T BAHK

A MOXHO noropayee?

YeMm U KaK Mbl nporpeBaem Spring MUMKpOCepBUCHI

banauH Ceprei



KTo ToBOpPUT?

11 nerBIT
8 net Java/Kotlin Backend Dev

1.5 rogpa B KomaHge HaaexHocTu B TBank




I1NnAa KOro aToT
noknan?

A pa3paboTumK cepBuca, KOTOPbI:
* PaboTaeT OKPYKEHUU C OrPpaHNYEHHbIMU PECYPCaAMU

o JIOMKEH MMETb CTaOUNbHYIO 3a0EPMKKY HA CTapTE

» JlomKeH gepXaTb BbICOKYIO HarpysKy Ha cTapTe
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T BAHK

Tennbie n XonoaHbie JVM

MpoGnemaTtunkKa



[TpobnemaTuKa

Pecypcbl BCEro Knactepa He MOryT pacTh 6eCKOHEYHO

CepBUCbl UMEIOT }ECTKUE OrpaHnYeHnsa Ha noTpeodndemMble pecypchbl




[TpobnemaTuKa

HeraTuBHbIX 3(PIEKT KECTKUX OrpaHnYeHnin Ha rpacouKax BpemMeHun oTBeTa:

Bcero 0.5 CPU 512 RAM Ha nop CpeaHee Bpems oTseTa ot Pod (p99, p95,p90, p50)

25s

20 s

15s

10 s Ctapt JVM

5s

R A

0O ms S SaEEE Sam = -
12:30 12:40 12:50 13:00 13:10 13:20 13:30 13:40 13:50 14:00 14:10

== P99 Current: 272 ms == p95 Current: 193 ms == p90 Current: 123 ms == p50 Current: 23.4 ms
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[TpobnemaTuKa

XopoLwo BUAHbI NUKKN 3aJEPHKM NOcne cTapTa NPUNoXKeHus:

Bcero 0.5 CPU 512 RAM Ha noa
CpepHee BpemMs oTBeTta ot Pod (p99, p95,p90, p50) -
CtapTt JVM

0 ms

19405 19:20 19:25 19:30

== P99 Current:222 ms == p95 Current: 98.0 ms == p90 Current: 82.8 ms == p50 Current: 20.6 ms
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[TpobnemaTuKa

Naxe HebonbLUME MUKW 3a0EPMKKN B 2C Bblllie CpeaHero BpemMeHu oTBeTa:

0.5 CPU 512 RAM Ha noxa

JVM Response time (max over 1m)

CtapTt JVM

12



[TpobnemaTuKa

3a 31K 20/8/2 ceKyHabl Mbl MOXEM MOTEPATb KNMEHTOB U AeHbr’M KOMNaHuu!

13



T BAHK

Tennbie n XonoaHbie JVM

HemMmHOro ncropumm



MU3HEHHbIX LUKN npunoXxeHuna JVYM

Application

| Bnagnmup
BaHOB

OuHamunyeckas (JIT)
Komnunsauus 8 JVM

(compiled)

utilization

JUGRUY

VM

VMinit |  Appinit | Appactve | Appactve | Shutdown M€
(warmup) , (steady)

https://cr.openjdk.org/~vlivanov/talks/2015_JIT_Overview.pdf
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https://cr.openjdk.org/~vlivanov/talks/2015_JIT_Overview.pdf

Co3naHue JVM

MU3HEHHbIX LUKN npunoXxeHuna JVYM

utilization

VM

VMinit |  Appinit | Appactve | Appactve | Shutdown UM€
(warmup) . (steady)

https://cr.openjdk.org/~vlivanov/talks/2015_JIT_Overview.pdf
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https://cr.openjdk.org/~vlivanov/talks/2015_JIT_Overview.pdf

3anyckaetca Spring

MU3HEHHbIX LUKN npunoXxeHuna JVYM

utilization

VM

LS

VMinit |  Appinit | Appactve | Appactve | Shutdown UM€
(warmup) . (steady)

https://cr.openjdk.org/~vlivanov/talks/2015_JIT_Overview.pdf
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https://cr.openjdk.org/~vlivanov/talks/2015_JIT_Overview.pdf

