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Scientific Discovery

Goal:  We want AI to achieve human level 
performance at research in the natural sciences.
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Lifecycle of a Scientific Process

Data Collection: Sample data in regime 
of interest.

Analysis: Kepler’s Third Law

Interpretation: Newton’s Law of Gravitation

Observation: Apparent 
Retrograde Planetary Motion 
Theory: Heliocentric Model c.The Astronomical Revolution: Copernicus- Kepler-Borelli



Symbolic Regression

Kepler’s Third Law

c. The Astronomical Revolution: Copernicus- Kepler-Borelli
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PySR’s impact

c. PySR. Miles Cranmer
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Sketch of PySR’s Exploration Space

Goal: How can we increase exploration in 
relevant parts of the search space?



LaSR: Symbolic Regression with a 
Learned Concept Library

Arya Grayeli*, Atharva Sehgal*, Omar Costilla-Reyes, Miles Cranmer, Swarat Chaudhuri



What is a Concept?
Desiderata 1:  Symbolic Abstraction

Zipf’s Law Moore’s Law Arrhenius’ Equation

ó“Power Law Trend”



What is a Concept?
Desiderata II : Symbolic Guidance

“Wave strain diminishes as distance 
increases”

“Wave strain has extraordinarily small 
magnitude”

Guide the 
search for

Concepts (by Physicist or LLM)
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import random

def crossover(
expr1: SymTree,
expr2: SymTree) -> SymTree:

# Randomly choose a node in expr1 to 
remove
...
# Randomly choose a node in expr2 
which will be added to eq1
...
# Return new tree
new_expr = ...
return new_expr
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Hypothesis Evolution

Concept AbstractionConcept Evolution

Concept Library

Hypothesis
Evolution

Concept 
Abstraction

Concept 
Evolution

LaSR



Hypothesis Evolution

Symbolic
Evolution or

Hypothesis 
Populations Dataset

Best 
Hypothesis per 

Population

Concept AbstractionConcept Evolution

LLM
Evolution

Concept 
Library

For 106 operations

Concept Library

Hypothesis
Evolution

Concept 
Abstraction

Concept 
Evolution

LaSR LLM Evolution 
provides neural 
guidance (over a 
language prior)
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induces useful* 
abstractions. 



Hypothesis Evolution

Symbolic
Evolution or

Hypothesis 
Populations Dataset

Best 
Hypothesis per 

Population

Concept AbstractionConcept Evolution

LLM Abstraction

“exponential 
growth/decay”

“exponential 
growth/decay”

LLM Concept Crossover

“Depends on 
temperature”

“Boltzmann 
Distribution”

LLM
Evolution

Concept 
Library

For 106 operations

Concept Library

Hypothesis
Evolution

Concept 
Abstraction

Concept 
Evolution

LLM Concept 
Crossover evolves 

all concepts. 

LaSR



Sketch of Search Space After Phase 1: 
“Islands” of expressions
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Sketch of Search Space

Sinusoidal 
Trends

Power Law 
Trends

Linear 
Trends

Exponential 
Trends

After Phase 2: 
Concepts expose unknown 

islands



Trignometric
Trends

Sketch of Search Space

Sinusoidal 
Trends

Power Law 
Trends

Linear 
Trends

Exponential 
Trends

After Phase 3: 
Concepts expose new 

concepts.



LaSR Results I - Performance

• Concept Guidance 
accelerates scientific 
discovery.

• LaSR outperforms PySR
even with local language 
models (llama-3-7b, 1%)



What is a Concept?
Desiderata II : Symbolic Guidance

“Wave strain diminishes as distance 
increases”

“Wave strain has extraordinarily small 
magnitude”

Guide the 
search for

Concepts (by Physicist or LLM)



LaSR Results II - Hints

User provided hints accelerate hypothesis search



Results III - Case Study

Eq 10: Coulomb's Law
• Inverse Square Law
• Directly proportional to 

charges
• Force symmetric w.r.t

charges

PySR’s Solution
• Reduces to ground truth after 10 steps 

of simplification.
• Unwieldly
• Fitting more constants => more 

optimization errors



Results III - Case Study

Eq 10: Coulomb's Law
• Inverse Square Law
• Directly proportional to 

charges
• Force symmetric w.r.t

charges

LaSR’s Solution
• Reduces to ground truth after 4 steps of 

simplification
• Smaller models synthesize simpler equations!



Results III - Case Study

Eq 10: Coulomb's Law
• Inverse Square Law
• Directly proportional to 

charges
• Force symmetric w.r.t

charges

LaSR’s Concepts (Limitations)
• Cannot guarantee factuality or correctness.
• Good concepts depend on LLM training. 

Concepts can mislead scientists.

Iteration Discovered Concept

2 The good mathematical expressions exhibit […] with a focus on 
power functions and trigonometric functions […]

6 The good mathematical expressions exhibit […] symmetry or 
regularity […]

24 The good mathematical expressions have […] with a specific 
pattern of division and multiplication



Outline of  this Talk

1. What is Scientific Discovery? 
1. Symbolic Regression

2. Symbolic Regression with a Concept Library
3. Additional Application:  Visual Reasoning
4. Discussion



Recap: Symbolic Regression

Kepler’s Third Law



Visual Reasoning

Observation: Geolocated Picture

https://www.inaturalist.org/observations/1970016

Theory: Crowdsourced identification Data: Geotagged sightings



Visual Programming

“no”

“Is there a 
helmet in this 
picture that is 

not blue?”

Visual Program

“no”

“Is there a 
helmet in this 
picture that is 

not blue?”

Large monolithic model
GPT4v



c. VisProg. Gupta et. al



Outline of  this Talk

1. What is Scientific Discovery? 
1. Symbolic Regression

2. Symbolic Regression with a Concept Library
3. Additional Application:  Visual Reasoning
4. Discussion


