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Introduction

OCHOBHbIE TEeMbI;

e OCHOBHbIE CTPYKTYpPbl AaHHbIX

e OLeHKa CNOXHOCTN anropuTMoB

e Vepapxunsa n ocHoBHble KoMNoHeHTbI Collection framework
e List, Queue, Map, Set

e Stream API
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Why we need Collections framework?

Collections framework — nepapxust UHTEP(ENCOB 1 Kraccos, aBnstowascsa YyacTtoto JDK
N NpegocTaBnsowas BO3MOXHOCTb pa3paboTymMkamMm UCnosib30BaTh pasfnyHble CTPYKTYPbI
AaHHbIX.

PaspabotaH [xowwya bnoxom
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Data structures

Kakne cTpyKTypbl AaHHbIX Oyaem paccmaTpuBarhb:

Maccus
Cnucok

Crek
Ouepenb
Xew-tabnuua
MHoXXecTBO
[epeBo
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Big O notation

BpemeHHaﬂ CJTIOXKHOCTb aJsiropuTmMma 310 3aBNCMMOCTb BpEMEHW BbINOJIHEHUA
anropmnTtMa Ot KoJmnimvecTBa BXOAHbIX AaHHbIX.

O — HoTauusa (O(f(n)) onpenensieT acCMMNTOTUYECKOE NoBeAEHNE DYHKLNN, T.€.
XapakTep U3MeHeHNs PyHKLMN MPU CTPEMITEHUN apryMeHTa K onpeaeneHHoMy
3HA4YeHMI0.
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Big O notation

Mopagku pocTa:
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Onepauus

KoHCTaHTHbIN
Jlorapndpmuyeckunin
JInHenHbIN
JInHenHo-norapndmmyeckmin
KBagpaTuyHbIn

Kybuueckuin

OKCMoHeHLUManbHbIi

Mopspok pocta

logN

NlogN
N2
N3

2N

Mpumep

Mouck no nHaekcy B maccuese
BuHapHbIn nonck

Linkn

CopTupoBka crnmsiHnem
[BOVHOW LMKN

TponHOn LMK

[1BonHasa pekypcus



Collections hierarchy
Collection Framework Hierarchy

Iterable Collection
<interface> <interface>

Dequeue
<interface>

[ ET
<interface>

HashMap

Queue
<class>

<interface>

List
<interface>

/ & | / /
Arraylist ‘ LinkedList ArrayDeque HashSet
<class> <class> <class> <class>
‘ |

LinkedHashSet
<class>

PriorityQueue

<class>
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SortedMap
<interface>

TreeMap
<class>

Tinkoff.ru



Collection interface

Collection — ocHOBHOM MHTEpPENC, OT KOTOPOTrO
HacnegyTca Bce Konnekumm (kpome Map).

MNpenctaenser cobon Konnekumto 06bLEKTOB-311EMEHTOB.

MeToab!:

® int size();

®  boolean isEmpty();

® boolean contains(Object 0);

® Iterator<E> iterator();

®  Obiject[] toArray();

® <T> T[] toArray(T[] a);

®  boolean add(E e);

® boolean remove(Object 0);

®  boolean containsAll(Collection<?> c);
([ ] boolean addAll(Collection<? extends E> c);
®  boolean removeAll(Collection<?> ¢);

TUHbKOD®D
®  boolean retainAll(Collection<?> c);

public interface Collection <E> extends java.lang.Iterable<E> {

MeToael ¢ Java 8:

® default Spliterator<E> spliterator()
®  default Stream<E> stream()

®  default Stream<E> parallelStream()



Iterable & Iterator

Iterable — npegocTaBnsieT BO3MOXHOCTb
ncnonb3oBaHne oobekTa B for-each BbipaxkeHuu.

public interface Iterable<T> {

Iterator<T> iterator();

// since Java 8
default void forEach(Consumer<? super T> action) {

// impl

}

default Spliterator<T> spliterator() {
// impl

k
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Iterator — no3BonseT noovyepeaHo nonyyarb
3NeMeHTbl Konnexkuuu.

public interface Iterator<tE> {
boolean hasNext();
E next();
default void remove() {

// impl

default void forEachRemaining(Consumer<? super E> action) {
// impl



Iterable & Iterator

£BHOE ucnonb3oBaHMe nteparopa: Mcnonb3oBaHue ntepatopa B for-each loop
List<String> strings = Arrays.asList("Hello", "Tinkoff"); List<String> strings = Arrays.asList("Hello", "Tinkoff");
Iterator<String> it = strings.iterator(); for (String str : strings){
while (it.hasNext()){ System.out.println(str);
System.out.println(it.next()); i
}
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Iterator

YnaneHne anemMeHToB

Collection<Integer> coll =
new ArrayList<>(Arrays.asList(1, 2, 3, 4, 5));
Iterator<Integer> iterator = coll.iterator();
while (iterator.hasNext()) {
Integer next = iterator.next();
if (next % 2 == 0) {
coll.remove(next);

+
System.out.println(coll);

Exception in thread "main" java.util.ConcurrentModificationException
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Mpn ncnonb3oBaHMK UTepaTopa, YaansaTb ANEMEHThI
HY>XHO MeTogoM iterator.remove()

Collection<Integer> coll =
new ArrayList<>(Arrays.asList(1, 2, 3, 4, 5));
Iterator<Integer> iterator = coll.iterator();
while (iterator.hasNext()) {
Integer next = iterator.next();
if (next % 2 == 0) {
iterator.remove();

+
System.out.println(coll); // 1, 3, 5



List

List — npegcraBnsaet cobon ynopsaao4eHHbIM CINCOK

00ObEKTOB.

public interface List<E> extends Collection<E> {

ArrayList<E>
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List<E>

LinkedList<E>

Vector<E>

Stack<E>

OcobeHHOCTU:

O6bekTbl ynopsgoyeHbl B Nopsigke BCTaBKy

®  [locTyn K 3ieMeHTaM Mo MHOEKCY

® Mo3BonseT xpaHuTb gybnukaTol
MeToabl:

® int indexOf(Object o) boolean isEmpty();

® int lastindexOf(Object o);

® Listlterator<E> listlterator();

® E set(int index, E element);
NgencragyTens,,

® ArrayList — maccuB 06bekTOB

o LinkedList — cBA3HbIN ciMcok

® Stack — peanusaumsa cteka (CMHXPOHU3UPOBaH)

® Vector — guHamMunyeckmii Maccus (CUHXPOHU3UPOBAH)



ArrayList

public class ArrayList<E> extends AbstractList<E>
implements List<E>, RandomAccess, Cloneable, java.io.Serializable

ArrayList — oquHamn4yeckn paclumpsemMbli MaccuB

Mpumep:

List<String> arr = new ArrayList<>(); // defauvlt capacity 10
List<String> arr50 = new ArraylList<>( initialCapacity: 50); // capacity 50

arr.add("Hello");
arr.add("Tinkoff");

String str = arr.get(0);
System.out.println(str); // Hello
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ArrayList

ArrayList coctouT un3:

®  Object[] elementData — maccuB ¢ xpaHMMbIMn 06bEKTaMMU

® int size — pa3amep maccuBa (size != capacity)

Cos3paHue ArraylList:

List<Integer> ints = new ArrayList<>(); null null

0 1

[o6aBneHune anemeHTa:

ints.add(49)

ints.add(49); 49 null
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null

null

null null null
3 4 5
null null null
3 4 5

null

null

null

null

null

null

null

null

size: 0

size: 1



ArrayList

JJ.oGaBneHMe 3JyieMeHTa B 3anoJfiIHeHHbIN MAaCCUB:
ints.add(49)

ints.add(49); 12 13 14 15 16 17 18 19 20 21 size: 10

Metog ensureCapacitylnternal npoeepsieT 3anonHAeMocTb Maccuea 1 Npu HeOBXOAMMOCTM PaCLUMPSIET Ero
®  Co3spgaeTcsi HOBbI MaccuB YBENUYEHHOTO pa3Mepa

® HartuBHbIM MeTogoM System.arraycopy NpoOUCXOANT KOMUPOBaHME AaHHbIX B HOBbIN MaccuB

ints.add(49)
12 13 14 15 16 17 18 19 20 21 49 | nul | nul | nul | onul | null
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

YBenunyeHve maccusa B 1.5 pasa
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size: 16



ArrayList

Hdo6GaBneHue anemeHTa B cepeauHy MaccuBa:

ints.add(4, 49)
ints.add(4, 49); 12 13 0 14 15 | 16 17 | 18 | 19 | 20 | nul size: 9
0 1 2 3 4 5 6 7 8 9

Mepen nobaeneHnem metogom ensureCapacitylnternal npoBepsieTcst 3anonHAEMOCTb, €CN MacCuB He 3anornHeH, gobaensercs
HOBbIV 3NIEMEHT 1 NPONCXOOUT COBUI ANIEMEHTOB B NpaByto YacTb Maccuea Metogom System.arraycopy

ints.add(4, 49)

Cpaguraem anemeHTbl

ints.add(4, 49); 12 13 14 15 49 16 17 18 19 20 size: 10

Ecnun BcTaBka B cepeanHy BbINOJNMHAETCA B 3anorHeHHbIN Maccue, TO METOL System.arraycopy BbI30BETCA ABaXabl!
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ArrayList

YnaneHue anemMeHTa U3 MmaccuBa:

ints.remove(4)

ints.remove(4); 12 13 14 15 16 17 18 19 20 null size: 9

PaccunTbiBaeTCA KONMYECTBO 3N1EMEHTOB, KOTOPbIe HEOGXOANMO CABVHYTb NMOCHE yAaneH s U NPOUCXOOWUT CABUT 3IeMEHTOB
konupoBaHueM metogom System.arraycopy

16

CaBvraem anemeHThbl

ints.remove(4); 12 13 14 15 17 18 19 20 | null | nul size: 8

0 1 2 3 4 5 6 7 8 9

MeTog trimToSize() ncnonb3yetca a4na ymMeHbLUeHNsA capacity maccuBa
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ArrayList

