Yandex @ Crowd = JPoint

AHanN3 nNpon3BoanTENbHOCTU

|O-cnuctem Ha npumepe
ACUHXPOHHbIX HT [ P-KnNneHTOoB

[aHunn JemMunHueB




O 4yeM nongeT peyb?

UTO Mb Kak nogobparthb Kak HaCcTpouTb
oyaoem Xeneso BbIOpPAHHbIV
aHann3npoBaTb? Ons nsmepeHnin? cTeHa?
01 02

Kak HanucaTtb Kak aHanm3npoBaTh

beH4YMapK Nony4veHHble

N HE HACTYMUTb pe3ynbTaTbl?

Ha rpabnn?

04 05

03



C yero sBce Ha4yanocb?

OgHoBpeMeHHOE UCMornHeHne MHoXecTBa user-defined aBTomaTu3aLnn:

POST to
System 4

External Start GET from .
=vent automation System 1 °_>

GET from POST to
System 2 System 3

Hy>HO BbIOpaTb HTTP KnneHT ¢ makcumarisHOU rnpornycKHOW CroCOOHOCTLIO!



JKerneso
nnsa 6eH4YMapKuHra




TpeboBaHUA K XKeneasy

|solated Stable Production-like
beHYMapK He XKenes3o O0MKHO pe3ynbTaThbl
ANOJHKEH rnomaTtb BECTU cebs OOJIKHbI ObITb
BHELLUHNWA MUP OONHAaKOBO penieBaHTHbI



Localhost vs network

Localhost Synthetic network
+ stable + stable

4+ simple + simple

— Irrelevant + relevant



Localhost vs network

Requests per millisecond

1000 - / : — I — }
800 - /
w
£ 600 - o
2
(7))
@
-
o
& 400
—— (clientName): ASYNC_LOCAL
2 —— (clientName): ASYNC_NETWORK
—— (clientName): SYNC LOCAL
—— (clientName): SYNC NETWORK
O ! | | | | | | |
32 64 128 256 512 1024 2048 4096

(parallelism)

Async (cBepxy) —
localhost ~ network

Sync (CHU3y) —
localhost = network

3



[ lapameTpbl cTEHOA

Debian 12 x86 64 100+Gb RAM 16 physical cores 32 logical cores

'rootaddd127-benchmarks-experiments:~# lscpu

rootaddd127-benchmarks-experiments:~# screenfetch Architecture: X86_64
root ddd127-benchmarks-experiments CPU op-mode(s): 32-bit, 64-bit
0S: Debian 12 bookworm Address sizes: 40 bits physical, 48 bits virtual
Kernel: x86 64 Linux 6.1.0-17-amd64 Byte Order: Little Endian
Uptime: 34m CPU(s): 29
Packages: 559 On-line CPU(s) list: 0-31
. 5?911‘ bash 5.2.15 Vendor ID: AuthenticAMD
' eAk; o] oot (o) BIOS Vendor ID: QEMU
- CPU: AMD EPYC-Milan @ 32x 2.396GHz :
o Model name: AMD EPYC-Milan Processor
GPU: Red Hat, Inc. Virtio 1.0 GPU (rev 01) S e NotSpecified CPU @ 2.0GH
e, RAM: 1340MiB / 125781MiB il dea it bials
"_ BIOS CPU family: 1
o CPU family: 25
Model:

Thread(s) per core: 2
Core(s) per socket: 16
Socket(s): 1
Stepping: 1
BogoMIPS: 4792.79



[ IpoMmexyTo4Haa mopanb Net

N3onauunto, Pa3Hble BapunaHThI Bo3MOXHO, Ons
CTaOUINbHOCTb CEeTEBOIO BalLlero cny4yas
N peneBaHTHOCTb coeaMHEHUS YTO-TO MOXHO
camMou MaLUNHKA YNPOCTUTb



