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Scala Java Scala

(mixin) Scala
Java C#
Scala

Scala

Scala Java Scala .NET

Scala Java Java Java Java

Scala 2001 (EPFL) 2003

11 1.0 2006 3
Scala
[0a04, 0OdeO6, 0Z05b, OCRZ03, 0zZ05a]
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Scala Unicode
Unicode Scala Scala XML
Scala Scala 6c 6 ASCII
\u0000-\u007F
Scala Unicode Unicode
UnicodeEscape ::= \{\\}u{u} hexDigit hexDigit hexDigit hexDigit
hexDigit .= 606 ...]6906|] 6A06] .. .| O6F06] ... 06ad] ..
( Unicode )
\u0020|\u0009| \u000D|\u000A
2. (L1) (Lu) (Lt) (Lo)
(N1) \u0024 O6%06005F 06_0
3. 6006|...]106960
4. 6(6 | 6)06 | o6[06 | 6106 | O6{06 | 0} 0
5. 666 | 6606 | 6006 | 6.0 | O6;06 | 0,0
6. ASCII \u0020-
\uO07F (Sm) (So)
1.1.

op = opchar {opchar}
varid ::= lower idrest
plainid ::= upper idrest

| varid

| op
id ::= plainid

| Wo string\adt 6
idrest D= {letter | digit}[6é_©6 op]

6_6



Bi g_bobasd=256

big bob, ++=, def
( )
id
abstract case catch class
do else extends false
finally for forSome if
import lazy match new
object override package private
requires return sealed super
throw trait try true
val var while with
_ = => <- <: <& >: # @
Unicode \u21D266 \u2190 0Y
R 1.1.1
X Object maxIndex p2p
+ “yield> Uy OU0(q Y%
___system _MAX LEN
R 1.1.2 Scala
Scala Thread.yield()

Thread. "yield" ()

1.2.

semi 2= 0,6 | nl {nl}
Scala
6nl 6
this null true false return type

- ) ] }

(varid

def

final
implicit
null
protected
this

type
yield

0] ASCII

empty ?

dot product *

Java

yield

<xml-start>



nl

catch  else extends finally forSome match requires
with yield , . ; : _ = = <- <: <%
11

case class object
1 Scala
2 { 1}
1. ¢ )
2. [ ]
3. case =>
4. XML (§1.5)

XML {..}
( )

Scala ( A) nl

( )
- (§6.16) while (§6.17)

- For (§6.19)
- type
- o{ o
_ (§6.12)
- (§4.6)
- (S§11)

1.2.1

if (x > 0)

x =x1 1

for (x <- 1 to 10)

println (x)

type
IntList = List[Int]

Scala

>:  #

nl



R 1.2.2

R

new Iterator[Int]

{
private  var x

def hasNext =

=0

true

def next = { x += 1; x }

new Iterator[Int]

private  var x
def hasNext =
def next = { x

1.2.4

def func(x: Int)

(y: Int)

def func(x: Int)

(y: Int)

1.2.5

@serializable

protected class

@serializable

protected class

-0
true

+= 1; x }

Il
X

ty

Data{...}

Data{...}



1.3. h

Java
Literal: : = 464 integerlLiteral
| [-6] floatingPointLiteral
| booleanLiteral
| characterLiteral
| stringLiteral
| symbolLiteral
| rmull 6
1.3.1. h
integerLiteral ::= (decimal Numeral | hexNumer al | octa
deci mal Numeral ::= 606 | nonZeroDigit {digit}
hexNumer al 1= 6066x06 hexDigit {hexDigit}
octal Numer al ::= 606 octal Digit {octalDigit}
digit = 606 | nonZeroDigit
nonZeroDigit o= 616 | | 696
octal Digit .= 6006 | ... | 6760
Int L 1 Long Int
-2°t 231 Long -2 2%-1
pt (§6.1) Byte, Short Char
pt
pt
Byte =27 27-1
Short -2t 2t
Char 0 2%-1
R 1.3.1
0 21 OxFFFFFFFF 0777L
1.3.2. h
floatingPointLiteral ::= digit { digit } 0. 6{ digit } [ exponentPart ]

[ floatType ]
| 6. 06 di{glidit } exponentPart [ floatType ]
|digit{digit}exponentPart [ floatType]



| digit { digit } [ exponentPart ] floatType

exponentPart .= (6EO6 | O6ed)o[ladtidgi|t {di gi t}
floatType .= O6F6 | ¢6f6 | o6D6 | ¢6do
F f Float
Double Float IEEE 754 32 Double

IEEE 754 64

R 1.3.2
0.0 le30f 3.14159f£ 1.0e-100 .1
R 1.3.3 6l1l.toStringd 616, 066tbtoStringbo
61. toStringé 61. 6
60toStringo
1.3.3. h
bool eanlLiter dle 6: | faléed 6
true false Boolean
1.3.4. h
characterLiteral 1 =\06 printabl e®har o
| ¥Yochar EscapadSéeq 6
unicode
(§1.3.6) unicode
R 1.3.4
6ad 06\u00416 6\n & O\t 0
6\uOOOAb Unicode
Unicode \uO0O0A ( ) 6\n 6
60\126 (§1.3.6)
1.3.5. S h
stringLiteral : : =\000 {stringEIl &ment} O
stringElement ::= printableCharNoDoubleQuote | charEscapeSeq



unicode

\O String

1

Hel NmWor |l d! o

1

This string contahasaater. o

stringlLiteral :: = 060000 multiLim@Chars 0600

multiLineChars

{[6066][6006] char NoDoubl eQuot e}

00O 00O
Unicode (§1.3.06)
R 1.3.6
000t Ipbeesent string
spans three
l'ines. 000
the present string
spans three
lines.
Scala stripMargin
000t he present string
spans three
l ines. 000.stripMargin
the present string
spans three
lines.
stripMargin scala.runtime.RichString

String RichString

1.3.6. A -
\b \u0008: BS
\t \u0090: HT



\n \u000a: LF
\f \u000c: FF
\r \u000d: CR
\0 \u0022: 0
\6 \u0027: 0
A\ \u005c:
0 255 Unicode 0\6
1.3.7. N h
symbolLiteral : : = 06086 idrest
0 x scal a. Symbol ( fi x0)symbol case
(§5.3.2)
package scala
final case class Symbol private (name: String) {
override  def toString: String = fi 6 O+ name
}
Symbol apply Symbol
//
VA
VAV
XML 0<6
Scala XML 0<0 06<6
XML
(whitespace | 6(0 | 6{6 } 6<0 (XNameStart | 6!0 | 620)
XNameStart ::= 6 0 | BaseChar | Ideographic ( W3C XML , 6:0)

XML Scala



o
A
(@}

Scala

XML
R 1.5.1

val b = <book>

XML

Scala

Scala

XML

XML

Scala

XML

Scala

<title>The Scala Language Specification</title>

<version>{scalaBook.version}</version>

<authors>{scalaBook.authors.mkList (0 § O,

</book>

n,

0 0 }</authors>



XML

10



Scala
(§4) (§5.1.3) dimport package
( ) import
import
(S$3) (§6)

val x = 1;
{ import p.x;

x}
X X

X
. X
. X
X import
import X
X
R 2.0.2 P 0 X

package P {

object x {val x =1; val y =2}
}
package 0O {

object x { val x =true ; val y =f0}
}
package P { //6xX0 package

import  Console. //0printlnb import

object A {



XML

println (AiL4: A+X)
object B {
import Q. {
println (AL7: fi+X)
import  X.
println (AL8: fi+x)
object C {
val x = 3

println (AL12: A+x)

{ import Q.X.
// println (AL14: A+x)
import  X.y

println(AL16: A+y)
{ val x = flabcO
import  P.X.
// println(AL19: fA+y)
println( A20: A+x)

IBBERS

12

/7 0x6 OP.X0
//6x0 import
// 0x6 00.x0
//6x6 0y0 import
// 0x6 00.X.x0
//6x06
// 0606 636
//06x6 0Oy0 import
// 0x0
//6y0 import
// 0yd 00.X.yd
//6x6
//6x6 0y0 import
// 0y0
// 6x06 OabcO
e
(§3.2) e.



Type

ExistentialClause

ExistentialDcl

InfixType
CompoundType

AnnotType
SimpleType

TypeArgs
Types

(§3.2.3)

(§3.2.7)

($3.3.3)

Scala

= I nfi x ¥4 pregpeo

6(0[6=>0 Type] 0)0 60 Type

InfixType [ExistentialClause]

{ semi ExistentialDcl} 6}0

Otype 6 TypeDcl

6val 6 valDcl

Refinement

::= SimpleType {Annotation}

SimpleType TypeArgs
SimpleType 0#06 id
StableId

Path 6.0 Otype 6

6 (6 Types [0,0] 0)0

::= 0[O0 Types 610

= Typ® Tipe}
)
( (§3.2.7)
(S4.4) ($4.3)
($3.3)
(§3.3.1)

type Swap[m[_,

6forSome 6 6{6 ExistentialDc

:= CompoundType {id [nl] CompoundType}

1(85.3)

1,a,b]

AnnotType {Owith 6 AnnotType} [Refinement]

= m[b,al]

13



3.1.

Path ::= Stableld
| [id 6.0] this
StableId c:= id

| Path 6.6 id

| [id 6.0] Osuper 6 [ClassQualifier]

6.6 id

Scala

this C.this

scala.AnyRef

scala.Singleton

ClassQualifier ::= O0[6 id 610
. U
. cC.this ¢ C
s p.x p X P
(§3.06)
. C.super .x C.super [M].x C
M super  C.super
3.2. h
Scala
3.2.1. ~ R
SimpleType ::= Path 0.0 type
p.type p
(§6.1) null P
3.2.2.
SimpleType ::= SimpleType O0#0 id
TH#x T X X
(§3.2.1)

14



3.2.3.

SimpleType ::=

t (§8.1.2)
t

R 3.2.1

maintable

t
Int
scala.Int

data.maintable.Node

StableId

t C.this .type #t
t CH#t t
U.type #t
p.t p (§3.1) t
p.type i#t
Node scala.Int
U.type #t

scala.type #Int
scala.type #Int
data.maintable.type #Node

324. Ay
SimpleType ::= SimpleType TypeArgs
TypeArgs ::= 0[0 Types 610
T[Ull"'IUn] T Ulr -IUn
A1y e« «ydp
Ll,...,Ln Ul/ /Un
0 L<:T5<: G U v [a1:=Ty, ..., 80:=T4]
R 3.2.2 ( )
class TreeMap[A <: Comparable[A], B]{ }
class List[A] {
class I extends Comparable[I] { ... }
TreeMap[I, String]
List[I]

List[List[Boolean]]

R 3.2.3 3.2.
TreeMap[I] //
TreeMap[List[I], Boolean] //

n>1 T

15



3.2.5. 1

SimpleType ::= 0(06 Types [06,06] 6)0

(T1, -+, Th) scala.Tuplen[T{, ..., T,] (n>=2)
(T1,««.,Tn,)
case 1,..., n Product
Product Scala

case class Tuplen[+T1,...,+Tn]( 1: Tl,..., n: Tn) extends

Productn[T1l,...,Tn]{}
trait Productn[+T1, ..., +Tn]{
override def arity = n

def 1: T1

def n: Tn

3.2.6.
AnnotType ::= SimpleType {Annotation}
T ai, ...,an T A1y ««+yan-.
3.2.7. A
CompoundType = Annot Twitpé QPpdnot Type} [ Refinement]
| Refinement
Refinement = [nl'] 6{6 RefineStat {semi RefineStat}
RefineStat ::= Dcl
| ®ped TypeDef
|
T, with ... with T, {R} Ti, ..., T
{R} Tll---l n
(§5.1.4) “ "2

16

61 ¢



T, with ... with T,

T, with ... with T, {}

{R}

AnyRef {R}
R 3.2.4

case class Bird (val name: String) extends Object {
def fly(height: Int) =

}
case class Plane (val callsign: String) extends Object {

def fly(height: Int) =

}
def takeoff(

runway: Int,

r: { val callsign: String; def fly(height: Int) }) = {
tower.print (r.callsign + A requests take-off on runway A + runway)
tower.read(r.callsign + A is clear for take-off0)
r.f1y(1000)

}

val bird = new Bird (fiPolly the parrot0){ val callsign = name }
val a380 = new Plane (ATZ-9870)

takeoff (42, bird)

takeoff (89, a380)

Bird Plane Object

takeoff r callsign fly
3.28. &

InfixType ::= CompoundType {id [nl] CompoundType}

T, op T, op T, T
op[Ti, T2l * *
(§4.6.2)
(§6.12) 6:6
to op1 ti1 Opz...0pP, t,
-7 OPn (...

op; ti) opz...) oOpn ta to op: (t; opy (...0pn tn)..)