OueHKa CIOXXHOCTW OCHOBHbIX OMNepaLnii;
Onepauus
Mownck/nepebop anemeHToB
lMownck no nHaekcy
BcraBka anemeHTa
BcTtaBka anemeHTy B cepeavHy

YnaneHnue
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Peanunsauusa

Vcnonbayewm iterator()

get(int index)

add(E element)

add(int index, E element)

remove(int index)

CnoXHOCTb

O(n)

o(1)

O(1), B xyawem cny4vae O(n)

O(n)

O(n)



LinkedList

public class LinkedList<E>
extends AbstractSequentiallList<E>
implements List<E>, Deque<E>, Cloneable, java.io.Serializable

LinkedList — nByHanpaBneHHbIN CBA3HbLIN CMIUCOK

Mpumep:

List<String> list = new LinkedList<>();

list.add("Hello");
list.add("Tinkoff");

String value = list.get(0);
System.out.println(value); // Hello
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LinkedList

LinkedList cocTouT 13:

® Node<E> first — ykazaTenb Ha nepBbIf AeMeHT crnmcka
([ ] Node<E> last — ykazaTenb Ha nocrnegHui aneMeHT crnucka

® intsize — pasvep cnucka _ 5 .
LinkedList npeacraenser cobon Habop anemeHToB unu y3nos (Node), kaxxgbii N3 KOTOPbIX UMEET CCbISIKY Ha CreayrLwmnn n

npeablayLwmnn anemeHT (y3en) cnmcka

Peanunsauus Node:

private static class Node<E> {
E item;
Node<E> next;
Node<E> prev;

Node (Node<E> prev, E element, Node<E> next) {
this.item = element;
this.next = next;
this.prev = prev;
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LinkedList

D,oﬁaBnel-me ArieMeHTOB B CINMUCOK: first last
Node
prev null
next null
first last
Node Node Node
list.add(19)
list.add(20) elem 13 elem 19 elem 20 Size: 3
next next next null
prev null prev prev

[na 6bicTporo ao6aBneHns aNeMeHTOB B Ha4ano u KoHew, cnucka ucnoneaytotca metoabl addFirst(E e) n addLast(E e)
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LinkedList

MTepauvm n NOUCK:

MTepaunsi no cnvMcky unm JoCTyn K SNeMeHTy
OCYLLECTBISAETCA NyTeM NocrenoBaTeribHOro npoxoga
no y3nam Crnucka C UCMonb30BaHWEM yKa3aTenemn prev
1 next:

YaaneHue anemMeHTa:

list.remove(1)

[ns GbICTPOro yaaneHusi aNEMEHTOB B HaYarne 1 KOHLEe crnucka ncnornb3ytotes MeTofsl removeFirst() v removeLast()
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Node

elem 13
next

prev null

first

Node

elem 13
next

prev null

Node
elem 19
next
prev

Node
elem 19

next null
prev null

Node
elem 20
next null
prev

last
Node
elem 20
next null
prev



LinkedList

OueHKa CIOXXHOCTW OCHOBHbIX OMNepaLnii;
Onepauus
Mownck/nepebop anemeHToB
lMownck no nHaekcy
BcraBka anemeHTa
BcTtaBka anemeHTy B cepeavHy
YnaneHnue

YaaneHve 3 KoHua/Havana
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Peanunsauusa

Vcnonbayewm iterator()

get(int index)

add(E element)

add(int index, E element)

remove(int index)

removeFirst(), removelLast()

CnoXHOCTb

o(n)

O(n)

o(1)

O(n)

O(n)

o(1)



Vector, Stack

Penko ncnonb3yemble peanusauum CrmncKoB:
® Vector<E> — guHamunyeckumn maccus (Metoabl synchronized)

® Stack<E> — peanusaumsi cteka Ha OCHOBe JMHaMuU4ecKoro maccuea (metogbl synchronized)
O public E push(E item)
O public synchronized E pop()
O public synchronized E peek()
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Map

Map — MHOXXECTBO 3J1EMEHTOB, XPaHALLNXCA B q)opmaTe
KIno4y-3Ha4v4eHne

public interface Map<K, V>

Map<K,V>
SortedMap<K,V> HashMap<K,V> Hashtable<K,V>
TreeMap<K,V> LinkedHashMap<K,V>
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OcobeHHOCTU:

Knioy — yHVKanbHbIV MaoeHTUdUKaTop
[MopsiaoK anemMeHTOB 3aBMCUT OT peanu3saunm

[ocTyn K aneMeHTy OCyLLECTBMASETCH NO KoYy

MeToabl:

boolean containsKey(Object key)
boolean containsValue(Object value);
V get(Object key)

V put(K key, V value);

V remove(Object key)

Set<K> keySet()

Collection<V> values()

Set<Map.Entry<K, V>> entrySet()



HashMap

public class HashMap<K,V> extends AbstractMap<K,V>

HashMap — xew-tabnuua, peanMsoBaHHasi Ha OCHOBE inglensnts Hap<li.s, Clonesble, Seniaidzabia I

ONHaMMN4YeCKOro maccumea

He nopnepxvBaeT nopsaok BCTABKN 3NEMEHTOB.

Mpumep:

Map<Integer, String> map = new HashMap<>();
map.put(123, "Hello");
map.put(1234, "Tinkoff");

System.out.println(map.get(123)); // Hello

System.out.println(map.containsKey(1234)); // true
System.out.println(map.containsValue("Hello")); // true
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HashMap

HashMap coctouT us:

®  Node<K,V>[] table — cogepxrmMoe xeL-TabnuLibl

® Set<Map.Entry<K,V>> entrySet — keLuMpoBaHOE MHOXECTBO 3IEMEHTOB XeLU-Tabnuupbl

® int size — pasmep xeww-Tabnuubl

® final float loadFactor — nopsigok 3arpy>keHHocTu xeww-Tabnuubl (default — 0.75)

Node,— BHyTReHHVIVI knacc HashMap, npegcrtaBnseT afieMeHT XeLu-Tadnumubl
int threshold — npegenbHoOe KoM-BO 3fIEMEHTOB A0 YBENUYEHUS XeLl-Tabnumubl

static class Node<K,V> implements Map.Entry<K,V> {
final int hash;
final K key;
V value;
Node<K,V> next;
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HashMap

Kak npovcxogut gobaeneHne anemeHTa metogom put (K key, V value)?

MeTtogowm int hash(Object key) Bbiuncnsaetcs hashcode knova
Bbluncnsiem Ha ocHoBe hashcode MHAeKC MaccuBa Ang XpaHeHUs anemMeHTa

Cospaem o6bekT Node

CoxpaHsaem Node B yka3aHHON si4elike
O6BHEKT MCMNONb3YIOLWNIACA B KAYEeCTBE Kiltoya JOJMKEH COOTBETCTBOBATL KOHTpakTy hashCode n equals:

» Ecnu gBa o6bekTa paHbl (equals()), To y HUX obsi3aTenbHO AomkeH 6biTb ogmnHakoBbii hashCode
* Ecnu gBa obbekTa nmetoT oguHakoBbii hashCode, To OHM He 0653aTenbHO paBHbI

TpeboBaHus K KIo4y:
*  OObBbEeKT Kntova He A0MKEH N3MEHSATLCA

« XenatenbHo genatb kntod immutable
* He ncnonb3oBatb MaccuBbl Aanga Kr4va
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HashMap

Co3paHue:

new HashMap()
new HashMap(100, 0.85)

[JobaBneHune anemMeHTa:

map.put(123, “Hello”)
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null null null null
0 1 2 3
Node
hash 99
key 123
value Hello
next null
null null null
0 1 2 3

null

null

null

1

null

1

null

12

null

12

null

13

null

13

null

14

null

14

null

15

null

15

size: 0

size: 1

capacity: 16

capacity: 16



HashMap

JlobaBneHue anemeHTa:

put(124, “test”)

put(1235, “Bye”)
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null

Node
hash 99
key 123
value Hello
next null

null

null

null

0 1 3 4
Node Node
hash 443 hash 99
key 1235 key 123
value Bye value Hello
next null next | D
null null null null
0 1 2 3 4

null

1"

null

Node
hash 545
key 124
value test
next null
null null
12 13 14
Node
hash 545
key 124
value test
next null
null null
12 13 14

null

15

null

15

size: 2

size: 3

capacity: 16

capacity: 16



HashMap

Konnusua — CUTyauua, Korga arneMeHTbl C pa3HbIMU KIlo4amMu nonaaaroT B OAHY U TY XKEe KOP3UHY.

Bo3MoXHble NPUYMHbLI KOMU3UI:

([ ] OpuHakoBbIn hashCode kntoyeri

® Ha ocHoBaHun pasHbix hashCode kntoder BbIMMCNAETCA OANH U TOT XXe MHAEKC B MaccuBse

B HashMap konnuaun paspeluatotcs metogom external chaining — cozgaHue Lenodek anemMeHToB, CChINarLMXCa ApYr Ha apyra, TO eCTb
CO30aeTCs CBA3HbIA CMUCOK

Takvm obpasom fobasneHe NpoucxoanT cneayowmm obpasom:

MeTtogom int hash(Object key) Bbiuncnsaetcs hashcode kntova
Bbluncnsgem Ha ocHoBe hashcode nHaekc maccmBa st XpaHeHUs anemMeHTa

Cospaem o6bekT Node

Ecnu B ykazaHHOM siverike Maccuaa yxe ectb anemeHT Node, TO NponcxXoguT NPOXOA4 MO CBA3HOMY CMUCKY U CPaBHEHME KIoYen No
equals

® Ecnu HangeHo cooTBeTcTBME MO equals — 3ameHsiem 06beKT, ecnu HeT — fobaBnsiemM B KOHeL, crnncka
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HashMap

A ecnu Konnusmi MHOro?
Mpu poctmxkeHun pasmepa cnucka B TREEIFY_THRESHOLD paBHomy 8 anemeHTam, NpoMcxoanT pebanaHcMpoBKa B KpaCHO-4epHOe AepeBo

MeTtog final void treeifyBin(Node<K,V>[] tab, int hash):