HacTpouka OKpyXeHUA
nnsa 6eH4YMapKuHra




Bbibnpaem web server

UTOobOblI BEHUYMAapKaTb KITMEHT, HY>KEH CeEpPBEP
Open Source pelleHuin, B Liles1IoM, JOCTaTOYHO

01 02

Kakon-Hnbyab
BHYTPEHHUN Benocunen

03

11



Nginx

[etc/nginx/nginx.conf:

rootadddl127-test:~# \

> apt-get install nginx -y KaKyro HarpysKy 4epuT

o . f
rootddd127-test:~# \ nginx Ha localhost":

> curl -v http://localhost:80
Trying 127.0.0.1:80 ...
Connected to localhost (127.0.0.1) port 80 (#0)
GET / HTTP/1.1
Host: localhost
User-Agent: curl/7.88.1
Accept: x/x

HTTP/1.1 200 OK
Server: nginx/1.22.1

N N V VvV VNV V V ¥ X



Nginx: n3 Kopobku

3anyctum wrk2 (http benchmarking tool):

root@dddl27:~# ./wrk2-master/wrk -c 600 -d 30 -t 16 -R 2000000 \
http://localhost:80/

Running 30s test @ http://localhost:80/
<o oo

Requests/sec: 367555.35

wrk2 — https://github.com/qgiltene/wrk2

13


http://localhost/
https://github.com/giltene/wrk2

NgIinX: noakpyymBaem

[etc/nginx/nginx.conf:

tHt
# Logging Settings
tHt

# access_log /var/log/nginx/access.log; €————¢ (TK/IIOYAEM normpoBaHue
access_log off;

server {
listen [::]:8080 default server;

location /do_request {

return 200 'You are welcome!'; €———e XapaKoaUM PECIMOHC
}

14



NgIinX: NnoaKpy4YeHHbIN

3anyctum wrk2 eLue paas:

root@dddl27:~# ./wrk2-master/wrk -c 600 -d 30 -t 16 -R 2000000 ...

<...>

Requests/sec: 1851509.47

NToro

1 B 8' I l RPS Ecnu KnneHThbl I'IpI/I6J'II/I3FITCFI K3TOMY

3HaA4YeHU, Haao TIOHUTb eLle

15



3onauma pecypcos

[1Nna KOPpPEKTHOCTU N3MEPEHNIN HYXKHO, YTOOBLI NgIinX
N KINMMEHTbI HE KOHKYPUpPOBAaIu 3a pecypcbl MaLLNHKM

Disk bandwidth Network 100+Gb RAM
HU KITMEHTY, bandwidth «JOIMKHO XBaTUTb
HU cepBepy Kaxkgomy» ©

He orpaHn4mnTEnb,
T.K. localhost

© ©

HE KPUTUYEH

CPU

16



N3onauna CPU

MoxkHO nsonupoBatb otaenbHble CPU aapa onsa Beb-cepBepa

OS & Client Nginx

CPUO CPU 1 CPU 2 CPU 3

(v) isolcpus
() nginx.conf
(v) taskset

17



(non-)isolated CPU

Rps by io, bodySize = 0, parallelism = 1024, producerThreads = 4

1000 -
800 - <—o Non-isolated CPU
E 600 A
2 <— Isolated & Network
§ 400 -
<00 7 —— (clientName): SHARED
—+— (clientName): ISOLATED
—+— (clientName): NETWORK
0 1 | 1

I

2 4 8 16 32 04 128 256
(loThreads)



[ IpomMeXxyTo4Haa mopanb Ne2

[IpoBENU THOHUHT [Tony4ynnun baseline Yaenunu BHUMaHue
3a40EeNCTBOBAHHbIX n3amepaembix pecypcam

B NUSAMEPEHNN BENMNYMH N Nx nonaunn
KOMMOHEHT CTOPOHHUMM Tyn3amu

© ©



beHUYMaPKUHT
aCUHXPOHHbIX AP




JMH

"JMH is a Java harness for building, running, and analysing nano/micro/milli/macro
benchmarks written in Java and other languages targeting the JVM.”

