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The Story of the 

AI Lakehouse 
is the Story of the 

Offline Feature Store
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Just as the cloud revolutionized 
Enterprise computing by separating 
storage and compute, the 
Lakehouse is revolutionizing 
Enterprise data by separating data 
from its query engines.

Engines

Data Integration
(Fivetran, Airbyte,etc)

BI Tools
(Tableau, Looker, etc)

Event Bus
(Kafka, Kinesis, 
Red Panda, etc)

Steaming Engine
(Flink, Spark Streaming, 

Feldera, etc)

SQL / Batch Query Engine
(Spark, DuckDB, BigQuery, StarRocks, 

Trino, Snowflake, Polars, 
Dremio, etc)

Catalog
(Hive, Unity Catalog, Polaris, Iceberg REST API)

Table Format
(Delta, Iceberg, Hudi)

Storage
(S3, ADLS, etc)

Lakehouse
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4 2021 2023

CIDR paper by  
Databricks introducing 
the Lakehouse 
Architecture.

20242019

Hudi on Hops
Initial support for Hudi 
on Hopsworks
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Offline Store
Apache Hive Only

Delta Lake   
early release by 
Databricks.

Iceberg spec and 
incubation as 
Apache Project

Offline Store
Apache Hudi becomes 
default Offline Store

Pluggable Offline Store
Choose Data Store for 
External Feature Groups

Offline Store is the 
Lakehouse
Hudi, Delta, (Iceberg)

Dremio, Trino, Presto 
add support for 
Iceberg 

Snowflake support for 
Iceberg
AWS Glue adds 
Iceberg support (Hudi 
supported since 2020)

Databricks supports 
Iceberg (Tabular acq)

Unity Catalog and Polaris 
Catalog open sourced

Growth of Iceberg Lakehouse becomes 
primary architecture for 
analytical workloads
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https://www.cidrdb.org/cidr2021/papers/cidr2021_paper17.pdf
https://www.diva-portal.org/smash/record.jsf?pid=diva2%3A1413103&dswid=-1042
https://www.hopsworks.ai/post/feature-store-the-missing-data-layer-in-ml-pipelines
https://delta.io/blog/2019-04-22-delta-lake-0-1-0-released/
https://incubator.apache.org/projects/iceberg.html
https://www.logicalclocks.com/blog/hopsworks-feature-store-api-2-0
https://www.hopsworks.ai/post/external-data-stores-in-hopsworks-with-connector-api
https://www.logicalclocks.com/blog/hopsworks-feature-store-api-2-0
https://www.logicalclocks.com/blog/hopsworks-feature-store-api-2-0
https://www.dremio.com/blog/announcing-the-dremio-october-2021-release/
https://trino.io/blog/2021/12/31/trino-2021-a-year-of-growth.html
https://www.percona.com/resources/videos/presto-and-apache-iceberg-percona-live-2021
https://www.snowflake.com/en/blog/unifying-iceberg-tables/
https://www.snowflake.com/en/blog/unifying-iceberg-tables/
https://www.databricks.com/blog/databricks-tabular
https://www.databricks.com/blog/open-sourcing-unity-catalog
https://www.snowflake.com/en/blog/polaris-catalog-open-source/
https://www.snowflake.com/en/blog/polaris-catalog-open-source/
https://www.dremio.com/blog/dremios-top-5-data-and-analytics-predictions-for-2024/
https://hello.dremio.com/wp-state-of-the-data-lakehouse-reg.html?_gl=1*8qr7c4*_gcl_au*MTU2Mzc4Mjg1LjE3MjcyNDA1OTA.
https://hello.dremio.com/wp-state-of-the-data-lakehouse-reg.html?_gl=1*8qr7c4*_gcl_au*MTU2Mzc4Mjg1LjE3MjcyNDA1OTA.
https://hello.dremio.com/wp-state-of-the-data-lakehouse-reg.html?_gl=1*8qr7c4*_gcl_au*MTU2Mzc4Mjg1LjE3MjcyNDA1OTA.


The Offline Feature Store 
is now a Lakehouse*
*The offline store is open, so it cannot be a feature platform that limits
  the compute engines you use.

