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> YT10o Takoe Hazelcast?

* In-Memory Computing Platform - mbl yckopsaem Bawiwv
NPUJIOXEHUS

« [N 3TOro Ham Hy>KHa XopoLlas MaclTabnpyemMocTb

* B pamkax knactepa
* B pamkax ogHON MaLlnHBI
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> MacwTtabupoBaHue

yﬁ. W Servers
>

il i
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> MacwTtabupoBaHue

CPUs

>

‘,ﬁ‘ -a' Servers
>

1|
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> ApxutekTtypa Hazelcast

Client

|O Pool

Generic
Pool

Partition

/N

Pool

Jet Pool
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> OyeM bypeTt poknan?

« [louyemy Hazelcast paboTaeT MeHHO Tak?

« Kakue anbTepaHTMBHbIE apXUTEKTYPbI NapannesibHomn
06paboTKM NPYMEHSAIOT B pacrnpeienieHHbIX MpoAyKTax?
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> 334a4a

class IMap<K, V> {
void put (K key, V value) {

X MHOro, a OH OINH: KaK obecrnevnTb
MacwTabupyemMocTb Ha O4HOM cepBepe?
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> Blocking 10

Send > Receive
|
Process
|
Receive < Send
Client Server
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> Blocking 10

while (true) {

Request reqg = receive(); // <= Block/input
Response resp = execute(req):;
send (resp) ; // <= Output
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> Blocking 10

« [lpeagnonaraeT Hannyme o4HOro CEPBEPHOro NOTOKA Ha
KaXXAbIN KNNEHTCKNIA NOTOK

« OTAMYHOE peLueHVe AN HEBbICOKOWM HarpysKku: NpocTo

« [lnoxo macwtabupyetcs
* Pecypchbl noToka (CT3K)
« Scheduling (context switch, preemption)
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> YayJyuwaeMm: MyJibTUnJieKCMpoBaHue

e OAVH NOTOK AN HECKONIbKUX COeANHEeH

« [nsa atoro Heobxoanmo non-blocking 10
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> Event loop

Poll

Server
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> Event loop

Send > Poll
Receive ¢ PUT(A)
Client A Server
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> Event loop

Send > Poll < Send
Receive ¢ PUT(A)
PUT(B) > Receive
| -
Client A Server Client B
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> Event loop

while (true) {
Set<SelectionKey> keys = select(); // <= Block

for (SelectionKey key : keys) {
processTask (key) ; // <= Output
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> Event loop: npumMepbl

Redis
Node|S
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> Event loop: aHanus

« CnpaBnseTtcs ¢ 60AbLLNM KONYECTBOM KINEHTOB

« Bce Tunbl 3a4ad4 BbINONHAKTCA B OAHOM MNMOTOKeE
« Macwrabupyetcs, noka xsataet ogHoro CPU
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> Event loop: aHanus

CnpaBnsieTcs ¢ 60/1bLWMM KONNYECTBOM KVEHTOB

Bce TuNbI 3a4ad4 BbINONHAKTCA B OAHOM MNMOTOKeE
« Macwrabupyetcs, noka xsataet ogHoro CPU

[Mpobnemsl:

18

YTo AenaTb, ecniv ogHoro CPU He xBaTaeT Ana ob6paboTky
BCeX 3anpocoB?

YTO AenaTb, ecnu 3aja4un pasHoOpPoOAHbIe, U MOTYT 3aHMaTb
3HaunTenbHoe Bpema?
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> Event loop: napannenunsm

19

Poll
> PUT(A)
PUT(C) .
> PUT(B)
PUT(D) ¢
T
Server
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> Event loop: napannenunsm

T =

20

Poll

Poll

PUT(A) PUT(C)
PUT(B) PUT(D)
Server
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> Event loop v napannenunsm

« Ecnm He xBataeT ogHoro CPU, gaBaunTe 3anyctum 60/bLue
NOTOKOB!

* HoO Kak pacnpegenatb 3a4a4M No NOToKam?
* [lo knneHTam?
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> Event loop v napannenunsm

« Ecnm He xBataeT ogHoro CPU, gaBaunTe 3anyctum 60/bLue
NOTOKOB!

