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AO: Hello, World!

object Hello extends App { Au d dze dzj Is ts dz'
printin -~ (" Hello , World " ) ARs j dzts t5B-IC sUEB ez € Is s te
} AAppi M s H § temaihiargs)

Aprintini §f etsmilsOw W iz dzS yd WPredass i W
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Scala: expression tree (1) mail

ASTTI OB MistcOC Isdets] MddzsOSC Md yg M©

sealed abstract class Tree

case class BinOp(op: Op,I: Tree ,r. Tree ) extends Tree
case class Var (n: String ) extends Tree
case class Const (v: Int ) extends Tree

sealed abstract class Op
case object Add extends Op
case object Mul extends Op

Abtcclzdsj dalsT A C tz@em @Oz C Iststs

Acaseclassi Ot G z dzj dzls ™ A § &z@) @
Mo 52 Mdgwald ¢ hashCode

Acase objecti i d dzc dzj Is ts dz

Asealedi o] (Y sltsdi3sCd GBI Wodzj
¥ 02 dzj

AC zO e dzts s telsydzd € d



Scala: expression tree (2)

9 " ud madzj dzd J

type Environment = String => Int

def eval (t: Tree, env: Environment ). Int =

t match {
case BinOp(Add, I, r)=>
eval (I, env)+ eval (r, env) typealias(® Is. y. fm O®cl
case BinOp(Mul, I, r)=> sdf WEkdSydd

eval (I, env)* eval (r, env)
case Var(n)=> env(n)
case Const (v)=> v

pattern matching
dzj ME Bz €85 MY dME e
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Scala: expressio
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s jtcOydd COS¢ Wlkdeydd

Int ](

val operations = Mapg Op, ( Int , Int )=>
Add ->(( xint ,y:nt)=> X+y ), /| Div
Mul ->( * )

)

I def

->div(,)

div(x:Int, y:Int) = x/y

def eval2( env: Environment )(t: Tree):

t match {
case BinOp (op,

|, r)=>

operations  (op)(

eval2 (env)(
case Var(n)=>
case Const (v)=>

), eval2 (env)( r))
env(n)
Y

Int
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Scala: expression tree (4)
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object  SimpleExpressionsParser extends JavaTokenParsers {
def tree : Parser [Tree] = binOp | elem
def binOp : Parser [BinOp] = elem ~ op ~ elem "{
case | ~op ~r = BinOp(op, |, r)
}
def elem = varl | const
def op : Parser [Op = '+ M case _=> Add }|
oM case _=> Mul }
def varl: Parser [Var] = ident M Var

def const:Parser [Const]= wholeNumber "~ { case n => Const (n.toint )}

def parse (str: String ). Tree = parseAll (tree ,str ) match {
case Success (result )=> result
case NoSuccess (msg, ) => throw new lllegalArgumentException ( msQ)

}

1



Scala: expression tree (5)

REPL T read eval print loop

object Calc extends App with CalcExpressions {
while (true ){

val input = Console. readLine (">")

val tree = SimpleExpressionsParser. parse (input )
val result = eval (tree , empty)

printin - (result )

}
}
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Scala:te j " jIsts Ct6OIstsmW j 20 ( 1)ama,

trait PrimeNumbers {

[ ** 1 Ot Qi@ md d30dz! dzts] tOMMdZOIstedo O &3y yd M
val MaxPrime:Int

[ ** 1 tese jiwiCtPiesMistsj 2 * / A traiti sfdzse O dHEd d
def isPrime (i:int ): Boolean dependency injection
[ ** [ OL dztsy j dzd i 2O Bdztsy dIsj Qeq@exlyls 6 OBis diz™ p dzg dad v
def factors (int ): List [Int ] e OdzdL Oudd
protected A require ~ assert
def ensureRange (int )={ A string interpolation

