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LANL Compute/Storage Environment (Secure) 2025
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Sampling of LANL Filesystems in 2025 

File Count (Millions)Directory Count (Millions)Filesystem

657.213.9roscratch1

93.413.3users

16.81.3netscratch
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Grand Unified File Index
https://github.com/mar-file-system/GUFI

• Highly parallel for fast index traversal
• Stores metadata in databases

⁃ Complex queries with SQL
• Enforces permissions so users and 

admins can use the same index
⁃ Support for extended attributes

• Single index for all filesystems
• Leverages well developed technologies

⁃ POSIX filesystem hierarchy, permissions, 
attributes

⁃ SQLite 3, PCRE, jemalloc, CMake 3
⁃ Flash Storage
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GRAND UNIFIED FILE INDEX (GUFI)
A Global Meta-Base NOT a Lake House

Index Nearly Any Storage System
localFS; NFS; Lustre; HPSS; S3; cloud; 
Windows shares; 

Extremely Scalable 
10-100 Billion items; Billions of folders

Crazy Fast Query
Single seconds for users; Single minutes 
for admins 

Access Control Derived from Existing 
Permissions

Reuse of what already exists; ACL/MLS; 
POSIX 

Support Many Access Methods via SQL
SQL C/C++, Python, Ruby, R, web, MCP, cmd, beyond…

Multi-Site Access/Deployment 
Multiple Different FS; Query between multiple locations 

Open Source; Commercial; No Need to Move Data; 
Award Winning 

Available on GitHub; Embedded in 7 Products; 2 Patents; 
R&D100 Awarded 

GUFI enables collecting and querying rich metadata across heterogeneous storage systems and sites, delivering easily consumable 
results while leaving data in place, respecting source-derived access controls, and reflecting changes over time.
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Source Filesystem to Index
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Combining Indices
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gufi_query

• Runs raw SQL statements
• Need to know database and table 

schemas
• Meant for admin/advanced users

• User facing tools wrapping gufi_query

• Highly parallel
• Each directory is processed by a thread

gufi_query

Thread 0

<path>/db.db

Thread n-1

<path>/db.db

STDOUT

or

Per Thread Text 
File (-o)

or

Per Thread DB
(-I + -O)

…-T, -S, -E
SELECT …
FROM …
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Simple Access Control 
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gufi_query

Aggregation

Thread 0

<path>/db.db intermediate
0

aggregate

Thread n-1

<path>/db.db intermediate 
n-1

STDOUT

Or

Single 
Text File 

(-o)

-T, -S, -E
INSERT INTO 
intermediate

SELECT … 
FROM …

-J
INSERT INTO aggregate

SELECT … 
FROM intermediate

-G
SELECT … 

FROM aggregate

Single DB 
(-O)

…

-I
CREATE TABLE 
intermediate …

-K
CREATE TABLE 

aggregate …
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GUFI Query By Group
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Virtual Tables

gufi_vt_* gufi_vt

• treesummary

• summary

• entries

• pentries

• vrsummary

• vrpentries

SELECT …

FROM gufi_vt_*(index, threads);

• Run arbitrary queries

CREATE VIRTUAL TABLE 
temp.gufi

USING gufi_vt(index, 
threads=2, S="…", E="…");

SELECT …

FROM temp.gufi;

NEW: Run on remotes, getting results from 
different UID silos for each invocation.
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Use gufi_vt Anywhere

• Python 
− SQLite 3
 Use numpy, pandas, etc. to analyze data

− SQLAlchemy
 The Python SQL Toolkit and Object Relational Mapper

− https://www.sqlalchemy.org/

 Now can use SQLAlchemy frontends with GUFI

• RSQLite

• sqlite3-ruby

with sqlite3.connect(":memory:") as conn:
conn.enable_load_extension(True)
conn.load_extension(gufi_vt)

conn <- dbConnect(RSQLite::SQLite(), ":memory:", loadable.extensions = TRUE)
dbExecute(conn, "SELECT load_extension('gufi_vt');")

conn = SQLite3::Database.new(':memory:’)
conn.enable_load_extension(true)
conn.load_extension("gufi_vt")
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Querying Remotes

• gufi_vt + ssh
− Pull from single remote
− Each index may be at a different path on each remote 

• gufi_vt + pdsh
− Pull from all remotes in parallel
− All indexes must be at the same path on each remote

• Example implementation: gufi_query_multiple_remotes
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GUFI Query Over Two Sites 
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More Information

• Source Code, Documentation, and Previous Presentations
• https://github.com/mar-file-system/GUFI
• Contributions are welcome!

