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Foundations of 
Liquid Types



var x:Int = 3



var x:{Int|x>0} = 3

Hey! That’s Ada’s NATURAL!



var x:{Int|x>2&&x<18} = 3

Hey! That’s Ada’s Range Types!



var x:{Int|x%2=1} = 3

Well…



{x:T|p} is a refined type.

• x is the name of variable (or fresh name)
• T is a type (usually a base type)
• p is a boolean predicate that can mention x.

{x:Int| x>0 }
{y:Bool| y }
{z:Float| true }



{x:T|p} is a refined and dependent type.

• if p mentions variables other than x.

{x:Int|x>y}
{p:Int|true} -> {q:Int|q>p}



function div(x:int,y:int|y!=0)

…

div(3,0) X

{z:Int|z==0} <: {y:int|y!=0}

∀v:Int, v==0 -> v!=0



function div(x:int,y:int|y!=0)

…

div(3,4) ✓

{z:Int|z==4} <: {y:int|y!=0}

∀v:Int, v==4 -> v!=0



function div(x:int,y:int|y!=0)

…

function g(z:int|z>=0) {
div(3,z) X

}

{z:Int|z>=0} <: {y:int|y!=0}

∀v:Int, v>=0 -> v!=0



How to prove (or disprove)

∀v:Int, v>=0 -> v!=0

?

Full Dependent Types: Manually
Liquid Types: Discharging to an SMT Solver



• They require writing the proof manually.


• They are very expressive.

Often found in Interactive Theorem Provers (ITP)
Full Dependent Types



• They discharge the implication to an SMT Solver

LiquidTypes



{x:T|p} is a liquid, refined and 
dependent type.

• if p is drawn from a decidable logic (QF_UFLIA)

QF: Quantifier-Free
UF: Uninterpreted Functions
LIA: Linear Integer Arithmetic 



{x:T|p} is a liquid, refined and 
dependent type.

{z:Int|z>0}
{z:Int|z+y>0}
{z:Int|z*y>0}
{z:Int|z*3>0}



{x:T|p} is a liquid, refined and 
dependent type.

empty  : {z:Array|size(z)=0}
append : x:Array ->
         el:Int -> 
         {y:Array|size(y)=size(x)+1}

predicate size : Array -> Int
Uninterpreted Function



Implementations of 
Liquid Types





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


• The most mature Liquid Type implementation


• Enforces totality and termination


• Allows to prove theorems


• Reflects Haskell to Logic


• http://ucsd-progsys.github.io/liquidhaskell-tutorial/

Extension of Haskell with Liquid Types
Liquid Haskell

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


Liquid Haskell



Liquid Haskell



Liquid Haskell



• https://flux-rs.github.io/flux/


• Combines ownership and liquid types.

Rust plugin for LiquidType-based static analysis
Flux



• https://catarinagamboa.github.io/liquidjava.html

Compiler for Java annotated with Liquid Types
LiquidJava

@Refinement("positive > 0") 
int positive; 
positive = 50; //Correct 
positive = -1; //Error 
        

@RefinementAlias("RGB(int x) {x >= 0 && x <= 255}") 
class MyColor{ 
  @Refinement("RGB(r)") int r; 
  @Refinement("RGB(_)") int g; 
  @Refinement("RGB(_)") int b; 
}

@Refinement("_ >= 0 && _ >= n") 
public static int absolute(int n) { 
  if(0 <= n) 
      return n; 
  else 
      return 0 - n; 
}

@RefinementAlias("Percentage(int x) { x >= 0 && x <= 100}") 
public class Grade{ 

    @Refinement("Percentage(_)") 
    public static int addBonus(@Refinement("Percentage(_)") 
                               int grade, 
                               @Refinement("Percentage(_) && bonus < grade") 
                               int bonus){ 
        if((bonus + grade) > 100) 
            return 100; 
        else 
            return grade + bonus; 
    } 

}

What about gnatprove?



