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Outline

» Haskell is a functional programming language
designed in the late 1980s.

« Compared with object-oriented programming, such as
C++ or Python, functional programming is based on

concepts of mathematical functions rather than objects
that encapsulate data.

 Haskell is a lazy, pure and has a strong type system,
known for its easiness to write and debug.
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* Haskell is a lazy, pure and functional programming
language with a strong type system.

* Lazy: a value is not evaluated until it is actually needed

+ 2
* 3

1
myfunc () = X

X =1+ 2;
y:x*3; if x>0
return y; then x
} else y

g=£f1 (1/0)

The addition of 1 and 2 is not
actually evaluated until it is
required to compute y

Evaluation happens
line by line
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» Haskell is a lazy, pure and functional programming
language with a strong type system.

* Pure: A side effect is something that affects the “state”
of the world. Pure computations do not create side
effects.

* a system of monads to isolate all impure computations
from the rest of the program and perform them in a safe

way.

X =x+1

is NOT allowed in Haskell

addOne :: Int -=> Int
addOne x = x + 1 Changed in GHC2021

x = X+1 keeps evaluating indefinitely

y = addOne x
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 Haskell is a lazy, pure and functional programming
language with a strong type system.

* Functional: composing functions to create programs

}

myfunc ()

x =1+ 2;

y = x * 3;

z = £(x, y);
return 2z;

square :: Int -> Int
square X = X * X

numbers = [1, 2, 3, 4, 5]

map :: (a -> b) -> [a] -> [b]
map square :: [Int] -> [Int]

squares = map square numbers
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« Haskell is a lazy, pure and functional programming
language with a strong type system.

* A strong type system that catches errors at compile
time.

square :: Int -> Int
square X X * X

(5::Int) + 10

(5::Int) (10::Double) @
square 1. @
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* The Glasgow Haskell Compiler (GHC) is a robust, fully-featured,
optimizing compiler and interactive environment for Haskell 98.

» The Haskell Tool Stack (Stack) is a program for developing Haskell
projects.

stack new
stack init

stack build
stack install

stack ghc -- Main.hs -0 exec

stack ghci

* Haskell online tutorials
» http://learnyouahaskell.com/chapters
* Yet Another Haskell Tutorial
» functors, applicative, monads explained
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Basic Syntax  start ghci

* Declaring a variable
X =25

« Basic arithmetic operations
2+3,4*5,6-17, ==, /=

 Function declaration
addInt :: Int -> Int -> Int

addInt a b= a + b

« Naming is case-sensitive
* values: names start with lower-case letters.
 types of values: start with upper-case letters.
« Parentheses aren’t required around function arquments

* commenting: - - or {- -}
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conditional Expressions ghci> :1 ConditionalExp

if/then/else cases

absNum x = someMap X = case x of
if x < 0 1
then (- x) 2
else x -1

let/in where

squarePlusOne x =
X2 = X * X
x2 + 1

anotherSquare x = x2 + 1
X2 = X*X

Guards

comparison Xy | x <y %
| x > Y 5 n
| otherwise = *
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Mon Apr 24 3:58 PM

2 aliu7@login1:~/Boot-minifexamples %1
aliu7@login1:~/Boot-minifexamples (ssh) ( < aliu7@loginl:~/Boot-minifexamplesfsrc (ssh) “
then (- x)
1 A
eLse X
-- Cases

-- order matters
| someMap :: Int -> Int

40 | z2=xXx A2 someMap x= case x of

| A 9 > 1
Ok, one module loaded. 1 = 2
ghci> sq -- 2 -> 2
sqrt squarePlusOne _-> -1
ghci> squarePlusOne 5

-- let
warning: -Wtype-defaults squarePlusOne :: (Num a) => a -> a

squarePlusOne x =
let X2 = X * X

in x2 + 1
: -- where
I anotherSquare :: (Num a) => a -> a
anotherSquare x = x2 + 1
XZ = %%
26 |
ghci> | 29,0-1 31%
E?mmicai_%o?ver_l‘ermjmale_{hason May 30 2022 a1839 TJI.' - folder ! 1t.
A - 1 m m | K-8 " S

wh @ 00078 Q8 /07004 50

';r':&:_:i-‘/’“- —— - . - - -"_-‘ e —T - - . - - . . - . - . - - . .
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Data structures

