Scala
Anga npogeccnmoHanoB
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MNasen MaBnos %CELSIOR !2



O cebe

3aHMMalCb CUCTEMHbBIM NMPorpaMmMmnpoBaHNEM

® KOMMNUNATOPbI, Cpeabl UCNOSTHEHUS
e Excelsior JET - JVM with AOT compiler
e koa Ha opbute (MNMTOHACC)

[1lpenopato

e Hay4dHoe pykoBoacTBo ctyaeHTamu (HIY)
e 0OAroToOBKa FOHNOPOB B KOMMAHUN

Y4yacTHMK Scala community

e Scala core committer (stdlib, compiler)
e OpraHunsoBan ScalaNsk



Tema: Scala ansa npodeccuoHanoB

OTO He byner

e eule ogHo “BBeaeHue B Ckany”
e “Mou nodbumble 2-3 duledkm B Scala”
e [oKnag ans toHNOPOB

A He byny

e npusogntb koA hello world, yncen ®mnboHavuw, ...

e BJaBaTbCs B HECYLLECTBEHHbIE AeTanu
® Tyrn B NOMOLLb

A pacckaxy

e Yyem gBngerca Scala
® 3a4yeM, KOMY U Korga OHa HyXHa




Tpun acnekra

Nnewu

o cunocodus, KOHLUENLUMK, BONPOCHI AMn3aiHa A3blka

MHCTpPYMEHTb!
O $3bIKOBblE oYK, NATTEPHLI, BUBNMOTEKN, TYNbI

ilchonb3oBaHue

© MNPOHUKHOBEHWE B MHOYCTPUIO, success stories,
MHEHUSA Nonb3oBaTesien, COOCTBEHHbIN ONbIT



Unen



KTo Takoun npodeccmnoHan?

*-nporpaMmMunCTbI

o C++-nporpamMmumcT
Java-nporpammmcT
Ruby-nporpammncT
html/js-nporpammuncT
1C-nporpaMmmMmucT

3BaHNSA U TUTYNbI

o Senior JavakEE Developer
o System Architect

Habop 3aknnHaHun

o XHTML, DHTML, XML, SQL, T-SQL, PL/SQL, COM,
CSS, PHP, AJAX, J2EE, JBoss, Jira, FogBugz, IIS

O O O O



KTo Takoun npodeccmnoHan?

[MpodreccroHanbHbIU NPOrpaMmMuCT -
9TO NHXEHEP

A3bIK NnporpamMMnpoBaHnS -
rMaBHbIN MHCTPYMEHT NporpamMmmMmucTa



Bbi60op A3biKa

OBObeKTMBHbIE/MH)XEHEPHbIE DAaKTOPbI

o [lpurogHocCTb AN npegMeTHon obnacTtu
o JKChnnyaTtauuoHHbIE XapaKTEPUCTUKM:

NPOM3BOAUTENBHOCTbL, MacwTabnpyemocTsb, maturity, nepeHoCUMocCTb,
resource requirements, ...

O |_|pOVI3BO,EI,CTBeHHbIe XapPaKTeEPUCTUKIA.

pacnpoCcTpPaHEHHOCTb, CKOPOCTb pa3paboTKn, pa3BUTOCTb
aKocucTeMmbl, TpeboBaHUsA K KBanudunkaunm paspaboTymkos, learning

curve, ...
o Baaumopeuncteue c 3rd-party/legacy kogom

CyObekTuBHbIE & BHELLUHME DaKTOpPbI

o KopnopaTuBHble cTaHOapPTbl, UHEPL XA, Nnap
o JInyHble npegnoyvTeHns



Java

Ruby C#
Erlang
JavaScript Clojure
Python ¢ Haskell
PHP
C++ Lua
Go

Groovy
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Scala is a Unifier

Agile, with lightweight syntax

Object-Oriented » Scala -« Functional

Safe and performant, with strong static typing



A3bik Scala: uenu

A3bIK 00LLEro Ha3Ha4YeHus
AnbTepHaTuBa/3ameHa Java
BHeapeHne FP B mainstream
[Tpeogonenune "3actos" B OOP

Llenesaa ayaoutopus:

1. Java-nporpaMMuncTbl (HapoaHble Macchl)
Nyqwinm asbik, FP

2. Ruby/Python(/JS)-nporpammuncTel
CTtaTtunyeckas TMnn3auund, npomn3soanUTEIIbHOCTb

3. OyHKUMOHanNbLUNKN
Ncnonb3oBaHue FP B mainstream



def scala = oop + fp



Scala = OOP + FP

Kak CKpecTuTb y»a C exxom?

e [elleBad KuTanckasa nmmrtaums
lambdas in C++, Java 8, ...

