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Unreasonable Effectiveness of Mathematics

* Plot borrowed from the presentation of AI Feynman (2020) 

“The miracle of the appropriateness of the 
language of mathematics for the formulation 
of the laws of physics is a wonderful gift 
which we neither understand nor deserve.”

Eugene Wigner -- The Unreasonable 
Effectiveness of Mathematics in the 
Natural Sciences
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Scientific Discovery

Mathematical Equations help us understand, build upon, predict, and control scientific systems.
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Equation Discovery | Definition

* Plot borrowed from presentation of Unified Deep Symbolic Regression (Landajuela et al., 2022) 
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Current Methods of Equation Discovery

• However, these techniques do not benefit from the context or domain knowledge for scientific problems.

• Can we incorporate such scientific domain knowledge into the process of equation discovery?
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LLM-SR: Scientific Equation Discovery via 

Programming with LLMs
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LLM-SR | Hypothesis Generation
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LLM-SR | Data-Driven Evaluation
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LLM-SR | Experience Management
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Experiments | Datasets



11

Findings | Accuracy
• LLM-SR (with both LLM backbones of ‘Mixtral 8x7b-instruct’ and ‘GPT-3.5-Turbo’) consistently 

outperforms state-of-the-art SR baselines without domain-specific knowledge. 

• Reporting Normalized Mean Squared Error (NMSE) on:
• In-domain (ID): test set coming from the same distribution as training data
• Out-of-domain (OOD): test set coming from domains beyond the training data

• The performance gap between LLM-SR and baselines is more pronounced in OOD test settings 
compared to ID settings. 
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Findings | Efficiency

Efficiency

• LLM-SR achieves high fitting equations faster 
due to domain-specific knowledge.

• The improvement gap widens over iterations 
due to effective LLM modifications 
(mutation/crossover)
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Findings | Interpretability

More interpretable Equations
(Nonlinear oscillation problem)
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Qualitative Analysis

Better Out-of-domain (OOD) 
Generalization

(Bacterial growth rate problem)

• Shaded regions and black 
points indicate training data 
samples
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Ablation Study

Ablation Study of Key Components:

What’s the impact of LLMs’ (1) Scientific 
Prior Knowledge and (2) Code Generation 
capabilities in equation discovery? 
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Thank You! Q&A

parshinshojaee@vt.edu Code on GitHub:  Contact:
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