© JMH Readme


https://github.com/openjdk/jmh

Single thread P —

@BenchmarkMode (Mode.Throughput)
public class Benchmark {

Throughput, rg/mills Error (99.9%) @State(Scope.Benchmark)
public static class BenchmarkState {
9.156 + 0.700 @Param(value = {"8"})

private int threads;
private HttpClient client;

@Setup(Level.Trial)
public void setup() {

(—> lteration | —| Send } ;

@Benchmark

public HttpResponse<byte[]> benchmark(final BenchmarkState benchmarkState) {
JMH Future final CompletableFuture<HttpResponse<byte[]>> future =

benchmarkState.getClient().sendAsync(/* build request */);
return future.get(); <—

t }
Exit < Wait <« } —e fUture.get( )

client = /* init client with given threads count */;

22



Multiple thread P

public class Benchmark {

Threads Throughput, rq/mills Error (99.9%)
2 19.687 + 0.400 /% 5sx
4 36.630 + 0.602 . ]
i parallelism
8 68.795 + 0.764 @Thread(2) <
16 107.856 + 1.456 public HttpResponse<byte[]> benchmark_threads_2(/* ... */) {
Vi SR 4
[ lteration ] —> [ Send H —~ }
[ lteration ] —> [ Send ]
> [ lteration ]—>[ Send ] i wss ®
\ 4
Future y @Benchmark
JMH @Thread(16)
UL R public HttpResponse<byte[]> benchmark_threads_16(/* ... */) {
A Future /* ... */
N— | BExt e[  wat </ }
N~ [ Bkt e[ wait |e— ¥
~— | O Exit e[  wait < J

23



Batch benchmark oo 5t

public class Benchmark {

Batch size Throughput, rg/mills Error (99.9%) /% .. %/

4 32.779 +0.499 private List</* ... #*/> doRequests(BenchmarkState state, int requests) {

16 73.503 + 1.683 /* send and await for given requests number */

64 106.449 + 1.295 g )

256 105.982 + 1.357 @Benchmark . mu-l' tl p-l' c
@perationsPerInvocation(4) «— re q ues t S

public List</* ... #*/> benchmark_threads_2(/* ... */) { x

return doRequests(state, requests: 4); <€
| }
lteration | — Send
1 /% .. %

List @Benchmark
JMH <Fut S @perationsPerInvocation(256)
uture public List</* ... */> benchmark_threads_16(/* ... */) {

return doRequests(state, requests: 256);
/t }
Exit |<—| wait |<— J

24



Constant load

Parallel Throughput, rq/mills Error (99.9%)
4 40.662 + (0.895
16 117.540 + 1.521
64 126.508 + 0.873
2560 123.301 + 0.630
lteration | = Hist 5| Wait
<Future> one
JMH Future

Exit |« Ut <

<Future>

Send | o/

new

public class Example_05_ParallelizeSingleThread {

J® e K

public static class BenchmarkState {

@Param(value = {"4", "16", "64", "128"})
private int parallelism;
private List<CompletableFuture<HttpResponse<byte[]>>> futures;

Jx ... %/ running EJ
@Setup(Level.Trial) re q ues t S

public void setup() {
futures = /* initialize list of nulls using parallelism size */;

}

@Benchmark
public HttpResponse<byte[]> benchmark(BenchmarkState benchmarkState) {

while (true) {
| for (int i = 0; i < futures.size(); ++i) {

. final var future = futures.get(i);
Walt o——> if (future != null && !future.isDone()) continue;

one

futures.set(i, client.sendAsync(/* build new request */));
if (future != null) return future.get();

25



Body example

Body

Throughput,

rq/mills

Error
(99.9%)

3192

65k

524Kk

128.508

68.531

11.893

1.928

+ 1.465

+ 0.824

+ 0.930

+ 0.367

public static class BenchmarkState {

FB o B
@Param(value = {"0", "8192", "65536", "524288"})
private int bodySize;

public byte[] getBodyOrNull() {
if (bodySize == 0) return null;
final byte[] body = new byte[bodySize];

