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abstiact classlterable[El {
def map[NewEl(x: El<zNewEl): Iterable[NewEl] = E

}

abstiact classlterable[El, Coll[T] <: Iterable[T, Coll] ] {
def map[NewEl](x: El<zNewEl): Coll[NewEIl] = E

}

classLis{El extendslterable[El, List
(new LisfInt]).map{x => Oap: Lis{String / was: lterble[String]
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Scala
OO  FP, happily married

® Values are objects (fun’s = values = obj’s)
® Abstraction (value- & type-level)
® FP: parameterisation

® OO:abstract members

® Concretisation (value- & type-level)

® FP:application

® OO: compose with concrete members




Scala
OO  FP, happily married

® Pattern matching: extractors (emir et al, Thu@tech.track]

® Encode Haskell’s type classes: implicits

® Module system
® object = module
® class = signature

® mixin composition




Other paradigms

® Actors: Erlang-style concurrency [Haller et al.]

® DSLs as libraries: flexible syntax, closures,
implicits

® (small) Prolog library (full code)

append = Predicate
append('X :: 'Xs, 'Ys, 'X::'Zs) ;- append('Xs, 'Ys, 'Zs)
append('nil, 'Xs, 'Xs)!
® Parser combinators

p = OletG- ident ~ O=0- expr ~ OinG- expr
or:
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Other paradigms

® Actors: Erlang-style concurrency [Haller et al.]

® DSLs as libraries: flexible syntax, closures,
implicits

® (small) Prolog library (full code)

append = Predicate
append('X :: 'Xs, 'Ys, 'X::'Zs) ;- append('Xs, 'Ys, 'Zs)
append('nil, 'Xs, 'Xs)!

® Parser combinators

or: L _
p = OletG- scope>> {s=> bound(ident)(s) ~ O=0

~ expr ~ OinG- in(expr)(s)}
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More concretely
(in Scala)

K * — X 4 X

| |

Types Kinds

Function1[int, Int] Functionl

|

(X: Int) => x*2

Objects
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Kinds in Scala,
conceptually (1/3)

® Kinds that classify types that classify objects
® “(L, U)classifies TifL<: T<: U

® Principal kind: T : *(Nothing, Any)
® Singleton kind: T : *(T, T)

® [ —T:*L, U) generalises I - T wf

e *(Nothing, Any) abbrevdas *
e *(Nothing, T)  abbrevdas *(T)
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® Kinds that classify type constructors
o [X1@K, E, Xn@K ] = K classifies T

o if K classifies T[ X1, g, Xn] under the

assumption that K| classifies X;
® More complex example:

o OrderedSefT <: Ordered[T]]

e OrderedSet—=* WRONG
e OrderedSet: X@*Qrdered[X]) = *




Subkinding

I+ 9'<: S
= T<:T
L % (S, TH)<:x (S5, T")

K_SuB_ STAR

| + K/ <:K,
|, X, K+ K<:K'

K SUB ARR
- XQK, ., X,QK,] — K<:[X1@K1’, X, QK| - K’ - -

' T : K
I' H K<:K'
I'+= T : K’/

KIND SUBSUME




Subkinding

Iterable[ T, Coll[T] <: Iterable[T, Coll]]
terable : [ *, C@([T@*] — *(Iterable[T, C])) ] — *




Subkinding

trait Iterable[ T, Coll[T] <: Iterable[T, Coll]j

lterable : [ *, CQ([T@*] — *(Iterable[T, C]))
trait OrdSef{ T <: Ordered[T] ] extendslterable]

OrdSet: | T@*Ordered|[T]) | — *(lterable[T, OrdSet)))




Subkinding

Iterable[ T, Coll[T] <: Iterable[T, Coll]]

lterable : [ *, C@([T@*] = *(Iterable[T, C]))
OrdSef{ T <: Ordered[T] ] Iterable|

OrdSet: | T@*Ordered|[T]) | — *(lterable[T, OrdSet)))

s Iterable[ T, OrdSef well-kinded?
kind for Coll must be




Subkinding

trait Iterable[ T, Coll[T] <: Iterable[T, Coll]j

lterable : [ *, CQ([T@*] — *(Iterable[T, C]))
trait OrdSef{ T <: Ordered[T] ] extendslterable]

OrdSet: | T@*Ordered|[T]) | — *(lterable[T, OrdSet)))

s Iterable[ T, OrdSef well-kinded?
kind for Coll must be

| T@*] — *(Iterable[T, OrdSet))




Subkinding

trait Iterable[ T, Coll[T] <: Iterable[T, Coll]j

lterable : [ *, CQ([T@*] — *(Iterable[T, C]))
trait OrdSef{ T <: Ordered[T] ] extendslterable]

OrdSet: [T@@ered[T ) | = *(Iterable[T, OrdSet)))

s Iterable[ T, OrdSef well-kinded?
kind for Coll must be

[T — *(Iterable[T, OrdSet)




