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Introduction

Welcome to the LiquidHaskell Short Tutorial, where you will learn the basic workings of
LiquidHaskell and complete some exercises. The full version of the tutorial can be found in
the project’s website.

One of the great things about Haskell is its brainy type system that allows one to enforce a
variety of invariants at compile time, thereby nipping in the bud a large swathe of run-time
errors.

Well-Typed Programs Do Go Wrong

Alas, well-typed programs do go quite wrong, in a variety of ways.

Division by Zero This innocuous function computes the average of a list of integers:

average :: [Int] -> Int >
average xs = sum xs ‘div' length xs

We get the desired result on a non-empty list of numbers:

ghci> average [10, 20, 30, 40]
25

However, this program crashes with certain arguments. From the following options, what
argument would make average crash?
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For certain kinds of programs, there is a fate worse than death. text is a high-performance
string processing library for Haskell, that is used, for example, to build web services.

ghci> :m +Data.Text Data.Text.Unsafe
ghci> let t = pack "Voltage"

ghci> takeWordl6 5 t

"Volta"

A cunning adversary can use invalid, or rather, well-crafted, inputs that go well outside the
size of the given text to read extra bytes and thus extract secrets without anyone being any
the wiser.

ghci> takeWordl6 20 t
"Voltage\1912\3148\SOH\NUL\15928\2486\SOH\NUL"

The above call returns the bytes residing in memory immediately after the string Voltage.
These bytes could be junk, or could be either the name of your favorite TV show, or, more
worryingly, your bank account password.

Refinement Types

Refinement types allow us to enrich Haskell’s type system with predicates that precisely
describe the sets of valid inputs and outputs of functions, values held inside containers, and
so on. These predicates are drawn from special logics for which there are fast decision
procedures called SMT solvers.

By combining types with predicates you can specify contracts which describe valid inputs
and outputs of functions. The refinement type system guarantees at compile-time that
functions adhere to their contracts. That is, you can rest assured that the above calamities
cannot occur at run-time.

LiquidHaskell is a Refinement Type Checker for Haskell, and in this tutorial we’ll describe
how you can use it to make programs better and programming even more fun.

As a glimpse of what LiquidHaskell can do, run the average example below by pushing the
green triangle on the top, and try to read the error message. Since div cannot take a zero
value as the second argument, and LiquidHaskell sees that it is a possibility in this function,
an error will be raised.
average' :: [Int] -> Int >
average' xs = sum xs ‘div’ length xs

In this tutorial you will learn how to add and reason about refinement types in Haskell, and
how it can increase the realiability of Haskell problems.
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Refined Datatypes

S0 far, we have seen how to refine the types of functions, to specify, for example, pre-

ditions on the inputs, or p it puts. In this section we wil [t
apply these First, by defini ;, and then by defining
datatypes that satisfy certain invariants. In the later, it is handy to be able to directly refine
the data definition, making it impossible to create illegal inhabitants.

define properties of D
and verification.

Ameasure is a total Haskell function, 1. With a single equation per data constructor, and 2.
Guaranteed to terminate, typically via structural recursion.

We can tell Liqui lifta funetic ing th
refinement logic by declarin

{-@ measure name0fHeasure @-)

For example, for a i

{-@ measure size a-} >
{-@ size :: [a] -> Nat @-}

size :: [a] - Int

size [1 o

size (Lirs) = 1 + size rs

‘Then, we can use this measure to define aliases.

notEmpty that takes alist as i returns a Bool
with the information if it is empty or not.

|- write notEmpty measure >

Answer

For example, we can define that a lst has exactly N elements.

f-@ type Listh a N = {vi[a] | size v == N} @-} >

distinguish like a.

Now, try to create an alias NEList for a non-empty list, using the measure notEnpty.
ted befc i

while the second should not. f

|- write the alias here >

-- Remove the comments below to test the alias
@ : NEList Inte-}

nez ©11,2,3,4] 5 [Int] -- accept
2 T net 12 NEList Tnte-}
== nel = [] :: [Int] -- reject
Answer
Sparse Vectors
As let’s Vectors, While the standard Vector
is great s, elements

are just 0. We might represent such vectors as a list of index-value tuples [(Int, a)].