ThreadLocalRandom.current() .nextBytes(body); <€———o ge n e r a t 1 O n

return body; °
}
}
@Benchmark
public HttpResponse<byte[]> benchmark(final BenchmarkState benchmarkState) {
while (true) {
for (int i = 0; i < futures.size(); ++i) {J'
S o w W
final var body = benchmarkState.getBodyOrNull(benchmarkState.getBodySize());
builder = (body != null)
? builder.POST(HttpRequest.BodyPublishers.ofByteArray(body))
: builder.GET();
/* ... */
}
}
}

26



Body fix

Body Throughput, Error
rq/mills (99.9%)
0 126.340 +1.793
8192 113.528 + 1.951
65k 68.513 + 0.907
524k 17.748 + (0.281

public static class BenchmarkState {

T# on s B

@Param(value = {"0", "8192", "65536", "524288"})
private int bodySize;

private byte[] body;

W e B
public void setup() {

body = getBodyOrNull(); <o generate once
/* ... */

}.

@Benchmark
public HttpResponse<byte[]> benchmark(final BenchmarkState benchmarkState) {
while (true) {
for (int i = 0; i < futures.size(); ++i) {
J® ue B
final var body = benchmarkState.getBody(); €<—e use
builder = (body != null)
? builder.POST(HttpRequest.BodyPublishers.ofByteArray(body))
: builder.GET();

T4 R

27



[IpomexkyTouyHaa mopanb Ne3

beHuMapKk namepser beHuMapkKk oTpaxaeT 3Ha4yeHnsa napamMeTpoB
TO, YTO Mbl XOTENN peanbHbI workload MMEIT AoCTaToO4YHOoe
NOKpbITHNE



beHUYMaPKUHT
KIMEHTOB




PaccmaTtpuBaemMblie KITMEHTD

01 SYNC_BASELINE — Sync HttpClient5 + ThreadPool

version: 5.3 https://github.com/apache/httpcomponents-client

2 ASYNC JAVA — Java HttpClient
version: openjdk (build 17.0.9) https://github.com/openjdk/jdk17u

3 ASYNC OVER_NETTY — AsyncHttpClient over Netty Framework
version: 2.12.3 https://github.com/AsyncHttpClient/async-http-client

04 ASYNC_ APACHE — Async Apache HttpClient5

version: 5.3 https://github.com/apache/httpcomponents-client

30



VIamMeHaemble napaMeTpbl

|O threads

4yncno Tpeaos

BHYTPU KIMeHTa
[2, 4, 6, 8, 10]

Producer threads

4YMCno TPEeOoB
beHuMapka,
OTNpaBnAOLLNX
3anpocsbl [1-4]

Body

pasmep Tena

3anpoca

[0, 8kB, 32kB,
128kB, 512kB]



Sync + ThreadPool: producer threads

SYNC BASELINE, 3aBncumoctb RPS ot uncna producer Tpenos

Throughput, requests/mills

client: SYNC BASELINE, body: 0

200 -

150 -

100 -

W
o
|

\

—

—4— 2 io threads
—4+— 4 jo threads
—— 6 io threads
—— 8o threads
—4+— 10 io threads

1 2

producer threads

3

Throughput, requests/mills

client: SYNC BASELINE, body: 32768

160 -

140 -

120 A

100 A

80 A

60 A

40 -

20 A

—4— 2 io threads
~—t— 4 o threads
—+— 6 io threads
—— 8 io threads
—+— 10 io threads

1

I

2

producer threads

I

3

32



Sync + ThreadPool: |10 threads

client: BASELINE CLIENT, producer threads: 4
2501(4— o body

—}— 8192 body
—}— 32768 body
200 4 —+— 131072 body
% -t 524288 body
E SYNC BASELINE:
g 150 - 3aBucnmocTtb RPS
J oT |O Tpenos
% 100
£
50 A
1 -

10 threads



Sync + ThreadPool: summary

Sync Apache HttpClient5 + ThreadPool:

He 3aBuCUT OT Yncna RPS nuHenHo pacteTt
producer-TpeaoB npu pocte 4vncna O Tpenos

34



Async Java: producer threads

ASYNC JAVA: zaBucumocTtb PRS oT producer Tpenos

client: ASYNC JAVA, body: 32768 client: ASYNC JAVA, body: 524288
f— 17.5 1 — l |
— 1 |
100 - — 15.0 - \ :
|
% - % :
E s0- E 125- '
v v
i [
g’ - . — g‘ 10.0 - - -
£ 60 v ! | { |
2 =
o _g- 7.5
o (@)
o 40 ) N 3
E " —}— 2iothreads ™ ' '.§ 5.0 - IL—I— 2 io threads |
—4— 4 io threads - —}— 4 io threads
20 - —+— 6 i0 threads 55 —}— 6 10 threads
—4— 8 i0 threads ' —}— 8 io threads
—+— 10 io threads —+— 10 io threads
0 | || | ] | 0.0 | 1 1
1 2 3 4 1 2 3

producer threads producer threads



Async Java: |O threads

client: ASYNC JAVA, producer threads: 1

140 -

120 -

100 -

Throughput, requests/mills
R (o)) 0
o o o

N
o
|

0 body
8192 body

o
—— 32768 body
o
——

131072 body
524288 body

| | | | |

2 4 6 8 10
10 threads

ASYNC JAVA:
3aBucumocTb oT 1O Tpenos
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Async Java:. RPS per 10 thread

client: ASYNC JAVA, producer threads: 1

—— 0 body
—}— 8192 body

—— 32768 body
—}— 131072 body
—}— 524288 body

W
w

W
o
|

ASYNC JAVA:
3aBucumocTtb oT 1O Tpenos,
RPS Ha 1O Tpen

- N N
W o w
I |

Throughput, requests/mills per thread
—
o

D
!

o

10 threads



Async Java: Wall clock profiling

Requests per millisecond

140
ASYNC JAVA:
20 3aBncumocTtb RPS
100 oT IO TpeaoB
%
& 80 -
f;’ 60 -
40
asprof -e wall -t \
201 —— (clientName): PURE_BENCH -0 flamegraph \
clientName): i .
—}— (clientName): ASPROF_WALL -d . <duration> \
01— , , , <p1id>
2 4 8 16
(loThreads)

https://github.com/async-profiler/async-profiler



(./asprof -e wall -t -o flamegraph -d <duration> <pid>>

4, pool thread profile

|O threads

w
:

=4

file, ASYNC_JAVA, 10 threads

Wall clock pro

t

-~
-~
C
\
- “

xl -,%
:
_
_,,
i

--F




<:./asprof -e wall -t -o flamegraph -d <duration> <pid>:>

3, pool thread profile

|O threads

Produced by async-profiler

file, ASYNC_JAVA, IO threads = 8

Wall clock pro

_____________._._

______ﬁ :

_l-ﬂl. -

LinkedBlockingQueue. take

LockSupport.park

3
)
*
]
;
[ ]
° [ ]
°
z o
°
°




Async Java: Lock profiling

140 -
120 A

100 -

Requests/mills

40 -

20 -

Requests per millisecond

80 -

60 -

—— (clientName): PURE_BENCH
—— (clientName): ASPROF_WALL

—— (clientName): ASPROF_LOCK

(loThreads)

ASYNC JAVA:
3aBucnumMmocTtb RPS
oT 1O Tpenos

asprof -e lock -t \
-0 flamegraph \

-d <duration> \
<pid>

https://github.com/async-profiler/async-profiler
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Async Java: BCC tools

1. 10 analysis
2. Networking
3. Monitoring
4. And more...

