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¢ for-"laused" implementeeritakse foreach-iga, s.t.

trait MyIterable[+T]{
def foreach[U](f: T=>U): Unit
}

e Naiiteks arvuvahemikud:

case class MyRange(begin: Int, end: Int, step: Int
extends MyIterable[Int]
{
override def foreach[U](f: Int => U): Unit = {
if (begin <= end) {
f(begin)
MyRange (begintstep, end, step).foreach(f)
3
3
3
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Implitsiitsed klassid

Tahame tdiendada olemasolevat tiilipi mingi meetodiga. Naiteks:
5 korda println("Hei!")

Seda teeme jargneva klassi deklareerimisega:

implicit class IntLisaksKorda(x: Int) {
def kordal[A](f: => A): Unit = {
(0 to x).foreach( _ => )
}
}

* Meetodi (ndites korda) puudumisel pakendatakse vaartus (Int)
vaartused implitsiitsesse klassi (IntLisaksKorda).

e Implitsiitsedel klassidel on kitsendused:
® Eivoi olla vdlimises skoobis.
® Tipselt iiks mitte-implicit konstruktori argument.
® Ei tohi olla sama nimega meetodi, vélja ega objekti.



P

Ml TARTU ULIKOOL

Lihtsustatud naide: arvuvahemike stintaks

implicit class Kuniga(i:Int) {
def kuni(j: Int): Range = Range(i, j)
}

implicit class Sammga(r:Range) {
def sammuga(j: Int): Range = Range(r.start, r.end, j)
}

def main(args: Array[Stringl): Unit = {
val vl = 1 kuni 10
val v2 = 1 kuni 10 sammuga 2
for (x <- v2)
printf("%d.", x)
println()
}
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Lihtsustatud naide: Listid
e Definitsioon:

sealed abstract class MyList[+T] extends MyIterable[T]

case object MyNil extends MyList[Nothing] {
override def foreach[U](f: Nothing => U): Unit = ()
}

case class MyCons[T](head:T, tail: MyList[T]) extends MyList[T]
{
override def foreach[U](f: T => U): Unit = {
f'(head)
tail.foreach(f)
}
}

e Konstrueerimine kasutab apply meetodit objekti sees
object MyList {
def apply[T](xs: T*): MyList[T] =
xs.foldRight[MyList[T]](MyNil) (MyCons.apply)
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Lihtsustatud ndide: kujutised

sealed abstract class MyMap[T, +U] extends MyIterable[(T,U)] {}

case class MyEmptyMap[T1() extends MyMap[T, Nothingl {
override def foreach[U](f: ((T, Nothing)) => U): Unit = ()

3

case class MyConsMap[T, +U]
(left: MyMap[T, UI,
key: T, v: U,
right: MyMap[T, U]) extends MyMap[T, U] {

override def foreach[VI(f: ((T, U)) => V): Unit = {
left.foreach(f)
f(key,v)
right.foreach(f)
3
}
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Operatsioonide lisamine

¢ Vaatame immutable kogumeid.

¢ Operatsioonid teise, nditeks kompanjonobjekti:

object MyMap {
def add[T, UJ(m: MyMap[T,U], x: (T, U)): MyMap[T, U]

I
-~

3

def apply[T, Ul(xs: (T,U)*): MyMap[T, U] = {
xs.foldLeft[MyMap[T,U]](MyEmptyMap()) (add)
3
3
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Operatsioonide lisamine

® Soov on operatsioonid panna andmestruktuuri objekti:

sealed abstract class MyMap[T, U] extends MyIterable[(T,U)] {

def add(x: (T, U)): MyMap[T, U]
}

® Probleem: U pole enam kovariantne
e Trikk:
sealed abstract class MyMap[T, U] extends MyIterable[(T,U)] {

def add[V >: Ul(x: (T, V)): MyMap[T, V]
}
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Scala 2.7 (ja varem)

® Soov on operatsioonid tosta klassihierarhias korgemale:

trait scala.Iterable[A] {
// Uks abstraktne meetod
def elements: Iterator[A]

// palju konkreetseid meetode

def isEmpty: Boolean = ...

def map[B](f: A => B): Iterable[B] = ...

def dropWhile(p: A => Boolean): Iterable[A] = ...
3

e Tépsed tiiiibid 1ahevad kaduma:
® |ist(...).map(...): Iterable
® HashSet(...).dropWhile(...): Iterable
® TreeSet(...).map(...): Iterable
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Scala 2.8 kuni 2.12
e Kasutame implitsiitseid argumente:

trait MyCanBuildFrom[-From, -Elem, +To] {
def apply(): MyBuilder[Elem, To]