® Ecnu kon-Bo anemeHToB B xew-tabnuue meHowe MIN_TREEIFY_CAPACITY paBHomy 64 anemeHTaM, TO Bbi3blBaeTCA MeTof, resize()
ONs yBENMYeHUs xelw-Tabnuubl U nepepacnpeneneHust areMeHToB

[ ] Ecnu kon-Bo aneMeHTOB MeHbLLE MOPOroBOro 3Ha4YeHus!, TO CBA3HbIN CMUCOK ANd SS4ekM MaccuBa ykadaHHOro 3HadyeHus hash
pebanaHcupyeTcsa B ApeBoBUAHY0 CTpyKkTypy TreeNode

Kak nponcxoguT cpaBHeEHME aneMeHToB ans xpaHeHus B TreeNode:
» CpaBHuBatoTcs 3Ha4eHns hash B Node

« Ecnu xewwm AByx anemMeHTOB paBHbl, Npobyem cpaBHMTb ncnonb3ys Comparable (ecnu kntoy peannsoBbiBaeT MHTEPGENC)
* Ecnun xeww gByx anemMeHTOB paBHbI M He peanuaytoT Comparable — ncnone3syetca metoq System.identityHashCode()
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HashMap

) Node Node Node
PacwupeHune maccuBa: hash 413 — % — e
key 123 key 123 key 124
value Bye value Hello value test
next null next — next null
null | null null null size: 12 capacity: 16
Korpa pasmep xelw-tabnuupl 0 1 2 3 4 11 12 13 14 15
npesblwaeT nopor threshold,
BbI3blBaeTCHA METOA resize()
yBENUUMBaLLNiA pasMmep BOBOE 1
nepepacnpenenseT aNeMeHTbI:
Node Node Node
hash 443 hash 99 hash 545
key 123 key 123 key 124
value Bye value Hello value test
next null next next null
OnemeHTbl NepepacnpenensoTcs npu
NnepecTpoeHnm, TakuMm 0Opa3oM yCcTpaHsas
KOnnm3um (He rapaHTUpPOBaHO): null | null null | null size: 12 capacity: 32
0 1 2 3 4 27 28 29 30 31
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HashMap

YnaneHue anemeHTa:

remove(124)

Mpv yoaneHun anemeHTa 13 xeL-tabnuubl
AN MOMCKa anemMeHTa NPoOUCXOAMUT npouecc
aHanornyHbIn A06aBNEHNIO ANEMEHTA.

remove(124)

Node
hash 99
key 123
value Hello
next null
null null null
0 1 2 3
Node
hash 99
key 123
value Hello
next
null null null
0 1 2 3

Bo n3bexaHue ytevek namatu ucnonbayetcsa metoa trimToSize()
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null null

null null

Node
hash 545
key 124
value test

next null

null null null

12 13 14 15

Node

hash N 545

key N 124

value I test

next I null

null null null null

12 13 14 15

size: 2

size: 1

capacity: 16

capacity: 16



HashMap

OueHKa CIOXXHOCTM OCHOBHbIX OMNepaLuii:

Onepauus

Mownck no kntouy
BcraBka anemeHTa

YnaneHnue
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Peanunsauusa

get(K key)

put(K key, V value)

remove(int index)

CnoXHOCTb

O(1)
O(n) — konNnNn3nm B BUAE crnmcka
O(logN) — konnusuu B fepeBa

O(1)
O(n) — konNnNU3nM B BUAE Cnmcka
O(logN) — konnusuun B AepeBa

O(1)
O(n) — koNnNU3nm B BUAE cnmcka
O(logN) — konnusuun B fepesa



LinkedHashMap

public class LinkedHashMap<K, V>
extends HashMap<K, V>
implements Map<K,V>

LinkedHashMap — xew-tabnuua, peann3oBaHHas Ha
OCHOBE OAMHAMMYECKOro MaccuBa, ABMAIOLLAACS TakK Xe
CBSI3HbIM CIMUCKOM.

HOAAGDMMBGGTHOpﬂﬂOKBCTaBKM

Mpumep:

LinkedHashMap<Integer, String> map = new LinkedHashMap<>();
map.put(123, "Hello");

map.put(1234, "Tinkoff");

map.put(59, "Test");

Set<Integer> keys = map.keySet();
System.ouvt.printin(keys); // 123, 1234, 59
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LinkedHashMap

LinkedHashMap cogepxut Te xe nonsa 4yto n HashMap, a Tak ke napy JONOMHUTENbHbIX:

® LinkedHashMap.Entry<K,V> head — Ha4yano aBycBA3HOro crnvcka
® LinkedHashMap.Entry<K,V> tail — koHeL oBycBsi3HOro crnvcka

([ ] boolean accessOrder — nopsagok 4OCTyna K anieMeHTam

[ns XxpaHeHWs1 afIeMEHTOB MCMNONb3yeTcs BHYTPEHHUI knacc Entry, aHanornyHbin knaccy Node B HashMap ¢ gononHeEHneM CCbIfnok Ha
npeabIayLwnin 1 Crneayowmin SreMeHT:

static class Entry<K,V> extends HashMap.Node<K,V> {
Entry<K,V> before, after;
Entry(int hash, K key, V value, Node<K,V> next) { super(hash, key, value, next); }
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LinkedHashMap

Onepauun yaaneHus, nory4YeHns no Krnwody, yaaneHus aHanornyHel onepauunsm HashMap. [Jobaensietcs nuLb norvka cBa3biBaHUS 3NEMEHTOB

B CMMCOK
OnemeHThl LinkedHashMap cceinatotes gpyr Ha Apyra ¢ UCnonb30BaHNeM AOMNONHUTENbHbIX nonen after n before

Node Node

hash 51 hash 99

key 12 key 54

value Hello value Test 0

head next null next null tall
. w " before null before
list.put(12, “Hello”) after after null
list.put(54, “Test”)
nul | null nul | nul nul | null nul | nul size:2  capacity: 16
0 1 2 3 4 " 12 13 14 15
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LinkedHashMap

Mone accessOrder onpenensaeT NOpsiAOK UTepaumm nNo areMeHTaMm:

([ ] accessOrder=true — utepauus B nopsigke obpatleHms

® accessOrder=false — ntepaunsa B nopsiaike BCTaBKU

accessOrder = true

Map<Integer, String> map =
new LinkedHashMap<>( initialCapacity: 16, loadFactor: @.75f, accessOrder: true);
map.put(1, "Hello");
map.put(2, "Tinkoff");
map.put(3, "Test");

System.out.printin(map); // {l=Hello, 2=Tinkoff, 3=Test}

String secondValue = map.get(2);
System.out.println(map); // {1=Hello, 3=Test, 2=Tinkoff}

TUWHBbKODD

accessOrder = false

Map<Integer, String> map =
new LinkedHashMap<>( initialCapacity: 16, loadFactor: @.75f, accessOrder: false);
map.put(1, "Hello");
map.put(2, "Tinkoff");
map.put(3, "Test");

System.out.printin(map); // {1=Hello, 2=Tinkoff, 3=Test}
String secondValue = map.get(2);
System.out.println(map); // {1=Hello, 2=Tinkoff, 3=Test}



TreeMap

TreeMap — peanusauna map, anemMeHTbl KOTOPOW public class TreeMap<k,V>

extends AbstractMap<K, V>
ORTB(;_?pTMpOBaHbI no KJ'II'O‘-Iy n XpaHﬂTCﬂ B CprKType implements NavigableMap<K,V>, Cloneable, java.io.Serializable

Mopsaok 3neMeHToB cornacyeTcsi C NopsiAoK COPTUPOBKU

Natural order Comparator:
TreeMap <Integer, String> map = new TreeMap<>(); TreeMap<Integer, String> map = new TreeMap<>(Comparator.reverseOrder());
map.put(45, "Hello"); map.put(45, "Hello");
map.put(1233, "Tinkoff"); map.put(1233, "Tinkoff");

map.put(3, "Test"); Wapeputld;, Mhastr);

System.out.printin(map); // {1233=Tinkoff, 45=Hello, 3=Test}
System.out.println(map); // {3=Test, 45=Hello, 1233=Tinkoff}
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TreeMap

TreeMap cocTouT u13:

® final Comparator<? super K> comparator — komnapaTtop 41 CpaBHEHUS SNIEMEHTOB
® Entry<K,V> root — kopHeBOW arnemeHT

®  int size — pasmep KonneKkuum

[ns XxpaHeHWs1 arIEMEHTOB MCMNOSNb3yeTCcsl BHYTPEHHUI Knacc Entry:

static final class Entry<K,V> implements Map.Entry<K,V> {
K key;
V value;
Entry<K,V> left;
Entry<K,V> right;
Entry<K,V> parent;
boolean color = BLACK;
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TreeMap

O mexaHu3me copTupoBku TreeMap

® CopTupoBka anemeHToB TreeMap nponcxoguT no Krikouy.
® Mo ymonuaHuio copTrpoBKa npoucxoauTt cornacHo natural order
® B koHcTpykTOpe TreeMap MOXHO yka3aTb KacTOMHbIi Comparator 4ns copTMpOBKM
([ 3UT
Object He peanu3yer Comparable: String peanusyet Comparable: fABHO yka3aH Comparator:
TreeMap<Object, String> map = new TreeMap<>(); TreeMap<String, String> map = new TreeMap<>(); TreeMap<Object, String> map =
new TreeMap<>(Comparator.comparing(Object: :hashCode));
map.put(new Object(), "Hello"); // ClassCastExcesption map.put("First", "Hello"); .
t(new Object(), "Tinkoff"); i e T map.put(new Object(), "Hello");
map.pu J i g H map.put("Second", "Tinkoff"); map.put(new Object(), "Tinkoff");:
map.put(new Object(), "Test"); map.put("Third", "Test"); map.put(new Object(), "Test");
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TreeMap

Yrto GyaeT BbiBeleHO Ha 3KpaH?

public class User implements Comparable<User> {

private String name;
private Integer age;

@0verride Map<User, String> usersToCompany = new TreeMap<>();

public boolean equals(Object o) {
if (this == o) return true; e i - — a5
if (0 == null || getClassO) != o.getClass()) return false; usersToCompany.put(new User( name: "Misha", age: 29), "Tinkoff");
User user = (User) o; usersToCompany.put(new User( name: "Masha", age: 24), "Google");
return Objects.equals(name, user.name) &% Objects.equals(age, user.age); usersToCompany.put(new User( name: "Oleg", age: 29), "Neflix");

+

@overrids System.out.println(usersToCompany);

public int hashCode() {

return Objects.hasfi(name, age); // {User{name='Masha', age=24}=6oogle, User{name='Misha', age=29}=Neflix}

@override
public int compareTo(User o) {
return this.age.compareTo(o.getAge());
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TreeMap

OcobeHHocTn pabotel TreeMap:

®  [Ins cpaBHeHus kntodein TreeMap ncnonbayet meton compareTo nubo meTod compare, ecrni ykasaH komnapatop

L Metoabl hashCode u equals He ncnonbaytotes B TreeMap

L PekomeHayeTcsa cobntogatb KOHTpakT: (x.compareTo(y)==0) == (x.equals(y))
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TreeMap

TreeMap peanusyet cTpyktypy Red-Black Tree ona xpaHeHnsa aneMeHToB B OTCOPTUPOBAHHOM MOpSKe.

