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O yem He byaeT 3TOT AoKkNnana

» YTO Takoe BUpTyalbHble NOTOKA



Project loom: Modern
scalable concurrency for
the Java platform

Alan Bateman
Joker 2020

https://www.youtube.com/watch?v=7GLVRO JY



https://www.youtube.com/watch?v=7GLVROqgQJY

Thread Wars: npoekT
. OOM HAHOCUT OTBETHbIV

yAap

IBaH YIMAHCKNWA
JPoint 2022

https://www.youtube.com/watch?v=kwS30eoVCno



https://www.youtube.com/watch?v=kwS3OeoVCno

O yem He byaeT 3TOT AoKkNnana

» YTO Takoe BUpTyalbHble NOTOKA

+  Kak BUpTyanbHbl€ NOTOKU YCTPOEHbI N3HYTPU



The Challenges of
Introducing Virtual
Threads to the Java
Platform - Project Loom

Alan Bateman
JVMLS 2023

https://youtu.be/WsCJIYQDPITE




Continuations - Under
the Covers

Ron Pressler
JVMLS 2023

https://youtu.be/6NRSG6UIN7X0


https://youtu.be/6nRS6UiN7X0

O yem He byaeT 3TOT AoKkNnana

» YTO Takoe BUpTyalbHble NOTOKA
»  Kak BupTyarnbHble NOTOKN YCTPOEHbI U3HYTPWU
- Kak BupTyanbHble NOTOKM OyayT pa3BuBaTbCS Oalnblue



Virtual Thread's Next
Steps

Alan Bateman
FOSDEM 2024

https://fosdem.orq/2024/schedule/event/fosdem-2024-3255-virtual-thread-s-
next-steps/



https://fosdem.org/2024/schedule/event/fosdem-2024-3255-virtual-thread-s-next-steps/
https://fosdem.org/2024/schedule/event/fosdem-2024-3255-virtual-thread-s-next-steps/

O yem OyaeT 9TOT AoKNana

+ Kak xoTa 06bl nonpobdoBaTb BUPTYyarbHble MOTOKN B CBOEM MPOEKTE



O yem OyaeT 9TOT AoKNana

+ Kak xoTa 06bl nonpobdoBaTb BUPTYyarbHble MOTOKN B CBOEM MPOEKTE
+ Ha 4yTo obpaTnTb BHUMaHME B NpoLecce nepexona Ha BUpTyanbHble MOTOKK



[Toyemy MHe NnoHagobunca aToT goknaa

jemd "${JAVA_PID?}" VM.info | grep "CPU: total"
CPU: total 12 (initial active 12) (6 cores per cpu, 2 threads per core)

jemd "${JAVA_PID?}" Thread.print | grep tid | wc -1
3346



He xBaTaeTt uny

Uem 3aHnmatotcsa 3000 noTtokoB Ha 12 agpax?



He xBaTaeT namMmaTu

3000 noTtokoB * 1MB ~ 3(GB Ha cTekun NoTOKOB



He xBaTaeT ene3a




He xBaTaeT ene3a




He xBaTaeT ene3a
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He xBaTaeT ene3a




He xBaTaeT uny, naMaTu 1 XxXenesa ans 4yero?

obpaboTaTb3anpoc() {1

var cywHocTb = 6a3afllaHHbix.nopgoxoaTb ()

var pgononHuTenbHblelaHHble = KnueHTCMexHoroCepBuca.nogoxnoaTb ()
var obHoBNeHHasCyWHOCTb = CYWHOCTb + OonofHUTeNbHbie[laHHble

6a3alaHHbix.nogoxpaTb(06HOBNEHHAACYIHOCTL)
return obHoBNEHHAACYWHOCTDb



MOXHO
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3animBaThb
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UTO oenaTtb

