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The Concept

An open source, agentic AI–driven Data Lakehouse platform 
that securely connects data via curated and indexed metadata.

Multidisciplinary Environment for Scientific Advancement (MESA)

Metadata Enabled Science Agents (MESA^2!)
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Platform Architecture
Five integrated layers



PLATFORM ARCHITECTURE

Five Integrated Layers



PLATFORM ARCHITECTURE

The Prompt



PLATFORM ARCHITECTURE

The Data Mesh

The Integrated Rule-Oriented Data System (iRODS) — open-source, policy-based data management from 

UNC's RENCI — gives MESA logical namespaces over every storage system in the mesh.

Data virtualization

Collections and data objects are decoupled from physical location 

— one namespace across OSN, AWS S3, VAST, and Lustre.

Data discovery

A rich, user-defined metadata catalog — the layer MESA's agents 

curate, index, and query to link datasets across domains.

Workflow automation

Rules fire at policy enforcement points — metadata extraction and 

curation run automatically whenever data is ingested.

Secure collaboration

Tickets, permissions, and zone federation share data across 

institutions without moving it — how partner sites join the mesh.

MESA Source: iRODS Consortium · irods.org



PLATFORM ARCHITECTURE

One Mesh, Many Protocols

• DuckLake and the agentic AI layer both reach the same data through the S3 API and K8s CSI abstractions

• No copies, no format lock-in ... data stays in place while every layer of MESA speaks its preferred protocol

MESA Diagram: iRODS Consortium · irods.org/documentation

Interactions and operations handled through 

these layers provide the full policy 

enforcement, permission model, and 

storage abstraction as the native iRODS

protocol.

All at the same time.



PLATFORM ARCHITECTURE

Lakehouse Driven Agentic Workflows

Agents carry MCP context, 

RAG/OKF retrieval by request

AI Orchestrators mediate between 

the Data Mesh and the Lakehouse

Reasoning, enclaves, sandboxing 

keep execution secure / auditable



LIVE DEMO

MESA in Action

Demo video

CyVerse K8s Agentic AI Sandbox + MCP tools DuckLake metadata management



LIVE DEMO

MESA in Action

Demo video

CyVerse K8s Agentic AI Sandbox + MCP tools DuckLake metadata management



03
Roadmap



ROADMAP

Immediate Plans — Next 6 Months

Stand up the MESA prototype — UI & Agentic AI on CyVerse Sandboxes and 

Jetstream-2 VMs

Pilot the Data Mesh — new iRODS zones at UNM and UNC RENCI; DuckLake

over Open Storage Network (OSN) S3

Release open-source MCP RAG/OKF agent framework

Onboard anchor partners — ESIIL and NCEMS (DBI Synthesis Centers)

Staffing core engineering team across UNM CARC, UA AI2S, and UNC RENCI

BY THE NEXT PI MEETING

Working prototype: agents 

answering questions 

against federated data in 

the data mesh.

MESA



ROADMAP

Strategic Plan — 24 months

Prototype

Working platform across the 

three core sites

Production pilot

Anchor partners on the 

mesh: ESIIL, NCEMS, 

AIIRA, EHT

Scale out

National infrastructure: 

NEON, NAIRR, ACCESS-

CI, TACC, OSN

Cross-domain 
discovery

Agents linking datasets 

across all discovery 

domains

Sustainability

Open-source community 

governance and follow-on 

funding

MESA
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Collaboration



COLLABORATION

Let's Connect!

Contribute pilot datasets and metadata schemas from your project's domain

Federate existing storage into the mesh — an iRODS zone or S3 bucket is 

enough to start

Define a cross-project discovery Use Cases we can demonstrate together

Use it! Give feedback ASAP

THE ASK

Pilot datasets and Use 

Cases

MESA



Thank You
Questions & Discussion

Tyson Swetnam, Project PI · UNM Center for Advanced Research Computing (CARC) · tswetnam@unm.edu

idss-mesa.github.io
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