* HoO Kak pacnpegenatb 3a4a4M No NOToKam?

* [lo KnIneHTam?
 [lo A@aHHbIM!
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> [1oCTyNn K A3HHbIM

23 & hazelcast



> [1oCTyNn K A3HHbIM

I& hazelcast
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> JocTtyn K gaHHbIM: shared nothing
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> JocTtyn K gaHHbIM: shared nothing
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> JocTtyn K gaHHbIM: shared nothing
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> Shared nothing

« OJAVH NOTOK OTBeYaeT 3a NOAMHOXeCTBO AaHHbIX

e HeT Hy>XHO 6eCNOKONTLCA O KOHKYPEHTHOM A0CTyre K
AAHHbIM

 He o4yeHb KOMPOPTHO ANA oMnepaLmi, KoTopble
3aTparvBaloT HeCKOJIbKO partition-oB

« HyXeH map-reduce
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> Event loop: napansnennsm Ha npaKkTuke

Socket - e — —
Queue ; Socket Socket
Server 1 Server 2
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> Event loop: napannenmnsm Ha npaKkTuke

« Co3aaeM HeCko/1IbKO MOTOKOB, 06bIYHO MO KONMYECTBY S4ep

« Kaxabll NOTOK OTBeYaeT 3a NOAMHOXEeCTBO AaHHbIX (LLUapA)
« He HY>XHO KOHTPO/INPOBATb KOHKypeHTHbIVI AOCTYN K AdHHbIM

 [loTOKM 06LLatTCA Yepe3 COKETbI UKW OUepeam

« [lpakTnyeckn HET HaKNagHbIX PacxoA0B Ha KOOPAMHALMIO
NOTOKOB
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> Event loop: napannenmnsm Ha npaKkTuke

« Redis Cluster
« ScyllaDB
« DataStax Enterprise 6+
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> Event loop: pa3Hble onepauum

32

Poll

PUT

1ms

Send

Server

Receive

T
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> Event loop: pa3Hbie onepauuu

33

Send

Receive

5s

Poll

v

Query

PUT

Send

Server

Receive

T
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> BapUuaHTbI pelleHuUA

* Pa3sHble knacTepbl NOA pa3Hble Harpysku
* Redis Cluster

* KoonepaTmBHasg MHOr03a4a4yHoCTb: 406POBO/ILHO OTAAEM KOHTPO/Ib
13 AONTON 3a4a4K

e SEDA: staged event-driven architecture
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> PeweHue: SEDA

Staged event-driven architecture:
* OtaenbHbIN thread pool nog kaxabin TN 3a4au (stage)
* CTagmm obMeHMBalOTCA 3aja4aMm yepes ouepean
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> SEDA Ha cepBepe

Send

Execute

Receive <

Client
36

Poll/read
-
<
Poll/write
|
Server
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> SEDA Ha cepBepe

Send > Poll/read Opyras 3agava
| - l
Opyras 3agava Execute
1 <+ |
Receive < Poll/write [pyras sagaqa
T I I
Client Server
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> NMpeunmyuwectBa SEDA

« Xopowlias yTunm3aymsa pecypcoB 1 MacClLUTabupyemMoCTb
« Craguun He 6NOKMPYIOT APYr ApYyra

« [MBKOCTb: NOAXOANT ANS Pa3HbIX TUMOB 3ajau

« OTHOCUTENbHO NPOCTa B peannsaynm
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> ApxutekTtypa Hazelcast: SEDA

* Vcnonb3yet SEDA
 Crapnw:
« 10 pool - uteHMe 13 cokeTa, 3anncb B COKET
« Generic pool - 06paboTka NPON3BOJIbHbLIX 33434

- Partition pool - o6paboTka key-value 3agau
« JET pool - o6paboTka streaming 3agay Hazelcast JET

TununuHeln workflow:
e IO pool -> task pool -> I0 pool
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> ApxutekTtypa Hazelcast: SEDA

40

Client

|O Pool

Generic
Pool

Partition

-
\

Pool

Jet Pool
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> Peanusauuna |0: coeguHenume (1)

