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Research Interests

Foundations of large language models; Transformers; algorithms for self-attention; deep learning; machine learning.

Education

Columbia University Sep 2022 – May 2027 (expected)
Ph.D. candidate in Computer Science, Advisor: Prof. Josh Alman, Prof. Toniann Pitassi.

GPA: 4.1/4.0.

Indian Institute of Technology (IIT), Kanpur Jul 2017 – May 2022
Dual B.Tech-M.Tech in Computer Science and Engineering, Advisor: Prof. Nitin Saxena

M.Tech CPI: 10.0/10.0, B.Tech CPI: 9.0/10.0.
Thesis: Root-finding algorithms for multivariate polynomials modulo prime-powers.

– Best BT-MT Thesis Award, Class of 2022

Experience

Visiting Researcher, Tata Institute of Fundamental Research, Mumbai. Dec 2024

– Host: Prof. Arkadev Chattopadhyay. Worked on number-in-hand communication complexity lower-bounds.

Visiting Graduate Student, Simons Institute, Berkeley, CA. Jan 2023 – Apr 2023

– Attended Meta-Complexity workshop. Worked on communication complexity, proof-complexity and combinatorics.

Research Fellow, Max Planck Institute of Software Systems, Germany. May 2020 – Jul 2020

– Host: Prof. Joël Ouaknine. Worked on computability of the continuous Skolem problem for higher dimensions.

Publications and Preprints

1. Sayak Chakrabarti, Toniann Pitassi, Josh Alman. Every Bit Counts: A Theoretical Study of Precision–
Expressivity Tradeoffs in Quantized Transformers. Submitted, 2026. �

2. Sayak Chakrabarti, Toniann Pitassi, Josh Alman. Poly-attention: a general scheme for higher-order
self-attention. (accepted to) International Conference on Learning Representations (ICLR), 2026. �

3. Sayak Chakrabarti, Ashish Dwivedi, Nitin Saxena. Solving polynomial systems over non-fields and applications to
modular polynomial factoring. Journal of Symbolic Computation 125 (2024): 102314. �

4. Sayak Chakrabarti, Nitin Saxena. An effective description of the roots of bivariates mod pk and the related
Igusa’s local zeta function. International Symposium on Symbolic and Algebraic Computation (ISSAC). 2023. �

5. Aditya Gulati, Sayak Chakrabarti, Rajat Mittal. On Algorithms to Find p-ordering. Conference on Algorithms
and Discrete Applied Mathematics (CALDAM). 2021. �

6. Soumendu Sundar Mukherjee, Sayak Chakrabarti. Graphon estimation from partially observed network data.
arXiv:1906.00494. 2019. �

Selected Research Projects

Expressivity of Transformers with quantization Jul 2025 – Present
Prof. Josh Alman, Prof. Toniann Pitassi, Columbia University

– Proved a fine-grained one-bit tradeoff : constructed a task solvable by a 1-layer Transformer at p-bit precision and
showed that dropping a single bit makes it impossible (via a reduction to communication complexity).

– Built a custom PyTorch Transformer to simulate fixed-point and floating-point quantizations; additionally
prototyped with HuggingFace Transformers and explored bitsandbytes/torchao backends.

– Performed PTQ, QAT experiments on equality-checking tasks and GLUE QQP; evaluated FP16, FP8-style
(E5M3/E6M2), INT12/8/6/4, observed ∼40% drop on simulated data and ∼10% on QQP, supporting the theory.
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Higher-order attention schemes Feb 2025 – Nov 2025
Prof. Josh Alman, Prof. Toniann Pitassi, Columbia University

– Introduced poly-attention, a general framework that subsumes self-attention and higher-order variants
(simplicial/tensor/Strassen attention), enabling systematic higher-order token interactions.

– Derived fast approximation algorithms and matching lower bounds; developed tree-attention, a quadratic-time
subclass that provably performs r-fold function composition for any constant r (beyond prior mechanisms).

– Implemented higher-order attention modules and training pipelines in PyTorch; validated learnability/runtime on
function-composition tasks and compositional NLP benchmarks (e.g., COGS), improving 3-layer accuracy
from 23.9% (vanilla) to 26.5% (tree-attention).

Interactive protocols and approximate nearest neighbors Mar 2024 – Sep 2024
Prof. Josh Alman, Prof. Toniann Pitassi, Columbia University

– Studied links between interactive proof systems and the complexity of approximate nearest neighbor search.

– Explored reductions from orthogonal vectors and multi-round interactive protocols to ANN lower bounds.

Root-finding algorithms for multivariate polynomials modulo prime-powers Jul 2020 – May 2022
Prof. Nitin Saxena, IIT Kanpur

– Designed algorithms for finding roots and factorizations of multivariate polynomials modulo prime powers.

– Developed new techniques for polynomial system solving and Igusa’s local zeta function via algebraic tools.

Honors and Awards

Best BT-MT Thesis Award, IIT Kanpur, Class of 2022

All India Rank 181, JEE Advanced 2017 (200,000 candidates)

All India Rank 287, JEE Main 2017 (1.2M candidates)

State Rank 10, WBJEE 2017 (150,000 candidates)

Qualified Indian National Physics Olympiad (INPhO) 2017 (Top 34 in India)

Qualified Indian National Mathematical Olympiad (INMO) 2016 (Top 30 in India)

All India Rank 115, Kishore Vaigyanik Protsahan Yojana (KVPY) 2015 (100,000 candidates)

Technical Skills

Machine Learning: JAX, PyTorch, HuggingFace Transformers, TensorFlow, Keras.
Programming: Python, C/C++, R, MATLAB, Bash, Haskell.
Tools & Libraries: NumPy, SciPy, SymPy, OpenCV, MySQL, Git, Docker, LATEX.

Selected Talks

Invited talk: survey on Transformers as models of computation, ACMU Seminar, ISI Kolkata, India.� Dec 2025

Contributed talk: presented paper on polynomial roots mod pk, at ISSAC 2023, Tromsø, Norway.� Jul 2023

Student session talk: presented my research, ToniCS Workshop, Simons Institute, Berkeley, CA. Apr 2023

Teaching Experience

TA, COMS 3261: CS Theory, Columbia University Jan 2025 – May 2025

TA, COMS 3261: CS Theory, Columbia University Sep 2023 – Dec 2023

Tutor, ESC101: Fundamentals of Computing, IIT Kanpur Oct 2021 – May 2022

TA, CS203: Probability for Computer Science, IIT Kanpur Mar 2021 – May 2021

TA, CS202: Logic for Computer Science, IIT Kanpur Jan 2021 – Feb 2021

Academic Mentor, MTH101 & MTH102, IIT Kanpur Aug 2018 – Apr 2019

Service

Reviewer for conferences: ICLR 2026, ITCS 2026, SODA 2026, ESA 2024, SOSA 2024, MFCS 2023

Reviewer for journals: Information and Computation, Journal of Number Theory

Vice President and Treasurer, Graduate Organization of Computer Science (GrOCS) Jan 2025 – Present

Mentor, Directed Reading Program, Columbia Math Department Sep 2024 – Dec 2024

Mentor, Association for Computing Activities, IIT Kanpur Jan 2019 – Apr 2019

Student Guide, Counselling Service, IIT Kanpur Jul 2018 – Apr 2019

Volunteer, English Teacher, Shiksha Sopan NGO Apr 2019 – Mar 2020
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