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IloHATTA cIMCKY

* Cnucok - BOOPsIAKOBaHA KOJIEKLIisl, AKY TaKOXX HA3WUBAaKOTh MOC/IIJOBHICTIO.
= 30epeXxeHHs Ta AOCTYI [0 eJIeMEHTIB MOXXe BiZl0yYBaTHCh 3a JOMIOMOTOIO LI JIOYMCeTbHUX 1HIEKCIB.

» Jlesiki eleMeHTH MOXKYTh JyO/Ir0BaTUCh a60 mopiBHioBaTH null (K10 11e ZomycKae peastisallist CIIUCKY).

» CIIMCKY OMUCYIOTHCS 3a JortoMoroto iHTepdeticy List, unmii y3araspHeHu# T — List<E>.
» Jurepdeiic List posmupioe Collection Ta mepeorosionrye ycraKoBaHi MeTOAM, YaCTKOBO ITPOCTO JJISI 3pyYHOCTI.

» TakoXX repeo3HavyaoThcst MeToau iterator(), add(), remove(), equals(), hashCode(), 11106 7OTTOBHUTH KOHTPAKT
IOJATKOBUMH YMOBaMHU.

» Hanpuknaz, koutpakT gjst metogy add() intepdeiicy List’s BKasye, 1110 1ieit METOZ IOA€ eIeMeHT Y KiHellb CITHCKY,
a He MMPOCTO B KOJIEKIIIO.

Array vs. Linked List
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JocTynHi MmeTOAH

void add(int index, E e) BcTaBsisie e1eMeHT e y ClTMCOK Ha mo3HuiIiito index. 3coBye HaCTYIHI efieMeHTH BIipaBo. Bukumae
» UnsupportedOperationException, konu crrcok He migTpumye add(),
* C(ClassCastException, Koy BigIMOBiZIHWI e KJIaC HEIAXOASAIIUN JJIsl CITUCKY,
+ lllegalArgumentException, Ko/ MeBHA BIaCTUBICTH € He Ja€ JOJATHUCH €JIEMEHTY y CITUCOK,
* NullPointerException, xkonu e mictuth null-mocunanxs, a cnivcox He miaTpumye null-enemenTH,
* java.lang.IndexOutOfBoundsException, kosu index < 0 a6o index >= size()

boolean addAll(int index, BcraBsisie Bci e1eMeHTH € Y CIIMCOK, TOYMHAIOYH 3 TT03UIlil index Ta B MOPSAKY iX MOBepHEHHS
Collection <? extends E> c) iTepaTopoMm c. 3CyBa€ MOTOYHUM 1 HACTYITHI €/IeMeHTHU BIIpaBo. Bukugae
» UnsupportedOperationException, konu crivicok He migTpumye addAll()
* C(ClassCastException, Ko/mu K/Iac OZHOTO 3 eJIeMeHTIB ¢ He MiIXOAUTh CITUCKY
» lllegalArgumentException, xomu esika BIaCTUBICTh eIEMEHTY He A€ TOAATUCH HOMY JI0 CITUCKY
* NullPointerException, komu ¢ Mictuth null-mocunanHs uu ogyH 3 efleMeHTiB € null, a circok He
nigrpumye null-eremenTH
* IndexOutOfBoundsException, koau index < 0 a6o index >= size()

E get(int index) [ToBepTae esiemMeHT, 110 30epiraeThcs y CUCKY B mo3uiiii index. Bukugae
IndexOutOfBoundsException, komu index < 0 a6o index >= size()



[JocTynHi meToau

int indexOf(Object o)

int lastIndexOf(Object o)

ListIterator<E>
listIterator()

ListIterator<E>
listIterator(int index)

E remove(int index)

Returns the index of the first occurrence of element o in this list, or -1 when
this list doesn’t contain the element. This method throws ClassCastException
when o’s class is inappropriate for this list and NullPointerException when o
contains the null reference and this list doesn’t support null elements.

Returns the index of the last occurrence of element o in this list, or -1 when
this list doesn’t contain the element. This method throws ClassCastException
when o’s class is inappropriate for this list and NullPointerException when o
contains the null reference and this list doesn’t support null elements.

Returns a list iterator over the elements in this list. The elements are returned
in the same order as they appear in the list.

Returns a list iterator over the elements in this list starting with the element
located at index. The elements are returned in the same order as they appear
in the list. This method throws IndexOutOfBoundsException when index is
less than 0 or index is greater than size().

Removes the element at position index from this list, shifts any subsequent
elements to the left, and returns this element. This method throws
UnsupportedOperationException when this list doesn’t support remove() and
IndexOutOfBoundsException when index is less than O or index is greater
than or equal to size().



E set(int index, E e) Replaces the element at position index in this list with element e and returns
the element previously stored at this position. This method throws
UnsupportedOperationException when this list doesn’t support set(),
ClassCastException when e’s class is inappropriate for this list,
IllegalArgumentException when some property of e prevents it from being
added to this list, Nul1PointerException when e contains the null reference
and this list doesn’t support null elements, and IndexOutOfBoundsException
when index is less than 0 or index is greater than or equal to size().

List<E> sublList(int Returns a view (discussed later) of the portion of this list between fromIndex

fromIndex, int toIndex) (inclusive) and toIndex (exclusive). (If fromIndex and toIndex are equal, the
returned list is empty.) The returned list is backed by this list, so nonstructural
changes in the returned list are reflected in this list and vice versa. The
returned list supports all of the optional list methods (those methods that can
throw UnsupportedOperationException) supported by this list. This method
throws IndexOutOfBoundsException when fromIndex is less than 0, toIndex is
greater than size(), or fromIndex is greater than toIndex.

= Tabnuugs Bignosigae iHTepdency Listlterator, sknn BinbLU rHYYKILLIWK, HiXX cynepiHTepdenc lterator:

= Listlterator noctayae metoam ons Npoxoay No CNncky B Byab-aKoMy HanpsMKY, 3MiHKOKOYM CMIMCOK BNPOAOBX iTepaLil Ta
OTPUMYIOUM MOTOYHY MO3ULLIIO iITepaTopa B CMUCKY.

= 3ayBaxTe! Eksemnnapu Iterator Ta Listiterator, aki nosepTatoTb MeToaum iterator() Ta listiterator() B
Knacax peanisauil iHTepdency List (ArrayList Ta LinkedList), € fail-fast:

= Konu Cnucok CTPYKTYPHO 3MIHIOETLCS (Hanpuknag, npu sBuknuky add()) nicnsi CTBOpeHHs1 iTepaTopy 6yab-aKMM YMHOM, KPiM
Yyepes BracHi metoau itepatopa add() Ta remove(), itepatop sukngae BuHATok ConcurrentModificationException.

= Tomy nepen obnmyyam concurrent modification, iTepatop He MOXe npauBaTh LBUAKO Ta YNCTO, PUSUKYIHOUN MaTK
AOBINbHY NOBEAIHKY B HEBU3HAYEHUN MOMEHT Y ManbyTHLOMY.



MeTtoau Listlterator

void add(E e) BukoHye BCTaBKYy 00’€EKTY e B CMUCOK, MO AKOMY BiabyBaeTbCsl NpoXif.

* EnemeHT BCTaBNAETLCA Bigpasy nepeq HacTYMHUM eNeMeHTOM Y CIUCKY (AKLWO TaKkui €), SSIKUN NOBEPTAETHCA 3a LOMOMOIo
next(), a TakoX nicns nonepeaHboro enemMeHTy (BUKNUK previous()).

= UnsupportedOperationException, Konu gaHum itepatop cnucky He niaTpumye add(),
» ClassCastException, konu Knac enemMeHTy e He NigXoanTb ANA CUCKY
» lllegalArgumentException, Konu gesika BNacTMBICTb € He Ja€e NOMY AodaBaTUCh A0 CMUCKY.

= boolean hasNext() nosepTtae true, Konn npmn o6xodi CNUCKY B NPAMOMY HanpsaMKy iTepaTopy Lie AOCTYMHI
efIeMEHTM.

= boolean hasPrevious() noBepTtae true, kKonu npu o6xoai CANCKY B 3BOPOTHOMY HarpsiMKy iTepaTtopy Lie
OOCTYMHI efTEMEHTM.

* E next() noBepTae HAaCTyrMnHUMU efiEMEHT Y CNUCKY Ta 3MiLLyE MO3uULi0 Kypcopa.
» Bukunpgae NoSuchElementException, Konu HacTyrnHUn enemMeHT BiOCYTHIN.

* int nextindex() noBepTae iHOEKC eneMeHTy, Akun byage oTpMmaHo nicnsa BignoBigHOro BUKIMKY next(), abo
PO3Mip CNUCKY B KiHLI LIbOrO CMUCKY.

E previous() noBepTae nonepegHii ENEMEHT Y CANCKY Ta 3MiLLye Kypcop Hasaga.
» Bukugae NoSuchElementException, konu nonepegHbOro enemeHTa He iCHYE.



MeTtoau Listlterator

= int previousindex() noBepTae iHAEKC enemMeHTy, Akuii Oyae NoBEepHYTO B pe3ynbTaTi BUKIUKY
previous(), abo -1, Konn 3HaxXoANMOCHL Ha No4vaTKy CrUCKY.

= void remove() Buganse 3i CNUCKY OCTaHHIN eneMeHT, akui nosepTae next() abo previous().

Lle moxxHa 3pobuTun nuwe pas, BuknmkasLwm next() abo previous().
Kpim TOro, MOXnmBiCcTb 4OCTYMNHa nuie ToAi, konun add() He BUKNKUKaBcs nicnsa octaHHboro next() um previous().
UnsupportedOperationException, kKonu iTepaTtop CnNncky He niaTpumye remove()

lllegalStateException, konu Hi next(), Hi previous() He BMknukanuck abo remove() 4n add() y>xe Bynu BuKNuKaHi nicns
OCTaHHbOrO BUKNKKY next() abo previous().

= void set(E e) 3amiHsie OCTaHHIN enieMeHT, Wo noeepTatoTb next() abo previous() 3 enieMeHTOM e.

BuknukaeTbca nuie ToAi, konu Hi remove(), Hi add() He BUKNMKanuck nicnsa ocTaHHbOro BUMKNKKY next() abo
previous().

UnsupportedOperationException, kKonu iTepaTtop cnucky He nigTpumye set(),
ClassCastException, konu e He nNigxoauTb NS CrUCKY,
lllegalArgumentException, Konu gesiki BNacTUBOCTI € He JatloTb eflieMeHTY J04aTUCh Y CMIUCOK,

lllegalStateException, konu Hi next(), Hi previous() He BMKNMKanuck abo remove() 4n add() BXe BUKNUKanuck nicna
OCTaHHbOrO BUKITMKY next() um previous().



= Eksemnnap Listlterator He Mae NOHATTA MOTOYHOIO efieMeHTY.
= 3aMiCTb HbOro BBEEHO KYpCOp AOS1A NepeMilleHHs Mo CrnCKy.

= Metoau nextindex() Ta previousindex() noBepTatoTb NO3ULLIKO KYPCOPY, AKa 3aBXON NEXUTb MiX 1X
pesynsTaTtamMu BUKIUKY.

* [TepaTop cnucKy Ans CMCKY OOBXUHOK N Mae N+1 MoXnmMBy no3uuito Kypcopy (intoctpadis *):

Element(0) Element(1) Element(2) ... Element(n-1)
cursor positions: * A A A A

= Bu moxeTe kombiHyBaTu BUKNUKK next() Ta previous(), npoTte Oyabste 06epexxHNMMU.
= ManTte Ha yBaasi, Lo nepLunin BUKIUK previous() noBepTae TOM Xe eflieMeHT, WO WU OCTaHHIN BUKIKK next().



3ayBaxTe!

= Onunc metoay subList() 3 Tabnuui nocnnaeTbCAa Ha NOHATTA NpPeacTaBreHHd (view),
which is a list that is backed by another list.
= 3MiHKW, 30iNCHEHI B NpeacTaBneHHi, Bigobpaxatotbcs B this backing list.
» The view can cover the entire list or, as subList()’s name implies, only part of the list.

* MeTtopa subList() kopucHUI ons KOMNAKTHOrO BUKOHAHHA range-view operations Hag
CMNCKOM.

» Hanpwuknag, list.subList(fromindex, tolndex).clear(); Buganse range of elements 3i cnncky, nodnHaroum 3
erieMeHTy B nosuuii fromindex oo octaHHbLOro enemeHTy (tolndex — 1).

= O6epexHo! 3HauyeHHs npeacTaBreHHA CTa€ HEBU3HAYEHUM, KOS 3MIHM BHOCSATBLCA B
backing list. Tomy BukopuctoByBaTtu subList() kpalwye niwe TMM4YacoBo, KOS NOTPIGHO
BUKOHATK sequence of range operations on the backing list.



ArrayList

= Knac ArrayList 3abe3nedye peanisauito CIMCKY Ha OCHOBI BHYTPILLHbOIO MacuBy.

= Y pesynbTarti 4OCTYN 40 eNeMEHTIB CMUCKY LWBUOKUI, NPOTe Yepes BemnuKy KinbKiCTb nepemilleHb npu BCTaBLi
4YM BUOASIEHHI efleMeHTY, 3Ha4YHO CMOBISIbHIOETHCA.

= KoHcTpykTOpU ArrayList:
= ArrayList() cTBOptOE MOPOXKHIN CMINCKOBU MacuKB 3 NOYaTKOBOK MICTKICTHO (capacity) Ha 10 enemeHTiB.
* [Tpyn NOBHOMY 3anOBHEHHI BUAINAETLCS OifibLUIMN MacuB, Y AKUA NOTOYHI eNeMEHTU KOMitoITbCS.
* HoBWMW MacuB 3aMiHA€E CTapUMn.
= [lpoLec NOBTOPKETLCA NPY AoAaBaHHI ENeMeHTIB y CNYCKOBUIA MacuB.

= ArrayList(Collection<? extends E> c) cTBOpO€E CMMCKOBUN MacCuB, WO MICTUTb efieMEHTU KOSeKLil C B TOMY
NOpPSAKY, B AKOMY BOHM NOBEPTAKOTLCS iTEPaTOPOM L€l KOMNeKLil.

» Bukungae NullPointerException, konm ¢ mictutb null reference.
= ArrayList(int initialCapacity) cTBOptOE MOPOXHiK CNMCKOBMIN MacuB Ha initialCapacity enemeHTiB.
= Bukungae lllegalArgumentException, skwwo 3Ha4yeHHs initialCapacity Big'emHe.



import java.util.Arraylist;
import java.util.List;

public class ArraylListDemo eMOHCTDAa iﬂ
; n pay
public static void main(String[] args)

{

List<String> 1s = new ArraylList<String>();
String[] weekDays = {"Sun", "Mon", "Tue", "Wed", "Thu", "Fri", "Sat"};
for (String weekDay: weekDays)
1s.add(weekDay);
dump("1ls:", 1s);
1s.set(1ls.indexOf("Wed"), "Wednesday");
dump("ls:", 1s);
1s.remove(ls.lastIndexOf("Fri"));
} dump(“1s:", 1s); = ArrayListDemo cTBopto€e CNMCKOBUIM MacuB Ta MacuB
CKOPOYEHNX Ha3B JHIB.

?tatic void dump(String title, List<String> 1s) = [lani cnvcok 3anoBHIOETLCSA iIMEHaMK, NepeaacTbCa B CTaHAapTHUIA BUBI.
System.out.print(title + ") = 3MiHI-O€M(? OAWH efieMeHT CINUCKY, 3HOBY BMBOAMNMMO CIUCOK, BUOandemMo
for (String s: 1s) eneMeHT | BOCTaHHE BUBOAMMO CMUCOK.

