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TpeboBaHus B undpax
e Latency

o 99% =100 MuKpocekyHp

o Max He 6onee 100 MunnucekyHa
e ~ 1000000 coobLeHnn B oeHb

e Uptime Bo BpeMsi paboTbl 6UpXxn 6m3knim K 100%
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|
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json
L

HTTP

spring
boot
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Spring Boot Http. Ping (Mukpocekynabl) =

Percentile 50 90 99 max

time 211.711 307.055 587.775 6471.679

* 1ns localhost
https://github.com/easy-logic/transport-benchmarks
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RabbltMQ ng (MMKDOCBKyHﬂ,bI) e G

Percentile 50 90 99 max

time 193.09 211.39 297.60 21749.76

* 1ns localhost
https://github.com/easy-logic/transport-benchmarks
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UDP Multicast?
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224.0.1.2 224.0.1.0

224.0.1.1 Cepauc

Opgzep <
KoTupoBok

MeHemxep
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Aeron. Ping Pong (MMKpOCEKYH/bI)
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Percentile

50

90

99

MaX

time

9.89

12.68

15.615

3395.58

* ona MynbTukacT agpeca 224.0.1.1:40457

https://qithub.com/easy-logic/transport-benchmarks
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[naH
e Y3HaTb YTO Takoe Aeron n 0621acTu ero NPMMeEHeHus
e [locMoTpeTb Ha API

e PasobpaTbcs B apxuTeKType Aeron’a

32



oooooooooooooooooooo

Yro Takoe Aeron?
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Yro Takoe Aeron?
Bubnmnoteka ans obmMeHa CoOobLLEHNAMN C BO3SMOXXHOCTAMM:

e Reliable UDP unicast
e Reliable UDP multicast
e |PC (Inter Process Communication)
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Y1o Takoe Aeron?
KnroyeBble 0COH6EHHOCTMU:

TonbKo pnym KoTopble peasibHO HY)XKHbI
OcHoBHOM yrnop Ha performance
Open-source java, C++ 61bnoTeku
BcTtpoeHHbin Flow Control

Multiplexing
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Hackonbko nonynspeH Aeron?
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Hackonbko nonynsiped Aeron?
NMeloT nopaepxKy:

e R-socket
e Akka
e Wireshark
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IPC ?
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Lnro3
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Aeron IPC. Ping Pong (MukpocekyHabl)
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Percentile

50

90

99

MaX

time

0.229

0.269

0.382

837.631

* ANA ipc KaHana

https://qithub.com/easy-logic/transport-benchmarks
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Aeron API
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Aeron aeron = Aeron.connect();

Publication publication = aeron.addPublication(
channel: "aeron:udp?endpoint=localhost:1234",
streamld: 42);

Subscription subscription = aeron.addSubscription(
channel: "aeron:udp?endpoint=localhost:1234",
streamld: 42);
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Ip:port

Pub id =42 cub
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Aeron API. Channels & Streams

Pub ip; port Sub
id = 321 /

Pub Sub

Pub Sub
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Aeron API. Channels & Streams

Pub

Ip:port

id =42
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Sub

Sub

Sub
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Aeron API. Channels & Streams

Ip:port

Pub

LIER Y
I Sub

Pub
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Aeron API. Channels & Streams

Pub

Pub

Ip:port

id =42
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Sub

Sub

Sub
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Aeron aeron = Aeron.connect();

Publication publication = aeron.addPublication(
channel: "aeron:udp?endpoint=localhost:1234",
streamld: 42);

Subscription subscription = aeron.addSubscription(
channel: "aeron:udp?endpoint=localhost:1234",
streamld: 42);
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Aeron API. Channels & Streams

Aeron aeron = Aeron.connect();

Publication publication = aeron.addPublication(
channel: "aeron:udp?endpoint=224.0.1.1:1234",
streamld: 42);

Subscription subscription = aeron.addSubscription(
channel: "aeron:udp?endpoint=224.0.1.1:1234",
streamld: 42);
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Aeron aeron = Aeron.connect();

Publication publication = aeron.addPublication(

J

42);

Subscription subscription = aeron.addSubscription(

J

42);
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Aeron API. Publisher

/x*
* Non-blocking publish of a partial buffer containing a message
*

* @param buffer containing message.

* gparam offset offset 1n the buffer at which the
* encoded message begins.