® MYXU OTAENbHO, KOTNETbl OTAENBHO

e Scala way: anxmMmyeckmun crnnas

O ©Oornblle, 4emM cyMMa criaraemblx
o TpebyeTcs NePEeOCMbICITUTb OCHOBBI

TexHnyecku, Scala = OO kernel + syntactic sugar
O Koaupyem (pyHKUUN OObeKTamm



CuHTaKCUC: OCHOBbI

val
val

var

def
def

val

VS
VS
VS
VS
VS
VS

4

b:

Int): Int =

x + 1

Int => x + 1 }

X: Int = 42
ys = List (1
z = "hello"
max (a: Int,
inc(x: Int)
inc = { x:
map 1nc
map { x => x + 1 }

map { + 1
filter { %
reduce max

reduce { (x,

}

2

y)

'= 0 }

=> x + vy }

1f

(a > Db)

a else Db



Knaccbl n 00OBbLeKTbI

abstract class Animal {
def name: String
}
class Person(firstName: String, lastName: String)
extends Animal {
val name = firstName + " " + lastName
}
class Employee (firstName: String, lastName: String,
val age: Int, var salary: Double)

extends Person(firstName, lastName)

object Mailin extends App {
val p = new Employee ("John", "Doe", 20, 300.0)

println(p.name + " is + p.age + " years old")



Methods and operators

List(1l, 2, 3).map(inc)
List(l, 2, 3) map 1nc

abstract class Set[T] {
def contains(x: T): Boolean
def - (x: T): Set|[T]
def !'Q@#%"&*-+ : Int

def foo(s: Set[Int]) {
if (s contains 42) println(s - 42)

1 + 3*5 => 1.+(3.*(5))



BbIi30B 1 nHAeKcauus

val inverse = { x: Int => 1.0 / x }
inverse (1)

val a = Array(0.33, 0.5)

a(l)

a(0) = 1.0

def foo(f: Int => Double) {
println (£(1))

}

foo(inverse)

foo (a)

Array[T] 1s a function (Int => T)!



PYHKUMUN KaK OO BEeKTb

q)yHKLI,I/IOHaJ'IbH ble TUMNbI.

(A => B)

trait Functionl[A, B] {
def apply(x: A): B

val inc = { x: Int => x + 1 }

val i1nc = new Functionl[Int, Int] {

def apply(x: Int): Int = { x + 1 }

inc (4)



Scala: OOP done right

EcTb MHOro ycrosiBumxca mmdgos 06 OOIT,
KOTOpble HE COOTBETCTBYIOT AENCTBUTENTBHOCTU

OHM OTPaBNAKT HAM XU3Hb: 3aCTaBNSAOT
nucaTb NULLHUIN Ko, NNOANTb KpUBbIE
An3anHbl, genaTb bonblle paboTbl Angd
OOCTWXEHUA XyaLwero pesynbrarta

A pa3bepy 4YeTbipe U3 HUX



Mud i OOI: 1

Getters & setters provide encapsulation
O, RLY?
Ha camom pgene:
OHM NPOCTO HE HYXXHbI
Scala: uniform access principle



Uniform Access Principle

Bce ycnyru, npeanaraembole Moayrnem OOJTKHbI
ObITb JOCTYMNHLI YePE3 eAUNHY0 HOTaL IO,
KOTOopas He pacKpblBaeT, peanm3oBaHbl N1 OHU
nocpeacTBOM XpaHEHUS NMOO BbIYUCTIEHUS.