System.out.print(s + " *); = Poswwmpenunit uukn for y metoai dump() Bukopuctosye iterator(), hasNext()

} System.out.println(); Ta next() 3a kynicamu

1s: Sun Mon Tue Wed Thu Fri Sat
1s: Sun Mon Tue Wednesday Thu Fri Sat
1s: Sun Mon Tue Wednesday Thu Sat



LinkedList

= Knac LinkedList 3abe3nevye peanisauito CrMCKY, sika 6a3yeTbCsA Ha 3B’A3HMX By3rnax
(linked nodes).
= Ockinbkn NoTpibHO BMKOHYyBaTK 0BXia MO 3B’A3Kax, A4OCTYN A0 €fEMEHTIB CMUCKY NOBINTbHUMN.
= [TpoTe ans BCTaBKU/BMAaneHHst NoTpioHo nuwe 3mMiHuTK node references — ue wBmaki onepadii.

» Byson (node) — goikcoBaHa NocnigoBHICTbL 3HAYEHHSA Ta 3B’ A3aHMX JfIoKauiv y nam siTi.
» Ha BigMiHY Big MacuBiB, A€ KOXXHa KOMipKa MICTUTb €4MHE 3HAYEHHS NPUMITUBHOrO TNy abo reference
supertype, By3on Mmoxe 36epiratn barato 3Ha4YeHb Pi3HUX TUMIB.
» Takox BiH MoXe 30epiratu 38'a3ku (links — nocunaHHA Ha iHLWi BY3nK).
= Knac Node onucye npocTnn By30S1, SKUW CKNagaeTbCs 3 OAHOro Nosis name Ta O4HOro nocuraHHs next.

class Node

{

String name; // value field
Node next; // link field



3B’A3HUN CNUCOK

Node first = new Node(); = 3ayBaxTe, WO next mae Tou e Tun, WO i Krnac, B SKOMY OrofioLEHO
first.name = "First node"; // You LItO 3MiHHy.

T‘)di last - Tf“" :Iodeg)i. = Lle 0o3BOMNsE eK3eMNIIsAPpY Byana 36epiratv NoCUMaHHA Ha iHLLMIA eK3eMnnsp
ast.name = “Last node; By3na (HacTynHuim By3on).

last.next = null;

first.next = last; = OTpuMaHi By3nu 3B’A3aHi Mix coboto.

Node temp = first;

while (temp != null) = Kopg 3niBa cTBoptoe 2 06’ektn Tuny Node Ta 3B’A3ye nepLimin 3
{ apyrim.
System.out.println(temp.name); = TakoX AeMOHCTPYETbCA 06Xia 3B’A3HOrO CrMCKY CRigyroun 3a nonem next
temp = temp.next; KoxHoro 06’ekty Node.
} = O6xig 3akiH4yeTbCs, Konn next mictTutume null reference, siknin curHarnisye npo

KiHeLb CrMMCKY

First node
Last node



import java.util.lLinkedlist;
import java.util.list;
import java.util.ListIterator;

public class LinkedListDemo

{

public static void main(String[] args)

{
List<String> 1s = new LinkedList<String>(); - : .
String[] weekDays = {"Sun", "Mon", "Tue", "Wed", "Thu", "Fri", "Sat"}; KOHCprKTOpM LinkedList.
for (String weekDay: weekDays) = LinkedList() cTBOpOE NOPOXKHIN 3B’A3HMIN CMINCOK.

1s.add(weekDay); . : .

dump("1s:", 1s); = LinkedList(Collection<? extends E> c) cTBopto€
1s.add(1, "Sunday"); 3B’A3HUN CMUCOK, LLIO MICTUTb ENEMEHTMU C B NOPSAKY 1X
1s.add(3, "Monday"); NOBEPHEHHS iITEPATOPOM.

1s.add(5, "Tuesday");

1s.add(7, "Wednesday");

1s.add(9, "Thursday");

1s.add(11, "Friday");

1s.add(13, "Saturday");

dump(“1ls:", 1s);

ListIterator<String> 1i = 1s.listIterator(ls.size());

while (1li.hasPrevious())
System.out.print(li.previous() + " ");

System.out.println();

}

static void dump(String title, List<String> 1ls)

{
System.out.print(title + " ");

for (String s: ls) o 1s: Sun Mon Tue Wed Thu Fri Sat
System.out.print(s + * *); 1s: Sun Sunday Mon Monday Tue Tuesday Wed Wednesday Thu Thursday Fri Friday Sat Saturday

} System.out.printin(); Saturday Sat Friday Fri Thursday Thu Wednesday Wed Tuesday Tue Monday Mon Sunday Sun

= Bukmagae NullPointerException, konu ¢ mictutb null
reference.

}







Uepru

» Yepra — e Konekuis, Yni enemeHTn 30epiratoTbCs Ta OTPUMYIKOTLCA Y 3a4aHOMY MOPSAKY.

= 3aranbHa knacudikauisi vyepr:
= First-In, First-Out (FIFO) queue: enemMeHTN 004a0TLCA B XBICT Yeprun, a BuaanstoTbCa — 3 rofioBu.

» Last-In, First-Out (LIFO) queue: enemeHTN goaatoTbCAa Ta BUOANAKTLCS 3 O4HOrO KiHUsS Yeprn. [NoBoanTbecs SK
CTEK.

= Yepra 3 npioputetamu: enneMeHTn 4ogaroTbCs BignoBigHO 40 X NPUPOAHOro nopsaky abdo 3rigHo 3
KOMMapaTtopoMm, L0 NoCTavyaeTbCs 3 peanisauieto Yepru.

» Yepra Queue (y3aranbHeHun Tnn Queue<E>) poswwuptoe iHTepdenc Collection,
nepeoronowwyodn meton add() Ansa NigroHKU KOHTpakTy

» |HWi meToan HacnigytoTbcs 3 Collection.

Back Front

Dequeue
Enqueue




Method

Description

boolean add(E e)

E element()

boolean offer(E e)

E peek()
E poll()

E remove()

Inserts element e into this queue if it is possible to do so immediately without
violating capacity restrictions. Returns true on success; otherwise, throws
IllegalStateException when the element cannot be added at this time because

no space is currently available. This method also throws ClassCastException when
e’s class prevents e from being added to this queue, NullPointerException when e
contains the null reference and this queue doesn’t permit null elements to be added,
and IllegalArgumentException when some property of e prevents it from being
added to this queue.

Returns but doesn’t also remove the element at the head of this queue. This method
throws NoSuchElementException when this queue is empty.

Inserts element e into this queue if it is possible to do so immediately without
violating capacity restrictions. Returns true on success; otherwise, returns false when
the element cannot be added at this time because no space is currently available.
This method throws ClassCastException when e’s class prevents e from being added
to this queue, NullPointerException when e contains the null reference and this
queue doesn’t permit null elements to be added, and I1legalArgumentException
when some property of e prevents it from being added to this queue.

Returns but doesn’t also remove the element at the head of this queue. This method
returns null when this queue is empty.

Returns and also removes the element at the head of this queue. This method
returns null when this queue is empty.

Returns and also removes the element at the head of this queue. This method
throws NoSuchElementException when this queue is empty. This is the only
difference between remove() and poll().




KomeHTapi no tabnuui

» Tabnuus Bkasye Ha gBa Habopu MeToAB:
» OpHi meTogm (Hanpuknag, add()) BMKMaaTb BUKIIOYEHHS, Konn operation fails;
» |HwWi meTogun (Hanpuknag, offer()) noseprtatoTb special value (false or null) in the presence of failure.
= Lli meToam KOpUCHI B KOHTEKCTI peani3auin Yyepr 3 obmexxeHor MICTKICTHo, konu failure is a normal occurrence.

» 3ayBaxTe! MeTtop offer() kpawie BukopmuctosyBaTth 3amicTb add() ons yepr 3 0OMeXeHOH
MICTKICTIO (capacity-restricted), ockinbku offer() He Bukngae lllegalStateException.

= Java noctadyae barato knaciB peanidauii Queue, BiNbLWICTb SKNX 3HAXOAATLCA B MNaKETI
java.util.concurrent: 3okpema, LinkedBlockingQueue ta SynchronousQueue.

= A nakert java.util 3abesneyye LinkedList Ta PriorityQueue sik knacu peanisauii Queue.

= OGepexeHo! baraTto imnnemeHTauin Queue He OO3BONATL AoAaBaTu null-enemeHTw.

» Kpalle yHukaTtu gogaBaHHA null-enemeHTy, OCKiNbKM BiH BUKOPUCTOBYETLCS as a special return value metopais
peek() Ta poll() anga iHankauil NOPOXHOCTI Yepru.



Knac PriorityQueue

» Knac PriorityQueue nocradae peanisauito Yepru 3 npiopuretamMmu, ika € 4eproto, Lo
BNOPSAAKOBYE eflieMeHTN BigNOBIAHO 40 NPUPOLHOro nopsaky abdbo 3rigHoO 3 KoMnapaTopoM,
KM 3a0e3nevyeTbCca NPU iIHCTaHLUiIOBAHHI Yepru.

= Yepru 3 npioputetammn 3abopoHsTb null-enemeHTn Ta He 403BOSMAOTE BCTaBKY
He-Comparable o6’ekTiB npn NpupogHOMY BNOPAOKYBaHHI.

= EnemeHT y ronosi 4epru 3 npiopmtetamn € HaMMeHLMM efieMeHTOM BignoBigHO 40 3a4aHoro
BNOPSAOKYBaHHS.

= Konu Kifibka enemMeHTIiB € HAUMEHLNMW, OO0BINTbHUM YMHOM BUOMPAETLCA OOMH 3 HUX.
= AHanoriyHo, enemMeHT y xBocTi (tail) Yepru 3 npioputetammn € HaNBINbLLIMM ENEMEHTOM.

= Yepru 3 npioputetamm HeOOMeEXKEHI, NPOTE MatoTb MICTKICTb, iKY BU3HAYa€ BHYTPILLHIN
MacuB, B AKOMY 36epiratoTbCsi ENEMEHTU YePri.

» MicTKicTb (Capacity) npyHanMHI Taka X, SK | JOBXMHA Yeprn, a TakoX 3pocTae aBTOMaTUYHO Npu AoLaBaHHI
erleMeHTIiB y Yepry 3 npioputetamum.



KoHcTpykTOpMm PriorityQueue

* PriorityQueue() cteoptoe eksemnnap PriorityQueue Ha 11 enemMeHTiB, WO BNOPALAKOBaAHI
BIiAMOBIAHO 40 NPUPOLHOro NOPSAKY.

» PriorityQueue(Collection<? extends E> c) ctBoptoe eksemnnsap PriorityQueue, SikKnn
MICTUTb erfieMeHTU Korekull C.
» AKWwo C - ekzemnnap SortedSet abo PriorityQueue, Yyepra 36epexe BnopsakyBaHHS KONeKLUil;
» |Hakwe us Yepra 3 npioputetamu byoe BnopsigkoBaHa 3rigHO 3 NPUPOLHIM NOPSAKOM €fTEMEHTIB.

» KoHcTpykTop Buknaae ClassCastException, kKonu efieMeHTN C HEMOXNUBO MOPIBHATU OAUH 3 OOHUM
BiANOBIAHO 40 BNOpSAAKYBaHHA Yyepru 3 npioputetamu, a Takox NullPointerException, konu ¢ abo 6yab-sgkun 1i
enemeHT mictutb null reference.

* PriorityQueue(int initialCapacity) ctesoptoe eksemnnap PriorityQueue i3 3agaHoto
MIiCTKiCTHO initialCapacity Ta npupogHUM BNOPSaKYBaAHHSM.
= KoHcTpykTop Bukngae lllegalArgumentException, akwo initialCapacity < 1.



|[HLLI KOHCTPYKTOPU

= PriorityQueue(int initialCapacity, Comparator<? super E> comparator) CTBOpO€ ek3emMnsp
PriorityQueue i3 3agaHum initialCapacity, sknuim BnopsiokoBye CBOI efieMeHTU BignosigHoO 0
BKa3aHOro komnaparopa.
» [TpupogHnn NopsaoK BUKOPUCTOBYETLCH, KON KOMMapaTtop MicTUTb null-nocunaHHA.
» KoHcTpykTOop Bukmngae lllegalArgumentException, konm when initialCapacity < 1.

= PriorityQueue(PriorityQueue<? extends E> pq) cTBoptoe eksemnnsp PriorityQueue, wo
MICTUTb ENeMEeHTU Pd.
» Lla yepra 3 npioputetamm Oyae BnopsaakoBaHa Tak Xe, sK i pqg.

= KoHctpykTop Brknaae ClassCastException, konv eneMeHTV pg HEMOXITMBO MOPIBHATU OAWH 3 OOHUM,
NullPointerException, konn pg 4n SKMACH 1T eneMeHT MICTUTb null-nocunaHHs.

* PriorityQueue(SortedSet<? extends E> ss) cTtBoptoe ekzemnnap PriorityQueue, Wwo MiCTUTb
erieMeHTU SS.
= Yepra 3 npioputetamu byoe BnopsigkoBaHa Tak Xe, K i SS.

= KoHcTpykTop Brknaae ClassCastException, Konm eneMeHT SS HEMOXITMBO NOPIBHATU OAMH 3 ogHMM according
to ss’s ordering, NullPointerException, Konu ss 4n SKUACb TI eNeMeHT MICTUTb null-nocnnaHHaA



LloOasaHHSs1 sunaoko8ux Uiriux yucers 0o Yyepau 3

rnpiopumemamu

import java.util.PriorityQueue;
import java.util.Queue;

public class PriorityQueueDemo

{

public static void main(String[] args)
{
Queue<Integer> gqi = new PriorityQueue<Integer>();
for (int i = 0; i < 15; i++)
gi.add((int) (Math.random() * 100));
while (!qi.isEmpty())
System.out.print(qi.poll() + " ");
System.out.println();

}
}

30 43 53 61 61 66 66 67 76 78 80 83 87 90 97

* [licna cTBOpeHHS Yepru 3 npiopmteTammn royioBHUN

NOTIK godae B Hel 15 Bunagkosux Uinux ymcen (Big
0 go 99).
= [loTiM NnpoxogMmo no priority queue, OTPUMYHYU
HaCTYMHUN efieMeHT Ta BUBOOAAYM NOrO.

= Ockineku poll() noseptae null, konn GinbLwe Hemae
efieMeHTIB, UMKIT MOXXHa 3anucaTu Tak:

Integer 1i;
while ((i = gi.poll()) != null)
System.out.print(i + " ");



import java.util.Comparator;
import java.util.PriorityQueue;

import java.util.Queue; D,eMOHCTpaLl,iFI
public class PriorityQueueDemo
{
final static int NELEM = 15; = [1punycTumo, NOTPiOHO 3MIHUTK NOPAAOK
BMBOAY 3 nonepegHboro npukiangy Ha
public static void main(String[] args) 3BOpOTHiI7I.
{

. . Sy o ) . .
COMp&IEitOI(IHtEgEI‘) cmp; 3niBa HanbdiNbLIMIA elieMeHT, a ClnpaBa- HanMMeHLINn.

cmp = new Comparator<Integer>()

{ = Cno4vaTky oronocumo KoHcTaHTy NELEM, o6
@Override B OAHOMY MicCLi 3adaBaTi NOYATKOBY MICTKICTb
{ = []OTiM IHCTaHUiItOEMO aHOHIMHUI KIac, KU peanisye
return e2 - ei1; Comparator.
} = lloro metop compareTo() BigHiMae enemeHT e1 Big
}; e2, Wob JocArHyTy cnagardoro BrnopsagKyBaHHS.
Queue<Integer> qi = new PriorityQueue<Integer>(NELEM, cmp); = KomninaTtop BMKOHYE po3nakoBky e2 Ta el,
for (int i = 0; i < NELEM; i++) KOHBepTytoumn e2 - el B e2.intValue() - el.intValue().
gi.add((int) (Math.random() * 100)); = Y KiHUi B KOHCTpYKTOp PriorityQueue(int
while (!qi.isEmpty()) initialCapacity, Comparator<? super E> comparator)
System.out.print(qi.poll() + " "); nepegaeTbca novyatkosa MicTkicTb (NELEM
System.out.println(); eneMeHTIiB) Ta iHCTaHUioBaHNN KoMnaparop.

