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Cxmagnoriri 3 Java Threads API mpu3Benu 70 cTBOpeHHS
oiapm moty)xkHoro Concurrency Utilities Framework

» YV Java Threads API 3aknazeni HacTynHi mpobiemu:

» Hu3bkopieHegi npumimueu 6azamonomoyHocmi, Hanpukaad, synchronized i
wait()/notify(), wacmo eaxcko eukopucmogyeamu KopekmHo. Pe3ys1braT HEKOPEKTHOTO

BUKOPHCTaHHS - race conditions, thread starvation, deadlock Ta iH1Ii HeOGe3MmeKH, sIKi BaYKKO
BiICTE)KUTH.

» Axwo 3anadmo noknadamucs Ha synchronized, moxcyms euHukHymu npob.aem 3
npodykmueéHicmio, aKi enauearoms Ha macwima6boeanicms (scalability) dodamxy. Lle
3HAYHa po0bJjieMa JIJIst BUCOKO 0araTonmoTOYHUX JOAATKIB, HAIIPUKJIaZI, BeO-cepBepiB.

» Po3pob6bHuUkam uacmo nompibHo sukopucimogyeamu 6uCOKOpi8He8i KOHCMpPyKmu,

Hanpukad, nyau nomokie ma cemagpopu. Po3po6HVKY Oy/iv 3MyIlIeHi CTBOPUTH B/IACHI
KOHCTPYKTH.



l1st ycyHeHHS UX mMpoojieM y Java 5 0y/10 mpeacTaBIeHO
Concurrency Utilities

* [1OTY>XHUI Ta PO3LLMPIOBAHUN PPENMBOPK 3 MOXITMBOCTAMU BUCOKOMNPOAYKTUBHOIO
po3napanesioBaHHs, Harnpuknag, nyrnamu noTokiB Ta ONoKyl4YnMmn Yyepramm.

» QpenMBOpPK CKNagaeTbCA 3 HACTYMNHUX NAKETIB:

= java.util.concurrent MiICTUTb TUNK YTURIT, SIKi YaCTO BUKOPUCTOBYIOTLCS B BaraTonoTOMHOMY NporpamyBaHHi,
Hanpuknag, ek3ekyTopu, Nynu NoTokiB Ta concurrent hashmaps.

= java.util.concurrent.atomic mictutb utility-knacu, siki NigTPUMyOTb NOTOKODE3NeYHe NporpamMyBaHHS Ha
€QNHNX 3MIHHUX ©6€e3 3aMKiB.

= java.util.concurrent.locks mictutb utility-tnn ansa 6nokyBaHHA Ta O4YiKyBaHHSA Ha OCHOBI yMoe8 (conditions).

» BrokyBaHHSA Ta O4iKyBaHHA 3a JONOMOIOK LMX TUNIB Hagae KpaLly NPOAYKTUBHICTb Ta FHYYKICTb, HIXX 3aCTOCYBaHHSA
6a30BUX MexaHi3MiB CUHXPOHi3aLil Ha OCHOBI MOHITOPIB Ta OYiKyBaHHS/CNOBILLEHHS.

[ java.util.concurrent.® ]
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Ek3ekyTOopMU

* Threads API nosBornsie BukoHyBaTu runnable-3agayi 3a 4onomoror BMpasis Ha 3pasok
= new java.lang.Thread(new RunnableTask()).start();

» Taki Bupasn TiCHO NOB'A3YHOTb NOCTAHOBKY 3aAad (task submission) 3 MexaHikot BUKOHAHHS
3agadi (3anyck Ha KOHKPETHOMY MOTOLI, HOBOMY noToui abo Ha AOBINLHOMY NOTOL, 3
pool[group] noTokiB).

» 3ayBaxTe! 3agava (task) — 06’ekT, ymin knac peanisye iHTepgenc java.lang.Runnable (runnable task) abo
iHTepdenc java.util.concurrent.Callable (callable task).

* The concurrency-oriented utilities nocta4aloTb eK3eKyTOpPU B SIKOCTi BUCOKOPIBHEBOI
anbTepHaTuBKM BUpasiB HM3bKopiBHEBOro Threads API ansa BMkoHaHHA runnable-3agau.

= EK3ekyTop — Le 06’eKT, Ui Knac HanpamMmy abo onocepenkoBaHO pearnisye iHTepgenc
java.util.concurrent.Executor, akuu Bigginse po3nogin 3agady Big iX BAKOHaHHS.