17



3.2.9.

Type HEES

| O

(Tlr .. -rTn)

T (S4.6.
S=>(T=

apply n
U Functionn [T, ..

S=>T=>U

package scala

trait

def apply(x;: Tq, ..

override

(=>T)=>U

package scala
trait
def apply(x: =>

override

3.2.10.

Type

ExistentialClauses

ExistentialDcl

T forSome

to[tps ;1>:L<:Uy, ..
(tps ;] )

T forSome {Q}

T forSome {Q}
&Li< N Gti< . &Ui

18

Functionn[-T¢, ...,

def toString =

ByNameFunction[-T,

def toString =

InfixType 0=>0 Type
[6=>0 Type] 0)6 6=>0 Type

=> U

1) U
>U)

., Ty, U] Scala n 0 9

-Tn, +R] {

o Xp: Th) R

fi<cfunction>0

(§4.5)
ByNameFunction[T, U]

+R] |
T): R

fi<cfunction>0

::= InfixType ExistentialClauses
::= OforSome 6 6{06 ExistentialDcl
{semi ExistentialDcl} 6}06

:= Otype 6 TypeDcl

| oval 6 ValDcl

{Q} Q

S ULaItps L1>:L<: U, 0 (

t, T Q

ar 0
T forSome {Q}

ti, ...

U
>U
r Tn)
.3)
t
T



T forSome {Q} ar O [t%/t., ..., t°./t.
0, ar; Gu;
v ¥
1. for T forSome {Q} forSome {Q6}
T forSome {Q;Q0}
2. T forSome {Q; QP 06
T Q T forSome {Q}
T forSome {} T
T forSome {Q} 0 type tltps] >: L <:
76 forSome {Q} TO T t U
T t L
h 2 Y
val x: T
T forSome { Q; val x: S; QO} T6 forSome { Q; type t <: S with
Singleton; QO0} t 7O T x.type
t
-
WildcardType ::= 0 06 TypeBounds
Scala _>:1<:U
>:L >:scala.Nothing <:U
<:scala.Any
T=p.c[targs, T, tags0]
targs, targs0 T _>:L<:U T

p.cltags, t,tagsb] forSome { type t >:1<:U}

t (§3.2.8)
(§3.2.9) (§3.2.5)
R 3.2.5

class Ref[T]

abstract class Outer { type T }

Ref[T] forSome { type T <: java.lang.Number }
Ref[x.T] forSome { val x: Outer }

Ref[x type # T] forSome { type =x type <: Outer with Singleton }

19



Ref[ <: java.lang.Number]

Ref[( <: Outer with Singleton)# T]

R 3.2.6 List[List[ 11

List[List[t] forSome { type t }]

R 3.2.7

class List[+T]

List[T] forSome { type T <: java.lang.Number }

List[java.lang.Number] forSome { type T <: java.lang.Number }

List[java.lang.Number]

3.2.11.Predefe % \

Scala import Predef
Scala String
String Java Predef
type byte = scala.Byte
type short = scala.Short
type char = scala.Char
type int = scala.Int
type long = scala.Long
type float = scala.Float
type double = scala.Double
type Boolean = scala.Boolean
type String = java.lang.String

3.3. h

3.3.1.

20



(Ts)Uu (Ts) (T1,...,Ty) n>=0 U
( ) Tlr---lTn

(Tsq1) (Tsz)U (Ts1) ((Tsy)U)

($6.25)
R 3.3.1

def a: Int
def b (x: Int): Boolean

def ¢ (x: Int) (y: String, z: String): String

a: => Int
b: (Int) Boolean

c: (Int) (String, String) String

3.3.2.
[tps]T [tps] [a; >: L; <
Ui, ...,ap > L, <: Uy] n>=0 T ( )
Si1,...,9, T Si,...,5,
Li, ...,Lp Ui, ...,0, (83.2.4)
R 3.3.2
def empty[A]: List[A]
def union[A <: Comparable[A]] (x: Set[A], xs: Set[A]): Set[A]

empty: [A >: Nothing <: Any] List[A]
union: [A >: Nothing <: Comparable[A]] (x: Set[A], xs: Set[A]) Set[A]

3.3.3.
[+/- a; >: 1, <:
Uy,...,¥/-a, >: L, <: U,] T (S§4.4)
(S4.3)
R 3.3.3 Iterable [+X]

trait Iterable[+X] {
def flatMap|[newType[+X]<:Iterabe[X], S](f: X => newType[S]): newType[S]

Iterable [+X] Iterable[X]

21



flatMap

3.4.

22

with

>

>

>

>

newType

X

C Tiy o, Th
with T, {R}

ClTy,...,T4l C
a; T
p.type p
T, with ... with T, {R}
a T;
sHC[TH, ..., T (1 1)
S#T T
T B
S#T S
T forSome {Q} s forSome
S C T
SO#CI[Ty, ..., Ty]
= U.type S C T T
S s6 forSome {Q} SO
S C 76 forSome {Q}
D i
S D[Uy, ...,Un] [Uyg, , Un]
T U
co S C
cb T
C
T D D.this .type
D C S D
C T S

T



b
Q
Q
(@)
n
Q
=]
0
(@

co T
A C S C T
T D S
“ S T “ S D T "
3 T (1) T cC db
d doé TO T C T6
(2) (§3.2.7) ( )
S#t S t d
S#t de¢
3.5. Q
T U T U
T <: U T U
3.5.1.
() ’
, t type t =T t T
, P q.type p.type [ g.type
@) p
O.this .type [ p.type
(§3.2.7)
(§3.3.1)
(§3.3.2)
(§3.2.10)
(§3.3.3)
3.5.2. Y
(<)




24

T scala.Nothing <: T <: scala.Any
T ( ) scala.Nothing <: T <:
scala.Any
T T <: scala.AnyRef T <:
scala.NotNull scala.Null <: T
t t
p.type p
p.type scala.Singleton
T#t U#t T U
T[Ty, ...,Th] T[U1,...,U04l] (i=1,...,n)
A T i T, <: U
A T i U; <: T,
A T i U= T;
T, with ... with T, (R} T,
T <: U;(i=1,...,n) R X d T d
x T U, with ... with U, (R}
T forSome {Q} (§3.2.10) U U
T U forSome {Q} (§3.2.10) T
U forSome {Q}
T;= TO; (i=1, ,n) U Ub (T, , T U
(T°, ..., T°%,)Ub
la; > L, < U, yan>: Lp<: UylT [a; >: LO; <
Uo,, ,a, >: L0, <: UbG, 1 TO L0, <: a; <
Uo,, ,10, <: a, <: U6, T :< TO, L; <: LO; Ud; <: Ui,
i=1, ., N
T T6 [a1, san]
[ab,, ,a0,] T TO a; al;
T T6 [t1, r Enl (
) T6 T
Tlty, ytnl < TO[ty, , tnl
A aj aﬁi
A a ab;
A aj al;
C co
T<:TO T x
T0 x
T<:TO T x
T x
T= TO type t[Ty,...,Ty] =T type
t[Tl,...,Tn] = TO



16 <: L. U <: Ub type t[Ty{,...,Ty] >: L <: U
type t[Ty,...,T,] >: LO <: UO
L <: £t <:U t
type t[Ty,...,T,] >: L <: U

class A[+T] {}
class B extends A[B]
class C extends A[C]

A[Any] A[A[Any]l]l A[A[A[Any]]l],... B C
Scala
4 Scala
A with B B with A A B
Scala
\J
null (§3.1)
4
T, with ... with T, {R}
T21---1Tn
Ty R Ty j>1
Tll---lTn
S T S T
R T R T
P p.type
T forSome {Q} T
( )
T | T|

Scala
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scala.Array[T;]

T[T, ..., Ta] |'T |
p.type p
TH#x | T|#x
T, with ...with T, {R}
T forSome {Q} [T |

scala.Array[|T:i]]

| Ty |



27



Dcl
PatVarDef
Def

=

41. h

Dcl
ValDcl
Def
PatDef

ids

val
val

28

::= Oval 6 valDcl

| Otype 6 {nl} TypeDcl

::= Oval 6 PatDef
| 6var 6 VarDef
::= PatVarDef
| 6def 6 FunDef

| Otype 6 {nl} TypeDef

| TmplDef

S1...5p

j>:i S

6 A

6val 6 valDcl
i ds :00 Type
Oval 6 PatDef
Pattern2 {6,0 Pattern2}

id {6,06 id}

x: T X

x: T = e X

(§5.1)

Si

[6:0 Type] 0=0 Expr

(S6.1)

($3.2.7)



e lazy

b4 T e lazy
(§8.1) P
val p = e
1. o) X1, ee.,X, n>1:
val s$x = e match (case p => {x1,...,xn}}

val x1 = $x. 1

val xn = $x. n

55°4
2. P X:
val x = e match { case p => x }
3. P
e match { case p => ()}
R 4.1.1

val pi = 3.1414

val pi: Double = 3.1415 //

val Some (x) = f() //

val x :: xs = mylist //

val x = £() match { case Some(x) = x }

val x$ = mylist match { case x :: xs => {x, xs} }

val x = x$. 1

val xs = x$. 2

val x,, ,%Xn: T val x1: T; ; val xn: T
val pi,...,pn e val p; e; ; val p, = e
val pi,...,pn: T=e wval p;:T e; .; val p,:T e;

4.2. 6 A

Dcl ::= 6var 6 VarDcl
Def ::= Ovar 6 VarDef
VarDcl ::= ids 6:0 Type
VarDef ::= PatDef

| ids 6:0 Type 0=6 6 6

var x: T getter X setter

def x: T

X
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def x = (y: T): Unit
getter
setter
var x: T = e T e
T e T e
(§6.1)
(§8.1) p
var p = e P
var x: T =
T:
0 T Int
0L T Long
0.0f T Float
0.0d T Double
false T Boolean
{} T Unit
null
getter x (
) setter X = )
getter setter
R 4.2.1 Scala
TimeOfDayVar
class TimeOfDayVar {
private  var h: Int = 0
private  var m: Int = 0
private  var s: Int = 0
def hours =h
def hours = (h: Int) =if (0 <= h && h < 24) this .h = h
else throw new DataError ()
def minutes =m
def minutes = (m: Int) =if (0<=m && m < 60) this .m =m
else throw new DataError ()
def seconds = s
def seconds = (s: Int) =1if (0 <= s && s < 60) this .s = s

else throw new DataError ()

}
val d = new TimeOfDayVar

d.hours = 8; d.minutes = 30; d.seconds = 0
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d.hours = 24 // DataError

valr xq7,...,X,: T var x;: T; ...; var x,: T
valr xi,...,X, = e var x; = e; ...; var x, = e
var x4, ...,%,: T = e var x,:T = e; ...; var x,:T = e

4.3. 6 o)

Dcl ::= Otype 6 {nl} TypeDcl
TypeDcl ::= id [TypeParamClause] [0>:0 Type] [6<:0 Type]
Def ::= type {nl} TypeDef
TypeDef ::= id [TypeParamClause] 6=0 Type
type tltps] >: L <: U t L U
[type ] t t
L<:T<:U T t L U
L scala.Nothing
U scala.Any
t L U
(§3.5.2)
>:L <:U tps ( tc
) tc
type tim[x] <: Bound[x],
Bound[x]] type tim[x] <: Bound[x], Bound[Y]] type tm[x] <:
Bound[x], Bound[ 1] m m t
m Bound
t t [MutablelList, Iterable] t
type t =T t T
type titps] =T T
(§4) (S4.6)
type tltps] =T T t
R 4.3.1

type IntList = List[Integer]
type T <: Comparablel[T]
type Two[A] = Tuple2[A, A]

type MyCollection[+X] <: Iterable[X]
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type Abs = Comparable[Abs] !/
type <: T //S, T
type <:
type T >: Comparable[T.That] // T
//T
type MyCollection <: Iterable //
type tltps] = S S t S
R 4.3.2 Predef Pair Tuple?2
type Pair[+A, +B] = Tuple2[A, B]
S T Pair[S, T] Tuple2[S, T]
Pair Tuple? Tuple? case Pair
case Tuple? Pair
val x: Pair[Int, String] = new Pair (1, fabcO)
val y: Pair[String, Int] = x match {

case Pair (i, s)

4.4,

TypeParamClause
VariantTypeParam

TypeParam

32

=> Pair(z + i,

i * 1)

6[6 VariantTypeParam {0,0 VariantTypeParam} 6]0

[6+6 | 6-0] TypeParam
(id | 6_06) [TypeParamClause] [0>:0 Typel
[6<:0 Typel [6>%0 Type]
>:L
<%U 7.4
+/- t >:L <:U L U
+/-=
<: U.



