


Historie

JDK 1.0 — 1996
JDK 1.1 — 1997
- Vnitrni tridy
Java 2 platform — 2000
- JDK 1.2, 1.3 — zmény pouze v knihovnach

JDK 1.4 — 2002
- Assert

JDK 5.0 — 2004
- zmeény Vv jazyce
* genericke typy
* anotace

JDK 6 — 2006
JDK 7 — 2011 — ,malé“ zmény v jazyce
JDK 8 — 2014 — lambdy, ...
JDK 9 - 2017 — moduly
JDK 10 — 2018 — odvozeni typu lokalnich proménnych (var)
JDK 11 — 2018 — rozSireni pouziti var
- redukce std knihovny!
- long-term support
JDK 12 — 2019 — rozSifeny switch (jen jako ,preview")
JDK 13 — 2019 — dalSi uprava switch, textové bloky (stale jen ,preview")



Java olatform

 JSE — standard edition
 JEE - enterprise edition
e JME — micro edition




"Vyron”

puvodné (~ JDK 1.1, 1998)
- Java programy 6x pomalejsi nez C
nyni:
— Just-In-Time (JIT) compilation
* Vv ramci spusteni se program prelozi
* provadi se nativni kod
* pomaly start, pak rychle
vykon ~ srovnatelny s normalnimi aplikacemi

velka "spotreba" pameéeti



Irplermentace Javy

e Oracle

- "oficialni" implementace

- Windows, Solaris, Linux, macOS
 OpendDK

- http://openjdk.java.net/

— open-source

— podporovano Oracle

— oficialni implementace vychazi z OpendDK
 |BM

- IBM JDK

- 2017 => Eclipse Opend9 — open-source



Irplerneniace Javy

e Jikes RVM
- Research Virtual Machine
— open-source
- pro testovani ruznych rozsireni

- napsano v Jave
* "self-hosting"
- nepotrebuje k béhu jinou JVM
* boot-image writer
- Java program, spusti se pod existujici JVM
* boot-image loader
— program v C++

— nepodporuje celée Java API



Android

APPLICATIONS

Contacts Phone Browser

APPLICATION FRAMEWDORK

Window Content
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Telephony Resource Location MNotification

Fackage Manager Manager Manager Manager Manager

LIBRARIES ANDROID RUNTIME

Surface Manager Media Core Libraries

Framework
S DavikVircual

OpenGL | ES FreeType Machine

SGL 55L

LiINUX KERMNEL

Display

Flash Memory Binder (IPC)
Driver

Camera Driver ; :
DCrriver Drriver

WiFi Driver Audio Power

Keypad Driver Dirivers Management

zdroj: http://developer.android.com/
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* http://wiki.apidesign.org/wiki/Bck2Brwsr
e Java béezici v prohlizecCi
e Cile projektu
- ,Create small Java capable to boot fast and run in
100% of modern browsers including those that have
no special support for Java.
- Demonstrate that Java has benefits over JavaScript
when creating larger HTMLS applications”






Zmeny v jazyce od Java 5

static import

auto-boxing a auto-unboxing

novy for cyklus

genericke typy

vyCtovy typ enum

metody s proménnym poctem parametru (printf)
anotace (metadata)



Java (

* zmeny
— zmeny v syntaxi
- podpora dynamickych jazyku (nova instrukce v
bytekddu)
- zmeny v NIO
- Nimbus (Swing LaF)
- nova verze JDBC



Java 7 — zmeany v syntaxi

e zapis konstant

— binarni konstanty
e 0b010101

- oddeleni radu v konstantach pomoci podtrzitek
«1 000 000

e String v switch prikazu

String month;

switch (month) {
case "January'":
case "February":



Java 7 — zmeany v syntaxi

e operator <>

- zjednoduSena vytvareni generickych typu

- typ u new se automaticky odvodi

- pr.
List<String> list = new ArrayList<>() ;
List<List<String>> list = new ArrayList<>() ;
List<List<List<String>>> list =

new ArrayList<>();

Map<String, Collection<String>> map =
new LinkedHashMap<>() ;

e otazka

ProC neni new bez <> ? Tj. napf.
List<String> list = new ArrayList();