= 3ayBaxTe! BukopuctaHHs iHTepdencie eksekytopammn ana decouple task submission from task-execution
mechanics aHanoriyHe 4o BukopucTaHH4A iHTepdencis y Collections Framework, o6 BigOKpeMUTU CINCKN, CETH,
yepru Ta Menu Bif X pearisauin.

» Pe3ynbraT BiAOKPEMITEHHS — THYYKUIW KoL, AKUMW Nerko nigTpumMysaTul.



= Ek3ekyTop oronowye eanHn metog void execute(Runnable runnable), aknn BukoHae
runnable-3agady runnable B oesikun MOMeEHT B ManbyTHbOMY.

= execute() smkngae java.lang.NullPointerException, konu runnable He null, i
java.util.concurrent.RejectedExecutionException, siKLWLoO He MOXe BMKOHATK runnable.

» 3ayBaxTe! RejectedExecutionException MoXxe BUKMOATUCL, KOS EK3EKYTOP 3aBepLUye
pPobOTY | HE XO4e nMpumnMaTu HOBMX 3aau.

» TakoX Le BUKITIOYEHHS MOXe BUKMOATUCh, KON EK3EKYTOP HE BOMoMdi€ AOCTATHIM MicueM, Wob 3bepertn 3agady
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* [1punknapg nokasye ekBiBaneHTHICTbL BUpasy
new Thread(new RunnableTask()).start(); Bxe 3ragaHomy Bupasy.
Executor executor = ...; // ... [lpeacTaBNsA€ CTBOPEHHA eK3eKyTopa
executor.execute(new RunnableTask());

= Xouy Executor npocTuin y BUKOPUCTaHHI, uen iHTepdpenc oomMmexxeHnu:

= Executor gphokycyembcsi nuwe Ha Runnable. Ockinbkn metog Runnable.run() He noBepTae 3Ha4YeHHS,
3py4Horo crnocoby ans runnable-3agadi NoOBepHYTN 3HAYEHHA TOMY, XTO 1i BUKINMKAB, HEMAE.

= Executor He mocmay4ae crnocib eidcmexxeHHs rpoapecy 4Yu eiOmMiHU runnable-3aday, siki BAKOHYIOTbCS, i
He Ja€e MOXIUBICTb BU3HAYUTK, Y 3aBepLunIia BUKOHaHHSA runnable-3agava.

= Executor He MOXxe eUKOHyeamu KoJsiekyiro runnable-3aday.
= Executor He 3abe3reqyye 3acCmoOCyHKY MOXJIU8OCMI KOPEKMHO20 NPunuHeHHs1 po6omu eK3eKymopa.

= Lli obmMexxeHHa BpaxoByOTbLCS iIHTepdencom java.util.concurrent.ExecutorService, sknn
po3wunpsae Executor i 3a3Bnyamn peani3ayeTbca y BUrNA4I Nyny NoTOKIB.



MeTtoaun ExecutorService

Method

Description

boolean
awaitTermination(long
timeout, TimeUnit unit)

<T» List<Future<T»>
invokeAll(Collection<?
extends Callable<T>»>
tasks)

<T» List<Future<T»>»
invokeAll(Collection<?
extends Callable<T>»
tasks, long timeout,
TimeUnit unit)

Blocks (waits) until all tasks have finished after a shutdown request, the timeout
(measured in unit time units) expires, or the current thread is interrupted,
whichever happens first. Returns true when this executor has terminated and false
when the timeout elapses before termination. This method throws java.lang.
InterruptedException when interrupted.

Executes each callable task in the tasks collection and returns a

java.util.list of java.util.concurrent.Future instances that hold task statuses
and results when all tasks complete—a task completes through normal termination
or by throwing an exception. The List of Futures is in the same sequential order
as the sequence of tasks returned by tasks’ iterator. This method throws
InterruptedException when it's interrupted while waiting, in which case unfinished
tasks are canceled; NullPointerException when tasks or any of its elements is
null; and RejectedExecutionException when any one of tasks’ tasks cannot be
scheduled for execution.

Executes each callable task in the tasks collection and returns a List of Future
instances that hold task statuses and results when all tasks complete—a task
completes through normal termination or by throwing an exception—or the timeout
(measured in unit time units) expires. Tasks that are not completed at expiry are
canceled. The List of Futures is in the same sequential order as the sequence of
tasks returned by tasks’ iterator. This method throws InterruptedException when
it's interrupted while waiting, in which case unfinished tasks are canceled. It also
throws NullPointerException when tasks, any of its elements, or unit is null;

and throws RejectedExecutionException when any one of tasks’ tasks cannot be
scheduled for execution.