00
R 4.4.1
[S, TI]
[Ex <: Throwable]
[A <: Comparable[B], B <: A]
[A, B > A, C >: A <: B]
[M[X], N[X]]
M[ 1, N[ 11 //
[M[X <: Bound[X]], Bound[ ]]
[M[+X] <: Iterable[X]]
[A >: A] // “ A"
[A <: B, B<: C, C<: A] // ‘A"
[A, B, C >: A <: B] // ‘o
4.5,
(§3.5.2)
type Tltps] = S type Tltps] >:
class C[tps] (ps) exntends T x: S =>
S T 1] _H
. type Tltps] = S S
s S#T S
s S[ETé] T
T
R 4.5.1
abstract class P[+A, +B] {
def fst: A; def snd: B
}
P

L
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P[IOException,

P

abstract class
var fst: A =

var snd: B =

abstract class
private  [this
private  [this

R 4.5.2

abstract class

def append(x:

abstract class

def append[B

R 4.5.3

abstract class

String] <: P[Throwable, AnyRef]

Q[+A, +B](x: A, y: B) {
% /) xHx

y //626, 6BO

R[+A, +B] (x: A, y: B){

] var fst: A = x //OK
] var snd: B =y //OK

a append

Vector [+A] {

Vector[A]): Vector[A]
//****
//6n0
append

Vector [+A] {
>: A] (x: Vector[B]): Vector[B]

OutputChannel [-A] {

def write(x: A): Unit
}
OutputChannel [AnyRef] OutputChannel [String]
channel String channel

4.6.

6 KA

Dcl ::= O0def 6 FunDcl

FunDcl ::= FunSig : Type

Def ::= O0def 6 FunDef

FunDef ::= FunSig [0:0 Type] 6=0 Expr

FunSig ::= 1d [FunTypeParamClause] ParamClauses
FunTypeParamClause ::= 0[0 TypeParam {0,0 TypeParam} 06]0

ParamClauses ::= {ParamClauses} [[nl] 6 (& &implicit 0 Params 0)0]
ParamClause ::= [nl] 6(0 [Params] 06)0}
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Params ::= Param {6,0 Param}
Param = {Annotation} id [6:0 ParamType]
ParamType 1= Type
6=>0 Type
Type 6*0
def f psig: T £ psig
T def f psig: T = e e
[tps]
(ps1) € (psy) (
(§6.1)
tps (§4.3)
)
ps ( x: T)
X
)
46.1. 1 1 A
ParamType 0=>0 Type
> x: => T
=>T
R 4.6.1
def whileLoop (cond: => Boolean) (start: => Unit): Unit
whileLoop
4.6.2. A
ParamType ::= Type 0*0
6*0 (&, x: T¥*)
scala.Seq[T] T*
T m (TlIéITnIS*)U (elr
k>=n m (T,,é,T,,S,€é,3)U k
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(T,,é,T,, scala.Seq[S])
R 4.6.2

def sum(args: Int*) = {
var result = 0

for (arg <- args.elements) result += arg

result
}
0O 1 6
sum ()
sum (1)
sum (1,2, 3)
var xs = List(1,2,3)
sum
sum (xs) // ***** error: expected: Int, found: List[Int]
6
sum(xs: *)
4.6.3.
FunDcl ::= FunSig
FunDef ::= FunSig[nl] 6{6Block0}0
Unit {1}
Unit def £ (ps) def f(ps) :Unit
def f(ps) {stats} def f(ps):Unit={stats}.
R 4.6.3 write

trait Writer {
def write(str: String)

}
object Terminal extends TWriter{

def write(str: String) {System.out.println(str)}

trait Writer {

def write(str: String): Unit
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}
object

Terminal extends

Writer{

def write(str: String):
}
4.6.4.
m C
mb RO (
m m
R RO R RO
R 4.6.4
trait I {
def factorial(x: Int): Int
}
class C extends I {
def factorial(x: Int) = if (x==0) 1 else

C factorial

4.7. Import A

Import Hb
ImportExpr HEE
ImportSelectors ::=

ImportSelector ::=

import
import

import
{X1:>Y1rérxn:>Yn1_}

n>=0
import
x1,€,x,
import
p.{x=>y} pP.x

import

import

Unit = {System.out.println(str)}

x * factorial(x - 1)

Gimport 6 ImportExpr {0,06 ImportExpr}

StableId 6.6 (id | 0 0 |

6{06 { ImportSelector 6,0}

id [6=>0 id | 6=>0 6 0]

import p.I p

p
import

import

import

ImportSelectors)

(§3.1) I
P-Xi
Yi
import
p.X
(
import

(ImportSelector | 0 _0) 06}0

import

Yi

import
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Import 4

import import
import X x
import X=>x
import import import p.x
import p.{x} P b4 import P._ import
p.-{ } P X ( java import p.¥* )
import import import p;.I:,é,pn.1I,
import import p;.I;;€;import p,.I,
R 4.7.1
object  M{

def z = 0, one =1

def add(x: Int, y: Int):Int = x + y

{import M. {one, z => zero, _}; add(zero, one)}

{M.add (M.z, M.one)}
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TmplDef ::= [6case 8] 6class 0 ClassDef
| [O6case O] Oobject 6 ObjectDef

| Otrait 6 TraitDef

(§5.3) (§5.4)
5.1.
ClassTemplate ::= [EarlyDefs] ClassParents [TemplateBody]
TraitTemplate ::= [EarlyDefs] TraitParents [TemplateBody]
ClassParents ::= Constr {6with 6 AnnotType}
TraitParents ::= AnnotType {Owith & AnnotType}
TemplateBody ::= [nl] 6{0[SelfType] TemplateStat{semi TemplateStat}6}0
SelfType ::= 1id [0:06 Type] 06=>06

| this 0:6 Type 6=>

o

sc with mt; with ... with
mt, {stats} sc mty, ...,mt,
(n>=0) stats
mt; (§5.3.3) sc
mtl Wlth .« ..
with mt, mt,
scala.ScalaObject
sc with mt, with ... with mt, {stats}
mt, with ... with mt, {stats} with ScalaObject {stats}
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SC

mt,, ...,mt,
(§3.2.7)
stats
stats
stats
stats
X=>
=> this
T
T S T C
T S C this S
t
this: S=> this S
R 5.1.1

class Base extends Object{}

trait Mixin extends Base{}

object 0 extends Mixinf{}

0
object 0 extends Base with Mixinf{}
Java Java Java
sc with mt; with mt, {stats} (8§85.3.3)
stats
s sc(§5.1.1)
s sc
sc
s stats
5.1.1.
Constr ::= AnnotType {6(0 [Exprs [6,0]] 06)0}
x.c[targs] (args;) ... (args,) x (§3.1) c
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targs argsi, ...,argsy

(@}

b

o
Q

(§6.25.4)
0)
x.c[targs] (argsy) ... (argsy)
S X
S argsi, ...,argsy
S c
5.1.2. Y
C C
R5.1.2 C C; with ... with C, { stats } C L (C)
L(C) =¢C, L(C, P BL (Cy)
3}
{a,A} BB = a, (A BB) a B
= (A BB) aVB
R 5.1.3
abstract class AbsIterator extends AnyRef { ... }

trait RichIterator extends AbsIterator { ... }
class StringlIterator extends AbsIterator { ... }

class Iter extends StringIterator with RichIterator { ... }
Iter

{ Iter, RichIterator, Stringlterator, AbsIterator, ScalaObject, AnyRef,

Any }
ScalaObject Scala (§5.1)
C D C cC D
D 5.1.2
Stringlterator

{ StringIterator, AbsIterator, ScalaObject, AnyRef, Any }

Iter

RichIterator

{ RichIterator, AbsIterator, ScalaObject, AnyRef, Any}

Iter
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Q

5.1.3.

C, with ... with C, { stats } C
Scala Java C#
/ C
C Scala
5.1.4 M MO
1. M MO
2. M MO
3. M MO
4. M MO 4 406
(M) 46-1B/Q 4
C (
stats )
A 5.1.5 C C;NL (C) M
CsNL (C) (J<1) M MO
C CiNL (C) M C
MO CsNL (C)  j<i
MO
C (§5.1.4)
M MO M
) MO M MO
(§3.7) ( )
R 5.1.6

trait A { def f: Int }

trait B extends A{def f:Int = 1;def g:Int = 2;def h:Int=3}
trait C extends A{override def f:Int = 4; def g:Int}

trait D extends B with c{def h:Int}

D h C f
g
5.14.
C M (§5.1.3) C M6
M (§3.5.2) M6
M MO
., Mob final
., M private (§5.2)
s M C private [C] MO
private [CO] co c co C

s M protected MO protected

42
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s MO M override
s MO C (§5.2) M

R 5.1.7

trait Root { type T <: Root}

trait A extends Root { type T <: A}
trait B extends Root { type T <: B}
trait C extends A with B

abstract
lazy

C C T type T <: B
type T <: A C T
class C extends 2 with B { type T <: C}
?
5.1.5.
C C a
s ( T TO a
s T T (§5.1) a
(
[KP0O7] )
51.6. m 1o
EarlyDefs ::= 0{0 [EarlyDef {semi EarlyDef}] 6}0 Owith 6
EarlyDef = {Annotation} {Modifier} PatVarDef
{val pi: T, = e
val p.: T, = e,
} with  sc with mt; with mt, {stats}
Pis -+ -/Pn
this

override

def
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this

R 5.1.8
trait Greeting {
val name: String
val msg = fiHow are you, fA+name
}
class C extends {
val name = fABobO
} with Greeting{
println (msqg)
}
name Greeting
msg OHow are you, BobO
name co Greeting
msg OHow are you, <null>0
52. 9
Modifier = LocalModifier
| AccessModifier
| Ooverride ©
LocalModifier = Oabstract 6
| ofinal 6
| Osealed 6
| Oimplicit 6
| Olazy 6
AccessModifier = (Gprivate 6 | Oprotected ©0) [AccessQualifier]
AccesQualifier = 6[6 (id | 6this 6) 610
private
( 5.4.1)
C (  private [C])
C C (§5.4)
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private  [this
p.M
0.this
private
private [C] C
override
protected
protected
(§5.4)
protected b4
- r this super
- r
protected
.
( O )
override
override abstract
abstract
M M
abstract override
abstract override
abstract
/
abstract
final
final
final
final f inal
private sealed

M
this 0
private
private  [this ]
protected final
C ( protected [C]) C
C
r.x
C C
[this ] M
this 0.this
protected
override
( )
override
( )
M
(§6.10)
override
final
final
final
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sealed sealed
sealed
s lazy lazy (
)
R 5.2.1

package outerpkg.innerpkg

class Outer {

class Inner {
private [Outer] def £()
private  [innerpkg] def g{()
private [outerpkg] def h()

f OuterClass
g outerpkg.innerpkg Java
h outerpkg
R 5.2.2
abstract sealed
object m {

abstract sealed class C (x: Int) {
def nextC = new C(x + 1) {}

}

val empty = new C(0) {}

m.C nextC m.C
m.C
new m.C (0) //*** C
new m.C (0) {} /) xx* sealed
private ( 5.3.2)

