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Features incorporated in Scala
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Scala

strong static typing \
type inference \ aCtorS

first-class functions

currying
lazy evaluation P
list comprehensions

immutability
algebraic data types
higher order types
monads
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Introduction

Languages which influenced Scala

Scala

HasI{ell\ Blg

Standard ML
OCaml Java

F#



1960

1970 1980 1990

@ LisP 58 @ sAsL 72 @ KRC '81 @ Standard ML '90 @ Fi'05
o w73 @ Miranda '85 @ ocaml '96 @ Clojure '07
@ Scheme '75 @ Erlang '86
@ Haskell kick off '87 @ Haskell 98 revised '02
@ Haskell 1.0'90 @ Haskell 2010 '10
@ Haskell 1.3'96
@ Haskell 98 '99

@ Scala kick off '01 @ Scala2.10'13
@ Scala 1.0 03
@ Scala 2.0 06
@ Scala2.7'08
@ Scala2.9°11



Functional programming
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Functional
programming

avoiding side effects

avoiding state (mutable data)

referential transparency and lazy evaluation

first-class functions

m based on theories

m A-calculus (a-conversion, 3-reduction, n-conversion)
m category theory



module Main where

}

I

o]

main :: IO () ‘%

main = putStrLn "Hello, World!" g
object HelloWorld {

def main(args: Array[Stringl) { .

println("Hello, World!") 1)

} )



Referential transparency is a property whereby an expression can
be replaced by its value without affecting the program.

Example:

text = reverse "redrum"

can be replaced with:

text = "murder"



triangleArea

Double -> Double

-> Double -> Double

triangleArea a b c = Qj):
let s = (a + b+ c) / 2 in P
sqrt (s * (s - a) * (s - b) * (s - ¢)) 1)

def triangleArea(a: Double, b: Double, c: Double): Double = {
val s = (a + b + ¢c) / 2 0
return Math.sqrt (s * (s - a) * (s - b) * (s - c)) %

}



add x y = x + ¥y
add5 = add 5

print $ add5 10

119vseH

def add(x: Int) (y:
def add5 = add(5)_

println (add5(10))

Int)

X

+

y

eleds



add1
addl xs

sum

map (\x -> x + 1) xs

foldr (\x y -> x + y) 0 xs

sum Xxs

add1

119%seH

addl xs

sum
sum

map (+ 1) xs

def

def

def

def

xs.map(x => x + 1)

xs.foldRight (0) ((x, y) => x + y)

eleds

xs.map(_ + 1)

xs.foldRight (0) (_ + _)



Standard notation:

double x = 2*x

sum xs = foldr (+) O xs

Point-free notation:
double = (2%)

sum = foldr (+) O

119%seH



Syntax
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Haskell Scala Python Java
semicollons optional optional | optional | obligatory

curly brackets optional yes¥** no yes

significant indentation yes no yes no

type inference yes yes dynamic no

SRS ETAIIET functions definitions | whitespace O* () ()
functions call whitespace (O** () 0

point-free notation yes no no no

* optional for arity-0
** optional for arity-0 and arity-1
*** optional for purely functional bodies (but without val definitions)



Strict and non-strict semantics
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Meaning

Lazy evaluation means evaluating expression only when it is needed.

Meaning

Non-strictness means that the evaluation of expressions proceed
Laziness from the outside (e.g. from ‘+' in (a + (b * ¢))). Usually identified
with lazy evaluation.

Note

Useless for not purely functional computations!



lazyArgument
lazyArgument = g $ f x

strictArgument = g $! f x

119%seH

lazy val lazyValue = g(f(x))

val strictValue = g(f(x))

ejeds



take 10 [1..]