Bounded lterable

Iterable[ T <: Bound[T], Bound[ ]]{
Container[x <: Bound[x]]

map[S<: Bound[J](f: T=> §): Containel§
fatMap[S <: Bound[J](f: T => Iterable[S, Bound]): Containen g
plter(p: T => Boolean): Containen T]

OrderedSeifT <: Ordered[ T]] lterable[ T, Ordered] {
Containel[x <: Ordered[x]] = OrderedSejx]




Past, present & future

® (Studied encodings in Scala 2.4, ported Haskell DGP approaches to Scala)

® |mplemented type constructor polymorphism in
Scala 2.5

® known limitation: no higher-kinded type inference

® Current focus
® formalisation
® applications
® |terable, Parser Combinators, Frescala
® [Future work
® type-level computation
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Questions!

Thank you!




Examples

® |terable (see also: paper)
® Unifying Parser & UnitParser

® Scrapping Scala’s nameplate




// the "dual" of Iterator

trait Builder[Container[_], E1] {
def +=(Cel: EL): Unit
def finalise(): Container[El]

def using(op: this.type => Unit): Container[El] =
{op(this); finalise()}
3

trait Buildable[Container[_]] {
def builder[T]: Builder[Container, T]

def fromIterator[ELl, NewEl](elems: Iterator[ELl])
(op: Builder[Container, NewkEl] => E1l => Unit):
Container[NewEl]
= builder.using{ b => elems.foreachCop(b)) }




ITterator[+ELl] {
def next(): El1
def hasNext: Boolean
def foreach(op: EL => Unit): Unit = whileChasNext) op(next())

ks
trait Iterable[+El] { type Container[+X] <: Iterable[X]

def elements: Iterator[El]

def mapTo[NewEl, NewContainer[_]](f: EL => NewEl)
(implicit b: Buildable[NewContainer]): NewContainer[NewEl]

= b.fromlterator(elements){ builder => el =>
builder += f(el) }

def filterTo[NewContainer[+X]](p: EL => Boolean)
(implicit b: Buildable[NewContainer]): NewContainer[El]

= b.fromIterator(elements){ builder => el =>
1f(p(el)) builder += el}

def flatMapTo[NewEl, NewContainer[X]](f: E1 => Iterable[NewEl])
(implicit b: Buildable[NewContainer]): NewContainer[NewEl ]

= b.fromIterator(elements){ builder => el =>
f(el).elements.foreach{ el => builder += el }

} 19/16



Combinator Parsers

p = OletG- ident ~ O=0- expr ~ OING- expr
Olet©O=00inQ UnitParser
Ident : Parsefldent]
expr : ParseffExpi
p: Parsefldent ~ Expr~ Exp{

To achieve this, UnitParserand ParselfT] are
completely separate (they each define —, etc.)
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abstiact class Rrser[T <: B B] extends (Input => RArseResult[T]) {
type SeqWith[x, y]
type Seq[U <: B B, SW[_, ]] <: NextB[B]
type NextSW[SWI[ , ], X, V]
type NextB[B]

type SeqRrser[U <: B B, SW[_, _]]
= Parser[Seq[U, BB SW], NextB[BB]]{type SeqWth[x,y]= Parserthis.NextSW[SW X, y][}

def makeSeq[U <: BB BB](other: Rrser[U, BB])
(f: Input => ParseResult[Seq[U, BBother.SeqWth]]): SegRarser[U, BB other.SegqWth]

}
abstiact classAnyParser|[T] extends Brser[T Any] {

type SeqWith[x, y] = Pair[x, V]

type Seq[U <: B B, SW[ , ]] = SWIT, U]

type NextSW[SWI[ , ], X, y] = Ruir[X, V]

type NextB[B] = Any

def makeSeq/*...*/ = newAnyParser[Seq[U, BB SW]|{ def apply(in: Input) = f(in) }
}
abstact class UnitRarser[T <: Unit] extends Rrser[T Unit] {

type SeqWith[x, y] = x

type SeqU<:B B, SW[ , [|=U

type NextSW[SWI[_, 1, X, y] = SWIX, V]

type NextB[B] = B

def makeSeq/*...*/ = othermakeSame(f) 21716



import scala.collection.mutable.ListBuffer

trait Widgets{
classMyWidget {

}
}

trait Placeables{
classExtent

trait Placeable{
type Self
val self. Self
def measure Extent

}
}




frait WidgetsArePlaceablerequires (Widgetswith Placeables
with WidgetsArePlaceable) {
implicit def MyW idgetlsPlaceabléw: MyWidget): Placeable= new
Placeable{
type Self= MyWidget; val self=w
def measure Extent= error("not impl")
}

}
trait Layout {

rait LayoutEnginerequires (Placeableswith LayoutEngine) {
private val placeables= new ListBuffefPlaceabld
def +=(p: Placeablg = placeables+=p

def solve {
extents= (for(p <- placeableg yield p.measurg
/...

}

private var extents Iterable[Exten] = _

}
}