* Hwnyero

* [lepenTtnn Ha Async

» [lepenTtn Ha Reactive

» [lepentn Ha Kotlin

* [lepenTtn Ha BUPTYalbHblE NOTOKW



UTO oenaTb

TpynosaTtparthbl Tpypo3atparhbl

v [Mpon3BoANTENbLHOCTbL
cenvac B Oyayuiem

Yto gpenatb

Hunyero

Async

Reactive

Kotlin

Virtual Threads




Huyero

UYTo genatb prp,03anaTb| TpyAosaTpare! [MTpon3BoAUTENbLHOCTbL
cenvac B OyayLwiem

Huyero He meHarTcsa He meHarTCca” He meHaeTca™

Async

Reactive

Kotlin

Virtual Threads




Huyero

UYTo genatb prp,03anaTb| TpyAosaTpare! [MTpon3BoAUTENbLHOCTbL
cenvac B OyayLwiem

Huyero He meHsAloTCA PactyT [erpagupyert

Async

Reactive

Kotlin

Virtual Threads




[ lepenTtn Ha Async

YTO menaTtb prp,03anaTb| TpyAosatparel [Mpon3BoANTENbLHOCTbL
cenvac B OyayLwiem
Huyero He meHsAoTCA PacTtyT [erpagupyet
3agepKKn?
Async Cpennue Cpennue [TlponyckHasa cnocobHOCTb+
Reactive
Kotlin

Virtual Threads




[lepenTtn Ha Reactive

T
UYTo genatb PyAosarTparbl TpyAosaTpare! [MTpon3BoAUTENbLHOCTbL
cenvac B OyayLwiem
Huyero He meHsaloTCH PacTtyT [erpagupyet
Async CpegHue CpegHue SafepKKu?
Y P P [TIponyckHas cnocobHOCTb+
_ +
Reactive Bbicokne Bbicokue 3anepxKy
[TIponyckHas cnocobHOCTbL+
Kotlin

Virtual Threads




[lepenTtn Ha Kotlin

YTOo AenaTtb prp,03anaTb| TpyAosatpare| [Mpon3BoANTENbLHOCTbL
cenvac B OyayLwiem
Huyero He meHsAoTCA PacTtyT [erpagupyet
3adepKKn?
Async Cpennue Cpenrue [TIponyckHas cnocobHOCTb+
_ +
Reactive Bbicokue Bbicokue 3anepxKy
[TIponyckHas cnocobHOCTbL+
?
Kotlin Bbicokne He meHsawTca? 3anepxki’

[TIponyckHas cnocobHOCTbL+

Virtual Threads




[ lepenTtn Ha BUpTYyarnbHble NMOTOKA

UYTo genatb Tp¥n°3anaTb' TpyAosaTpare! [MTpon3BoAUTENbLHOCTbL
cenvac B Oyayuiem
Huuyero He meHsAloTCcS PacTyT Lerpagunpyet
3adepKKn?
Async HU
Y Cpearne Cpenrue [TIponyckHas cnocobHOCTb+
_ +
Reactive Bbicokune Bbicokune 3a/iepxKM
[TIponyckHas cnocobHOCTbL+
?
Kotlin Bbicokue He meHsatoTca? SaMepxKKM’
[TIponyckHas cnocobHOCTbL+
?
Virtual Threads le MeHsTCS He meHsawTca? 3a/IepXKKM’

[TIponyckHas cnocobHOCTb+




BI/IpTyaJ'IbeIe [TOTOKWN BbIlTAOAT MNMpUBIieKkarteJibHO



4TO Takoe BMpPTYyalbHbl€ NOTOKU

» M:N Threading



TpyaHoCcTn nepeBoaa

»  Mount — BUpTYyanbHbIA MNOTOK CTaBUTCA HaA NNMAaTPOPMEHHbIN
» Unmount — BUpTYyanbHbIXA MOTOK CHUMAETCHA C NNat@OpPMEHHOIo

«  Pinned — BupTyanbHbI MOTOK MOT Obl CHATLCA C NNAaT(POPMEHHOrO,
HO HE MOXET



4TO Takoe BMpPTYyalbHbl€ NOTOKU

- M:N
- JEP 444: Virtual Threads roBopwuTt, 4to «virtual threads are not cooperative»



Korga BupTyanbHbIA NOTOK CHUMAETCH

- LockSupport.park()
- Thread.sleep()
- Thread.yield()



BupTyanbHble NOTOKM Ny4lle BCEro yMerT XaaTb



Koraa BupTyanbHbIA NOTOK NMUHUTCA

 synchronilzed

 HaTuBHbLIN KOO HA CTEKE



Korga BupTyanbHbIX MOTOK MUMHUTCA B Java 21

 synchronilzed

 HaTuBHbLIN KOO HA CTEKE



Koraa BupTyanbHbIA NOTOK NMHUTCA B Java 2122

 synchronilzed

 HaTuBHbLIN KOO HA CTEKE



[TMH n3-3a synchronized

*  CCbINKM Ha MOHUTOPbI XPaHATCA B HATUBHOW peann3aunm rnoToka



[TMH n3-3a synchronized

synchronized (monitor) {
Thread.sleep(Duration.ofDays(1));
System.out.println("How long was I asleep?");



