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The Pelican in Flight:
Delivering Throughput Data




; Pelican and Throughput Computing

The Pelican Project builds a softwa
platform that delivers data to throug
computing.

The OSDF (Open Science Data Federatio
a global deployment of the platform.



; What is the 7

... By Analogy...

“Netflix for Science”

Allowing computational workloads to stream data



‘ What is the P

... By Analogy...

CLOUDFLARE

“Cloudflare for Science”

Infrastructure for scaling access to your storage



-

> T

v

enabling science

* The LIGO collaboration store
their interferometer data at
Caltech.

 Scientists around the world w
to access and use it from the
computing they have access t

* LIGO wants to enable science
beyond the (finite) compute
capacity at Caltech.

* LIGO has connected their

proprietary and public data t
the OSDF.

* Any browser, python noteboo
or compute cluster access LIG
data via the OSDF.

LIGO

Zil IGO LIGO Scientific Collaboration

~ 1200 members ~ 100 institutions, |8 countries
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In 2024, LIGO moved 27PB of
objects; 200TB of unique data.



N Ot J U St ”t h e blg guys” Research Highlight — U, H'awaii

e At U. Hawaii, an individual PI - Cur
Dodds — uses their CC*-funded st

to share data from the SPIN4D pr
e doi:10.5281/zenodo.13879854

* |f you use the SPIN4D notebook t
explore their dataset, you use the
OSDF!

e https://github.com/ifauh/spin4d-

data/blob/v0.5/spin4d-data-
exploration.ipynb

Decoding the Sun'’s Secrets
With the Help of Pelican

Astronomers and computer scientists at the
University of Hawai‘i, Moana are unlocking the Sun’s
magnetic mysteries with the help of cutting-edge data
caching and transfer applications provided by the
Pelican Project and the Open Science Data
Federation (OSDF).

Check out Curt Dodd’s
talk on Friday.

https://pelicanplatform.org/news/2024/12/20/
sun-secrets
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T Peli
OSDF - A national p%'f%SPm

°l°erated by PATh I ' ' OSDF is powered by the
porated by paT object delivery service F is powercd by
Object (NSF #2331480).
Value Proposition Store Who is using the OSDF?
« Shares your data (Objects) with authorized Layer  Workloads that have significant reuse and
consumers.  —mEE==EE=mE|EEe|EeEs- redelivery of objects at remote autonomous
« Manages the load of Object reuse on your ' Object Stores.
Object Store. S(t)b’fm - Object Stores with limited capacity or egress
. . . aging
 Fuses Objects from diverse Object Stores (Caching) costs.
through a common namespace and API. Layer « NOAA: Via AWS OpenData
' ;?rgg: Objects in network-embedded -~ _ _ _ _ _ l_ — B © NSF:NCAR, NRAO, LIGO, EHT
' « DOE: FNAL (LHC, DUNE), JLab, Fusion

Who can benefit? Object

* Open to any US researcher, data (object Consumer
pel y : e! (object) o M

provider, or computing facility.

Key concepts

* Object: both data & non-data objects
(containers, models, libraries).

* Object Store: a S3-compatible endpoint,
>3 5 B 34 c_aChes throtighout the W0r|.d, filesystem, or HTTP webserver.
>1 40 * at points of presence within major L , , ,
Objects o st EE] o lobal * Origin: connects an Object Store with national
PB moved deli d compute centers a € globa infrastructure. Objects are moved from (GET)
elivere R&E networks (ESNet, Internet2). and to (PUT) the store through Origin.

Ospoo

In the last 12 months.



O —Core Concepts




Open Data

OSDF Director AWS
* NCAR (Namespace)

B OSDF Origin
OSDF Origin (AWS-Opendata/US-west-2)

OSDF Cache

lllll..‘.

