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CHAPTER 01

Big Bear Solar Observatory's
Data Distribution with OSDF:
Technical Case Study

Executive Summary

The Big Bear Solar Observatory (BBSO), a leading ground-based solar observation
facility, faced significant challenges in distributing its ever-growing volume of
high-resolution solar data to a global community of researchers. Traditional data
transfer methods were proving insufficient, leading to bottlenecks in data
accessibility, slow download speeds for remote users, and increased operational
overhead. This case study details BBSO's strategic adoption of the Open Science
Data Federation (OSDF) to revolutionize its data distribution architecture. By
leveraging OSDF's globally distributed caching, federated data access, and robust
transfer protocols, BBSO successfully transformed its data pipeline, achieving
substantial improvements in data accessibility, performance, and operational
efficiency, ultimately accelerating solar physics research worldwide.

Background: The Big Bear Solar Observatory's Data
Challenge

The Big Bear Solar Observatory, located in Big Bear Lake, California, operates
state-of-the-art instruments like the Goode Solar Telescope (GST), capturing
unprecedented high-resolution images and spectroscopic data of the Sun. This
instrumentation generates terabytes of raw and processed data daily,
encompassing various wavelengths and phenomena crucial for understanding
solar activity, space weather, and fundamental plasma physics.

Prior to OSDF implementation, BBSO's data distribution relied primarily on
localized storage and traditional file transfer protocols (FTP/HTTP) from a central
server. This approach presented several critical constraints:

* Data Volume Escalation: The increasing resolution and continuous
observation cycles led to an exponential growth in data, straining local
storage and outbound network bandwidth.
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* Global Access Latency: Researchers located geographically distant from

BBSO experienced high latency and slow download speeds, impeding timely
access to critical datasets.

* Infrastructure Burden: Managing and scaling the central data server,

including maintaining sufficient bandwidth and storage, required significant
IT resources and expertise.

* Lack of Redundancy: The centralized approach presented a single point of

failure risk, potentially impacting data availability during outages or
maintenance windows.

* Limited Data Discovery: While data portals existed, the underlying

distribution mechanism lacked the efficiency required for large-scale,
programmatic access by distributed computing resources.

These limitations underscored an urgent need for a modern, scalable, and high-

performance data distribution solution that could meet the demands of global

scientific collaboration.

Requirements for a Modern Scientific Data Platform

BBSO's technical team, in collaboration with its research community, identified

several key requirements for a new data distribution platform:

1.

Scalability: Ability to handle petabytes of data storage and seamlessly
accommodate future growth without significant architectural overhaul.

. Global Performance: Provide high-speed data access and transfer rates

for researchers worldwide, minimizing latency regardless of geographical
location.

. Reliability and Durability: Ensure high availability of data with built-in

redundancy and mechanisms to prevent data loss.

. Security: Implement robust authentication and authorization to protect

sensitive data while enabling controlled access for collaborators.

. Ease of Use: Offer intuitive interfaces and programmatic APIs for data

discovery, access, and integration into scientific workflows.

. Cost-Effectiveness: Optimize storage and transfer costs, especially for

large volumes of egress data.

. Interoperability: Support standard data formats and protocols to facilitate

integration with existing scientific tools and platforms.
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8. Operational Simplicity: Reduce the administrative burden associated with
data management and infrastructure maintenance.

Architectural Choices: Embracing the Open Science
Data Federation

After evaluating several solutions, including commercial cloud storage and self-
managed distributed file systems, BBSO opted for the Open Science Data
Federation (OSDF). OSDF, a global data federation built on the OSG (Open Science
Grid) fabric, offered a compelling combination of distributed architecture, caching
capabilities, and a community-driven approach that aligned perfectly with BBSO's
scientific mission.

The decision to adopt OSDF was driven by several key architectural advantages:

* Global Data Namespace: OSDF provides a single, unified namespace for
all data, simplifying data discovery and access regardless of where the data
physically resides.

* Distributed Caching and Replication: Data can be cached or replicated
at various OSDF "cache" or "origin" sites globally. This brings data closer to
researchers, significantly reducing latency and improving transfer speeds.

* Data Transfer Nodes (DTNs): OSDF leverages high-performance DTNs
optimized for large-scale data transfers, bypassing common network
bottlenecks.

* Federated Identity Management: Integration with existing identity
providers allows for secure, role-based access control across the federation.

* Community-Driven Infrastructure: OSDF is a shared resource, benefiting
from collective investment in infrastructure and expertise, reducing the
direct operational burden on individual observatories.

High-Level OSDF Architecture for BBSO

The integration positioned BBSO as an "origin" site within the OSDF, providing its
data to the global federation. Researchers then access this data through the
nearest OSDF cache or directly from the origin, facilitated by the global
namespace and optimized routing.
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Real-world insight: The OSDF acts as a CDN (Content Delivery Network) for
scientific data, intelligently routing requests and caching frequently accessed
datasets closer to the end-users.