5.3. A

TmplDef = Oclass 0 ClassDef
ClassDef = id [TypeParamClauses] {Annotation}
ClassParamClauses ::= {ClassParamClause}

[[n1] 6 (6 implicit ClassParams 0)0]
ClassParamClause = [nl] O6(0 [ClassParams] 0)0
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ClassParams

ClassParam

ClassParam {6,0 ClassParam}

{Annotation}

[{Modifier} (6val 6 | évar 6)]
Id [6:0 ParamType]
ClassTemplateOpt = OGextends 0 ClassTemplate
| [[6extends 6] TemplateBody]
class c[tps] as m(psi)...(ps,) extends t (n>=0) .
C
tps
[tps]
as (§11)
m (8§5.2) private protected
(ps1) . (pPsy)
t t
()
x:T val var
(getter) (§4.2) getter c X
var setter X =(84.2)
setter x =(e) e
val var
(S§4.6.1)
t ($5.1)
sc with mt, with . with mt, ( stats ) (m>=0)
extends extends sc
with mt; with  mt, extends scala.AnyRef
{stats} {1}
cltps] ps
t cltps]
5.3.1 c val var
class C(x: Int, val y: String, var z: List[String])
var ¢ = new C(1, flabcd, List())
cC.z = C.y :: C.Z
5.3.2
object Sensitive {
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def makeSensitive (credentials: Certificate):

Sensitive =

if (credentials == Admin) new Sensitive ()

else throw
}

new SecurityViolationException

class Sensitive private () {
}
5.3.1.
FunDef ::= Othis 60 ParamClause ParamClauses
(6=6 ConstrExpr | [nl] ConstrBlock)
ConstrExpr = SelfInvocation
ConstrBlock
ConstrBlock := 0{0 SelfInvocation {semi BlockStat} 06}0
SelfInvocation ::= Othis 0 ArgumentExprs {ArgumentExprs}
def this (psi)... (psn)
PSi, .. .,PSn e
e this (args;)
(argsy)
C [tps]
Cltps]
(§5.1.06)
C (§5.3)
(§6.25.3) C
(
)
R 5.3.3
class LinkedList[A] () |
var head =
var tail = null
def isEmpty tail != null
def this (head: A) = { this (); this .head = head }
def this (head: A, tail: List[A]) = { this (head); this .tail = tail}
}
LinkedList
head tail
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5.3.2. Case

TmplDef ::= Ocase 0 Oclass 0 ClassDef
case case
case
val
val var (§5.3)
case cltps] (ps1) ... (PSy) tps ps
(§8.1.7)
object ¢ {
def apply[tps] (psi) ... (ps,): cltps] = new c[Ts] (xs;) ... (xsy)
def unapplyltps] (x: c[tps]) = scala.Some (X.XSi1, ..., X.XS1x)
}
Ts tps XS PS;:
XS117 « « « y XS1x XSq
apply unapply c  abstract apply
c Ps: (§4.6.2) unapply
unapplySeq c
apply unapply
case scala.AnyRef (§12.1) case
case AnyRef
equals: (Any)Boolean
case
hashCode: Int hashCode
case hashCode
toString: String
R 5.3.4 lambda
class Expr
case class var (x: String) extends Expr
case class 2Apply (f: Expr, e: Expr) extends Expr
case class Lambda (x: String, e: Expr) extends Expr
Expr case Var, Apply Lambda lambda
type Env = String => Value
case class Value(e: Expr, env: Env)
def eval (e: Expr, env: Env): Value = e match {

case Var (x) =>

env (x)
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case Apply(f, g) =>
val Value (Lambda (x, el), envl) = eval(f, env)
val v = eval(g, env)
eval (el, (y =>if (y == x) v else envl(y)))
case Lambda( , ) =>
Value (e, env)
}
Expr case
case class Number (x: Int) extends Expr
Expr sealed
Expr Expr
5.3.3.
TmplDef = Otrait O TraitDef
TraitDef = id [TypeParamClause] TraitTemplateOpt
TraitTemplateOpt = Oextends 0 TraitTemplate
[ [6extends O] TemplateBody]
D C X ( D C
D L (C) D
super (§6.5)
D (
R 5.3.5
<= > >=
trait Comparable [T <: Comparable[T]] { self: T =>
def < (that: T): Boolean
def <=(that: T): Boolean = this < that || this == that
def > (that: T): Boolean = that < this
def >=(that: T): Boolean = that <= this
}
R 5.3.6 Table A B
set get
get apply
abstract class Table[A, B] (defaultValue: B) {

50



def get(key: A): Option[B]

def set(key: A, value: B)

def apply(key: RA) = get(key) match {
case Some (value) => value

case None => defaultValue

Table

class ListTable[A, B] (defaultValue: B) extends TablelA,

B

1 (defaultValue) {
private var elems: List[(A,B)]
def get(key: A) = elems.find(. 1l.==(key)) .map(. 2)

def set(key: A, value: B) = { elems = (key, value) :: elems }

get set

trait SynchronizedTable[A, B] extends Table[A, B] {

overri

abstract override  def get(key: A): B =
synchronized { super .get (key) }
abstract override  def set(key: A, value: B) =

synchronized { super .set (key, value) }

SychronizedTable Table Table
SynchronizedTable get set super
Table abstract
de (§5.2)

object MyTable extends ListTable[String, Int] (0) with SynchronizedTable

super

MyTable SynchronizedTable get set
ListTable MyTable

SynchronizedTable

5.4.

O

A

bjectDef ::= id ClassTemplate
object m extends t
t (§5.1)
sc with mt; with ... with mt, { stats }
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m extends extends
with with  mt, extends scala.AnyRef
{}
t ( )
final class m$cls extends t
private  var m$instance = null
final def m = {
if (mSinstance == null ) mSinstance = new mScls
m$instance
}
final
m$instance
new ms$cls
m ( )
R 5.4.1 Scala
abstract class Point {
val x: Double
val y: Double
def isOrigin = (x == 0.0 && y == 0.0)
}
object Point {
val origin = new Point() { val x = 0.0; val y = 0.0 }
}
Point origin Point
Point Point
Point
Scala Java
C C Scala
Scala

52
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Expr

Exprl

PostfixExpr ::

InfixExpr

PrefixExpr

SimpleExpr

SimpleExprl :

Exprs

BlockExpr

::= (Bindings | id | 6 _0) 6=>0 Expr

| Exprl

O6if 6 6(6 Expr 0)0 {nl} Expr [[semi] else Expr]
Owhile 6 6 (6 Expr 6)6 {nl} Expr
Otry 6 6{6 Block 6}06 [catch 6{6
CaseClauses 0}0] [Ofinaly 6 Expr]
0dob6 Expr [semi] 6while 6 6 (6 Expr 0)0
6for 6 (6 (6 Enumerators 6)0 |
0{0 Enumerators 0}06) {nl} [ &ield 6] Expr
O6throw 6 Expr
Oreturn 0 Expr
[ Si mpl e Exbp rid 6=0 Expr
SimpleExprl ArgumentExprs 0=0 Expr
PostfixExpr
PostfixExpr Ascription

PostfixExpr Omatch® 6{6 CaseClauses 0}0

InfixExpr [id [nl]]

::= PrefixExpr

InfixExpr id [nl] InfixExpr

::= [6-0 | 6+6 | 6~06 | 0!0] SimpleExpr

::= 0newd (ClassTemplate | TemplateBody)

BlockExpr
SimpleExprl [0 0]

:= Literal

Path

6 6

60(6 [Exprs [6,0] 6] 6
SimpleExpr 0.6 ids
SimpleExpr TypeArgs
SimpleExprl ArgumentExprs

XmlExpr

::= Expr {06,6 Expr}

= {606CaseCl augles 0O
6{6 Block 6}0
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Block = {BlockStat semi} [ResultExpr]
ResultExpr ::= Exprl

| (Bindings | (id | 6_0) 6:06 CompoundType) 0=>0 Block
Ascription = 6:0 InfixType

| 6:0 Annotation {Annotation}

| 6:6 6 6 6%6

T " (L)e T (2) e
T
T,
T (§3.2.10)
T e
t1[tpsi1]1>:11<:Uy, ..., th[tpsa] > Ly<: Uy e ( T
e
T forSome { type t [tps;]1>:L.<:U;;...; type ¢t [tps,]>:L.<:U, }
SimpleExpr ::= Literal
(§1.3)
classOf [C]
classOf scala.Predef (§12.5) C
C
6.3. Nullh
Null scala.Null
onull o scala.AnyRef
. eq(x) ==(x) true x onull o
, ne (x) !=(x) true % onull o
, isInstanceOf [T] false
, asInstanceOf[T] onull o T scala.AnyRef
NullPointerException
fnull o NullPointerException
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6.4.

SimpleExpr ::= Path
SimpleExpr 6.6 id

X (§2) X C
C.this .x C x C x
(§2)
r T (§3.1) r.x r T X
m
e e.x {va y=-¢e; yv.x } y
b e
T
(§3.2.1) (§3.1)p
p.type
P
pt
3 pt P T
pt
4 P
e.x e r r
m m scala.NotNull

null

scala.UnitializedError

6.5. This  Super

SimpleExpr ::= [id 0.0] 6this 6
[id 6.0] Osuper & [ClassQualifier] 0.6 id

this
this
this
C this C.this
C . this C
C.this
C.this .type C

super .m m
m m mb m
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m abstract override mb

C.super .m C
m
m mO m
C m
override mb
super [T] c.super [T].x
T C X
R 6.5.1
class Root { def x = fiRoot0 }
class 2 extends Root {
override def x = ARo;
def superA = super .x;
}
trait B extends Root {
override def x = ABO;
def superb = super .x;
}
class C extends Root with B {
override def x = ACO;
def superC = super .x;
}
class D extends A with B {
override def x = ADO;
def superD = super .x;
}
C {C, B, Root} D {D, B, A, Root}
(new A) .superA == fiRootO
(new C) .superB == fiRootO
(new C) .superC == fiBO
(new D) .superA == fiRootO
(new D) .superB == fiA0
(new D) .superD == AABO
superB B Root A
6.6.
SimpleExpr ::= SimpleExprl ArgumentExprs

ArgumentExprs HEES

| O
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6(6 [Exprs [6,0]] 6)0

[Exprs 06,0] PostfixExpr 6:0 6 6 6*06 06)06

abstract



| [nl] BlockExpr
EXprs ::= Expr { A0 Expr}
f(ell --ren) f €1, r €n
(Ty,...,THU e;
f.apply(ei, ..,€n)
f(ey,...,en) f €1, ...,€,
)
final
=>T
e =>-
e (§6.1) T
e: *
S* (§4.6.2)
) S
scala.Seq[T]
R 6.6.1
def sum(xs: Int*) = (0 /: xs) ((x, y) => x + y)
sum(l,2,3,4)
sum(List(1,2,3,4): _*)
10.
sum(List(1,2,3,4))
SimpleExpr ::= SimpleExprl 0 0
e e e
e eta (§6.25.5)
=>T e () => T
() e
R 6.7.1 (§6.23)
Math.sin _ X => Math.sin (x)
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Array.range _ (x1, x2) => Array.range(xl, x2)

List.map2 _ (x1, x2) => (x3) => List.map2(xl, x2) (x3)

List.map2(xs, ys) x=> List.map2(xs, vys) (x)
6.8.