[TMH n3-3a synchronized

Thread.sleep(Duration.ofDays(1));
synchronized (monitor) A{
System.out.println("How long was I asleep?");



[TMH n3-3a synchronized

» Quality of Implementation
»  CcCbINIKM HA MOHUTOPbI XPaHATCA B HATUBHOW peanni3aumm noToka
* MOoXHO KonupoBaTb 3TU AaHHble Npu unmount/mount



[ INH N3-3a HATUBHOIO KO4A Ha CTeke

- BepHynucb U3 HaTUBHOIo Koga B Java Ko



[ INH N3-3a HATUBHOIO KO4A Ha CTeke

- BepHynucb U3 HaTUBHOIo Koga B Java Ko
° 3arpyska n nHmumanusawmnsa Knaccos



HaunTtanucb nHtepHeta n bonmcs 3anMHUTLCSA

- A BAOpPYr y Hac koge ectb synchronized?



HaunTtanucb nHtepHeta n bonmcs 3anMHUTLCSA

- A BAOpYr y Hac koge ectb synchronized?
°* Ecnun He y Hac, TO B 3@aBUCUMOCTAX-TO TOYHO €CTb?



_'|E'.'E et U U J E L L framework

uslngl:
e (:c)cl MIuﬂe les

allow rather.;; ...
local varlable request

system property tHUS

ExecuturServlce k
PAAR A heap h r e a d stac
thrlﬁltad JDK cle ]ava ‘lang

plenti fu o dEt"—'EEEFS
native o0 t1 T anguage cal led

memod Will«Hmeer "35511¢; tion--

rUﬁﬁlﬁg C rea t e - EeSour Eeprﬂgram . va io context even directly

Bl.,ll].d'E.'J" o 45 cuncurrelgg_ﬂcklng every % - auratlnn o ]i_?”][ 1E' t a S k
- é E; i
E name b + E

Q
@ 0

runt ime asynchronous

i j*f?;;i’iﬁ[!ﬂ’pggl"E&HJ;P L at orm asy us...

I'I'IEHEEEI'I:II.?FIt UI‘IE
require e@:function Carrler o velmperuse _

FIight Recorde might T.CICJ]_ USEd E Server Elppllcatlﬂn
later take I unit
V l I t S e a
ang Th read. scheduling EI"'IE!'D]_E N ':Dn':urrent

MEMOTrY
_JEPFlartlcular . |E|:|-;|.EE 'Elt':IS(: Edu Er
JDK Flight

Phr]gaﬂ!?ale Q LS

|nan¥' Lsting
may per formance available E_. Eratlgﬂ

TP, 1 2 tform thread:. -

1m|:: EmEﬂtatlﬂﬂ AP I now lock

without blocking operation VT mncurrently

thread dum Juture sUppoOr Te 47
St regr]n FI](J a Va E.‘:{lE}EEE CIII [
1:”: _________ imited

million

limitation



UTO oenaTtb

* [lepentn Ha Java 21+

* [lepenTtn Ha BUPTYalbHblE NMOTOKW

- Wcnonb3oBaTtb Lock BmMecTo synchronilzed

*  MuHummnsmpoBaTtb ucnonb3osaHme ThreadlLocal

* Mlcnonb3oBaTtb cemadopbl ANnga orpaHn4yeHna OocTyna K pecypcam
- 3apgymatbca o Structured Concurrency



[lepentn Ha Java 21+

* O0OHoBUTL JDK/JRE 0o 21+

« OOHOBUTbL 3aBNCUMOCTU



[ lepenTtn Ha BUpTYyarnbHble NMOTOKA

var executorService = Executors.newVirtualThreadPerTaskExecutor():



[ lepenTtn Ha BUpTYyarnbHble NMOTOKA

var executorServicel = Executors.newThreadPerTaskExecutor(Thread
.ofVirtual()
.name("virtual-first-", 0)
.factory()

);

var executorService2 = Executors.newThreadPerTaskExecutor(Thread
.ofVirtual()
.name("virtual-second-", 0)
.factory()

) ;



