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Pale Fire big vision

• Transforming disparate data silos into interconnected knowledge.

• Knowledge Operating System: Seamlessly converts PDFs, URLs, and Spreadsheets 
into a high-fidelity entity relationship graph.

• Semantic Structure: Maps content based on conceptual weight and relationships 
rather than simple keyword matches. 

• Machine Learning: Use Croissant for ML as a common Semantic Web “language” 
between AI models, data and interfaces.

• Narrative Synthesis: Employs LLMs to explain the 'WHY' behind entity connections 
in broader research contexts.

• Enterprise Readiness: Production-grade deployment with Docker and a persistent 
AI Agent Daemon.



Croissant 1.0 for Machine Learning

https://mlcommons.github.io/croissant/docs/croissant-spec.html

Kaggle data

OpenML data platform
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https://mlcommons.github.io/croissant/docs/croissant-spec.html


● Create
○ Editor

■ https://huggingface.co/spaces/MLCommons
/croissant-editor 

○ Platform auto generate
■ https://huggingface.co/datasets
■ https://www.kaggle.com/datasets 

● Discover and find
○ Google Dataset Search

■ https://datasetsearch.research.google.com/ 

○ Crawler in repo
■ https://github.com/mlcommons/croissant/bl

ob/main/health/visualizer/report_huggingfa
ce.ipynb 

● Use it
○ Colab 

[https://githubtocolab.com/mlcommons/croi
ssant/blob/main/python/mlcroissant/recipes
/tfds_croissant_builder.ipynb]

■ Original 
[https://github.com/mlcommons/croissant/b
lob/main/python/mlcroissant/recipes/tfds_c
roissant_builder.ipynb   

scan to access slides 
and links

Croissant for ML: state of art
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Multilingual Semantic Croissant



Use case: spreadsheets to structured data 

Starting point: Spreadsheet link or Web page



Harvard Dataverse data repository

Croissant 
exporter

Code

Mappings
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Pale Fire AI agent jobs: data depositor



Pale Fire jobs: data depositor



How Pale Fire agent use AI to save data in Dataverse repository

AI Agent job

1. Read input from any source
2. Analyze Web pages and 

find data
3. Extract dataset descriptions 

and form metadata record
4. Create Croissant export for 

Machine Learning tasks
5. Deposit metadata as 

dataset in Dataverse data 
platform

6. Share Croissant back to 
give AI Agent pointers to 
metadata and data files



What is Cross Domain Interoperability Framework (CDIF)?

▪ The Cross Domain Interoperability Framework (CDIF) is 
a set of practical, implementation-level principles 
designed to improve data management practices within 
any community and lower the barriers to cross-domain 
data reuse. CDIF offers standards and methodologies 
for achieving different types of interoperability 
necessary for reusing data across diverse domains. It is 
(currently) built around five core profiles that address 
the essential functions for implementing cross-domain 
FAIR principles. 

▪ Serves a number of use cases, but above all those of 
finding and combining / integrating data for subsequent 
research.

▪ CDIF was first released in May 2024 as an output of the 
WorldFAIR project: 
https://doi.org/10.5281/zenodo.11236871

▪ The point of reference for CDIF and its component 
profiles is now the CDIF Book: https://bit.ly/CDIF-Book  

https://doi.org/10.5281/zenodo.11236871
https://bit.ly/CDIF-Book


Pale Fire Footnotes turning Web pages in data 



Pale Fire data scraping job: metadata



Pale Fire data scraping job: variables / 1



Pale Fire data scraping job: variables /2



Pale Fire: AI-Ready dataset produced by AI



Pale Fire: Analyzing video



Pale Fire: chatting with video transcript



How it works: NER Enrichment System

• Hybrid Extraction Engine: Combines spaCy's high-precision (95%+) models with 
robust regex fallbacks.

• Extensive Entity Support: Recognizes 18+ types including Persons, Locations, 
Organizations, Dates, Laws, and Events. It’s being integrated with Croissant 
metadata.

