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Streaming Workflow Testbed

Designed around goals of developing and prototyping

e Running within constraints: realistic compute and networking

e Define workflows for prompt STF processing, fast STF slice processing and
analysis

e Prototyping of interfaces

©)
©)
©)
©)

©)

EO-E1: DAQ interface, online databases

BNL-JLab: butterfly model

E1-E2 interfaces: enabling monitoring, autonomous alignment and calibration

First class Al integration with awareness of the system state and complete feedback
loop for control over it

Prototype STF formats, realistic reconstruction computation in payloads

o System monitoring: how system state is exposed to shifters/analyzers/experts
e Specific choice of core technologies: ActiveMQ, Rucio, PanDA, Django
e 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

IP6 BNL data center ePIC Echelon 1 at BNL

DAQ room DAQ enclave

3 STF stream
DAQ exit | Ext subnet L

buffer Tor E1 TF stream
(72h r d epth) d EIiV ery (Message/XRootD)

400Gbps via ESnet

Streaming workflow testbed
scope is right of red line

TF - continuous recording of 2'® EIC clocks or ~0.6 s of raw data

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

A

ePIC Echelon 1 at JLab

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

XRootD or message based access for fast monitoring/processing
(low-latency, subsampling-capable, but not implementing retention)
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Testbed com ponents Links are to the GitHub repositories

e swi-testbed
o 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
e swf-common-lib
o Common infrastructure, logging utils, packaging infrastructure
e swf-monitor
o Django service with full-system browser Ul, REST API, ActiveMQ and logging
o Postgres DB serving the full system via REST
o Comprehensive Model Context Protocol (MCP) service for info and control via LLM
e swi-transform
o Interfaces to EICrecon processes
e swf-panda-workers
o Provisions and scales the worker pool through iDDS and PanDA
e 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 | will describe

O O O O

G‘ Brookhaven
National Laboratory

Joint ePIC/EICUG Meeting, July 2026 BNL Orchestration Testbed 4



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

The streaming workflow testbed

The first streaming testbed workflows on the common WFMS platform

swf-common-lib

DAQ — simulated in the testbed

broadcasts the run lifecycle - emits STFs

v

Prompt processing
Full processing of STF files on arrival

~
'\

Data Agent
creates the run dataset at run start
registers arriving STFs into it

v

Run dataset — Rucio
open dataset, filling as STFs arrive
replicated to both E1 buffers

v

Processing Agent

swf-transform

run and data
notifications

establishes the prompt processing task
one PanDA task over the run dataset

swi-testbed <

Decision box

_ J
Z * . processing decisions by ePIC, facilities
PanDA / JEDI P = based on data inspection
generates jobs as the dataset fills
brokered to E1 queues
. J
r y a (" h S
Processing jobs at the E1s Al assessment agents [~
ElCrecon payload in the ePIC container [~~~ 7] of the live processing
outputs and status to the monitor \_ Y,
L. * J [
i
Reconstructed STFs — Rucio corun-ai
reconstruction outputs registered in Rucio LLM research harness
the archived full-sample data product & =)

v

Fast processing
Fast TF streaming processing

.
f
Fast Processing Agents
sample TFs from arriving STFs - dispatch slice work
signal iDDS — run imminent, N workers needed
\
\4 Y
s s
TF slices iDDS
slice 1 -slice2 - ... workflow management
dispatched by message Y
delivered by XRootD
- A
-
PanDA
persistent worker Jobs
\
Y Y

PanDA workers — standing pool

worker 1 - worker 2 - worker N — persistent
ElCrecon per TF slice, resulis in seconds

swf-monitor

swf-monitor

Uls, APIs, system data
web - DB - REST - MCP

I

DISpatcher
Mattermost bot

Harvester

launches pllots on compute —
the slots the workers run In

workers, spent

L}

1

]

]

1

]

: pliots host the
]

: ones replenished
I
]
I

swi-panda-workers

) I
-
Monitoring / validation / Al outputs
fast reconstruction results, delivered in seconds
\

The shared WFMS platform

( PanDA . Harvester } [ Ruclo - XRootD

Workflow agents ]

epicprod runs on this same platform

[ mmene |
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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

Agent orchestration

Agents are processes with defined { Workflow TOML configuration ]
responsibilities. o gy
P i B
e suprevisord manager: instantiates/tears [ oL J [ P Server J
down agents
o Complete configurations provided as \\M/)
TOML files
o Can run a subset of the full system [ et aiar i o ]
o Replace individual agents with other ¢
implementations —
e First-class MCP integration allows to
control and inspect testbed state with Al l l l l l Pyse—
agents (interactively or autonomously) oo [ - H"”::::f“g}[ T J[ e }| | Vediosal
v