O6blvHOE OMHapHOe oepeBo He cbanaHCMpOBaHO, B XYALUNX Cry4vasx RBT cGanaHcuposaHo. Mouck 3a O(log(N))

naBasi ckopocTb novcka O(N)

“ O,
") O © 0 O

s OO O O
O O
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TreeMap

OueHKa CIOXXHOCTM OCHOBHbIX OMNepaLuii:

TUWHBbKODD

Onepauus

Mownck no kntouy

BcraBka anemeHTa

YnaneHnue

Peanunsauusa

get(K key)

put(K key, V value)

remove(int index)

CnoXHOCTb

O(logN)

O(logN)

O(logN)



Set

Set — npegcraBnsgeT cobor MHOXECTBO YHUKASTbHbIX

AremMeHTOoB

public interface Set<E> extends Collection<E> {

SortedSet<E>

TreeSet<E>

TUWHBbKODD

Set<E>

HashSet<E>

LinkedHashSet<E>

OcobeHHOCTU:

® OnemMeHTbl YHUKalbHbI B paMKaX Konnekumn

® [MopsAoK aNemMeHTOB 3aBUCUT OT KOHKPETHOM
peanusauum

MNMpencraButenu:

®  TreeSet — aremMeHTbI OTCOPTUPOBAHbI MO BO3PACTaHUIO
(RBT)

o HashSet — xelu-MHOXecTBO

® LinkedHashSet — xelL-MHOXeCTBO, 3NeMeHTbI XpaHATCS
MeTogk['OPAAke BCTaBKM

®  add(E e) — 0o6aBuUTb ariemMeHT
® contains(E e) — npoBepka Hannyusa anemeHTa

® containsAll(Collection<E> c) — npoBepka Hannuus
3MeMHETOB



HashSet

public class HashSet<E>
HashSet — MHOXeCTBO anemeHTOB, NcnorbayLee Ans extends AbstractSet<E>

XpaHeHMSIxeukTa6nmuy implements Set<E>, Cloneable, java.io.Serializable

Mpumep:

Set<String> hashSet = new HashSet<>();

hashSet.add("Hello");
hashSet.add("Tinkoff");

System.out.println(hashSet.contains("Hello")); // true
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HashSet

MonyyeHne anemeHTa U3 Hashset:

Mpumep:

Set<String> set = new HashSet<>();
set.add("Hello");
set.add("Tinkoff");

// Compilation error!

System.out.println(set.get(0));

Set He npepocTaBnseT MeToaoB AN NonyyYeHnsa o6bekToB (Kpome obxoaa Yepes nreparop)
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HashSet

HashSet B cBOeln peanusaunm ncnonbdyet HashMap:

® B kayecTBe KJitoYa — caMu 0ObEeKThI

Mpumep:

® B kauyecTBe 3Ha4YeHUss — «kMyCOPHbINY» 0ObEKT

HashSet cocTout us: [o6aBneHue aneMeHTa:

A X X public boolean add(E e) { return map.put(e, PRESENT)==null; }
private transient HashMap<E,Object> map;
private static final Object PRESENT = new Object();
KoHcTpykTop HashSet lMpoBepka HanNnU4uA anemeHTa:
public HashSet(int initialCapacity, float loadFactor) { pUbllC boolean contains(Object 0) {

map = new HashMap<>(initialCapacity, loadFactor); .
3 return map.containsKey(o);
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LinkedHashSet

LinkedHashSet — MHOXXECTBO 3M1eMeHTOB, UCMONb3yoLLee PuDLie elans Linkeddasnogtec
extends HashSet<E>

an4d XpaHeHI/IFI XeLIJ-Ta6J'||/1L|,y B COYETAHMN C D,ByCBFI3HbIM implements Set<E>, Cloneable, java.io.Serializable {
CNMNCKOM.

OcHoBaHa Ha peanusauuun LinkedHashMap

Mpumep: KoHcTpykTOp:
) ) public LinkedHashSet() {
LinkedHashSet<Integer> set = new LlnkedHaShSEt<>(); super( initialCapacity: 16, loadFactor: ,75f, dummy: true);
set.add(1); ¥

set.add(3);
set.add(3);

X HashSet(int initialCapacity, float loadFactor, boolean dummy) {
SYStem'OUt'pr‘lntln(SEt)' //1, 3 map = new LinkedHashMap<>(initialCapacity, loadFactor);

¥
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TreeSet

TreeSet — MHOXXECTBO 3NIEMEHTOB, OTCOPTUPOBAHHbLIX B

public class TreeSet<E> extends AbstractSet<E>
natural order nnu cornacHo ykaszaHHomy Comparator.

implements NavigableSet<E>, Cloneable, java.io.Serializable

OcHoBaHa Ha peanusauun TreeMap

Mpumep: KoHcTpykTOp:
TreeSet<Integer> set = new TreeSet<>(); public TreeSet() {
set.add(10); this(new TreeMap<>());
set.add(5); }

set.add(3);
set.add(19);
set.add(10);

Oo6aBneHue anemeHTa:

public boolean add(E e) {

return m.put(e, PRESENT)==null;
System.out.println(set); // 3, 5, 10, 19 }
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Queue

Queue — npeacraBnsieT CTPYKTYPY AaHHbIX ovepenb,
paboTatowyto no npuHumny FIFO (first in - first out)

public interface Queue<E> extends Collection<E>

Queue<E>

Deque<E> PriorityQueue<E>

ArrayDeque<E> LinkedList<E>

TUWHBbKODD

OcobeHHOCTU:

OnemeHTbl o4epeamn ynopsaoyeHbl

nOpﬂﬂ,OK 3NneMeHTOB o4epean 3aBUCUT OT peann3aumnm

MeTtopapbl:

boolean offer(E e)

E remove()

E poll()

V put(K key, V value);
E element()

E peek()



LinkedList as Queue

LinkedList - npumep peanusauun ovepenm ¢ knaccmnyeckm FIFO

OCHOBHbIe MeTOoAbI:

head tail
®  boolean offer(E elem) — no6aBneHvne anemeHTa B KOHeL,
ovepeau
® E element() — nonyynTb (He yoanutb) aneMeHT u3 Node Node Node Node
Havyana oyepeau
®  E peek() - nonyunTtsb (He yganuTb) arnemMeHT u3 Havana
ouvepeaum (null if empty)
®  E poll() — nonyuntb n yganute arneMeHT u3 Hadana
S| n (null if empt
o4epen ( u emp y) E pask(} boolean offer(E elem)
E poll()
E element()
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PriorityQueue

PriorityQueue - o4yepeab Cc npuopmuteToM. AnemMeHTbl B o4epeamn
oTcopTMpoBaHbl B hatural order nnu cornacHo ykazaHHOMY
Comparator.

OCHOBHbIe MOMEHTbI:
® [locTyn K anemMeHTam o4epeamn CornacHo NpuopuTeTy

(onpenenser NOpsiAOK COPTUPOBKN)
® Hapywaert ctaHgapTHbI mexaHuam FIFO

TUWHBbKODD

public class PriorityQueue<E> extends AbstractQueue<E>
implements java.io.Serializable {

Mpumep:

PriorityQueue<Integer> queue = new PriorityQueue<>();
queue.offer( e: 1);

queue.offer( e: 10);
queue.offer( e: 3);
queue.offer( e: 4);

while (!queuve.isEmpty()) {
System.out.println(queve.pollQ)); // 1, 3, 4, 10



PriorityQueue

PriorityQueue coctounT ns:

® Object[] queue — maccuB ¢ anemeHTamm ovepeau

® int size — pasamep o4yepeau

L final Comparator<? super E> comparator — komnapaTop ans CpaBHEHWS ANEMEHTOB

PriorityQueue<Integer> queue =
new PriorityQueue<>(Comparator.reverseOrder());

queue.
queue.
queue.
queue.
queue.
queue.
queue.

offer( e:
offer( e:
offer( e:
offer( e:
offer( e:
offer( e:
offer( e:

1)
10);
3);
4);
99);
54); 99 10 54
13);

while (!queuve.isEmpty()) {
System.out.println(queuve.poll()); // 99, 54, 13, 10, 4, 3, 1
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13

null

null

null

size: 7



PriorityQueue

B ocHoBe PriorityQueue nexuT cTpykTypa AaHHbIX - BUHapHas Ky4a: MaccuBbl yA06HbI ANs NPeACTaBNeHns ABOUYHON Ky4m,

ANeMeHTbl pacnonararTca crneayowmm O6p830MZ

® 3HayeHue B MoboK BEPLUNHE HE MEHbLUE, YeM 3HaYeHUss €€ NOTOMKOB « KopeHb anemeHTa - A[0]
o . +
® my6uHa Bcex NMCTbEB OTNMYaeTcsa He 6onee Yyem Ha 1 crion Juctbamu anemetTa A[N] siBnsiotcs A[2N] u A[2N+1]
99 10 54 1 4 3 13 null null null

o o o
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size: 7



PriorityQueue

[obaeneHune anemeHToB npoucxogut metoaom siftUp(int k, E x) , roe
k — no3uuus BcTaBkn, E — anemeHT.