97 72 70 70 67 64 56 43 36 22 953 2 1




[lek Ta MeToan POoOOTUN 3 HUM

= A deque — gBorosioBa 4yepra, B SIKin BCTaBka abo BMOareHHs efieMeHTy BigOyBaeTbCA B
Il ronioBi/xBocCTi. [Jekn MOXHa BUKOPUCTOBYBATU SIK Yeprn abo CTEKM.

» [lek (y3aranbHeHunn Tvn Deque<E>) poswunproe Queue, yHacnigyBaHum 3 akoro metog add(E e)
BUKOHYE BCTABKY € Y XBICT OEKY.

void addFirst(E e) BukoHye BCTaBKy enieMeHTY € B rofioBy AeKy, 3a MOXMNBOCTI, HeranHo 6e3 capacity
restrictions. [Npwn BUKOpUCTaHHI capacity-restricted geky Kpallie BUKOPUCTOBYBATU METO[,
offerFirst(). BukntoyeHHs:
lllegalStateException: e HEMOXNMBO OogaTn Yepes capacity restrictions
ClassCastException: knac e pobuTb AogaBaHHA B AEK HEMOXITUBUM
NullPointerException: e mictTntb null-nocunnaHHs, a gek X He NiaTpumye
lllegalArgumentException: neBHa BNacTUBICTb € poOuUTb NOMO AoL4aBaHHS B AEK
HEMOXXITUBUM

void addLast(E e) BuKOHy€e BCTaBKy efleMeHTY € y XBICT €eKY, 3a MOXIUBOCTI, HeranHo 6e3 capacity
restrictions. [Npwn BUKOpUCTaHHI capacity-restricted geky Kpalle BUKOPUCTOBYBaATU METOL,
offerFirst(). BukntoueHHsa aHanoriyHi go addFirst()



Iterator<E> Returns an iterator over the elements in this deque in reverse sequential

descendingIterator() order. The elements will be returned in order from last (tail) to first (head).
The inherited Iterator<E> iterator() method returns elements from the
head to the tail.
" E element() Retrieves but doesn’t remove the first element of this deque (at the head).

This method differs from peek() only in that it throws NoSuchElementException
when this deque is empty. This method is equivalent to getFirst().

E getFirst() Retrieves but doesn’t remove the first element of this deque. This method
differs from peekFirst() only in that it throws NoSuchElementException
when this deque is empty.

E getLast() Retrieves but doesn’t remove the last element of this deque. This method

differs from peekLast () only in that it throws NoSuchElementException
when this deque is empty.

boolean offer(E e) Inserts e at the tail of this deque if it is possible to do so immediately
without violating capacity restrictions, returning true upon success
and false when no space is currently available. When using a capacity-
restricted deque, this method is generally preferable to the add() method,
which can fail to insert an element only by throwing an exception. This
method throws ClassCastException when e’s class prevents e from being
added to this deque, NullPointerException when e contains the null
reference and this deque doesn’t permit null elements to be added, and
IllegalArgumentException when some property of e prevents it from
being added to this deque. This method is equivalent to offerLast().



boolean offerFirst(E e) Inserts e at the head of this deque unless it would violate capacity
restrictions. When using a capacity-restricted deque, this method
is generally preferable to the addFirst() method, which can fail to
insert an element only by throwing an exception. This method throws
ClassCastException when e’s class prevents e from being added to
this deque, NullPointerException when e contains the null reference
and this deque doesn’t permit null elements to be added, and
IllegalArgumentException when some property of e prevents it from
being added to this deque.

boolean offerLast(E e) Inserts e at the tail of this deque unless it would violate capacity
restrictions. When using a capacity-restricted deque, this method is
generally preferable to the addLast() method, which can fail to insert
an element only by throwing an exception. This method throws
ClassCastException when e’s class prevents e from being added to
this deque, NullPointerException when e contains the null reference
and this deque doesn’t permit null elements to be added, and
IllegalArgumentException when some property of e prevents it from

being added to this deque.

E peek() Retrieves but doesn’t remove the first element of this deque (at the head),
or returns null when this deque is empty. This method is equivalent to
peekFirst().

E peekFirst() Retrieves but doesn’t remove the first element of this deque (at the head),

or returns null when this deque is empty.



E peekLast()

E poll()

E pollFirst()

E pollLast()

E pop()

void push(E e)

Retrieves but doesn’t remove the last element of this deque (at the tail), or
returns null when this deque is empty.

Retrieves and removes the first element of this deque (at the head),
or returns null when this deque is empty. This method is equivalent to
pollFirst().

Retrieves and removes the first element of this deque (at the head),
or returns null when this deque is empty.

Retrieves and removes the last element of this deque (at the tail),
or returns null when this deque is empty.

Pops an element from the stack represented by this deque. In other
words, removes and returns the first element of this deque. This method is
equivalent to removeFirst().

Pushes e onto the stack represented by this deque (in other words,

at the head of this deque) if it is possible to do so immediately without
violating capacity restrictions, returning true upon success and throwing
IllegalStateException when no space is currently available. This method
also throws ClassCastException when e’s class prevents e from being
added to this deque, NullPointerException when e contains the null
reference and this deque doesn’t permit null elements to be added, and
I1legalArgumentException when some property of e prevents it from
being added to this deque. This method is equivalent to addFirst().



E remove()

E removeFirst()

boolean
removeFirstOccurrence(Object o)

E removelast()

boolean
removelLastOccurrence(Object o)

Retrieves and removes the first element of this deque (at the head). This
method differs from poll() only in that it throws NoSuchElementException
when this deque is empty. This method is equivalent to removeFirst().

Retrieves and removes the first element of this deque. This method differs
from pollFirst() only in that it throws NoSuchElementException when this
deque is empty.

Removes the first occurrence of o from this deque. If the deque doesn’t
contain o, it is unchanged. Returns true when this deque contained o

(or equivalently, when this deque changed as a result of the call). This
method throws ClassCastException when o’s class prevents o from being
added to this deque and NullPointerException when o contains the null
reference and this deque doesn’t permit null elements to be added. The
inherited boolean remove(Object o) method is equivalent to this method.

Retrieves and removes the last element of this deque. This method differs
from pollLast() only in that it throws NoSuchElementException when this
deque is empty.

Removes the last occurrence of o from this deque. If the deque doesn’t
contain o, it is unchanged. Returns true when this deque contained o (or
equivalently, when this deque changed as a result of the call). This
method throws ClassCastException when o’s class prevents o from being
added to this deque and NullPointerException when o contains the null
reference and this deque doesn’t permit null elements to be added.



Deque orornolwye MeToamu Ansi A4OCTyny OO0 efieMeHTIB 3
000x OOKiB OeKy

= Lli meToon gopatoTb, BUOANAKTb Ta NepernagatoTb eNIEMEHT.

= KoXeH 3 HUX iCHye B ABOX bopMax: ofHa BMKMOAE BUKITIOYEHHSA, KON operation fails, a iHwa noBepTae
cneuianbHe 3Ha4veHHs (null abo false 3anexHo Bia onepadii).

. First Element (Head) Last Element (Tail)
Throws exception Special value Throws exception Special value
Insert addFirsc (e) offerFirsct (e) addLasct (e) offerlLast (e)
Remove removefFirsc () pollFixrsc() removelast () polllast ()
Examine getFirst () peekFirsct () getlast () peeklLast ()

Equivalent Deque Method " KOS BUKOPUCTOBYETLCSH A€k, cnoctepiraetbest FIFO-noBeAiHka.

Queue Method

add(e) addLast(e)
offer(e) offerLast(e)
remove() removeFirst()
poll() pollFirst()
element() getFirst()
peek() peekFirst()

* EnemeHTM goaarTbCs B KiHELb AEKYy Ta BUOandarTbCA 3 NMo4aTKy.

= [lekn moxxHa BukopuctoBysaTu B AKOCTI LIFO-cTekiB.
= Konu ek BUKOPUCTOBYETLCA K CTEK, eneMeHTn pushed i popped Ha noyaTky Aeky.
» Metopg cteky push(e) ekBiBaneHTHUN Deque.addFirst(e),
= metof pop() - metogy Deque.removeFirst(),
= metof peek() — metogy Deque.peekFirst().

= Tomy Deque orosnollye opieHTOBaHi Ha poboTy 3i ctekom meTtoan E peek(), E pop() Ta
void push(E e)



ArrayDeque

» Knac ArrayDeque nocTtayae peanisauito iHTepdency Deque Ha OCHOBI MacuBy 3MIHHOI
OOBXUHW.

= 3abopoHsie gogaBaTtu null-enemeHTn B ek, a metop iterator() nosepTae fail-fast itepatopw.

= KoHcTpykTOpUu ArrayDeque:
= ArrayDeque() cTBOoptoe NopoxHin array deque Ha 16 enemeHTIB.

» ArrayDeque(Collection<? extends E> c) cTBoptoe array deque, SSKUM MICTUTb €fIEMEHTU KOMeEKLil C B TOMY
NOPSAKY, K BOHM NOBEPTAKTLCS iTepaTOPOM KOSEKLl.

» [lepwunin enemeHT, NOBEPHEHUI ITEPATOPOM KOMEKLiT C, CTae nepwnm enemeHTom (front) geky.
= NullPointerException BUKMOAETbCS, KONK Konekuis ¢ Mictutb null reference.

= ArrayDeque(int numElements) cTBoptoe nopoxHin array deque 3 no4aTKkoBOK MICTKICTHO, AOCTaTHBOK ANs
36epiraHHa numElements enemeHTiB.

= Axkwo numElements = 0, BUKNIOYEHHSA HE BUKNOAIOTHCS.


https://en.wikipedia.org/wiki/Fail-fast

OemoHcTpauia ArrayDeque

import java.util.ArrayDeque; Saturday
import java.util.Deque; !
Friday
public class ArrayDequeDemo Thursday
{ Wednesday
public static void main(String[] args) 'Tuesday
{ Monday
Deque<String> stack = new ArrayDeque<String>(); Sunday

String[] weekdays = { "Sunday", "Monday", "Tuesday", "Wednesday",
'TThursday||, "Fridayfl, "Saturdayl| };

for (String weekday: weekdays)
stack.push(weekday);
while (stack.peek() != null)
System.out.println(stack.pop());
}

}

= CTBOPIOE AEK AN NOro BUKOPUCTAHHS B AKOCTI CTEKY Ta MacuBy Ha3B AOHIB.
= [loTim Ll,i Ha3BUN 0O00aTbCA B CTEK i BVI6VIpaI-OTbCFI 3 HbOrIO, NMNOKa3yr4un 3BOpOTHI/Il7I nopAaokK.



IHTepdenc Set (MHOXUHU, ceTH)

MHOXWHa — KonekKLuisi, o He MICTUTb NOBTOPIB.

* |HWMMKN cnoBamu, B ceETax HEMaE Taknx nap enemMeHTiB el ma e2, wob
el.equals(e2) nosepTas true.

= KpimMm TOro, Cet MoXe MiCTUTU MakCUMyM OauH null-enemeHT.
SortedSet P ymon

HashSet

MHOXWHN ONUCYIOTLCA 3a 4OMNOMOroK iHTepdency Set
(y3aranbHeHun Tun Set<g>).

LinkedHashSet NavigableSet

IHTepdpenc Set poswwmptoe iHTepdenc Collection Ta
nepeorosiowye ycnagkosaHi METOAM ANA 3pYyYHOCTI Ta 3 METOH

No4aBaHHS YMOB 1O KOHTPaKTY.
= [NopatoTtbes ymosu ans metonis add(), equals(), hashCode().

LokymeHTauis no iHTepdency Set ctBepaxye, Wo BC
KOHCTPYKTOPW Knacie peanisauii MatoTb CTBOPOBaTH CETH, LLIO
He MICTATb NOBTOPHUX ENEMEHTIB.

» HoBux metogiB iHTepdenc Set He npeacTaBnsie.



Knac TreeSet 3abe3neyye peanisaudito ceTy Ha OCHOBI
AepeBa

= EnemeHTn 30epiratoTbCA BiACOPTOBAHUMM.

= [lpoTe Q4OoCTyn A0 HUX AELUO MOBIMbHILLMIA, HDXK ANS iHLWIKWX, HEBIACOPTOBAHMX CETIB, OCKINbKN NOTPIOHO
BUKOHYBaTK 00Xia No 3B’A3Kax.

= KoHcTpykTOpU TreeSet:

» TreeSet() cTBOpPIOE HOBUIN, MOPOXHIN tree set, BioCOPTOBAHUM Yy NMPUPOLHOMY NOPSAKY MOro erieMeHTIB. Bei
erneMeHTn, goAdaHi B CET, MaloTb pearnisoByBaTu iHTepdenc Comparable.

» TreeSet(Collection<? extends E> c) cTBoptoe HOBUM tree set, Lo MICTUTb ENEMEHTU KomnekUil C, BiACOPTOBaHi
B NpupogHoMy nopsaky. Bei gogaHi B HOBUIM CET eneMeHTU NMOBUHHI pearidoByBaTth iHTepdenc Comparable.

= KoHcTtpykTop Bukmnaae ClassCastException, konm enemMeHTH Konekuii ¢ He peanidytoTb Comparable abo He € B3aeMHO
NnopiBHOBaAHNMM

» NullPointerException, konu ¢ mictutb null reference.

» TreeSet(Comparator<? super E> comparator) CTBOpPIOE HOBUIW, NOPOXHIN tree set, BiACOPTOBaHUN B
nopsiakKy, 3agaHomy komnapatopoMm. [Nepenada null komnapatopy nepenbayae BUKOPUCTAHHSA NPUPOLHOro
NOPAOKY.

» TreeSet(SortedSet<E> sS) cTBOpOE HOBUM tree set, Wo MICTUTb Ti XX efleMEHTU | B TOMY X NOPSAKY, WO i SS.

» KoHcTpykTop Bukuaae NullPointerException, konu ss mictutb null reference.



IemMoHcTpauia Tree Set 3 pAoKOBUMU efleMeHTaMu,
BiACOpPTOBaHMMU B NPUPOOAHOMY NOPAOKY

import java.util.Set; = TreeSetDemo cTBOptOE tree set Ta MmacmB Ha3B PPYKTIB.
import java.util.TreeSet;

= [1OTiM CEeT 3anOBHIOETLCH LUMMWN HA3BaMn Ta BUBOOUTHLCH B

public class TreeSetDemo
KOHCOIJb.