Bertrand Meyer



UAP: fields, methods and properties

class Foo(val rl: Int) {

var rwl: Int

def r2: Int = 27?27

private[this] var field = 0

def rw2: Int = field

def rw2 =(x: Int) { field = x }

val v: Foo = ...
println(v.rl + v.r2 + v.rwl + v.rw2)
v.rwl = 42

V.rw2 = 43



Mudbl OOIN: 2

Object = identity + state + behavior
O, RLY?
java.lang.String: npoctato4yHo OOIlleH?

e identity is misleading & (almost) useless
if (sl == s2) ...

e no mutable state => state = data

e behavior is just a function(data)

B yem neno?



Mudbl OOIN: 2

java.lang.String is immutable object

FP: Algebraic types (ADT)
Immutable objects = ADT + encapsulation

Scala:

o Favor immutability, support for ADTs
o Behavior of '=="is defined by the class

Object = encapsulated code & data
identity & state are optional



Mudbl OOI: 3

ba3oBbIN KIacc He OOIMKEH 3aBUCETb OT CBOUX

HacrnegHWKoB

O RLY? Visitor pattern? Double dispatching?
Ha camom pgene:

O O O O

ECTb 3aKpbITble N OTKPLITLIE MEepapPXnNU

OTKpbITbIE epapxuu - knaccundecknin OOIT

3aKpbIThble - 3HAEM BCeX CBOMX HacregHUKOB

[1Be npuvHUMNManbHO pasHbie MOAENN, BblpaXaTb OOHY
yepes OpYryto - HEeCTECTBEHHO

B mupe ®l1 ectb nogxoasiume cpeacrtea:
anrebpandeckme tTunel (ADT) & pattern matching



Case classes

case class Person(name: String, age: Int)

U

class Person(val name: String, val age: Int)
extends Serializable {
override def equals (other: AnyRef) =
override def hashCode =

override def toString =

def copy(name: String = this.name, age: Int = this.age) =
}
object Person extends (String, Int) => Person {

def apply(name: String, age: Int) = new Person

def unapply(p: Person): Option((String, Int)) =

Some ( (p.name, p.age))



Case classes as ADT

case class Person(name: String, age: Int)

val p = Person ("Jdohn", 20)

println (p) // Person (John, 20)

val g = p.copy(name="Sam")

g.copy (age = g.age+l) == Person("Sam", 21) // true

def foo(x: Any) = x match {
case Person (name, age) => s"Sname of S$age years"
case  => xX.toString

}

foo (p) // "John of 20 years"

foo(123) // "123"



ADT in action

sealed class Expr
case class Var (name:
case class Num(value: Int)
case class Neg(arg: Expr)

(

case class Add(argl: Expr,
def optimize (expr:
( X))
( Num (0) )
Neg (Num (x) )
Add(x, Neg(y))

(

(

(

Expr) :
case Neg (Neg (x

case Add(x,

case
case

case Add (Num(x),

case Neg(x)

case Add(x, V)

case

String)

if x

Num (y) )

extends Expr
extends Expr

extends Expr

argZ: Expr)
Expr = expr match {
=> optimize (x)
=> optimize (x)
=> Num (—-x)

—= v => Num(0)

=> Num(x + V)
=>
=>

=> expr

Neg (optimize (x
Add (optimize (x

extends Expr

))
) 1

optimize (y))



Mudbl OOI: 4

Multiple inheritance is a sin

Knaccuiecknm mma:

o Bce 06 aToM “3HalT”

O HO HUKTO He MOMHUT, OTKyda 3TO 3HaHWE B3S0Ch
o Bce Bpoae bbl B Kypce, novyemy
O

Masio KTO B TOYHOCTU NOHUMAET, B YEM MMEHHO
aeno



Mudbl OOI: 4

VcTopua muda:

O

O O O O

O
O

MI, kak oHO BbIno peanu3oBaHo B C++ (~20 net Ha3an)
co3aaBarno cepbesHble Npobremsbl

B cBa3u ¢ a1um B Java MI Bb1no cnunbHO ype3aHo

Java noasunacbk B 1995 roay

PR-mawwnHa (“Java nydwe C++") nopogmnna mud

OrpaHnyenuna Ml B Java npmBesnun K NOABNEHUIO
workaround'oB 1 “KOCTbINbHbLIX" NaTTEPHOB

B ntore B Java 8 Takmn nogsunocb M|l noBegeHus
Cen4vac HaMm roBOopsT, 4YTO 3TO OK

20 net Ham Bpanun?

