EQSIM Agent: A Conversational Al for Interactive
Exploitation of Large-scale Earthquake Simulation Data

Houjun Tang, David McCallen
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From Static Data Products to Conversational Workflows

4 )
Flatfile SGMD Search & EQSIM-Vis EQSIM Agent
e Excel files dissemination e Interactive web exploration e Interprets flexible NL requests
e Manual filtering and lookup e Map-based site selection e Interactive selection on map
e Static, offline analysis |:> e Pre-rendered plots and |:> e Dynamic multi-step workflows
locations e Follow-up questions
e Deterministic tools for
L correctness )

Common user task: find the subset of ground motions relevant to my site, fault, and
engineering question.

Goal: Move from “where is the data?” to “show me the sites, spectra, and motions that
answer this question.”
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Plain Language In, SGMD Products Out

The LLM does not directly compute the scientific answer. It proposes actions, while EQSIM Agent
validates and runs deterministic tools.

User question LLM interprets EQSIM tools execute Output
“Find Hayward sites with —» | ldentifies intent, needed ——» | Query SGMD data, validate | ——— | Text, map, plot,
PGA > 0.8g within 5 km of filters, and the next EQSIM inputs, compute results, warnings, errors.
the R4 fault.” tool call. and build plots.
LLM EQSIM Agent Runtime SGMD Data + Tools
Language, planning, Validate, execute, The evidence source,
and summarization package results not the model memory
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Tool Call

e find_locations_with_conditions
System prompt (~600 words) e fault=Hayward, realization=R4.patch,

You are EQSIM Agent, an assistant for condition=[PGA>0.8g AND rjb<=5 km]
exploring EQSIM datasets ..

Zi]
Tools (24 tools, ~7000 words) < ! 3 ﬂ

e get_realization_names(...) 1
e find_locations_with_conditions(...) — VEg}

3
_ _ LLM Validate -
Previous questions and answers Execute (> (e
Q:What realizations are available for Hayward Fault? w
A R1.R2 Package result
‘R1,R2, ... 5 SGMD data

User question
Find sites with PGA > 0.8g and within
5km of the fault in Hayward R4.patch.

47 matching sites found: ...
~ Ready for map or plot
=
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EQSIM Agent Web Interface

I LLM API

External

: Agent Runtime
! construct

validate <44
execute - g
result w

EQSIM Agent EQSIM data
NERSC SPIN NERSC CFS :
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Demo Part 1: Mapping and Plotting

[I Selection on interactive map Tr Selection with text
Q Search with metadata: value and spatial */\7 Interactive plot
v Motion plots on map marker popups Q Animation and PGA overlay on map

uﬂ Dual map comparison

i N
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Demo Part 2: Spectra Similarity Search

1-1. ASCE Design Spectrum Q 1-2. Similarity Search

Get the ASCE 7-22 design response spectrum Find top 10 most similar RotD100 spectra

at Hayward S_28 20 station and plot it. Use against the ASCE spectrum at the same

risk category Il and Site class D. location in Hayward R1.patch to R25.patch
realizations.

+2 1- i
A 1-3. Comparison Plot

Plot the top-10 RotD100 spectra together with
the ASCE spectrum.

b 2-1. Follow-up Clarification 7(/ 2-1. Follow-up Plot
What metric did you use to compare the Show acceleration plots of the the top 10 sites
similarity? on a map.

what other metrics can you use?

= W
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Trust Boundary: LLM for Intent, Tools for Evidence

LLMs are non-deterministic prediction models: they can generate confident but factually incorrect results
(hallucinations). In EQSIM Agent, data access, filtering, calculations, and plots are executed by deterministic tools

with validated inputs and structured outputs.