99 10 54 1
Mpumep: offer(15)
0 1 2 3
99
15> 10 = true
10 54
99 10 54 1
1 4 3 13 0 1 2 8
15 > 99 = false
99 99 10 54 1
54 0 1 2 3
1 10 3 13 99 15 54 1
4 0 1 2 3
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15> 4 = true
4 3 13
4 5 6
15
4 3 13
4 5 6
10 3 13
4 5 6
10 3 13
4 5 6

15

null

null

null

null

null

null

null

null

null

size: 7

size: 8

size: 8

size: 8



PriorityQueue

MonyyeHune crnenyoLero anemMeHTa oyepean NPOUCXOAUT METOAOM
siftDown(int k, E x) , rae k — no3uuus BctaBku, E — anemeHT ang
BCTaBKW (MOCNEeAHWI SIEMEHT MaccuB)

Mpumep: poll() o0

10 54

54

10 13
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54.compareTo(10)

99

54

54

54

10 54
1 2
10 54
1 2
10 13
1 2
10 13
1 2

Ynansem v 3anomMuHaem nocrnegHumn aneMeHT

13
1 4 null
3 4 6
Only one child
1 4 null
3 4 6
13.compareTo(3)
1 4 null
3 4 6
1 4 null
3 4 6

null

null

null

null

null

null

null

null

null

null

null

null

size: 7

size: 6

size: 6

size: 6



PriorityQueue

OueHKa CIOXXHOCTM OCHOBHbIX OMNepaLuii:

Onepauusn Peanunsauusn CnoXxHocCTb
[obaBuTb B ovepenb boolean offer(E elem) O(logN)
MonyunTb M3 o4epean E poll() O(logN)
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Deque

Deque — pacwupsieT nHtepdenc Queue, 4obdasnsto
byHKLMOHANbHOCTL ABYyHanNpaBneHHOn ovYepeam

public interface Deque<E> extends Queue<E>

MeTtoapbl:

void addFirst(E e)
void addLast(E e)
boolean offerFirst(E e)
boolean offerLast(E e)
E pollFirst()

E pollLast()

E peekFirst()

®  E peekLast()
TAHBRO®YS ©)
®  Epop()

OcobeHHOCTU:

OnemeHTbl o4epeamn ynopsaoyeHbl

Bo3moxHoCTb 406aBNATL/BbIOMpPaTE 9NeMeHTbl C 060UX
KOHLIOB ovepeaun



ArrayDeque

ArrayDeque - peanusauus ,U,ByXCTOpOHHel‘/‘I ouyepeam Ha npuvepe public class ArrayDeque<E> n.extends AbstractCollection<E> o
aMMyecKoro Maccmea implements Deque<E>, Cloneable, Serializable
OVH

Mpumep:

ArrayDeque<Integer> queue = new ArrayDeque<>();
queuve.offer( e: 1);

queue.offer( e: 2);

queue.offerFirst( e: 3);

queue.offerFirst( e: 4);

while (!queue.isEmpty()) {
System.out.println(queve.poll()); // 4, 3, 1, 2

TUWHBbKODD



ArrayDeque

ArrayDeque coctouT u13:

®  Object[] elementData — maccuB ¢ xpaHUMbIMn o6beKkTaMu
® int size — pasvep maccuBa

o int head

P360Taiﬁ¥ ghanornyHo ArrayList, pononHuTenNbHO peanuaysa OyHKUMOHANBHOCTb OBYXCTOPOHHEN
odepenm npu NOMOLLM yKkasaTernen Ha Hadvano u koHel maccua head u tail

head tail
49 31 33 13 12 412 444 234 null null size: 8
0 1 2 3 4 5 6 7 8 9
head tail
pollFirst() -
p0|||_ast() null 31 33 13 12 412 444 null null null size: 6
0 1 2 3 4 5 6 7 8 9
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ArrayDeque

head

YTo Nnpon3onaeT ecnv BCTaBUTb B Ha4arno ovyepeau:
offerFirst(13) ?

ArrayDeque pa6otaet no npuHumny circular buffer, 3a
cyet ykasartenen head u tail

TUWHBbKODD

tail

tail

null

null

null

null

null

6

null

6

null

7

null

7

null

8

null

null size: 4
9

head
13 size: 5



Thread safety?
Bonbluas yacTtb paccmoTpeHHbIxX Konnekunn HE notokobesonacHa (kpome hashtable, vector, stack).

[na goctumxeHna notokobesonacHoCcTu NMPUMEHAETCA:

® [loTokob6e3onacHble peanu3auunn:
O ConcurrentHashMap
O CopyOnWriteArrayList
O ArrayBlockingQueue
O PriorityBlockingQueue

® MeToab! knacca Collections:
O synchronizedList(List<T> list)
O synchronizedCollection(Collection<T> coll)
O synchronizedMap(Map<K,V> map)
O synchronizedSet(Set<T> set)
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EnumSet

TvnnYHbIN NpUMep XpaHeHns Enum o6bekToB:

public enum OrderStatus {
CREATED,
CANCELLED,
PAID,
DELETED

Set<0OrderStatus> badStatuses = new HashSet<>();
badStatuses.add(OrderStatus.DELETED) ;
badStatuses.add(OrderStatus.PAID);
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EnumSet

D‘nﬂ XpaHeHMﬂ MHOXXeCTBa Enum 06‘beKTOB public abstract class EnumSet<E extends Enum<E>> extends AbstractSet<E>
I/ICFIOJ'|b3yeM Enumset_ implements Cloneable, java.io.Serializable

EnumSet ncnonbayert bit vector ana xpaHeHne enum, ncnons3ya metog, int ordinal()

class RegularEnumSet<E extends Enum<E>> extends EnumSet<E>
CospaHue:

Onsa XpaHeHusa aneMeHTOB UCNOJNb3yeT:

private long elements = 0L;

EnumSet.of(OrderStatus.DELETED, OrderStatus.PAID);

EnumSet.all0f(OrderStatus.class);
class JumboEnumSet<E extends Enum<E>> extends EnumSet<E>

Onsa XpPaHeHUus 3riIeMeHTOB UCNnoJsib3yeT:

private long elements|[];
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EnumMap
Mpwn BoIGOpEe Map MoxHO ncnonb3oBatb EnumMap, ecnn B kayecTBe Kntoda Enum obbekTbI:

He ontumanbHoe ucnonb3oaHne HashMap:

public class EnumMap<K extends Enum<K>, V> extends AbstractMap<K, V>

3 implements java.io.Serializable, Cloneable
public enum OrderStatus {

CREATED,

CANCELLED, Cos3paHue:

PAID,

DELETED EnumMap<OrderStatus, List<Order>> ordersByStatus =
F new EnumMap<>(OrderStatus.class);

Onsa XpaHeHusa ucnonb3yeT.

Map<OrderStatus, List<Order>> orderByStatus =
new HashMap<>(); private transient Object[] vals;
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Since Java 9

[oGaBunuck nonesHble abpuyHbIe YyTUNUTAPHbIE METOAbI:

® Set.of()
® List.of()

® Map.of()

TUWHBbKODD



Stream API

Stream API — HaGop nHCTpyMeHTOB (since Java 8), npeaocTaBnsatoLwmx BO3MOXKHOCTb (OYHKLMOHAbHOIo noaxoaa

06paboTkn AaHHbIX

3a4yeM HyXHbI?

static class User {
private final String name;
private final String sex;
private final int age;

// ... getters and setters

List<User> users = Arrays.asList(
new User( name: "Misha", sex: "MALE", age: 19),
new User( name: "Kolya", sex: "MALE", age: 34),
new User( name: "Anya", sex: "FEMALE", age: 23),
new User( name: "Sasha", sex: "FEMALE", age: 44),
new User( name: "Vasya", sex: "MALE", age: 52),
new User( name: "John", sex: "MALE", age: 12)

TUWHBbKODD

public static void printMaleYounger20(List<User> users){
List<User> maleYoungerThan20 = new ArrayList<>();
for (User user : users) {
if (user.getAge() < 20) {
if (user.getSex().equals("MALE")) {
maleYoungerThan20.add(user);

+
maleYoungerThan20.sort(new Comparator<User>() {
@0verride
public int compare(User ul, User u2) {
return ul.getName().compareTo(u2.getName());

il
for (User user : maleYoungerThan20) {
System.out.println(user.getName());



Stream API

Stream API npegoctaBnser BO3MOXHOCTb paboTaTb CO CTPYKTYpaMm AaHHbIX B YHKLMOHANbHOM CTUNe, ynpowaet
paboTy ¢ 00paboTkoM NOTOKa AaHHbIX, Aenasa koa 6onee YntabernbHbIM

static class User {
private final String name;
private final String sex;
private final int age;
public static void printMaleYounger20(List<User> users) {
// ... getters and setters users.stream()
.filter(user -> user.getAge() < 20)
.filter(user -> user.getSex().equals("MALE"))
.sorted(Comparator.comparing(User: :getName))
SRS TR = WFREpS S BEE] .forEach(user -> System.out.println(user.getName()));
new User( name: "Misha", sex: "MALE", age: 19), }-
new User( name: "Kolya", sex: "MALE", age: 34),
new User( name: "Anya", sex: "FEMALE", age: 23),
new User( name: "Sasha", sex: "FEMALE", age: 44),

new User( name: "Vasya", sex: "MALE", age: 52),
new User( name: "John", sex: "MALE", age: 12)
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Stream

Stream — nocnegosaTtenbHOCTb 31IEMEHTOB A, public interface Stream<T> extends BaseStream<T, Stream<T>>
NoTOKOBOW 06paboTKM

OCHOBHbIE MOMEHTbI:

. npeﬂ,OCTaBJ'IFIeT MHTepCbeIZC Ana nocriegoBateribHOCTU 3rNeMeHTOB
onpegeneHHoro Tmna

* ACTOMHMKOM JaHHbIX MOTYT SIBAISATLCS KOSNEKUUN, MacCuUBbI,
dannbl 1 T.4.