NTOrn: mmnd He passeHyaH, ctapble npobrembl He peLLeHbl,
KOCTbINMN B a3blke (default, pasnunyme knaccos 1 nHTepdencos)



Mudbl OOI: 4

Multiple inheritance is a sin

YTo Ha camom aene?



[Mpobnembl MI

A. Diamond problem

o shared state vs. duplicated state

o object initialization

o correct super calls
B. Sibling problem

o name clash

o mixing APls
KOpeHb I'IpO6J'IeMbI: Mbl HE4OCTaTO4YHO ACHO MOHMMaEM,
41O Takoe MI (Kak OTHOLWEHME N KaK 4EUCTBUE) N YTO Npu
9TOM NMpoucxoguT

[TocnegHue 20 neT Hayka Ha MmecTe He cTtosanal



Multiple inheritance done right

e ftrait (mixin) - nO4YTM TO XXe camMmoe, 4YTO U class
e MI (nencrtBue) - 310 cOOpPKa Krnacca U3 YacTen
o aka mixin composition
e no state duplication
® NOPAOOK BaXKeH!
o “extends A with B’ !=“extends B with A’

® Ssuper onpegensaeTcs gMHaMNYecKu

o correct super calls
o stackable modifications

e no name clash - bepéTca nocnegHum



Traits: npumep

trailt

def

def
def
def
def

class
def

Ordered[A] {

compare (that:

< (that: A)
> (that: A)
<= (that: A)

( )

i
o
Q
rt
>

Money extends

compare (that:

A): Int

Roolean
Roolean
Boolean

Roolean

this
this
this
this

~ o~ o~ o~

compare
compare
compare

compare

SomeTrait with Ordered[Money]

Money) =

AN VA

V

{

o O O O



MoaynbHOCTbL: Java

Kak pa3genntb cUCTEMY Ha 4YacTu?

Kak ynpaBnaTb 3aBUCUMMOCTSMU MeXOy MoaynsmMmn?
Kak abcTtparnpoBaTtbCsi OT AeTarnen peanusaymm?
Kak cobpaTb cuctemy n3 4yacten?

Use your favorite DI framework!
YTto Ham paeT DI framework:

O WHKancynauusda, abctpakumns, KoMrnosmuns o0bLEKTOB,

O O O O

onpegeneHne NMHTepdPENCoB, COKpLITUE peanunsaumu,
nonMmopgusm

IT0 Xe knaccudeckas OO 3agaya!l
Java npocTo He crnpaBnaeTcd



MoaynbHOCTL: Scala

OOQOI'1 MOXeT ncnonb3oBaTbCd A9 MOAYJIbHOCTU

Mogaynb - 370 trait

Komnosanuuna moayneun - ato Ml

Bca cuctema - aTo 0O6BbEKT

3aBNUCUMOCTK (MMNOPT Moaynen) - Yepes self types
AbcTtpakuus: abstract types (B gon. K Metogam v Nonsim)

[lpenmyLlecTBa:

o Bce KoHTponupyeTcs ctaTU4ecku

o HeT boilerplate, nydonupoBaHus koaa

o He HyxeH BHewHu DI framework

o MOXXHO NONHOCTbLIO N30aBUTbCA OT rnobanos

O O O O O

KritoueBble CrioBa: cake pattern, self type, abstract type



Konnekuuu & ntepauua

Konnekuuu - nepBasi No BaXXHOCTU Belllb Nocne
COOCTBEHHO $13bIKOBbIX U4

e OHW Be3gecyLn

e [ln3amH ctaHgapTHOM BUBNMOTEKU KOMMEeKUmn
BIIUAET Ha KaXOylo nporpammy, npmyem B
3HAYUTENBHON CTENEHU

e OHN popmMUpPYIOT cnoBapb, C NOMOLLbIO
KOTOPOro rnporpaMmMuCT Bbipa)aeT CBOW
MbICIU




Scala Collections

* Seq

TraversabIeO nce

* IndexedSeq, Buffer; ... m ﬁ
Traversable

* Set

* HashSet, BitSet, ...
* Map

* HashMap, TreeMap, ...



Scala Collections: API

® functional-style

® collect, count, exists, filter, find, flatMap, fold, forall,
foreach, groupBy, map, max/min, partition, reduce,
splitAt, take, to, ...