+ gparam length 1n bytes of the encoded message.
*/

public void offer(DirectBuffer buffer, int offset, int length)
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ez

* Non-blocking publish of a partial buffer containing a message.
*

* gparam buffer containing message.

* gparam offset offset 1in the buffer at which the encoded
* message begins.

* gparam length 1n bytes of the encoded message.

* greturn The new stream position,

otherwise a negative error value of

{@link #NOT_CONNECTED}, {@link #BACK PRESSURED},
{@link #ADMIN ACTION}, {@link #CLOSED},

or {@link #MAX POSITION_ EXCEEDED}.

Sk X

*/
public long offer(DirectBuffer buffer, int offset, int length)

54
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Aeron API. Publisher

YT1o Bo3BpallaeT publisher#offer:

Position : cnegyroLlyo NO3ULUIO B CTPUME AaHHbIX
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Aeron API. Position & Image

KnroyeBas CylWHOCTb B Aeron.

Image

>
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Aeron API. Position & Image

result = publication.offer( )

Image

>
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Aeron API. Position & Image

result = publication.offer( )

Image

' >
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Aeron API. Position & Image

result = 132

Image

100 >
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Aeron API. Position & Image

result = publication.offer( )

Image

100 >
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Aeron API. Position & Image

result = 364

Image

= 1= >

1
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Aeron API. Position & Image

BIE >

S
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Aeron API. Position & Image
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Aeron API. Subscriber o camsan

int poll(FragmentHandler fragmentHandler, int fragmentLimit)
{ ... }

subscription.poll(

(buffer, offset, length, header) -> {
consumeString(buffer.getStringUtf8(offset, length));

}s

10);

Y



Aeron API. Subscriber
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Aeron API. Subscriber

Spring Kafka Rabbit MQ
Integration
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Aeron API. Subscriber. Yrenue

Image

BB >

result = subscriber.poll(someHandler, 2);
Sub
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Aeron API. Subscriber. Yrenue

Image

BB >

result = 2
Sub
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Aeron API. Subscriber. Yrenue

Image

BB >

result = subscriber.poll(someHandler, 2);
Sub
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Aeron API. Subscriber. Yrenue

Image
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result = 1
Sub



Luy:oft

A DXC Technology Company

Aeron API. Subscriber. Yrenue

Image

BB >

result = subscriber.poll(someHandler, 2);
Sub
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result = ©
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Aeron API. Subscriber o Campar

poll - He6N1oKMPYLLIMI BbI3OB, T.€ BO3BpaLLLaeT pesybraT
cpasy. 1o aToMy 06bI4YHO (PIOY TAaKOW:

(isRunning())

received = .poll(dataHandler )

76



Aeron API. IdleStrategy
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1 [ll||llllll||llIIII||llllll||llIIII||llllll||llIIII||llllll||||||II|||I||1"""/]
3 []] 3:3%]
4 [ 4%]
II"mlll||ll||II||ll||II||ll||II||ll||IIIIIIIIIIIIIIIIIIIIIIIIIII||||||1172~**/15972HB]
Swp [ /7999MB]
PID USER PRI NI VIRT RES SHR S CPU% MEM% TIME+ Command
1 root 20 0 1951 4980 3176 S 0.0 0.0 0:53.92 /usr/lib/systemd/systemd -
29390 ivan 20 0 630l 22492 16488 S 0.0 0.1 0:00.97 |~ /usr/libexec/gvfsd-rece
29392 ivan 20 0 630l 22492 16488 S 0.0 0.1 0:00.02 — gdbus
29391 ivan 20 0 6300 22492 16488 S 0.0 0.1 0:00.00 — gmain
28340 1ivan 20 0 800K 42324 29612 S 0.0 0.3 0:00.44 |~ eog /home/ivan/Pictures
28347 ivan 20 0 800M 43324 29612 S 0.0 0.3 0:00.05 — EogJobScheduler
28346 ivan 20 0 B800M 43324 29612 S 0.0 0.3 0:00.00 — gdbus
28345 ivan 20 0 800M 43324 29612 S 0.0 0.3 0:00.00 — gmalin
28344 ivan 20 O 800M 43324 29612 S 0.0 0.3 0:00.00 dconf worker
28265 root 39 6060 92712 18044 S 0.0 0.6 0:01.14 |— /usr/bin/python3 /usr/k
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while (isRunning())
{

int received = subscription.poll(dataHandler, LIMIT);
idleStrategy.idle(received);