[ lepenTtn Ha BUpTYyarnbHble NMOTOKA

spring.threads.virtual.enabled=True
quarkus.virtual-threads.enabled=True // default

reactor.schedulers.defaultBoundedElasticOnVirtualThreads=True



[ lepenTtn Ha BUpTYyarnbHble NMOTOKA

- Cenyvac wenynep oauH Ha BCeEX
- Cenyac HaCTpouKu Lenynepa 4yepes cBOUCTBA



Mcnonb3oBatb Lock BmecTto synchronized



Mcnonb3oBatb Lock BmecTto synchronized

- JEP 444: Virtual Threads roBopuTt, 4to
«Nno need to replace synchronized blocks and methods that are used
Infrequently»



Mcnonb3oBatb Lock BmecTto synchronized

var monitor = new Object();

synchronized (monitor) A{

}.



Mcnonb3oBatb Lock BmecTto synchronized

var lock = new ReentrantLock():

lock.lock():

try 1

} finally {
lock.unlock();

}.



Mcnonb3oBatb Lock BmecTto synchronized

class AutoCloseableReentrantlLock
extends ReentrantLock
implements AutoCloseable



class AutoCloseableReentrantlLock
extends ReentrantLock
implements AutoCloseable

public AutoCloseableReentrantLock obtain() A{
lock();
return this;

1

@0verride

public void close() {
unlock();



Mcnonb3oBatb Lock BmecTto synchronized

var lock = new AutoCloseableReentrantLock();:

try (var _ = lock.obtain()) {
1



VIHoroga Henb3s NPOCTO TaK B3ATb U
ncrnonb3oBaTtb Lock Bmecto synchronilzed

- Korga synchronized vyactb nybnmnyHoro API
- Korga moHuTOop Aellesne Lock



Korga synchronized vyactb nybnuyHoro API



Korga synchronized vyactb nybnuyHoro API

« StringBuffer



Korga synchronized vyactb nybnuyHoro API

« StringBuffer
- VVector, Hashtable



Korga synchronized vyactb nybnuyHoro API

« StringBuffer
- VVector, Hashtable
« InputStream, OutputStream wu nx nogknaccobl



Showing 1,133 changed files with 95,870 additions and 8,270 deletions.
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BufferedInputStrea...

BufferedOutputStre...

BufferedReader java
BufferedWriter.java

FilelnputStream.java

FileOutputStream.ja...
InputStreamReader....

OutputStreamWrite...

PrintStream.java

PrintWriter.,java
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RandomAccessFile,j...

Reader.java

Writer.java
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71
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183
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188
189
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package java.io;

+ import jdk.internal.misc.InternallLock;
import jdk.internal.misc.Unsafe;
import jdk.internal.util.ArraysSupport;

[ Whitespace ] Ignore whitespace

Split [ Unified ]

@@ -63,6 +64,9 @@ public class BufferedInputStream extends FilterInputStream {

private static final long BUF_OFFSET

= U.objectFieldOffset(BufferedInputStream.class, "buf");

o // initialized to null when BufferedInputStream is sub-classed
+ private final InternalLock lock;
n

/ k%

* The internal buffer array where the data is stored. When necessary,

* it may be replaced by another array of

@@ -179,32 +183,39 @@

*/

public BufferedInputStream(InputStream in) {

this(in, DEFAULT_BUFFER_SIZE);

/ kK

* Creates a {@code BufferedInputStream}
* with the specified buffer size.



Showing 1,133 changed files with 95,870 additions and 8,270 deletions.

v [ share

v [ classes

BufferedInputStrea...

BufferedOutputStre...

BufferedReader java
BufferedWriter.java

FilelnputStream.java

OutputStreamWrite...
PrintStream.java

PrintWriter.,java

RandomAccessFile,j...

Reader.java

I e B B I I I I I P I e A

Writer.java

FileOutputStream.ja...

InputStreamReader....

PushbacklnputStrea...

O

O
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206
207
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209
210
211
212
213
214
215
216
217

218
219
220

—

+ + + + + + +

[ Whitespace ] Ignore whitespace

is created and stored in {@code buf}.

%
X
* @param  in the underlying input stream.
* @param size  the buffer size.
* @throws IllegalArgumentException if {@code size <= 0}.
*/
public BufferedInputStream(InputStream in, int size) {

super(in);

if (size <= 0) {

throw new IllegalArgumentException("Buffer size <= 0");

}

buf = new byte[size];

// use monitors when BufferedInputStream is sub-classed
if (getClass() == BufferedInputStream.class) {

lock = InternalLock.newLockOrNull():
} else {

lock = null:

/ k%

Fills the buffer with more data, taking into account

shuffling and other tricks for dealing with marks.