L IO Acceptor J
Selector
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> Peanusauuna |0: coeguHenume (1)

IO Worker 1

Selector
<empty>

IO Acceptor

Selector

IO Worker 2

Selector
<empty>
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> Peanusauums 10: coeguHeHue (1)

43

Client 1

Client 2

Dy
7

IO Worker

1

IO Acceptor

Selector
<empty>

Selector

IO Worker 2

Selector
<empty>
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> Peanunsauums 10: coeguHeHune (2)

44

Client 1

IO Acceptor

Client 2

Selector

e

2

N

IO Worker

1

Selector
1) Client 1

IO Worker 2

Selector

1) Client 2
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> Peanusauus 10: HopManbHas paboTa (3)

45

Client 1

Client 2

3

<

IO Worker

d

Selector
1) Client 1

|

L IO Acceptor
Selector

3

|

Selector

IO Worker 2 J

1) Client 2
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> Peannsauma lO

1.

46

Acceptor thread «cnywaet» BxogaLive NOAKIHOYEHUS,
co3gaet SocketChannel npy nogkntoyeH KNMeHTa

Acceptor thread Bbi6rpaeT 10 worker ¢ nomoLybro round-
robin anropntma, nepegaet emy SocketChannel

10 Worker pernctpuctpyet SocketChannel B cBoem
Selector, n obecrneumBaeT fa/ibHEVLLYHO KOMMYHWKALMIO
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> BxopsAwue 3anpochl

Client 1

Client 2

47
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> BxopsAwue 3anpochl

Client 1

A (2/2)

B (1/1)

A (1/2)

Client 2

48
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> BxopsAwue 3anpochl

Client 1

A (2/2)

B (1/1)

A (1/2)

POLL

A (1/2)

B (1/1)

Client 2

49

|O Worker
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> BxopsAwue 3anpochl

Client 1

A (2/2)

B (1/1)

A (1/2)

POLL

A (1/2)

B (1/1)

Client 2

50

|O Worker

Worker
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> BxopsAwue 3anpochl

Client 1

A (2/2)

B (1/1)

A (1/2)

POLL

A (1/2)

B (1/1)

Client 2

51

POLL

A (2/2)

|O Worker

> B
- A
Worker
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> BxopsAwue 3anpochl

« Kaxzoe coobLieHVe coaepXnT MeTanHpopMaL o
AnviHa
Tun cobLieHuns

« Coburpaem coobLieHVe 13 pparMeHTOB, NCNONb3Ys AJIVIHY

- OnpejaensieM CTaito HAa OCHOBE TMNAa CO06LLEHUS,
nepejaem 3ajauvy

52 I& hazelcast



> OcobeHHOCTH

53

Ana obcnyxmBaHUA gaxe 60/1bLLIOro KoanyecTsa
coeaMHeHnn 40CTaTOYHO HebonbLLoro Koanyecrtaa |0
workers (3-4 no ymoa4aHuio)

« [loTOMY UTO OH TO/ILKO KOMVPYEeT 6anThbl N genaeT
Heb/IoKVPYOLLME CUCTEMHbIE BbI3OBbI

CoeaViHEH VSt nepe6anaHcMpyloTca Mexay worker-amu B
C/ly4ae BO3HWKHOBEHMSA AncbanaHca
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> BAIOKUPYIOLLUUN KJINEHT

54

Send

Receive

Execute

Client

Poll/read
-
<
Poll/write
|
Server
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> MyJibTUNJIEKCUPOBAaHUE Ha KJIMEHTe

« [lo3Bonser peanr3oBaTb aCMHXPOHHbLIN API
* CompletableFuture<Void> fut = putAsync (key, wvalue)

« JlOCTAaTOYHO OZAHOIrO COEAVHEHWS C CepBepPOM A4
0b6paboTKK BCEX 3aMPOCOB
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> MyJibTUNJIEKCUPOBAaHUE Ha KJIMEHTe

Execute

56

Submit

-
Poll/write
Poll/read

<

Complete
|
Client

Poll/read
-
<
Poll/write
Server
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ApxuTtekTypa ctagmum Hazelcast