. npeﬂ,OCTaBJ'IFIlOT NPOMEXYTO4YHbIE N TEPMUHASIbHbIE OnNepaunn ans
pa6OTb| C nocrieaoBartesibHOCTb 3fieMeHTOB

» Stream He aiBnsieTcs XpaHunuemv 00bekToB

TUHBbKODD



Stream API

Stream Pipeline coctouT un3:

® VICTOYHMK AaHHbIX (KOonnekumsi, maccus, ann v T.4.)
® [IpomexyToudHble onepauuu (filter, map, flatMap)
® TepmwuHanbHble onepauuu. (collect, forEach)

STREAM PIPELINE

A

Intermediate Operations

Stream
Source

Operation 1 Operation 2 Operation 3
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Terminal
Operation



Stream Source

Kak cosgaetca Stream?

TUWHBbKODD

// meTodw Collection

Stream<String> s1 = Arrays.asList("Hello", "Tinkoff").stream();
Stream<String> s2 = Arrays.asList("Hello", "Tinkoff").parallelStream();
// MeTods Stream

Stream<String> s3 = Stream.of("Hello", "Tinkoff");

Stream<String> s4 = Stream.empty();

Stream<String> s5 = Stream.concat(Stream.of("Tinkoff"), Stream.of("Tinkoff"));
Stream<UUID> sé = Stream.generate(UUID::randomUUID);

// meTod Arrays

String[] arr = {"Hello", "Tinkoff"};

Stream<String> s7 = Arrays.stream(arr);

// meT0d Files

Stream<String> s8 = Files.lines(Paths.get( first: "/usr/test"));

// u dpyaue

IntStream s9 = IntStream.range(1,1000);



Intermediate operations

I'Ipome>|<yTqub|e onepauunu:

map(Function m)
filter(Predicate p)
flatMap(Function m)
peek(Consumer c)
skip(long n)
limit(long n)
sorted(Comparator r)
boxed()

parallel()
sequential()

cJava 9
takeWhile(Predicate p)

RSB cate p)

public static List<String> getNames(List<User> users) {
return users.stream() Stream<Examples.User>

.map(user -> user.getName()) Stream<String>
.filter(name -> name.startsWith("M"))
.peek(System.out: :println)
.distinct()
.sorted()
.collect(Collectors.toList());



Terminal operations

TepmuHarnbHble onepauum: anyMatch collect

collect(Collector c) _ . :

boolean existVname = Stream.of("Misha", "Vasya", "Kolya")  List<String> names = Stream.of("Misha", "Vasya", "Kolya")
reduce(BinaryOperator b) .anyMatch(name->name.startsWith("v")); // true .collect(Collectors.toList()); // Misha Vasya Kolya
findFirst()
findAny()

forEach(Consumer c)
allMatch(Predicate p)
anyMatch(Predicate p) count findFirst

Optional<String> firstName = Stream.of("Misha", "Vasya", "Kolya")

long count = Stream.of("Misha", "Vasya", "Kolya")
.findFirst(); // Misha

.count(); // 3
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Collectors

OCHOBHbIE KOMNMEeKTOpbl CoaepXaTtcs B yTUNMTapHOM toMap

knacce Collectors: .
Map<String, User> usersByAge = Stream.of(

new User( name: "Misha", sex: "MALE", age: 13),

o tOLiSt() new User( name: "Vasya", sex: "MALE", age: 13),

°® toSet() ) new User( name: "Kolya", sex: "MALE", age: 20)

® counting() .collect(Collectors.toMap(user -> user.getName(), user -> user));
® toMap()

® groupingBy()

® joining() groupingBy

o toCoIIection() Map<Integer, List<User>> usersByAge = Stream.of(

® averaginglnt() averagingLong(), averagingLong() new User( name: "Misha", sex: "MALE", age: 13),

new User( name: "Vasya", sex: "MALE", age: 13),
new User( name: "Kolya", sex: "MALE", age: 20)

.collect(Collectors.groupingBy(user -> user.getAge()));
// 20 -> Kolya, 13 -> Misha, Vasya
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Short circuit

HeKOTOpre TepMUHarbHble onepaunmn ABNAKTCA

HTo ByRet BLIBeAeHO B stdout? KOPOTKO3aMKHYTbIMM (short circuit) 4To no3sonsieT um He

npoberaTbCs MO BCEMY MOTOKY, €CNN Pe3ynbTaT YXXe U3BECTEH.
Optional<String> findVasya = Mpuwmep:

Stream.of("Misha", "Vasya", "Kolya", "John")
.peek(name -> System.out.println(name))

.filter(name -> name.equals("Vasya"))

.findFirst();

anyMatch()
findFirst()
limit()

// Misha
// Vasya
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Stream API

Lazy evaluation
YTo0 Gynet BbiBegeHo B stdout?

Ctpumbl B Java “neHunBbl” T.e. ONTUMU3NPOBAHbI TaknM
06pasoM YTO MPOMEXYTOYHbIE OnepaLmm BbINOMHAKTCS

Stream<Integer> ints = Stream.of(1, 2, 3, 4, 5, 6, 7, 8, 9) TOMbKO MPU BbI30BE TepMMHaanoﬁ onepaumm.
Filter(di -> 1 % 2 == 0)
.peek(i -> System.ouvt.printiln(i)) O6paboTka CTpUMa He HaYHETCS MoKa He BbI30BETCA
Limit(2); TepMUHanbHas onepauusi.

System.out.println("Before of after?");

List<Integer> intList = ints.collect(Collectors.tolList());

Before of after?
2
4
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Parallel streams

MoxHo co3gaBsaTb naparerbHbl€ NOTOKN C
NOMOLLIbIO METOAOB:

® parallelStream()

® parallel
P () return Stream.of(
new User( name: "Misha", age: 29),

new User( name: "Masha", age: 44),
new User( name: "Kolya", age: 22)

I'Iepen, |/|C|'|OJ'|b30%aHI/IeM napanneanblx') . parallel()
CTpnMoB nogymante a Hago Jinh OHO BaM ¢ .map(user -> findorder(user))
.collect(Collectors.tolList());
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Bonpochbl
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[lepepbiB
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Generics
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Introduction

YTto obcyaum:

e Y10 Takoe OXEHEPUKN N 3a4E€EM OHU HYXKHbI

e YT0 Takoe wildcards, Kakne oHu OblBalo 1 Kak NpaBUibHO UCMOMNb30BaTb
e PECS

e Kak yCTpOeHbl pkeHepukn B Java
e YT0 Takoe Type erasure

e Type inference, bridge methods, super type token
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Before Java 5

Kak Gbl Mbl pean13oBbIBanu CBO Konnekuuo o Java 5?

public class CustomArray implements Iterable{
private Object[] arr;

public CustomArray(int size) A{
this.arr = new Object[sizel; CustomArray array = new CustomArray( size: 10);
¥ array.add("Hello");

. lue = . . ;
public void add(Object object)q{ string valus = (SEring) array,get(e)

// add in array

public Object get(int index)A{
// get from array

g
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Before Java 5

|_|pl/l HeobXxoaANMOoCTH peann3aunnm Ui Ncrorib3oBaHUA KJ'IaCCOB-O6epTOK/XpaHVIJ'IVILLI, (KOJ'IJ'IGKLI,VIVI) Mbl
cTarnkmBalsincCb C npo6nemaMV|:

® HeobxoanmocTb SBHOroO npmBeaoeHnA Turna
® Bo3mMoxHOCTb 406aBUTbL OOBLEKT HEKOPPEKTHOIo TUna

List ints = new ArrayList();
ints.add(123);
ints.add("Hello"); // no error
ints.add(123); for (Object value : ints) {

Integer value = (Integer) ints.get(0); Integer integer = (Integer) value; // ClassCastExeption
}

List ints = new ArrayList();
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Before Java 5

KoppekTHoe ncnonb3oBaHune Collection APl oo nosiBrneHns gXeHepuKoB:

List ints = new ArrayList();
ints.add(123);
ints.add(1234);
for (Object value : ints) {
if(value instanceof Integer) {
Integer integer = (Integer) value;
System.out.println(integer.intValue());
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Generic types introduction in Java 5

CornacHo JSL: “A generic type is a generic class or interface that is parameterized over types.”

COSAaHMeﬂmeHepMKTMHE

class Store<T> {
private T object;

public Store(T object) {
this.object = object;
}

public T get() {
return this.object;

+
public void put(T object) {

this.object = object;
}
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Ucnonb3oBaHue:

Store<Integer> intStore = new Store<Integer>( object: 123);
Store<String> strStore = new Store<String>( object: "Hello");
Store<Object> objStore = new Store<Object>(new Object());

// since Java 7

Store<Integer> intStore = new Store<>( object: 123);
Store<String> strStore = new Store<>( object: "Hello");
Store<0Object> objStore = new Store<>(new Object());



Generic types

OCHOBHbIE npenmMmyLlecTea A>KEHEPUKOB!

Tuno6e3onacHOCTb BO BpeMsi KOMNUIIALUN:

ArrayList<Integer> integers = new ArrayList<Integer>();
integers.add(123);
integers.add("Hello"); // compile time error

OTCVTCTBMGHEO6XOAMMOCTMHpMBeAEHMﬂTMHa:

ArrayList<Integer> integers = new ArrayList<Integer>();
integers.add(123);
Integer value = integers.get(0);

YHuBepCcarnbHOCTb anropuTMOB:

List<String> strings
List<Integer> ints
List<Number> numbers

TUWHBbKODD

new ArrayList<>();
new ArraylList<>();
new ArrayList<>();



Generic methods

MoMUMO TUNOB, MOXHO CcOo3aaBaTh AXEHEPUK METOAbI:

List<Integer> ints = List.of(1, 2, 3, 4, 5);
List<String> strings = List.of("Foo", "Bar");

public class CollectionUtils {
boolean containsSeven =

public static <T> boolean contains(Collection<T> coll, T value) { CollectionUtils.<Integer>contains(ints, value: 7); // false
return coll.stream() boolean containsFoo =
.anyMatch(v -> v.equals(value)); CollectionUtils.<String>contains(strings, value: "Foo"); // true
+

// since Java 7
containsSeven = CollectionUtils.contains(ints, value: 7); // false
containsFoo = CollectionUtils.contains(strings, value: "Foo"); // true
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Type inference

Java — ctatnyeckmn TI/II'II/I3I/IpOBaHHbIIZ A3bIK, T.€. 3Ha4YeHne nepemeHHon AOIMKHO ObITb U3BECTHO Ha
cTagnmm KoMmnmnauunm

public static Integer sum(Integer first, Integer second) {
return first + second;

}

Integer intSum = sum(123,124);

String strSum = sum(123,124); // Compile time error

TUWHBbKODD



Type inference

Type Inference — cnocobHOCTbL KOMNUIIATOPA ONpeaensTb TUM BblpaXXeHUs! N3 KOHTEKCTa

public static <T> T getAny(T first, T second){
return first;

getAny (123, 123.0); // ?
getAny(123,123); // ?