® NpuUMepsI:
val people: Seqgl[Person] = ...

val (minors, adults) = people partition ( .age < 18)

® [napannenbHble Konnekyun: .par, tuning (thread pools
etc.)



I/ITepau,vm: BHELWHAA U BHYTPEGHHAA



for comprehension

e 0000LWEHHBbIN umkn for
O C nogaepxkom punbTpos U pattern matching

npeobpasoBaTerib MNOTOKOB AAaHHbIX
S13bIK 3arMpoOCoB

MOHaJN4YECKNA KOMOMHATOP

BCEro NMnLlb CUHTAaKCUYECKNN caxap



for loop: basic form

val files: Seqg[File] =

for (file <- files) {
println (file.getName)

files foreach { file =>

println (file.getName)

val names = for (file <- files)

val names

yield file.getName

files map { .getName }



for loop: filters & nested loops

def content(f: File): Seq[String] = 27?27

for {
file <- files
1f !file.getName.startsWith(".")
line <- content (file)

1f line.nonEmpty

} println(file + ": " 4+ line)
files withFilter (! .getName.startsWith(".")) foreach { file =>
content (file) withFilter ( .nonEmpty) foreach { line =>

println(file + ": " + line)



for loop: filters & nested loops

def content (f: File): Seqg[String] = 27?27

val lines = for {
file <- files
1f !file.getName.startsWith(".")
line <- content(file)

1if line.nonEmpty

} yield file + ": "™ + line
files withFilter (! .getName.startsWith(".")) flatMap { file =>
content (file) withFilter ( .nonEmpty) map { line =>

file + ": " + line



MHCTPYMEHTDI



Hello, REPL!

scala> val repl

repl:

Map ('R

->

"Read", 'E' -> "Eval'",

!PV _> "Print", VLV _> "LOOp")

immutable.Map[Char,String] = Map(...)

scala> for ((k,

S v R 3 S,

is
is
is

is

for
for
for

for

Read
Eval
Print

Loop

V)

<- repl)

println(s"S$k is for Sv")



Types hierarchy
.

AnyVal AnyRef/ObJect

////i:;;i;>f \\:::\\\\\\ ] ScalaObJect
Value classes Primitives Java classe

Scala classes

\ﬁ//W




Tunbl

e OcHoBHble TUNbI: primitives, Unit, tuples,
functions, Option
e CocTaBHble TUMNbI:

A with B with ... { refinement }

e OTHOLUEHNE COOTBETCTBUA TUMOB. A <: B
e Tun onpenensiet HTepdenc



Tunbl

value & reference types
top & bottom types
compound types

napameTpusaunsa (generics)
o variance: co- & contra-
o upper & lower bounds

higher-kinded types

abstract types

self types

dependent types

structural types (typesafe duck typing)



Implicits

Extension methods
Automatic adaptors
DSLs

Typeclass pattern (C++ concepts)



Internal DSLs

class DominatorsSuite extends FunSuite with ShouldMatchers
with GraphBuilderDSL {
test("diamond") {
calcDominatorsOver(® -> (1 || 2) -> 3)
idom(1l) should be (©)
idom(2) should be (©)
idom(3) should be (©)
}
}




Macros

def assert (cond: Boolean, msg: Any) = macro Asserts.assertImpl

object Asserts {
def raise(msg: Any) = throw new AssertionError (msg)
def assertImpl (c: Context)
(cond: c.Expr[Boolean], msg: c.Expr[Any]): c.Expr[Unit] =
1f (assertionsEnabled)
reify { if (!'cond.splice) raise(msg.splice) }
else
reify { () }

assert (c, "msg") => 1if(!c) raise("msg")



ARM

automatic resource management

withFile (“~/.bashrc™) { f =>
for (1 <- f.lines) {
if (“#” .r.findFirstIn(l) != None)
println(l)



Parallelism & concurrency

val people: Seqgl[Person] = ...

val (minors, adults) = people partition ( .age < 18)



Parallelism & concurrency

val people: Seqgl[Person] = ...

val (minors, adults) = people.par partition ( .age < 18)



Parallelism & concurrency

val people: Seqgl[Person] = ...

