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GENETIC PROGRAMMING
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Heuristic method to find good-enough 
solutions to a complex problem.

• Climate prediction

• Mechatronics

• Diabetes prediction

• Drug discovery

• Financial forecasting

• (many other domains)


• Software fault prediction

• Test case generation

• GPU kernel optimization

• Neural network design

• SuperMario level design



GENETIC PROGRAMMING
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Two different user bases

• Domain Experts

• Biomedical

• Physics

• Economics


• Often novice programmers

• Lacking CS concepts


• Software Engineers

• Advanced Programmers

• Theory of Computation

• Programming 

Languages

• Compilers



GENETIC PROGRAMMING
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How GP works

1. Search space 2. Fitness functiondefines

Initial population of trees
1. Search space

Mutation
1. Search space

Crossover
1. Search space

Selection of best trees
2. Fitness function



DEFINING THE SEARCH SPACE
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CHALLENGES IN GRAMMAR-GUIDED GP

6

• Lack of knowledge and experience in Grammar Design


• Lack of experience with BNF, EBNF and similar languages


• Confusion between the grammar language and the target 
language


• Dissonance between defining a textual language (stream of 
characters) and a semantic language (program needs to 
typecheck)


• In practice: no typechecking, no linting, no static analysis, no 
autocompletion. Investing in tools is not worthwhile: these 
languages last only hours in research projects.



Our Approach
Encode Grammars 

as Datatypes



MOTIVATION
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• STGP is much more popular in practice than GGGP, due 
to its simplicity and language integration (DEAP, 
Jenetics)


• Developers want to use a single language for everything, 
with consistent semantics and tooling


• STGP and GGGP can be equivalent.



DATATYPE ENCODING
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A ::= aB | c


B ::= Ad

• Each non-terminal is an abstract class


• Each production is a concrete class


• Productions have names


• The focus is on the abstract syntax tree, 
not the syntax itself.


• Semantics is co-located with the 
respective syntax



REAL-WORLD EXAMPLE
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METAHANDLERS
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Evaluation
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EXPRESSIVE POWER

• BNF is supported, using the encoded presented.


• EBNF features are also supported:


• Optional symbols can be described using Optional/
Maybe type


• Lists and repeated symbols can be implemented using 
the List type, possible restricted using the 
ListBetweenSize metahandler


• Probabilistic Grammars can be encoded using decorators


• Meta-Handlers are equivalent to L-attributed grammars 
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PERFORMANCE
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Performance is on par with the state of the art 
framework for GGGP (PonyGE2)



ERGONOMICS
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Evaluation using Kiper’s framework:

BNF approach Datatype encoding

Granularity
The BNF syntax may be 

correct, but not the generated 
programs.

Type feedback at each level: 
abstract class, class and 

semantics

Coherence Everything is made of strings
Language blocks = classes


Semantics = methods

Related blocks = modules

Harmony Mismatch between the BNF 
language and final elements

Elements of the target 
language are directly 

represented



BONUS CONCLUSIONS

• Our approach is available in Python at 

• https://github.com/alcides/GeneticEngine

•pip install geneticengine 

• It has been used to improve explainability in:

• Bike usage prediction

• Credit classification

• https://alcidesfonseca.com/research/Tese_Leon.pdf 
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https://github.com/alcides/GeneticEngine
https://alcidesfonseca.com/research/Tese_Leon.pdf
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KIPER’S FRAMEWORK

• Granularity refers to what is the smallest unit which 
can have feedback, and it should be as fine as 
possible. 

• Coherence refers to how the units are related and 
integrated with each other. 

• Harmony refers to agreement between the elements 
and the corresponding unit, and should be high (as 
opposed to dissonant).
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A framework for characterization of the degree of integration of software tools