User Question LLM Interprets Tools Execute Grounded Output
Plain-language SGMD = Intent, tool choice, = Query, filter, compute, = Map, compare, site
request workflow steps, when plot, export list, warnings, errors
to stop
LLM is useful for EQSIM tools are responsible for Guardrails
* Translating natural language questions * Reading SGMD/EQSIM datasets + Validate tool arguments
» Selecting tool to use » Spatial filters and comparisons * Use actual data, not model memory
* Summarizing tool outputs * Producing maps, plots, downloads » Bound workflow length and runtime

= Ambiguity can be a problem. LLM can hallucinate parameters. Guard.ralils reduce risk, butther do not
’ﬁﬂ eliminate the need for review.
EQSIM
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Thanks!

Question?

Houjun Tang
htang4@lbl.gov
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Backup slides

Demo Part 1
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[ @ © @ i EQSMAgent x + \
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< o [J & NotSecure hitp//0.0.0.0:7860/app th Q@ wOoE O4

Explore with EQSIM Agent through conversation

Get answers, interactive plots, interactive maps, and side-by-side comparisons,

® AskEQSIM Agent

EQSIM Agent uses Al and can make mestakes, Verify results before relying on them

List realizations Station metadata table Nearest stations table Interactive plot

Static multi-panel plot Filtered site map Animation overlay map Compare maps

Dual-selection similarity
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® 0@ i ECSMaAgent x  +

] [0 & MotSecure hitp:/j0.0.0.0:7860/app CBR)

Find the 5 stations closest to latitude 37.902, longitude -122.194 in...

Find the 5 stations closest to latitude 37.902, longitude -122.194 in the Hayward dataset and
return their latitude, longitude, V530, and Rjb as a markdown table.
Latitude Longitude Vs30(m/s) Rjb(km)
378914 222121 1195.8 1.82
52116 379019 1221937 1195.8 318
5.20.17 379060 122.2254 1195.8 1.78
522 17 378768 -122.1988 1195.8 1.85

5.21.18  37.8808  -122.2305 1195.8 0.00

Linsage —| - Report . - Expon sites §

310l calls - 37s

®  Ask EQSIM Agent

EQSIM Agent uses Al and can make mistakes. Verify results before relying on them,
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Show an interactive of FN Generated plot
= Mfﬂr Sitﬂs s 1 34”" Show an interactive plat of FN velocity for sites $_12_34,5_12 24, and...

Show an interactive plot of FN velocity for Overview  Lineage

sites 5_12_34,5_12_24,and 5_13_26in

Hayward simulation Ré.
Hayward R& velocity FN

Haypard £ RS J Tem

I've created the data and displayed an interactive
Flotly time-series of FM velocity for the three
stations (Hayward, realization R&): 5_12_34,
5_12_24, and 3_13_26.

Welocity (my/s)

Generated plot =| - Lineage =| - Report & - Exportsites |

Anool calls - 188 - Ask follow-up

@  Ask EQSIM Agent

ECISIM Agent uses Al snd can make mistakes. Verfy results bafore relying

an them
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(@0 ® & EOSMAgent x =

[] & NotSecure http://0.0.0.0:7860/app AR )

Opon Hayward R4 map for spatial solection

Open Hayward R4 map for spatial
selection.

EQSIM Workbench - Hayward —|
1 tool call - Os

® AskEQSIM Agent

EQSIM Agent uses Al and can makeo mistakes. Verdy results before
rolying an them,
EQ5M Agent v2026 04 26 post) | developed by Mot Taeg L BNL
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Show FN acceleration of sites in the selected rectangle on the Prepared (D + o
POpup...

map
List their PGA values in a table and in descending order. Overview Lineage

e ——

idian

EQSIM Workbench - Hayward Fault-aligned rectangle | EQSIM Workbanch - Mayw Layers (7] |
e

Haypmard /RS J Jam

Here are the PGA values (unit = g) for the current selection, sorted in descending order.

Station FGA (g)

0.76383384634
07031022772
06464318353

0.6239251215

& Ask EQSIM Agent

ECQISIM Agent uses Al and can make mistakes. Verity results before relying on them

qE QsIM
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‘@8 @ & eosmagent x 4
[] & NotSecure http://0.0.0.0:7860/app

Generated map

Compare FP displacement for site 5_20_20 in Hayward R10 and R10.patch o..