val (minors, adults) = people.par partition ( .age < 18)
actor {
receive {
case people: Seqg[Person] =>
val (minors, adults) = people partition ( .age < 18)
School ! minors

Work ! adults



Futures

Future

e XpaHunuuie ans 3HavyeHus, KoTopoe oyaeT
Nony4eHo B byayuiem

e [lony4yeHune 3Ha4YeHNE MOXET ObITb
BbIMOSTHEHO aCUHXPOHHO U HE BroKnpoBaTb
nporpamMmmy

e 3HayeHMe MOXET He ObITb NOSIy4eHO BOBCE



Futures

val f: Future[lList[String]] = future {

session.getRecentPosts

f onSuccess {
case posts =>

for (p <- posts) println(p)

f onFailure {
case t =>

println ("An error has occurred: " + t.getMessage)



Combining futures

val usdQuote = future { connection.getCurrentValue (USD) }
val chfQuote = future { connection.getCurrentValue (CHF) }
val purchase = for {

usd <- usdQuote
chf <- chfQuote
if isProfitable (usd, chf)

} yield connection.buy (amount, chf)

purchase onSuccess {

case => println(s"Purchased $amount CHEF")



Akka

Toolkit & runtime for building concurrent,
distributed & fault tolerant applications
Actors

Remoting: location transparent
Supervision & monitoring

Software Transactional Memory
Dataflow concurrency



Tools

IDEs: IDEA, Eclipse, NetBeans

+ Emacs, vim, Sublime, TextMate
Building: SBT

but also ant, Maven, etc...
Testing: ScalaTest, Specs, ScalaCheck

but also JUnit, EasyMock, Mockito, etc...
Web frameworks: Lift, Play!

but also Struts, Spring MVC, etc...
+ all that Java stuff



Libraries & frameworks

DB query & access: Slick (LINQ-like)
Ul: ScalaFX
Text processing: parser combinators (stdlib)

GPGPU: ScalaCL
...and many others



Ncnonb3oBaHue



UYTO roBOpAT yMHbIe noan?



“l can honestly say if someone had shown me the
book by Martin Odersky, Lex Spoon & Bill Venners back in
2003 I'd probably have never created Groovy."

James Strachan, creator of Groovy




“If | were to pick a language to
use today other than Java, it
would be i

James Gosling



[MonynapHocTb Scala

e 11 mecto - RedMonk Programming Language
Rankings (StackOverflow, GitHub)
e 36 mecto - TIOBE index

(MoncKoBble 3anpocChbl)



Popularity Rank on Stack Overflow (by # of Tags)
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less

© - MORE VOTES ----» ‘

Total votes: 2044

more

Iramediately Next 3 Months Next 6 Months Next Year

< Adoption

http://www.infog.com/research/next-jvm-language



Percentage Growth
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ocale: Absolute - Relative
Job Trends from Indeed.com
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Scala Today
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Success story: Twitter

e 2006: Hauano - Bce Ha Ruby on Rails
e 2007-2008: B3pbIBHOM POCT NONYNAPHOCTU



FAIL WHALE

Twitter: Failure is an option. At least once a day, or whenever you need it.




Success story: Twitter

e 2006: Hayano - Bce Ha Ruby on Rails
e 2007-2008: B3pbIBHOM POCT NOMNYNAPHOCTU

PelweHne:

44— 4d+3 — 3




Excelsior: Haw onbIT

e ONTUMUINPYIOLLUNA KOMMUNATOP
e HoBoe aapo, implemented from scratch
e R&D "no-B3pocrnomy”
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© 3TO MMUPOBOU pekopa
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Novosibirsk Scala Enthusiasts

- b
V)
<

www.meetup.com/ScalaNsk
www.twitter.com/ScalaNsk
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Case classes and pattern matching

e Pattern matching - 0600w EeHHbIN switch/case
e Case classes - peanusauua ADT

[TlpenmyulecTBa Scala:

e (Case class - bonblue yem ADT:
MHTEPMENCHI, METOAbI, AaHHbIE
e Pattern matching customizable by user:

abCTpaKLUMa NOrMKMU OT CTPYKTYPbI AAHHbIX,
DSLs



Extractor objects

object PowerOfTwo
import java.lang.Long. {numberOflLeadingZeros => nlz}

def apply(i: Int): Long = 1L << 1
def unapply(x: Long): Option[Int] =

if (((x & (x=1)) == 0) && (x > 0))
Some (63 - nlz(x)) else None
}
def optimize(e: Expr) = e match {
case Mul (x, PowerOfTwo (n)) => Shl(x, n)
case Div(x, PowerOfTwo(n)) => Shr(x, n)

case Rem(x, PowerOfTwo(n)) => And(x, PowerOfTwo (n)