« Generic pool - Npon3Bo/IbHLIE OnepaLnmn
« Thread-per-partition - key-value onepauumn
« Jet pool - stream processing

57
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> Generic pool

58

1O 1

1O 2

10 3

1O 4

|O Pool

Y4

LinkedBlockingQueue

Worker 1
4 Worker 2
? Worker 3
Worker 4

Generic pool
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> Generic pool

« Multiple-producer, multiple-consumer

« [loaxoanT ANst BbINOJIHEHWSI MPOW3BObHbIX OMepaLni
Nosib30BaTeNS
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> Kak o6bpabaTbiBaTtb PUT/GET 3anpocbi?

PUT A
]

PUT A
|

PUT B
|

PUT A
1

PUT B

|
|O Pool
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> Kak o6bpabaTbiBaTtb PUT/GET 3anpocbi?

PUT A

] | I
PUT A PUT A

I I PUTB
PUTB > PUT A

| | PUT A
PUT A PUT B

. . |
PUT B

|

1O Pool Generic pool
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> Kak o6bpabaTbiBaTtb PUT/GET 3anpocbi?

PUT A
| | I
PUT A PUT A
: : PUT B
PUT B > PUT A -
, : > PUT A
PUT A PUT B I
| I
PUT B
I
1O Pool Generic pool
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> Thread-per-partition

PUT A
| | |
PUT A PUT A
: , PUT B
PUT B »|( PUTA :
] I PUT B
PUT A PUT A |
l |
PUT B
|
|O Pool Partition pool
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> Generic pool

1O 1 —- Worker 1
IO 2 —- Worker 2
IO 3 e Worker 3
[ox! —- Worker 4
10 Pool MPSCQueue Partition pool
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> Thread-per-partition

« JlaHHble pa3geneHbl Ha partitions
«  Kaxabln partition «nprBA3aH» CTPOro K ogHoMy worker

« Kaxabin worker nmeet oTaenbHyto odepesb (MPSCQueue)

« Multiple Producer - mHoro |O noTokOB nepeAaroT 3a4a4n

« Single Consumer - TONbKO TekyLw i worker 3abupaet 3agauv 13
ouepeau
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> Thread-per-partition

[lpenmyLLecTBa:
* He HYXHO CMHXPOHN3KPOBATb AOCTYMN K AaHHbLIM
« MeHbLe contention Ha oyepeaax
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> Thread-per-partition

[lpenmyLLecTBa:
* He HYXHO CMHXPOHN3KPOBATb AOCTYMN K AaHHbLIM
« MeHbLe contention Ha oyepeaax

HeaocTaTku
« [lpepgnonaraeT cbanaHCMPOBAHHYH Harpysky Ha Bce
partition-bl

« [1noxo nogxoAuT ANs onepaumii, KOTOPbIM HY>XXHbI aHHblEe
N3 HeCKOJIbKMX partition-oB (TpebyeT map-reduce)
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> CTPYKTYpbl AaHHbIX

Heap:
 ConcurrentHashMap (+ Bapurauun)

* ConcurrentSkipList

Offheap:
« OaHOMNOTOYHbIM hash map ¢ OTKpPbITOW aapecaumen
« OpaHonoTouHoe red-black tree
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Jet pool

- Hazelcast Jet - stream processing framework

» Streaming 3a4ayu BbINONHAKTCA NOTEHLaNbHO
HeorpaHmyeHHoe BpemM4

« Kak rapaHuTpoBaThb NX Nporpecc, He co3aBas OTAE/IbHbIV
MNOTOK Ha KaxXkAayt 3azauyy?
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> MOTOK Ha 33434y

7 4R

T | e

| |
Thread 1 Thread 2
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> MocnepoBaTesZibHOE BbINOJIHEHUE B nyJie

7 4R

T | e

Pool
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> MocnepoBaTesZibHOE BbINOJIHEHUE B nyJie

7 4R

"i‘\-‘ﬁ' Task B >
T raskc | PP | |

Pool
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> Jet pool: koonepaTuBHbIN NyA

|

'g:a' Task B >

T | e

|
Jet worker
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> Jet pool: kKoonepaTuBHbIN NyA

« VTepupyemca No CnuncKy 3a4ad, U BbINOTHAEM KX
nocnefoBaTeNbHO

° I'Iperau_LaeM BbIMOJIHEHWE 3a4a4N, eCNW.

