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Relational Foundation Models



The world runs on relational data



The world runs on relational data



The world runs on relational data



Predictions on relational data are critical



Custom ML models  One model to rule them all



Single tables, time series, graphs

Non-Relational Foundation Models for Enterprise Data



A powerful, general, widely-used representation of enterprise data

The Relational Data Model

• Relational data  tabular data, time series data, graph data 

• Existing FMs for tabular, time-series or graph data don’t work

⊇

Foreign keys Primary keys



Recent Relational Foundation Model Works



Zero-Shot Relational Learning



Motivations and Examples

• Not every database user can afford custom model development: 
- resources (time, compute) 
- expertise (skilled data scientists) 

• E.g., restaurant wants to estimate future in-stock ingredients, 
         school wants to flag students at risk of failing, 
         developer wants to add autocomplete feature to DB-backed web forms 

• Even at larger orgs, data scientists can prototype modeling approaches, 
e.g., does removing location data hurt sales forecasting? 

• Teams can prioritize high-stakes models (e.g., loan defaults), 
leaving less critical ones (e.g., targeted offers) to zero-shot learning



Problem Formulation

• Definition: 
- Predict a new target on new DB (with new schema) 
- Without any DB- or task-specific training 
- All info about new DB and task are supplied via the context window 

• Why? 
- Company data is proprietary and sensitive 
- Company-specific customers, products, etc.  pretraining data 
- Prediction targets are specific to the domain and application

∉



Running Example Database and Task



(a) Tabular visualization for a real example from rel-hm/item-sales

Context Window for Zero-Shot Prompting
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(a) Tabular visualization for a real example from rel-hm/item-sales
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(b) Graph visualization for the same example

Context Window for Zero-Shot Prompting



Wait, let’s just use LLMs?
• Database prediction is NOT sequence modeling 

• LLMs don’t capture relational structure effectively 

• Text serialization requires large context lengths

{"timestamp": "2020-09-14T00:00:00", "article_id": 14075, "product_code": 561445, "prod_name": "Billie.", "product_type_no": 255, "product_type_name": "T-shirt", 
"product_group_name": "Garment Upper body", "graphical_appearance_no": 1010010, "graphical_appearance_name": "Melange", "colour_group_code": 71, "colour_group_name": "Light 
Blue", "perceived_colour_value_id": 1, "perceived_colour_value_name": "Dusty Light", "perceived_colour_master_id": 2, "perceived_colour_master_name": "Blue", "department_no": 
1676, "department_name": "Jersey Basic", "index_code": "A", "index_name": "Ladieswear", "index_group_no": 1, "index_group_name": "Ladieswear", "section_no": 16, "section_name": 
"Womens Everyday Basics", "garment_group_no": 1002, "garment_group_name": "Jersey Basic", "detail_desc": "Short-sleeved, fitted jersey top with a slightly deeper neckline.", 
"add_transactions": [{"t_dat": "2019-09-18T00:00:00", "customer_id": 504738, "article_id": 14075, "price": 0.0067627118644067, "sales_channel_id": 1, "FN": 1.0, "Active": 1.0, 
"club_member_status": "ACTIVE", "fashion_news_frequency": "Regularly", "age": 55.0, "postal_code": "0ea90102716f47a3b56a635d91b086c25c3e8e125ff32c662683da50dd9afc77", 
"add_transactions": [{"t_dat": "2020-02-10T00:00:00", "customer_id": 504738, "article_id": 55514, "price": 0.036, "sales_channel_id": 1, "product_code": 710876, "prod_name": 
"Kennedy skinny stretch chinos", "product_type_no": 272, "product_type_name": "Trousers", "product_group_name": "Garment Lower body", "graphical_appearance_no": 1010016, 
"graphical_appearance_name": "Solid", "colour_group_code": 13, "colour_group_name": "Beige", "perceived_colour_value_id": 2, "perceived_colour_value_name": "Medium Dusty", 
"perceived_colour_master_id": 11, "perceived_colour_master_name": "Beige", "department_no": 5656, "department_name": "Trouser", "index_code": "F", "index_name": "Menswear", 
"index_group_no": 3, "index_group_name": "Menswear", "section_no": 21, "section_name": "Contemporary Casual", "garment_group_no": 1009, "garment_group_name": "Trousers", 
"detail_desc": "Chinos in stretch cotton twill with a zip fly and button, diagonal side pockets and welt back pockets with a button. Skinny Fit – a fit with slightly "}]}, 
{"t_dat": "2020-07-28T00:00:00", "customer_id": 1142649, "article_id": 14075, "price": 0.0067627118644067, "sales_channel_id": 1, "FN": 1.0, "Active": 1.0, 
"club_member_status": "ACTIVE", "fashion_news_frequency": "Regularly", "age": 39.0, "postal_code": "e8a7c9a0cad71040559431af44f21252133e48e28a93f431095a3d54f43397b6", 
"add_transactions": [{"t_dat": "2020-05-29T00:00:00", "customer_id": 1142649, "article_id": 92085, "price": 0.0355762711864406, "sales_channel_id": 1, "product_code": 852420, 
"prod_name": "Jalapeno trousers", "product_type_no": 272, "product_type_name": "Trousers", "product_group_name": "Garment Lower body", "graphical_appearance_no": 1010023, 
"graphical_appearance_name": "Denim", "colour_group_code": 71, "colour_group_name": "Light Blue", "perceived_colour_value_id": 1, "perceived_colour_value_name": "Dusty Light", 
"perceived_colour_master_id": 2, "perceived_colour_master_name": "Blue", "department_no": 1710, "department_name": "Trouser", "index_code": "A", "index_name": "Ladieswear", 
"index_group_no": 1, "index_group_name": "Ladieswear", "section_no": 6, "section_name": "Womens Casual", "garment_group_no": 1009, "garment_group_name": "Trousers", 
"detail_desc": "Ankle-length trousers in soft Tencel™ lyocell denim with a high waist, detachable tie belt, zip fly with a concealed hook-and-eye fastening and wide, "}, 
{"t_dat": "2020-02-15T00:00:00", "customer_id": 1142649, "article_id": 47294, "price": 0.0106610169491525, "sales_channel_id": 2, "product_code": 688537, "prod_name": "Simple 
as that Cheeky Tanga", "product_type_no": 59, "product_type_name": "Swimwear bottom", "product_group_name": "Swimwear", "graphical_appearance_no": 1010026, 
"graphical_appearance_name": "Other structure", "colour_group_code": 42, "colour_group_name": "Red", "perceived_colour_value_id": 5, "perceived_colour_value_name": "Bright", 
"perceived_colour_master_id": 18, "perceived_colour_master_name": "Red", "department_no": 4242, "department_name": "Swimwear", "index_code": "B", "index_name": "Lingeries/
Tights", "index_group_no": 1, "index_group_name": "Ladieswear", "section_no": 60, "section_name": "Womens Swimwear, beachwear", "garment_group_no": 1018, "garment_group_name": 
"Swimwear", "detail_desc": "Fully lined bikini bottoms with a mid waist and cutaway coverage at the back."}, {"t_dat": "2020-06-04T00:00:00", "customer_id": 1142649, 
"article_id": 85156, "price": 0.0129491525423728, "sales_channel_id": 1, "product_code": 818162, "prod_name": "Pat ls bd plaid", "product_type_no": 259, "product_type_name": 
"Shirt", "product_group_name": "Garment Upper body", "graphical_appearance_no": 1010004, "graphical_appearance_name": "Check", "colour_group_code": 23, "colour_group_name": 