Number value = getAny(123, 123.0);
Integer value = getAny(123, 123);
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Type inference

Type Inference no3BonsieT onpegenuTb NapameTp TUNa U He ykasbiBaTb SBHO:

Map<String, String> map =
new HashMap<String, String>();

List<String> strList =
Collections.<String>emptylList();

List<Integer> intList =
Collections.<Integer>emptylList();

TUWHBbKODD

Mo ccbinke KOMNMUIATOP onpegendaeT Tun obbekTa:

Map<String, String> map = new HashMap<>();

List<String> strList = Collections.emptylList();
List<Integer> intList = Collections.emptylList();



Multiple parameter types

Mo>xHO ykasaTb 6onee ogHOro napameTpa Ans MKeHepuK Tuna:

static class TwoValueStore<V,S> {

private V first;
private S second;

public TwoValueStore(V first, S second) {
this.first = first; TwoValueStore<String, Integer> store = new TwoValueStore<>("Hello", 123);
this.second = second;

i

public V getFirst() { return this.first; }
public S getSecond() { return this.second; }
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Naming conventions

PekoMmeHaauuu no MMeHOBaHUIO napameTpoB.

e E — anemeHT (Npn ncnonssosaHum Collection API)
o K — ko4

e \/ — 3HayeHue

e N — HOomep

o T — Tnn

e S, U,V etc. — 2-1n, 3-n, 4-n Tunbl
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Raw type

Raw types (Mnu cbipble TUMbl) 3TO [KEHEPUK TUM, UCMOSb3yeMbln 6e3 napamMeTpoB TUMOB

List<Integer> ints = new ArrayList<>();
List List = ints;

list.add(123); // warning unchecked call
list.add("Hello0"); // no error
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Bounded type parameter

A 4TO ecnu ecTb HEOBXOAMMOCTb OrpaHNYNTbL NapameTp Tuna?

BoipaxxeHune T extends Class 3agaeT orpaHM4eHne ansa napaMmerpa Tuna oXeHepuka:

MapameTp TMna orpaHuyeH Number:
class Store<T> {
static class NumberStore<T extends Number> {

private T object;
private T number;

public Store(T object) { public NumberStore(T number) {
this.object = object; this.number = number; NumberStore<Integer> iStore = new NumberStore<>( object: 123)
} } NumberStore<Double> dStore = new NumberStore<>( object: 123.0);
// Compile time error

public T get() { public T get() { return this.number; } NumberStore<§tring> sStore = new NumberStoresz( object: "Test");

return this.object;
public void put(T number) { this.number = number; }

+
public int intvalue(){
public void put(T object) { return this.number.intValue();
this.object = object; ¥
} +
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Bounded type parameters

AHanorn4yHo orpaHn4ymBaTb nNapamMeTp Tuna MOXXHO N IXKEeHEePUK MeToe.

MapameTp Tuna orpaHuyeH Number:

List<Integer> ints = List.of(1, 2, 3, 4, 5);
List<Number> numbs = List.of(1L, 2L, 3L, 4L, 5L);
List<String> strings = List.of("Foo", "Bar");

public static <T extends Number> int sum(List<T> list) {
int sum = 0;
for (T element : 1list) {

sum += element.intValue(); R ——

+ int numbSum = sum(numbs);
return sum; int strSum = sum(strings); // Compile time error
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Multiple bounds

MO>XHO YKa3blBaTb HECKOSbKO OrpaHUYeHNn AN Tuna napamMmeTpa.

class A{}

class B{} class E<T extends A & C & D>{} // correct
interface C{} class I<T extends A & B & C>{} // comptilation error
interface D{} class K<T extends C & A & D>{} // comptilation error
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Generics and inheritance

Object

Number

Integer

TUWHBbKODD

Integer integer

Number number
Object object

= 123;
integer;
number;



Generics and inheritance

; List<Int ints = List.of(1, 2, 3, 4, 5);
Integer intValue = 1234; ks il sl ?
Number numberValue = intValue;

List<Number> numbs = ints; // ?
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Generics and inheritance

CTaHﬂ,apTHbIVI MeXaHU3M HaclnegoBaHUAa HE MPUMEHUM K
OXeHepukam n3-3a "X AHBaApUaHTHOCTMU!

List<Integer> integers = new ArraylList<>();
List<Number> numbers = integers; // compile time error
List<Object> objects = integers; // compile time error

TUWHBbKODD

List<Object>
X
List<Number>
X

List<Integer>

Collection<Object>

List<Object>

ArrayList<Object>



Covariance and Invariance

MHBapMaHTHOCTb — OTCYTCTBME HacClreaoBaHUA MexXay
npomn3BogHbIMU TUMAMU

KOBapMaHTHOCTb — 3TO COXpaHeHne nepapxmm
HacneaoBaHUA NCXOAHbIX TUMOB B MPOU3BOAHLIX B TOM Xe
nopdake.

MaccuBbl KOBapUaHTHBbI: IbKeHepUKN MHBapUaHTHbI:

List<Integer> integers = new ArraylList<>();
List<Object> objects = integers; // compile time error
objects.add(123);

String[] strings = new String[10];
Object[] objects = strings; // no error

YTo MOXeT NOMTU He TaK:

objects[0] = new Integer( value: 123); // Array store exception
// Runtime error!
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Wildcards

Wildcard B mxeHepukax HasblBaeTCsl CMMBOS ?, O3HaYaloLWnn Hen3BeCTHbIN TUn (unknown type).

Wildcards no3sonsatoT 06xoauTb OrpaHNYeHns UHBApPUaHTHOCTU JXKEHEPUKOB, A06aBnsTC
OONOSTHUTENbLHY TUNOBE30MacHOCTb, a Tak e CnocobCTBYHOT HanncaHuio bonee rmbkoro koaa.

lNoopasgenatoTcs Ha:

e Unbounded
e Upper bounded
® |ower bounded
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Wildcards. Unbounded

Unbounded wildcard ? o3Ha4aeT nobon nnm HeorpaHNYEeHHbIN TUM

List<?> o3HauaeT, YTO CNMCOK MOXET coAaepKaTb Ucnonb3yeTcsa Korga Ham He BaXkeH TUN napameTpa:
Nnoo6oKn 06HLEeKT:

List<?> objects; public static void printAll(List<?> list) {
for (Object value : list){
objects = new ArrayList<Integer>(); System.out.println(value);
objects = new ArraylList<String>(); }
objects = new ArrayList<Object>(); }
printAll(ints);
printAll(strings);
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Wildcards. Unbounded

public void someMethod(List<?> 1list){
// what can I add to list ?

// list.add(123);

// list.add(new Object());
// list.add("String");
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Wildcards. Unbounded

Henb3s nomecTuTb HM 0AUH 06bLEKT B List<?> (kpome null):

List<?> objects = new ArrayList<>();

objects.add(new Object()); // compile time error
objects.add(123); // compile time error
objects.add("Hello"); // compile time error
objects.add(null); // ok

BosBpalaembivi Tun - Object:

List<?> objects = Arrays.asList(123);
Object value = objects.get(0); // return type is Object

TUWHBbKODD

Wildcard gobaBnser KoBapnaHTHOCTb KEHepUKam

List<Integer>

List<?>

List<String>



Upper Bounded Wildcards

Upper bounded wildcard fob6aenset rpaHuuy «cBepxy» Ana Tuna napamMmeTtpa LKeHepuKka: Crmncok
List<? extends Number> moxeT cogepxatb 06bekTbl Number nnun ero HacrnegHuKoB:

public static int intSum(List<? extends Number> list) {
int sum = 0;

List<? extends Number> numbers;

numbers = new ArrayList<Number>(); for (Number number : list) {
numbers = new ArraylList<Integer>(); sum += number.intValue();
numbers = new ArrayList<String>(); // compile time error }

return sum;
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Upper Bounded Wildcards

public void someMethod(List<? extends Number> list) {
// what can I add to list ?

// list.add(123);

// list.add(new Object());
// list.add("String");
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Upper Bounded Wildcards

Henb3s nomecTUTb HM 0AMH 06BLeKT B List<? extends Number> (kpome Wildcard ¢ SO IR I LS oS Lol 2 e Tallal L

null):

List<? extends Number> numbers = new ArrayList<>();

numbers.add(new Object()); // compile time error
numbers.add(123); // compile time error List<? extends Number>

numbers.add(new Double( value: 2.1)); // compile time error
numbers.add(null); // ok

BosBpawaembivi Tun - Number:

List<? extends Number> objects = Arrays.asList(123);
Number value = objects.get(@); // return something that extends Number LiSt<|nteger> LiSt<DOUb|e>
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Upper Bounded Wildcards

= new CustomArray<>();

CustomArray<Number> numbers
public class CustomArray<T> {

public class CustomArray<T> {
5 5 private T[] objects;
List<Number> numbs = List.of(1, 2, 3);

private T[] objects;
e L public void addAll(Collection<? extends T> coll) {

public void addAl1l(Collection<T> coll) { // add logic

// add logic
} List<Integer> ints = List.of(4, 5, 6);
numbers.addAll(ints); // Compile time error
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Lower Bounded Wildcards

Lower bounded wildcard nobaBnsieT rpaHuuy «CHU3y» OAns Tuna napamerpa
KeHepuka: cnucok List<? super Number> moxeT cogepxaTb 00bekTbl Number nnu
npenkos knacca Number.

public static void addNumbers(List<? super Number> 1list) {
List<? super Number> objects = new ArraylList<>(); For (int 4 = 1; i <= 18; i++) {

list.add(i);

objects = new ArrayList<Number>(); }
objects = new ArrayList<Object>(); }
objects = new ArraylList<Integer>(); // compilation error

objects = new ArrayList<String>(); // compilation error
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Lower Bounded Wildcards

public void someMethod(List<? super Number> list) {
// what can I add to list ?