SimpleExpr ::= SimpleExpr TypeArgs

el[Tq, , Thl [a; >: L; <: U, ,a, >: Ly <
UnlS Tiyee s Ty e Ty L i
i=1, , n plL; <: T; <: pU; 8]
[a1:=T1, ...,an:=T,] PS
e e.apply[Ty, ..., Ty]
e apply
(§6.25.4)

6.9. |

SimpleExpr ::= 6(0 [Exprs [6,6]] 6)0
(€17 .+ ./,€n) scala.Tuplen(ey, ..., e,) (n>=2)
(€1 ---r€ns) () scala.Unit

6.10. R

SimpleExpr ::= 6newd (ClassTemplate | TemplateBody)
new c c (§5.1.1)
T c T scala.AnyRef ( )
T (§5.1)
T new c

( : S ) T with
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t(§5.1) new t

{ class a extends t; new a }

a
{D} new {D}
new AnyRef{D}
R 6.10.1

new { def getName() = fiaaron0 }

new AnyRef{ def getName () = flaaron0 }

{

class anonsx extends AnyRef{ def getName() = flaaron0 };

new anon$X;
}

anon$X
6.11. 3
BlockExpr = 6{0 Block 6}0
Block = {BlockStat semi} [ResultExpr]
{si;...78n7e} S1y +++y5n
e
()
e
S17...:8n7€ T forSome {Q} T e 0 T
sl,...,sn (§3.2.10)
R type tltps]=T clause
type [tps]>:T<:T
, val x:T=e val x:T
, class c[tps] extends t type
cltps]<:T T cltps]
, object x extends t val x:T
T x.type
e
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R 6.11.1 Ref[T] (x: T),

{ class C extends B {...} ; new Ref(new C) }

Ref[ 1] forSome { type 1 <: B }.

{ class C extends B {...} ; new C }

B (§3.2.10) _1 forSome

1 <: B} B

6.12.m ~ e 4|

PostfixExpr ::= InfixExpr [id [nl]]
InfixExpr ::= PrefixExpr
| InfixExpr id [nl] Inf2424ixExpr

PrefixExpr ::= [6-0 | 6+06 | 6!0 | 6~0] SimpleExpr

6.12.1.m

op e op ( 6+6, 6-6, 6!6 6-~6

e.unary op

-sin (x) - (sin (x)) negate sin(x)
sin negate (x)
6.12.2. 1 2
e op e.op
6.12.3.& 2
( )
|
&
< >
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op e



/%
( )
616
(§6.12.4)
(=)
6: 0
5 €0 Opl €1 OpZ' . 'Opn €n Opll .. -lopn
(... (ep Op1 1) Opz...) OPn €n
€o opi(er opz (...0Pn €n)...)
R €1 Op1 € Op:2 (e1 op:
€3) Op2
e Op(elr---ren)
e-op(ell ---Ien)
e, op e e1.0p (ez) op
{ val x=e,; e,.op(x) } %
6.12.4. h
‘=" ((S§1.1) op)
(1)
(2) (<=), >=), (!=)
+= 1l +=r 1 r
1 =1+rx
1
1. 1 += ($6.25) +=
2 1 =1+r 1
_I_
6.13. Y
Exprl ::= PostfixExpr 0:0 CompoundType
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e

R 6.13.1
1: Int // Int
1: Long // Long

//1: string [ ] FHrAEK
6.14.

Exprl ::= PostfixExpr 0:0 Annotation {Annotation}

e: @a; ... @a, a1, -..,38n e (§$11)

6.15. h

Exprl ::= [SimpleExpr 0.6] id 6=6 Expr

| SimpleExprl ArgumentExpr 0=0 Expr

X
X e e b
X setter X =
X = e setter X = (e) f.x = e
b f.x =(e)
f(args) = e = f.update (args, e)
f update
R 6.15.1

def matmul (xss: Array[Array[Double]], yss: Array[Array[Double]]) = {

val zss: Array[Array[Double]] = new Array(xss.length, yss(0).length)

var I =0
while (I < xss.length) {
var j = 0

while (7 < yss(0).length) {
var acc = 0.0

var k =0
while (k < yss.length) {

acc = acc + xss (i) (k) * yssi(k) (3)

kK += 1

}

zss (1) (j) = acc
4= 1
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def matmul (xss: Array[Array[Double]], yss: Array[Array[Double]l])

= new Array (xss.length,

val zss: Array[Array[Double]] =

yss.apply(0) .length)

var I =0
while (I < xss.length) {

var j = 0

while  (§ < yss.apply(0).length) {

var acc = 0.0

var k = 0

while  (k < yss.length) {
(k) * yss.apply (k) .apply (3J)

= acc + xss.apply (i) .apply

acc =
kK += 1
}
zss.apply (1) .update(j, acc)
Jo4=1
}
i+=1
}
ZSS
}
6.16.
Exprl = 0if 6 6 (0 Expr 0)0 {nl} Expr [[semi] Oelse & Expr]
if  (e1) e, else e; e, e, ej e
Boolean Then e, else es3
e, es else
el true e,
€3
else if (e1) e
(e1) e, else () Unit then e, Unit

6.17. While

Exprl Owhile 6 6 (6 Expr 6)6 {nl} Expr



Do

While while (e;) e, whileLoop (e;)
(e7) whileLoop
def whileLoop (cond: => Boolean) (body: => Unit): Unit =
if (cond) { body ; whileLoop (cond) (body) } else {}

6.18. Do

Exprl ::= 06dobd Expr [semi] Owhile 6 6 (6 Expr 0)06
Do do e; while (ey) (e1 ;
while  (e;) e;) Do while

6.19. For 1

Exprl = Ofor 6 (6 (0 Enumerators 0)0 | 6{0 Enumerators
6106) {nl} [dyield 6] Expr

Enumerators ::= Generator {semi Enumerator}
Enumerator ::= Generator

| Guard

| 6val 6 pPatternl 6=0 Expr
Generator ::= Patternl 0<-0 Expr [Guard]
Guard ::= 0if 6 PostfixExpr
for for (enums) yield e enums
e

p <- e P e val p = e

p( P ) e if e

map filter flatMap foreach

p <- e e
P (§8.1)
p <- e.filter { case p => true ; case  => false }
, for for (p <- e) vyield <6 e.map { case p => e0 }
, for for (p <- e) <0 e.foreach { case p => e }
R for
for (p <- e; pb <- eb ...) yield <6 9§
e ( )
e.flatMap { case p => for (pO6<- ed ...) yield 066}
R for
for (p <- e; pb <- eb ...) 6 0
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( )

e.foreach { case p => for (pb <- eb ...) ed 0}
R if g p <- e
e.filter ((xX1,...,X%Xn) => Qg) X1y ...,%Xy P
R val pb = eb p <- e

A

x0
val  (p, pb) <-
for (x@p <- e) yield { val x06@pd = eb;

R 6.19.1 1 n-1

for { i <- 1 until n
J <= 1 until i
if isPrime (i+j)

} yield (i, 3)
for

(1 until n)
.flatMap {
case i => (1 until i)
.filter { j => isPrime(i+j) }

.map { case j => (i, j) }

R 6.19.2 for

def transpose[A] (xss: Arrayl[Array[A]]) = {

for (i <- Array.range (0, xss(0).length)) yield

for (xs <- xss) yield xs(i)

def scalprod(xs: Array[Double], ys: Array[Double]) = {

var acc = 0.0

for ((x, y) <- xs zip ys) acc = acc + x * y

acc

6.15.1

def matmul (xss: Array[Array[Double]], yss: Array[Array[Double]] = {
val ysst = transpose(yss)
for (xs <- xss) yield

for (yst <- ysst) vyield

scalprod(xs, yst)



Return

scala.Array map, flatMap, filter
foreach
6.20. Return
Exprl ::= Oreturn 6 [Expr]
return return e
£ e
return e f return
return scala.Nothing e

return return ()
apply
return

return return f

scala.runtime.NonLocalReturnException

6.21. Throw

Exprl ::= Othrow 6 Expr
throw throw e e Throwable
e e null
NullPointerException try
(§6.22) throw
throw scala.Nothing

6.22. Try

Exprl ::= Otry 6 6{0 Block 0}0 [O6catch 6 6{06 CaseClauses 0}0]

[6finally O Expr]

Try ty { b } catch h h
(§8.5)
{ case p; => b; ... case p, => b,}
b b
b h case
case case
pt try b pt h
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scala.PartialFunction[scala.Throwable, pt] try b

h
try try { b } finally e b
e e try
e b try
b finally e e
try e
b e b try
finally e Unit
Try try { b } catch e, finally e, ty { try { b } catch
e, } finally e,
6.23. D J
Expr ::= (Bindings | Id | 6 _06) 0=>0 Expr
ResultExpr ::= (Bindings | (Id | 6 _6) 0:0 CompoundType) 0=>06 Block
Bindings ::= 0(06 Binding {6,606 Binding} 0)0
Binding = (id | 6_06) [0:0 Type]
(%1 Ty, ...,%Xq: Ty) => e T; X5 e
X e
scala.Functionn[S;,...,S,, R] e
R X T, T, = S;
e
scala.Functionn([S;, ...,S,, T] T e
(§6.1) T X
new scala.Functionn[T;,...,T,, T] {

def apply(x;: Ti,...,%X,: Ty): T = e

(x) => e X => e
(x: T) => e x: T
=> e
R 6.23.1
X => X /7
f=>g =>x => f(g(x)) //
(x: Int, y: Int) => x + y //
() => { count +=1; count } //
// Ocountd 1
//
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=> 5 //

SimpleExprl ::= 6 0
( Expr)
T T
_.T
Expr e u
(2) Expr e
S Ui, r Un
(ubq, ...,ub,)=> b ub; u;
e u; ud;
R 6.23.2
o+ 1 x => x + 1
o (x1, x2) => x1 * x2
(_: Int) *2 (x: Int) => (x: Int) * 2
if () xelse y z =>if (z) x else y
__.map (f) x => x.map (f)
_.map(_ + 1) x => x.map(y => vy + 1)
BlockStat ::= Import

| [6implicit 0] Def
| {LocalModifier} TmplDef

| Exprl
TemplateStat ::= Import
| {Annotation} {Modifier} Def

| {Annotation} {Modifier} Del

| Expr

import

abstract , final , sealed

68



6.25.

T U eta (§6.25.5) (§7.3) T U
6.25.1.h
T pt
e
(§6.25.3)
e
[a; >: Ly <: Uiy .e..,an > Ly <: UL]T
al,...,an
(§6.25.4) Ti,...,Ts e el[T,, ; Tl
(§6.8) T
Byte, Short Char e
e Unit e { e (O}
e pt
(§7.3) e
6.25.2.
=> T m m T
§7.2
eta (TsO)=>TO
eta- e
e OT e ()
6.25.3.
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e e
e e (args)
( )
Ts
Ts
0
0
s (Ts)U S S
Ts (ps)
s [a; >: Ly <: Uy, ...,an >: Ly <: Uy]T
S i=1, , N ai
L; U; T S
, T U
U T U
[a; >: Ly <: Uy,...,a, >: L, <: U,]T
forSome { type a; >: 1L, <: Uy, ...,type a, >: L, <: U,}
A B B A A B
A B
B B
e el[targs]
targs
el[targs]
e
A (§6.25) B A
B B
C
C
R 6.25.1

class A extends B {}
def f(x: B, y: B) = ...
def f(x: A, y: B) = ...
val a: A

val b: B

f(b, b) il f(a, a)
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def f(x: B, y: R)

f(a, a)
6.25.4.
e [a; >:
L; <: Uy, ...,a, > Ly <: U,IT
el[Tq, <y Thl Ty,..., Ty
pt
X
e.x e.x S [a; >: L <
Uy, ,a, >: L, <: U,]S e.x
a1y« .san
t pt T
eta (§6.25.5)
a; T, ]
, an; <: Oa; UOa; <: 0OU; (i=1, ,n)
, ar <: Upt
a; T,
a; T T;
T, T T
e e (dy, . , dn) T
(Rq, , Rn) TO TO
eta (§6.25.5)
dy S5 dj R;
ai, ;an R;
a1, ..., an RO; ds
pt ST
a; T, G
, UL; <: Oa; Qa; <: QU (i=1, ,n)
. TO aTdé <: dpt
s ﬁSj<:ﬁRj(1=1, , )
T0
pt (§3.5.2)
T
T T <: undefined
<:

undefined <:
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Scala

R 6.25.2
def cons[A] (x: A, xs: List[A]): List[A]l= x :: Xs
def nil[B]: List[B] = Nil
val xs = cons(l, nil)
cons
cons[Int] (1, nil) a Int:
1 Int nil
List[a]l] nil
List[b?] <: List[a]
b? List
b = scala.Nothing
cons a
Int <: av?
List[scala.Nothing] <: List[a?]
List[a?] <: undefined
a = Int
Int a
R 6.25.3
val ys = cons (flabcO, xs)
XS List[Int]
flabcO String xS
List[a] List[Int] List[a]
List [undefined] XS
List[Int]
cons a:

String <: av?
List[Int] <: List[a?]