78



Aeron API. ldleStrategy

NoOpIdleStrategy
SleepingMillisIdleStrategy
SleepingIdleStrategy
YieldingIdleStrategy
BusySpinIdleStrategy
BackoffIdleStrategy
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// Thread#sleep

// LockSupport#parkNanos
// Thread#yield

// Thread#onSpinWait

// spin + yield + park

79
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while (isRunning())
{

int received = subscription.poll(dataHandler, LIMIT);
idleStrategy.idle(received);

80
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while (isRunning())
{

int received = subscription.poll(dataHandler, LIMIT);
idleStrategy.idle(received);

81
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select ?
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Aeron API. BusySpin

SELECT * FROM SetVsSelectDemo WHERE GroupNumber - 2 IRY=I =GN IEcYile]olo]=To]yo)
132% -~ yesioBeka

BH Resuts [l Messages
ID Name GroupNumber Grade
| Huda 2 180
i 2 170

SELECT(2) Linux Programmer's Manual SELECT(2)

NAME top

select, pselect, FD_CLR, FD_ISSET, FD_SET, FD_ZERO - synchronous I/O
multiplexing

SYNOPSIS top

/* According to POSIX.1-2001, POSIX.1-2008 */

SELECT Kprn bLL"MKa #include <sys/select.h>
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Aeron API. BusySpin

Running queue

-

,\\{:_. RT Schedule Class

SCHEDULER

CFS Schedule Class

Load Balancer
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Aeron API. BusySpin

Running queue ~
—_— _—

<_ RT Schedule Class

SCHEDULER

é— CFS Schedule Class

Load Balancer
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bBepu, na
Nosb3yuncs
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Aeron API. BusySpin

pert sched latency
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root@asrv24l ~/ilgiz # perf sched record -- sleep 30

[ perf record: Woken up 865 times to write data ]

[ perf record: Captured and wrote 1774.102 MB perf.data (15892533 samples) ]

root@asrv24l ~/ilgiz # perf sched latency
Task | Runtime ms | Switches | Average delay ms | Maximum delay ms | Maximum delay at |
R ED) 63.985 ms 6 | avg: 0.296 ms | max: 1.716 ms | max at: 17822107.861744
migration/1:16 0.000 ms 15 | avg: 0.137 ms | max: 1.058 ms | max at: 17822095.837621
ksoftirqd/0:3 6.997 ms 388 | avg: 0.131 ms | max: 13.839 ms | max at: 17822081.059072
ksoftirqd/23:150 9.790 ms 352 | avg: 0.122 ms | max: 12.332 ms | max at: 17822100.768687
migration/20:131 0.000 ms 9 | avg: 0.103 ms | max: 0.870 ms | max at: 17822091.981604
migration/7:53 0.000 ms 10 | avg: 0.101 ms | max: 0.979 ms | max at: 17822092.001717
migration/22:143 0.000 ms 6 | avg: 0.098 ms | max: 0.570 ms | max at: 17822081.857756
ksoftirqd/1:17 31.848 ms 1296 | avg: 0.096 ms | max: 15.960 ms | max at: 17822106.052104

nBnuuvwuunmnuuuvuunuvuununnunon

I l I I I
I I I I I
I I I I I
I I I I I
| | | | |
I I I I I
I I I I I
I I I I I
check_process_u:(19) | 17.118 ms | 71 | avg: 0.092 ms | max: 5.897 ms | max at: 17822107.830432
I I I I I
I I I I I
I I I I I
I I I | I
I I I I I
I I I I I
I I I I I
| | | | |

apps.plugin:16288 1751.462 ms 125 | avg: 0.086 ms | max: 3.975 ms | max at: 17822080.209278
debian-sal:17984 0.705 ms 11| avg: 0.085 ms | max: 0.085 ms | max at: 17822103.727999
kworker/6:1H:464 4,593 ms 101 | avg: 0.081 ms | max: 3.323 ms | max at: 17822100.804354
jbd2/md3-8:587 2,704 ms 47 | avg: 0.080 ms | max: 2.479 ms | max at: 17822086.692834
ksoftirqd/15:102 24,939 ms 1174 | avg: 0.079 ms | max: 15.009 ms | max at: 17822089.859866
ksoftirqd/2:23 8.200 ms 419 | avg: 0.078 ms | max: 15.976 ms | max at: 17822083.041131
kworker/u50:2:29286 83.062 ms 25 | avg:  0.073 ms | max:  ©.267 ms | max at: 17822086.01483%'s
ksoftirad/11:78 4.761 ms 316 | ave: 0.069 ms | max: 15.350 ms | max at: 17822103.903562 s
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Aeron API. BusySpin