Java 7 — zmeany v syntaxi

 interface AutoClosable a rozsSireny try
- pr:

class Foo implements AutoClosable {

public void close() { .. }
}

try ( Foo fl = new Foo(); Foo f2 = new Foo() ) {
} catch (.) {
} finaly {
}
— pri ukonceni try (normalné nebo vyjimkou) se vzdy

zavola close() na objekty z deklarace v try
* vola se v opacnem poradi nez deklarovano



Java 7 — zmeany v syntaxi

e rozsireni catch na vice vyjimek
- pr:
try {

} catch (Exceptionl | Exception2 ex) {
}

 lepsi typova kontrola vyjimek pri re-throw



Jg tento Kod spravne

private void foo(int i) throws Exl, Ex2 {

try {
if (1 < 0) {
throw new Ex1 () ;
} else {
throw new Ex2 () ;

}

} catch (Exception ex) {
throw ex; —

}
}

e vJava 7 ano

 vJava b6 ne
- kompilator vypise chybu zde



Java 9

* type annotations
- |ze anotovat pouziti typu
— opakovani stejneé anotace

* deafult a static metody v interfacech
* lambda vyrazy
* odvozeni typu u generickych typu
e profily
- ,podmnozina” std knihovny
* javac -profile ...



Java 9 — rnocluly

 Modul
— pojmenovana a ,sebe-popisujici kolekce balicku
(packages) s typy (tridy,...) a daty

- deklaruje
+ * zavislosti (vyZadované moduly)

/ _ * poskytované balicky

/,//
/
, y

™

module-info.class
-

module com.foo.bar {
~ requires com.fo00.baz;
~ exports com.foo.bar.alpha;
~ exports com.foo.bar.beta;

}



Java 9 — rnocluly

* JSE platforma — rozdélena na moduly

module java.base {

ex
ex
ex
ex
ex
ex
ex
ex
ex

Dorts
Dorts
Dorts
Dorts
Dorts
DOrts
Dorts
Dorts

Dorts

-’

-’

-

-’

java.
java. lang;
java.
java. lang.invoke;
java.
ava.
.lang.reflect;

.math;

daVvd
daVvd

dava.

10;
lang.annotation;
lang.module;

lang. ref;

net;



Java 10

e odvozeni typu u lokalnich promennych

var s = "hello";
var list = new ArrayList<String>();

* var —rezervovane jmeno typu
* neni to klicove slovo

* musi byt inicializace



e pouziti var pro parametry lambda vyrazu




Java 13

* upraveny switch
- Sipka misto dvojtecky
- bez break
- vice hodnot
- |lze pouzit jako vyraz

* textove bloky
"""multiline
St |,.:i_r]gll i1l






Ve

Uvor)

e obdoba Sablon z C#/C++
— na prvni pohled

* parametry pro typy

e Cil
— prehlednejsi kod
- typova bezpecnost



Motlvacnl priklacdl

* bez gen. typu (<=JDK 1.4)

List myIntList = new LinkedList ()
myIntList.add(new Integer (0)):;
Integer x = (Integer)mylIntlList.iterator () .next():;

« JDK5

List<Integer> myIntList = new LinkedList<Integer>();
myIntList.add(new Integer (0));
Integer x = myIntList.iterator () .next();

* bez explicitniho pretypovani
e kontrola typu béhem prekladu
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Definlce generickycn tyol

public interface List<E> {
vold add(E x);
Tterator<E> iterator ();
E get(int 1),

}

public 1nterface Iterator<iE> {
E next();
boolean hasNext () ;

}
e List<Integer> silze predstavit jako

public 1nterface IntegerList {
vold add(Integer x);
ITterator<Integer> 1terator();

}
* ve skutecCnosti ale takovy kod nikde neexistuje

- negeneruje se kod jako C++



Vziany mezl tyopy

* nejsou povoleny zadne zmeny v typovych
parametrech

List<String> 1s new ArraylList<String>();
List<Object> lo = 1ls;

lo.add (new Object());
String s = ls.get (0);

chyba — prirazeni Object do String

— druhy Ffadek zpusobi chybu pri pfekladu
- List<String> neni podtyp List<Object>