* HeT BXOAHbIX AaHHbIX (eLle He NpuLn)
« He MoXeM 3anncatb BbIXOAHble AaHHble (HET MeCTa)
* 3ajada 3aBeplUeHa
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> Jet pool: koonepaTuBHbIN NyA

enum ProgressState {
MADE PROGRESS,
NO PROGRESS,
DONE
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> NMpobnema: HoTupmkKauum

Execute

76

Submit A
-
Poll/write
Poll/read
<
Complete A
|
Client

Poll/read A
-
<
Poll/write A
Server
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> Hotndukauum: 10 -> stage

Select

Write

Read

I& hazelcast
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> Homcl:ukau,uu

com/hazelcast/spi/impl/operationexecutor/impl/OperationExecutor.
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> Hotudukauum: stage -> 10

]

- :
=

___ ©

c

-— - o

o

com/hazelcast/spi/impl/operationexecutor/impl/OperationThread.run

79
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> Hotudukauum: stage -> 10
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HoTndukauum: ynyyuwaem

* MeHblue HOTUGUKaL MY
- Batching: ogHa HOTUMKaUMA Ha HECKOJIbKO 3a4aY
* He HOTM®UUMPOBATL aKTVBHbI MOTOK

 MeHblle cTagni
* HeTt noTtoka - HeT HOTUdKKaunn

+  “Mechanical sympathy”

« Bblbop KONMMYeCTBa MOTOKOB
- NUMA

81
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> YTeHue n3 cetu: nJioxo

while ((Packet packet = poll (selector)) != null) {

Worker worker = getWorker (packet);

A worker.submit (packet) ;
}
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> YTeHue U3 ceTu: XopoLuo

List<Packet> packets = pollAll (selector);

Map<Worker, List<Packet>> mappedPackets =
mapPackets (packets) ;

mappedPackets.forkEach ( (worker, packets) -> {
!Lvmmker.submitAll(packets);

b)) s
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> Hotudukauusa 10 noToka: nj1oxo

ConcurrentLinkedQueue<Packet> queue;

void submitPacket (Packet packet) {
queue.offer (packet) ;

A selector.wakeup () ;
}
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> Hotudukauusa 1O noTokKa: XxopoLio

ConcurrentLinkedQueue<Packet> queue;

AtomicBoolean active;

void submitPacket (Packet packet) {
queue.offer (packet) ;

if ('active.get () && active.cas (false, true))
!L selector.wakeup () ;
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> MeHblle CTaauu

86

Submit \
=) \
Poll/write
Poll/read <
<
Complete A |
|
Client

Execute

Poll/read A
-
<
Poll/write A
Server
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> MeHblle CTaauu

SocketChannel channel;

AtomicBoolean owner;

void sendPacket (Packet packet) {
if (!'owner.get () && owner.cas (false, true)) {
send (channel, packet);
owner.set (false) ;
} else
!! submitToIOWorker (packet) ;
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> MeHblue ctagun: backup

88

>

Client

Primary

Backup
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> MeHbLie ctagun: backup notification

89

>

Client

Primary

Backup
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Ko/ZinyecTBO NOTOKOB

« [IpOoAyKTbl YaCTO CTAPTYOT CAULLKOM MHOro worker-
NOTOKOB MO YMO/TYaHNIO

== Runtime.availableProcessors /()

« Pe3synbTat: KOHKYypeHumna 3a CPU, Meg/sieHHbIN 40CTYyN K
NaMATY
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> Mpumep: NUMA

« AWS, c4.8xlarge, 36 vCPU, 2 NUMA nodes
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> Mpumep: NUMA
« AWS, c4.8xlarge, 36 vCPU, 2 NUMA nodes

* 2 cokera, 36 noroxos: 390 000 ops/sec
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> Mpumep: NUMA