[1] Pelican Get (OSDF, NCAR/... Pelican Client

[2] Pelican Get (OSDF, AWS-... R
[3] Visualize (... ﬁ ﬁ Jupyter Notebook i

Researcher uses a Jupyter Notebook to create a visualization that requires two objects:

* NCAR/rda/harshah/osdf data/HadCRUT.5.0.2.0.analysis.summary_series.global.monthly.zarr
AWS-Open Data/US-West-2/cmip6-pds/CMIP6/CFMIP/NCAR/CESM2/aqua-4xCO2/r1i1p1f1/Amon/co2mass/gn/v20190816




Pl

What happened in the last year?




Clients

* Command line: End-to-end
checksumming, token auto
discovery.

 HTCondor Plugin: Extensiv
monitoring reporting, end-
end checksums.

* Python library / FSSpec: Fi
official release! Integrates
with the “data science”
ecosystem.

 Web Browser: Simple obje
download. Browser-based
OAuth2 support in-progres

Explore the OSDF

at https://osg-htc.org/services/osdf/data

NCEI Water Column Sonar Data

NOAA collects and uses active acoustic (or sonar) data for a variety of mapping requirements.
Water column sonar data focus on the area from near the surface of the ocean to the seafloor.
Primary uses of these specific sonar data include 3-D mapping of fish schools and other mid-water
marine organisms; assessing biological abundance; species identification; and habitat
characterization. Other uses include mapping underwater gas seeps and remotely monitoring
undersea oil spills. NCEI archives water column sonar data collected by NOAA line offices,
academia, industry, and international institutions.

View Datasets

Organization Field of Research
Fishing and Fisheries Sciences and Management

Download a Public Object

With Pelican Client on the Command Line

pelican object get osdf:///noaa/fisheries-1/noaa-wcsd-pds/data/raw/Henry_B._Bigelow/HB2403/README_HB2403_EK80.md

From Your Browser

Click to Download Public Object

1 332

Dataset(s) Terabytes
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: End-to—end Checksummlng OObjectStore

* Objects (O) travel from the object store
through the data federation and to the

* A copy may be made at the cache for repe
access.

* Ultimately, a copy of the object is made
disk by the client

* New (v7.16): the client will also calcula
object’s checksum (C) as it is download




A
End-to-end checksumming o e

* Objects (O) travel from the object store thro
the data federation and to the client.
* A copy may be made at the cache for repeated

* Ultimately, a copy of the object is made on
the client

* New (v7.16): the client will also calculate th
object’s checksum (C) as it is downloaded.

* New (v7.16): the client will request a copy
server-side checksum (C) in the object store
compare the two, failing the transfer on mis




Innovating in Authorization

Who is the origin talking to?

 Originally, the client acquired a token (1}
was used to authorize the request to the

* |f the cache does not have the object, it w
forward the request to the origin.

e Conveniently, the same token can also be
forwarded to the origin to authorize the c
request.

* Problem: How does the origin distinguish:
cache from a “badly behaved client”?

Client * Cannot prevent cache bypass!




For more information

Innovating in Authorization  euzihonston

today!
New!
* Caches receive a token (T) from the re
Regist .
SEE service.

* The token identifies the bearer as a servi
of the federation.

T Cache

* Origins can require:
* A request be performed by a known servi
* On behalf of an authorized client (7).

* Clients can no longer talk directly to o
T Client pretending to be a cache!



https://agenda.hep.wisc.edu/event/2297/contributions/34080/
https://agenda.hep.wisc.edu/event/2297/contributions/34080/

For more about our summer plans
for the Globus backend, see the

@ POWGFI ﬂg StO rage BaCkendS presentation today by our summer

Each origin is configured with a plugin
based on the object store type:

» S3: Allows integration with AWS and
compatible services. Support for writ
object listings, and an overhaul of erro
handling in the last year.

 HTTP: Connects generic web servers t
the data federation. Read-only.

* Globus: Connects a Globus collection
the federation. Read-only.

e xroot: Full-featured! The “native
language” of the XRootD server.

e POSIX: Still the most popular!

fellow, William.

What happens when an “overly enthusi
user” launches a large workload with li
reuse?

* The “throttling” component purposel
slows the user requests to protect the
object store.

* Object store protection is a core valu
proposition provided by the OSDF, eve
without reuse.