{

public static void main(String[] args)

{

Set<String> ss = new TreeSet<String>();
String[] fruits = {"apples", "pears", "grapes", "bananas", "kiwis"};
for (String fruit: fruits)
ss.add(fruit);
dump(“ss:", ss);

}

static void dump(String title, Set<String> ss) Ockinbkun String peanisye Comparable, ona yboro

{ . ‘ . aoadaTtky BMICT macumBy fruitS KOPeKTHO 40O4aETbCS B tree
System.out.print(title + " "); set, CTBOpeHUI 3 KOHCTpyKTopa TreeSet().

for (String s: ss)
System.out.print(s + " ");

System.out.println(); ss: apples bananas grapes kiwis pears

}

}



HashSet

» Knac HashSet 3abe3neuye peanisadito, WO NiATPUMYETLCA XELLOBAHUMWN CTPYKTYpaMn OaHUX

= Peanisyetbca sk ekdemnnap HashMap, aknin noctadyae WBUAKMIA CNOCIO BU3HAYEHHS, Y/ ENEMEHT YXKe NPUCYTHIN Y
L CTPYKTYPI.

= XoM Knac He rapaHTye BnopsaKoBaHOCTI eneMeHTiB, HashSet HabaraTo weuawuni 3a TreeSet.

= Kpim Toro, HashSet gossonse 36epirati null-nocnnaHHsa B CBOIX ek3emMnnspax.

» KoHcTpykTOpM HashSet:

= HashSet() cTBOptoe HOBUKM, NOPOXHIiN hashset, oe nigTpumyBaHun ekdemnnap HashMap mae micTkicTb (initial
capacity) 16 ta koediuieHT 3aBaHTa)keHHs1 0.75.

= HashSet(Collection<? extends E> c) cTBoptoe HOBUM hashset 3 enemeHTamu Konekuii ¢, e NiaTpuMyBaHum
ek3emnnap HashMap mae BignosigHy Konekuii MiCTKICTb Ta KoequilieHT 3aBaHTaeHHSA 0.75. KOHCTPYKTOp BUKMAAE
NullPointerException, koni ¢ MicTUTb null-nocunaHHs.

» HashSet(int initialCapacity) ctBoptoe HOBUI, NOPOXHIN hashset, ae niaTpumysaHun eksemnnsap HashMap mae
3agaHy MicTkicTb (initialCapacity) Ta koediuieHT 3anoBHeHHS 0.75.

» KoHcTpykTop Bukngae lllegalArgumentException, konmn 3HadeHHs initialCapacity meHwe 3a O.

» HashSet(int initialCapacity, float loadFactor) ctBoptoe HOBMI, NOPOXHIN hashset, ae niaTpMyBaHUK ek3eMnnsp
HashMap mae 3agaHy micTkicTb (initialCapacity) Ta koediuieHT 3aBaHTaxeHHs (loadFactor).

= KoHcTpykTop Buknaae lllegalArgumentException, konu initialCapacity < 0 abo loadFactor <=0.



IHemMmoHcTpauia Hashset 3 HeBnopsaakoBaHUMM
PAOKOBUMMU erfieMeHTaMu

import java.util.HashSet;

import java.util.Set; = HashSetDemo cTBoptoe hashset Ta MacvB Ha3B pyKTiB.
public class HashSetDemo :
{ = []OTiM ceT 3anOBHIOETbLCA LHMMU Ha3BaMUN Ta BUBOONTbCA B
public static void main(String[] args) KOHCOIJ1b.
{

Set<String> ss = new HashSet<String>();
String[] fruits = {"apples", "pears", "grapes", "bananas", "kiwis",
"pears”, null};
for (String fruit: fruits)
ss.add(fruit);

} dump(“ss:", ss); Ha BigmiHy Big TreeSet, HashSet nossonse aogasatu null
(NullPointerException He BUKMOAeTbLCA), TOMY BUBIL

static void dump(String title, Set<String> ss) Bkrtodae null.
{

System.out.print(title + " ");

for (String s: ss)

System.out.print(s + " ");

\ System.out.println(); ss: null grapes bananas kiwis pears apples

}



BrnacHuu knac Planet, Akun He nepeo3Ha4vyae meton

hashCode()

import java.util.HashSet;
import java.util.Set;

public class CustomClassAndHashSet

{

public static void main(String[] args)

{

Set<Planet> sp =
sp.add(new Planet("Mercury"));
sp.add(new Planet("Venus"));
sp.add(new Planet("Earth"));
sp.add(new Planet("Mars"));

sp.add(new Planet("Jupiter"));
sp.add(new Planet("Saturn"));
sp.add(new Planet("Uranus"));
sp.add(new Planet("Neptune"));
sp.add(new Planet("Fomalhaut b"));
Planet p1 = new Planet("51 Pegasi b");
sp.add(p1);

Planet p2 = new Planet("51 Pegasi b");
sp.add(p2);
System.out.println(pi.equals(p2));
System.out.println(sp);

new HashSet<Planet>();

{

}

class Planet

private String name;

Planet(String name)
{

}

@0verride
public boolean equals(Object o)

{

this.name = name;

if (!'(o instanceof Planet))
return false;

Planet p = (Planet) o;
return p.name.equals(name);

}

String getName()

{
}

@0verride
public String toString()

{
h

return name;

return name;

[Tpunyctmo, Bam noTpibHO goaatu
ek3emnnapu Knacie y hashset.

» Ak i gna String, Bawi knacu matoTtb
nepeosHadvyBaTtn equals() Ta hashCode();

= [HaKLe NOBTOPHI ek3eMnnsipyn Knacis
3MOXYTb 3bepiratucb y hashset.

Knac Planet oronowlye ogHe none name
TMny String.
= CTBOploBaTh okpemo knac Planet ans
poboTtun 3 MPOCTUMU PAOKOBUMU AaHUMU

30aeTbCs 3anBUM, are MOXXHa 404aTu HOBI
nons B Planet B Mal/l6yTHbOMy

PeaynbraT 3anycky:
true

Neptune,
b, Venus,
Jupiter,

Mars, Mercury, Fomalhaut
51 Pegasi b, 51 Pegasi b,
Saturn, Earth, Uranus]



class Planet

{

}

private String name;

Planet(String name)
{

this.name = name;

}

@0verride

public boolean equals(Object o)

{

if (!(o instanceof Planet))

return false;
Planet p = (Planet) o;

}

String getName()
{

return name;

}

return p.name.equals(name);

@0verride
public int hashCode()

{

return name.hashCode();

}

@0verride
public String toString()

{

return name;

}

BnacHumu knac Planet, skun He
nepeo3Havyae metog hashCode()

= BuBia;
true
[Saturn, Earth, Uranus, Fomalhaut b, 51
Pegasi b, Venus, Jupiter, Mercury, Mars,
Neptune]

» 3ayBaxTe! Knac LinkedHashSet € nigknacom HashSet, akum
BUKOPUCTOBYE 3B’SI3HUIN CMUCOK Ansl 3bepiraHHA efleMeHTIB.

= Y pesynbari iTepatop knacy LinkedHashSet nosepTtae enneMmeHTn B nopsaky ix
BCTaBKM!.

» AKwo B gemMoHcTpauil HashSet 3amiHUTK psgok Ha

Set<String> ss = new LinkedHashSet<String>{(); ,

BUBIO AoaaTKy byae ss: apples pears grapes bananas Kiwis null.

» LinkedHashSet npautoe nosinbHiwe 3a HashSet, npote wBnalwe 3a TreeSet.




NMoHATTA nepeniyeHHA (Enum)

LR Sorting Iterator Nulls?
Structure
HashSet Hash table No Fail-fast Yes
Linked Hash table + . .
HashSet linked list Insertion Order Fail-fast Yes
EnumSet Bit vector Natural Order We.akly No
consistent
TreeSet Red-black tree Sorted Fail-fast Depends
CopyOnWrite

ArraySet Array No Snapshot Yes
Concurrent e Weakly
SkipListSet e g PO consistent e

[lepeniyeHHs (enumerated type) — ue
TN, KU1 3aa€ IMEHOBAHY
NOCNIOOBHICTb MOB’A3aHNUX KOHCTAHT B
SIKOCTI IX 3Ha4Y€EHb.

= Micsaui B KaneHgapi, MOHETW y BarnoTi, OHi B
TWXKHI — MpUKNaan nepepaxyBaHb.

Java-po3poOHUKM TpaanUivHO
BUKOPUCTOBYOTb HAOOPK IMEHOBAHUX
LLiFTOMNCEeNbHUX KOHCTAHT ON1s
npencrtaBlieHHA NnepepaxyBaHb.

» OcKinbKku Taka doopma npeacTaBlieHHsI NoOKasye

CBOI0 NpobrnemMaTunyHicTb, y Java 5
NpencTaBuUnu ansTepHaTUBY.



NMpobnema 3 TpaanuinHMMK NepenivyyBaHNMMN TUNIAMU

class Coin

{

final static
final static
final static
final static

class Weekday

{

final static
final static
final static
final static
final static
final static
final static

int PENNY = 0;
int NICKEL = 1;
int DIME = 2;
int QUARTER = 3;

int SUNDAY = 0;
int MONDAY = 1;
int TUESDAY = 2;
int WEDNESDAY = 3;
int THURSDAY = 4;
int FRIDAY = §;
int SATURDAY = 6;

= Hanbinbla npobnemMa nepenidyeHb (koA 3niBa) - Hectada compile-time
b6e3neku Tuni..

= Hanpuknan, MoxHa nepenaru coin B MeTof, skun notpebye weekday, a
KOMMINATOP He 3BEPHE Ha Le yBaru.

= Mo)kHa TakoXX nopiBHIOBaTU MOHETU Ta AHi TxKHA: Coin.NICKEL ==
Weekday.MONDAY, HaBiTb 3agaBaTn 6e33MiCTOBHI BUpa3u, Ha 3pa3ok Coin.DIME +
Weekday.FRIDAY - 1/Coin.QUARTER.

= KOoMNinsaTop He NOMITUTb LbOro, OCKifIbKM BiH 6a4nTb nuiie uini yncna.

» JlogaTtku, WO 3anexartb Big nepenivyeHb, KPUXKI.

»  OCKINbKN KOHCTAHTKN TUMY KOMMIiNOTLCA B class-gannun, 3amiHa constant’s int value
BMMarae nepekomMninioBaHHS 3aneXHnX 3aCTOCYHKIB Ta NiABULLYE PU3MKM MOMUIIKOBOI
NnoBeIHKMN.

* |Hwa npobnema nepeniyeHb — LifioYnceribHi KOHCTaHTU HEMOXKINBO
nepeTBOpPUTM Yy 3MICTOBHI PSLKOBI OMUCH.

= Hanpwuknag, wo o3Hayae umdpa 4 npu HanarogkyBaHHi 36inHOro gogartky?
» byno 6 pobpe 6a4untn THURSDAY 3amicThb 4.



AnbTepHaTuBa nepenivyeHHAM

Java 5 npeacraBunina enums y SKOCTI KpaLwlol anstepHaTMBU nepeniyeHHAM.

enum Coin { PENNY, NICKEL, DIME, QUARTER }
enum Weekday { SUNDAY, MONDAY, TUESDAY, WEDNESDAY, THURSDAY, FRIDAY, SATURDAY }

HesBa)katoum Ha CXOXICTb CMHTaAKcucy 3 int-based nepepaxyBaHHsAMM B C++ Ta iHWKMX MOBax, enum
€ KliacaMm.
» KoxHa koHcTaHTa € public static final nonem, sike npefcrasnsae ekzemnnap 11 Kfacy nepenivyeHHa (enum).

= OCKifbKN KOHCTPYKTOP ANS HOBUX KOHCTaAHT BUKINKATM HEMOXITMBO, @ KOHCTAHTU HE3MiHHI, MOXHa 6e3ne4yHo
BMKOPUCTOBYBATWN onepatop == Ans iXx epeKTUBHOIo NopiBHAHHS (Ha BigMiHY Big, psakis).

» Hanpwuknag, ¢ == Coin.NICKEL.

Enums 3abe3nevytotb compile-time 6e3neky Tmnis, 3a60pPOHSAOYM NOPIBHIOBATN KOHCTAHTU Pi3HUX
TUniB.

» Komningarop nosigomutb npo nomusky npu Coin.PENNY == Weekday.SUNDAY.
= A TaKOX Mpw nepegadi KOHCTaHTU 3 HEBIAMOBIAHOrO enum y MeTos.

[logaTku, Wo 3anexaTb Big enums He KPUXKi, OCKISTbKWM KOHCTaHTU 3 enum He KOMMIMIoKTLCS B
class-tann.

» Takox enum noctayae metog, toString() 4N noBepHEHHS BinbLL KOPUCHOIO ONUCY 3HAYEHHSI KOHCTAHTH.
= Bpaxosyroun KopucHiCTb enum, y Java 5 yaockoHaneHo oneparop switch ans ix nigTpyumkn.,



[JemoHcTpauisa podboTn onepartopa switch 3 enum

publiic class EnhancedSutteh = YocKoHaneHuii onepaTtop switch 1o3sonse sagasatm
enum Coin { PENNY, NICKEL, DIME, QUARTER } Ha3BYy KOHCTAHTU B AKOCTI MITKMN OJ14 CasSe.
_ _ _ _ _ » Akwo gonucysatu npedike, Hanpuknaa, Coin.DIME,
'E'”hhc static void main(Stringl] args) KOMMISIATOP NOBIAOMUTL MPO MOMUITKY.

Coin coin = Coin.NICKEL;

switch (coin)

{
case PENNY : System.out.println("1 cent"); break;
case NICKEL : System.out.println("s cents"); break;
case DIME  : System.out.println("10 cents"); break;
case QUARTER: System.out.println("25 cents"); break;
default : assert false;



YaockoHaneHH Enum — moXxeTe AoaaBaTu Nons, KOHCTPYKTOPMU
Ta MeToAu B eNum, MOXHa HaBiTb, W06 enum peanisoByBaB

IHTepdencu
public class Coins
enum Coin {
{ public static void main(String[] args)
PENNY(1), {
NICKEL(S), if (args.length == 1)
DIME(10), { .
QUARTER(25); int numPennies = Integer.parselnt(args[0]);
- System.out.println(numPennies + " pennies is equivalent to:");
) ) ) int numQuarters = Coin.QUARTER.toDenomination(numPennies);
private final int denomValue; System.out.println(numQuarters + " " + Coin.QUARTER.toString() +
(numQuarters !'= 1 ? "s," : ","));
Coin(int denomValue) numPennies -= numQuarters * Coin.QUARTER.denomValue();
{ int numDimes = Coin.DIME.toDenomination(numPennies);
this.denomValue = denomValue; System.out.println(numDimes + " " + Coin.DIME.toString() +
} (numDimes !'=1 ? "s, " : ","));
numPennies -= numDimes * Coin.DIME.denomValue();
int denomValue() int numNickels = Coin.NICKEL.toDenomination(numPennies);
{ System.out.println(numNickels + " " + Coin.NICKEL.toString() +
return denomValue; ‘ .(numNickgls =12 "s, " : ", and"));
numPennies -= numNickels*Coin.NICKEL.denomValue();
} System.out.println(numPennies + " " + Coin.PENNY.toString() +
(numPennies !=1 ? "s" : ""));
int toDenomination(int numPennies) }
{ System.out.println();
return numPennies / dEﬂﬂﬂ‘IUE].UE; System.out.println("Denomination values:");
} for (int i = 0; i < Coin.values().length; i++)
} System.out.println(Coin.values()[i].denomValue());
}



BuBig nporpamu

119 pennies is equivalent to: ™ [lporpama KOHBepTYe BBeOEeHY KifbKiCTb MEeHHI B KiNbKICTb NOTPIOHNX ANA

4 QUARTERS, BMaadi MOHET Ta IX HOMIHanIB

1 DIME, = Takox gogatok nependadvae metoa toString() 4ng BMBOAY MOHETHOIO NpeaCcTaBreHHs.

1 NICKEL, and

4 PENNYs = llle BuknukaBca metog values(), Sk NoBepTae MacuB YCiX KOHCTaHT
. Coin, orornoweHnx B enum

Denomination values: _

1 = Twun, wo noseptae value(), y gaHomy Bunagky, - Coin|] .