Vziany mezl tyopy

e priklad — tisk vsech prvku kolekci
<=JDK 1.4

vold printCollection (Collection c) {
Iterator 1 = c.lterator();
for (k = 0; k < c.size(); k++) {
System.out.println(i.next())
}

}

naivni pokus v JDK 5
vold printCollection (Collection<Object> c) {
for (Object e : ¢) {
System.out.println(e);

}
}

- nefunguje (viz predchozi priklad)



Vztany ezl tyoy

e Collection<Object> neni nadtyp vsech kolekci
e spravne

vold printCollection (Collection<?> c) {
for (Object e : c¢) {
System.out.println(e);

}
}

e Collection<?> je nadtyp vSech kolekci
- kolekce neznameého typu (collection of unknown)
- |ze priradit kolekci jakéhokoliv typu

e pozor-do Collection<?> nelze pridavat
Collection<?> ¢ = new ArraylList<String>();

c.add (new Object()); <= chyba pri prekladu
e volat get () Ize - vysledek do typu Object



Vztany ezl tyoy

* ? - wildcard
* ,omezeny ?* (bounded wildcard)

public abstract class Shape {
public abstract void draw (Canvas c);
}
public class Circle extends Shape { ... }
public class Canvas {
public void drawAll (List<Shape> shapes) {
for (Shape s:shapes) {
s.draw (this)
}
IS

* umozni vykreslit pouze seznamy presne typu
List<Shape>,aleuzne List<Circle>



Vziany mezl tyoy covariantni

* reseni - omezeny ?

public void drawAll (List<? extends Shape> shapes) {
for (Shape s:shapes) {
s.draw (this)

)}

* do tohoto Listu stale nelze pridavat

shapes.add (0, new Rectangle()); Chyba pFi pFekIadu



Genericke metocly

static void fromArrayToCollection (Object[] a,
Collection<?> c) {
for (Object o : a) {

} c.add(o); <« chyba pfi prekladu

static <T> void fromArrayToCollection (T[] a,
Collection<T> c) {
for (T o : a) {

c.add (o) ; é—-CN(
}



v 4

Genericke rmetocy

e pouziti
- prekladac sam urci typy

Object[] oa = new Object[100];
Collection<Object> co = new ArraylList<Object>();
fromArrayToCollection(oa, co); // T — Object
String[] sa = new String[100];
Collection<String> cs = new ArrayList<String>();
fromArrayToCollection(sa, cs); // T — String
fromArrayToCollection(sa, co); // T — Object

* | U metod Ize pouzit omezeny typ
class Collections {

public static <T> wvoid copy (List<T> dest, List<?
extends T> src){...}

J



Ve |

Oclvozeni typu

* ne vzdy je kompilator schopen typ urcit
- priklad
class Collections {
static <T> List<T> emptyList();

}

- List<String> listOne = Collections.emptyList() ;
* OK

- void processStringList (List<String> s) {

}

processStringList (Collections.emptyList()) ;
* nelze prelozit (v Java 7)



Oclvozeni typu

e prekladaci Ize ,napovedéet”
— processStringList(Collections.<String>emptyList());

* od Java 8 priklad Ize prelozit i bez ,napovédy"”
- zlepseno odvozovani typu



v Yo
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Genericke meiocy a7

* kdy pouzit generické metody a kdy "wildcards"

interface Collection<E> {
public boolean containsAll (Collection<?> c);
public boolean addAll (Collection<? extends E> c);

}

interface Collection<E> {
public <T> boolean containsAll (Collection<T> c);
public <T extends E> boolean addAll (Collection<T>
c);

}

* Coje vhodngjsi?