List: hold an arbitrary number of elements of the same type

ghci> SENREEE
[1,2] :: Num a => [a]
ghei> 0:[1,2] :: [Int]
[0,1,2]
ghci> 1:2:3:[]
it check types  [1,2,3]
ghei> [1,2] ++ [3.4] :: [Int]
[1,2,3,4]
ghci> head [1,2,3,4] :: Int
1
ghci> tail [1,2,3,4] :: [Int]
[2,3,4]
ghci> take 2 [1,2,3,4] :: [Int]
[1,2]
ghci> integers =
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m) T Q & ~ MonApr24 4:04PM

® aliu7@login1:~/Boot-minifexamples X1
aliu7 @login1:~/Boot-minifexamples (ssh) = < aliu7@loginl:~/Boot-minifexamples/src [ssh) g
then (- x)
eLse X
-- Cases
T

-- order matters
someMap :: Int -> Int
someMap x= case x of

9 > 1
26 152
ghci> [1,3..9] -- 2 -> 2
_ > -1
warning: -Wtype-defaults
-- let
squarePlusOne :: (Num a) => a -> a

squarePlusOne x =

let X2 = x * x
in X2 + 1

-- where
anotherSquare :: (Num a) => a -> a
anotherSquare x = x2 + 1

X2 = X*x
[1’3)5,?’9] L
ghci> | 29,0-1 31%
E ?ynam?ca?_%ofvs_l‘erm?nale_?eason May 30 2022 ats 3g ?.'.4 - fo!der ! 1t.
=l = @0 24 ® = @/ oTo98aE S
‘;\T?&‘:E-},-"‘.—-... s . - . -"--‘" s —T - - - - . . - - . . . - - . .
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Data structures

Tuples: hold a fixed number of elements of possibly different types.

ghci> :t (1,2)
(1,2) :: (Num a, Num b) => (a, b)
ghci> :t (1,'a')

(1,'a') :: Num a => (a,}Char)
ghei> fst (l::Int, "'a’)
1

ghci> snd (l::Int,'a')

a
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Functions

(.) is function composition

($) is function application

Partial application: calling a
function with fewer arguments
than it expects.

f . g
f $ x
f.gx~-f (gx) ~£§5gx

ghci> :1 BasicSyntax
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Haskell Type System

statically-typed: all variables must
have a specific type determined at
compile-time.

type inference: compiler can
deduce the type of an expression
based on its usage.

strongly-typed: once the type of a
value is determined, the language
will NOT implicitly convert the type.

polymorhpic: functions and values
can be defined with type variables.

ghci> :t 2::Int
2:3InE : Int
ghci> :t 2

2 :: Num a => a
ghci> x::Int; x=2
ghci> :t x

X :: Int

gheci> (5z2:Int) + 10
15

ghci> (5::Int) +
(10::Double)

<interactive>:8:13: error:

e Couldn't match
expected type ‘Int’ with
actual type ‘Double’
ghci> :t map
map :: (a -> b) -> [a] ->
[b]
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Data Types

Maybe

Maybe a = Nothing

/‘ |Justa\

the name of the datatype constructors

firstElement :: [a] -> Maybe a
firstElement [] = Nothing
firstElement (x:xs) = Just X
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User'defined Types ghci> :1 Colors

Custom Int Int In;\\\\\

the name of the d&ype‘ constructors
Record AnyColo AnyColor /
rNumber :: Int
gNumber :: Int
bNumber :: Int

\ Rl
Type synonyms i
List3D a = [(a,a,a)] "

A newtype a datatype with only one constructor and this
constructor can have only one argument.

MyInt = MyInt Int
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Data Types

Maybe

Maybe a = Nothing

/‘ |Justa\

the name of the datatype constructors

firstElement :: [a] -> Maybe a
firstElement [] = Nothing
firstElement (x:xs) = Just x
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