List[a?] <: undefined

a = scala.Any

72



scala.Any a

6.25.5. Eta
Eta

X eé e X3
T; yi(i=1,...,n) eta

ByNameFunction

trait ByNameFunction[-A, +B] extends AnyRef {
def apply(x: => A): B
override def toString = fi<function>0

eta
x: T*(§4.6.2)

eta
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7.2.

7.1. implicit 9

LocalModifier ::= Oimplicit 6
ParamClauses = {ParamClause} [nl] O (6 Oimplicit 0 Params 6)0
implicit (§7.2)
(§7.3) implicit
(§9.2)
7.11 StringMonoid
IntMonoid implicit
abstract class Monoid[A] extends SemiGroup[A] {
def unit: A
def add(x: A, y: A): A
}
object Monoids {
implicit object stringMonoid extends Monoid[String] {
def add(x: String, y: String): String = x.concat (y)
def unit: String = A @
}
implicit object intMonoid extends Monoid[Int] {
def add(x: Int, y: Int): Int = x + vy
def unit: Int = 0
}
}
D A
(implicit Pis - --sPn) Pir---sPn
implicit
T X
(§7.1)
import
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(s4.7) T
implicit
T (§5.4)
C T T (§5.1.2) T
s T T, with ... with T, Ty, ...,T,
T
S T S[T1l,...,Tn] S Ty, ...,T,
. T p.type P
s T S#U S T
. T
(8§6.25.3)
R 7.2.1 7.1.1 add unit
def sum[A] (xs: List[A]) (implicit m: Monoid[A]): A =
if (xs.isEmpty) m.unit
else m.add(xs.head, sum(xs.tail))
sum(List (1,2,3))
stringMonoid intMonoid sum
a Int Monoid[Int]
intMonoid
(§6.25.4)
scala.List
scala.Ordered
implicit def list2ordered[A] (x: List[A])
(implicit elem2ordered: A => Ordered[A]): Ordered[List[A]] =
implicit def int2ordered(x: Int): Ordered[Int]
Ordered ordered
sort
def sort[A] (xs: List[A]) (implicit a2ordered: A => Ordered[A]) = ...
sort yss: List[List[Int]]
sort (yss)

sort (yss) (xs: List[Int] => list2ordered[Int] (xs) (int2ordered))
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Ordered

implicit def magix[A] (x: A) (implicit a2ordered: A =>
Ordered[A]): Ordered[A]): Ordered[A] = aZordered(x)
sort Ordered

sort (arg) (x => magic(x) (x => magic(x) (x => ... )))

T T “ ”
T (§11)
T
T U T V)
T V)

T ttcs (T)
ttcs(p.c) = {c}
ttcs(p.cltargs]) = {c}
ttcs(p.type ) = ttcss(T) p T
ttes (T, with ... with T,) = ttes(T;) U ... U ttecs(T,)

complexity (T)

complexity(p.c) = 1 + complexity (p)
complexity(p.cl[targs]) = 1 + Fcomplexity (targs)
p
complexity(p.type ) = 0
complexity(p.type ) = 1 + complexity(T) p T

arg
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complexity (T, with ... with T,) = Fcomplexity (T;)
R 7.2.2 List[List[List[Int]]] xs sort (xs)
List[List[Int]] => Ordered[List[List[Int]]],

List[Int] => Ordered|[List[Int]]

Int => Ordered[Int]

scala.Functionl

R 7.2.3 vs Ordered List

val ys = List(new IllegalArgumentException,

Error)
magic

Throwable => Ordered|[Throwable],

Throwable => Ordered|[Throwable],

7.3.

S=>T (=>S)=>T
1 e T T
VAR e
T => pt
v (e)
2 e.m e T
v v e
T

R 7.3.1 scala.Ordered[A]
def <= [B >: A] (that: B) (implicit
List[Int]
list2ordered int2ordered

xs <= ys

list2ordered(xs) (int2ordered) .<=
(ys)
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pt

b2ordered: B => Ordered[B]) :

XS ys §7.2

new ClassCastException, new

v(e).m

Boolean



(xs => list2ordered(xs) (int2ordered))

list2ordered XS Ordered

<=

7.4.

TypeParam t:= (id | 6_0) [TypeParamClause] [0>! 0 Type]
[6<:0 Type]
A A <%
S S T
def f[A <% Tl (ps): R = ...
def f£[A] (ps) (implicit v:i A =>T): R= ...
v
R 7.4.1 7.3.1 <=

def <= [B >: A <% Ordered[B]] (that: B): Boolean
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8.1.

Pattern :: = Patternl { 6|6 Patternl }
Patternl = varid 6:06 TypePat
| 6_6 6:6 TypePat

| Pattern2

Pattern2 = varid [6@ Pattern3]
| Pattern3

Pattern3 ::= SimplePattern

| SimplePattern {id [nl] SimplePattern}
SimplePattern : : = 0 _0

| varid

| Literal

| StableId

| Stableld 6(

6 [Patterns [6,06]] o6)606
| Stableld 6(6[Patterns 06, 06][varid 6 @06]
n )

| 6(6 [Patterns [6,0]] 06)60
| XmlPattern
Patterns .= Pattern {6,606 Patterns}
R g.1.1
1. ex:IOException IOException ex
Some (x) Some (V) X Some v
(x, ) X -
4 X::1y::iXs >=2 b4 y
XS
5. 11213 1 3
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8.1.1. \

SimplePattern : : = 0 _0
| varid
X
X
8.1.2. Y
Patternl .= varid 6:06 TypePat

| 6_6 6:0 TypePat

x:T X T
8.1.3. h
SimplePattern ::= Literal
L L (==) L
8.1.4.
SimplePattern ::= Stableld
r(§3.1) r
r==v v(§12.1)
R g8.1.2
def f(x: Int, y: Int) = x match ({
case y => ...
}
y ( £
def f(x: Int, y: Int) = x match ({

T

(§8.2)



case 'y =>
}
f vV, £ X vy
8.1.5.
SimplePattern ::= StableId ' (' [Patterns [',']] ")'
C(pll---rpn) (n>=O) C
Pi1s -+ +sPn c case
(§5.3.2) c case X
(§5.3) Pis+++sPn case
c
C(Vlr---rvn) plr Ipn Vi, «rVn
c
(§8.1.8)
8.1.6. |
SimplePattern ::= '"('" [Patterns [',']] ")'
(P1s -+ -/Pn) scala.Tuplen (p1i, .. .,Pn)
(n>=2) :(P1s---sPnr) () scala.Unit
8.1.7. v
SimplePattern ::= StableId '(' [Patterns [',']] ")'
case
unapply unapplySeq
X unapply
X(plr .. -Ipn) :
1. n=20 unapply v x.unapply (v)
true
2. n=1 unapply Option[T] pl T
v x.unapply (v) Some (v1) pl
vl
3. n > 1 unapply Option[(Ty, ...,Th) ] Pis -+ +sPn
T, ...,T, A x.unapply (v)

Some ( (v, ..

-rvn))
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X unapplySeq Option[S]

S T Seq[T] X(plr---lpn)
(§8.1.8)
8.1.8. “
SimplePattern ::= StableId '(' [Patterns ','] [varid '@'] ' ' 'x*' ")!'
P17« -/Pn
C(qll---rqmrplr---pn) C case m+1
S* (§4.6.2) X (P1y +«-sPn)
X Seq[S] unapplySeq Pis+--/Pn
unapply S
_x Pi S
>=n-1
P, 7 Pn n
8.19. e 2
Pattern3 ::= SimplePattern {id [nl] SimplePattern}
p op g op (P, q)
(§6.12)

p op (gl,...,qn)
op(p,gl, ...qgn)

8.1.10.
Pattern ::= Patternl { '|' Patternl }
pll...Ipn Pi
8.1.11. XML
§10.2
8.1.12. *
Scala2.0
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Seq[A] A

2. case A* ( *
) @ Seq[A]
8.1.13.
p T
p
P x:T! T<:T'
I C(pll---lpn) T C (§53)
Tl, ...,Tn Pi Ti
8.2.
TypePat ::= Type
, C p.C T#C C (
) p.C( P)
C

scala.Nothing scala.Null

. p.type P ( AnyRef  eq P
)
, T, with ... with T, T;
T
s Tlai, ...,an] a;
_ a1y .. .san T
(§8.3)
s scala.Array[T;] T,
scala.Array[U;] T, Uq
(§3.7) Scala ouncheckedo,
scala

unit, boolean, byte, short, char, int, long, float double

8.3. e A
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T diy 7 an
pt
A1y « . .ypap CO
A1y +..,an ai',...,an’
Li, ..., Lp Uiy .e..,Uy Co
a; < U Wi=1, ,n)
0L <: a; (i=1, , )
a lai':=ai, ..., a," 1=a,]
Co
1 ai, , an ] 0T pt
a1y 7 an C1 COACl T pt
2 T pt pt
blr Ibm CO'
b; T final
a1y 7 @n blr Ibm C2 CO ~ CO'
~ Gy T pt T final ai, , an
by, 7 P Cs Co ©» Co" ©~ Cy
T' T pt Ca
1. aiy a;>:Li<:U; (L U; )
Co"Cq
2. ai by, a;>:L;<:U; bi>:L;'<:U;!
Co"Co'"C,
C(plr---lpn) C
Al « .« «ypAap (_: C[alr~--lan])
R 8.3.1
val x: Any
x match {
case y: Listl[al=>...
}
List[a] Any a
List[a] List[a] Any a
a case
X
val x: List[List[String]]
List[a] <: List[List[String]] List
a <: List[String] a List[String]
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R 8.3.2

val x: Any
x match {

case y: List[String] =>

Scala X
List[String] (§3.7) List[ ] X
List
b Scala “ unchecked”

R 8.3.3

class Term[A]
class Number(val n: Int) extends Term[Int]
def f[B](t: Term[B]): B = t match {

case y: Number => y.n

y: Number Term|[B] Number Term|[B]
2 b
Number <: Term[B] B=Int B case
Int case y.n Int
Number

8.4. R

Expr = Postf i mBechpr 6d@@aseCl auses 06} 6
CaseClauses ::= CaseClause {CaseClause}
CaseClause : : =caded Pattern [ Guard] 6=>6 Bl ock
e match { case p; => b; . . . case p, => b, }

e n case (n>0)
case ( ) Pi b; pi (if
e>) e Pi

b;
e T, ai, am
ai L U; p(p {p1s---/Pn} )
T P T
a; undefined T'
Tp P L', , L
U', ..., 0" i Li;<:L;"' U; '<:U;
L, <: a; <: U ... Ly <: ap <: Uy, => T, <: T
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5 J

scala.Ma

case

aj

b;

case pi=>b;

tchError

sealed

R g8.4.1

abstract

case

case

case

case

def eval[T] (t:

case
case
case
case

8.5.