* kdy pouzit generické metody a kdy "wildcards”

e

interface Collection<iE> { —
public boolean containsAll (Collection<?> c);
public boolean addAll (Collection<? extends E> c));

interface Collection<E> {
public <T> boolean containsAll (Collection<T> c);

public <T extends E> boolean addAll (Collection<T>

c);

}

* generické metody — vztahy mezi vice typy



* |ze pouzit genericke metody i "wildcards" najednou

class Collections {
public static <T> void copy(List<T> dest,
List<? extends T> src) {....}

}

* |ze napsat i jako

class Collections {
public static <T, S extends T>
vold copy (List<T> dest, List<S> src) {....}

}

* "spravne” je prvni zapis



Pole 2 genericke tyoy

e pole gen. typu
- |ze deklarovat
- nelze naalokovat

List<String>[] lsa = new List<String>[10]; nelzel
List<?>[] lsa = new List<?>[10]; OK + varovani

e proc - pole Ize pretypovat na Object

List<String>[] lsa = new List<String>[10];
Object[] oa = lsa;

List<Integer> 11 = new ArraylList<Integer>();
li.add (new Integer(3));

ocal[l] = 11i;

String s = lsal[l].get(0); ClassCastException



J e

Stary® a ,,novy® Kod

,stary“ kod bez generickych typu

public class Foo {
public void add(List 1st) { ... }
public List get() { ... }

}
,novy" kod pouzivajici ,stary”

List<String> 1lstl = new ArraylList<String>();
Foo o = new Foo();

o.add (lstl); — OK - List odpovida List<?>
List<String> 1st2 = o.get(); « varovani prekladace
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Stary® a ,,novy® Ko

,novy"“ kod s generickymi typy

public class Foo {
public void add(List<String> 1lst) { ... }
public List<String> get () { ... }

}

,stary” kod pouzivajici ,novy"

List 1lstl = new ArrayList();

Foo o = new Fool();

o.add (lstl); — Vvarovani prekladace

List 1st2 = o.get(); « OK-List odpovida List<?>



I [ S I
crelslre

public String loophole (Integer x) {
Li1st<String> ys = new LinkedList<String>()

List xs = ys;
xs.add (x) ; — varovani
return ys.iterator () .next () ;

}

* pri behu se tento kod chova jako

public String loophole (Integer x) {
List ys = new LinkedList();
List xs = ys;
Xs.add (x) ;
return (String)ys.iterator().next(); « beéhova chyba



| | e PO | |
Elasuie

e pri prekladu se vymazou vSechny informace o

generickych typech
- "erasure”

- typoveé parametry se zrusi (List<Integer> — List)

- typoveé promenne jsou nahrazeny nejobecngjsim
typem

— pridana pretypovani



Lod generickycn irid

List<String> 11 = new ArraylList<String>();
List<Integer> 12 = new ArraylList<Integer>():;
System.out.println(ll.getClass () == 1l2.getClass())

 Co vypise?
a) true
b) false



Lod generickycn irid

List<String> 11 = new ArraylList<String>();
List<Integer> 12 = new ArraylList<Integer>();

System.out.println(ll.getClass () == 1l2.getClass())
. vypise?
tru

b) false



Pretyoovanil, Instanceof

Collection c¢cs = new ArrayList<String>();

1f (cs 1nstanceof Collection<String>)....
- nelze

Collection<String> cstr = (Collection<String>) cs;
— varovani

— za béhu nelze zajistit

<T> T badCast (T t, Object o) {return (T) o;}
— varovani

<T> T[] makeArray (T t) {
return new T[100]; — helze



Dalsl vztany ezl tyoy

class Collections {
public static <T> wvoid copy (List<T> dest, List<?
extends T> src){...}

}
contravariantni

e ve skutecnosti

class Collections {
public static <T> wvoid copy(List<? super T> dest,
List<? extends T> src){...}

J

e do kolekce <? super T> lze pridavat!



Dalsl vztany ezl tyoy

e super Ize pouzit jen u gen. metod
* nelze u gen. typu
— nic by to neprinaselo
class Foo<T super Number > {
private T v;
public Foo(T t) { v = ¢t; }
}

— PO erasure
class Foo {

private Object v;
public Foo(Object t) { v = t; }
}
— zajistilo by to pouze, ze jako parametr lze pouzit
nadtyp Number

- nezajistilo by to, ze v prom. v bude vzdy jen instance
nadtypu Number



4l

Prevocd] "stareno” xodu na novy

interface Comparator<T>
int compare (T fst, T snd);

}

class TreeSet<E> {
TreeSet (Comparator<kE> c)

}

e TreeSet<String>
- |ze pouzit Comparator<String> i Comparator<Object>

—> class TreeSet<E> {
TreeSet (Comparator<? super E> )



41

Prevod "starano” xodu na novy

Collections {
public static <T extends Comparable<T>>
T max (Collection<T> coll);

class Foo implements Comparable<Object> {...}
Collection<Foo> cf = .