[1,2,3,4,5,6,7,8,9,10]

119%seH

Stream.from(1).take(10).toList

List(1, 2, 3, 4, 5, 6, 7, 8, 9,

10)

ejess



data Boolean = True | False

data List a = Nil | Cons a (List a) gF
w
data Tree a = Empty ~
[©
| Leaf a =
| Node (Tree a) (Tree a)
trait Boolean
case class True extends Boolean
case class False extends Boolean
trait List [A] w
case class Nil[A] () extends List[A] 0
case class Cons[A](v: A, 1: List[A]) extends List[A] %}

trait Tree[A]

case class Empty[A]l () extends Tree[A]

case class Leaf[A]l(v: A) extends Treel[A]

case class Branch[A](1: Tree[A], r: Tree[A]) extends Tree[A]



data Tree a = Empty | Leaf a | Branch (Tree a) (Tree a)

treeToString :: Show a => Tree a -> String
treeToString t = case t of

Empty -> "empty"

Leaf a -> "leaf " ++ show a

Branch 1 r -> "branch[" ++ treeToString 1 ++
" " ++ treeToString r ++ "]"

print $ treeToString $ Branch (Branch (Leaf 2) (Leaf

119%seH

3)) (Leaf 4)

trait Tree[A]

case class Empty[A]() extends Treel[A]

case class Leaf[A](v: A) extends Treel[A]

case class Branch[A](l: Tree[A]l, r: Tree[A]) extends

def treeToString[A](t: Tree[A]l): String = t match {
case Empty() => "empty"
case Leaf(a) => "leaf " + a
case Branch(l, r) => "branch[" + treeToString(l) +
" " + treeToString(r) +

}

println(treeToString (Branch(Branch(Leaf (2), Leaf(3)),

Tree [A]

eleds

"

Leaf (4))))



class Equal a where

T

(===), (/== a -> a -> Bool &

== = t === =

x / y not $ x y )
trait Equall[_] { wn
def ===(x: Equal[_]): Boolean 0
def /==(x: Equall[_]): Boolean = !(this === x) g’T



instance Eq a => Equal (Tree a) where

Empty === Empty = True I
Leaf x === Leaf y = == &
Branch 11 r1l === Branch 12 r2 = 11 === 12 && r ~
_ === _ = False g
trait Tree[A] extends Equall[A]
case class Empty[A]l () extends Tree[A] {
def ===(x: Equal[_]): Boolean = x match {
case Empty() => true
case _ => false
}
}
case class Leaf[A]l(v: A) extends Treel[A]l {
def ===(x: Equal[_]): Boolean = x match { %
case Leaf(vl) => v == vl S
case _ => false o
}
}
case class Branch[A](1l: Tree[A]l, r: Tree[A]) extends Tree[A] {
def ===(x: Equall[_]): Boolean = x match {
case Branch(l1l, r1) => 1 === 11 && r === ri
case _ => false
}

}



[x | i <= [0..10], let x = i*i, x > 20]
genSquares :: [Int]
genSquares = do T
i <- [0..10] o
let x = ixi x
guard (x > 20) o
return x o
Works in any monadic context.
for { i <- List.range(0, 11); = i*i; if x > 20 } yield x
def genSquares(): List[Int] = for {
i <- List.range(0, 11) K
x = ixi QL
if x > 20 Q
} yield x

Works for any type implementing map/flatMap/filter.



x <- Just 8 Just 8 >>= \x ->
y <- funl x funl x >>= \y ->
z <- fun2 y fun2 y >>= return T
return z [o})
7]
=
do (0]
x <- Just 8 Just 8 >>= \x -> -
y <- funl x funl x >>= \y ->
fun2 y fun2 y
for {
x <- Some(8) Some (8) . flatMap (x => %
y <- funl(x) funil(x).flatMap (y => oY)
z <- fun2(y) fun2 (y) .map (z => o
} yield z z)))



getLine
getline = ...

putStr :: String -> I0 ()
putStr =

I0 String

getLineWithPrompt
getLineWithPrompt prompt = do
putStr prompt
getLine

line :: IO String
line = getLineWithPrompt ">

String -> I0 String

119%seH

object Console {
def readLine(): String = {

def print(obj: Any) { ... }

}

def getLineWithPrompt (prompt:
Console.print (prompt)
Console.readLine ()

}

String):

String

val line: String = getLineWithPrompt ("> ")

{

ejess



Features comparison
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Haskell Scala Java
strong static typing yes yes yes
type inference yes yes no
higher order types yes yes yes**
algebraic data types yes yes (verbose) no
infinite streams yes yes no*
strict semantics optional default yes
lazy evaluation default optional no
currying default optional no
lambda expressions yes yes no*
A immutability enforced | not enforced | not enforced
side effects isolation yes no no
default implementations yes yes no*

* will be in Java 8
** not as good as in Haskell/Scala