Task | Runtime ms | Switches | Average delay ms | Maximum delay ms |
ps:(3) I 63.985 ms | 6 | avg: 0.296 ms | max: 1.716 ms |
migration/1:16 | 0.000 ms | 15 | avg: 0.137 ms | max: 1.058 ms |
ksoftirqd/0:3 I 6.997 ms | 388 | avg: 0.131 ms | max: 13.839 ms |
ksoftirqd/23:150 I 9.790 ms | 352 | avg: 0.122 ms | max: 12.332 ms |
migration/20:131 I 0.000 ms | 9 | avg: 0.103 ms | max: 0.870 ms |
migration/7:53 I 0.000 ms | 10 | avg: 0.101 ms | max: 0.979 ms |
migration/22:143 I 0.000 ms | 6 | avg: 0.098 ms | max: 0.570 ms |
ksoftirqd/1:17 I 31.848 ms | 1296 | avg: 0.096 ms | max: 15.960 ms |
check_process_u:(19) | 17.118 ms | 71 | avg: 0.092 ms | max: 5.897 ms |
apps.plugin: 16288 | 1751.462 ms | 125 | avg: 0.086 ms | max: 3.975 ms |
debian-sal:17984 I 0.705 ms | 1| avg: 0.085 ms | max: 0.085 ms |
kworker/6:1H: 464 I 4,593 ms | 101 | avg: 0.081 ms | max: 3.323 ms |
jbd2/md3-8:587 I 2.704 ms | 47 | avg: 0.080 ms | max: 2.479 ms |
ksoftirqd/15:102 I 24.939 ms | 1174 | avg: 0.079 ms | max: 15.009 ms |
ksoftirqd/2:23 I 8.200 ms | 419 | avg: 0.078 ms | max: 15.976 ms |
kworker/us9:2:29286 | 83.062 ms | 25 | ave: 0.073 ms | max: 0.267 ms |
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while (isRunning())
{

int received = subscription.poll(dataHandler, LIMIT);
idleStrategy.idle(received); // Thread#onSpinWait
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Aeron API. Subscriber. Yrenue

Image

BB >

result = subscriber.poll(someHandler, 2);
Sub
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Aeron API. Subscriber. Yrenue

Image

DIBBE >

result = subscriber.poll(someHandler, 2);
Sub
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Aeron API. Subscriber. Yrenue

Image

DB >

result = 9;
Sub
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Aeron API. Subscriber. Yrenue

Image

mznsm\ >

Sub

buffer.putIntOrdered(offset, length);
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Aeron API. Subscriber. Yrenue

Image

DB >

result = subscriber.poll(someHandler, 2);
Sub
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Aeron API. Subscriber. Yrenue

Image

DB >

result = 1;
Sub



Aeron API. Subscriber g

subscription.poll(

(buffer, offset, length, header) -> {
consumeString(buffer.getStringUtf8(offset, length));

}s

10);

Fragment == message?

96



Aeron API. Subscriber ovCampan

Fragment - nakeTt Bnesarowmnm B MTU, ecnu coobLeHmne
6onble yem MTU, To oHO ApobUTCcA Ha Heckonbko fragment’
OB.

MTU ~= 1500 byte

YTO6bI CKNeMBaTb UX HYXXeH FragmentAssembler

97



Aeron API. Subscriber g

Declare:

FragmentHandler myFragment new FragmentAssembler(
(buffer, offset, length, header) -> {
consumeString(buffer.getStringUtf8(offset, length));

1)

Usage:

subscription.poll(myFragment, 10);

98
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Aeron API. Pesiome.
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Lnro3

Opaep — Cepsuc
MeHemkep KoTupoBok

100



Luy:oft

A DXC Technology Company
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Aeron API. Pe3tome o =
result = publication.offer( )

