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Streaming Workflow Testbed

Designed around goals of developing and prototyping
● Running within constraints: realistic compute and networking
● Define workflows for prompt STF processing, fast STF slice processing and 

analysis
● Prototyping of interfaces

○ E0-E1: DAQ interface, online databases
○ BNL-JLab: butterfly model
○ E1-E2 interfaces: enabling monitoring, autonomous alignment and calibration
○ First class AI integration with awareness of the system state and complete feedback 

loop for control over it
○ Prototype STF formats, realistic reconstruction computation in payloads
○ System monitoring: how system state is exposed to shifters/analyzers/experts

● Specific choice of core technologies: ActiveMQ, Rucio, PanDA, Django
● Large design space to navigate and lots to prove for ePIC Streaming and 

Computing Model
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Data orchestration: interface to DAQ and Echelons 1 and beyond
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TF - continuous recording of 216 EIC clocks or ~0.6 s of raw data

STF - ~2 GB files of ~1000 timeframes representing continuous ~0.5 s of TFs

Rucio for prompt processed data (reliable, but high-latency path)

XRootD or message based access for fast monitoring/processing 
(low-latency, subsampling-capable, but not implementing retention)



Joint ePIC/EICUG Meeting, July 2026              BNL Orchestration Testbed

Testbed components
● swf-testbed

○ Testbed umbrella repo: doc, packaging, venv, example agents, service management, test driver, 
extensions for complex workflows: orchestration of persistent agents, extensible workflow 
definitions driven by common runner

● swf-common-lib
○ Common infrastructure, logging utils, packaging infrastructure

● swf-monitor
○ Django service with full-system browser UI, REST API, ActiveMQ and logging
○ Postgres DB serving the full system via REST
○ Comprehensive Model Context Protocol (MCP) service for info and control via LLM

● swf-transform
○ Interfaces to EICrecon processes

● swf-panda-workers
○ Provisions and scales the worker pool through iDDS and PanDA

● ActiveMQ based agents
○ Operate as persistent agents ready for work, controlled by CLI or MCP
○ DAQ simulator expressing the E0-E1 interface
○ STF processing agent: workflow for end to end PanDA/Rucio processing of STFs
○ Fast processing agent: implementing workflow I will describe
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Links are to the GitHub repositories

https://github.com/BNLNPPS/swf-testbed
https://github.com/BNLNPPS/swf-common-lib
https://github.com/BNLNPPS/swf-monitor
https://github.com/BNLNPPS/swf-transform
https://github.com/BNLNPPS/swf-panda-workers
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swf-testbed

swf-common-lib
swf-monitor

swf-panda-workers

swf-transform

https://github.com/BNLNPPS/swf-testbed
https://github.com/BNLNPPS/swf-common-lib
https://github.com/BNLNPPS/swf-monitor
https://github.com/BNLNPPS/swf-panda-workers
https://github.com/BNLNPPS/swf-transform
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Agent orchestration

Agents are processes with defined 
responsibilities.

● suprevisord manager: instantiates/tears 
down agents
○ Complete configurations provided as 

TOML files
○ Can run a subset of the full system
○ Replace individual agents with other 

implementations
● First-class MCP integration allows to 

control and inspect testbed state with AI 
agents (interactively or autonomously)

6



Joint ePIC/EICUG Meeting, July 2026              BNL Orchestration Testbed

Agent communication

● Agents are connected to ActiveMQ 
messaging bus

● Multi-user support: per-user configuration 
overrides (for running different instances on the 
same system)
○ Separation by agent  (user) name
○ Support for collaborative work with 

(optionally) shared namespaces

● Interface for SSE message streaming 
allowing messages
○ Successfully used to demonstrate 

agent-to-agent communication in a 
Echeloned environment (BNL ↔ Osaka)
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Prompt STF file processing workflow

● Workflow runner simulates DAQ 
activity issuing run begin/end, STF 
files

● Data Agent implemented with proper 
Rucio capability

● Run/file registration is carefully 
accounted and reported in 
monitoring

● Testing with mock STF data files, but 
operation with real EICrecon payload 
was demonstrated
○ Official ePIC DIS 10x100 / 2us 

timeframes
○ No zero suppression
○ 200 MB/file / 40 events – a bit large
○ ~5s / event for processing – 

reasonable in terms
of work
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Prompt STF file processing workflow: Implementation
● Daily workflow execution enables timely detection of issues across the testbed, PanDA, and Rucio
● Full chain submission supported via both CLI and MCP
● Current step: adding the ‘policy box’ as PanDA plugin that will allow filtering in each E1’s processing chain 

to apply ePIC and facility policy in what’s processed where
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Decision Box for Site-Aware Prompt Processing
Decision box imposes ePIC and facility policies onto PanDA engine
● STF files start in “on-hold” state in PanDA
● Policy box acts to make PanDA generate an active job at a specific E1 site

Current implementation (WIP):
● Data agent owns Rucio input membership: full run dataset plus E1-specific subset datasets
● Decision box selects where each STF DID is attached: E1_BNL, E1_JLAB, both, or neither
● Processing agent submits one runUntilClosed=True PanDA task per E1 subset dataset
● PanDA processes only the STF DIDs present in that site’s subset dataset

● The decision is encoded as Rucio dataset membership, so PanDA does not need cross-task 
decision logic

10
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Fast processing
● Message-based fast workflow processing integrated 

with PanDA
● swf-panda-workers maintains persistent PanDA jobs 

with iDDS
● swf-transformers payload receives TF slices for 

reconstruction
● Currently has integrated realistic EICrecon payload

○ Streaming input over XRootD

11
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Fast processing EICrecon payload

Persistent reconstruction process is needed
to provide low-latency reconstruction.