BlockExpr

88

class
class Lit (x:
class Succ(t:
class

class

tl:

Lit (n)
Succ (u)
IsZero (u)

If(c, ul,

case
Int

v{v

Int)

IsZero(t:

If[T] (c:

Term

uz2)

D J

Pi

case

(§5.2)

scala.MatchError

Term[T]

extends Term[Int]

Term[Int]) extends Term[Int]

Term[Int]) extends Term[Boolean]

Term[Boolean],
Term[T],

t2: Term[T]) extends Term[T]

T t match {

=> eval(u) + 1

=> eval (u) 0

=> eval (if (eval(c)) ul else u2)

Succ (u) Int

Int <: T <: Int

Int

CaseClauses '}'



case

{ case p;,; => b case p, => b, }

match
scala.Functionk[S;,...,Sk, R] (k>0)
R] S1, .., 5k
scala.Functionk[Sy, ..
(X1:87, « o7 %%:Sy ) => (X4, ...,%) Mmatch {
case p, => b, case p, => b,
}
Xy (§6.23)
( T b; )
new scala.FunctionkK[S;,...,Sy, T1 {
def apply(x; : Si,...,%c 2 S ): T =

case p; => b case p, => b,

scala.PartialFunction|[S,

new scala.PartialFunction[S , T ] {

def apply(x : S): T = x match {

case p; => b, case p, => b,

}

def isDefinedAt(x : S): Boolean = {
case p; => true case p, => true
case _ => false
}
}
X T b;
Pis .- .Pn
R g.5.1 fold-left /:

def scalarProduct (xs:
(0.0 /:

case (a, (b,

(xs zip ys)) |

c)) =>a + b * c

(x, y) => (x, y) match {

case (a, (b, c)) =>a + b * c

(R1y - -

Array[Double], ys:

scala.PartialFunction[S;,

'ISkI R]

., %) match {

R]

isDefinedAt

case

Array[Double]) =
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9.1. 1

CompilationUnit ::= [Opackage 6 QualId semi] TopStatSeq
TopStatSeq = TopStat {semi TopStat}
TopStat = {Annotation} {Modifier} TmplDef
| Import
| Packaging
|
QualId = id {6.06 id}
( )
package p; stats package
{stats}
java.lang scala
scala.Predef (§12.5)
9.2. T
Packaging ::= package QualId [nl] O6{0 TopStatSeq 6}0
package p { ds } ds P
ds private
p p p.m

93. '

Qualld ::= id {6.06 id}



_root
R 9.3.1
package b {
class B

package a.b {
class A {

val x = new root .b.B

_root .b.B b B _root b
a.b B
9.4.
(Array[String])Unit main
Array[String]
main
main scala
scala.Application main
m
R 9.4.1 test.HelloWorld main

hello world

package test
object HelloWorld {

def main(args: Array[String]) { println(Ahello worldd) }

scala test.HelloWorld
Java
java test.HelloWorld

HelloWorld Application main

package test

object HelloWorld extends Application {
println (fiHello world0)
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XML

10. XML 6

Burak Emir

XML XML 1.0
[W3C] Scala
XML 0<6
XML (§1.5)
XmlExpr ::= XmlContent {Element}
XML
Scala W3C
Scala CDATA

Element = EmptyElemTag | Stag Content ETag
EmptyElemTat ;1 =<0 Name {S Attribute} [S] 6/>0
Stag ::= 0<0 Name {S Attribute} [S] 6>0
ETag ::= 0</06 Name [S] 6>0
Content ::= XmlContent | Reference | ScalaExpr
XmlContent ::= Element | CDSect | PI | Comment

XML XML (scala.xml.Node

) XML XML

(scala.Seqg[scala.xml.Node] )
XML CDATA Scala
\u0020

Attribute ::= Name Eg AttValue
AttValue = 6 0 6{CharQ | CharRef} 600

| 6 6 6{CharA | CharRef} 06060
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XML

Scala

NameChar, S,

6:0)
XML
XML
[CharDatal}

| ScalaExpr
ScalaExpr := Block
CharData := {CharNoRef} without {CharNoRef} 6{0CharB

{CharNoRef} and without {CharNoRef}0]]>0 {CharNoRef}
XML Scala
0{06 0106 CharData XML
0{0 0{{6 XML 0{0
BaseChar, Char, Comment, CombiningChar, Ideorgraphic,
Reference ::= A W3C XML 0
Charl ::= Char without 6<0 | 06s&0
CharQ ::= Charl without 6 0 6
CharA ::= Charl without 60 0
CharB := Charl without 06{0
Name := XNameStart {NameChar}
XNameStart ::= 0 0 | BaseChar | Ideographic ( W3C XML
10.2. XML
XML 0<0
(§1.5)
XmlPattern ::= ElementPattern
XML
XML
XML Scala (§8.4)
XML CDATA
\u0020

ElemPattern ::= EmptyElemTagP | STagP ContentP ETagP
EmptyElemTagP ::= 0<0 Name [S] 6/>0
STagP ::= 0<0 Name [S] 6>0
ETagP ::= 0</0 Name [S]6>0
ContentP ::= [CharData] {(ElemPattern | ScalaPatterns)
ContentPl ::= ElemPattern

| Reference

| CDSect

| PI

| Comment
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XML

ScalaPatterns

ScalaPatterns

6{06 Patterns 0}0
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11.

Annotation = 6@0 AnnotationExpr [nl]
AnnotationExpr = Constr [[nl] 6{0 [NameValuePair
{6,060 NameValuePair}] 0}0]
NameValuePair = val id 6=0 PrefixExpr
@Qc Qc(ai, «..,apn)
c C scala.Annotation
/ {ni=cqi, ..., n=cy} Ci

@serializable class C { ... } //

@transient @ volatile var m: Int //

String @local //

(e: Qunchecked) match { ... } //

Java
@transient
Java transient
@volatile
Java volatile
@serializable
Java
java.lo.Serializable
@SerialVersionUID(<longlit>)
( ) Java
private  final static SerialVersionUID = <longlit>
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XML

Qthrows (<classlit>)

Java
throws
@deprecated
@scala.reflect.BeanProperty
X Java bean getter
setter getX, setX get set
X getter
class
@unchecked
match
def f(x: Option[Int]) = (x: Qunchecked) match {
case Some(y) => vy
}
@unchecked Scala
( Option sealed )

QuncheckedStable

type A { type T }

type B

@uncheckedStable val x: A with B //

val y: x.T // OK 0x0

x A with B
x.T

scala.ClassfileAnnotation

98

scala.Annotation
scala.ClassfileAnnotation
scala.StaticAnnotation
Scala

scala.StaticAnnotation



scala.ClassfileAnnotation
scala.StaticAnnotation

scala.ClassfileAnnotation

Java .NET
Java .NET

s classOf

s @Array (Ci, .. .,Cp)

Ci
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Scala

12.Scala Q)

Scala scala

12.1.

12 Scala Any Scala
Any AnyRef AnyVal
AnyRef Scala
Scala
scala.ScalaObject scala.AnyRef

scala.ScalaObject

[ <= —— View

scala.AnyRef
scala AnyVal scala.ScalaObject (java lang.Object)
A A

scala,Double \
4 "
[ scala,Unit

scala,Boolean

scala.lterable

N ... (other Scala classes). ..
- scala, Short

=d

i
v
N

~
= scala.Byte

java.lang. String

.. (other Java classes). ..

scala Null

scala.Nothing

12.1 Scala

AnyVal

AnyRef AnyVal Any
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package scala
/ * x * /
abstract class Any {

/** */
def equals(that: Any): Boolean

/** */
final def == (that: Any): Boolean =

if (null eq this ) null eg that else this equals that

/** “k/
final def != (that: Any): Boolean = ! (this == that)
/** Hash code, */

def hashCode: Int =

/** ‘k/
def toString: String =

/** ‘k/
def isInstanceOf[a]: Boolean = this match {
case x: a => true

case _ => false

/** */
def asInstanceOf[A] = this match {
case x: A => x
case _ => if (this eqg null ) this

else throw new ClassCastException ()

/** */
final class Anyval extends Any

/** */

class AnyRef extends Any {
def equals(that: Any): Boolean = this eqg that
final def eg(that: AnyRef): Boolean = ... //
final def ne(that: AnyRef): Boolean

! (this eq that)
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Scala

def hashCode: Int = ... //

def toString: String = ... // hashcode
}
[ ** scala */

trait ScalaObject extends AnyRef

x.asInstanceOf[T] T (§12.2)
x.toT (§12.2.1) X

ClassCastException

12.2. h
AnyVal
Scala Unit, Boolean, Double, Float, Long, Int, Char,
Short Byte ( )
12.2.1. h
Double, Float, Long, Int, Char, Short Byte
Byte, Short Char Int Long
Float Double
Byte T Short
\
Int T Long I Float T Double
/
Char
Byte Short Double
(§3.5.2) Int Long Predef (§12.5)
(§7.3) (§6.25)
S T S T
S T Int S T
v w
T
s (==) (!=) (<) (>) (<=)
(>=) 7
Boolean
s (+) (=) (*) (/) (%) 7
U T 9]
(+) (=) T
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S toByte, toShort, toChar, toInt, tolLong,
toDouble Java
( Long Int Int Byte)
Double Float Long Float )
s (&) (1 (")
T U
R (~) Int
R (<<) (>>) (>>>)
Int Long n
T Int
Any equals, hashCode toString
equals true

def equals(other: Any): Boolean

case that: Byte => this == that
case that: Short => this == that
case that: Char => this == that
case that: Int => this ==
case that: Long => this == that
case that: Float => this == that
case that: Double => this ==
case _ => false

}

hashCode hashcode

Int
toString
R 12.2.1 Int

package scala

abstract sealed class 1Int extends
def == (that: Double): Boolean
def == (that: Float): Boolean
def == (that: Long): Boolean
def == (that: Int): Boolean
def == (that: Short): Boolean
def == (that: Byte): Boolean
def == (that: Char): Boolean
/* = <, >, <=, >= */

104

other match

that

that

AnyVal {

// double

!/
!/
!/
!/
!/
!/

float
long
int
int
int

int

{

toFloat,



Scala

def + (that: Double): Double // double
def + (that: Float): Double // float

def + (that: Long): Long // long

def + (that: Int): Int // int

def + (that: Short): Int // int

def + (that: Byte): Int // int

def + (that: Char): Int // int

/X = %, % */

def & (that: Long): Long // long

def & (that: Int): Int // int

def & (that: Short): Int // int

def & (that: Byte): Int // int

def & (that: Char): Int // int

VAN P */

def << (cnt: Int): Int // int

def << (cnt: Long): Int // long

[ >>, >>> */

def unary + : Int // int
def unary - : Int // int
def unary ~ : Int // int
def toByte: Byte // Byte
def toShort: Short // Short
def toChar: Char // Char
def toInt: Int // Int
def toLong: Long // Long
def toFloat: Float // Float
def toDouble: Double // Double

12.2.2.Boolean
Boolean . true false

package scala

abstract sealed class Boolean extends AnyVal {

def && (p: => Boolean): Boolean = //
if (this ) p else false

def || (p: => Boolean): Boolean = //
if (this ) true else p

def & (x: Boolean): Boolean = //

if (this ) x else false
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def | (x: Boolean): Boolean = //
if (this ) true else x
def == (x: Boolean): Boolean = //
if (this ) x else x.unary !
def != (x: Boolean): Boolean //
if (this ) x.unary ! else x
def wunary !: Boolean /7
if (this ) false else true
}
Any equals, hashCode toString
equals true false hashCode
true 1 false 0 toString
otrue 0 ofalse 0
12.2.3. Unit
Unit () Any equals, hashCode
toString
() equals true false hashCode
hash-code toString 0()o
Scala Scala )
Scala Scala
Scala Scala HTML
12.3.1. String
Scala String String ( )
Scala
def + (that: Any): String
12.3.2. Tuple
Scala Tuplen n=2,...,9
package scala
case class Tupleni+a_ 1, ..., +a n]( 1l: a 1, , n: an) {
def toString = fi(0 ++ 1 ++ A,0 ++ ... ++ 1,0 ++ n ++ f)0O
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Scala

Predef (§12.5) Pair

Tuple3

12.3.3. Function

Scala Functionn, n=1,...,9

package scala

trait +b] |

an): b

Functionnf-a 1, ..., -a n,
def apply(x 1: a 1, ..., x_n:

def toString = fi<function>0

Functionl

apply isDefined

class extends

def

PartialFunction[-A, +B]

isDefinedAt (x: A): Boolean

Predef (§12.5) Function

12.3.4. Array

final  class extends
def
def
def
def
def
def
def

def

Array[A] (len: Int) Seqgl[A] {

length: Int = len

apply(i: Int): A = ...

update(i: Int, x: A):

elements: Iterator[A] = ...

subArray (from: Int, end: Int):

filter(p: A => Boolean): Array[A] = ...