Assumes that it is being called by a synchronized method.
Assumes that it is being called by a locked method.

This method also assumes that all data has already been read in,

* K K K K K

hence pos > count.

Split [ Unified ]
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BufferedWriter.java
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[ Whitespace ] Ignore whitespace

X stream is reached.

* @throws I0Exception if this input stream has been closed by
X invoking its {@link #close()} method,

X or an I/0 error occurs.

* @see java.io.FilterInputStream#in

*/

public synchronized int read() throws IOException {
public int read() throws IOException {
it (lock !'= null) {
lock. lock():

try {
return implRead();

} finally {
lock.unlock();
}
} else {
synchronized (this) {
return implRead();

private int implRead() throws IOException {
if (pos >= count) {
fill();
if (pos >= count)

return -1;

Split [ Unified ]




Korga synchronized vyactb nybnuyHoro API

« EcTb cnocobbl yopatb synchronilzed n coxpaHUTb COBMECTUMOCTb
» Bpsig nmn 310 BaM NoHagooutcd, ecnum Bbl He pa3pabotymnk JDK



Korga moHuUTOp aewesne LockK

* MoHuTOop «becnnaTHbINy, N0 KPpaHEN MePE NoKa UM He MOSb3YyTCA



java -jar jol-cli.jar footprint java.util.concurrent.locks.ReentrantLock
# VM mode: 64 bits

# Compressed references (oops): 3-bit shift
# Compressed class polnters: 0-bit shift and Ox78FDO30OOOOO base

# Object alignment: 8 bytes

Instantliated the sample instance via default constructor.

java.util.concurrent.locks.ReentrantLock@50675690d footprint:

COUNT AVG SUM DESCRIPTION
1 16 16 java.util.concurrent.locks.ReentrantLock
1 32 32 java.util.concurrent.locks.ReentrantLock$NonfairSync

2 48 (total)



Korga moHuUTOp aewesne LockK

* MoHuTOop «becnnaTHbINy, N0 KPpaHEN MePE NoKa UM He MOSb3YyTCA
- ReentrantlLock +48 banTt, oa>ke ecnm nm He Nosib3oBaTbCA



ConcurrentHashMap

* Other update operations (insert,

* delete, and replace) require locks. We do not want to waste
* the space required to assoclate a distinct lock object with

* each bin, so instead use the first node of a bin list itself as

* a lock. Locking support for these locks relies on builtin
*"synchronized" monitors.

/3



Korga moHuUTOp aewesne LockK

* Ha MOHUTOpax MOXXHO C3KOHOMUTb NaMATb
» Bpsig nmn 310 BaM NoHagooutcd, ecnum Bbl He pa3pabotymnk JDK



Mcnonb3oBatb Lock BmecTto synchronized

- A MOXEeT NpocCTo noaoxXxaaTb nogaepxkm synchronized?



MuHnmmnanpoBatb ncnonb3oBaHne ThreadlLocal



MuHnmmnanpoBatb ncnonb3oBaHne ThreadlLocal

- ThreadLocal kak Scoped Value
 ThreadlLocal kak kaLu



ThreadLocal kak Scoped Value

var threadLocal = new ThreadLocal<>():

threadlLocal.set("value"):

try 4
} finally {

threadLocal.remove():



ThreadLocal kak kaul

 ThreadLocal kak Kol He MMeEeT cMbIcna ans BUpTyarbHbIX MOTOKOB



ThreadLocal kak kaul

 ThreadLocal kak Kol He MMeEeT cMbIcna ans BUpTyarbHbIX MOTOKOB

* Jlnbo mycopum

* Jlnbo nepexoamm Ha K3l OObEKTOB
(koTopble He ncnonb3ytT ThreadlLocal)



ThreadLocal kak kaul

var factory = new JsonFactoryBuilder()
.configure(

JsonFactory.Feature.USE_THREAD_LOCAL_FOR_BUFFER_RECYCLING,
false

)
.build():

var mapper = new ObjectMapper(factory);