Design document for payload with key decisions

Implementation available EICrecon#2604. See more in Reco WG mtg. presentation.
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A test on the single input queued into EICrecon 
multiple times showing identical outputs

Internals of our persistent job

https://docs.google.com/document/d/1F21AJOSX9JpS5gI1t4Mij4w4FiyZPRY0_Ss_vIqgJvQ/edit?tab=t.0
https://github.com/eic/EICrecon/pull/2604
https://docs.google.com/presentation/d/1K2dVRmJxr6svjMgYJ-mGPAQGQh4XMrWVegF8KPySnS4/edit?slide=id.g38b3f3a6aef_0_0#slide=id.g38b3f3a6aef_0_0
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Testbed testing infrastructure

● Panda in a box panda-compose
○ Easy new way to get a local PanDA
○ Not yet a real production-grade 

deployment
● Docker-compose of the testbed 

revamped
○ Brings testbed (with the monitor) to 

any machine
○ Next: could use a similarly 

containerized Rucio and 
panda-compose

● Initial end-to-end workflow CI testing
○ Docker compose running on GitHub 

Actions
○ Runs prompt processing workflow
○ Next: fast processing
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https://github.com/PanDAWMS/panda-compose
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Calibration workflows at the testbed

● Will build calibration workflow prototypes in the testbed (EEEMCal detector is the 
first target) towards the Streaming Computing challenges

● Extend testbed to fast calibration, alignment and monitoring workflows
○ Start with file-based processing payload (Snakemake workflow) with a proto-interface to 

calibration DB
○ Extend to fast processing
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Need to define this 
interface

Need a way to define 
detector-specific 
workflows and provide 
robust mechanisms for 
running those, incl. at E2+

Synergy to workflow effort at the 
Computing side?
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Snakemake integration
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Snakemake Workflow Management System embodies properties needed for a data 
analysis to become reproducible, adaptable and transparent.

● Snakemake allows to define data flow as Direct 
Acyclic Graph of jobs (b), composing tool/script 
(c) calls with effortless scalability

● Rules similar to Makefiles (a) specify inputs in 
addition to outputs

● Uses a language that is a very simple extension 
of Python; leaves minimal syntax footprint (d)

● Has been in use at ePIC to run physics and 
detector benchmarks since 2023
○ allowed to run benchmarks in two different 

systems: automated isolated CI as well as user 
and developer personal machines

○ existing integration with PanDA is investigated
● We are looking to explore integration into 

testbed for monitoring and calibration workflows

https://snakemake.github.io/
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ePIC benchmarks on PanDA – Distributed CI

Problem: current gitlab server hosted at ANL is overloaded by CI and validation jobs
Solution: offload to other compute resources, ideally with minimal changes or impact
Approaches:
● jacamar-ci (LLNL Exascale Compute Project)

○ Runs each GitLab job on a computing farm
○ Demonstration for OSG via htcondor: detector_benchmarks#279

● snakemake-executor-plugin-panda (Developed as part of BNL testbed)
○ We are also extending snakemake-storage-plugin-rucio to work for ePIC 

benchmarks
○ Demonstrated running of select detector_benchmarks spawned from eicweb job 

to PanDA+Rucio on OSG queue – singular GitLab job steering multiple jobs on 
grid computing

More information in backup slides
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https://ecp-ci.gitlab.io
https://github.com/eic/detector_benchmarks/pull/279
https://github.com/eic/snakemake-executor-plugin-panda
https://github.com/bouweandela/snakemake-storage-plugin-rucio
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Summary

● Building this on a common infrastructure with the testbed, each benefits from the other
● Prompt STF processing is our testbed heartbeat, exercising system and new 

elements every day
○ Prime ground for enhancing testbed’s AI integration
○ Decision box will extend current model to work on two (for now, virtual) E1’s

● Fast TF processing runs the full chain from STF to PanDA workers
○ Is now working with a real EICrecon payload in persistent ZMQ server mode

● Building on the workflows in new directions
○ Containerization/packaging including the long wished for miniPanDA!
○ ePIC distributed CI, calibration including Snakemake-PanDA integration that can 

support it

17



Joint ePIC/EICUG Meeting, July 2026              BNL Orchestration Testbed

Backup

18
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No new outages since last PD update.
Continued investigation for OSG ticket #82690. PR osg/cvmfs-singularity-sync#548 
was submitted and is now online at SCDF writer node. People are likely at HTC26 now.