• Dominic Manno, Jason Lee, Prajwal Challa, Qing Zheng, David Bonnie, Gary 
Grider, and Bradley Settlemyer. 2022. GUFI: fast, secure file system metadata 
search for both privileged and unprivileged users. In Proceedings of the 
International Conference on High Performance Computing, Networking, 
Storage and Analysis (SC '22). IEEE Press, Article 57, 1-14.
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Access Controlled AI Context
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External Databases

• Allows for arbitrary extra information to be placed alongside metadata

• User generated

• System generated
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Store Extracted Text in Index

• SQLite 3 FTS5
− Natural Language Processing

• PDF Metadata

• Image Metadata + OCR

• Extensible
− netcdf, hdf5, vtk

• VaultIQ
− Microsoft Office

− Image feature extraction

− tarball/zip

− Code
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Base + Text & Feature Extraction (Search Demo)
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Base + Text & Feature Extraction (Closer Look)

Test System with 70k Files; 7k Directories
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Base + Text & Feature Extraction (more)

Looking at the database content we list:
File Name, Asset Type, Extracted File Metadata and Text

Note the “derived” and having one or more records for a given 
file 

Roadrunner System Overview (LA-UR-08-2087).ppt|derived|0|{"title": 
"Roadrunner Project Preview", "author": "ESD Registered User", 
"last_modified_b|
|Document Metadata for Roadrunner System Overview (LA-UR-08-
2087).ppt Title: Roadrunner Project Previ
Roadrunner System Overview (LA-UR-08-2087).ppt|derived|1|{"title": 
"Roadrunner Project Preview", "author": "ESD Registered User", 
"last_modified_b|
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Base + Text & Feature Extraction (more) 

Notice how it pulled specific Microsoft metadata from the file 

ggrider_hpcwire.pptx|derived|0|{"title": "Godfather of Parallel 
File Systems", "author": "Grider, Gary", "keywords": "hpc|
|Document Metadata for ggrider_hpcwire.pptx Title: Godfather or 
Parallel File Systems Author: Grider,

This was a picture with no text or the model didn’t have anything to say about it 
(the actual image was a small logo)

ggrider_hpcwire.pptx|derived|1|{"title": "Godfather of Parallel 
File Systems", "author": "Grider, Gary", "keywords": "hpc|
|Image /page/1/Picture/0
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Base + Text & Feature Extraction (Nested)

It found a picture on page 2 and performed OCR on it

ggrider_hpcwire.pptx|derived|2|{"title": "Godfather of Parallel 
File Systems", "author": "Grider, Gary", "keywords": "hpc|
|35 HPC Legends Gary Grider Gary Grider Godfather of Parallel 
File Systems Image /page/2/Picture/3
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Vector Databases

• Generate embeddings
− https://github.com/rodydavis/sqlite-lembed
 Fork of https://github.com/asg017/sqlite-lembed

− .gguf format
− llama.cpp
 Local LLM Inference

• Store vector embeddings and calculate vector distances
− https://github.com/asg017/sqlite-vec
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Timing a RAG Query
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Closer Look at RAG Query
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Closer Look at RAG Query
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Closer Look at RAG Query
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Closer Look at RAG Query
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Closer Look at RAG Query
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Closer Look at RAG Query
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Next Steps

GET (MORE) VECTORS FIND NEAREST NEIGHBORS 
& CLASSIFY NEIGHBORS

FIND NEIGHBOR CONNECTIONS
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DATA FROM ARCHIVE

DATA FROM <INSERT FS HERE>

DATA FROM LOCAL

If the SAME question is asked by a different person, 
the answer WILL be different.  

Data protection is maintained throughout; this 
results in a unique answer based on what data one 
has access to. 

Relationships can be made to 
different sets of data that one 
has access to.  
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Neighbors

Neighbor Connections 

Providing a Narrowing Route to the GOLD

The real value lies hidden within 
overwhelming data—

So instead of relying solely on SMEs 
that originally collected the data or 
conducted the 
simulation/experiment…

We need tools like GUFI to uncover 
unseen connections and rapidly 
drill down to the critical insights.

Context  Vectors

GUFI Base

Indexed Simulation + Experimental Output

THE GOLD!!
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Thank you!
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Database Schema
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User Facing Tools

GUFI EquivalentStandard Tool

gufi_dudu

gufi_getfattrgetfattr

gufi_findfind

gufi_lsls

gufi_statstat
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Base + Text & Feature Extraction (more)

This is just extracted text from the slide

ggrider_hpcwire.pptx|derived|3|{"title": "Godfather of Parallel 
File Systems", "author": "Grider, Gary", "keywords": "hpc|
|Gary Grider is Senior Director for Computing Technologies at 
Los Alamos National Laboratory where he


