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Tabular Foundation Model : TabPFN

Based on Noah et al., “Transformer can do Bayesian Inference” 

“TabPFN 2.5 : Advancing the SOTA in Tabular Foundation Model” and related works
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V2.5Advancing the sota in Tabular FM (26.2)



Introduction

Prior Fitted Network(PFN)
: trained with only synthetic data 
: generation

Tabular data adaptation 
: modeling 

In context learning(ICL)
: train and inference 



V_0



Preliminary : Gaussian process(GP)

V_0(Transformer can do BI)

Gaussian + Process

Stochastic process : Set of random variable 
Gaussian : Structure of process



Preliminary : Gaussian process(GP)

V_0(Transformer can do BI)

𝑓 𝐱 ∼ 𝒢𝒫 𝑚 𝐱 , 𝑘 𝐱, 𝐱′-> (like Infinite expansion)

Where cov 𝑓 𝐱𝐩 , 𝑓 𝐱𝐪 = 𝑘 𝐱𝐩, 𝐱𝐪

𝐟 ∼ 𝒩 𝑚(𝒙), 𝐾 𝑋, 𝑋-> Subset of Process or marginalization



GP : function space

V_0(Transformer can do BI)



GP : kernel & hyperparameter make different prior 

V_0(Transformer can do BI)

Kernel : Symmetric & positive semi-definite

Squared exponential(SE) ∶  𝑘 𝑥, 𝑥′ = 𝜎𝑓
2 exp −

𝑥 − 𝑥′ 2

2ℓ2



GP : kernel & hyperparameter make different prior 

V_0(Transformer can do BI)



GP PPD inference

V_0(Transformer can do BI)

Test prior : 𝐟∗ ∼ 𝒩 𝟎, 𝐾 𝑋∗, 𝑋∗

training ∶ 𝐟 ∼ 𝒩 𝟎, 𝐾 𝑋, 𝑋

MVN :

Posterior :



GP : PPD baseline

V_0(Transformer can do BI)



Training framework : Prior data fitted Network

V_0(Transformer can do BI)

Input : train D (x,y) 
& test(query) x



Training framework

V_0(Transformer can do BI)

output : dist q on y



Training algorithm 

V_0(Transformer can do BI)



Architecture_body : encoder-only transformer

Transformer can do BI

-input encoding (w/o positional encode, revised after)
Train : 

Test :

-> d * N   (N=n+m)

-encoder-only transformer

-attention mask 
: query(test) : can not attend to other queries
: train : attend to train and queries  



Head : Piece-wise constant(Riemann) distribution

Transformer can do BI

Head : q_theta = Rieman ( softmax(z) ) =                               

Bucket (default 1000)

Probability density 
: discretized continuous distribution 
: uniform dist on y in bucket b_i

…



Head : Piece-wise constant(Riemann) distribution

Transformer can do BI

Head : q_theta = Rieman ( softmax(z) ) =                               

Bucket (default 1000)



Loss:Negative Log likelihood 

Transformer can do BI

-not calculated based on ppd of prior

Conditional dist



Loss:NLL 

Transformer can do BI

Log operation

: Equivalent to minimize KL divergence



Inference framework (ICL)

V_0(Transformer can do BI)

- D(x,y) : context 

- Single forward pass 
- No extra tuning 



Data generation 

V_0(Transformer can do BI)

- GP 

- Bayesian Neural Network



mimic GP PPD  

Transformer can do BI



Approximate GP PPD  

Transformer can do BI



ICL. No need to tune (BNN PPD)  

Transformer can do BI



Small dataset - classification

Transformer can do BI

V_0 : Just Proof of concept 



V_1

“Tabular data classification problems are still dominated by 
Gradient-Boosted Decision Trees(GBDT)”



Slight changes from v_0

TabPFN v_1

Slight change (More layer… )

Zero-padding for various # features

Ensemble 
: 32 forward pass 
: scaling, rotating feature & class label
:(actual performance is permutation variant) 



Prior : SCM(50%) + fully Bayesian BNN(50%) 

TabPFN v_1



Competitive performance

TabPFN v_1

Just need for a second to beat 1h trained model  



TabPFN v_2

TabPFN v_2



TabPFN v_2

Toward scalable prior



Core changes : cell-wise encoding 

TabPFN v_2

Encode 
: feature normalize

: linear(                                         ) 
-> row-wise characteristic

: random feature embedding
-> Column-wise charactristic

=> Cell-wise encoding 



2-way attention  

TabPFN v_2

Feature attention 
Sample attention (masking) 



Further Engineering 

TabPFN v_2 , v_2.5

Cache 

Data grouping (homogenous) 

Feature subsampling 

…



Outperform GBDT

TabPFN v_2



Further Scaling

TabPFN v_2



Takeaway

TabPFN v_2

In context learning(ICL)

Prior Fitted Network(PFN)
: trained with only synthetic but realistic data 
: inductive bias 

Tabular data adaptation 
: 2way attention  / cell wise encoding 