CVMFS operations at BNL for ePIC
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Known eicweb container builder outage
(old)

Nightly sync was introduced at BNL

OSG container sync 
outages (old)

Sync at OSG Sync at SCDF

cvmfs-singularity-sync

/cvmfs/eic.opensciencegrid.org (nfs)

/tmp (tmpfs) 90% speedup

--build-dir on tmpfs, then move to nfs 35% speedup

DUCC Requires cvmfs_server - not on cvmfswrite01

https://support.opensciencegrid.org/support/tickets/public/71baf443ad81f9f30f6882a64aa82840c305ff4a120d239b14edc9598340721d
https://github.com/opensciencegrid/cvmfs-singularity-sync/pull/548
https://github.com/opensciencegrid/cvmfs-singularity-sync
https://cvmfs.readthedocs.io/en/stable/cpt-ducc.html
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Mattermost bot in steady development (pandabot => TBD)
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Bot demo video for AmSC

https://drive.google.com/file/d/1VXIJJHfCaqE2iK_5QawJNamciGhFVQEI/view?usp=sharing
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The bot is part of a now large & growing AI stack
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Plus a new opt-in read-only postgres MCP service on the testbed/prod machine for LLM (not bot) use

https://github.com/BNLNPPS/swf-monitor/blob/infra/baseline-v36/docs/POSTGRES_MCP.md
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AI in the system - present and future (slide made for AmSC)

22
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Distributed CI for ePIC (for nightlies, ART-like)

Snakemake-PanDA integration opens a pathway for running ePIC benchmarks 
distributed with PanDA.
ATLAS Release Tester (ART) evaluated for application at ePIC: it is a collection of 
scripts describing the infrastructure, turns out many comparable components were 
already built at the ePIC infrastructure:

The current conclusion is that there is no benefit in re-using ART scripts due to 
hardcoding. We will take the inspiration for the missing distributed execution, namely 
adopt CVMFS instead of Docker registry.
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ART/ATLAS ePIC

packages, platform container, Spack platform <- base container (debian vs nvidia)

scripts with ArtHeader Snakemake workflows

ArtLocal Snakemake

ArtGrid TBD

EOS + CVMFS XRootD /EVGEN/ + eicweb /scratch + Private container registry

ArtDiff (runs acmd.py diff-root) Capybara



Joint ePIC/EICUG Meeting, July 2026              BNL Orchestration Testbed

Snakemake workflows on PanDA (for CI and calib. workflows)

● We work with upstream implementation for Rucio (snakemake-storage-plugin-rucio)
○ Now generally works with BNL instance
○ Path rewriting to be upstreamed #47 - Rucio paths restricted to 

^[A-Za-z0-9][A-Za-z0-9\\.\\-\\_]*$, needs rewriting to a human readable encoding
● New snakemake-executor-plugin-panda is being developed (public release!)

○ Inverted container-payload relation: relies on 
/cvmfs/eic.opensciencegrid.org/snakemake/9.20 for --use-singularity mode of 
Snakemake

● PanDA/Rucio access tokens pushed to eicweb
○ OIDC token issued by Indigo IAM instance,

packaged to a JSON to be placed at
~/.pathena/.token for panda-client to operate

○ First PanDA tasks submitted from GitLab jobs (submit+wait+rucio access) [Demo]
● Corrections to ePIC benchmark workflows towards remote running support

○ Added an init script to automatically initialize the default geometry in the container
○ Corrections to benchmarks to make them compliant – Snakemake workflows running 

with scheduler/fs plugins are more restrictive (e.g. can’t assume relative paths, need 
explicit file dependencies with “local” files marked)
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https://github.com/bouweandela/snakemake-storage-plugin-rucio
https://github.com/bouweandela/snakemake-storage-plugin-rucio/pull/47
https://github.com/eic/snakemake-executor-plugin-panda
https://github.com/eic/detector_benchmarks/commits/pr/panda
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Distributed CI with jacamar-ci and HTCondor executor to OSG

Problem: current gitlab server hosted at ANL is overloaded by CI and validation jobs
Solution: offload to other compute resources, ideally with minimal changes or impact
Approach: jacamar-ci (LLNL Exascale Compute Project)
- Bridges gitlab-runner with workflow mgmt systems

- Gitlab runner with custom executors: slurm, pbs
- EIC developed: htcondor-executor and panda-executor

- Security model: user mapping and permissions
Demonstration: detector_benchmarks#279 ↴
Ongoing work:
- gitlab-runner systemd

persistency on ap43
- shared file storage

between jobs: pelican
- pipeline containers:

push to OSG harbor
- extension to PanDA
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https://ecp-ci.gitlab.io
https://gitlab.com/eic/jacamar-ci/-/tree/htcondor-executor
https://gitlab.com/eic/jacamar-ci/-/tree/panda-executor
https://github.com/eic/detector_benchmarks/pull/279