5 = MacuB KOPUCHUW, KONKM NOTPIOHO iTepyBaTh NO KOHCTaHTaX.

10

25 » Busig nokasye, Wwo toString() noBepTae Ha3By KOHCTAHTMW.

* |HKOSIN KOPUCHO NMEPEO3HaAYUTN Len MetTod noseptas BinbLl 3MICTOBHUW pe3yrbTar.

= Hanpwuvknag, meTtod BuAinsie TokeHn (iMeHoBaHi NOCNigOBHOCTI CUMBOJIIB) 3 psiaKa,
BUKOPUCTOBYIOUM Token enum A CMCKY Ha3B TOKEHIB Ta 3a 40MNOMOroH0
nepeo3HadeHHss metogy toString().



[lepeo3HavyeHHs toString() 0719 noeepHEHHS
3Ha4yeHHs Token-koHcmaHmu

public enum Token

{ .
IDENTIFIER("ID"), = Metoa main() Buknukae values() ons noBepHeHHS MacuBy
INTEGER("INT"), Token-KOHCTaHT.
LPAREN(" ("),

Egﬁﬁf\?())) = [N KOXXHOI KOHCTaHTU BiH

. i ) = BUKNKMKae metog name() KOHCTaHTU Ang Toro, Wob NoBEpPHYTM Ha3BY
private final String tokValue;

KOHCTaHTW,
Token(String tokValue) " HesABHO BUKNUKae toString(), wob noBepHyTn constant’s value
{
this.tokValue = tokValue;
}
@0verride
public String toString()
{ Token values:
return tokValue; IDENTIFIER = ID
} INTEGER = INT
public static void main(String[] args) LPAREN = (
{ -
System.out.println("Token values:"); RPAREN = )
for (int i = 0; i < Token.values().length; i++) COMMA = »
System.out.println(Token.values()[i].name() + " = " +
Token.values()[i]);
}



public enum TempConversion

{ ] ] ] ]
C2F("Celsius to Fahrenheit") ;MKOPMCTaHHﬂ dHOHIMHUX NigKnaciB Ansda 3MmiHA
U eoverride oseaiHkn Enum Constants
double convert(double value)
{
return value * 9.0 / 5.0 + 32.0; v . . . . e
} |HWIKM criocid MOKpaWnUTK enum — NpUCBOITU PISHY NOBEAIHKY KOXXHIN
b KOHCTaHTI.
F2C("Fahrenheit to Celsius") = Lo 3agady MOXHa BUKOHATW, NpeLCcTaBmBLUM abCTpakTHUA METO4 B enum Ta
{ nepeosHa4ymBLLM UOro B aHOHIMHOMY MNigKnaci KOHCTaHTM.
@verride
?OUble convert(double value) Celsius to Fahrenheit for 100.0 degrees = 212.0
return (value - 32.0) * 5.0 / 9.0; Fahrenheit to Celsius for 98.6 degrees = 37.0
}
};
TempConversion(String desc)
{
this.desc = desc;
}
abstract double convert(double value);
private String desc;
oOverride public static void main(String[] args)
public String toString() { . ., .
{ System.out.println(C2F + " for 100.0 degrees = " + C2F.convert(100.0));
return desc; System.out.println(F2C + " for 98.6 degrees = " + F2C.convert(98.6));
} }

}



Knac Enum

= KoMmninatop BBaXae enum CUHTAKCUYHUM LLYKPOM.

Konu 3ycTpivyae oronoweHHsa Ha 3pa3ok enum Coin {}, BiH reHepye knac (Coin), sk cybknacye
abcTpakTHui Knac Enum (3 nakety java.lang).

= [lokymeHTauis krnacy Enum roBopuTb, WO B HOMY Nepeo3HavaroTbca metoam clone(),
equals(), finalize(), hashCode(), toString() knacy Object.

clone() nepeos3HavaeTbCs, WOO 3anobirTn KNOHYBaHHIO KOHCTAHT, LWO6 1X MOXHa Oyro nopisHBaTH 3a
[ONOMOroKo oneparopy ==.

equals() nepeosHa4yaeTbCs, WOO6 NOpIBHIOBATM KOHCTAHTU 3a NOCUNAHHAMM.
finalize() nepeo3HavaeTbcs, W06 3abe3ne4nT HEMOXMBICTb doiHasi3aLil KOHCTaHT.
hashCode() — nepeo3HavaeTbcs B napi 3 equals().

toString() nepeo3HayaeTbCs, WO6 NnoBepTaTh Ha3BY KOHCTAHTW.

= Kpim toString(), Bci nepeo3HadeHi metoaun orosoLueHi Ak final, Tomy He MOXyTb
nepeosHayyBaTuUCb B NigKnaci.



MeToau knacy Enum

= compareTo() NOpiBHIOE NOTOYHY KOHCTaHTY 3 NEPEeAaHoo B AKOCTIi apryMeHTy MeToay
KOHCTaHTOLO, W00 NepernsHyTH, sika KOHCTaHTa nepeaye iHWi B enum i NOBepTae 3Ha4YeHHs, Lo
BKa3ye Ha iX NopsaoK.

Llen meTon nae MOXNUBICTb BiACOPTYBaTM MAacuB KOHCTaHT.

= getDeclaringClass() noseptae o6’ekt Tvny Class, wWo Bignosigae enum nOTOYHOI KOHCTAHTMW.

= Hanpuknag, o6’ekt Tuny Coin noBepTtaetbes nicnga Buknuky Coin.PENNY.getDeclaringClass() anss enum Coin {
PENNY, NICKEL, DIME, QUARTER}.

» Takox noseptae TempConversion npu Buknuky TempConversion.C2F.getDeclaringClass() ansa TempConversion
enum.

» MeTtog compareTo() Bukopuctoye metoamn Class.getClass() Ta Enum.getDeclaringClass() NOpiBHAHHS nvLIEe KOHCTaHT
3 04HOro enum.

» |Hakwe Bukngaetbca ClassCastException.

* name() noBepTae Ha3By KOHCTaAHTU. AKwo toString() He nepe3HadyBaTu, METO, TEX MNOBEPTAE
constant’s name.

= ordinal() noBepTae zero-based nopsidok — uine yncno, sike BU3Ha4a€e No3nLito KOHCTAHTM B enum.
= compareTo() nopiBHto€E nopaaku (ordinals).



Knac Enum

= Enum TakoXX noctavyae MeTo
= public static <T extends Enum<T>> T valueOf(Class<T> enumType, String name)

" 519 NOBEPHEHHSA KOHCTAHTX enum i3 3a4aHoro enum i3 3agaHor Ha3BOoHo.

= enumType igeHTndikye 06’ekt enum knacy Class, 3 Sskoro noBepTaeTbCsl KOHCTAHTA.

" name BKasye Ha3BYy KOHCTAHTW OJ19 NOBEPHEHHSA. Hanpuknag,
Coin penny = Enum.valueOf(Coin.class, "PENNY"); npucsotoe koHCcTaHTy Tuny Coin 3 Ha3Boo PENNY o6’ekTy
penny.

= Y Java-gokyMeHTauii knacy Enum Bu He 3HanaeTe meTtog values(), ockinibkn komninatop synthesizes
(manufactures) uen metoa nig Yac reHepyBaHHSA Knacy.



Po3wmnpeHHA Knacy Enum

public final class Coin extends Enum<Coin> = VY3aranbHeHum Tmn Enum mMae BUNAA,

{
public static final Coin PENNY = new Coin("PENNY", 0); Enum<E extends Enum<E>>.

public static final Coin NICKEL = new Coin(“NICKEL", 1);

public static final Coin DIME = new Coin("DIME", 2);

public static final Coin QUARTER = new Coin("QUARTER", 3);

private static final Coin[] $VALUES = { PENNY, NICKEL, DIME, QUARTER };

public static Coin[] values()

{
return Coin.$VALUES.clone();

}

public static Coin valueOf(String name)

{
return Enum.valueOf(Coin.class, "Coin");

}

private Coin(String name, int ordinal)

{
super(name, ordinal);

}
}



[Tpuknag TpaguuinHoro nepeniyeHHs

static final int SUNDAY = 1;
static final int MONDAY = 2;
static final int TUESDAY = 4;
static final int WEDNESDAY =
static final int THURSDAY = 1
static final int FRIDAY = 32;
static final int SATURDAY = 64;

87
6;

= Kog Burnsgatume Kpatle rnpu KoMbiHyBaHHI KOHCTAHT, Ha 3pa3ok static final int DAYS OFF =
SUNDAY | MONDAY;

= DAYS OFF — npuknag uino4ymncensHol 6itoBol MHOXMHK (bitset) doikcoBaHoro po3mipy — Habopy 6iTiB, y AKoMy
KOXeH BiT gopiBHIOE 1, AKLWO NOB'A3aHUN 3 HAM efleMEHT BIAHOCUTLCA A0 CeTy, i 0, SKLWO eneMeHT y CeTi
BIACYTHIN.

» LlinouncensHun BitceT He MOXe MICTUTK Binblue 32 YrieHiB, OCKINbKK int MICTUTL BCbOro 32 6iTu.

= AHanoriyHo, 6itceT ymcen Tuny long He Moxe MicTUTK Binblue 64 members.



Y 3B’A3Ui 3 KOonekuismu

}mpori qava.UE}i-iet;S . BukopucTtaHHs ceTiB (iHTepdenc Set) ana npencraBneHHs bitset GinbLu
mpor ava. . lreeset, ‘aTi
1mport java.uti ’ 3aTpaTHe no nam’aTi Ta 4Yacy. Tomy byrno npegcrasneHo EnumSet.

enum Weekday

{
SUNDAY, MONDAY, TUESDAY, WEDNESDAY, THURSDAY, FRIDAY, SATURDAY
}
public class DaysOff
{
public static void main(String[] args)
{
Set<Weekday> daysOff = new TreeSet<Weekday>();
daysOff.add(Weekday.SUNDAY);
daysOff.add(Weekday.MONDAY); o k50 EnumSet 3a6esnedye peanisavito Set, Wwo 6asyeTbes Ha
System.out.println(daysOff); :
) biTceTax.
} = 10ro eneMeHTn € KOHCTaHTaMM, LLIO MaloTb HAAXOAUTM 3 TOrO enum, KU

3ajaHo NpuW CTBOPEHHI enum set.
[SUNDAY, MONDAY] = Null-enemeHTun 3abopoHeHi; iHakLwe Bukuaae NullPointerException.




CtBopeHHA EnumSet, ekBiBaneHTtHoro DAYS OFF

import java.util.EnumSet;
import java.util.Iterator;
import java.util.Set;

enum Weekday

{
}

public class EnumSetDemo

{

SUNDAY, MONDAY, TUESDAY, WEDNESDAY, THURSDAY, FRIDAY, SATURDAY

public static void main(String[] args)

{

Set<Weekday> daysOff = EnumSet.of(Weekday.SUNDAY, Weekday.MONDAY);
Iterator<Weekday> iter = daysOff.iterator();

while (iter.hasNext())

System.out.println(iter.next());

SUNDAY
MONDAY

EnumSetDemo BUKOPUCTOBYE NepeBaru Toro, wo EnumSet
(y3aranbHeHun TN EnumSet<E extends Enum<E>>) nocTtavae
Pi3HI METOAM KNacy AN KOHCTPYHOBaAHHA JOPEYHUX
nepenivyyBaHNX MHOXWH.

<E extends Enum<E>> EnumSet<E> of(E el, E e2) noBepTae
ek3emnnap EnumSet, Wo cknagaeTbcs 3 eneMeHTiB el Ta e2.

= Y ubomy npuknagi - ue Weekday.SUNDAY Ta Weekday. MONDAY

Takoxx EnumSet noctadae iHLWi MeToam Ons CTBOPEHHA enum
sets.

= Hanpwuknag, metog allOf() nosepTae eksemnnap EnumSet, Wwo mictutb
BCi KOHCTAHTK B enum. €4MHUM aprymMeHTOM € fiTepan Knacy
(Ha3Ba_knacy.class)

Set<Weekday> allWeekDays = EnumSet.allOf(Weekday.class);

AHarnoriyHo, meTog range() nosepTae eksemnnsap EnumsSet, Lo
MICTUTb Aiana3oH eflieMeHTiB enum (rpaHuui gianasoHy —
napamMmeTpu MeToay)

for (WeekDay wd: EnumSet.range(WeekDay.MONDAY, WeekDay.FRIDAY))
System.out.println(wd);



BigcoproBaHi MHOXHMHMU. TreeSet

" MiITPUMYE CBOI €JIEMEHTHU Y 3pOCTAI0YOMY HOPSAIKY (BiAIIOBIZHO 0 IPUPOIHOTO BIIOPSIIKYBaHHS
ab60 KOMIIapaTopa, 10 IOCTAYa€ThCsI IIPYU CTBOPEHHI BiZICOPTOBAHOTO CETY).

» BigcoproBaHi MHOXXUHU OMUCYIOTHCs iHTepdeticom SortedSet (ysaranpuenuii Tum SortedSet<E>), sikuit posuruproe
iHTepdeiic Set.

» 3a ;BOMA BUHSATKAMH, YCIIaIKOBaHI Bij Set MeTOIHM MOBOJAATH ceOe TaK e, SIK i IJIsT OyAb-sIKUX
CeTIB:

» Exsemruisp Iterator moBepTaeThcst MeTOOM iterator(), sKMit 0GXOAUTH BiICOPTOBAHY MEPEXY B MOPSIKY 3POCTAHHS
€/IeMeHTIB.

» Macus, 110 MOBePTAETHCSI MeTOOM toArray(), MiCTUThH BIOPSIKOBAHI €/IeMEeHTH BiJCOPTOBAHOTO CETY.



MeTtoau SortedSet

Method

Description

Comparator<?
super E> comparator()

E first()

SortedSet<E>
headSet(E toElement)

E last()

Returns the comparator used to order the elements in this set or null when this
set uses the natural ordering of its elements.

Returns the first (lowest) element currently in this set, or throws a
NoSuchElementException instance when this set is empty.

Returns a view of that portion of this set whose elements are strictly less than
toElement. The returned set is backed by this set, so changes in the returned
set are reflected in this set and vice versa. The returned set supports all optional
set operations that this set supports. This method throws ClassCastException
when toElement is not compatible with this set’s comparator (or, when the

set has no comparator, when toElement doesn’t implement Comparable),
NullPointerException when toElement is null and this set doesn’t permit null
elements, and I1legalArgumentException when this set has a restricted range
and toElement lies outside of this range’s bounds.

Returns the last (highest) element currently in this set, or throws a
NoSuchElementException instance when this set is empty.




Method

Description

SortedSet<E>
subSet(E fromElement,
E toElement)

SortedSet<E>
tailSet(E fromElement)

Returns a view of the portion of this set whose elements range from fromklement,
inclusive, to toElement, exclusive. (When fromElement and toElement are equal,
the returned set is empty.) The returned set is backed by this set, so changes in
the returned set are reflected in this set and vice versa. The returned set
supports all optional set operations that this set supports. This method throws
ClassCastException when fromElement and toElement cannot be compared to
one another using this set’s comparator (or, when the set has no comparator,
using natural ordering), NullPointerException when fromElement or toElement
is null and this set doesn’t permit null elements, and I1legalArgumentException
when fromklement is greater than toElement or when this set has a restricted
range and fromElement or toElement lies outside of this range’s bounds.