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

flatMap[B] (f: A => Array[B]):

T Array[T]
length apply
(§6.25)

apply update

XS

Scala Java/C#

xs.length xs.length
xs (1) xs[1i]

xs (1) = e

Functionl [A,

Array[A] = ...

Array[B] = ...

Tuple? Triple
B] {
Functionl
update
Scala Java/C#
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scala.Seq

elements
Iterator
Scala
Java C# Scala
Scala S<: T Array[S] <: Array|[T] S
T S T
Array[String] Array[Object] String Object
Array[String] Array[Object]
ClassCastException
val xs = new Array[String] (2)
// val ys: Array[Object] xS [/ xxE*
val ys: Array[Object] xs.asInstanceOf [Array [Object]] / /0K
T
[1T isInstanceOf asInstanceOf
val ss = new Array[String] (2)
def £[T] (xs: Array[T]): Array[String]
if (xs.isInstanceOf[Array[String]]) xs.asInstanceOf[Array[String]]
else throw new Error (inot an instance0)
f(ss) // ss
mkArray
T T
def mkArray[T] (elems: Seq[T]): Array[T] {
val result new Array[T] (elems.length)
val 1 0
for

(elem <- elems) {

result (1)

elem
I +=1

Java

Object

Java

System.arraycopy
Scala
Array Array.copy

unapplySeqg(§8.1.7)
package

scala
108



Scala

object

/**
def

Array {
Osrcd Odestd */
copy (src: AnyRef, srcPos: Int, dest: AnyRef,
destPos: Int, length: Int): Unit =

/*‘k ‘k/
def concat[T] (xs: Array[T]*): Array[T] =
/*‘k ‘k/
def range(start: Int, end: Int): Array[Int] =
/*‘k ‘k/
def apply[A <: AnyRef] (xs: A*): Array[A] =
/‘k* */
def apply(xs: Boolean*) : Array[Boolean] =
def apply(xs: Byte*) Array[Byte] =
def apply(xs: Shortx) : Array[Short] =
def apply(xs: Char*) : Array[Char] =
def apply(xs: Int¥*) : Array[Int] =
def apply(xs: Long*) : Array[Long] =
def apply(xs: Floatt) : Array[Float] =
def apply(xs: Double*) : Array[Double] =
def apply(xs: Unit*) Array[Unit] =
/** */
def make[A] (n: Int, elem: A): Array[A] =
/** */
def unapplySeq[A] (x: Array[A]): Option[Seq[A]] =
}
12. 3.1
def duplicate[T] (xs: Array[T]) = {
val ys = new Array[T] (xs.length)

Array.copy(xs, 0, ys, 0, xs.length)

(xs,

ys)

12.4. Node

package scala.xml

Some (x)
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Node

trait Node {

/‘k* ‘k/
def label: String

/‘k* */
def attribute: Map[String, String]

/** ( ) */
def child: Seq[Node]

/** ( ) */
def descendant: Seq[Node] = child.toList.flatMap{

X => x::x.descentant.asInstanceOf [List[Node]]

/** ( ) */
def descendant or self: Seq[Node] = this ::child.toList.flatMap({

x => x::x.descendant.asInstanceOf[List [Node]]

override def equals(x: Any): Boolean = x match {
case that:Node =>
that.label == this .label &s&
that.attribute.sameElement (this .attribute) &s&
that.child.sameElement (this .child)

case _ => false

/** XPath Othat6

*/
def \ (that: Symbol): NodeSeq = {
new NodeSeq ( {

that.name match {

case fi_ 0 => child.toList

case _ =>
var res:List[Node] = Nil
for (x <- child.elements if x.label == that.name) {
res = X::res

}

res.reverse
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/** XPath O0descendant or selfd
* Othato

I
—

def \\ (that: Symbol): NodeSeq
new NodeSeq (
that.name match {

case fi_ 0 => this .descendant or self

case _ => this .descendant or self.asInstanceOf[List[Node]]
filter (x => x.label == that.name)
b
}
/** XML hashcode */

override  def hashCode =
Utility.hashCode (label, attribute.tolList.hashCode, child)

/** */
override def toString = Utility.toXML (this )

12.5. Predef

Predef Scala
JVM
package scala
object Predef {
// classOf ———=—=——-——-m
/** */
def classOf([T] = null
//
//
type byte = scala.Byte
type short = scala.Short
type char = scala.Char
type int = scala.Int
type long = scala.Long
type float = scala.Float
type double = scala.Double
type boolean = scala.Boolean
type unit = scala.Unit
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Predef

type String = java.lang.String
type Class[T] = java.lang.Class|[T]
type Runnable = java.lang.Runnable

type Throwable = java.lang.Throwable

type Exception = java.lang.Exception

type Error java.lang.Error

type RuntimeException = java.lang.RuntimeException

type NullPointerException = java.lang.NullPointerException

type ClassCastException = java.lang.ClassCastException

type IndexOutOfBoundsException =
java.lang.IndexOutOfBoundsException

type ArrayIndexOutOfBoundsException =
java.lang.ArrayIndexOutOfBoundsException

type StringIndexOutOfBoundsException =
java.lang.StringIndexOutOfBoundsException

type UnsupportedOperationException =
java.lang.UnsupportedOperationException

type TIllegalArgumentException =

java.lang.IllegalArgumentException

type NoSuchElementException = java.util.NoSuchElementException

type NumberFormatException = java.lang.NumberFormatException
/] e

type Function[-A, +B] = Functionl[A, B]

type Map[A, B] = collection.immutable.Map[A, BI]

type Set[A] = collection.immutable.Set[A]

val Map = collection.immutable.Map

val Set

collection.immutable.Set

Il e

def error (message: String): Nothing = throw new Error (message)

def exit: Nothing = exit (0)

def exit (status: Int): Nothing = {

java.lang.System.exit (status)

throw new Throwable ()
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def assert(assertion: Boolean) {

if ('assertion)

throw new java.lang.AssertionError (flassertion failed0)

def assert(assertion: Boolean, message: Any) {

if ('assertion)

throw new java.lang.ArrsertionError (lassertion failed: i + message)

def assume (assumption: Boolean, message: Any) {

if (!assumption)

throw new IllegalArgumentException (message.toString)

A

type Pair[+A, +B] = Tuple2[A, B]
object Pair {
def apply[A, Bl (x: A, y: B) = Tuple2(x, Vy)
def unapplyl[ZA, B] (x: Tuple2[A, B]): Option[Tuple2[A, B] =

Some (x)

type Triplel[+A, +B, +C] = Tuple3[A, B, C]
object Trible {
def apply[A, B, Cl(x: A, y: B, z: C) = Tuple3(x, vy, z)
def unapply[A, B, C](x: Tuple3[A, B, Cl):
Option[Tuple3[A, B, C]] = Some (x)

class ArrowAssoc[A] (x: A){
def -> [B](y: B): Tuple2[A, B] = Tuple2(x, V)

implicit def any2ArrowAssoc[A] (x: A): ArrowAssoc[A] =

new ArrowAssoc (x)

// e
def print(x: Any) = Console.print (x)
def println() = Console.println()
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def println(x: Any) = Console.println (x)
def printf(text: String, xs: Any*) = Console.printf (text, xs: *)

def format (test: String, xs: Any*) =

Console.format (text, sx: *)

def readLine(): String = Console.readLine ()

def readLine(test: String, args: Any*) = Console.readLine (text, args)
def readBoolean() = Console.readBoolean ()

def readByte() = Console.readByte()

def readShort () = Console.readShort ()

def readChar () = Console.readChar ()

def readInt() = Console.readInt ()

def readlong () = Console.readLong()

def readFloat() = Console.readFloat ()

def readDouble() = Console.readDouble ()

def readf (format: String) = Console.readf (format)
def readfl (format: String) = Console.readfl (format)
def readf2(format: String) = Console.readf2 (format)
def readf3(format: String) = Console.readf3 (format)

// fAcatch-allo
implicit def identity[A](x: A): A = x

// Ordered

implicit def int2ordered(x: Int): Ordered[Int] =
new Ordered[Int] with Proxy {
def self: Any = x
def compare[B >: Int <% OrderedB]] (y: B): Int = y match {
case yl: Int =>

it (x < yl) -1
else if (x> yl) 1
else 0

case  => - (y compare Xx)

//

implicit def char2ordered(x: Char): Ordered[Char]

implicit def long2ordered(x: Long): Ordered[Long]
implicit def float2ordered(x: Float): Ordered[Float] =
implicit def double2ordered(x: Double): Ordered[Double] =

implicit def boolean2ordered(x: Boolean): Ordered[Boolean] =
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implicit def segl2ordered[A <% Ordered[A]] (xs: Arrayl[A]):
Ordered[Seq[A]] = new Ordered[Seq[A]] with Proxy {

def compare[B >: Seq[A] <% Ordered[B]] (that: B): Int =

that match {
case that: Seqgl[A] =>
var res = 0
var these = this .elements

var those = that.elements

while (res == 0 && these.hasNext)
res = If (!those.hasNext) 1 else these.next compare those.next
case  => - (that.compare xs)

implicit def string2ordered(x: String): Ordered[String] =
new Ordered[String] with Proxy {

def self: Any = x

def compare [b >: String <% Ordered[b]] (y: b): Int = y match {
case yl: String => x compare yl
case = - (y compare Xx)
}
}
implicit def tuple2ordered[al <% Orderedl[al],
a2 <% Orderedl[a2]] (x: Tuplez2[al, a2]): Ordered[Tuple2lal, a2]] =

new Ordered[Tuple2[al, a2]] with Proxy {

def self: Any = x
def compare[T >: Tuple2[al, a2] <% Ordered[T]](y: T): Int =
y match {

case y: Tuple2lal, a2] =>

val res = x. 1 compare y. 1

if (res == 0) x. 2 compare y. 2
else res
case  => - (y compare x)

// Tuple3 Tuple9

// Seq

implicit def string2seqg(str: String): Seqg[Char] =
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new Seq[Char] ({
def length = str.length
def elements = Iterator.fromString(str)
def apply(n: Int) = str.charAt
override def hashCode: Int = str.hashCode
override def equals(y: Any): Boolean = (str == vy)
override prot ected def stringPrefix: String = fAString0

// Java

implicit def byte2Byte(x: Byte) = new java.lang.Byte (x)

implicit def short2Short (x: Short) = new java.lang.Short (x)
implicit def char2Character(x: Char) = new java.lang.Character (x)
implicit def int2Integer(x: Int) = new java.lang.Integer (x)
implicit def long2Long(x: Long) = hew java.lang.Long (x)

implicit def float2Float (x: Float) = new java.lang.Float (x)
implicit def double2Double (x: Double) = new java.lang.Double (x)
implicit def boolean2Boolean(x: Boolean) = nNew java.lang.Boolean (x)
//

implicit def byte2short(x: Byte): Short = x.toShort

implicit def byte2int (x: Byte): Int = x.tolnt

implicit def byte2long(x: Byte): Long = x.toLong

implicit def byte2float(x: Byte): Float = x.toFloat

implicit def byte2double(x: Byte): Double = x.toDouble

implicit def short2int(x: Short): Int = x.tolnt

implicit def short2long(x: Short): Long = x.toLong
implicit def short2float(x: Short): Float = x.toFloat
implicit def short2double (x: Short): Double = x.toDouble
implicit def char2int (x: Char): Int = x.tolnt

implicit def char2long(x: Char): Long = x.toLong

implicit def char2float(x: Char): Float = x.toFloat

implicit def char2double(x: Char): Double = x.toDouble
implicit def int2long(x: Int): Long = x.tolLong

implicit def int2float(x: Int): Float = x.toFloat
implicit def int2double(x: Int): Double = x.toDouble

implicit def long2float(x: Long): Float = x.toFloat
implicit def long2double(x: Long): Double = x.toDouble
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implicit def float2double(x: Float): Double = x.toDouble
}
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