* New: The throttle is now multi-user
aware. Only the “overly enthusiastic
user” is slowed, not every user.

Much to do: When HTCSS manages the workload,
there’s plenty of opportunities for the AP to be aware


https://agenda.hep.wisc.edu/event/2297/sessions/3540/#20250602
https://agenda.hep.wisc.edu/event/2297/sessions/3540/#20250602

For a deeper dive
in monitoring,

K |n | E nY check out Patrick’s =
eeping a Close Eye on You aanrones B

OSDF Successes (5 min)
8000
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We’ve historically drowned in monitoring data — most of it ni
useful for operations. |

* We leverage reports from the HTCondor plugin to underst
the “typical user experience” for the OSPool. |

* The OSPool APs aggregate these per-file documents and
turn these into reports or charts.

e Assumption: The OSPool is distributed enough that it pro
a “good proxy” for a random user.

* Has been essential for spotting common failure cases which ha
identified ~half dozen serious bugs.

 TODO: Working to better separate “infrastructure proble
(random EOF) from “user problems” (404 file not found).

Per OSDF endpoint download (i.e. input transfer) statistics

Pct Failed |Num Jobs w/
N . - Total Total |Successful |Successful| Failed . Num Jobsl Pct Jobs
Endpoint Name Endpoint Institution Attempts | Attempts Failed od

Attempts| Jobs | Attempts Jobs  |Attempts Failed per Job Attempts Interruptedllinterrupted
TOTALS 731,026[704,086| 717,015 704,030 14,911 2.0%) 0.02 1,487 14 0.2%
MGHPCGC_NRP_OSDF_GACHE Massachusetts Green High 234,460(234,319| 234411 234,307 58 0.0% 0.00 56 2 0.0%

Performance Computing Center

CHTC_PELICAN_CAGHE m;if:y of Wiaconain— 117,061|114,200| 113088 113,119 3973|  3.4% 0.03 1,015 294 0.3%
BOISE_INTERNET2_OSDF_CACHE Internet2 106,785[106,192]  106,772| 106,183 13 0.0%] 0.00 13 1 0.0%
JACKSONVILLE_INTERNET2_OSDF_CACHE|Internet2 97,903| 95,601 97,846 95,568 57 0.1%) 0.00 55 4| 0.0%)
Stashcache-Kansas Internet2 87,728| 83,374 82,934 82271 4,794 5.5%) 0.06 1,189 942] 1.1%
Stashcache-Chicago Internet2 30,689| 26,969 26,661| 25935 4,028] 13.1% 0.15 1,055 642) 2.4%
Sunnyvale-12-PRP Lrimapped endpoint Sunyvale-| 47 5go| 17,573| 17,568 17,561 12 01% 0.00 12 0 0.0%
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Keeping a Close Eye on You

Component Status © Server Status  © Transfer Volume by Prefix ©
[chte

Jospool

fiawn

> Service Activity (0 panels)

Client Transfer Rate ©®

17.5 Gb/s Name ~

path To clients (GiB) ¥

9,423
4126

n4

Average client transfer rate  ®

1.0 Gb/s

o == [chtc
15 Gb/s ”‘,\\ - Jgwdata
12.5 Gb/s “J l\ /" - figwn
ih n ( | “'i = [jlab-osd i
10 Gb/s { I | \
‘ J‘ ‘—‘ M\ ( | { = ncar
7.50 Gb/s n f o \‘ \» { JL W M“W / = [osp
YR A 5 e | ‘ \ VM, Average origin fetch rat
S iy I W b WooWet = {pelican
s - ¥ [ | W N N vl
Tl W, W Lot | W S = /pnfs
S i A N
2506b/s TN N i
0 bfs =——= - -
10:00 10:30 1:00 1:30 12:00 12:30

v Resource Utilization

Average XRootD Threads Running ® Maximum col tionrate ©

fL 137 N 118 Hz

Wl sl il s s nrin P U N

From Origin (GiB)

Time since start Volume Served ®©

; 13.4 1B

Origin fetch rate

lame
175 Mb/s - figwn
150 Mb/s JL‘ == [jlab-osdf
== [ncar
125 Mb/s |
== [ospool
100 Mb/s f ‘ == [pelican
75Mb/s ||
50 Mb/s “ |
o m\ﬂﬁ £ Thr e
[T | A
0b/s ‘ I ‘ il C“JEPJA'\

10:00 10:30 11:00 11:30 12:00 12:30

For a deeper dive
in monitoring,
check out Patrick’s
talk on Wednesday.