// list.add(123);

// list.add(new Object());
// list.add("String");
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Lower Bounded Wildcards

Wildcard ¢ HxHen rpaHuLen KoHTpaBapuaHTHbI

Monoxutb MoxHo Bce 4To extends Number (1 null):

List<? super Number> objects = new ArrayList<>();

objects.add(new Integer( value: 123));

objects.add(new Double( value: 2.0));

objects.add(new Object()); L|St<’) Super Number>
objects.add("Hello");

objects.add(null);

BosBpalaembivi Tun - Object:

List<? super Integer> integers = Arrays.asList(123);
Integer integer = integers.get(0); // compile time error List<Number> LiSt<ObjeCt>
Object object = integers.get(0); // ok
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Upper Bounded Wildcards

public class CustomArray<T> {
private T[] objects;

public void copyTo(Collection<T> coll) {
// copy logic

TUWHBbKODD

CustomArray<Integer> ints = new CustomArray<>();

List<Integer> copy = new ArrayList<>();
ints.copyTo(copy);

List<Number> copyNumb = new ArrayList<>();
ints.copyTo(copyNumb); // Compile time error

public class CustomArray<T> {

private T[] objects;

public void copyTo(Collection<? super T> coll) {
// copy logic



PECS

Pecs (producer-extends, consumer-super) principle stands for:

e Ecnun obbasnaem wildcard extends, To OH ABNsieTCA NOCTABLLUKOM
AaHHbBIX N HAYEro HE NPUHMUMaET

e Ecnun obbsasnaem wildcard super, To OH ABNsiETCA NoTpedutenem
AaHHbIX U caM HUYEro He NoCTaBnseT

PECS

public static <T> void copy(List<? extends T> from, List<? super T> to) {
for (T value : from) {
to.add(value);
}
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Recursive type bounds

B peaknx cnydyadax MoxeTt ObITb NONE3HO orpaHmn4ymBaTtb TUM NapamMeTpa BblpaXXeHUeM,
BKIKOYarwLwmm ero camoro:

public static <T extends Comparable<T>> T getMax(List<T> list) {
Iterator<T> i = list.iterator();
T candidate = i.next();
while (i.hasNext()) {
T next = i.next();
if (next.compareTo(candidate) > @)
candidate = next;

F

return candidate;
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Generics under the hood

Bo Bpemsa komnunaumm ctupaeTcs BCA MHopMauma o0 TMnax napameTpoB OKeHepuka u
CTaHOBUTCHA HeOOCTYNHOM B runtime.

Y10 BUOMM Kopge: YTo nenaet KOMNUAATOP:

public class Store {
private Object value;

public class Store<T> {
private T value;

public T getvalue() { public Object getvalue() {

return value; return value;

} }

public void setValue(Object value) {
this.value = value;

public void setValue(T value) {
this.value = value;

} }
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Generics under the hood

YTto BMAUM Koge: YTto genaeT KOMNUNATOP:

public static <T> void print(List<T> 1list) { public static void print(List<Object> list) {

for (T value : list) { for (Object value : list) {
System.out.println(value); System.out.println(value);
r }
i }
Yo BMAUM KOAe: Yto menaet KOMNUNATOP:
public static <T extends Number> int sum(List<T> list) { public static int sum(List<Number> 1list) {
int sum = 0; int sum = 0;
for (T value : list) { for (Number value : list) {
sum += 0; sum += 0;
¥ }

return sum;

return sunm;
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Type erasure

Type erasure — cTpaHue NHdopmaLnm o TMnax-napamMmeTpax BO BpeMS KOMNUMAALUN.
Peanusyetcs yepes:

e 3ameHy Bcex TunoB-napameTpoB Ha Object nnun ykasaHHbIM OrpaHNYnBaoOLLNN TUN
e BcrtaBsky siBHoro npeobpasosaHua Tunos (Class cast)

e CosaaHue Bridge-meTtonos
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Type erasure. Type cast

[lobaBrneHne sBHOro npeobpasosaHus TUNa

YTo BUAMM KoAe: Yto menaet KOMNUnATop:

List integers = new ArrayList();
List<Integer> integers = new ArraylList<>(); integers.add(i38);

integers.add(123);
integers.add(1234);

int sum = 0;

for (Integer value : integers) {

integers.add(1234);
int sum = 0;
for (Object value : integers) {

com == yalues sum += (Integer) value; // Class cast

TUWHBbKODD



Type erasure. Bridge methods

PeanusyeM HpOCTOIFI AXeHepuk Knacc:

public class Store<T> {
private T value;

public void put(T value) {
this.value = value;

class IntStore extends Store<Integer> {
@0verride

public void put(Integer value) {
super.put(value);

TUWHBbKODD

NMocne cTupaHunsa TUNOB:

public class Store {
private Object value;

public void put(Object value) {
this.value = value;

class IntStore extends Store {

@0verride
public void put(Integer value) {

super.put(value);



Type erasure. Bridge methods

[na coxpaHeHnsa nonuMmopguama KOMNUIATOp co3gaeT cuHTeTudeckun Bridge meton;:

Yto BUAUM Kope: Komnunsatop po6aensiem bridge method:

public class Store {
private Object value;
public class Store<T> {
private T value; public void put(Object value) {
this.valuve = value;

public void put(T value) { }
this.value = value; ¥
+
} class IntStore extends Store {
class IntStore extends Store<Integer> { public void put(Object value) {
put((Integer) value);
@0verride }
public void put(Integer value) {
super.put(value); public void put(Integer value) {
3 super.put(value);
F +
+

TUWHBbKODD



Super type token

[encTBUTENbHO N HeMb3s NONy4YUTb MHPOPMAaLIMIO O TUMNE NnapameTpa JKeHepuka B runtime?

[nsa npumepa paccmoTtpum Jackson — 6ubnuoteka gna padotbl ¢ Json:

Jackson npegocTtaBnsieT MeToabl ANA ManmnuHra json B pojo:

ObjectMapper mapper = new ObjectMapper();

public <T> T readValue(String content, Class<T> valueType)

TUWHBbKODD

String jsonUser = "{\"name\" : \"Misha\", \"age\"

User user =

String name
Integer age

mapper.readValue(jsonUser, User.class);

user.getName(); // Misha
user.getAge(); // 13

20 52F":



Super type token

ObjectMapper mapper = new ObjectMapper();

String jsonUsers = "[" +
u{\uname\u . \"MiSha\“, \uage\u . 29}’u ae
u{\uname\u . \uvasya\u, \uage\u : 32}u +
u]u;

// Compile time error
User user = mapper.readValue(jsonUsers, List<User>.class);

TUWHBbKODD



Super type token

Super type token — mexaHn3m coxpaHeHnsa napamMeTpa Tvna npy NOMOLLM aHOHUMHbIX KIacCoB U
Reflection API.

public abstract class TypeReference<T> {
private final Type type;

public TypeReference() {

Type superclass = getClass().getGenericSuperclass();

type = ((ParameterizedType) superclass).getActualTypeArguments()[0];
}

public Type getType() {
return type;

}

TUWHBbKODD



Super type token

Tun napameTpa SIBHO COXpaHsieTCcs B Norie aHOHUMHOIO Kracca

ObjectMapper mapper = new ObjectMapper();

String jsonUsers = "[" +
ll{\llname\ll : \“Misha\", \llage\ll : 29}'" +
u{\uname\u : \"Vasya\“, \uage\u : 32}|| +
i R

List<User> users = mapper.readValue(jsonUsers, new TypeReference<List<User>>() {});
for (User user : users) {

System.out.println(user);

}

TUWHBbKODD



Generic restrictions

Kak Henb3Aa ncnonb3oBaTb MKXEeHEPUKU?

e Tun-napameTp AXeHepuka He MOXeT BbITb NPUMUTUBOM
e Hernb3sa co3gatb 06bekT Tuna-napametpa ( new V())

e Hernb3g napameTpunanpoBaTb CTaTUYECKOE MNosie Kracca

e Henb3s ncnonb3oBartb NapamMeTpuanpoBaHHbIn TMN ¢ instance of
e Henb3s co3gaBaTb MaccuB NapamMeTpu3npPoBaHHbLIX TUMOB

e Henb3s ncnonb3oBaTb J)KEHEPUKN B UCKITHOHEHNSAX

e Henb3sa nepeonpenenaTb MeTod eCniv NOCre CTMpaHUs TUMOB OH OyaeT NMETb
TaKylo Xe CUrHaTypy

TUWHBbKODD



Conclusion

WUTor:

e [)XeHepuKM NOMOoratT nncaTb 000OLLEHHbIN, YHUBEPCANbHbIN KOA

e [PxeHepuKkM NPUHOCAT TMNO6e30NacHOCTb BO BpeEMsi KOMNUNSALMA U YA0OCTBO
MCMNONb30BaHUSA

e Wildcards cHMMaloT orpaHnMyeHmst KoBapuaHTHOCTU, O6aBNA0 AONOSTHUTENBHYO
MOKOCTb

e [1pu HanucaHuu koga ¢ ucnonb3osaHueMm wildcards nonaraemca Ha PECS

e MexaHusm Type Erasure cTupaet BCO MHOPMaLMIO O TUNax-napameTpax Bo
BpeMS1 KOMMUISALUK

e Super type token no3sonser nosy4YnTb MHGPOPMAaLMIO O TUNe B runtime
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Bonpochbl
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Homework
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Cnacnb6bo 3a BHUMaHue!
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