Hac nHtepecyet offwaketime —
CTEKTPEUCHI «pa3byXeHHbIX» N «OyAALLNX» NOTOKOB:

of fwaketime-bpfcc -df -p <pid> 20 > out.stacks &&
flamegraph.pl --color=chain --countname=us < out.stacks > out.svg



Async Java: offwaketime

Requests per millisecond

140
120
., 100
.E —— (clientName): PURE_BENCH
3 80 - —+— (clientName): ASPROF_WALL
0 —}— (clientName): ASPROF_LOCK
: -
§ 60 - —— (clientName): OFFWAKETIME
40 -‘ .\
20 - . .
0 .
2 4 8 16
(loThreads)

ASYNC JAVA:
3aBnucnuMmocTtb RPS
oT |O Tpenos
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Flame graph example

CBepxy:

CTeKkTpenchl TeX, KTo «pasbyamny» NoTok

CHuay:

CtekTpenc notoka B idle, kKoToporo pasoyannu

[ OpU30OHTanNbHbIN pa3mep:

Bpemsa B MukpocekyHgax, koraa idle notok cnan

: \.! 'l

Off-CPU Wake Time Flame Graph
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Async Java:

CBepxy:

CTekTpenchl Tpeaos nyna,

KOTopble ocBObOAUNN FTOK

CHuay:

CTekTpenc Tpeaa nyna,
KOTOPbIN XOEeT oK

offwaketime

45



Async Java: sleeping threads

Thread lock waiting time: 4 10 threads vs 8 IO threads

Wall clock profile, AS

ck profile, AS

Wall clo

Unsafe.park

llllll

(S

)

N

~

% O

= )

. N

. ™

- ©

- S

-

©

- o n_ru

=

S G

.m O

....... O W

....... £ 9

g=———""" -
5 —-mmmmmmw .... b
gl |

ot Yy
J

|O threads: 4

Sleep per thread: 1.8 sec/ 20
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Async Java: summary

Async Java Client: AHanus:

He 3aBucut ot yncna [TpohunmpoBaTb NOKM
producer-tTpeaos MOXET ObITb OMEHb AOPOro

1O Tpeabl KOHTEHAATCH BCC tools moryT

Ha take lock-e C 3TUM NOMOMb



Async over Netty: producer threads

ASYNC OVER NETTY, 3aBucumoctb PRS oT producer Tpeaos

client: ASYNC\OVER _NETTY, body: 0 client: ASYNC OVER _NETTY, body: 8192

500 A

/

4

400 - |

L

/

L

W

o

o
!

N

-

o
|

Throughput, requests/mills

E . —4— 2 io threads . N —}— 2 io threads
—— 4 iothreads * ' — 4 jo threads
100 - —— 6 io threads o —— 6 io threads
—— 8 io threads —— 8 io threads
—4+— 10 io threads —4+— 10 io threads
0 1 ) ) 1 0 | I |
1 2 3 - 1 2 3

producer threads producer threads



Async over Netty: 10 threads

600 -

o
o
o

>
-
o

Throughput, requests/mills

client: ASYNC OVER NETTY, body: 0

—+— 4 producer threads

—}— 1 producer threads J
—}— 2 producer threads -
—}— 3 producer threads

2 4 6 8 10
10 threads

ASYNC OVER NETTY:
3aBucumocTb oT 1O Tpenos
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Async over Netty: Analysis

client: ASYNC OVER NETTY, body: 0

—+— 1 producer threads
—}— 2 producer threads
—+— 3 producer threads
—+— 4 producer threads

(o))

o

o
1

ASYNC OVER NETTY:

/ 3aBucumocTb ot |O Tpenos

U

o

o
1

Throughput, requests/mills
& 8
o (-

N

o

o
]

100 A

0 1 1 1 1 1 1 1 |

2 4 §) 8 10 12 14 16
10 threads



<:./asprof -e wall -t -o flamegraph -d <duration> <pid>:>

2, 1O thread profile

O threads = 10, producers

/@

-

8
2
£

Wall clock profile

[
i
[=
>
v
T —

write

llll
llllll
e ————
--Inlnnnnlll -
-l--lnuu
|
.
|
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(./asprof -e wall -t -o flamegraph -d <duration> <pid>>