*The offline store is a Lakehouse, so the feature store is not virtual.
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The Online Store and 
Vector Index extend the 
Lakehouse to become 
the AI Lakehouse
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The tale of 

2 AI Lakehouse 
Architectures
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// TikTok’s AI Recommender needs Fresh Features

User History & Context

Video 2
millions Hundreds Dozens

Candidate
Generation

Ranking

Video1

Video 3

Video 4

Video 5

click/swipe

Videos

hundreds 
of

millions

User

FEATURE FRESHNESS

Total Latency < 50ms

[Exabytes (billions of GBs) of data in ByteDance Iceberg-powered Lakehouse]

Machine Learning at ByteDance

● Total dataset volume at EB level in Apache Iceberg, daily increase at 
PB level, largest dataset 150 PB. Every dataset has ~30k columns.

● Supports model training and iteration for ads, search, and 
recommendations 

● Supports feature research and engineering.
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https://www.youtube.com/watch?v=UPjr0qZ0-Do


Minimize Feature Freshness for Real-Time AI Systems

Inference PipelineTraining PipelineStreaming 
Feature Pipeline

Data
Events Client

AI Lakehouse

feature freshness (milliseconds / seconds)

Write Read

Read

Start 
Timer 

Stop 
Timer 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Ingestion
Batch

Ingestion
Real-time

Lakehouse Table Low Latency
Database

Offline Store Online Store

sync

💡 Extend Lakehouse Tables with Real-Time Access and Vector Search

Vector Index
Vector

Databasesync

Delta Hudi       Iceberg

The Non Real-Time AI Lakehouse
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feature freshness (minutes)



Hopsworks: A Real-time AI Lakehouse
💡 Fresh Features should stream updates to the Online Store

Ingestion
Batch

Ingestion
Real-time

Online Store
(RonDB)

Offline Store

Vector Index
(OpenSearch)

Feature Group

Delta Hudi Iceberg     

Online API

Similarity Search

Offline API

Kafka

stream API

batch API

ACID Updates & 
Discard Duplicates

Idempotent Updates

Shared Schema

Feature 
Group
Client
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feature freshness (1-2 secs)



MLOps Platforms

AI Assets

AI Pipelines & AI AppsEngines

Data Integration
(Fivetran, Airbyte,etc)

BI Tools
(Tableau, Looker, 

etc)

Event Bus
(Kafka, Kinesis, 
Red Panda, etc)

Streaming Engine
(Flink, Spark Streaming, 

Feldera, etc)

Query Engine
(Spark, DuckDB, BigQuery, 

StarRocks, Trino, Snowflake, 
Polars, Dremio, etc)

Catalog
(Hive, Unity Catalog, Polaris, Iceberg REST API)

Table Format
(Delta, Iceberg, Hudi)

Storage
(S3, ADLS, etc)

Fine-Tuning

RAG

Sklearn

Pytorch

Polars

Pandas

Lakehouse

D
IS

C
O

N
N
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Monitoring

Feature 
Serving & 
Registry

Model
Serving & 
Registry

Vector 
Index
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AI Pipelines

Engines

Data Integration
(Fivetran, Airbyte,etc)

BI Tools
(Tableau, Looker, 

etc)

Event Bus
(Kafka, Kinesis, 
Red Panda, etc)

Streaming Engine
(Flink, Spark Streaming, 

Feldera, etc)

SQL / Batch Query Engine
(Spark, DuckDB, BigQuery, StarRocks, Trino, 

Snowflake, Polars, Dremio, etc)

Catalog
(Hive, Unity Catalog, Polaris, Iceberg REST API, Hopsworks)

Table Format
(Delta, Iceberg, Hudi)

Storage
(S3, ADLS, etc)

Fine-Tuning

RAG/Agentic

Sklearn

Pytorch

Polars

Pandas

The AI Lakehouse with Hopsworks

Data/Model Monitoring

AI Query Engine
(Hopsworks Query Service)

AI Infrastructure Services

Feature 
Serving DB

Model 
Serving 

Vector 
Index

Unstructured 
Datasets

13Introducing the AI Lakehouse, Blog Post

https://www.hopsworks.ai/post/the-ai-lakehouse


// LLM Support for the Lakehouse

Model of 
Your Data

Model of 
Real-Time 

History 
& Context

Model of 
The World 
(language)

LLM

Fine-Tuning (FT)

Retrieval Augmented 
Generation (RAG)

Lakehouse
Tables

Vector IndexANN 
Search

Function 
Calling

Train

14Function Calling with LLMs and Lakehouse Tables, PyData London’24

https://www.youtube.com/watch?v=dRcjTe5qgwM


Explore our latest 
tutorials

Join our slack 
community

Ask us any 
questions

public-hopsworks.slack.com 
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