Pattern matching everywhere

def foo(x: Int) = (x, X*X*x) // Int => (Int, Int)

(1,1),(2,8),(3,27))

val xs = List(1,2,3) map foo // List (
val (n, c) = xs.last // n =3, c = 27

for ((n, c) <- xs) println(c/n) // 1, 4, 9
val zs = xs collect { case (x, y) 1f x <y =>y - x }

println(zs) // List (6,24)



Partial functions

class List[T] {
def collect[U] (pf: PartialFunction[T,U]): List[U] = {
val buf: Buffer[U] =
for (elem <- this) if (pf isDefinedAt elem) buf += pf(elem)
buf.tolList

val zs = xs collect { case (x, y) 1f x <y =>y - x }

println(zs) // List (6,24)



Type variance: onpegeneHuve

[TlycTtb ecTb FoO[T], u A <: B (A !=B).

ECTb Tp¥ BO3MOXXHOCTMU:

1. Foo[A] <: Foo[B] - Foo koBapuaHTeH no T

2. Foo[B] <: Foo[A] - Foo koHTpaBapuaHTeH no T
3. NHa4ve, Foo nHBapmaHteH no T

BapI/IaHTHOCTb 3anaéTc;| npu 00BbABNEHUN Knacca:
class Foo[+T] / class Foo[-T] / class Foo[T]

KO- / KOHTpa- / NH-



Type variance: npumepbl

trait InChannel[+T] { def get: T }

val in: InChannel[String] =
val x = in.get // x: String
val in2: InChannel[Any] = 1in

val x2 = in2.get // x2: Any
trait OutChannel [-T] { def put(x: T) }

val out: OutChannel [Any] =

out.put (42)

val out2: OutChannel[String] = out
outZ2.put ("hello")



Type variance: KOHTPOJIb TUNOB

class Cell[+T] { // covariant
def get: T // ok

def put(x: T) // compilation error

class Cell[-T] { // contravariant
def get: T // compilation error
def put(x: T) // ok

class Cell[T] { // 1invariant
def get: T // ok
def put(x: T) // ok



Type variance: ewe npumMepbl

trait Functionl[-T, +R] { // contravariant argument (s)
def apply(x: T): R // covariant result

}

class List[+T] { // 1mmutable collections are covariant

def head: T
def tail: List[T]

class Array[T] { // mutable collections are invariant
def apply(idx: Int): T
def update(idx: Int, x: T)



[MlapameTpusauua: npumep

abstract class List[+A] {
def head: A
def tail: List[A]
def isEmpty: Boolean

final case class Cons[+A] (val head: A, val tail: List[A])
extends List[A] {
def 1sEmpty = false
}
case object Nil extends List[Nothing] {
def head = throw new NoSuchElementException ("Nil.head")



Upper & lower type bounds

def max[A <: Ordered[A]] (xs: List[A]): A = ?27?°?

val accounts: Ordered[Money] = 2727

max (accounts)

abstract class List[+A] {
def ++[B >: A] (that: List[B]): List[B] = ?272°7

val strs = List ("foo", "bar")
val nums List (13, 27)
val all = strs ++ nums // List[Any]



Compound Types

trait Cloneable {
def clone: Cloneable = 27?7
}
trait Resetable {
def reset(): Unit

def cloneAndReset (obj: Cloneable with Resetable): Cloneable = {
val cloned = obj.clone
obj.reset ()

cloned



CuHTakcnyeckum caxap

becckoboYHble MeToabl

auto-generated accessors

onepaTopbl = MeTOAbI,

onepaTopHbIA CUHTaKCUC

apply, update

for loop

case classes, unapply

e implicits

[nnsa yero? UAP, DSLs, extension methods, FP-
>0O0P mapping, pattern matching



