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CoFrGeNets: Continued Fraction 
Architectures for Language Generation
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CoFrGeNets

Contributions:

• Novel architectures for modeling Attention and MLPs in 
Transformers.

• Custom gradients using “continuants” that speed up 
training.

• Incremental training strategy to stabilize deep ladder 
training.



CoFrNet

Ratio of polynomials which is a 
rational function



CoFrNet

CoFrNets (Puri et. al. NeurIPS, 2021) 



Can it be extended for generation? 



NanoGPT (Shakespear Dataset)

Val loss = 1.46



CoFrNet – MLP Replaced

Val loss = 1.47

2 full ladder ensembles



CoFrNet – with full ladders for attn.

Val loss = 0.009



CoFrNet – with full ladders for attn.

Val loss = 0.009



CoFrNet – Attn. Replaced

Val loss = 1.59

Causal linear layer, diagonalized cofrnet ladders



CoFrNet – Attn. Replaced

Val loss = 1.55

Causal linear layers, 2 diagonalized cofrnet ladders, product of causal linear layers



CoFrNet – Attn. and MLP Replaced

Val loss = 1.61

Causal linear layers, 2 (diagonalized for attn. and diag ladder of ladders for mlp) cofrnet ladders, product of causal linear layers



CoFrNet

New attention implementation:

Parms: L(p+l)+p2

L=1 gives similar or better results
to our previous architecture
with parms l(l+2d+1) i.e. order l2

Model    Attn.   Val loss   Data
---------------------------------------------
GPT2 (124M)     Old       3.16        OWT (IT)
GPT2 (124M)     New     3.10        OWT (IT)
Llama (165M)    Old       3.22        docling
Llama (165M)    New     3.08        docling
GPT2-xl (1.5B)  Old       2.66        OWT (IT)
GPT2-xl (1.5B)  New     2.64        OWT (IT)

Parms (Standard attention): 4p2



GPT2 Both Replaced

Val loss = 3.11



Continuant Formalism

This implies for a d-depth ladder we now have to perform only 1 division as 
opposed d divisions.



Results



Results

Dyadic Training Schedule: Start training the linear layer and then after ½ the number of total 
iterations start training depth 1, after 3/4th iterations start training depth 2 and so on…



Results



CoFrNet

Value Proposition:

• Novel function class for modeling Attention and MLPs.

• Can be seamlessly integrated into current architectures

• Requires much fewer parameters (2/3 to 1/2 in multiple cases)

• Given the structure possibly much more efficient hardware implementations 
possible (main operation is matrix-vector multiplication and non-linearity is 
reciprocal)



CoFrNet

Tons of exciting future work:

• Replace components in other architectures such as Mamba, MOEs, etc.

• Come up with simpler strategies to stabilize divisions rather than incremental 
training in software and hardware.

• Test on other modalities, multimodal models, world models.

• Explore if having multiple intervention points in the architecture can be 
exploited to train more robust and safe models.

• Study how quantization maybe used to further reduce size given the unique 
functional form.

• Study if custom white box distillation strategies can be developed.



CoFrNet

Where we were …

➔ Implementation that was slow (because of divisions) and architectures restricted to classification

Where we are now…
➔  Generative architectures, faster training and smaller models at billions of parameter scale



Thank You
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