[ DAQ Simulator J

Legend
[:] Control paths (peer)
D Infrastructure / Agents
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Agent communication

Multi-User Testbed: Shared Infrastructure, Independent Operation

e Agents are connected to ActiveMQ

Shared Infrastructure ‘ messaging bus
poesa. || paia | | omasvenior | | wcrsene e Multi-user support: per-user configuration
. , , | overrides (for running different instances on the
Developer 1 (wenauseic) | 1 Developer 2 (zyang2) | same System)
Agents | o Separation by agent (user) name
L e, o Support for collaborative work with
{ T }  Excutons | (optionally) shared namespaces
[ e smutoragent-wenausoiotot | ) e Interface for SSE message streaming
[04 ] allowing messages
T o Successfully used to demonstrate
agent-to-agent communication in a

Echeloned environment (BNL <« Osaka)

Naming Convention

{agent_type}-agent—{username}-{unique_id}
Username embedded in identifiers; namespace provides optional workflow isolation

MCP Tools Support Filtering
list_agents(namespace='torre2') list_workflow_executions(namespace="'torrel')
list_logs(instance_name="'data-agent-wenauseic-481') get_testbed_status('wenauseic')

L? Brookhaven
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Prompt STF file processing workflow

Prompt Processing Workflow

Full-sample processing of STFs as they arrive . WO rkfl OW ru n n e r Si m U IateS DAQ
( DAQ — simulated in the testbed | activity issuing run begin/end, STF

Broadcasts the run lifecycle

. . files

l Run imminent - start - end

Data Agent | e Data Agent implemented with proper

Creates the run dataset at run start

Registers arriving STFs Into it~ |~ ~~~=_ Run and data notifications . g
| Fegstes amving I N Rucio capability
e e l Run start - STF availability et e e L \
1 Decision box i . . . .
7 ) 1
o X ey 1
Run dataset — Rucio Processing Agent : Notified of run signals and arriving data 1 . I 2 u n/fl Ie reg IStratI O n IS Ca refu I Iy
. . — .
Open dataset, filling as STFs arrive Establishes the prompt processing task 1 ; Able to exalv)“n;e thz datz itself ' .
| ecisions can be based on data content
Replicated to both E1 buffers One PanDA task over the run dataset ! t d d p t d
- J : Applies ePIC policy — sites, data, load : a CCO u n e a n re O r e I n
Sibfit task I Directs which site processes which data 1 . .
a 1 m
e s ; RES 4 e.g. per-site subsets of the run dataset 1 O n Ito rl n g
Arriving files trigger new jobs ~ n 1

BB oty e S e o
PanDA / JEDI P

Generates o s e ctaet s e Testing with mock STF data files, but

Brokered to E1 queues

l operation with real EICrecon payload

Reconstrcted SFs—Ructa | [ Procsssing obs o he E1s { was demonstrated
[ J """"" o Official ePIC DIS 10x100 / 2us
| timeframes
o No zero suppression
o 200 MB/file / 40 events — a bit large
o ~bs/event for processing —
reasonable in terms

L‘,\ Brookhaven of work
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Reconstruction outputs registered
in Rucio — the full-sample product

ElCrecon payload In the ePIC container
Outputs and status to the monitor

[ Run end — the dataset closes, the task drains and completes ]




Prompt STF file processing workflow: Implementation

e Daily workflow execution enables timely detection of issues across the testbed, PanDA, and Rucio

e Full chain submission supported via both CLI and MCP

e 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

> Start a prompt processing workflow

+ The user wants to start a prompt processing workflow, and I have a specific skill available for this task - start-prompt-processing - which I should invoke immediately.

+ I'll start a prompt processing workflow for you.

Skill Use skill: "start-prompt-processing

Starts a prompt processing workflow in the swf-testbed system (namespace test-zy, workflow "prompt_processing", config "prompt_processing.toml") and then retrieves and presents an execution summary. Use
this skill whenever the user asks to start, run, launch, or kick off a prompt processing workflow, even if they don't specify the namespace or config.
S R S S S LI R S R (- S s O S S T S L B P L A S DR S S - S B s R S . B ST S S A L T e S S L S S ST AT S IS L s St S S LN S R S s el S YA S Ay 21 P I J

+ Following the skill instructions, I need to start the workflow with the exact specified parameters before proceeding to find the execution ID.

