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Can you name the equation?

𝒚 = 𝒙𝟐



Can you name the equation?

𝒚 = 𝒙 + 𝐬𝐢𝐧 𝒙



Can you name the equation?

𝒚 = 𝟐. 𝟓𝒙𝟐 + 𝐬𝐢𝐧 𝟑𝒙 𝒆 𝒙



Symbolic regression

𝒚 = 𝒂𝟏𝒙 + 𝒂𝟐𝒙
𝟐 + 𝒂𝟑𝒙

𝟑 + …

𝒚 = 𝒂𝟏 𝐬𝐢𝐧 𝒂𝟐𝒙 + 𝒂𝟑𝒙 + …

𝒚 = 𝟐. 𝟓𝒙𝟐 + 𝐬𝐢𝐧 𝟑𝒙 𝒆 𝒙

Standard regression

Symbolic regression



Genetic Programming (GP)

The evolutionary approach to symbolic regression

 Why GP?

 Discrete optimization

 Not the most compute efficient

 But has seen huge success

 Alternatives:

 Deep symbolic regression

 Prioritized grammar enumeration

𝒚 = 𝒂𝟏 𝐬𝐢𝐧 𝒂𝟐𝒙 + 𝒂𝟑𝒙

𝒚 = 𝒂𝟏 + 𝒂𝟑𝒙
𝟐 +

𝒂

𝒙



Genetic Programming (GP)

The evolutionary approach to symbolic regression

 Evolving equations

to match data

 Equations as graphs
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Initialization

Randomly add nodes (and connections if necessary)

 Set of operators

 Set of terminals

Evolution
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Variation

Mutation

Crossover
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Evaluation

Fitness: How well the equation matches the training data
Explicit Regression
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Done



Evaluation

Fitness: How well the equation matches the training data
Explicit Regression

Variation
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Stop 
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c + 𝑥2 2.7 + 𝑥2

Local optimization performed for constants
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Done



Evaluation

Fitness: How well the equation matches the training data
Implicit Regression

Searching for invariants in the data
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𝑓 𝑥, 𝑦 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡
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Done



Selection

Survival of the fittest

 Tournament
 Randomly selected groups compete

 Most common

 Deterministic crowding
 Children compete against parents

 Promotes niching

 Age-fitness
 Equations compete against other 

similarly aged equations 

 Mitigates premature convergence
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Stopping criteria

Is evolution done?

 Convergence

 Stagnation

 Time limit

NO:  

repeat

YES: 

results in equation(s) that 
best match data

Variation
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Stop 
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Selection

Initialization

EvolutionDone



Live Demo

Apple dropping example



Explicit Regression



Initial Population

Variable: t

Operators: +, -, *
Inputs: Training data from previous slide



Population Evolution

Variable: t

Operators: +, -, *



Population Evolution

Variable: t

Operators: +, -, *
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Implicit Regression

𝑓 ℎ, 𝑣 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡



Initial Population

Variable: h, v

Operators: +, -, *
Inputs: Training data from previous slide



Population Evolution

ℎ + 0.05102𝑣2 = 3
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𝑣2 = 3(9.8)
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𝑚𝑣2 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 = 3𝑚𝑔