Liquid Types and Typestate
LiquidJava



Machine Learning

Applications of 
Liquid Types





MLVP
Story #1: PHP Bytecode encoding



MLVP
Story #2: Sorted Dataset



MLVP
Story #3: Temporal Cross-Validation



MLVP
Story #4: Data Leakage

df[‘target’] = df[‘old_target’].map(
lambda x:1 if x == “Cat” else 0)

X = df.drop(‘target’)
y = df[‘target’]



MLVP
Static Verification of Semantic Properties



Robotics

Applications of 
Liquid Types



Integrating Robotics Software Components is not easy!



Integrating Robotics Software Components is not easy!



Integrating Robotics Software Components is not easy!



ROSpec: a language for verification of robotics software 
architecture

ensures {
    topic_scan.range_max - topic_scan.range_min < ranges_size,
    topic_scan.angle_min < topic_scan.angle_max,
    topic_scan.range_min < topic_scan.range_max,
    topic_scan.angle_increment >= 0,
} where {
    ranges_size: int := 120,
    topic_scan: nav_msgs/LaserScan := topic /base_scan
}

# Native Functions
ensures {
    tag(topic_scan, "metric"),
    tag(t1, "metric"),
} where {
    t1: PoseWithCovariance := topic /initialpose
}



• MAVSDK is one of the two most popular open-source drone 
controller frameworks (with a version in Java)

LiquidJava for MAVSDK

@ExternalRefinementsFor("io.mavsdk.mission.Mission")
@StateSet({...,"connectionEstablished", "missionUploaded", "missionStarted"})
public interface MissionControllerRefinements {
      @StateRefinement(from="connectionEstablished(this)",to="missionUploaded(this)")

  public void uploadMission(MissionPlan missionPlan);
 
@StateRefinement(from="missionUploaded(this)", to="missionStarted(this)")
public void startMission();

…
} 



LiquidJava for MAVSDK

 2 in Camera, 1 in FTP and 1 in FollowMe

4 bugs were found! 



Why are 
Liquid Types 
not being adopted?



Participative Design of LiquidJava



Editor Support for LiquidJava



User Study on LiquidTypes



User Study on LiquidTypes



User Study on LiquidTypes



User Study on LiquidTypes



User Study on LiquidTypes



Program Synthesis

Future Directions for 
Liquid Types



Program Synthesis with Refinements

def f(i:Int, j:Int) -> k:Int | k > I+j and isPrime(k) { 
    ?? 
}

SMT-based Program Synthesis

Fitness Function via 
Property-Based Testing
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Tree Generation

d = 0

d = 1

d = 2

{z:Integer where z > 10}

e1 e2
application

+
variable

◾
hole

(x:Integer) -> (y:Integer) -> 
{z:Integer where z > 10} ((+ ◾ ) 2) > 10

e3 e4
application

(y:Integer) -> {z:Integer 
where z > 10}

2
literal

Integer

Integer

Legend

e AST node T Expected Type c Expected condition

Problem: SMT Solvers lack consistent non-determinism



Solution 1: Sample from Intervals



Solution 2: MetaHandlers

• GeneticEngine is a typed approach for Genetic Programming


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


• pip install geneticengine


• GeneticEngine is being used for interpretable machine learning:


• Glucose Prediction in Diabetes


• Bike sharing usage


• Understanding RNA Splicing  

https://github.com/alcides/GeneticEngine


Genetic Programming improvement using Refined Types



Overview of 
Liquid Types



• Types annotated with predicated from a decidable logic.


• Can be used to encode semantic restrictions that are validated during 
compilation


• Useful for complex domains with lots of constraints 
(Machine Learning, Robotics)


• Requires verification-style annotations, but more lightweight


• Can be used to guide search of programs (including ExplainableAI)


• Editor integration and error messages need to improve.

Liquid Types



http://alcidesfonseca.com

Questions?

http://alcidesfonseca.com