+ I'l1l start the prompt processing workflow now.

swf_start_workflow (swf-testbed MCP Server) {"workflow_name":"prompt_process v App i
Timestamp Name Instance Name Level Message Module Function
"success": true, 20260326 base agent daq_simulator-agent- INFO Workflow completed: prompt_processing (execution: workflow_runner _run_workflow_thread:808
"message": "Workflow 'prompt_processing’ start command sent to DAQ Simulat(EPRelepek] zyang2-1266 prompt processing-zyan92-0434)
"workflow_name": "prompt_processing", i
"namespace”: "test-zy", 20260326 ase_agent data-agent-zyang2- INFO  Run 102417 status updated successfully data_agent update_run_status:451
2 ": "prompt_processing.toml",
: true, 12:09:17 1264
"namespace”: "test-zy" 20260326 ase_agent data-agent-zyang2- INFO  Updating run 102417 status to completed in monitor... data_agent update_run_status:443
1, 12:09:17 1264
"note": "Workflow runs asynchronously. Use swf_list_workflow_executions to
20260326 base_agent data-agent-zyang2- INFO  Processing end_run message data_agent handle_end_run:288
””””””””””””””””” 12:09:17 1264
d the ex ID by lis Wi
- 1dathe ‘execrion SN 20260326 base_agent data-agent-zyang2- INFO  STF file swf.102417.000003.stf registered with ID data_agent register_stf_file:498
| Field | Value 12:09:17 1264 4654fc3e-045f-4fad-8¢c7b-1ef7725e0ee0
e e |
Execution ID | prompt_processing-zyang2-0434 | 20260326 base _agent data-agent-zyang2- INFO  Registering STF file swf.102417.000003.stf in monitor... data_agent register_stf_file:471
Workflow | prompt_processing | 12:09:17 1264
Namespace | test-zy
Status | completed | 20260326 base agent data-agent-zyang2- INFO  Processing STF file data_agent handle_stf_gen:384
Phase | ended | 12:09:17 1264
Run ID | 102417 |
Started | 2026-03-26T16:08:58 UTC | 20260326 base agent daq_simulator-agent- INFO  Broadcasted run_end message workflow_runner broadcast_run_end:253
Ended | 2026-03-26T16:09:23 UTC | 12:09:16 zyang2-1266
Duration | 25.0 seconds | —_—
STF Count | 20260326 ase_agent daq_simulator-agent- INFO  Broadcasted stf_gen message workflow_runner broadcast_stf_gen:291
. J 12:09:16 zyang2-1266

National Laboratory
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Decision Box for Site-Aware Prompt Processing

Decision box imposes ePIC and facility policies onto PanDA engine
e STF files start in “on-hold” state in PanDA
e Policy box acts to make PanDA generate an active job at a specific E1 site

Current implementation (WIP):
e Data agent owns Rucio input membership: full run dataset plus E1-specific subset datasets

e Decision box selects where each STF DID is attached: E1_BNL, E1_JLAB, both, or neither
e Processing agent submits one runUntilClosed=True PanDA task per E1 subset dataset
e PanDA processes only the STF DIDs present in that site’s subset dataset

| ....same file DID

Full run dataset =N
BNL subset dataset

e BNL output dataset

PanDA task at E1_BNL

/—> Decision box JLAB subset dataset JLAB output dataset
DAQ simulator —> Data agent

\ PanDA task at E1_JLAB swf-monitor status
data_ready > Processing agent ——”

»

same flle DID

e The decision is encoded as Rucio dataset membership, so PanDA does not need cross-task
decision logic
G‘ Brookhaven

National Laboratory
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ast processing

v— e Message-based fast workflow processing integrated
y o with PanDA
[ * J e swf-panda-workers maintains persistent PanDA jobs
ey N i with iDDS
y s P, e swf-transformers payload receives TF slices for

FastMon Agent cmmmm===""

; ,: reconstruction
[ sresampe | oo/ e Currently has integrated realistic EICrecon payload

’
’

¥ e regsiered o Streaming input over XRootD

Fast Processing Agent

v

. 2026-05-27 14:35:00,929 Thread-3 PayloadProcessor INFO EPIC version: 26.03.0 (source: filename)
TF Slices 2026-05-27 14:35:00,930 Thread-3 PayloadProcessor INFO  eicrecon plan: file=root://dtn-

