-click box to remove, or double-click background to clear all constraints

Click-select on map (hold SHIFT for multiple) to restrict view of solutions to those that include
selected regions. Click background to clear region constriants.

Pareto Frontier (each line is one solution)
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Making sense of landscape
optimization

Risk reduction for a selected solution
Aggregate Area Burned risk map Reduction of Area Burned risk, S=18 New Area Burned risk, S=18
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a Landscape Optimization for WIF' X +

C @ localhost:5006/mockup_vis 2 % O =5 ©F o  » 0O °f Update % )

(Landscape Optimization: Burn Units and Pareto Frontier

Add/Move constraints on parallel coordinates plot (draw box, drag) to constrain
probability computation. Double-click box to remove, or double-click background to clear all constraints

Click-select on map (hold SHIFT for multiple) to restrict view of solutions to those that include
selected regions. Click background to clear region constriants.
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Questions

C  ® localhost:5006/WIFIRE xai
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