
Eric Bond  
Haskell eXchange 2020

Stronger Types!
A Brief Introduction to Refinement Types and Dependent Types



Types!
• Why types?


• Used to model effects


• Rule out errors at compile time


• Increase confidence in program correctness


• …


• Can Haskell types eliminate all errors?


• Nope! 


• How to do better?


• Proving vs testing
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Refinement Types!
• Via Liquid Haskell compiler plugin


• Regular Haskell types annotated with logical predicates 


• Logical constraints solved at compile time via an “oracle” (SMT solver)


• Boolean Expressions


• Linear Arithmetic


• Uninterpreted Functions


• Arrays/Lists


• Bit Vectors


• Comes with a base library and alternative Prelude
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Example: Head
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Example: Head
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Example: Head - nonEmpty
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Example: Index into List
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Example: Refine Datatypes
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Example: Refine Datatypes
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Type Class Laws?

• Many type classes have laws


• Instances should obey these laws


• Some of these laws can be proven with Refinement Types


• Type Class laws are not *yet* a feature of Liquid Haskell

18



Dependent Types!
• Via Agda - a dependently typed programming language


• Stronger core type theory (Haskell core vs Agda core)


• Types can depend on terms

Haskell Agda
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Liquid Haskell



Example: Monoid Laws

Haskell Agda
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Example: Monoid Laws
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Example: Monoid Laws
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Example: Monad Laws
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Example: Monad Laws
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Overall
Refinement Types


Pros:


• More automated 


• Easier to use


Cons:


• Type refinements are limited to 
what the SMT “oracle” knows


 

Dependent Types


Pros:


• Extremely expressive


Cons:


• Not native in Haskell


• Much more manual

25



Where To Learn More!
• Liquid Haskell Book


https://ucsd-progsys.github.io/liquidhaskell-tutorial/


• Programming Language Foundations in Agda


https://plfa.github.io/


• Lambda Pi - A Tutorial Implementation of a Dependently Typed Lambda Calculus


https://www.andres-loeh.de/LambdaPi/LambdaPi.pdf


• Programming Z3 - An SMT Solver Tutorial


https://theory.stanford.edu/~nikolaj/programmingz3.html


• Why Types - A 47 Degrees Blog on Dependent Types and Refinement Types


https://www.47deg.com/blog/why-types/


• Scala Stainless - Refinement Types for Scala


https://stainless.epfl.ch/ 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