MU3HEHHbIX LUKN npunoXxeHuna JVYM

Readiness — UP

MPUNOMKEHNE HAYNHAET
oOpabaTbiBaTb
3anpochl

utilization

VMinit |  Appint | Appactve | Appactive | Shutdown M€
. . (warmup) | (steady)

https://cr.openjdk.org/~vlivanov/talks/2015_JIT_Overview.pdf

18


https://cr.openjdk.org/~vlivanov/talks/2015_JIT_Overview.pdf

MU3HEHHbIX LUKN npunoXxeHuna JVYM

BbIXxoAMM Ha ONTUMabHYIO
NPON3BOANTENIbHOCTb

utilization

VMinit |  Appint | Appactve | Appactive | Shutdown M€
| . (warmup) | (steady)

https://cr.openjdk.org/~vlivanov/talks/2015_JIT_Overview.pdf
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https://cr.openjdk.org/~vlivanov/talks/2015_JIT_Overview.pdf

max

utilization

HN3HEHHbIN

max

Application

(compiled)

utilization

VM init

App init

App active
(warmun)

I Appactive | Shutdown M€
(steady)

Application
(compiled)

VMinit | App init | App active | Appactive | Shutdown
A : (warmun) A (steady)

time

https://cr.openjdk.org/~vlivanov/talks/2015_JIT_Overview.pdf

max

utilization

LUKN npunoxeHuma JVYM

Application
(compiled)

L

VM init

App init

App active
(warmun)

App active
(steady)

T

Shutdown

time
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https://cr.openjdk.org/~vlivanov/talks/2015_JIT_Overview.pdf

MU3HEHHbIX LUKN npunoXxeHuna JVYM

BbICOKaA 3ageprKKa
MHoro request timeout

utilization

Appactive | Shutdown UM
(steady)

VMinit | App init App active

(warmup)
Author: Aleksey Shipilev

https://cr.openjdk.org/~vlivanov/talks/2015_JIT_Overview.pdf
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MU3HEHHbIX LUKN npunoXxeHuna JVYM

A MOHO BCe

9TO NPONYCTUTb?
Application
(compiled)

utilization

App active | Shutdown
(steady)

https://cr.openjdk.org/~vlivanov/talks/2015_JIT_Overview.pdf

time

22


https://cr.openjdk.org/~vlivanov/talks/2015_JIT_Overview.pdf

MHoroyposHeBaa KoMmnunauua

C6opKa Mycopa 1 3arpy3ka KnaacoB BHe CKoyrna JoKnaaa

CocpepoToummca Ha pabdoTte JIT KomnunaTopa

{ Level 0 — Interpreted Code }

Level 1 — Simple C1 Compiled Code

Level 2 — Limited C1 Compiled Code

{ Level 3 = Full C1 Compiled Code }
{ Level 4 — C2 Compiled Code }




MHoroyposHeBaa KoMmnunauua

[Mo3BondaeT ucrnonb3oBaTtb C1 1 C2 Ana AOCTUMKEHUS KaK ObICTPOro 3anyckKa, Tak
N XopoLlen 4oJrocpoYHON NPOonU3BOANTENBbHOCTH

Level 0 — Interpreted Code

Level 1 — Simple C1 Compiled Code

Level 3 = Full C1 Compiled Code

| |
| |
Lovel 2 Limited 1 Compid Code
| |
| |

Level 4 — C2 Compiled Code

24



MHoroyposHeBaa KoMmnunauua

B MHOroypoBHEBOW KOMNMUNALUN MHOIO HIOAHCOB!

Level 0 — Interpreted Code MeaneHHo KoJ CKOMNUNMPOBaHHbIMN Ha
ypoBHe 3 OyAeT MeANieEHHEee Yem
Ha ypoBHe 1 nnn 2!

Level 1 - Simple C1 Compiled Code  Mo6bicTpee

Level 2 - Limited C1 Compiled Code = CpepHe

Komnunauna paboTaeT He Nno

' Level 4 — C2 Compiled Code ' BbICTPO

25



MHoroyposHeBaa KoMmnunauua

bonee nogpobHee YNTaeM TYT:

[ Level 0 — Interpreted Code }

Level 1 — Simple C1 Compiled Code
 Level 2 - Limited C1 Compiled Code

 Level 3 - Full C1 Compiled Code

| Level 4 — C2 Compiled Code ‘

O'REILLY" "%fzq
OdPEeKTUBHDLIN
Java

TioHuHr Kopa Ha Java 8, 11 u panblue

Ckott Oyke

26



MHoroyposHeBaa KoMmnunauua

Mbl XOTUM, YTOObI FOPAYNE TOUYKN
HaLWX NPUNOXEHU OblNK
cKoMnunupoBaHbl Ha Level 4 - C2