require (i <MaxPrime , A oarotsH Isdftse

s"Argument i=$i is too big (> $MaxPrime)." )
i



Scalaite J h jIsts CwORIMW §

trait PrimeNumbersDivisors extends PrimeNumbers {
require (MaxPrime > 1, "Max prime should be >1") _
lazy val divisors  ={ A foridzgj vyd¢ dz!
val arr = new Array [Int ]( MaxPrime) A fori ylsksts otetsHj 5B W
arr (0)= 1 dzdzts 3 j il =<®0}
arr (1)= 1 _ _ A &i3jlssmillmsL HOY Is H[Z O
for {i <- 2 untl  MaxPrime MaxPrime)
Y if arr (i)== 0 //=> 1| 1 fflesmists] A Bjlstpit sete@dDf®L
h .
ar (i)= 1/1 - wjddbjd feshsscp Q- Bk Mot ockd
for {j < i * 2 untl MaxPrime by i lazyvali dzd ded o™ 4 o' ud
if arr (j)== 0} // | 1 dzils HJdzdls] dzj 2 d3gd dz' " J
arr (j)= 1 /1 LOftsddedds § Jteoa" 2 HJdzdls] dz
}
arrtoSeq // ftjotcOhd@idgis vod W d yd € lis pzdidg € yd o
}



Scalaitc jh jIsts CtOBMW j dzO

trait PrimeNumbersimplisPrime extends PrimeNumbersDivisors {
def isPrime (i:Int )=
divisors (ensureRange (i))== 1

} A &zOMmdzj v 5B O@Z] tj 6



Scalatc jh jIsts CtOdisMW j dzO

trait PrimeNumbersimplFactors extends PrimeNumbersDivisors {
import  scala.annotation.tailrec
[ ** t(OLdsyjdd] ydmdzO dzO0 ddztsy dIsj dzd .
* @eturn My dMtsS Jtesmisr « dBdesy dIsd dzj 2, 9o ¢ dz¥ yow
def factors (i:Int )={
@ailrec def factorsO( j:int , result: List [Int ]): List [Int ]=

T (divisors —(])=="1) A Bl wo dZjazdds B d3j Ml

1 j = result LOfseY j &5 SB &ZOMIs! 9
else o _ f sylsd dzjprivddez 3 dz'
factorsO(  j / divisors  (j), A sfsdBdLOydw Retfhkt
divisors  (j):: result ) A tailreci O dzdzsls Oy W (€ 55
: : Mstse M dls, JMmdd tfisd
factorsO( ensureRange (i), List () MtcOB BIS O] Is
} A importe dzt Btsd3 3§ Mlsg
} A ftcOosOMMmtsydaPls etz j
A CodmlstelzC Iststscofisi d ¢ O
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cake pattern

object  PrimeNumbersAll extends PrimeNumbersDivisors

with  PrimeNumbersimplisPrime

with  PrimeNumbersimplFactors A mMsedeOjd ofj GBI Wo dj
{ tredot o

val MaxPrime = 1000 A HOY &3 L dzOyj dedj OB Mlsts
} L dzj d3j dzls Iz

A dzd dzj Ote diL O dzd j
diamond-{f tetsB dzj d3'
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Scala: ¢ s 3ff dzj ¢ Mde" § UdMdzO (1 )ema

sealed trait Complex

case class CartesianComplex (x:Double ,y:Double) extends Complex
case class PolarComplex (r:Double , phi:Double ) extends Complex

def add(nl:CartesianComplex, n2:CartesianComplex) =
CartesianComplex  (nl.x+n2.x, nl.y+n2.y)

def mul (nl:PolarComplex,n2:PolarComplex) =
PolarComplex (nl.r*n2.r, nl.phi+n2.phi)

A vdflst j HOdzdz j

A addzutseBdsj j HJ OIS
Yt te 0B

A mulies Hiokcets?



Scala:S s dzj € mdz" ) yd mdzO

| mplri ci to
implicit def toPolar (c:Complex ). PolarComplex = c¢ match {

case CartesianComplex (xy )=>
PolarComplex ( math. sqrt (x*x+y*y), math. atan2 (y,x ))

case p:PolarComplex => P
}
implicit def toCartesian (c:Complex ). CartesianComplex = ??7?
implicit class ComplexOps ( c:Complex ){ A implicitS s dzo j tels @y d
def +(other:Complex )= A . .
&3 stsHT tOMh Jtoj dad W
add ( c,other ) A of i Oty lsEH
def *( other:Complex )= y _‘_‘ _ a3 el
mul ( c,other ) A 2?2221 BgjlstsH, G jdzjtedts
’ d m¢ dz¢ y jhatachpgleménted”
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Scala: immutable € sdzdzy S ydd (1)