3

trait MyBuilder[-Elem, +To] {
def +=(elem: Elem): MyBuilder.this.type
def clear(): Unit
def result(): To

3

trait MyIterable[+A, CC[_], +C] {
def map[B, That](f: A => B)
(implicit bf: MyCanBuildFrom[Repr, B, That]): That = {
val b = bf()
for (x <- this)
b += f(x)
b.result
}
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Implitsiitsed parameetrid

Kuidas saab kirjutada:

val x1 = List(1,2,3).max
val x2 = List("aabits"”, "zorro").max
val x3 = List(false, true).max

Kui listidel (List[+A]) on meetod:
def max[B >: Al(implicit cmp: Ordering[Bl): A =

Jarjestus on enam-vihem selline:
trait Ordering[A] { def compare(x: T, y: T): Int }

Kuskil on defineeritud:

implicit object A extends Ordering[Int] { ... }
implicit object B extends Ordering[Boolean] { ... }
implicit object C extends Ordering[String] { ... }



11

M TARTU ULIKOOL

Scala 2.8 kuni 2.12

e Kasutame implitsiitseid argumente:

// Kuskil defineeritud:

implicit def cbfm[C,A,B]: MyCanBuildFrom[C, (A,B), MyMap[A,B]] = ...
implicit def cbfl[U]: MyCanBuildFrom[MyList[_1, U, MyList[U]] = ...
implicit def cbfs: MyCanBuildFrom[MyList[_1, Char, String] = ...

// Meie koodis:

val x : MyList[Int] = MyList(1,2,3,4)

val z : MyList[Char] = x.map(_.toChar)

val z : String = x.map(x => (x + ’a’.tolnt).toChar)

val q : MyMap[Int, Char] = x.map(x => x -> (x+’a’.tolnt).toChar)

e Ulipaindlik
e Veateated kohutavad, map tiilip kohutav
e Viga keeruline ja suur siisteem!
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Kollektsioonid Scalas on suur siisteem!

trait GenTraversableOnce[+A] extends Any
trait TraversableOnce[+A] extends Any with GenTraversableOnce[A]

trait GenIterable[+A] extends GenIterablelLike[A, GenIterable[A]]
with GenTraversable[A] with GenericTraversableTemplate[A, GenIterable]

trait GenericTraversableTemplate[+A, +CC[X] <: GenTraversable[X]]
extends HasNewBuilder[A, CC[A] @uncheckedVariance]

trait GenIterablelLike[+A, +Repr] extends Any
with GenTraversableLike[A, Repr]

trait GenTraversablelLike[+A, +Repr] extends Any
with GenTraversableOnce[A] with Parallelizable[A, ParIterable[A]]

trait TraversableOnce[+A] extends Any with GenTraversableOnce[A]
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Viga keeruline ja suur siisteem!

trait TraversablelLike[+A, +Repr] extends Any with HasNewBuilder[A, Repr]
with FilterMonadic[A, Repr] with TraversableOnce[A]
with GenTraversablelLike[A, Repr] with Parallelizable[A, ParIterable[A]]

trait Traversable[+A] extends TraversablelLike[A, Traversable[A]]
with GenTraversable[A] with TraversableOnce[A]
with GenericTraversableTemplate[A, Traversable]

trait IterableLike[+A, +Repr] extends Any with Equals
with TraversableLike[A, Repr] with GenIterablelLike[A, Repr]

trait Iterable[+A] extends Traversable[A] with GenIterable[A]
with GenericTraversableTemplate[A, Iterable]
with IterableLike[A, Iterable[A]]
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Uued Scala kollektsioonid (2.13)

e Aluseks voetud iteraatorid:

trait IterableOnce[+A] extends Any {
def iterator(): Iterator[A]
}

trait Iterator[+A] extends IterableOnce[A] {
// abstraktsed meetodid
def hasNext: Boolean
def next(): A

def iterator() = this

// konkreetsed meetodid
def dropWhile(p: A => Boolean): Iterator[A] = ...
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Uued Scala kollektsioonid (2.13)

e Kasutab korgemat jarku tlitibimuutujaid:

trait IterableOps[+A, +CC[_], +C] extends Any {
protected[this] def coll: Iterable[A]

def iterableFactory: IterableFactory[CC]
protected[this] def fromSpecificIterable(coll: Iterable[A]): C
protected[this] def newSpecificBuilder(): Builder[A, C]