' Level 4 — C2 Compiled Code

27



MHoroyposHeBaa KoMmnunauua

[Topor KOMNUAALMN — 3TO KONWYECTBO BbISOBOB METOAA [0 TOr0, KaK Kopf, oyaeT
CKOMMUINPOBAH C NPUMEHEHNEM KOHKPETHOro KOMNUAATOpa 1 ONTUMMU3aL Ui

| on main +81 !13 java -XX:+PrintFlagsFinal -version | grep -E 'Tier.*CompileThreshold'
vintx IncreaseFirst At 50 {product} {default}
intx 0 {product} {default}
intx {product} {default}

intx {product} {default}
openjdk version "21" 2023-09-19
OpenJDK Runtime Environment (build 21+35-2513)
OpenJDK 64-Bit Server VM (build 21+35-2513, mixed mode, sharing)

28



T BAHK

O, TenneHbKad nowna!

OKpyKeHue



OKpyXeHune

Halum cepBuCbl pa3BepHyTa B CNEAYIOLLEM OKPYHKEHUN:

A Istio

KnacTtep K8s Istio Service Mesh

Open]DK

OpendDK 17 - 21

30



YTOo noag KanoTom?

KaKoi CTEK Mbl UCMOJIb3YEM:

Spring Boot

|JSON|

Jackson

Y o

8%

Http Clients &
Connection Pools

31



T BAHK

O, TenneHbKad nowna!

MeTopabl nporpesa



MeToAabl nporpesa

icnonb3oBaHne BO3MOXHOCTEN MH(PPACTPYKTYPDI

[TnaBHbIV BBOA, MPUNOKEHNA B SKCMNyaTaLuio MOXKET CHU3UTb
NnKu latency Ha cTapTe, 414 3TOro MoXXem Ucrnonb3oBaTb:
1. kubernetes VPA

2. Istio Traffic Management

33



Vertical Pod Autoscaler (VPA)

VPA onucbiBaeT MeXaHU3M ONTUMAaNbHOro onpegeneHus TpedbosaHunm K CPU n RAM

VPA Components
Deployment

4. Pod Resource Recommendation 5. Terminate the pod

- > VPA Updater
1 6. Recreates Pod

7. Get the Pod Resource
Recommendation y VDA Admission 8. App;\lypiod spcc) P,?sdee )
Controller dding cpu: m
Ham nHTepecHa otgenbHaa puya ( cpu:"250m

N

3. Provides Pod Resource
Recommendation

B pamKax Knactepa k8s B TBank : e

> Recommender
2. Read configs from
VPA and it will compute Syl
1. Configure g;:gzrpc)gd
VPA
Utilization Metrics

() Metrics Server , J
Monitors Pod Resource

- Utilization Metrics

How Kubernetes VPA allocates resources.

How K8s allocates resources 34



https://www.kubecost.com/kubernetes-autoscaling/kubernetes-vpa/

VPA Burst

[locne nogkntoyeHna VPA B oTAeNnbHbIA hamespace,
cepBucam B HEM CTAHOBUTCA A0CTyneH burst limits

Burst limits no3songeTt ucnonb3osatb 4 CPU Ha
KOPOTKOE BpeM4

CPU He rapaHTUpoOBaHbI

Kubernetes VPA

35



Istio WarmupDurationSecs

IStio npepnaraeT WMUPOKME BO3MOXHOCTU A9 MapLIpyTU3aLmum BXogaLero Tpaduka:

[MapameTp WarmupDurationSecs:

B TeyeHun N ceKyHp, Istio 6yaeT nnaBHO
yBeNMYMBaTh 00beM TpahrKa Ha HOBbI
noa

https://istio.io/latest/docs/reference/config/networking/destination-rule/#LoadBalancerSettings

36



Istio WarmupDurationSecs

[MapameTp WarmupDurationSecs:

DestinationRule.yaml

B TeueHun N ceKyHp, Istio 6yaeT nnaBHO
yBeNMYMBaTh 00beM TparKa Ha HOBbI
noa,

apiVersion: networking.istio.io/vlalpha3
kind: DestinationRule
metadata:
name: data-enrichment-service-destination-rule
spec:
ﬂpOCTO I'IO,EI,KJ'I HUYUTD host: data-enrichment-service

trafficPolicys

loadBalancer:

simple: ROUND ROBIN
warmupDurationSecs: 180s

O 0 J & O o W MDD -

=
O

Cnabo Bnuaem Ha npouecc

https://istio.io/latest/docs/reference/config/networking/destination-rule/#LoadBalancerSettings