$ =30 py6nei
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Aeron API. Pe3toMme

result = 300

$ =30py6nei
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Aeron API. Pe3toMme

result = 300

$ =30py6nei
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Aeron API. Pe3toMme

result = 300

$ =30py6nei
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Aeron API. Pe3toMme

result = 300

FragmentHandler handler = new FragmentAssembler((b, o, 1, h) -> { KynuTb $ IDE

while (isRunning()) {
idleStrategy.idle(subscription.poll(handler, LIMIT));

106

}
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Aeron API. Pe3toMme

result = 300

FragmentHandler handler =

while (isRunning()) {
idleStrategy.idle(subscription.poll(handler, LIMIT));

107

}
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ApxutekTypa Aeron
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Apxutektypa Aeron. Media Driver

/dev/shm
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Apxutektypa Aeron. Media Driver

A

BIE >

B
'100}'2001 >
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Apxutektypa Aeron. Media Driver

ENES >

Media Driver

' 100 } ' 200 } >
Biui
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Apxutektypa Aeron. Media Driver
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Apxutektypa Aeron. Media Driver. Gonductor

Y10 >Xe penaet Conductor?

e [locbinaeTt Heartbeat

e [IpnHumaeT KOoMaHAbl Ha co3daHue/3aKpbiTue
coeguHeHumn

e [Ipunxoa/yxon Image B subscription

e [lpoBepseT Ha AbIPKU AaHHble

113



Apxutektypa Aeron. Media Driver

Receiver/Sender/Conductor - 3To Bcé Agent

public interface Agent {
int doWork() throws Exception

¥

OCHOBHOM Kenc ncnoJsib3oBaHua:

while (isRunning()) {
idleStrategy.idle(agent.doWork());
}
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Apxutektypa Aeron. Media Driver

Threading model: DEDICATED

Sender thread Receiver thread Conductor thread
while (isRunning()) { while (isRunning()) { while (isRunning()) {
int work = int work = int work =
sender.doWork(); receiver.doWork(); conductor.doWork() ;
idle.idle(work); idle.idle(work); idle.idle(work);
} } }
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Apxutektypa Aeron. Media Driver

Threading model: SHARED NETWORK

Network thread Conductor thread

while (isRunning()) { while (isRunning()) {

int work = 0; int work =

work += sender.doWork(); conductor.doWork();

work += receiver.doWork(); idle.idle(work);

idle.idle(work);
} }
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Apxutektypa Aeron. Media Driver

Threading model: SHARED

Aeron thread

while (isRunning()) {

int work = 0;

work += sender.doWork();
work += receiver.doWork();
work += conductor.doWork();
idle.idle(work);

}
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Apxutektypa Aeron. Media Driver

Threading model: INVOKER

public int invoke() {

int work = 0;

work += sender.doWork();
work += receiver.doWork();
work += conductor.doWork();
return work;
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[Ipotokon Aeron
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Reordering
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IPC
(Inter-Process Communication)

135



Luy:oft

A DXC Technology Company

[potokon Aeron. |PC
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[potokon Aeron. |PC
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Multicast
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[potokon Aeron. Multicast
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[potokon Aeron. Multicast
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[potokon Aeron. Multicast
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[potokon Aeron. Multicast
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[potokon Aeron. Multicast

I BN ES )

224.0.1.1:40456
streamld=42

) 100 > ) 100 >
B C

145




Luy:oft

A DXC Technology Company

[potokon Aeron. Multicast
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[potokon Aeron. Multicast
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[potokon Aeron. Multicast
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[potokon Aeron. Multicast
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[potokon Aeron. Multicast
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[potokon Aeron. Multicast
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[potokon Aeron. Multicast
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ApxutekTypa. Pe3tome.
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Opaep CepBuc
MeHepxep KoTuposok
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) ﬂpOAOBOI;I!!!‘
MNpoaasan!

2 Newe York -
Cpo4HO NpoAasam
cHerlll NMpoaasawm!!!

Opaep CepBuc
MeHepxep KoTuposok
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Apxutektypa. PesioMe o
result = publication.offer( )

$ =30 py6nei
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Apxutektypa. Pestome

result = 300

$ =30 py6nei

157



Luy:oft

A DXC Technology Company

Apxutektypa. Pestome

result = 300
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Apxutektypa. Pestome

result = 300
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Apxutektypa. Pestome

result = 300
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Apxutektypa. Pestome

result = 300
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Apxutektypa. Pestome

result = 300

FragmentHandler handler = new FragmentAssembler((b, o, 1, h) -> { KynuTb $ IDE

while (isRunning()) {
idleStrategy.idle(subscription.poll(handler, LIMIT));

