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• Trigonometric Random Features  (Rahimi & Recht, 2007)

• Positive Random Features (FAVOR+)  (Choromanski et al., 2021)



MSEs for Trigonometric and Positive RFs 
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Our Motivation for Hybrid Random Features (HRFs)

• Question:



Hybrid Random Feature Estimator of SM(x,y)
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HRF Estimator and Its Time Complexity

• Computational Gains:



Bipolar HRF Estimators

• Take                                                   :



Bipolar HRF Estimators

• Take                                                   :

• Angular Lambda Coefficients: 

• Gaussian Lambda Coefficients 



MSE of Bipolar HRF Estimators
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Max Relative Error for Angular Hybrid Estimator
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Max Relative Error for Angular Hybrid Estimator



Pointwise Softmax Kernel Estimation



Experiment 1: Language Modeling

• Language modeling task (Rawat et al., 2019)



Experiment 2: Training Speech Models with HRF-Conformers-Performers

• Speech models with LibriSpeech ASR corpus (Panayotov et al., 2015)



Experiment 3: Downstream Robotics Experiments

• Step-stone locomotion and robotic-arm manipulation tasks (Choromanski et al., 2021a) 