Returns a view of that portion of this set whose elements are greater than or
equal to fromElement. The returned set is backed by this set, so changes in

the returned set are reflected in this set and vice versa. The returned set

supports all optional set operations that this set supports. This method throws
ClassCastException when fromElement is not compatible with this set’s
comparator (or, when the set has no comparator, when fromklement doesn’t
implement Comparable), NullPointerException when fromElement is null and this
set doesn’t permit null elements, and I1legalArgumentException when this set
has a restricted range and fromElement lies outside of the range’s bounds.




import java.util.SortedSet; BiﬂCOPTOBaHa MHOXNHA HA3B

import java.util.TreeSet;

{

public static void main(String[] args)

{

public class SortedSetDemo ¢pYKTiB Ta OBO"IiB

SortedSet<String> sss = new TreeSet<String>();

String[] fruitAndVeg = = SortedSetDemo cTBOPHOE BigCOPTOBAHUN
{ CeT Ta MacuB Ha3B (PPYKTIB Ta OBOMIB, 3
"apple", "potato", "turnip", "banana", "corn", "carrot", "cherry", qKOro 6y1:l,e 3aMoOBHIOBATUCH CeT.

"pear", "mango", "strawberry", "cucumber", "grape", "banana",

"kiwi", "radish”, "blueberry”, “"tomato”, “"onion", "raspberry”, = [lani — BmBig iHbopMaLii NpO CET, BKIoYato4um
"lemon", "pepper", "squash", "melon", "zucchini", "peach", "plum", head i tail.
"turnip”, "onion", "nectarine”
};
System.out.println("Array size = " + fruitAndVeg.length); . MeTOﬂ CompafatOFO IIOBEPTa€ I‘IU.H, TOMY IO
for (String fruitVeg: fruitAndveg) BiJICOPTOBaHUI ceT Oy/I0 CTBOpeHO Oe3
sss.add(fruitveg);
dump("sss:", sss); KOMIIapaTopa.
System.out.println("Sorted set size = " + sss.size()); = 3aMiCTh IIbOTO BiJCOPTOBAHUIA CET MOK/IAJAEThCSA
System.out.println("First element = " + sss.first()); HA IIPUPOZHE BIIOPSAKYBaHHS €/IEMEHTIB THITY
System.out.println("Last element = " + sss.last()); Strin
System.out.println("Comparator = " + sss.comparator()); g
dump("hs:", sss.headSet("n"));
dump("ts:", sss.tailSet("n")); static void dump(String title, SortedSet<String> sss)
System.out.println("Count of p-named fruits & vegetables = " + {
sss.subSet("p", "q").size()); System.out.print(title + " ");
System.out.println("Incorrect count of c-named fruits & vegetables = " + for (String s: sss)
sss.subSet("carrot", "cucumber").size()); System.out.print(s + " ");
System.out.println("Correct count of c-named fruits & vegetables = " + System.out.println();
sss.subSet("carrot”, "cucumber\0").size()); }



Busina

* BuBiJ MOKa3ye, L0 pO3MipP BIICOPTOBAHOIO CETY MEHILE 32 PO3MIP MAaCHUBY, OCKIJIBKHU CET
He MO)Ke MicTuTH ay6aikaTu (banana, turnip, onion).

Array size = 29

sss: apple banana blueberry carrot cherry corn cucumber grape kiwi lemon mango melon nectarine
onion peach pear pepper plum potato radish raspberry squash strawberry tomato turnip zucchini
Sorted set size = 26

First element = apple

Last element = zucchini

Comparator = null

hs: apple banana blueberry carrot cherry corn cucumber grape kiwi lemon mango melon

ts: nectarine onion peach pear pepper plum potato radish raspberry squash strawberry tomato
turnip zucchini

Count of p-named fruits & vegetables = 5
Incorrect count of c-named fruits & vegetables = 3
Correct count of c-named fruits & vegetables = 4



Bnacauii k1ac Employee, mo He peanizye Comparable

import java.util.SortedSet; - = C
import java.util.TreeSet; BI/IKI/I,ZLaeTbCH CK3EMILJIAP C!assCastExceptlon Ima 9ac apyroro
BUKJ/IMKY METOAY add(), OCKUIbKH €K3E€MILISAP TreeSet — He MOXXe
public class CustomClassAndSortedSet . ’
{ BHUK/IMKATHU METO/], CompareTo() 4J151 € JIEMEHTIB APYyTroro 00 €KTY
?ublic static void main(String[] args) EZIIII)]())/EEEE.
SortedSet<Employee> sse = new TreeSet<Employee>(); » [loB’s3aHo0 3 BifcyTHicTIO peani3auii inTepdeiicy Comparable B Employee.
sse.add(new Employee("Sally Doe"));
sse.add(new Employee("Bob Doe")); // ClassCastException
sse.add(new Employee("John Doe"));
System.out.println(sse);
}
}
class Employee
{
private String name;
Employee(String name)
{ T Exception in thread "main" java.lang.ClassCastException: Employee cannot be cast to
} Y java.lang.Comparable
at java.util.TreeMap.compare(Unknown Source)
@0verride . .
public String toString() at qava.ut}l.TreeMap.put(Unknown Source)
{ at java.util.TreeSet.add(Unknown Source)
; return name; at CustomClassAndSortedSet.main(CustomClassAndSortedSet.java:9)

}



BnacHun knac Employee, wo peaniszye Comparable

* Bupimennst mpo6iemu — Mmatu peanisaiito Comparable y Burisizgi kinacy.

import java.util.SortedSet; class Employee implements Comparable<Employee>

import java.util.TreeSet; {
private String name;

public class CustomClassAndSortedSet

Employee(String name)
{ ploy g
public static void main(String[] args) {
{ this.name = name;
SortedSet<Employee> sse = new TreeSet<Employee>(); }
sse.add(new Employee("Sally Doe")); _
sse.add(new Employee("Bob Doe")); @Ozifrlqet o (Emol
Employee el = new Employee("John Doe"); ?u ic int compareTo(Employee e)
Ezglggjﬁei§'= new Employee("John Doe); return name.compareTo(e.name);
sse.add(e2); J

System.out.println(sse); @Override
System.out.println(el.equals(e2)); public String toString()
} (

} return name;

}
}



BuBig gomaTky

Bob Doe, John Doe, Sally Doe]
false

n n s .
» [lokasye nuire onguH "John Doe" y BimcoproBanomy cerTi.

» [Iporte 3HaueHHs false (pe3ynbrar mopiBHsHHS equals()) TakoXX BKa3ye Ha Te, 1[0 TPUPOSHUIN TTOPSTOK
BiZicopTOBaHOTO ceTy Hey3romxeHuii 3 equals(), 1o mopyurye koHTpakT SortedSet:

» [lopsgox, 1o mATPUMYEThCS B sorted set (He3asie)KHO BiJ| TOCTAYaHHS IBHOTO KOMITAPaTOPa) Ma€ Y3TOIKYBaTHCh 3
equals(), stkio BificopTOBaHM C€T KOPEKTHO peatidye inTepdeiic Set.

» Ockinbku iHTEpdeiic Set BU3HavYeHO B TepMiHax omneparii equals(), mpore BifjcopTOoBaHMi c€T BUKOHYE BCi
MOPiBHSIHHS e/leMeHTiB Yepe3 MmeToz compareTo() (a6o compare()).



Knac Employee, Wwo BigNoOBIiAa€e KOHTPAKTY

import java.util.SortedSet; class Employee implements Comparable<Employee>

import java.util.TreeSet; orivate String name;

?ubllc class CustomClassAndSortedSet Employee(String name)

public static void main(String[] args) {
{
SortedSet<Employee> sse = new TreeSet<Employee>(); }
sse.add(new Employee("Sally Doe"));
sse.add(new Employee("Bob Doe"));

this.name = name;

@0verride
public int compareTo(Employee e)

Employee e1 = new Employee("John Doe"); {
Employee e2 = new Employee("John Doe"); return name.compareTo(e.name);
sse.add(e1); }
sse.add(e2); . @0verride
System.out.println(sse); public boolean equals(Object o)
System.out.println(el.equals(e2)); {
} if (!(o instanceof Employee))
} return false;
Employee e = (Employee) o;
Bunpaensie KOHTpakT, nepeo3Hadvyoun metog equals(), npote return e.name.equals(name);
hashCode() irHopyeTbcs B tree-based sorted sets. }
@0verride
[Bob Doe, John Doe, Sally Doe] ?ublic String toString()
true return name;
}

}



OI/ISAZTI HABITALIIMHUX

CETIB (NAVIGABLE SETS)




HagiroBani (Navigable) MmHOXUHHM

» TreeSet — mpukiaz navigable set, BizcOpTOBaHOI MHOXXWUHH, TIPOXiJ| 11O SIKikl MOYXUTUBUU SIK Y
3POCTAIOYOMY, TaK i B CITAJHOMY TTOPSIAKY. TaKOXX BOHA MOYXe TTOBiOMJISITH ITPO HAMOMVDKYi
CITIBITQJIHHA 3 Pe3y/IbTaTaMHU IOLIYKY.

= Navigable sets onmcyroTscs inTepdeiicom NavigableSet (y3aransnenuit Tum NavigableSet<E>),
KU po3mmproe SortedSet.

Method Description

E ceiling(E e) Returns the least element in this set greater than or equal to e, or null when there
is no such element. This method throws ClassCastException when e cannot be
compared with the elements currently in the set and NullPointerException when e
is null and this set doesn’t permit null elements.

Iterator<E> Returns an iterator over the elements in this set, in descending order. Equivalent in
descendingIterator() effect to descendingSet().iterator().

NavigableSet<E> Returns a reverse order view of the elements contained in this set. The descending
descendingSet() set is backed by this set, so changes to the set are reflected in the descending set

and vice versa. If either set is modified (except through the iterator’s own remove()
operation) while iterating over the set, the results of the iteration are undefined.




Method

Description

E floor(E e)

NavigableSet<E>
headSet (E toElement,
boolean inclusive)

E higher(E e)

E lower(E e)

E pollFirst()

E polllast()

Returns the greatest element in this set less than or equal to e or null when there

is no such element. This method throws ClassCastException when e cannot be
compared with the elements currently in the set and NullPointerException when e
is null and this set doesn’t permit null elements.

Returns a view of the portion of this set whose elements are less than (or equal

to, when inclusive is true) toElement. The returned set is backed by this set, so
changes in the returned set are reflected in this set and vice versa. The returned
set supports all optional set operations that this set supports. This method throws
ClassCastException when toElement is not compatible with this set’s comparator
(or, when the set has no comparator, when toElement doesn’t implement
Comparable), NullPointerException when toElement is null and this set doesn’t
permit null elements, and IllegalArgumentException when this set has a restricted
range and toElement lies outside of this range’s bounds.

Returns the least element in this set strictly greater than the given element or
null when there is no such element. This method throws ClassCastException
when e cannot be compared with the elements currently in the set and
NullPointerException when e is null and this set doesn’t permit null elements.

Returns the greatest element in this set strictly less than the given element or
null when there is no such element. This method throws ClassCastException
when e cannot be compared with the elements currently in the set and
NullPointerException when e is null and this set doesn’t permit null elements.

Returns and removes the first (lowest) element from this set, or returns null when
this set is empty.

Returns and removes the last (highest) element from this set, or returns null when
this set is empty.



NavigableSet<E> Returns a view of the portion of this set whose elements range from fromElement
subSet(E fromElement, to toElement. (When fromkElement and toElement are equal, the returned set is
boolean fromInclusive, empty unless fromInclusive and toInclusive are both true.) The returned set is
E toElement, backed by this set, so changes in the returned set are reflected in this set and vice
boolean toInclusive) versa. The returned set supports all optional set operations that this set supports.
This method throws ClassCastException when fromElement and toElement
cannot be compared to one another using this set’s comparator (or, when the
set has no comparator, using natural ordering), NullPointerException when
fromElement or toElement is null and this set doesn’t permit null elements, and
IllegalArgumentException when fromElement is greater than toElement or when
this set has a restricted range and fromElement or toElement lies outside of this
range’s bounds.

Method Description

NavigableSet<E> Returns a view of the portion of this set whose elements are greater than (or equal
tailSet(E fromElement, to, when inclusive is true) fromElement. The returned set is backed by this set, so
boolean inclusive) changes in the returned set are reflected in this set and vice versa. The returned

set supports all optional set operations that this set supports. This method throws
ClassCastException when fromElement is not compatible with this set’s comparator
(or, when the set has no comparator, when fromelement doesn’t implement
Comparable), NullPointerException when fromElement is null and this set doesn’t
permit null elements, and IllegalArgumentException when this set has a restricted
range and fromElement lies outside of this range’s bounds.




import java.util.Iterator;
import java.util.NavigableSet;
import java.util.TreeSet;

piblic clas Navigalesetbeo Hagirauisi y MHOXWHI Linnx yucen
public static void main(String[] args)
{
NavigableSet<Integer> ns = new TreeSet<Integer>(); . . .
int[] ints = { 82, -13, 4, 0, 11, -6, 8 }; = JlicTvHr cTBOptoe navigable set enemeHTiB TUNY
for (int i: ints) Integer.
ns.add(i);
System.out.print("Ascending order: "); = BukopucToBylOTbCS NepeBarn aBToynakoBKy, 106
Iterator iter = ns.iterator(); 3abesnevyBaTtn KOHBepTAaLito int B Integer.
while (iter.hasNext()) STl Toe e B T
System.out.print(iter.next() + " "); A nporp '
System.out.println(); .
System.out.print("Descending order: "); Ascendlf:'g order: -13 -6 0 4 9 11 82
iter = ns.descendingIterator(); Descending order: 82 11 9 4 0 -6 -13
while (iter.hasNext())
System.out.print(iter.next() + " "); .
System.out.println("\n"); Element < 4 15:’ 0
outputClosestMatches(ns, 4); Element <= 4 is 4
outputClosestMatches(ns.descendingSet(), 12); Element > 4 is 9
J Element >= 4 is 4
static void outputClosestMatches(NavigableSet<Integer> ns, int i)
{ ) ) ) ) Element < 12 is 82
System.out.println("Element < " + i + " is " + ns.lower(i)); 1 i g
System.out.println("Element <= " + i + " is " + ns.floor(i)); Element <= 12_15 2
System.out.println("Element > " + i + " is " + ns.higher(i)); Element > 12 is 11
System.out.println("Element >= " + i +" is " + ns.ceiling(i)); Element >= 12 is 11
System.out.println();
}



Menu (kaptun, Maps)

= Men (kapTa) - rpyna nap «krnwoud-3Ha4yeHHa» (Bigomi sk entries).
=  OCKiSfIbKM KITHOM iAeHTUIKYE entry, Men He MOXe MaTu OyonikaTn Kroudis.

» binbLe Toro, KOXeH K4 MoXe BigobpaxaTu MakCUMyM ofHe
SortedMap 3HA4YeHH4.

= Menu onucytotbcs iHTepdencom Map (ysaranbHeHun Tun Map<kK,V>),

- KN He Ma€e 6aTbKIBCbKOro iHTepdiency.
HashTable HashMap NavigableMap
@nkeﬂﬂashm@ TreeMap




Method

Description

void clear()

boolean
containsKey(Object key)

boolean
containsValue(Object value)

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

boolean
equals(Object o)

V get(Object key)

Removes all elements from this map, leaving it empty. This method throws
UnsupportedOperationException when clear() is not supported.