Overview  Lineage
Hayward
0AKS '~ X J ‘\

§ " o\:/ ‘&\,u*cucnom
c S_20_20(37.87429, -122.28068)

\‘. $_20_20 (37.87429, -122.28068) : : ‘ G
R10 - 2km - displacerent - FP Use This Site y ' 2 R10.patch - 2km « displacement - FP Use This Site
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. Show the ground velocity Generated map 016 -
anlmaﬁon%vedayonamap... shaw the PGA overtay onthe map for the same reslzation =

R10 - Ground Velocity Animation® (Hayward,
realization R10, 2km) with the ground-velocity
animation overlay enabled.

Generated map ~| + Lineage —| - Repon /

1100l call - 175 - Ask follow-up

show the PGA overlay on the map for
the same realization

Created a new map workbench titled "Hayward
R10 - PGA Overlay" (Hayward, realization R10,
2km) with the PGA overlay enabled.

Generated map ~+| - Lineage —| - Repon /*

1tool call 115 - Ask follow-up

® Ask EQSIM Agent +

EQSIM Agent uses Al and can make mistakes, Veridy results before relying
on thom.

EQSIM Agent v2024.04 26 pont! | diveloped by Houwun Tang , LEBNL
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Spectra Similarity Search
Demo Part 2
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[ [ ] @ & Local EQSIM Agen
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c [] & MotSecure hittp:/0.0.0.0:7860/app

Get the ASCE 7-22 design response spectrum at Hayward

" S_28_20 station...

Rank  Realization
1 R7.patch
2 RY9.patch

Rd. patch
R2.patch
RS patch
R1.pateh
R21.patch
R20.patch
R25.patch

R14.patch

@ Ak EQSIM Agent

Score

1.733

1.760

1.800

1.994

1.995

2128

226

2.220

2228

2.243

+

Main term

0.47545

0.49430

0.56196

0.5412%

0.54315

0.5709%

0.61605

0.59393

0.62163

0.63192

Long-period underestimation
0.62895
0.43252
0.61908
072624
0.72586
0.77837
079981
0.81308
0.80311

0.80560

ECSIM Agent uses Al and can make mistakes. Verity results before nelying on them
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Gt the ASCE 7.22 .

Overdiew  Lineage

Hayward 5_28_20 design_spectrum
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0 @ & Local EQSIM Agemt =+

o [] & MolSecure hitp:0.0.0.0:7860/app

_ Getthe ASCE 7-22 design
- mspmuespecuum‘!mywar

plot the top-N RotD100 spectra
together with the ASCE spectrum

Plotted — the ASCE 7-22 design spectrum
(5_28_20, Risk Category Ill, Site Class D) against
the top 10 RotD 00 spectra.
Realizations plotted (rank order):

1. R7.patch

2.R9.patch

3.R4.patch

4, R2.patch

5. R5.patch

&. R1.patch

7.R21.patch

8. R20.patch

& Ask EQSIM Agent +

ECQSIM Agent uses Al and can make mistakes. Verdy results before relying
on them.

Generated plot

plot the top-N RotD100 spectra together with the ASCE spectrum

Overdiew  Lineage

| = ASCE design spectrum - §_28_20

RY.patch RotDled
R%.patch RotDled
Rd.patch RotDled
RZ.patch RotDled
— R3.patch RotDled
Ri.patch RotDldd
R21.patch RotDled
—— A29.patch RotDled

¥ Lingar X Log ¥ Lingar ¥ Log

spectrum = 5_28_20
spectrus - 5_28_20
spectrum - S_28 28
spectrum - 5_28_28
spectrum = 5_28_20
spectrus - 5_28_20
ipectrum - S_28_20
spectrum - 5_28_28
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