Let's create a new datatype to represent such vectors:

“data Sparse a = SP { spDim

Int
» spElems :: [(Int, a)] }

‘Thus, a sparse vector is a pair of a dimension and a lst of index-value tuples. Implicitly, all
indices other than those in the list have the value © or the equivalent value type a.

Sparse vectors satisfy two crucial properties. 1. the dimension stored in spoi is non-
negative;

2. every index in spElens must be valid, i.e. between 0 and the dimension,

not representable.

iants LiquidHaskell | i refined

“l{-e data Sparse a = SP { spbim

at:
, spElems :: [(Btwn 0 spdim, )]} e-}

‘Where, as before, we use the aliases:

@ type Nat = qu 0 <) @}
{-@ type Btwn Lo Hi = {v:Int | Lo <= v && v < Hi} @-}

Refined ition is into refined
types for the data constructor $P. So, by using refined input types for 5P we have

Sparse is legal. Consequently, LiquidHaskell verifies:

Sparse String >
- oksP = SP 5 [ (0, "cat”
(3, "dog") ]

but rejects, due to the invalid index:

badsp.
- badsp

Sparse string >
SPs [ (0, "cat")
s (6, "dog) 1

did. Remove th |
: o

|- badsP' :: Sparse String »

Field Measures It i i i ias for sp: agiven size N. So that
we can easily say in tain si

For this we can use measures.

similarly, the sp: a its dimensi iti defined by
5pin, S0 we can use itto create the new alias of sparse vectors of size N.

‘Think Aloud:

we wil i ‘Think Aloud, where you should.
& A your mind whil T .

In specific, aim:

b. to refrain from explaining the thoughts;

. to nottry to plan out what o say;

4. toimagi dng to yourself; and
e.to speak continuously.

tovoice your thoughts

while solving the exercise.

id with the lists, writ ias SparseN for sp: length N,
using spDin instead of size.

|- write the alias here >

You finished the Tutorial! Tell the interviewers you got to the end of the page, and answer
i team b ing i

Now that you h in blocks of Liqui ' ise using
all the concepts.

You can open a Cheat Sheet with examples of the main concepts on another tab on the side.



Case Study: Okasaki's Lazy Queues
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Cheat Sheet

Welcome to the LiquidHaskell Short Tutorial Cheat Sheet!
Here are the main concepts and examples you can use to complete the exercises.
Specifications

LiquidHaskell specifications in functions are written between {-@ spec @-}.

For example:

{-@ calcPer i {a:Int | a > 0} -> {b:Int | ®@ <= b & b <= a} »:
calcPer :: Int -> Int -> Int
calcPer a b = (b x 100) ‘div' a

Alias

To reuse a specification we can use aliases.

For example:

{-@ type Nat = {v:Int | 0 <= v} @-1} >
{-@ type Btwn Lo Hi = {v:Int | Lo <= v && v < Hi} @-}

Liquid types in Datatypes

To add a specification to the datatypes, first create the datatype in Haskell and then add the
specification inside {-@ @-}.

For example:

1. In Haskell
- data Sparse a = SP { spDim 58 e >
, spElems :: [(Int, a)] }
2. Adding the LiquidHaskell specifiaction

- {-@ data Sparse a = SP { spDim ¢t Nat >
, spElems :: [(Btwn @ spDim, a)l]} @-}

Measures

Measures lift an Haskell function to the refinements logic. It is first created as a Haskell
function, sinalizing that it is a measure and adding liquid types to the signature. Then, it can
be used inside other refinements.

For example:

{-@ measure mySize @-} >
{-@ mySize :: [a] -> Nat @-}

mySize :: [a] -> Int

mySize [] =0

mySize (_:rs) = 1 + mySize rs

And then, size can be used in:

{-@ type ListN a N = {v:[a] | size v == N} @-} 2