Returns true when this map contains an entry for the specified key; otherwise,
returns false. This method throws ClassCastException when key is of an
inappropriate type for this map and NullPointerException when key contains
the null reference and this map doesn’t permit null keys.

Returns true when this map maps one or more keys to value. This method
throws ClassCastException when value is of an inappropriate type for this
map and NullPointerException when value contains the null reference and
this map doesn’t permit null values.

Returns a Set view of the entries contained in this map. Because this map
backs the view, changes that are made to the map are reflected in the set and
vice versa.

Compares o with this map for equality. Returns true when o is also a map and
the two maps represent the same entries; otherwise, returns false.

Returns the value to which key is mapped or null when this map contains

no entry for key. If this map permits null values, then a return value of null
doesn’t necessarily indicate that the map contains no entry for key; it is

also possible that the map explicitly maps key to the null reference. The
containsKey() method may be used to distinguish between these two cases.
This method throws ClassCastException when key is of an inappropriate type
for this map and NullPointerException when key contains the null reference
and this map doesn’t permit null keys.



int hashCode()

boolean isEmpty()
e Set<K>  keySet ()

Returns the hash code for this map. A map’s hash code is defined to be the
sum of the hash codes for the entries in the map’s entrySet() view.

Returns true when this map contains no entries; otherwise, returns false.

Returns a Set view of the keys contained in this map. Because this map
backs the view, changes that are made to the map are reflected in the set and
vice versa.

Method

Description

V put(K key,V value)

void putAll(Map<?
extends K,? extends V> m)

Associates value with key in this map. If the map previously contained an
entry for key, the old value is replaced by value. This method returns the
previous value associated with key or null when there was no entry for key.
(The null return value can also indicate that the map previously associated the
null reference with key, if the implementation supports null values.) This
method throws UnsupportedOperationException when put() is not
supported, ClassCastException when key’s or value’s class is not appropriate
for this map, IllegalArgumentException when some property of key or value
prevents it from being stored in this map, and NullPointerException when
key or value contains the null reference and this map doesn’t permit null keys
or values.

Copies all entries from map m to this map. The effect of this call is equivalent
to that of calling put(k, v) on this map once for each mapping from key k to
value v in map m. This method throws UnsupportedOperationException when
putAll() is not supported, ClassCastException when the class of a key or
value in map m is not appropriate for this map, I1legalArgumentException
when some property of a key or value in map m prevents it from being stored
in this map, and NullPointerException when m contains the null reference or
when m contains null keys or values and this map doesn’t permit null keys or
values.



V remove(Object key) Removes key’s entry from this map when it is present. This method returns
the value to which this map previously associated with key or null when the
map contained no mapping for key. If this map permits null values, then a
return value of null doesn’t necessarily indicate that the map contained no
entry for key; it is also possible that the map explicitly mapped key to null.
This map will not contain an entry for key once the call returns. This method
throws UnsupportedOperationException when remove() is not supported,
ClassCastException when the class of key is not appropriate for this map,
and NullPointerException when key contains the null reference and this map
doesn’t permit null keys.

int size() Returns the number of key/value entries in this map. If the map contains more
than Integer.MAX VALUE entries, this method returns Integer.MAX VALUE.

Collection<V> values() Returns a Collection view of the values contained in this map. Because this
map backs the view, changes that are made to the map are reflected in the
collection and vice versa.

= Ha BigMiHy Bifg List, Set Ta Queue, iHTepdenc Map He po3wmproe Collection.

= [lpoTe iCHYye MOXNMBICTb po3rnggatv men sk ekzemnnap Collection, Buknukaswun metoaun keySet(),
values() Ta entrySet() iHTepdency Map, siki noBepTaloTb CET KIOYiB, KOMEKLiI0 3Ha4YeHb Ta ceT
key/value pair entries BignosigHo.

= 3ayBaxTe! Metoa values() nosetpae Collection 3amicTb Set, OCKifIbKM KifibKa KrtodiB
MOXe BigobpaxaTucb Ha OfHE 3HAYEHHS, WO Npu3Beae Ao noBepHeHHs Big values()
KiFTIbKOX KOMIW TOro > 3Ha4YEeHHS.



enum Color

{
RED(255, 0, 0),
GREEN(0, 255, 0),
BLUE(0, 0, 255);
private int r, g, b;
orivate Color(int 1, int g, int b) * Y npuknagi OronioLyeTbCs map of String keys Ta glolor
{ values, A00a€ETbCA KiNlbKa entries Yy map, a NoTim nage
this.r = r; iTepyBaHHFl Mo KImro4ax 1a 3Ha4YeHHAX.
this.g = g;
) this.b = b; = BuBig 6yge noaibHUM 4O TaKoro: Ei‘d
ue
@0verride Eigen
public String toString() r-255,g=0,b=0
{ - » - 3 -
return 1|r - n + T + u, g - n + g + ||, b - n + b, Ir = g, g = g;Sb E 253
} Y = ) g = > =
} r=255,g=0,b=0
Map<String, Color> colorMap = ...; // ... represents the creatior

colorMap.put("red", Color.RED);

colorMap.put("blue", Color.BLUE);

colorMap.put("green", Color.GREEN);

colorMap.put("RED", Color.RED);

for (String colorKey: colorMap.keySet())
System.out.println(colorKey);

Collection<Color> colorValues = colorMap.values();

for (Iterator<Color> it = colorValues.iterator(); it.hasNext();)
System.out.println(it.next());



Method

Description

boolean equals(Object o)

Metogn Map.Entry

K getKey()

V getValue()

int hashCode()
V setValue(V value)

Compares o with this entry for equality. Returns true when o is also a map
entry and the two entries have the same key and value.

Returns this entry’s key. This method optionally throws IllegalStateException
when this entry has previously been removed from the backing map.

Returns this entry’s value. This method optionally throws
IllegalStateException when this entry has previously been removed from the
backing map.

Returns this entry’s hash code.

Replaces this entry’s value with value. The backing map is updated with the
new value. This method throws UnsupportedOperationException when
setValue() is not supported, ClassCastException when value’s class
prevents it from being stored in the backing map, NullPointerException when
value contains the null reference and the backing map doesn’t permit null,
IllegalArgumentException when some property of value prevents it from
being stored in the backing map, and (optionally) I1legalStateException
when this entry has previously been removed from the backing map.

= [lpuknapg iTepyBaHHa No map entries:

for (Map.Entry<String, Color> colorEntry: colorMap.entrySet())

System.out.println(colorEntry.getKey() +

* [1puknag smBoay:

: " + colorEntry.getValue());

red: r = 255, g =0, b =0

blue: r =0, g = 0, b = 255

green: r = 0, g =
RED: r = 255, g =

255, b = 0
0, b =0



Knac TreeMap

= Knac TreeMap 3abeanevye peanisayito meny, Wwo 6a3yeTbCs Ha YEPBOHO-YOPHMX AepeBax.

Bci entries BigcopToBaHi Mo Knro4ax.
[MpoTe 06xig Aewo NOBINbHIWNK, HIX AN iHWKX peanisauin Map.

= KoHcTpykTOpUu TreeMap

TreeMap() cTBOpIOE HOBUIN, MOPOXKHIN tree map, ssknn 36epiraeTbCs 3rigHO 3 NPUPOLAHUM MOPSAKOM NOro KITHouiB.
= Bci gogaHi B Men kntodi MatoTb peanidoByBatu iHTepgenc Comparable.

TreeMap(Comparator<? super K> comparator) cTBOptOE HOBUI, MOPOXKHIN tree map, skuin 36epiraeTbCs 3rigHo i3
3agaHnM KoMnapaTtopoMm.

* [lepenaya null B komnapatop nepeabavyae BUKOPUCTAHHS NPUPOLHONO NMOpsiaKYy.

TreeMap(Map<? extends K, ? extends V> m) cTBoptoe HOBUM tree map, Lo MICTUTb M’s entries, Bi4COPTOBaHI
Bi4MoBIgHO A0 NPUPOAHOro NOPSAKY MOro KrodiB.

= Bci gogaHi B Men kntodi MatoTb peanidoByBatu iHTepdenc Comparable.

= KoHcTtpykTop Bukngae ClassCastException, konm krntodi m He peanisytoTb Comparable abo ix HeMOXITMBO NOPIBHATY, a
TakoX NullPointerException, akwo m mictutb null reference.

TreeMap(SortedMap<K, ? extends V> sm) cTBOptoe HOBUIA tree map, O MICTUTb Ti X entries Ta BUKOPUCTOBYE
TOW e NMopsiAoK, Lo 1 sm.

»  KoHcTpykTop Bukngae NullPointerException, konim sm MicTuUTb null-nocunaHHA.



CopTtyBaHHA Map’s Entries BignoBigHO A0 NpuUpoOAHOro
nopsaAaky ix String-Based knrouiB

import java.util.Map;
import java.util.TreeMap; apples: 10

bananas: 1
public class TreeMapDemo Y

{ grapes: 8
public static void main(String[] args) kiwis: 30
{ pears: 15

Map<String, Integer> msi = new TreeMap<String, Integer>();
String[] fruits = {"apples", "pears", "grapes", "bananas", "kiwis"};
int[] quantities = {10, 15, 8, 17, 30};
for (int i = 0; i < fruits.length; i++)
msi.put(fruits[i], quantities[i]);
for (Map.Entry<String, Integer> entry: msi.entrySet())
System.out.println(entry.getKey() + ": " + entry.getValue());

* TreeMapDemo cTBOptO€E tree map Ta MmacuB 3 Ha3BaMu PPYKTIB.
= [loTiMm Men 3anoBHIETLCA LMMU Ha3BaMn Ta BUBOAUTb CBOI ENEMEHTU Y CTaHAaPTHUM BUBIA,.



Knac HashMap

keys buckets entries

------

| sallyDoe [SALES IE.

hash function

» [locTayae peanisauito map, ska 6a3yeTbCs Ha xXeLu-
Tabnnusx.

Lia peanisauis nigTpumye Bci onepadil 3 Map ta gossonse null keys Ta
null values.

[[apaHTin BnopsagkoBaHocTi EnemeHTiB HEMaE.

= Xew-dyHKUia xewye Bob Doe B 0, WWo B1U3Ha4ae nepLumn
bucket.

BiH mictTute ACCTS, Tnn sikmux — Bob Doe’s employee.

Xew-dyHKuisa Takox xewye John Doe ta Sally Doe B 1 Ta 2 BignosigHo
(buckets contain SALES).

B igeani, xew-gyHKLiA Mae xelyBaTh KOXEH KN4 B YHiKanbHe
LirioducenbHe 3Ha4YEeHHS.

Ha npaktuui geski kntodi 0yayTb XewyBaTUCb B O4HE LiNTovYncenbHe
3Ha4deHHs. Lle koniais.

[na BMpilLEeHHA KONI3in BiNbLUICTb XeLww-Tabnunub acouioTb 3
Komipkoto (bucket) 3B’A3HMI CNUCOK 3HAYEHD.

Komipka MiCTUTb agpecy nepLuoro By3na i 38’d3HOMY CMUCKY, a KOXeH
BY30J1 MICTUTb OfHE 3 KOMi3iINHMUX 3HaYeHb.



Xew-tabnuui Ta koedilieHT 3anNOBHEHHA

= [Npu 30epexeHHi 3Ha4eHHs B xelu-Tabnuui (hashtable) BUKOPMCTOBYETLCA XeLW-(PYHKLIA, AKa XELLye KoY Yy
XELU-KOA, a NOTiM LWyKae Nigxoasawmm 38’ s3HUN CNUCOK, LWo6 nepesBipnTU HaAABHICTbL Y HBOMY BiANOBIAHOIO
KIritoya.

»  AKUO Take BXOMKEHHS (entry) €, 3Ha4YeHHSI OHOBITHOETHCS.
* |HaKLle CTBOPHETHLCA HOBUI BY30S 3 AaHUMMW KITHOYEM/3HAYeHHSAM Ta 40OA€ETbCS B CMUCOK.

= AHanoriyHo OTPMMYETbLCS 3HAYEHHS 3 XeLl-Tabnuui: XelloBaHUM KITtlod [03BOSIS€ 3HANUTKW BiANOBIAHWI CMUCOK
BXO)KEHb Ta NepeBipnTU iCHYBaHHSA 3HAYE€HHSA 3 BiAMNOBIOHUM KITHO4EM.

»  AKLWO BXOAKEHHS NPUCYTHE, NOBEPTAETLCA NOro 3Ha4YeHHS.

» |Hakwe xew-Tabnuusa Mmoxe NOBEPHYTU cneuianbHe 3HA4YEHHS, Lo BKa3ye€ Ha BiﬂcyTHiCTb BXOOXXEHHA, Y1 BUKUHYTU
BUKJTHOMEHHA.

= KinbkicTb kOMipok (buckets) HasuBaloTb Micmkicmro (capacity) xew-mabnuui.

= BigHoweHHs KiNbKOCTI 36epexeHunx entries 4o KinbKOCTi KOMIPOK Ha3nBaloTb KoegiyieHmMoM 3arnoeHeHHs
(load factor) xew-mabnuui.

* Bubip KoediuieHTy 3anoBHEHHS BaxXnNuBuin Ansa 6anaHcyBaHHS NPOAYKTUBHOCTI Ta BUKOPUCTAHHS NaM’aTi.
» [Tpn HaGNWXKeHHI 4O 1 NMOBIPHICTb KOMI3in Ta «BapTiCTby 1X 00p0obKM (MOLLYK y LOBrOMYy CAMUCKY) 3POCTaE.

= [Tpn HabnwxkeHHi go 0, po3mip xew-Tabnuui (3 TOYKKM 30pY KiNbKOCTI KOMIPOK) 3pOCTa€ 3 HEBESTUKUM 3HUXKEHHSIM «BapPTOCTi»
MOLLIYKY.

» [1na GaraTbox xew-T1abnumub KOe@ilieHT 3anoBHEHHSI BCTAHOBSOTL Ha piBHi 0.75, 6riM3bkoMy 4O ONTUMASIbHOrO.
» 3HayeHHs 3a 3amMoBYYBaHHSAM Yy peanisauii xew-tabnuui B pamkax HashMap.



KoHcTpykTOpn HashMap

* HashMap () CTBOPIOE HOBUM, MOPOXKHIN hashmap 3 noyaTkoBOK MICTKICTHO (capacity) — 16 Ta
KoedoilieHTOM 3arnoBHeHHA — 0.75.

* HashMap (int initialCapacity) CTBOPKE HOBUMN, NOPOXHIM hashmap 3 no4yaTkoBOKO
MicTKIiCTHO InitialCapacity Ta koedoiuieHTOM 3anoBHeEHHA — 0.75.

» Bukmpae sukntoyeHHs lllegalArgumentException, akwo initialCapacity < O.

= HashMap (int initialCapacity, float loadFactor) creates a new, empty

hashmap with a capacity specified by initialCapacity and a load factor specified by
loadFactor.

» Bukungae suknodeHHs lllegalArgumentException, konu initialCapacity < 0 abo loadFactor <= 0.

* HashMap (Map<? extends K, ? extends V> m) cTBOpto€ HOoBUM hashmap, wo
MICTUTb BXOO)KEHHSA M.

= Bukmpae NullPointerException, skwo m Mictutb null-nocunaHHs.



inport java.util.HashMap; .
PO JavEL S pee TP = HashMapDemo CTBOPIOE XELLMEN KItoYiB TUMy

import java.util.Map; . .
String Ta Uino4ncenbHUX 3Ha4YeHb.
public class HashMapDemo = KOXeH KN4 — OANH 3 apryMeHTiB KOMaHOHOro psjka, a
{ 3HaYeHHA — KiNbKICTb MNOAB aprymMeHTy B KOMaHAHOMY
?ublic static void main(String[] args) PALKY.