We still maintain various
internal dashboards,
typically Grafana-based.

Pushing more toward
identifying errors and
problems — less “big pre
numbers”.
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NDC Pathfinders

* Pelican was funded as part of NSF’s

“National Data Cloud” for Climate _ , .
initiative in 2023. NDC Pathfinders Collaboration at Madison in 2024.

* The NDC brings together a broad set o http5//”dc'pathﬂ”der5-0rg/

domain science and cyberinfrastructu
projects, allowing one to assemble en
to-end approaches spanning the verti
stack of expertise.

 The NDC Pathfinders collaboration
consists of Pelican and 4 earth scien
driven projects that aim to show
potential approaches (“paths”)
through the NSF-funde
cyberinfrastructure.

Feedback Loop

Laboratory Local Communities

Where Innovation and development Where services are deployed and Where services enable science
happens (2-5 years) operated (5-10 years) (10 + years)



https://ndc-pathfinders.org/
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Client Transfer Rate ®
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To learn more about using

NCAR Research Data Archive theNca data via 0SOF, sce

Harsha’s talk tomorrow.

NCAR'’s part in the NDC Pathfin

is to make its data available
through the OSDF and to inspir
community on how to leverage

* In May 2025, NCAR’s Researct
Data Archive (RDA) switched
its HTTP-based download link
use the OSDF.

* More importantly, Harsha
Hampapura has been develop
material for the community
demonstrating how the OSDE
be leveraged via environment
igclukding Jupyter, OSPool, and

ask.

< c d du/datasets/d010092/dataaccess, /
@ | BRNCAR
Research

. Datasets Resources Si ort
Data Archive v \ees > Sppon v

Mouse over the underlined table

DATA FILE D
DATA DESCRIPTION Web Server Access
(HTTPS) — Powered by
OSDF

UNION OF AVAILABLE Web File
PRODUCTS Listing

Web File
zarr files Listing
ncar-cesmz2-lens ice Web File
zarr files Listing

-] -


https://rda.ucar.edu/resources/ndcc-osdf/
https://rda.ucar.edu/resources/ndcc-osdf/
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talk on Friday.

For an NDP / OSDF / Pelican
N Al R R example, check out Curt Dodd’s

Pelican is one of the data-centric projects of the National Al Re
Resource (NAIRR) Pilot. We collaborate with the National Data
Platform, which builds out data analysis services on top of the

Our plans:

* Provide technology (Python FSSpec library) to allow common /
(PyTorch) to stream from the OSDF. |

 Ensure NAIRR datasets are available via the OSDF.

* With PATh, show the the vision of Throughput machine learni
train ensembles of models and high throughput inference.

Watch this space!



https://nationaldataplatform.org/
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Retiring the old OSDF

EABUEEING NEW YORK TIMES BESTSELLERI |

Before the Pelican Project was funded, the OS
built “one patch at a time”:

e 2011: The AAA project (NSF #1104664) devel
file cache based on the XRootD software.

e 2015: Started by deploying XRootD-based ca
the Stash filesystem @ UChicago.

e 2020: Grew into a generic system for multipl
origins. Leveraged WLCG services for GeolP
OSG Topology for cache discovery. ~'

 2023: Pelican Project started, re-engineering
federation components while keeping OSDF
operational.

e 2025: Retired the pre-Pelican components i



https://indico.cern.ch/event/330212/contributions/1718788/attachments/642386/883836/StashCache_at_UCSD_Xrootd_workshop.pdf
https://indico.fnal.gov/event/22127/contributions/194782/attachments/133874/165317/StashCache__CDN_for_science_1.pdf
https://www.amazon.com/So-Long-Thanks-all-Fish/dp/0671525808
https://www.amazon.com/So-Long-Thanks-all-Fish/dp/0671525808
https://www.amazon.com/So-Long-Thanks-all-Fish/dp/0671525808
https://www.amazon.com/So-Long-Thanks-all-Fish/dp/0671525808
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The View from Above




; @ Pelican is now >1 yr old @B

The Condor Project is 40; the OSG
Consortium is 20; the Pelican Proj
Is 1.