OSDF Integration and Data Ingest Workflow

The implementation involved several key steps to integrate BBSO's data into the
OSDF ecosystem:

1. Origin Site Setup: BBSO configured its local data servers as an OSDF
origin site. This involved deploying OSDF-compatible storage elements (e.qg.,
XRootD servers) and registering them with the OSDF central services.

2. Data Ingest Automation: A robust pipeline was developed to
automatically transfer new solar data from BBSO's instrument processing
systems to the OSDF origin storage. This pipeline was designed to be
resilient to network interruptions and to ensure data integrity during
transfer.

3. Metadata Integration: While OSDF primarily handles data transfer, BBSO
ensured its existing metadata catalog was linked to the OSDF data paths,
enabling researchers to discover data through traditional portals and then
leverage OSDF for efficient retrieval.

4. Policy Configuration: Access policies were defined within OSDF to control
which user groups or individuals could access specific datasets, aligning
with BBSO's data sharing agreements.

Example Data Ingest using rclone

For automated data ingest, BBSO utilized rclone, a versatile command-line
program for managing files on cloud storage, configured to interact with the
OSDF's XRootD endpoints. This allowed for robust, resumable transfers of large
data volumes.

#!/bin/bash
# Script to synchronize BBSO processed data to OSDF origin
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SOURCE _DIR="/data/bbso/processed/gst/$(date +%Y%m%d)"
OSDF_REMOTE_NAME="bbso-osdf"
0SDF_PATH="/bbso/gst/$(date +%Y%m%d)"

echo "Starting data synchronization for $(date +%Y%m%d)..."

# Ensure the source directory exists

if [ ! -d "$SOURCE DIR" 1; then
echo "Source directory $SOURCE DIR not found. Exiting."
exit 1

fi

# Use rclone to sync data, ensuring integrity and retries
rclone sync \
--progress \
--checksum \
--retries 5 \
--log-file "/var/log/rclone_osdf sync.log" \
"$SOURCE_DIR" "$0SDF REMOTE_ NAME:$0SDF PATH"

if [ $? -eq 0 1; then

echo "Synchronization complete for $(date +%Y%m%d)."
else

echo "Synchronization failed for $(date +%Y%m%d). Check logs."
fi

# Example rclone config entry for bbso-osdf (stored in ~/.config/rclone/
rclone.conf)

# [bbso-osdf]

# type = xrootd

# url = root://bbso-osdf-origin.bbso.edu:1094

> Important: The rclone configuration points to BBSO's OSDF origin site,
which then makes the data available to the broader OSDF network.

Enhancing Data Accessibility and Performance

The deployment of OSDF dramatically improved BBSO's data accessibility and
performance for its global user base:

* Reduced Latency for Remote Users: By leveraging OSDF's distributed
caching network, data requests from researchers in Europe or Asia were
often served from a local cache rather than directly from California. This
significantly reduced network latency and improved perceived download
speeds.

* Accelerated Data Transfers: OSDF's optimized Data Transfer Nodes
(DTNs) and parallel transfer capabilities allowed for sustained high-
throughput data transfers, crucial for petabyte-scale datasets. Researchers
could now download large observational sequences in minutes rather than
hours.
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* Simplified Global Access: The unified OSDF namespace abstracted away
the complexity of physical data locations. Researchers could access BBSO
data using a consistent path, regardless of which OSDF endpoint they were
connected to.

* Increased Data Availability: The distributed nature of OSDF inherently
provided a higher degree of availability. Even if BBSO's primary origin had
temporary issues, cached copies of data could still be served from other
OSDF sites.

Reliability and Security Considerations

OSDF's design principles inherently address reliability and security, which were
critical for BBSO:

* Data Reliability:

* Distributed Storage: While BBSO's primary data resided on its
origin, OSDF's ability to cache and optionally replicate data across
multiple sites provided a layer of redundancy.

* Checksum Verification: Data integrity was maintained through
checksums during transfers and storage, preventing silent data
corruption.

* Resilient Transfers: The underlying data transfer protocols (e.g.,
XRootD) are designed for resilience, with automatic retries and
connection management.

* Security:

* Federated Authentication: OSDF integrates with federated identity
management systems (like ClLogon, which uses institutional
credentials), allowing researchers to use their existing university
logins.

* Fine-Grained Authorization: Access control lists (ACLs) could be
applied at the file or directory level, ensuring that only authorized
users or groups could access specific datasets.

* Encrypted Transfers: Data transfers within the OSDF network were
secured using standard encryption protocols (e.g., TLS), protecting
data in transit.
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Challenges and Tradeoffs

While highly beneficial, the OSDF implementation presented its own set of
challenges and required careful tradeoffs:

* Initial Configuration Complexity: Setting up an OSDF origin site and
integrating it with existing BBSO infrastructure required specialized
expertise in XRootD, network configuration, and OSDF specific tools. This
demanded a learning curve for the BBSO IT team.

* Data Migration Overhead: The initial ingest of historical BBSO data into
the OSDF origin was a significant undertaking, requiring careful planning
and execution to avoid disrupting ongoing operations.