Collections.max (cf) nefunguje

* |lepe

public static <T extends Comparable<? super T>>
T max (Collection<T> coll);



4l

Prevocd] "stareno” xodu na novy

public static <T extends Comparable<? super T>>
T max (Collection<T> coll);

* erasure
— public static Comparable max(Collection coll)
— neni kopatibilni se "starou” metodou max
* public static Object max(Collection coll)
e spravne
public static <T extends Object & Comparable<? super
T>> T max (Collection<T> coll);

- Ize nékolik typu: T1 & T2& ... & Tn
— pro "erasure"” se vezme prvni z nich

* zcela spravne

public static <T extends Object & Comparable<? super
T>> T max (Collection<? extends T> coll);






Prenled

* anotace ~ metadata
- ,data o datech”
- pridavna informace o casti programu, ktera nema
(primo) vliv na funkcnost programu
e od JDK 5
* priklady
- @Deprecated
- @SuppressWarnings
- @Override
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Motlvace oro zavedeanl anotaci

* anotace v podstate existovaly uz pred JDK 5
- ale byly definovany nesystematicky a
- nesly pridavat (snadno)
- pfF:
* modifikator transient
* @deprecated element v javadoc komentafi

* XDoclet
- http://xdoclet.sourceforge.net/
- pridavani anotaci do ,staré” Javy
- jako definovatelneé tagy v javadoc komentarich

- |ze z nich generovat cokoliv
* obsahuje mnoho pfeddefinovanych tagu a transformaci
— puvodné nastroj pro podporu vyvoje EJB komponent



Pouzivani

e anotace lze pouzit v podstate na kazdy element
programu
- tridy
- interfacy
— atributy
- metody
— konstruktory
- baliky
— pouziti typu (od Java 8)
* obecne pravidlo
anotaci lze pouzit tam, kde lze pouzit nejaky
modifikator
- vyjimka u anotaci pro baliky (zapisuji se do spec.
souboru package-info. java) a
— pouziti typu
* pfi definici anotace lze omezit, na co pujde pouzit



Pouzlvani

4

* pI:

class A {
@Override public boolean equals(A a) { ... }
@Deprecated public void myDeprecatedMethod () ({

}
}

e anotace muzou mit parametry

@SuppressWarnings ("unchecked") public void foo() ({



Pouzivani

e anotace pouziti typu (Java 8)
- new @Interned MyObiject() ;
- myString = (@NonNull String) str;
- class UnmodifiablelList<T> implements
@Readonly List<@Readonly T> { ... }
- void monitorTemperature () throws
@Critical TemperatureException ({



Pouzivani

* |ze pouzit mezi modifikatory v jakémkoliv poradi
- konvence — pouzit nejdriv anotace a pak modifikatory
* |ze aplikovat libovolné mnozstvi anotaci na jeden

element

* Java 5-7 — nelze aplikovat jednu anotaci vicekrat
— ani pfi pouziti riznych parametru
e Java 8+ |ze aplikovat jednu anotaci vicekrat



Dearlinlce

* podobne jako interface
* @interface
* metody bez implementace

* pF.

public (@interface RequestForEnhancement ({
int id{();
String synopsis();
String engineer () default "[unassigned]";
String date() default "[unimplemented]";



- |

Dearlnlce
e ,specialni® anotace

e marker

- bez téla
* anotace pri pouziti nema zadné parametry

- public @interface Preliminary { }

* single-member
- jeden element value
* typ muze byt rizny
— pri pouziti se zapise jen anotace a hodnota
parametru

- public @interface Copyright { String value(); }



- |

Darlnlce

e pouziti nasich anotaci

@RequestForEnhancement (

id = 2868724,

synopsis = "Enable time-travel",
engineer = "Mr. Peabody",

date = "4/1/3007"