<T> T

invokeAny(Collection<?
extends Callable<T>»

tasks)

<T> T
invokeAny(Collection<?
extends Callable<T>>»
tasks, long timeout,
TimeUnit unit)

Executes the given tasks, returning the result of an arbitrary task that's completed
successfully (in other words, without throwing an exception), if any does. On normal
or exceptional return, tasks that haven't completed are canceled. This method throws
InterruptedException when it's interrupted while waiting, NullPointerException
when tasks or any of its elements is null, java.lang.IllegalArgumentException when
tasks is empty, java.util.concurrent.ExecutionException when no task completes
successfully, and RejectedExecutionException when none of the tasks can be
scheduled for execution.

Executes the given tasks, returning the result of an arbitrary task that's completed
successfully (in other words, without throwing an exception), if any does before

the timeout (measured in unit time units) expires—tasks that are not completed at
expiry are canceled. On normal or exceptional return, tasks that have not completed
are canceled. This method throws InterruptedException when it's interrupted

while waiting; NullPointerException when tasks, any of its elements, or unit is

null; I1legalArgumentException when tasks is empty; java.util.concurrent.
TimeoutException when the timeout elapses before any task successfully

completes; ExecutionException when no task completes successfully; and
RejectedExecutionException when none of the tasks can be scheduled for execution.



Method

Description

boolean isShutdown()

boolean isTerminated()

void shutdown()

List<Runnable>
shutdownNow( )

<T> Future<T>
submit(Callable<T»
task)

Futurec<?>
submit(Runnable task)

<T> Future<T>
submit(Runnable task,
T result)

Returns true when this executor has been shut down; otherwise, returns false.

Returns true when all tasks have completed following shutdown; otherwise,
returns false. This method will never return true prior to shutdown() or
shutdownNow( ) being called.

Initiates an orderly shutdown in which previously submitted tasks are executed,
but no new tasks will be accepted. Calling this method has no effect after the
executor has shut down. This method doesn't wait for previously submitted tasks
to complete execution. Use awaitTermination() when waiting is necessary.

Attempts to stop all actively executing tasks, halt the processing of waiting tasks,
and return a list of the tasks that were awaiting execution. There are no guarantees
beyond best-effort attempts to stop processing actively executing tasks. For
example, typical implementations will cancel via Thread. interrupt(), so any task
that fails to respond to interrupts may never terminate.

Submits a callable task for execution and returns a Future instance representing
task’s pending results. The Future instance’s get() method returns task’s result
on successful completion. This method throws RejectedExecutionException when
task cannot be scheduled for execution and NullPointerException when task is
null. If you would like to block immediately while waiting for a task to complete,
you can use constructions of the form result = exec.submit(aCallable).get();.

Submits a runnable task for execution and returns a Future instance representing
task’s pending results. The Future instance’s get () method returns task’s result
on successful completion. This method throws RejectedExecutionException
when task cannot be scheduled for execution and NullPointerException when
task is null.

Submits a runnable task for execution and returns a Future instance whose get()
method returns result on successful completion. This method throws
RejectedExecutionException when task cannot be scheduled for execution and
NullPointerException when task is null.




= java.util.concurrent. TimeUnit — nepeniyeHHs, sike npeacTaBnsge oanHULI BUMIpOBaHHSA 4acy:
DAYS, HOURS, MICROSECONDS, MILLISECONDS, MINUTES, NANOSECONDS,
SECONDS.

= Kpim Toro, TimeUnit oronowye metoam Ans KOHBepTauil oguHULb BUMIptoBaHHA (Hanpukniag, long toHours(long
duration)) Ta BukoHaHHA onepaduin timing and delay (such as void sleep(long timeout)).

= callable-3adayi ananorivyHi runnable-3agadam.

» Ha Bigminy Big Runnable, Callable<V> oronowye metog V call(), Lo noBepTae 3Ha4eHHs Ta MOXe BUKnaaTu
checked-Bukrito4eHHs,.

» iHTepdenc Future npencraensie pesynsrart aCUHXPOHHUX OBYNCIEHD.
» PesynbraT Ha3uBaloTb future, OCKiNbKM 3a3Buyan BiH He byae OOCTYNHUM 4O NEBHOrO MOMEHTY B
ManbyTHLOMY.

= Future (y3aranbHeHunn Tun Future<V>) noctayae MeToau Ans BigMiHW 3a4adi, NOBEPHEHHSI 3HAYEHHS Big
3aJadi Ta BU3HA4YeHHS TOro, UM 3aBeplLueHa BOHa.



