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Decision Support For Decision Superiority
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to big changes in how we achieve warfighting objectives =
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= |[nformation dominance is revolutionizing warfighting

and may also revolutionize wargaming
— These tasks often entail collecting, organizing, storing, and
sometimes moving vast amounts of information
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= Decision superiority is enabled by optimizing conflict

dynamics to achieve operational or strategic objectives
— Human decision makers require computer-generated insights =
to cope with shrinking timelines and increasing complexity
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= Combine novel computational planning approaches s ’:f x EX 20 Hﬂ
(machine learning) with conflict simulations on LLNL ~ f? = = =58 Sl :
high-performance computing, informed by real-time
data feeds

To achieve information dominance, we introduce data-driven dynamic maps over which we can optimize plans using computers
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Project Goals Relevance

= Computer generated decision support
requires the computer to understand physical, ‘

sociological, and environmental constraints ’ .
— Build a high-resolution, dynamic map/environment

for anywhere in the world
GlISIVARD)
= Focus on the data ‘ ‘
Retrieve

— Data in ... data out

= Focus on environment synthesis
— Tie into multiple simulators for “decision making”
— External plugins can...
* be more extensible

* be used with a wide array of simulators
» focus on different features than current simulators.

Geospatial Information System for Knowledge And Rapid Decisions (GISKARD)

M Lawrence Livermore 0
National Laboratory N A'-S@J 3

LLNL-PRES-855627 Natfonal Nuclear Security Administration



Layers of Abstraction

e Esri ArcGIS
e QGIS
e PostGIS

e Generic Mapping
Tool

e JCATS/JLOD
e AFSIM

e EADSIM

e ABMARL

e PADL

e (Arch)GDAL
e GEOS
e Shapely

e OpenTopography
e ESA
e ArcGIS Hub

e US Census
Bureau

Data Sources FEaes

Conflict Simulators
Mapping Programs 8
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Never used

Somewhat familiar

. <&, Access Restrictions API Discoverable 5
Layers Of AbStraCtlon a Requires Login $ For Purchase D

Lots of experience

e (Arch)GDAL

e Shapely
e Generic Mapping ° ..
Tool

e OpenTopography
e ESA
e ArcGIS Hub

e US Census
Bureau

Data Sources PSR
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Conflict Simulators
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What makes an “environment”?

e Elevation (Land)

Terrain e Depth (Ocean)
e Building height

e Wind e Extreme Weather
* Cloud Coverage * Precipitation

US defense pacts, 1947-2014
©0AS N/ ANZUS Bilateral

e Demographics S -
e Monetary

¢ Political 2#{’?
e Radar

e Buoys
e Other sources of information
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*All values are approximate

Big-data Operations
What does this all cost?

__ Flevation | Atmosphere | Demographics

e

— Country
— State
. — County
— 0.50°~124.2 GB/day — Place/Remainder
— 15 arc-second (global) — 1.00°~41.4 GB/day
— 30 arc-second (global) = Format: Shapefile
— 1arc-minute (global) = Two weeks of data: ~8.2 TB and CSV
= Global rasters (extrap.): ~471 TB « Format: GRIB2 = Updates: yearly
— Assumes US ~6% land mass
= Updates: 4 / day
= Format: GeoTIFF
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GIS at Scale
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Density [people / sq. km]

Population Density
iiaska) Sensors

Elevation

Demographics

e Matching demographics
to shapes

e Filter on ROI

e 0(1 minute)

* Arrange tiles
* Add placeholder tiles

* Down sample secondary dataset
for missing tiles

 Select for region of interest (ROI)
* O(1 hour) at 1000 sq. deg.

e Join lists

e Filter duplicates

e Filter on ROI

e Generate shape based on
capabilities

e O(1 minute)

NS

3D Radar System
(schematic)
\

Elevation
(California Bay Area)

Scenario Builder Atmosphere

* Propagate objects
e 0(2 minutes)

e Compute interaction among
sensors/entities

| « 0(60 minutes) at 1000 sq. deg.
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From Environment Generator to Conflict Simulator
Teamwork makes the dream work

= “Fast” environment creation

— Send map on simulator scenario initialization le3
 Don’t want to be waiting hours/days to acquire and 1000 3.887
process relevant data 5011
« Don’t want the simulation to need to wait for GISKARD — o3
= Perform some basic analytics g | o8
— Example: post-engagement analysis 3 % 8 Itoooo ¢
— Send information to the simulator in addition to the % 2 B 0076
environment 400 8 o
- ~1.953
= Completeness vs speed/automation oo & 22
— 3D grids < B 3905
— Variable sized grids W . .
— Merging inputs at multiple latitudes Longitude
FAARadarStations NWSRadarStations «  Fallen Objects
- Scriptable JSSRadarStations Balloon Path < Impact Location ”
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. 28801” x 18001”
Computational Challenges S

R 3
= Inputs have regular & irregular update schedules
= Lots of time downloading/caching data N B
= Large 10 (especially for elevation rasters)
= Large memory footprint (especially for elevation rasters)
= Only some pieces parallelizable
= Always want safe operations g o3 CE

— Data quality is a continual issue § ;
0.1 Sao Tomé and Principe ZSO
e P Longitude [deg] Tozer et al., 2019
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http://dx.doi.org/10.1029/2019EA000658

. Source identified

Potential source / by-hand data collection

Looking to the Future B oo

= New sources of information = Reduced time to result
N A — Track changes to remote inputs
— Pull in new data
— Cache (fast disk access) for later analysis

— Ocean currents

Data HIGH
- DATA MEMORY
—>
i i SOURCES Authorized ANALYSIS
Terrain analysis Data SYSTEM
*—>>

) Data
— Information space

(pseudo-geospatial) = Continually updated environment

— Bi-directional updates
 Simulator request: on change in ROI
* GISKARD push: on dynamic layer change

— Troop/resource positions

— Classified data feeds
= Preprocessing inputs
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https://www.nyc.gov/site/planning/data-maps/open-data/dwn-nyc-3d-model-download.page
https://earth.nullschool.net/#current/ocean/surface/currents/patterson
https://www.submarinecablemap.com/
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Disclaimer

This document was prepared as an account of work sponsored by an agency of the United States government. Neither the United
States government nor Lawrence Livermore National Security, LLC, nor any of their employees makes any warranty, expressed or
implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any specific
commercial product, process, or service by trade name, trademark, manufacturer, or otherwise does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the United States government or Lawrence Livermore National Security, LLC.
The views and opinions of authors expressed herein do not necessarily state or reflect those of the United States government or
Lawrence Livermore National Security, LLC, and shall not be used for advertising or product endorsement purposes.

This work was performed under the auspices of the U.S. Department of Energy by Lawrence Livermore National
Laboratory under contract DE-AC52-07NA27344. Lawrence Livermore National Security, LLC
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