• Structural Annotation: Injects metadata hints into the text to guide LLMs in 
accurate graph construction.

• Contextual Disambiguation: Intelligently distinguishes between entities like 'Apple' 
(company) and 'apple' (fruit).



How it works: Intent Intelligence

• Query Type Detection: Automatically identifies question intent (WHO, WHERE, 
WHEN, WHY, HOW MANY).

• Dynamic Weighting: Boosts relevant entity types based on intent (e.g., doubling 
Person weights for 'WHO' queries).

• Strategic Search: Tailors the ranking algorithm to prioritize the most semantically 
relevant data points (Qdrant).

• Improved Accuracy: Reduces noise by aligning search results with the specific 
nature of the user's inquiry.



Pale Fire AI Agent Daemon

• Zero Cold-Start: Keeps heavy spaCy and Gensim models pre-loaded in memory for 
instant NLP processing.

• Shared Memory Architecture: Enables concurrent API calls to access the same 
model instances, reducing RAM overhead.

• High Performance: Optimized to handle over 100 concurrent requests per second 
on standard hardware.

• Robust Stability: Includes automatic PID tracking, health monitoring, and 
self-recovery mechanisms.



Ghostwriter in Pale Fire: Intelligent RAG (Qdrant)

• Infinite Context: Implements semantic 
chunking to ingest and process any URL or 
local document regardless of length.

• High-Speed Retrieval: Fully integrated with 
Qdrant vector database for sub-second 
similarity searches.

• Private Inference: Supports a 'Local-First' 
stack using Ollama for secure, offline data 
analysis.

• Verifiable Citations: Maintains direct 
mapping between generated text and the 
original source chunks/URLs.



Pale Fire AI Expert Skills 

Expert skills are supporting Pale Fire ecosystem



Multimodal & Translation

• Advanced Transcriber: Converts video content into structured text using 
multimodal models like Gemini Pro.

• Expert Translation: Preserves technical terminology and nuanced meaning across 
multiple languages.

• Precision Extraction: Near-human accuracy in extracting entities from messy, 
unstructured web content.

• Rights Governance: Additional work to generate policies to ensure data usage 
compliance (DID and ODRL).



Open Digital Rights Languages (ODRL)



Model Context Protocol (MCP)

• Native Claude Integration: Exposes Pale Fire's knowledge graph as a tool for the 
Claude Desktop client.

• Tool-Enabled Search: Provides `ingest_url`, `ask_question`, and `search_content` 
capabilities to AI assistants.

• Fact-Based Workflows: AI clients use Pale Fire to provide deep factual backing for 
generated answers.

• Interoperability: Fully compatible with any modern client supporting the Model 
Context Protocol.



Modular Architecture

• Fully Containerized: Ready-to-use Docker-Compose setup for Neo4j, Qdrant, and 
the AI Agent Daemon.

• Unified Logic Path: Ensures identical processing whether accessed via CLI or the 
FastAPI REST interface.

• DevOps Automation: Simplified workflows with `make setup`, `make ingest-demo`, 
and `make logs`.

• Open Standards: Built entirely on open technologies like Neo4j/Cypher, Python, 
and FastAPI.



Credits

• Pale Fire: Created by Slava Tykhonov 
https://www.linkedin.com/in/vyacheslavtikhonov/

CODATA Head of AI https://www.codata.org

• Mission: Bridging the gap between raw data, intelligence, and narrative synthesis.

• Future-Proof: Open-source and human-readable knowledge search designed for 
the AI era.

• Source Code: Available at https://github.com/agstack/palefire

• Pale Fire Footnotes: https://github.com/CA4EOSC/footnotes funded by 
ClimateAdapt4EOSC project (Horizon 2020 Europe) 

• Community: hosted by AgStack / Linux Foundation.

https://www.linkedin.com/in/vyacheslavtikhonov/
https://www.codata.org
https://github.com/agstack/palefire
https://github.com/CA4EOSC/footnotes