Table 10-2. Future Methods

Method

Description

boolean cancel(boolean
. MayInterruptIfRunning)

v get()

V get(long timeout,
TimeUnit unit)

boolean isCancelled()

boolean isDone()

Attempts to cancel execution of this task and returns true when the task was
canceled; otherwise, returns false (perhaps the task completed normally before this
method was called).

The cancellation attempt fails when the task is done, canceled, or couldn’t be
canceled for another reason. If successful and this task hadn't started when cancel()
was called, the task should never run. If the task has started, mayInterruptIfRunning
determines whether (true) or not (false) the thread executing this task should be
interrupted in an attempt to stop the task. After returning, subsequent calls to isDone()
always return true; isCancelled() always return true when cancel() returns true.

Waits if necessary for the task to complete and then returns the result. This method
throws java.util.concurrent.CancellationException when the task was canceled
prior to this method being called, ExecutionException when the task threw an
exception, and InterruptedException when the current thread was interrupted
while waiting.

Waits at most timeout units (as specified by unit) for the task to complete and then
returns the result (if available). This method throws CancellationException when
the task was canceled prior to this method being called, ExecutionException when
the task threw an exception, Interruptedexception when the current thread was
interrupted while waiting, and TimeoutException when this method's timeout value
expires (the wait times out).

Returns true when this task was canceled before it completed normally; otherwise,
returns false.

Returns true when this task completed; otherwise, returns false. Completion may
be due to normal termination, an exception, or cancellation; this method returns
true in all of these cases.




CueHapin BUKOPUCTaHHSA eK3eKyTopa

* [Mpunyctnmo, HeobXigHO HanNncaTn oAaTok, Y rpadivyHNK iIHTepdEenC AO03BOSIAE KOPUCTYBaYy
BBECTU CJ10BO.
= [licnsa BBOAY A0O4ATOK AOMOBHIOE LIMM CITOBOM KiflbKa OHJTanH-CNOBHUKIB Ta oTpuMye each dictionary’s entry.
= Lli BXOOXKEHHSA NOoCnigoBHO BUBOAATLCHA KOPUCTYBaYYy.

= OCKiNnbKM OHNanH-4OCTYN MOXe ByTK NOBINbHUM, a iIHTepdeNC KopncTyBadya Mae 3anuaTtucb PECMOHCUBHUM,
3agadva “otpumatm word entries” po3BaHTaXXyeTbCHA 3a JOMOMOIOK eK3eKyTopa, KUK 3arnyckae Il B OKpeMomy

NOTOLI.
ExecutorService executor = ...; // ... represents some executor creation
Future<String[]> taskFuture = executor.submit(new Callable<String[]>() = [licns OTPUMYBAHHSA eK3eKyTopa
b coverride ronoBHUIA NoTik Nnepeaae callable-3agauy
public String[] call() eK3EeKYTopYy.
{ String[] entries = ...; = MeTtoa submit() HeranHo noBepTae NocUNaHH4A
/7 Access online dictionaries Ha 00’eKT Future ans KOHTPOSO BUKOHAHHS
/f with search word and populate 3agadi Ta gocTyny 00 pesynbrarTii.
// entries with their resulting . :
7/ entries. = [onoBHWI NOTIK BUKNMKae meTo get() Lboro
return entries; 00’eKTy ANs1 OTPUMYBAHHS pesyrbTaTiB.

1
// Do stuff.
String entries = taskFuture.get();



3ayBaxTe!

» [HTepdenc java.util.concurrent.ScheduledExecutorService po3wuptoe ExecutorService Ta
OMNCYE EK3EeKYTOop, AKNN O03BOMSE NiaHyBaTn 3agadi 4ng oguHUYHOro YM NepiogmyHoro

3arnycky.

= X0O4 MOXXHa CTBOPUTK BracHi peanisauii Executor, ExecutorService Ta
ScheduledExecutorService, Hanpuknag,

class DirectExecutor implements Executor {

@Override
public void execute (Runnable r) { r.run(); }

}
3anyckae ek3ekytop Hanpamy B calling thread,

ICHYE npocTiwa ansrepHartuea: java.util.concurrent.Executors.
= [ligka3ka Akwo Bu maete Ha MeTi CTBOpPUTK BNacHi peanisauii ExecutorService, po3rnaHsTe poboTy 3 Knacamu
java.util.concurrent.AbstractExecutorService Ta java.util.concurrent.FutureTask.



