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Liquidate your Assets
Reasoning about resource usage in Liquid Haskell



 take :: t:Text -> i:Int -> Text
 take i t | i < len t 
  = Unsafe.takeWord16 i t

 take i t
  = error “Out Of Bounds!” 
   \

 insert :: Ord a => x:a -> xs:[a] -> [a] 
        

 insert x []  = [x]
 insert x (y:ys)  
  | x <= y    = x:y:ys
  | otherwise = y:insert x ys



 take :: t:Text -> i:Int -> Text
 take i t | i < len t 
  = Unsafe.takeWord16 i t

 take i t
  = error “Out Of Bounds!” 
   \

 insert :: Ord a => x:a -> xs:[a]   
        -> {os:[a]|len os == 1 + len xs}  
        
 insert x []  = [x]
 insert x (y:ys)  
  | x <= y    = x:y:ys
  | otherwise = y:insert x ys

Refinement types for length preservation

What about resources?  
(here number of comparisons)

Ranjit’r “shallow” specs

induction



 take :: t:Text -> i:Int -> Text
 take i t | i < len t 
  = Unsafe.takeWord16 i t

 take i t
  = error “Out Of Bounds!” 
   \

 insert :: Ord a => x:a -> xs:[a]   
        -> {os:[a]|len os == 1 + len xs}  
         cost o <= length xs 
 insert x []  = [x]
 insert x (y:ys)  
  | x <= y    = x:y:ys
  | otherwise = y:insert x ys

Tracking resources 



 take :: t:Text -> i:Int -> Text
 take i t | i < len t 
  = Unsafe.takeWord16 i t

 take i t
  = error “Out Of Bounds!” 
   \

 insert :: Ord a => x:a -> xs:[a]   
-> {o:Tick {os:[a]|len os == 1 + len xs}  
        tcost o <= length xs }
 insert x []  = [x]
 insert x (y:ys)  
  | x <= y    = x:y:ys
  | otherwise = y:insert x ys

Tracking resources using The Tick data type



data Tick a = Tick { tcost :: Nat, 
                     tval  :: a  }

The Tick data type



data Tick a = Tick { tcost :: Nat, 
                     tval  :: a  }

The Applicative Instance

pure :: x:a -> {t:Tick a | tcost t == 0} 
pure x = Tick 0 x 

(<*>) :: f:(Tick (a -> b)) -> x:Tick a 
      -> {t:Tick b | tcost t == tcost x + tcost f}
Tick i f <*> Tick j x = Tick (i+j) (f x)    

The Tick data type



 take :: t:Text -> i:Int -> Text
 take i t | i < len t 
  = Unsafe.takeWord16 i t

 take i t
  = error “Out Of Bounds!” 
   \

 insert :: Ord a => x:a -> xs:[a]   
-> {o:Tick {os:[a]|len os == 1 + len xs}  
        tcost o <= length xs }
 insert x []  = pure [x]
 insert x (y:ys)  
  | x <= y    = pure (x:y:ys)
  | otherwise = (pure (y:)) <*> insert x ys

Zero resources using The Tick data type



data Tick a = Tick { tcost :: Nat, 
                     tval  :: a  }

Resource tracking

step :: x:a -> {t:Tick a | tcost t == 1} 
step x = Tick 1 x 

(</>) :: f:(Tick (a -> b)) -> x:Tick a 
      -> {t:Tick b | tcost t == 1 + tcost x + tcost f}
Tick i f </> Tick j x = Tick (1+i+j) (f x)    

The Tick data type



 take :: t:Text -> i:Int -> Text
 take i t | i < len t 
  = Unsafe.takeWord16 i t

 take i t
  = error “Out Of Bounds!” 
   \

 insert :: Ord a => x:a -> xs:[a]   
-> {o:Tick {os:[a]|len os == 1 + len xs}  
        tcost o <= length xs }
 insert x []  = pure [x]
 insert x (y:ys)  
  | x <= y    = step (x:y:ys)
  | otherwise = (pure (y:)) </> insert x ys

Actual resources using th he Tick data type

Let’s define insertion sort!



Resource Tracking using Refinement Types

Tick monad lets you track resources in refinement types 

The bind operation breaks automatic verification 

Solutions:
Ghost variables Extrinsic Proofs

Extrinsic proofs can encode arbitrary relational properties 

Problem:



Benchmarks



Resource Tracking using Refinement Types

Tick monad lets you track resources in refinement types 

The bind operation breaks automatic verification 

Solutions:
Ghost variables Extrinsic Proofs

Extrinsic proofs can encode arbitrary relational properties 

Problem:

Thanks!



The End



Metatheory

A corollary of monadic encapsulation +  
metatheory of refinement types:  



Future Directions

Resource Bound Inference

Automate lifting or, at least, erasure

Turn Tick into a monad transformer  
(e.g., to combine with Parallel Monad)