Map<String, Integer> argMap = new HashMap<String, Integer>(); u 3anyck:
for (String arg: args)

= java HashMapDemo how much wood could a
woodchuck chuck if a woodchuck could
chuck wood
{wood=2, could=2, how=1, if=1, chuck=2, a=2,
System.out.println(argMap); woodchuck=2, much=1}
System.out.println("Number of distinct arguments = " + argMap.size()); Number of distinct arguments = 8

Integer count = argMap.get(arg);
argMap.put(arg, (count == null) ? 1 : count + 1);



[Nepeo3HavyeHHA hashCode()

= Ockinbkn knac String nepeosHadae equals() Ta hashCode(), String-o6’ekTn MOXHa
BUKOPUCTOBYBATU SIK KINHOYi XeLumeny.

= Konu CTBOPHOETLCSA KNac, Yni ekzemnnspu 6yayTb BUKOPUCTOBYBATUCH SIK KMtOYi, HEOBXiaHO 3a6e3neunTu
nepeBu3HadYeHHA 060X MeToAiB.

= YacTiwe 3a Bce, Knacu oronoLuyoTh Kifibka rnonis, ToMy NOTPIOHO npoaymMmaTu Kpally
meTony peanisauito hashCode().
» Peanisauis Mae reHepyBaTu XeL-Koau, Wo MiHIMI3YHTb Koniail.

= [IpaBuna Bubopy anga kpawoi peanidauil hashCode() Ta pi3Hi anroputmu (recipes for accomplishing tasks)
have been created.

» OguvH 3 epekTMBHUX anropuTMiB rnokasaHo B Effective Java, Second Edition, by Joshua Bloch (Addison-
Wesley, 2008; ISBN: 0321356683).



[Mpuknag anropnTmMy, CXoXXoro Ha anropuTm
bnoxa (ansa goBinbHOro knacy X)

= 1. IHigianizyBatn 3miHHY int hashCode (Ha3Ba OoOBifibHA) OESKUM HEHYNbOBUM LiSfIUM 3HAYEHHAM,
Hanpuknag, 19.

» MerTta: nepekoHaTUCb, WO BepyTbCsa Ao yBarn dyab-aki initial fields, uni xew-koan gopiBHioOTh 0.

= HAkwo iHidianisysatn hashCode = 0, Ha final hash code He 6yayTb BnnvMBaTK Taki nons, TOMy BUHUKaE Hebeaneka
3pPOCTaHHS KiNbKOCTI KOMi3in.

= 2. Ina koxxHoro nons f, ake Takox BI_/Il(OpV_ICTQVBi/]CTbCFl B MeToai equals() knacy X, o04ncnuTn xeLw-
KO, Ta NPUCBOITU MOrO LiSTOMMCESTbHIN 3MiHHIM NC:
» Axkwo f mae Tun Boolean, obuncntonte hc =f? 1 : 0.

= Akwo f mae Tmn byte integer, character, integer 4n short integer type, obumcnutn he = (int) f. Integer-saHayeHHs € xeLu-
KOAOM.

= Akwo f mae Tmn long integer, obuncntonte he = (int) (f ~ (f >>> 32)).
» HAkwo f mae tvn floating-point, oéuncnionte hc = Float.floatTolntBits(f). MeTog Bpaxosye +infinity, -infinity Ta NaN.
= Akwo f mae Tvn double precision floating-point, o6uncnionte long | = Double.doubleToLongBits(f);
hc = (int) (I * (I >>> 32)).
= Akwo f e nocunkosmm nonem 3 null-nocnnaHuam, odbuncntonte he = 0.

= HAkuwo f € nocunkosum nonem 3 He-null nocunaHHAM, a metoa equals() knacy X nopiBHIOE Nose, PeKypCUBHO _
BUKIMKatoum equals(), obuncrnionte he = f.hashCode(). lNpoTe akwo equals() BUKOHYE CKraaHille NOPIBHAHHSA, CTBOPITb
KaHOHI4YHe (HaunpocTiwe MoXnuBee) npeacrasneHHsa nongd i Buknuyte hashCode() Ans uboro npeacTaBieHHs.

= HAxkwo f— macue, po3rnaganTte KOXeH erneMeHT SK OKpeMe norsie, 3aCTOCOBYHYM Lern anropuTtM peKypCcuUBHO Ta
KOMOiHYO4M 3Ha4eHHA hc, 9K nokasaHo Ha HaCTYMNMHOMY KPOL.



= 3. KombiHynTe hc 3 hashCode Ttak: hashCode = hashCode * 31 + hc.

= MHoxeHHs1 hashCode Ha 31 pobuTb YyTBOPEHE 3HAYEHHS XeLUy 3anexXHUM Bif NopaaKy NosiBU MoniB Yy
Kraci, Lo MOoKpaLlye 3Ha4YEeHHS XeLly, KON Knac MICTUTb KiflbKa CXOXmMX nonis (Kinbka int-i.,
Hanpwvknag).

= BubpaHo 31 ans Toro, wob 6yTtu consistent 3 metogom hashCode() knacy String.

» 4. [NosepTtante hashCode 3 hashCode().



import java.util.HashMap;
import java.util.Map;

| | [lepeo3HayeHHA hashCode() ana noBepHeHHS
public class point OOpeYHUX XeL-KoaiB Ana o6’ekTtiB Point

private int x, y;

Point(int x, int y)

{ = BHecemo npaBku B Kof krnacy Point 3 Temn 3, orosiocuBLUM METOL
this.x = x; hashCode().
this.y =y; = MeToa BUKOPUCTOBYE NOMNEpPEeaHin anroputM, LWob nepekoHaTUCh Yy MOorivHii
} eKBiBaneHTHOCTI 06’ekTiB Point.
int getX() » HAkwo nepeosHauntun equals(), ane He hashCode(), Bu nopywnTte gpyrum nyHKT
{ KOHTPaKTY: Xel-Koan ogHakoBmMX 00’eKTIB MOBUHHI ByTn 0gHaKoOBMMMW.,
return x; = Cepii03Hi HacnigKu:
! java.util.Map<Point, String> map = new java.util.HashMap<Point, String>();
int gety() map.put(pil, "first point");
{ System.out.println(map.get(p1)); // Output: first point
return y; System.out.println(map.get(new Point(10, 20))); // Output: null
} @0verride
@0verride public int hashCode()
public boolean equals(Object o) { .
{ int hashCode = 19;
if (!(o instanceof Point)) int hc = x;
return false; hashCode = hashCode * 31 + hc;
Point p = (Point) o; hc = y;

return p.x == x && p.y == y; hashCode = hashCode * 31 + hc;
} return hashCode;



public static void main(String[] args)

{

MeTtoa main()

Point p1
Point p2
Point p3

// Test reflexivity
System.out.println(p1
// Test symmetry

System.out.println(p1.
System.out.println(p2.

// Test transitivity

System.out.println(p2.
System.out.println(p1.

// Test nullability

System.out.println(p1.

new Point(10, 20);
new Point(20, 30);
new Point(10, 20);

.equals(p1));

equals(p2));
equals(p1));

equals(p3));
equals(p3));

equals(null));

// Output:

// Output:
// Output:

// Output:
// Output:

// Output:

» [1pu 3anycky goagaTtky HanbinbLW Likasi aABa
OCTaHHIX paaKn BUBOAY.

true

false
false

false
true

false

// Extra test to further prove the instanceof operator's usefulness.

System.out.println(pi.equals("abc"));

// Output:

Map<Point, String> map = new HashMap<Point, String>();
map.put(p1, "first point");

System.out.println(map.get(p1));
System.out.println(map.get(new Point(20, 20))); // Output: first point

// Output:

false

first point

= 3amicTb npeacrtasneHHs first point followed by null on
two separate lines, Tenep gogaTtok KOPEKTHO
npencraBnsie nepLly TOYKy NiCAA NepLlol TOYKN B LINX
pagKax.



OAKYHO 3A YBATY!




|dentityHashMap

= Knac ldentityHashMap 3abeaneyye peanisauito Map, sika BUKOPUCTOBYE €KBIBANEHTHICTb
nocunaHb (==) 3aMiCTb eKkBiBanieHTHOCTI 06’ekTiB (equals()) npu NOpPIBHAHHI KNtoYiB Ta
3Ha4yeHb.

» Lle uineHanpasneHe NOpyLUEHHA 3arafibHOro KOHTPakTy and Map, SKMn caHKUioHye BUKOPUCTaHHA MeToay
equals() npu NOPIBHSHHI eflEMEHTIB.

» |dentityHashMap otpumye xewl-kogm 3a gornomoroto metoay int identityHashCode( Object x)
Krnacy System 3amictb metoay hashCode() KoXXHOro Kritoua.

= jdentityHashCode() noBepTae Tou Xe xewl-koa ans X, wo i metoa Object.hashCode(), He3anexHo Big TOro, 4u
6yB nepeosHadeHun metog hashCode().

= Xew-kog anga null-nocunaHHsa gopisHoBatume 0.
= Yepes ue ldentityHashMap npautoe weuglue iHWux peanisauin Map.

» Takox ldentityHashMap niatpumye 3miHiogaHi (mutable) krroui (00’ekTn, Wo
BUKOPUCTOBYIOTLCA AK KITHOYi Ta YMI XeLU-KoaW 3MIHIOKTBLCSA NPU 3MiHI 3Ha4Y€eHb NMonis y Mmerni).



class Employee BIOMIHHoch MK

{

private String name; IdentltyHaShMap I HaShMap

private int o y KOHMeKcmi 3MiHo8aHUX
Employee(String name, int age)

{ KI1ro4i8

this.name = name;
this.age = age;

¥
@0verride
public boolean equals(Object o) void setAge(int age)
{ {
if (!(o instanceof Employee)) this.age = age;
return false; }
Employee e = (Employee) o;
return e.name.equals(name) 8& e.age == age; ¥Oid setName(String name)
} this.name = name;
@Override }
public int hashCode() @0verride
{ public String toString()
int hashCode = 19; {
hashCode = hashCode * 31 + name.hashCode(); return name + " " + age;
hashCode = hashCode * 31 + age; }

return hashCode; }

}



Contrasting IdentityHashMap with HashMap in a Mutable Key
Context

import java.util.IdentityHashMap; L MeTO.EI' main() CTBOPIOE

import java.util.HashMap;

import java.util.Map; ?ngre]m;ﬂ;al_gI?]Map -
public class IdentityHashMapDemo HashMap, that each
{ public static void main(String[] args) store an entry
consisting of an
{
Map<Employee, String> mapi = new IdentityHashMap<Employee, String>(); Employee key and a
Map<Employee, String> map2 = new HashMap<Employee, String>(); Strmg value.

Employee el = new Employee("John Doe", 28);
mapl.put(e1, "SALES");

System.out.println(map1); = OcCKinbKku ek3emnis pu

Employee e2 = new Employee("Jane Doe", 26); Employee €
map2.put(e2, "MGMT"); 3MiHoBaHUMK (setAge()
System.out.println(map2); ) | SetName() I'Ipl/ICyTHI)

System.out.println("map1 contains key el
System.out.println("map2 contains key e2

+ mapl.containsKey(e1));
+ map2.containskey(e2));

main() 3MiHto€ iX BIK, Yy

el.setAge(29); TOWU 4Hac, AK LI,I KIHoui
e2.setAge(27); 36epe>|<eHo y
System.out.println(map1); Bi,EI,I'IOBi,EI,HI/IX Menax.

System.out.println(map2);
System.out.println("map1 contains key el
System.out.println("map2 contains key e2

+ map1.containsKey(e1));
+ map2.containskey(e2));



{John Doe 28=SALES}
{Jane Doe 26=MGMT}

mapl contains key el = true
Pe3ynbtati BUBOAY  pap2 contains key e2 = true
{John Doe 29=SALES}
{Jane Doe 27=MGMT}
mapl contains key el
map2 contains key e2

true
false

» OcTaHHI 4 pagka NoKasykTb, WO 3MIHEHI BXOOXKEHS
3annarTbCa Yy CBOIX Menax.

= [1poTe meTog containsKey() 3 map2 nosigomngde, O Len ek3eMnnsap
HashMap OinbLie He MmicTuTb Krtoda Employee (mae 6ytn Jane Doe 27),

= containsKey() ona mapl nokasye, Wwo uen eksemnnap ldentityHashMap Bce
e MmictuTb its Employee key (John Doe 29).



ENUMMAP

Knac EnumMap noctadae peanisauito iHTepdency Map, 4ni Krodi € YneHamm ogHoro
enum.

Null-kntoui 3a6opoHeHi; byab-aka cnpoba 36epertu null key npnu3BoanTb A0 BUKNOAHHS
NullPointerException.

. .
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KoHcTpykTOopnM EnumMap

» EnumMap(Class<K> keyType) cTBOpPIOE NOPOXKHIN MerM-nepesnivyeHHd i3
3agaHunm keyType.

= Bukungae NullPointerException, konu keyType micTuTb null-nocunaHHs.

* EnumMap(EnumMap<K,? extends V> m) cTBoptoe Mmen-nepesivyeHHs 3
same key type as m, and with m’s entries.

= Bukmpae NullPointerException, konn m mictutb null-nocnnanHs.

» EnumMap(Map<K,? extends V> m) cTBoptoe Men-nepesiveHHs, Lo
IHILiani3yeTbCA 3a 4OMOMOro BXOOXKEHb 3 M.
= AKwo m — ek3demnnap EnumMap, KOHCTPYKTOP NOBOAUTLCA SK NOnepeaHin.

* |Hakwe M NOBMHHA MICTUTU NPUHAUMHI OQHE BXOOXKEHHS, W00 BU3HAYUTU TUM
KItoda 4518 HOBOro Meny-rnepeniyeHHs.

= Bukmpae NullPointerException, konn m mictuTb null-nocunaHHs, a Takox
lllegalArgumentException, akwo m He € ekdemnnapom EnumMap abo NopoXxXHIn.



import java.util.EnumMap;
import java.util.Map;

enum Coin

¥

PENNY, NICKEL, DIME, QUARTER

public class EnumMapDemo

{

public static void main(String[] args)

{

Map<Coin, Integer> map = new EnumMap<Coin, Integer>(Coin.class);

map.put(Coin.PENNY, 1);
map.put(Coin.NICKEL, 5);
map.put(Coin.DIME, 10);
map.put(Coin.QUARTER, 25);
System.out.println(map);

Map<Coin,Integer> mapCopy = new EnumMap<Coin, Integer>(map);

System.out.println(mapCopy);

{PENNY=1, NICKEL=5, DIME=10, QUARTER=25}
{PENNY=1, NICKEL=5, DIME=10, QUARTER=25}

Men-neperiiyeHHsS KOHCMmaHm

O/ MOHEem

' EhnumMapDemo

CTBOPIOE Men: KoM
Tny Coin, 3Ha4eHHs
— L|iNTOMUCENbHI.

[lani B uen men
BCTaBNAETbCH KiSlbkKa
ek3emnnsapis Coin,
NoTiM Men
BMBOAUTBLCS.

Y KiHLI CTBOPHOEMO
Konito Meny Ta
BMBOAMMO WUOIo
Konito.



CamocTinHe onpauroBaHHA (NpuxoBaHi crnangn)

WeakHashMap

Sorted Maps

Navigable Maps

Arrays and Collections Utility APIs

Legacy Collection APIs