MuHnmmnanpoBatb ncnonb3oBaHne ThreadlLocal

- ThreadLocal kak Scoped Value — »xgatb npogonkeHune JEP 464: Scoped
Values

 ThreadlLocal kak koLl — n36aBnaTbCA



OrpaHunymBaTb NapannenbHbIK OOCTYMN K pecypcam



OrpaHunymBaTb NapannenbHbIK OOCTYMN K pecypcam

*  MakcumanbHbIM pa3mMep nyna NOTOKOB 3TO HEABHbLIN OrpaHUYnNTENb
napannenbHOoro gocrtyna K nIMMUTUPOBaHHbLIM pecypcam



OrpaHunymBaTb NapannenbHbIK OOCTYMN K pecypcam

*  MakcumanbHbIM pa3mMep nyna NOTOKOB 3TO HEABHbLIN OrpaHUYnNTENb
napannenbHOoro gocrtyna K nIMMUTUPOBaHHbLIM pecypcam

*  MakcumanbHbIN pa3smMmep odepenn 3agad anga nyrna noTtokoB 3TO HEABHLIN
backpressure ans nctoyHmnka 3agad



Micnonb3oBaTtb Semaphore

var semaphore = new Semaphore(42):

semaphore.acquireUninterruptibly();

try {
} finally {

semaphore.release();



Micnonb3oBaTtb Semaphore

class AutoCloseableSemaphore
extends Semaphore
implements AutoCloseable



class AutoCloseableSemaphore
extends Semaphore
implements AutoCloseable

public AutoCloseableSemaphore obtain() A
acquireUninterruptibly();
return this;

}.

@0verride

public void close() A
release();



Micnonb3oBaTtb Semaphore

var semaphore new AutoCloseableSemaphore(42);

try (var _ = semaphore.obtain()) {

}.



UTo penartb ¢ backpressure?

» ObpaTHasa cBA3b AN UCTOYHMKA 3a4ady ans BUpTyanbHOro nyna
oTcyTcTByeT!



OrpaHunymBaTb NapannenbHbIK OOCTYMN K pecypcam

—AMOKET-RPOCTO-ROAOKAATL
« JXaoaTb Henb3g!



Structured Programming

var lock = new ReentrantLock():

lock.lock():

try {

} finally {
lock.unlock();

}.



Structured Programming

var lock = new AutoCloseableReentrantLock();:

try (var _ = lock.obtain()) {
1



Korga xoa BbINOMHEHUA NporpamMmmbl pa3BeTBISAETCS,
BCE BETBU OO/MKHbI COUMTUCb OOpaTHO B
onpeneneHHon To4Ke



JEP 462: Structured Concurrency (Second Preview)

try (var scope = new StructuredTaskScope.ShutdownOnFailure()) A
var subtaskl = scope.fork(() -> "Hello, ");
var subtask2 = scope.fork(() -> "World!"):

scope.join();

System.out.println(subtaskl.get() + subtask2.get());



Structured Concurrency

» XXpaTtb npogomnmkeHus JEP 462: Structured Concurrency



UTO Mbl caenanu

« OOHOBUNUK Java n 3aBNCUMOCTU

«  3amMeHunu YacTb NynoB HA BUPTYyarbHbIE
« He ctanun 3ameHaTtb synchronilzed, noka

- He ctanu pobaenaTb 4ONONHUTENBHBIX ceMadopoB, NOKa



)
‘\,y ",

N§



4TO Mbl NONy4YnUnu

» [lpoBepwunun, 4YTo HUYEro He CrioMarnoch



HTO MbI NONy4YUnNu

» [lpoBepwunun, 4YTo HUYEro He CrioMarnoch
» [lpoBepunu, 4YTo KNoYeBble METPUKN HE CTalnn XyXe
* Yb6eaunuck, YTo BUpPTYyanbHble NOTOKM NOAXOOAT ANS HaluuX 3aaau



UTo Mbl Oyaem genartb ganblue

» Pa3buparbcsa ¢ Tectamu Npon3BoaUTENBHOCTHA
Ons1 yBENMUYEHUSA NPONYCKHOW CrOCODHOCTU

» PasbupaTtbcs ¢ TeMOU orpaHnU4nUTENen CKOpoCcTu
ONns orpaHNYeHnsa NPonyckHOU CnoCcOOHOCTH
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BOT B YEM BOMpPOC...



Cnacunboo!

Oner EctexuH
Yandex Cloud
@OlegEstekhin
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