// konkreetsed meetodid
def size: Int =
if (knownSize >= 0) knownSize else coll.iterator().length

def dropWhile(p: A => Boolean): C =
fromSpecificIterable(View.DropWhile(coll, p))

def map[B](f: A => B): CC[B] =
iterableFactory.fromIterable(View.Map(coll, f))
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Uued Scala kollektsioonid (2.13)

e Lihtsustatud naide:

trait MyIterableOps[+A, +CC[_], +C] extends MyIterable[A] {
def ++[B >: AJ(suffix: MyIterable[B]): CC[B]
def map[B]1(f: A => B): CC[B]
def filter(p: A => Boolean): C
3
sealed abstract class MylList[+T]
extends MyIterableOps[T, MyList, MyList[T]1]
{
// def ++[B >: T](suffix: MyIterable[B]): MyList[B]
// def map[BI(f: T => B): MylList[B]
// def filter(p: T => Boolean): MyList[T]
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Uued Scala kollektsioonid (2.13)

e Kasutab ara iilelaadimist

trait SortedSet[A] extends Set[A]
with SortedSetOps[A, SortedSet, SortedSet[A]]

trait SortedSetOps[A, +CC[X] <: SortedSet[X], +C <: SortedSet[A]]
extends SetOps[A, Set, C] with SortedOps[A, C]
{

}

e SortedSet[AJ-l on kaks map-i

def map[B 1(f: A => B): Set[B]
def map[B : Ordering](f: A => B): SortedSet[B]



18 il TARTU ULIKOOL

Uued Scala kollektsioonid (2.13)

® BitSet-id:
trait BitSet extends SortedSet[Int] with BitSetOps[BitSet]

trait BitSetOps[+C <: BitSet with BitSetOps[C]]
extends SortedSetOps[Int, SortedSet, C]

{
def map(f: Int => Int): C = ...

e BitSet-il on need map-id

def map[B J(f: Int => B): Set[B]
def map[B : Ordering](f: Int => B): SortedSet[B]
def map (f: Int => Int): BitSet
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Eelnev definitsioon pole Scala 2.11-s mugavalt kasutatav:

scala> resl.map(_ + 1)
<console>:13: error: missing parameter type for
expanded function ((x) => x.plus(1))

Tiitibituletus versioonis 2.11:
@ Piiliame leida meetodi tiiiibi kuju jargi: jadvad kaks alternatiivi
® Uritame leida argumendi tiiiipi:
® Lambda _+ 1 on ilma oodatava tiiiibita.
® Ei oska tiiiipi leida, kuna liitmine voib olla defineeritud mitmel tiiiibil.
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Keeleuuendused >=2.12

@ Piiiiame leida meetodi tiiiibi kuju jdrgi: jadvad kaks alternatiivi
(Function1[Int, B]): SortedSet[B]
(Function1[Int, Int]): BitSet

® Unifitseerime alternatiivide tiiiibid:
(Function1[Int, ?]): ?

@ Leiame argumendi tiiiibi, kasutades meetodite unifitseeritud tiiiipi:

® _ + 1 tiilibitakse oodatava tiiiibiga Function1[Int, ?]
¢ See onnestub tiilibiga Function1[Int, Int]

@ Tiilibitakse alternatiivid, kasutades argumendi tiiiipi. Sobib
(Function1[Int, Int]): BitSet
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Mitme operatsiooni tegemine

® Tehes
List(1,2,3,4).filter(f) .map(g)

tekitatakse iga operatsiooni jdrel uus list.

¢ Vahetulemust ei genereeri:
for (x <- List(1,2,3,4) if f(x)) yield g(x)
ehk
List(1,2,3,4).withFilter(f).map(g)
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WithFilter

abstract class WithFilter[+A, +CC[_]] {

def map[BI(f: A => B): CC[B]

def flatMap[BJl(f: A => MyIterable[B]): CC[B]

def foreach[UJ(f: A => U): Unit

def withFilter(q: A => Boolean): WithFilter[A, CC]
}

trait IterableOps[+A, +CC[_], +C] extends Any {

def withFilter(q: A => Boolean): WithFilter[A, CC]
3

* Sama eesmairgiga on ka vaated (View).
® parem implementatsioon 2.13-s