Csdzilstek S sBter

val list = List (1, 2,3,4,5,6) A CtodmlstelzS sster ¢ tsdzdzj
val empty = Set() fMstslse jlsmiselze h da Isd
val days = Map(l ->"'1 qz2 ->"' | s A >-MsLHOY s § Otk
3->"wd ->"'Yls A stri fpts L H Symisol("str")
5->"11Ils 6 ->"48B A -ft.0o sOMmtsydzQ ls sz
7 ->'1 1 ftedCdzj o Ojls dzso’ 2
val list2= 1 : 2 3 fdzj e © Bls MY dMmE O
4 5: 6 Nil A ¢ sdzdzj Smpdtaple (SlsH j dz! dat
assert (list ==list2) 4 Mis+ ¢ swpfatug-C dsdzdzy £y

immutable—ocHOMBMBROTI ONOTOYHD
Aval

Acase class'"

Aimmutable € tsdzdzj € yd d




Scala: immutable € sdzdzy S ydd ( 2)

ftcj sBtcOL s Odzd W

val days2= "1 dd Is wavids] Isd B ).

split (""" ).

zipWithindex

map{ case (day, index )=>

(index+ 1, Symbol (day)) }.

toMap
assert (days == days2) spliti e OL B d 9 Qg Ofts
zipWithindexi ¢ € O H s Bk
Ldzj i3 dzlsz fted G dzg do O
mapiT f ted d3d da¥ jIs Wk dzs& yd
COYHBRE { dzj &) dzls Iz
toMapi C sdzo jtelsdtelzjls € fs

val even = listfilter (% 2 == 0)

o Do Do Do



Scala: immutable € sdzdzy S ydd ( 3)

for
A divisors TtOdzj j BBI Wao
val primeNumbers = Codzdzj Sydvw (s jteyd
for {( divisor , index )< - Bd dzd BBOdz! dg" 2 HJ dzd s
PrimeNumbersAll.divisors.toSeq . A (divisor, index) < -
zipWithIndex qLodz ¢ Odls duf B sdzdzd
if divisor == 1 && Ldzj B3 dalsdatsC . SO H' 2
- . f OO, bkt MLOLE ©OL
ndex X1 [/ dnE w0l ds 0 d 1 PR P e
by A vyield oCdzs yojls L dzOyyj

tcjLbkzdz Isdtelzy h 8 C sk
A for 6 yiislitjH,jodz dzd
Bdesy § Mso O yjtejL Mo
1 dzj o3 dzlstso
P = {index | index in N,
divisors(index)=1}
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Scala: ¢ stels {1} d

HJodzldzdj M BMISOISS S5d3

def divide (a:lntb:Int ):( Int , Int )= A ¢9i
(a/ b, a%b A 0O 1+ dzj d3j dzlstso
A sdf §0Oter 1 dzj &3j dz
val (quotinent , residue )= divide (15, 6) A CtdzfstekzSIsste f Ots
assert (residue == 3) 1 dzj d3j dzlsts o

A HjCBdhsERE stk
1 dzj a3 dzls s 9
A *>*. CodmlsteczCIsste Ot
1 dzj d3d dzls s 9



Scala: ¢ stels 2) d

Vi btes?2¢ 0

val triple =(1, "one", true L .
assert p(triple. 3§ ) \ CO3HT 2 Ldzg dgd dzls  d o34
assert (triple._2.length == 3) v efpjets Clsiyd Bl v
val 4-€ 0O 4, frue , List (3,4), 1->2) \ ﬁ;‘szj t;*;‘ BOJ'hVZSGdéJ %z;r JB r j[ds
assert (4 -¢O0 . _3. hed)d == Ny J ymdde sdr . vhEe d

Olsj &BOIs | MSd~ L OH
val [0.1000) = O untl 1000 GOl § &0l d ud e d

val '[0,10,20..1000) = O untii 1000 by 10
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Scala: persistent data structures
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http://typesafe.com/company/casestudies
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type algebra