Example prompt using above serialization  
(context from last slide ~ 10k tokens)

↓

from the paper “Tackling prediction tasks 
in relational databases with LLMs”



A Transformer designed for 
Relational Data



Design Principles

• Effectively capture relational structure 

• Support flexible self-supervised pretraining 
 

• Enable schema-agnostic zero-shot generalization 
 
 



Our Innovations

• Effectively capture relational structure: 
- novel Relational Attention layers 

• Support flexible self-supervised pretraining 
- cell-level tokenization 
- masked token prediction pretraining 

• Enable schema-agnostic zero-shot generalization 
- task table prompting frames any task as masked token prediction 
- cell datatypes—num/text/bool/datetime—are universal 
- Relational Attention primitives—rows, cols, foreign keys, primary keys—are universal



Overview of the Relational Transformer (RT) architecture 
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Masked FlashAttention kernels using FlexAttention



With column-major serialization of tokens

Block sparsity in attention masks

Feature Attention Neighbor Attention Column Attention



Pretraining Setup

• Leave-one-DB-out on RelBench 

• Masked token prediction objective 

• Combined training on classification and regression: 
- classification loss: BinaryCrossEntropyLoss 
- regression loss: HuberLoss 

• Each run sees ~20 tasks from 6 DBs including: 
- forecasting tasks: predict a future derived quantity 
- autocomplete tasks: predict a future column value 

• 22M parameters, 13B tokens, 2 hrs on 8xA100, 1024 ctx_len



Results



Zero-Shot Binary Classification

AUROC (%), higher is better.



Compared to Gemma3-27B, RT has 
1,000x fewer parameters, 

10-100x lower context requirements, 
100,000x fewer inference FLOPs, 

but 13% better AUROC!

🤯



Zero-Shot Regression

Regression R  (%), higher is better.2

LLMs are unable to do regression ‼ 
(worse than the GlobalMean baseline)



Best is low-, medium- and high-resource settings

Supervised Fine-Tuning



Pretrained RT Embeddings + MLP Fine-Tuning 
gives Full Fine-Tuning quality at much lower cost

Relational Feature Extraction



or, Cost-Quality Trade-Off at Inference

Test-Time Compute Scaling



What leads to transfer? 
(Ablation Studies)



conclusion from context window ablations

A1: In-Context Labels and Schema Semantics



conclusion from relational layer ablations

A2: Column and Feature Attention 

Column attention helps to adapt to new column distributions; 
Feature attention helps to adapt to new entity types.



What now?



https://relbench.stanford.edu

Large-Scale Data Curation

https://relbench.stanford.edu


TGB is now in RelBench v2!



snap-stanford.github.io/plurel

Synthetic Data Generation

• Vignesh will present at TGL reading 
group on Feb 26 (next week)!

http://snap-stanford.github.io/plurel


Thank You!

Co-authors