* Network Bandwidth Requirements: While OSDF optimizes data transfer,
the origin site still needed robust outbound bandwidth to serve uncached
data and to populate caches initially. BBSO invested in upgrading its internet
connectivity to meet this demand.

* Cache Coherency Management: For rapidly updated datasets (e.qg., real-
time solar flares), ensuring immediate cache invalidation across the
federation can be complex. BBSO adopted policies to balance caching
benefits with the need for fresh data for time-critical analyses.

* Resource Contribution: As an OSDF origin, BBSO implicitly contributed its
storage and network resources to the wider federation, a tradeoff for
benefiting from the global infrastructure.

Quantifiable Results and Impact

The adoption of OSDF delivered significant, quantifiable improvements for the Big
Bear Solar Observatory and its research community:
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Metric

Remote Download
Speed (avg)

Data Availability

Operational Effort
(Data Ops)

Global User Reach

Time to Access
Large Dataset

Before OSDF
(Typical)

10-50 MB/s (for
1TB file)

99.5% (local
server uptime)

~2 FTEs (Full-Time
Equivalent)

Limited by local
egress

Hours to days (for
1TB)

After OSDF
(Typical)

200-500 MB/s
(from cache)

99.9%
(federated
network)

~1.4 FTEs

Effectively
global

Minutes to

hours (for 1TB)

Improvement

4x - 10x faster

Enhanced redundancy

~30% reduction

Unconstrained by local
network

Significantly reduced
research cycle time

* Enhanced Research Velocity: Researchers could access and process
BBSO data much faster, accelerating scientific discovery and collaboration

on time-sensitive solar events.

* Reduced Infrastructure Costs: While initial setup required investment,
the shared nature of OSDF and offloading of global distribution to the

federation reduced the need for continuous, costly upgrades to BBSO's own
outbound bandwidth and data center infrastructure.

* Broader Scientific Impact: By making high-resolution solar data readily

available globally, BBSO fostered wider participation in solar physics
research, attracting new collaborators and enabling more diverse analyses.

Lessons Learned from the OSDF Deployment

The OSDF deployment at BBSO provided several valuable lessons for other

scientific institutions considering similar data distribution challenges:

* Early Engagement is Key: Involving researchers and IT staff from the

outset ensures requirements are accurately captured and fosters buy-in for

the new system.

* Network Infrastructure is Paramount: While OSDF optimizes transfers,

a robust, high-bandwidth connection at the origin site is still critical for initial

data ingest and serving uncached requests.
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 Metadata Integration is Not Optional: A powerful data distribution
system like OSDF is most effective when paired with comprehensive and
accessible metadata for data discovery.

* Start Small, Scale Gradually: Begin with a subset of data or a pilot group
of users to validate the setup and address issues before a full-scale rollout.

* Leverage Community Support: The OSDF and OSG communities offer
extensive documentation, support forums, and expert assistance, which
proved invaluable during the integration process.

* Consider Data Lifecycle: Plan for long-term data archival and retention
strategies in conjunction with the distribution platform.

The successful implementation of OSDF at the Big Bear Solar Observatory stands
as a testament to the power of federated data infrastructure in addressing the
unique challenges of large-scale scientific data distribution, paving the way for
more collaborative and efficient global research.

Transparency Note

This case study is a hypothetical analysis based on the capabilities and
architectural patterns typically associated with the Open Science Data Federation
(OSDF) and the general data distribution challenges faced by scientific
observatories. The arXiv reference arXiv:2605.15378 is a placeholder for a
future or conceptual paper, and the specific details, metrics, and implementation
specifics are inferred to create a realistic and detailed technical narrative.

References
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[https://osdf.osg-htc.org/](https://osdf.osg-htc.org/) (Conceptual reference)

* XRootD Project: [http://xrootd.org/](http://xrootd.org/) (Core technology
for OSDF data access)

* rclone Documentation: [https://rclone.org/](https://rclone.org/) (Tool used
for data synchronization)

* Big Bear Solar Observatory (BBSO) Official Website: [https://
WWW, Njit. (https://www.bbso.njit.edu/) (Background information on
the observatory)

Big Bear Solar Observatory's Data Distribution with OSDF: Technical Case Study

11


https://osdf.osg-htc.org/%5D
http://xrootd.org/%5D
https://rclone.org/%5D
https://www.bbso.njit.edu/%5D
https://www.bbso.njit.edu/%5D

	Technical Case Studies
	Contents
	Big Bear Solar Observatory's Data Distribution with OSDF: Technical Case Study
	Executive Summary
	Background: The Big Bear Solar Observatory's Data Challenge
	Requirements for a Modern Scientific Data Platform
	Architectural Choices: Embracing the Open Science Data Federation
	High-Level OSDF Architecture for BBSO

	OSDF Integration and Data Ingest Workflow
	Example Data Ingest using rclone

	Enhancing Data Accessibility and Performance
	Reliability and Security Considerations
	Challenges and Tradeoffs
	Quantifiable Results and Impact
	Lessons Learned from the OSDF Deployment
	Transparency Note
	References