Workflow Mgmt eic.jlab.org:1094//volatile/eic/EPIC//FULL/26.03.0/epic_craterlake/Bkg_Exact1S_2us/GoldCt/10um/DIS/NC/10x100/minQ2=1/pythia8NCDIS_10x100_minQ2=1_beamEffects_xAngle=-0.025_hiDiv_

1.5156.edm4hep.root, nskip=93, nevents=2, output=/tmp/eic_kUDUTNY5/PanDA_Pilot-882911/stf_datataking-wguan2-0649_slice_004.edmdeic.root
slice 1 ‘ slice 2 slice 3 2026-05-27 14:35:00,930 Thread-3 PayloadProcessor INFO Processing script written to: /tmp/eic_kUDUTNY5/PanDA_Pilot-882911/eicrecon_zm_67kvw.sh
J 2026-05-27 14:35:00,930 Thread-3 PayloadProcessor DEBUG  Script content:
#!/bin/bash
PanDA L ) ) . .

# eicrecon_process.sh — process a single slice from an edm4hep input file

Workload Mgmt # inside the EIC Singularity container.
#

) # Placeholders (replaced at runtime by process_payload):
PanDA Workers # 26.03.0 — EPIC campaign version, e.g. 26.03.0

# root://dtn-
eic.jlab.org:1094//volatile/eic/EPIC//FULL/26.03.0/epic_craterlake/Bkg_Exact1S_2us/GoldCt/10um/DIS/NC/10x100/minQ2=1/pythia8NCDIS_10x100_minQ2=1_beamEffects_xAngle=-0.025_hiDiv_

Worker 1 Worker 2 Worker 3 1.5156.edméhep. root — XRootD or local path of the input edm4hep ROOT file
ElCrecon ElCrecon ElCrecon # /tmp/e1c KUDUTNY5/PanDA_Pilot-882911/stf_datataking-wguan2-0649_slice_004.edmdeic.root — path for the eicrecon output edmd4eic ROOT file
I I # = fumher; of fevent) f"35“(512"5%_ ({351 ‘Efa%ed event pool with level=PhysicsEvent and 1
J o into reated event poo wi eve ySlCS vent and size=
# 2 number of events t' 0:35:52.555 [info] Arrow topology is:
# 0:35:52.555 [info]
V V set -e | 10:35:52.555 [info] Arrow Parallel Direction Place ID
( ) 1 10:35:52.555 [info] N
SINGULARITY_IMAGE="/cvmfs/singulal 10:35:52.555 [info] PhysicsEventSource 0 Input Pool 1
Reconstruction output 1 10:35:52.555 [info] Output Queue 0
i i " } 10:35:52.555 [info]  PhysicsEventMap2 1 Input Queue 0
\ J :éggiarlty exec "${SINGULARITY_II 1 )132t 25 555 [infol Output  Pool 1
! 10:35:52.555 [info]

| 10:35:52.555 [info]

| 10:35:52.555 [warn] To pause processing and inspect, press Ctrl-C.

, 10:35:52.555 [warn] For a clean shutdown, press Ctrl-C twice.

1 10:35:52.555 [warn] For a hard shutdown, press Ctrl-C three times.

1 10:35:52.555 [warn] For worker status information, press Ctrl-Z, or run "jana-status 2948619°

Analytics 10:35:52.555 [info] Initialized JEventSource 'JEventSourcePODIO' ('root://dtn—
eic.jlab.org:1094//volatile/eic/EPIC//FULL/26.03.0/epic_craterlake/Bkg_Exact1S_2us/GoldCt/10um/DIS/NC/10x100/minQ2=1/pythia8NCDIS_10x100_minQ2=1_beamEffects_xAngle=-0.025_hiDiv_

1.5156.edm4hep.root")

[1 [JEventProcessorPODIO] [info] Using 'root' backend for output file: /tmp/eic_kUDUTNYS5/PanDA_Pilot-882911/stf_datataking-wguan2-0649_slice_004.edmdeic.root

10:35:52.557 [info] Initialized JEventProcessor 'JEventProcessorPODIO'

! 10:35:52.557 [info] Initialized JEventProcessor 'JEventProcessorJANATOP'

! 10:35:52.557 [info] Initializing JWiringService

[info] Configuration Parameters

[info]

¢ Brookhaven
National Laboratory
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Fast processing EICrecon payload p ~ -~ ~

g /> — . .
Persistent reconstruction process is needed EICrecon <_C socket (\)ﬁ Monitoring
. . process
to provide low-latency reconstruction.

/ o /

Internals of our persistent job

Design document for payload with key decisions

Implementation available EICrecon#2604. See more in Reco WG mtg. presentation.