Wall clock profile

O threads = 10, producers = 1, 10 thread profile
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Benchmark: Reminder

JMH

A

1

é<

< )

N

List <Future>
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Benchmark: Monitoring thread

int [] distribution

A

JMH 1

Monitoring thread
A )
~ ™

\4
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counteda umes

Completed dist, producers: 2, io threads: 10

350000 A

300000 ~

250000 -

200000 -

150000 -+

100000 A

50000 -

0_

50

100 150
Completed futures count

200

250

PacnpeaeneHue
3aBEPLUEHHBIX,

HO HE 3aMEHEHHbIX
3anpocoB

producers = 2,
10 threads = 10
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Counted times

Completed dist, producers: 1, io threads: 10

8000 -

6000 ~

4000 -

2000 -~

0 50 100 150 200 250

Completed futures count

PacnpeaeneHue
3aBEPLUEHHBIX,

HO HE 3aMEHEHHbIX
3anpocoB

producers 1,
10 threads = 10
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(./asprof -e wall -t -o flamegraph -d <duration> <pid>)

Produce

Wall clock profile

2, 1O thread profile

O threads = 10, producers

M
A\

Wait for
Future

Completion
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(./asprof -e wall -t -o flamegraph -d <duration> <pid>>

O threads = 10, producers = 1, 10 thread profile

\_

&
()

g
g

Wall clock profile

|
gEmEE==——
pEmES=
1

>
=]
°

>
d

EventFD.set0




(./asprof -e ¢cpu -t -o flamegraph -d <duration> <pid> )

O threads = 10, producers = 1, 10 thread profile

Produce

_-=
-
<,
or
|
Y
@
o
v~
+ C
01 u
~— |
= C
| o
s © Q.
g o g
E - _
| > N
| m v |
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Off-CPU Wake Time Flame Graph

Producer thread

Korga genaet 3anpoc, TpaTUT pecypchil
Ha TO, YTOOLI pa3dbyauTts 1O Tpea,
eclnu TOT B OXXnaaHuu

- eventfd write,

producer thread

—— epoll_wa1lt,
10 thread
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Async over Netty: summary

Async Netty-based Client: AHanuns:
MoxkeT cTpagaTh Cobupatb gaHHbIe MOXHO
OT U3bbITKa pecypcoB N py4ykamu, 6e3 MHCTPYMEHTOB
Ncnonb3yeT producer-tTpeab, CPU npodunb Toxe
4TOObI AenaTb YacTb padoThbl MOXXET ObITb Nores3eH
BCC tools

nomoratoT NOCMOTPETb
Ha B3aMMOOEenCcTBME NOTOKOB



Async Apache: producer threads

ASYNC APACHE, 3aBncumocts PRS ot producer Tpenos

client: APACHE CLIENT, body: 0 client: APACHE CLIENT, body: 131072
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Async Apache: |O threads

client: APACHE CLIENT, producer threads: 1

—— 0 body
—}— 8192 body

—— 32768 body
—— 131072 body

224288 Doy ASYNC APACHE:
3aBucumocTb oT 1O Tpenos,
RPS Ha 1O Tpen
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(./asprof -e wall -t -o flamegraph -d <duration> <pid>)

4, Producer thread profile

4, producers =

|O threads
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4, Producer thread profile

8, producers =

|O threads

(./asprof -e wall -t -o flamegraph -d <duration> <pid>>

StrictConnPool. lease
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Async Apache: PoolPolicy LAX

400 -

Throughput, requests/mills
N
-
(-

100 -

producer threads: 4, body: 0

300 A

—— APACHE_CLIENT LAX client
APACHE_CLIENT _STRICT client

2 4 & 8
10 threads

10

ASYNC APACHE:
3aBucumocTb oT 1O Tpenos

PoolConcurrencyPolicy:

- STRICT
- LAX

“Higher concurrency but with
lax connection max limit
guarantees.”