Covariant/contravariant
Implicits
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Pattern matching

collections
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Scalaf esdL oa sHdIs ] dz! dztsfls

Benchmark wce -1 Factor Benchmark | Binary or Jar [Byte] Factor
C++ Dbg/Opt 850 1.3x C++ Dbg 592892 45x
Java 1068 1.6x C++ Opt 41507 3.1x
Java Pro 1240 1.9x Java 13215 1.0x
Scala 658 1.0x Java Pro 21047 1.6x
Scala Pro 297 0.5x Scala 48183 3.6x
Go 902 1.4x Scala Pro 36863 2.8x
Go Pro 786 1.2x Go 1249101 94x
Fig. 4. Code Size in [Lines of Code], normalized to the Scala version Go Pro 1212100 92x

Fig. 6. Binary and JAR File Sizes in [Byte], normalized to the Java version

Benchmark Compile Time | Factor _ §
C++ Dbz 39 65x [ Benchmark | Virt | Real [ Factor Virt | Factor Real |
C++ Opt 3.0 5 0x C++ Opt 184m 163m 1.0 1.0
Java 3.1 5.2x C++ Dbg 474m 452m 2.6-3.0 2.8
Java Pro 3.0 5.0x Java 1109m | 617m 6.0 3.7
Scala scalac 13.9 23.1x Scala 1111m | 293m 6.0 1.8
Scala fsc 3.8 6.3x Go 16.2¢g | 501m 90 3.1
Scala Pro scalac 11.3 18.8x Fig. 7. Memory Footprint, normalized to the C++ version
Scala Pro fsc 3.5 5.8x [ Benchmark | Time [sec] | Factor |
Go 1.2 2.0x C++ Opt 23 1.0x
Go Pro 0.6 1.0x C++ Dbg 197 8.6x
Fig. 5. Compilation Times in [Secs], normalized to the Go Pro version Java 64-bit 134 5.8x

Java 32-bit 290 12.6x

Java 32-bit GC* 106 4.6x

Java 32-bit SPEC GC 89 3.7x

Scala 82 3.6x

Scala low-level* 67 2.9x

Scala low-level GC* 58 2.5x

Go 6g 161 7.0x

Go Pro* 126 5.5x

Fig. 8. Run-time measurements. Scala low-level is explained below, it has

a hot for-comprehension replaced with a simple foreach (). Go Pro is the
version that has all accessor functions removed, as well as all lists. The Scala
and Java GC versions use optimized garbage collection settings, explained
below. The Java SPEC GC version uses a combination of the SPECjbb settings
and -XX:+CycleTime



Scala:B dBazdsisj ¢ d

( ) dgthub/scala-awesome)

ASlick3.0ilsdf L Jtcso Odgdz’ 2 HEsMiskf € BOL Od H Odadz -
AAkkai f Ot Ozdzj &' d | d tOMYtejHjd deder §j Mdflsj o
ASynapseGrid i W 6 j 2 doHS s§ dMOdzd ™ § Ot Ocdzdzj dz' dzr R fERA)S j o5 16 (
APlay i o j-8 tc j 2 dzo(akésERuby on Rails dz0 M ls j te) dj HN@sA Spjay, Lift, Scalatrad H ts. )
AApache Spark i Big Data¥ tc j 2 d3o tstc €

AShapeless, Scalaz, Monoclei BdBdzdslsj $d Hdzw OB MBI ) Isdf Odsd o'
AScalaFXiB dB dzd sls j € O H ®YI ddPts isHN@mEbX( j M ls ' Scald-swing)

AParboiled2i fftsL H Cpdzdej-C s 5B d dzOIstste s ©

AScalaTest,Specs2iBdBdzdslsj $d Hdzw MsLHOdzdwY I[sj Mmistse
AScalaAsynciB dB dzdtsls j $ O HdzWw dzOf dMOdadV dzddzj 2 desets CtsH O
ftc] sSsBtlcOLtsoa0Odz 9 CBH BJjJL BEZCdttso ¢

AScala.jsi ¢ tc tsffyd3tf d dBciatdavaScript
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https://github.com/Primetalk/SynapseGrid
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