= Utility-knac Executors oronoLuye Kinbka MeTofiB Kracy, aKi NoBepTaroTb eK3eMnIapm pPi3HUX
peanisauin ExecutorService Ta ScheduledExecutorService (Ta iHLWI ek3emMnnsapn).

= CTaTU4Hi METOAN KNacy BUKOHYIOTb HACTYMHi 3aBOaHHS:

= CTBOpPIOIOTb Ta NOBepTalOTb ek3eMnnsipn ExecutorService abo ScheduledExecutorService, skun
CKOHpirypoBaHoO Ha 6asi nowmnpeHnx HanalwTyBaHb.

= CTBOpPOKOTb Ta noBepTaloTb “‘wrapped” ekzemnnapu ExecutorService abo ScheduledExecutorService, siki
BiAKMoYaloTb peKoHirypauito cnyxbu-eksekytopa, pobnsaym implementation-specific MeTtogn HeAOCTYNMHUMWN.

= CTBOPIOKOTb Ta NoBepTarTb ek3emnnsap java.util.concurrent.ThreadFactory (ekzemnnsap knacy, Wo peanisye
iHTepdenc ThreadFactory) ana cTBOpeHHA HOBUX MOTOKIB.

= CTBOpPIOOTL Ta nosepTaloTb ek3emnnsap Callable, wob noro moxHa 6yno BMKOpUCTOBYBaATK B execution-
mMeToaax, siki Bumaratotb Callable-aprymeHTiB (K metog submit(Callable) knacy ExecutorService).



» Hanpuknag, static ExecutorService newFixedThreadPool(int nThreads) cTtBopto€e nyn NOTOKiB,
KM NOBTOPHO BUKOPMCTOBYE PiKCOBaHY KiNnbKiCTb NOTOKIB operating off of a shared
unbounded gueue.

= Makcumym nThreads noTokiB, WO akTUBHO 06pobnAlTL 3agadi.
» AKLWOo BiANPaBNATLCA 40AATKOBI 3a4adi, KoM BCi NOTOKN aKTUBHI, BOHM YeKaloTb Yy Yep3i Ha OOCTYMHUN MOTIK.

" HAKLIO SKMACb MOTIK NepepuBaeTbCs Yepes nagiHHA B NPoLEeCi BUKOHAHHA 00 3aBepLUEHHSI pobOoTH ek3eKyTopa,
HOBWI NOTIK 3aKMe Noro micue, konu dyae NnoTpibHO BUKOHYBATKM HACTYMHI 3a4aui.

* [MoTokn B nyni 6yayTb iCHyBaTU, MOKMN EK3EKYTOP HE Byae ABHO 3aBepLueHo (shut down).
» MeTog Bukngae lllegalArgumentException, konu nepenaetbea 0 abo Big'emHe 3HayeHHA nThreads.

= 3ayBaxTe! [1ynn NoTOKIB BUKOPUCTOBYIOTLCS OS5 YCYHEHHS HAKMagHUX BUTPAT HA CTBOPEHHS
HOBOIO MOTOKY A1 KOXXHOI nocTasfieHol (submitted) 3agaui.

= CTBOpPEHHS NOTOKY HeaelleBe, a NnoTpeba B CTBOPEHHI OaraTbox NOTOKIB MOXe CYyTTEBO BMMNHYTK Ha
NPOAYKTUBHICTb OOAATKY.



import java.math.BigDecimal;
import java.math.MathContext;
import java.math.RoundingMode;

import java.util.concurrent.Callable;
import java.util.concurrent.ExecutionException;

import java.util.concurrent.ExecutorService;
import java.util.concurrent.Executors;

import java.util.concurrent.Future; = BrukopucToByroTbCA executors, runnables,
public class CalculateE callables Ta futures B KOHTEKCTiI dbannoBoro
{ Ta MepexeBoro BBOAy/BMBOAY.
final static int LASTITER = 17; P Ay AY
= BuKoHaHHS TpyBanux obuncneHb NponoHye
public static void main(String[] args) |THMLI|1I|;I||/| CLieHapil, Ae MOXXHa BUKOPUCTOBYBATH Ll
{ .
ExecutorService executor = Executors.newFixedThreadPool(1); » HacTynHu1 NiCTUHI BUKOPUCTOBYE EK3EKYTOp,
Callable<BigDecimal> callable; callable ta future B kOHTEKCTI 0O4YMCNEHHS Yncna
callable = new Callable<BigDecimal>() Evnepa e (2.71828. . ).
{
@Ozil_’rid? e * [onoBHMM NOTIK, AKN BUKOHYE METO/
e Bigbecimal call() main() 3 NiCTUHTY, crioyaTKy OTPUMYE
MathContext mc = new MathContext (100, €K3EKyTOp 3a AOoNOMOroo MeToay