Async Apache: |O threads updated

client: ASYNC APACHE, body: 0

500 1 —— 1 producer threads
—— 2 producer threads

—+— 3 producer threads L
400 - —— 4 producer threads /
= ASYNC APACHE:
3aBucumocTb oT 1O Tpenos
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PoolConcurrencyPolicy: LAX
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Async Apache: summary

Async Apache HttpClient5:

B ctaHaapTHOW [na PoolConnectionPolicy.LAX
KOHdOUrypauum ynmpaeTcs ONHaAMUKA aHarnornyHa
B PoolConnectionPolicy Netty-based Client



[ lpoMexyToyHaa mopanb Ne4

N3yuunu, noyemy [locTaBunn Bocnonb3oBanuco

yucna Takue, OKCMNEPUMEHTHI, CUCTEMHBLIMU TYN3amMu,

Kakne ecTb cobpanun gaHHble, OHW MHOTIO YMEIOT
nonpodounupoBanmn

® ©

"REMEMBER: The numbers below are just data.” — JMH output



CpaBHeHue
KITMEHTOB



Single producer

PasHble knneHTbl B 3aBucumocTu oT |0 threads, HebonbLine 3anpochl

Throughput, requests/mills

producer threads: 1, body: 0
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Single producer

PasHble KnneHThbl B 3aBncumMmocTun oT |O threads, bonblune 3anpochl

Throughput, requests/mills

producer threads: 1, body: 131072
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Multiple producers

PasHble KnneHThbl B 3aBucumMmocTun oT |O threads, HebonbLUMe 3anpochl

producer threads: 4, body: 0

001 4 AsYNC APACHE client
—}— ASYNC_JAVA client
s00 | —t— ASYNC_OVER_NETTY client

—— BASELINE_CLIENT client

-

-

o
]

Throughput, requests/mills
N W
o o
o o

100 ~

0 ! | | |
2 4 6 8

10 threads

Throughput, requests/mills

producer _threads: 4, body: 8192

400 -

300 -

N

-

o
!

100 ~

—— ASYNC_APACHE client
—— ASYNC_JAVA client

—— ASYNC_OVER_NETTY client
—— BASELINE_CLIENT client

! | |

2 4 6
10 threads

8 10

73



Multiple producers

PasHble KnneHThbl B 3aBncumMmocTun oT |O threads, bonblune 3anpochl

producer threads: 4, body: 131072

IR (o) (0]
o o o
I | !

Throughput, requests/mills

N
o
]

—}— ASYNC_APACHE client
—}— ASYNC_JAVA client

—}— ASYNC_OVER_NETTY client
—— BASELINE_CLIENT client

—
—

| |

6 8
10 threads

10

Throughput, requests/mills

producer threads: 4, body: 524288

25 -

N
o
!

=
w
|

-
o
]

—}— ASYNC_APACHE client
—}— ASYNC_JAVA client

—}— ASYNC_OVER_NETTY client
—— BASELINE_CLIENT client

/

—
—

|

6
10 threads

8 10

74



3akno4yeHue

Bbibop xenesa HacTpowuka MeToponorus AHanus
CTeHaa
N3onnpoBaHHoeE, N3mepuTb baseline, PeanbHbi workload, [TocTaBuUTb
cTaburnbHoe, pa3fenuTb Pecypchl, [oCcTaTo4yHoe 9KCMEPUMEHTHI,
peneBaHTHOE HaCTPOUTb MOKpbITUE 0OBACHUTL Yncna
MHCTPYMEHTbI napameTpoB
01 02 03

CyLiecTtByeT becyncrieHHoe MHOXXEeCTBO CrocoboB N3MePUTb YTO-HUOYAb HE TO.
He 3abbiBanTe cnpawmBaTb ceba «l1paBga nu a4 genato To, YTO HYXXHO?»

04



Yandex @ Crowd = JPoint

Question & Answers

. https://github.com/ddd127/http-clients-benchmarks

. demintsievd@gmail.com

. @ddd127

[NaHun demuHues
Yandex Crowd