From the Laboratory to the Community,
Advancing Throughput Computing Through

Translational Computing

* The “translational CS” loop is jus Feedback Loop
o Ry A
startl ng: Laboratory Local Communities
* The laboratory is churning out ne Bt B T
ideas — still iterating on fundamen L
concepts. A o o | [ ot e
* The local — the OSDF —is now 1007 Releases 145 Contributors @B
Pelican. | :
: " A -
* We are rapidly building out the © v7.16.5 AQ @ Tee0
community. e Qo@T PO S

Commits over time

+ 144 releases + 14 contributors

I |||I|||I||‘||I||I|‘||||||I||||||||||I|||....|I._.. .|III.|||.I||. ||||||II||||I|||| .

aaaaaaaaaaaaaaaaa



; Who is the Community?

The “locale” is the data federation. Who is the community?

* OSPool users leveraging the OSDF for powering computational
workflows across the nation.

 UW-Madison researchers using the ‘UWDF for on-campus data
* Collaborations, like LIGO, distributing data to large-scale worklo
* Individual Pls publishing & sharing their own datasets.
 Scientists reading out community datasets (NCAR data).

You are an essential part of this project!
Broadening the community makes Pelican better!




Alexander Tuna Andrew Owen Austin Schneider Howard Zhong ' Alja Mrak Tadel

Computational Data Scientist and Researcher Research Computing Facilitator Student Web Developer Hes@h S‘mf’a” Engineer 1 Analync P'°9"a".""°" ) P"f‘“’t _SC"’""S“ ) A

University of California-San Diego University of Wisconsin-Madison Morgridge Institute For Resea Morgridge Institute for Research University,of Galfomia San Diego Khiversiy.of Calffomie San Diego
Biici Bockalmain Rich Wellner Brian Lin Christina Koch

: OSG Software Area Coordinator Lead Research Computing Facilitator

Patrick Brophy
Student Research Software Engineer
Morgridge Institute for Research

SDx Director

Brian Aydemir
San Diego Supercomputer Center

Systems Integration Developer
University of Wisconsin-Madison

Principal Investigator University of Wisconsin-Madison University of Wisconsin - Madison

Morgridge Institute for Research

Matyas Selmeci William Swanson
& & % 5 Software Integration Developer C
Miron Lany Frank Wuerthwein Tae Kidd University of Wisconsin-Madison University of Wisconsin-Madison
Co-Principal Investigator Co-Principal Investigator Project Manager

University of Wisconsin-Madison University of California San Diego Morgridge Institute For Research

Justin Hiemstra Cannon Lock Emma Turetsky
Research Software Engineer Web Developer Research Software Engineer
 Morgridge Institute For Research Morgridge Institute for Research i Morgridge Institute for Research

We Love Feedback!

Pelican sits at the “infrastructure layer” and is not always visible toth

We value your participation in events like HTC25 — please strike up at¢
with a Pelican!



Questions?

This project is supported by the National Science Foundation und

Agreements OAC-2331480. Any opinions, findings, conclusions or

recommendations expressed in this material are those of the auth
necessarily reflect the views of the National Science Foundation.




Backup — Things Coming Up in 2025!

As you meet with us in the coffee breaks this week, ask about any
upcoming development topics for the next year:

* Improved cache storage management as part of the Kingfisher pr
* Deployment of high-availability central components.

* Origins behind firewalls — no incoming connectivity.

* User-shareable “collections”.

* Write-through caches

e Cache integration with S3 storage

* Finish Globus integration
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