162
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Apxutektypa. Pestome

result = 300

FragmentHandler handler = new FragmentAssembler((b, o, 1, h) -> { , ' 3% & 1)
QZjE 8

while (isRunning()) {
idleStrategy.idle(subscription.poll(handler, LIMIT));
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WMnnemenTauus Image
Log buffer
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WUmnnementauus Image. Log buffer

publication.offer ( [Tractorist})
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WUmnnementauus Image. Log buffer

[Tractorist} = 300 byte
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WUmnnementauus Image. Log buffer

Termld =0 Termld =1 Termld = 2
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WUmnnementauus Image. Log buffer
Termld =0 Termld =1 Termld = 2
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WUmnnementauus Image. Log buffer
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WUmnnementauus Image. Log buffer
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WUmnnementauus Image. Log buffer
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WUmnnementauus Image. Log buffer
Termld =0 Termld =1 Termld = 2
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TCP's philosophy is "better late than never".
Many latency-sensitive applications prefer the "better never than
late” philosophy.

https://www.informatica.com/downloads/15
68_high_perf _messaqging_wp/Topics-in-High-
Performance-Messaging.htm
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WUmnnementauus Image. Log buffer
Termld =0 Termld =1 Termld = 2
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WUmnnementauus Image. Log buffer
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WUmnnementauus Image. Log buffer
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WUmnnementauus Image. Log buffer
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Pestome no Aeron

182



Luy:oft

A DXC Technology Company

Apxutektypa. Pestome o
result = publication.offer( 9 )

CT N
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Apxutektypa. Pestome
result = ADMIN_ACTION
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Apxutektypa. Pestome o
result = publication.offer( 9 )

meme] [ PN

200 M Pad

$ =30 py6nei
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Apxutektypa. Pestome

result = 300

100 200

$ =30py6nei
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Apxutektypa. Pestome

result = 300

100
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Apxutektypa. Pestome

result = 300

100 200

FragmentHandler handler = new FragmentAssembler((b, o, 1, h) -> { KynuTb $ IDE

while (isRunning()) {
idleStrategy.idle(subscription.poll(handler, LIMIT));
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Apxutektypa. Pestome

result = 300

100 200

FragmentHandler handler = new FragmentAssembler((b, o, 1, h) -> { , ’
@Eﬁ

while (isRunning()) { Xy ¢
idleStrategy.idle(subscription.poll(handler, LIMIT)); é?
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Yr1o TaM ecTb eLte?
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Yr1o Tam ecTb ewe? Archive

Media Driver

Media Driver
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Yro Tam ecTb ewe? Cluster

MMmnnemeHTauna RAFT npoTokosia noBepx Aeron

http://thesecretlivesofdata.com/raft/
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CTouT nocMoTpeThb

How low can you go? By Daniel Shaya

https:/www.youtube.com/watch?v=BD9cRbxWQx8

is is a really fast bike
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CTouT nocMoTpeThb

Cepren MenbHUKOB — Npodunupyem 4YepHoro nedeas

https://www.youtube.com/watch?v=Cn4bw/cE68w

@Ok@Y(?) 2018

Ceprent MenbHukos
PanddarizeHO6aHK

MNpodunmpyem YepHoro nebend
¢ nomolpto Intel Processor Trace,

WAv YTO AenaTb, eCaM MHOTAA Koz,
BbinosHaeTcst 20 MC BMeCTO 2 MC
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CTouT nocMoTpeThb .

PomaH EnnsapoB — MUninoHbl KOTUPOBOK B CEKYHAY

https:.//www.youtube.com/watch?v=0Q-7y1u9kZV0

PomaH
Ennsapos

MunnunoHsbl
KOTUPOBOK

B CEKyHAy Ha
yucton Java

JUGRU
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CTouT nocMoTpeThb

NHTepBbO ¢ AHTOHOM baTsieBbIM Ha Xabpe

https://habr.com/ru/company/dbtc/blog/449630/
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Utoru

o API

o Publication
o Subscription

e Media Driver
o Sender, Receiver, Conductor

e [IpoToKon
o Reordering, NAK, Multicast

e LogBuffer
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github: https://github.com/Qlvan
E-mail: gtivan@gmail.com
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think.
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accelerate.
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