Python Client Listener Thread JEventProcessorManagedPODIO JEventSourceManagedPODIO JANA Event Loop 60
File P ing Request E ! ;
—— 553 — rec021220.edmd4eic.root
e e e 0 - 1 I
ZMQ REQ: {"input_file": "...", "output_file": "..."} . ! L .
] = = recq18837.edm4eic.root
Receive ZMQ message : i ;
O 40 -*-} recq325.edm4eic.root
ProcessFileRequest(json) : -~y
-] ] b »
Validate inpuit file exists £ 304 Fe 9
S A rew
Ly
Set m_pending |response = true o0 _"' .
OpenOutputFile() - Create podio::Writer
10
NotifySourceNewfFile(input_file, output_file)
SetCurrentFile() - Reset state, open input file 0 -
= —r T T T | 7T T T |
_ _ -400 -200 0 200 400
ProcessCurrentFile() | Create podio::Reader
BackwardMPGDEndcapHits.position.y
Set m_file_available = true, notify condition variable
A test on the single input queued into EICrecon
Event Processing Loop . . . . .
: multiple times showing identical outputs
L lc]uop [For each e\+er\t in file] ' T

G Brookhaven
National Laboratory

Joint ePIC/EICUG Meeting, July 2026 BNL Orchestration Testbed 12



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

Testbed testing infrastructure

e Panda in a box panda-compose
o Easy new way to get a local PanDA
o Not yet a real production-grade
deployment
e Docker-compose of the testbed
revamped
o Brings testbed (with the monitor) to
any machine
o Next: could use a similarly
containerized Rucio and
panda-compose
e Initial end-to-end workflow CI testing
o Docker compose running on GitHub
Actions
o Runs prompt processing workflow
o Next: fast processing

L? Brookhaven

National Laboratory

Joint ePIC/EICUG Meeting, July 2026

Docker Compose — swf-monitor + swf-testbed
Network: swf-network (bridge)

redls (Redls) activemq (Artemis)
apache/activemg-artemis

swi-network

Infrastructure

db (PostgreSQL)
postgres:16-alpine

Slels el Chan | :6379 STOMP :61613 SUel S
Application | / )
web (swf-monitor) | testbed (swf-testbed)
. /swf-monitor/Dockerfile swf-testbed/Dockerfile
HTTP API :8000

manage.py get_token ;5432

BNL Orchestration Testbed 13


https://github.com/PanDAWMS/panda-compose

Calibration workflows at the testbed

e Will build calibration workflow prototypes in the testbed (EEEMCal detector is the
first target) towards the Streaming Computing challenges
e Extend testbed to fast calibration, alignment and monitoring workflows
o Start with file-based processing payload (Snakemake workflow) with a proto-interface to
calibration DB
o Extend to fast processing

v i
FE 4 I /~ b
I SRO Need to define this
=P | SRODAQ » _ !
= Computing |~ interface
s AN J o
Raw data Calibrations/alignment e Prompt reconstructed
constants Ldata
Calibration Calibration/Alignment
workflow workflow
Calibration &
Aﬁgln::::,tnDB Need a way to define
Synergy to workflow effort at the detector-specific

workflows and provide
robust mechanisms for

G\ Brookhaven running those, incl. at E2+
National Laboratory
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Shakemake integration

Snakemake Workflow Management System embodies properties needed for a data
analysis to become reproducible, adaptable and transparent.

a

configfile: "config.yaml" Legend

expand( @ trivial
"results/plots/{country}.hist.pdf",
cccccc y=config["countries"]

)

rule download_data
output:

N A WONRO
DOOOOOOO 000O0OCGO O

domai
rule all: @ techn
input: [ ] S.n.akemake knowledge

b

"data/worldcitiespop.csv" y
log:
"1logs/download. log"
conda: ;
"envs/curl.yaml" Y:—C
& shell: -
18 @@ "curl -L https://burntsushi.net/stuff/worldcitiespop.csv > {output} 2> {log}"
9
0 @ rule
1@ input: (o
2 "data/worldcitiespop.csv" import sys
3 @ output: sys.stderr = open(snakemake.log[0], "w")
4@  "resu 1ts/by-countr y/{countr y}.csv"
5@ log: import matplotlib.pyplot as plt
6 @ "logs/select-by-country/{country}.log" import pandas as pd
7@ conda:

"envs/xsv.yaml"
shell:

b search -s Country '{wildcards.country}' "
" {input} > {output} 2> {log}"

aObhWNRFEROO®
( X ) ( X J

rule plot
input:
""""" 1ts/by-country/{country}.csv"
6 @ utput:
7 ! 1ts/plots/{country}.hist.svg
8 @ container:
9 @ dock //faizanbashir/python-datasci
0@ log
1@ "logs/plot-hist/{country}.log"
2 @ script:
3 "scripts/plot-hist.py"
4
5 @ rule
6 @ input:
7@ "{prefix}.svg"
8 @ output:
9 @ "{prefix}.pdf"
o @ log:
1@ "logs/convert-to-pdf/{prefix}.log"
2 @ wrapper:
30 "0.47.0/utils/cairosvg"

G‘ Brookhaven

National Laboratory

cities = pd.read_csv(snakemake.input[0])
plt.hist(cities["Population"], bins=50)

plt.savefig(snakemake.output[0])

d

HHHHH

Joint ePIC/EICUG Meeting, July 2026

in knowledge o
v v y

ical knowledge

e 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

o allowed to run benchmarks in two different
systems: automated isolated Cl as well as user
and developer personal machines

o existing integration with PanDA is investigated

We are looking to explore integration into

testbed for monitoring and calibration workflows

BNL Orchestration Testbed 15


https://snakemake.github.io/

ePIC benchmarks on PanDA - Distributed CI

Problem: current gitlab server hosted at ANL is overloaded by Cl and validation jobs
Solution: offload to other compute resources, ideally with minimal changes or impact

Approaches:
e jacamar-ci (LLNL Exascale Compute Project)
o Runs each GitLab job on a computing farm
o Demonstration for OSG via htcondor: detector_benchmarks#279
e snakemake-executor-plugin-panda (Developed as part of BNL testbed)
o We are also extending snakemake-storage-plugin-rucio to work for ePIC
benchmarks
o 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

I k}" Brookhaven
National Laboratory
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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

Summary

e Building this on a common infrastructure with the testbed, each benefits from the other

e Prompt STF processing is our testbed heartbeat, exercising system and new

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

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

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

G‘ Brookhaven
National Laboratory

Joint ePIC/EICUG Meeting, July 2026 BNL Orchestration Testbed 17




Backup

L? Brookhaven

National Laboratory
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CVMEFS operations at BNL for ePIC

Sync at OSG
CVMFS Synchronization Lag by Host - singularity
0= UL 88 S G TN —e— cvmfs-slbnl.opensciencegrid.org 0"
cvmfs-slfnal.opensciencegrid.org
50= —e— cvmfs-stratum-one.ihep.ac.cn 2100 =
n —e— slbnl-cvmfs.openhtc.io/cvmfs N
3 e— slfnal-cvmfs.openhtc.io/cvmfs 3
< -100~- —e— slihep-cvmfs.openhtc.io/cvmfs < -200+
8 8
c =
2 -150~- 2 -300-
g N
5 5
£ -200~ £ -400+
2 g
g .
5 A OSG container sync &
-250 = -500 =
2 outages (old)
2 e
-300 = ® -600= ~

e B T AT enan traeds
e e oo

—e— cvmfs-slfnal.opensciencegrid.org
cvmfs-stratum-one.ihep.ac.cn
—eo— slfnal-cvmfs.openhtc.io/cvmfs

—e— slihep-cvmfs.openhtc.io/cvmfs

Sync at SCDF Nightly sync was introduced at BNL
CVMFS Synchronizati ag by Host - eic

Known eicweb container builder outage
(old)

T T T T T
Jan 01 Feb 01 Mar 01 Apr 01 May 01

Date

No new outages since last PD update.

1 1 1 1 1 1 []
Feb 15 Mar 01 Mar 15 Apr01 Apr1l5 May 01 May 15

Date

Continued investigation for OSG ticket #82690. PR osa/cvmfs-singularity-sync#548

was submitted and is now online at SCDF writer node. People are likely at HTC26 now.

/cvmfs/eic.opensciencegrid.org (nfs)

cvmis-sinqularity-sync | /tmp (tmpfs)

--build-dir on tmpfs, then move to nfs

L:> Brookhaven

National Laboratory
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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

Mattermost bot in steady development (pandabot => TBD)

Bot demo video for AMSC el ) wonee SRR

e draft: Editable, for testing/development

. & @ 0O m ¢ locked: Immutable, frozen for production
wenaus & Update your s = oo 56

9 tell me about pcs PanDA bot [B9E now
PHYSICS TAGS (p) — SUMMARY:

1 reply

Category Tag Status Process

‘\

LOCKED

1 reply T HOW IT WORKS:

Instead of specifying 100 individual
physics/software parameters, Sakib can say: DIS p1001

PanDA bot BOT now
PCS — Physics Configuration System

PCS is ePIC's central hub for managing "Run DIS CC 5x100 with minQ2?=1000 rE] 01002 &
production task configurations based on ‘ 3 % and eicrecor LOCKED
physics inputs. Instead of hand-writing job , PCS translates to: tag p + tag e + !
parameters, you compose a production task : R p1003

by selecting pre-validated configuration tags 5

g PanDA submits task h all !
for each pipeline stage. = p2004
parameters bundled

THE FOUR TAG TYPES: This ensures: p2006 i

R : LOCKED
Physics tags (p): Define the physics process v Reproducibility (same tags = same physics)

7 Validation (tags are pre-checked) p2001 o

e Example: p1001 = DIS Neutral Current, LOCKED

10x100 GeV, minQ2=10 ¥ Consistency across campaigns
¢ Organized by category: p2002 !
p1xxx: DIS (Deep Inelastic Scattering)
p2xxx: DVCS (Deeply Virtual Compton WANT ME TO: p3001 &
Scattering) LOCKED
p3xxx: SIDIS (Semi-Inclusive DIS)
p4xxx: EXCLUSIVE (exclusive processes)

e List available physics tags (DIS, DVCS, etc.)?
e Search for a specific config (e.g., p3002
"photoproduction")?

¢ Show a specific tag's full parameters (e.g., EXCLUSIVE  pdoo1 'O . Exclusive
e Example: el = Pythia8v8.310 p1001 )?

G Brookhaven

National Laboratory

EvGen tags (e): Event generator & version
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https://drive.google.com/file/d/1VXIJJHfCaqE2iK_5QawJNamciGhFVQEI/view?usp=sharing

The bot is part of a now large & growing Al stack

@ Al services

Mattermost bot Production ops analysis Software analysis PR review
ePIC community Q&A - prod, testbed ops deep-dive PCS /task / job / site deep-dive documentation study New: review of PRs
cross-session memory - lie detector diagnostics grounded in LXR codebase knowledge
tiered MCP exposure . ] :
https://epic-devcloud.org/prod https://epic-devcloud.org/doc https://epic-devcloud.org/doc/prs/
MCPs (all):
AskPanDA - PanDA Monitor - PCS MCPs: MCPs: MCPs:
Streaming Workflow - VectorDB RAG AskPanDA - PanDA Monitor LXR - GitHub - VectorDB RAG LXR - GitHub
LXR - GitHub - Rucio - XRootD Streaming Workflow - Rucio
I uproot - Zenodo i ). J

- -

- -

'
: @ Al instrumentation — MCP services
1
1
1 AskPanDA (job diagnostics) - PanDA Monitor (operational state) - PCS (physics configuration) - Streaming Workflow (testbed control) - VectorDB RAG (embedded docs)
1
: LXR (code cross-reference) - GitHub (repo inquiries) - Rucio (data management) - XRootD (remote |/O) - uproot (data reading) - Zenodo (documentation)
1
\ e e S S e e el et S e S e S e e e e e o e e e o e e o e e e e e s
instruments instruments
B T B T T T T T T T I o . - SO R SO W, SO, [ 0 2 ~
@ ePIC Services
{ N 4 ' e 3\ ' ' 4 3\ {

f

|

|

|

: PanDA monitor
|

: deep drill-down

: task - job - site

: errors and summaries
|

|

|

|

|

\

PCS

Physics Configuration
Service

from physics need to
production task

Automated production

OSG - HPC

under development

ePIC streaming
workflow testbed

information and controls

Rucio

data management and
cataloging services

at JLab and

LXR

software cross-reference
and browse system
BNL

eic-code-browser.sdcc.bnl.gov

62 repositories indexed

National Laboratory

k? Brookhaven

Plus a new opt-in read-only postgres MCP service on the testbed/prod machine for LLM (not bot) use
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https://github.com/BNLNPPS/swf-monitor/blob/infra/baseline-v36/docs/POSTGRES_MCP.md

Al in the system - present and future (slide made for AmSC)

@ New application layer

LLM-driven orchestration — proposed, 6 months

LLM workflow Hybrid workflows Harnessed autonomous LLM research
orchestrator LLM steps = LLM action assistant
launch - run - monitor deterministic agents bounded, auditable, evolution of Mattermost
assess * summarize extending present testbed reversible decisions bot + codoc-ai
B I e /7
built on built on
T N ISR A SR P PO SR SR L S S S 0B L B SR, (S /S EPS._ PR . S S FN SRS USSR S S S SR S A S SN SR S . S S L[S 2 SRR O S AV SN S S S S VP AR PR SRS AN PSS NS UL SN S B PR, NS SR ST PR S S A S - - ~