)

public static void travelThroughTime (Date destination)

{ ...}

@Preliminary public class TimeTravel { ... }

@Copyright ("2002 Yoyodyne Propulsion Systems")
public class OscillationOverthruster { ... }



Darlnlce

 stejne jako interface
— misto deklarace

- rozsah platnosti

— rozsah viditelnosti

* nesmeji byt generickym typem

* nesmeji obsahovat extends

- implicitné dedi od java.lang.annotation.Annotation
* libovolny pocet elementu

e anotace T nesmi obsahovat element typu T

— primo i neprimo




Darlnlce

* metody nesmeji mit zadne parametry

* metody nesmeji byt genericke

* deklarace metod nesmi obsahovat throws
* navratova hodnota musi byt:

— primitivni typ

- String

- Class

- Enum

- anotace

- pole predchozich typu



Darlnlce

* pri pouziti musi anotace obsahovat dvoijici
element-hodnota pro kazdy element (metodu)

z definice
- neplati pro elementy s defaultni hodnotou
* hodnota nesmi byt nuli



Praclcdefinovana anotace

* anotace pro pouziti na anotacich

— ovlivhuji moznosti pouziti anotace

- v baliku java.lang.annotation

* @Target

- single-member

- specifikuje, na jakém elementu Ize anotaci pouzit
- mozné hodnoty parametru (enum ElementType)

ANNOTATION TYPE
CONSTRUCTOR

FIELD

LOCAL_VARIABLE

PACKAGE

METHOD

PARAMETER

TYPE - pouziti na tridu, interface, enum, anotaci
TYPE _PARAMETER - od Java 8
TYPE _USE - od Java 8
MODULE — od Java 9



Praclcdefinovana anotace

* @Retention

- single-member

- specifikuje, kde je anotace pouzitelna

- mozné hodnoty parametru (enum RetentionPolicy)
* SOURCE - pouze ve zdrojovém kodu
e CLASS - v dobé kompilace
* RUNTIME - pri béhu programu

@Retention (RetentionPolicy.RUNTIME)
public @interface Foo { }
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Opagovaneg pouzlitl anotace

e od Java 8

@Schedule (dayOfMonth="1last")
@Schedule (daYOfWeekz" Fri", hour=" 23" )
public void foo() { ... }

e z duvodu kompatibility anotace viozeny automaticky

do ,kontejneru”

— kontejner se musi pripravit
@Repeatable (Schedules.class)
public @interface Schedule { ... }

public (@interface Schedules {
Schedule[] wvalue;

}
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Ziskani anotaci za behu

 pomoci Reflection API

e interface AnnotatedElement
- isAnnotationPresent — zda je anotace pritomna
- getAnnotation - vrati anotaci daneho typu, je-li

pritomna
- getAnnotations - vrati vSechny anotace

- getDeclaredAnnotations - vrati deklarovane
anotace (bez zdedenych)



Zoracovznl SOURCE anotac)

* anotacCni procesory
— specifikuji se prekladaci
— parametr -processor
- javax.annotation.processing.Processor

- od Java 6

* Annotation Processing Tool (APT)
— externi nastroj pro zpracovani anotaci
- Java b
- od JDK 8 — APT a souvisejici APl oznaceno za
,deprecated”



Priglacd = Unit Testing

import java.lang.annotation.¥*;
@Retention (RetentionPolicy.RUNTIME)
@Target (ElementType .METHOD)

public @interface Test { }

public class Foo {
@Test public static void ml () {

}
public static void m2() {

}
@Test public static void m3() ({

}



Priglacd = Unit Testing

import java.lang.reflect.*;
public class RunTests {
public static void main(String[] args)
throws Exception {
int passed = 0, failed = 0;
for (Method m

Class.forName (args[0]) .getMethods ()) {
1f (m.1sAnnotationPresent (Test.class)) {
try {
m.invoke (null);
passed++;

} catch (Throwable ex) {
System.out.printf ("Test %s
failed: %s %n", m, ex.getCause());
failed++;

}
}
System.out.printf ("Passed: %d,
Failed %d%n", passed, failed);





http://creativecommons.org/licenses/by-nc/4.0/
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