RoundingMode .HALF_UP); newFixedThread POO'()

ﬁlgDeFlma% result = BigDecimal.ZERO; = [OTiM OTPUMYETLCS EK3EMMIAP aHOHIMHOTO
or (int i = 0; 1 <= LASTITER; i++) Kracy, sikui peanisye iHTepdgenc Callable i
{ nepenae uto 3agady (submit task) B ekzekyTop,

BigDecimal factorial = factorial(new BigDecimal(i)); OTPUMYHOUM HAB3a€EM eK3eMnnsip knacy Future.
BigDecimal res = BigDecimal.ONE.divide(factorial, mc);

result = result.add(res);

}

return result;



}

public BigDecimal factorial(BigDecimal n)
{
if (n.equals(BigDecimal.ZEROQ))
return BigDecimal.ONE;
else
return n.multiply(factorial(n.subtract(BigDecimal.ONE)));

}
};
Future<BigDecimal> taskFuture = executor.submit(callable);
try : : : . o
{ = [Ticnga nepenadl 3agaudl rnoTiK 3a3sn4aut
while (!taskFuture.isDone()) i
System.out.println("waiting"); Bl/lKOHyG IHLUy pO6OTy’ NoKh He .
System.out.println(taskFuture.get()); 3Haﬂ,06ﬂﬂTbCﬂ pe3yribratn 3aaul.
zatch(ExecutionException ee) = [Ina cumynsauii Takol p_o60T|/| nepioanyHo
{ 6y,1:|,e BNBOOUTUCH MNMOBIAOMJTIEHHA MPO
System.err.println("task threw an exception"); O‘—IiKyBaHHFl A0 TOro MOMEHTY, NOKN MeToay
System.err.println(ee); isDone() eksemnnsapy knacy Future He
} noBepHe true.
catch(InterruptedException ie)
{
System.err.println("interrupted while waiting");
}

executor.shutdownNow();

}

B peanbHMX 3aCTOCYHKaX Takoro LMKy YHUKaKTb.

Ha naHomy eTtani ronoBHUU NOTIK BUKITUKAE reTTep ek3eMniapy Krnacy onia oTpMMaHHS pesynsrariB, dKi
NOTIM BUBOOATLCA. Y KiHLiI FONOBHMI MOTIK NPUNUHSAE PODOTY eK3eKyTopa.

[yxXe BaXXNMBO Lie BUKOHATU, OCKISTbKM 3aCTOCYHOK MOXE He 3aBepLUuUTn PoboTYy.

3 uieto meToto BUKOpUCToBYETLCS He nuuwe metod shutdownNow(), a i, sk anetepHaTtmnea, shutdown().



Pob6oTa nporpamu Ta pe3ynsraTu BUBOAY

= MeTog call() obuncnioe e, 3Haxogaun cymy psagy
= e=1/0+12/21+1/2!+ ...

» Cnouyartky call() iHcTaHuitoe java.math.MathContext onga iHkancynsuil TOYHOCTI (precision) Ta
PeXUMY OKPYITEeHHS.

= O6paHo 100 B AKOCTi BEPXHbOI MeXi TOYHOCTI Ans € i pexum okpyrneHHs HALF_UP.

= [loTim c_allq iHILiani3ye nokanbHy 3MiHHY result Tuny java.math.BigDecimal 3Ha4yeHHsaM
BigDecimal.ZERO.

= [lani BOHa BXOAUTb Y LIMKII, SSKMA obumncntoe paktopian, ginute BigDecimal.ONE Ha 3Ha4YeHHs dhakTopiany Ta gogae
pesynsrar gifleHHs 0O CyMu.

= MeTog divide() bepe eksemnnsap MathContext B AKOCTi gpyroro aprylvleHT)é OO nepekoHaTuUCh,
LLIO pe3ynbTaT dineHHa He Byae HECKIHYEHHUM Apobom, Yépes Wwo Morno 6 BMKMaaTuCh
BUKNOYEHH4A java.lang.ArithmeticException.
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waiting

waiting

waiting

waiting
2.7182818284590450705160477958486050611789796352510326989007350040652250425048433140558879743442457
41730039454062711