@ Al instrumentation today
this team - 2024—

P ——

AskPanDA MCP PanDA Monitor MCP VectorDB RAG Streaming Workflow MCP 3rd-party MCP (6+)
Job diagnostics operational state embedded documentation active testbed control Rucio - XRootD - LXR - ...
1
b A e B L e b e e i h i g M N B M A R AT N g A r g e i A A A 1 e A e e e A i R e Y b R Bk Nk b A A X -~
instruments instruments

@ Foundation — PanDA production WFMS
operational since 2005

' \
I 1
I ]
I 1
I 1
! ' " e n s ) r B !
I 1
: ATLAS @ LHC PanDA monitor ePIC production ePIC streaming ;
I 1
: O(million) jobs/day deep drill-down monthly campaigns workiow iastbed :
: 200+ institutions refined 15+ years 0OSG - HPC (this team, 2025+) |
I ]
: production scale operational live production hybrid workflow :
: provenance diagnostics base workload platform :
I \ 7 \ 7 \ 7 \ 7 1
0 1

Foundation (decades) — Instrumentation (this team, recent) — New application (6-month delta)

? BrDOkh each layer is a bounded, incremental extension of the one below it
National Labuiawy . . )
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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:

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

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.

k? Brookhaven
National Laboratory
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Snakemake workflows on PanDA (for Cl and calib. workflows)

e \We work with upstream implementation for Rucio (snakemake-storage-plugin-rucio)

o Now generally works with BNL instance

o Path rewriting to be upstreamed #47 - Rucio paths restricted to
NA-Za-z0-9][A-Za-z0-9\\.\\-\\_]*S, needs rewriting to a human readable encoding

e New snakemake-executor-plugin-panda is being developed (public release!)

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

e PanDA/Rucio access tokens pushed to eicweb

o OQIDC token issued by Indigo IAM instance,
packaged to a JSON to be placed at
~/.pathena/.token for panda-client to operate

o First PanDA tasks submitted from GitLab jobs (submit+wait+rucio access) [Demo]

e Corrections to ePIC benchmark workflows towards remote running support
o Added an init script to automatically initialize the default geometry in the container
o 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

@ aroS%Rcit file dependencies with “local” files marked)
National Laboratory
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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

Distributed CI with jacamar-ci and HTCondor executor to OSG

Problem: current gitlab server hosted at ANL is overloaded by Cl 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 Pt et P mmman
- EIC developed: htcondor-executor and panda-executor

- Security model: user mapping and permissions

Host System

———————— -

Demonstration: detector benchmarks#279

OngO|ng Work: 91:18:20 Running with gitlab-runner 18.11.1 (5265d41d)
tI b t d 01:18:2€ on ospool-ap4043 6DnEa3vfS, system ID: s_95c02192ffbf
- gruab-runner system :
. 0 B1:46:3¢ reason: Missing output files: results/campaign; Input files updated by another job: LOG/main/epic/D
perSIStenCy On ap43 : 2=1_beamEffects_xAngle=-0.025_hiDiv_1.npsim.load.png, LO0G/main/epic/DIS/NC/16x10868/minQ2=1/pythia8NCDIS_
. : v_1l.eicrecon.memory.png, LOG6/main/epic/DIS/NC/16x100/minQ2=1/pythia8NCDIS_16x1660_minQ2=1_beamEffects_xA
- Shared flle Storage 3 n/epic/DIS/NC/16x108/minQ2=1/pythia8NCDIS_10x100_minQ2=1_beamEffects_xAngle=-0.825_hiDiv_1.eicrecon.loa
. . . q 01:46:3¢ resources: tmpdir=/srv/scratch
between JObS' pellcan 5 81:46:36 [Sun May 10 21:46:23 2026]
- plpellne Contalners g 01:46:3¢ Finished jobid: © (Rule: campaign_benchmark)
5 01:46:36 6 of 6 steps (100%!) (MISSING) done
pUSh tO OSG harbOr 01:46:36 Complete log(s): /srv/scratch/builds/EIC/benchmarks/detector_benchmarks/.snakemake/109/2826-85-10T721244

= eXtenSIOn to PanDA ‘ai" Uploading artifacts...
L? Brookhaven

National Laboratory
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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