AWS, c4.8xlarge, 36 vCPU, 2 NUMA nodes

2 cokera, 36 norokos: 390 000 ops/sec

1 cokeT, 36 IIOTOKOB: ops/sec
| Runtime ms | Switches | Average delay ms |
| 136527.294 ms | 2402220 | avg: 0.025 ms |
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> NMpumep: oversubscription

* 2 cokera, 36 noroxos: 390 000 ops/sec

e 1 coker, 36 IIOTOKOB: ops/sec
. 4 norokxa : 550 000 ops/sec
| Runtime ms | Switches | Average delay ms |
| 136527.294 ms | 2402220 | avg: 0.025 ms |
| 56609.212 ms | 1200057 | avg: 0.007 ms |
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> UUToro: Kak BbinoJIHATL 1O onepauun?

« BapwaHT 1: blocking 10
e XOpOLUO 418 MPOCTbIX N HEHArpy>XeHHbIX CLeHapues
« [lpocTaga peannsauymnsa
« He macwrabupyetcs

« BapuaHT 2: event loop (non-blocking 10)

« Xopowo MaclTabumpyeTtcs
« CnoxHee
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> AToro: roe BbINOJIHATbL 33434Yu?

- BapwaHT 1: BCe 3aga4u B event loop
* VlpeanbHO NOAXOANT ANt HEGONbLUMX OAHOTUMHbLIX 33434
« [lpobnembl Npu pasHOPOAHOW Harpyske

« BapwnaHT 2: event loop + ctagnn (SEDA)

*  YHmBepcCasbHbIN U TUOKN NOAXOL,
« HaknagHble pacxobl Npy nepejaye 3ajay Mexay noTokamm
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NToro: raoe BbiNOJIHATbL 334a4YU?

- BapwaHT 1: BCe 3aga4u B event loop
* VlpeanbHO NOAXOANT ANt HEGONbLUMX OAHOTUMHbLIX 33434
« [lpobnembl Npu pasHOPOAHOW Harpyske

« BapwnaHT 2: event loop + ctagnn (SEDA)
*  YHmBepcCasbHbIN U TUOKN NOAXOL,
« HaknagHble pacxojbl Npu nepegaye 3a4ay Mexzay noTokamu

« He aBnaTCca B3aMMOUCKAOYAOLLMMMW!
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> AToro: poCctyn K AaHHbIM

« BapwaHT 1: shared
« [loaxoauT ana 6onbLlunx 3agad (Hanpumep, SQL)
 HaknagHble pacxobl Ha KOOpPAMHAaLUWIO A0CTYyMNa K AaHHbIM

« BapwnaHT 2: shared nothing (sharding)

* [logxoaunT Ana MmaneHbKux 3agav (Hanpumep, PUT/GET, OLTP)
« HaknagHble pacxoabl Npu JOCTyMNe K HECKONIbKUM Lapaam
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NUToro: apxutektypa Hazelcast

* KpaTko:
« Eventloop + ctagum (SEDA)
» [penmyulectBeHHO shared nothing

* [lynbl MOTOKOB MO/, pa3sHble 3a4a4n.
« 10 pool - event loop ana 10 onepaunin
« Generic pool - knaccnyeckunin nyn Ansg compute 3agau
- Partition pool - wapanposaHHbIV Nyn Ana key-value onepauni
« Jet pool - koonepaTnBHLIN Ny 1A CTPUMUHTA
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> AToro: peKkoMmeHaauum noJib3oBaTenam

*  W3yuairiTe MoAgenn MHOFOMOTOYHOCTI, YUTO Obl NyyLLe
NOHKMAaTb, MOAXOANT NN NPOAYKT ANS BaLLKMX 3a4au

« Jlrobon NPOAYKT - 3TO HABOP KOMMPOMIKCCOB

« [IpaBUAbLHO NoABUMPaNTE KONYECTBO MOTOKOB MOA
OKpY>XeHKe 1 Npodu/ib HarpysKu

e numactl/taskset
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> KOHTAaKTbI

@devozerov
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> Q&A

Bonpochb!?
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