37



[ Istio Ingress }

Istio Traffic Shifting

MexaHu3m Traffic Shifting nosBonalT nocTeneHHo nepemellaTtb TpaduK
MeXay nogMHoXKectBamu deployment Ballero cepBuca

Deployment Deployment
subset: Baseline subset: Baseline

99% : 50%

User
Requests

— [ Virtual Service J —> . —>  —>

7\1% E 7\5:% 5 7\10%

Deployment
subset: Candidate

Deployment Deployment
subset: Candidate subset: Candidate

Starts deploy

https://istio.io/latest/docs/tasks/traffic-management/traffic-shifting/

Timeline

38


https://istio.io/latest/docs/tasks/traffic-management/traffic-shifting/

Istio Traffic Shifting

MexaHu3m Traffic Shifting nosBonalT nocTeneHHo nepemellaTtb TpaduK
MeXay nogMHoXKectBamu deployment Ballero cepBuca

Deployment Deployment
subset: Baseline subset: Baseline

Requests 99% 50% ;
[ Istio Ingress } —> [ Virtual Service J —> . — | —

7\1% 5 VY:% 5 7\(:0%

User

Deployment
subset: Candidate

Deployment Deployment
1 0/0 OTBEeTOB HAlWlero Cemeca / subset: C?andidate subset: Candidate

oyaeT 3HaUMTENbHO MeANeHHee

Starts deploy

https://istio.io/latest/docs/tasks/traffic-management/traffic-shifting/

Timeline

39


https://istio.io/latest/docs/tasks/traffic-management/traffic-shifting/

Istio Traffic Mirroring

Mirroring He BnMAeT Ha BpeMd OTBETa CepBuca, TaK KaK 3epKannpoBaHHbIN TpagPUK He
OyneT BO3BpaLleH Nonb3oBaTeNAM

Deployment Deployment
subset: Baseline subset: Baseline
User ° o
Requests 100% : 100% :
[ Istio Ingress } — [ Virtual Service } “—> . — | —
\ : \ :
v 1% : ~ 50% : 100%
\ . \ .
Deployment Deployment Deployment
subset: Candidate subset: Candidate subset: Candidate
: : . Timeline
Starts deploy

https://istio.io/latest/docs/tasks/traffic-management/mirroring/

40


https://istio.io/latest/docs/tasks/traffic-management/mirroring/

Istio Traffic Management

[IpocToE, HO T’MOKOE peLLeHne
HYXHO MEeHATb MexaHn3m aennos

Shifting ocTaBnaeT HeOONbLLOWN MPOLEHT
MeaJ1IeHHOro TpadouKa

Mirroring HeoO6xoanuma moauduKaLms
NPUNOXKEeHNa Ana KOPPEKTHO pabdoThl

A Istio

Shifting | Mirroring

41



MeToAabl nporpesa

Icnonb30BaHVEe BO3MOYHOCTEN I/IHcl)paCprKTypbl
[TnaBHbIV BBOA, MPUNOXKEHNA B 3KCMyaTaLuto:
1. kubernetes VPA

2. Istio Traffic Management

[ToaroToBKa NpuiioXKeHua K aKkcnayataunm

PaccMoOTpuM NepcnekTuBHbIE PeLleHnsa, KOTopble MPOrpeBarT
NPUIOXKeHNe 00 BBOJA €ro B 3KCnyaTauuto:

1. Azul Ready Now

2. Coordinated Restore at Checkpoint (CRaC)

3. Graal VM Native Image

4., Project Layden

42



[loaroToBKa NpuUNOXeHua K aKcnayaTtauumu

Bce nepeyncneHHble MexaHu3mMbl BbIHOCAT NPOrpeB Ha gpasy COOPKM HaLLEro
NPUNOMKEHUS

Tests J > Build { Warmup J > Deploy

|

[lporpeem n coxpaHum COCTOAHUE UNN
npodounb Koaa

43



Ready Now

3Ha4YNTENbHO Yyny4dllaeT NnoBeaeHUd
NPUNOXKEeHNA Ha cTapTe

https://docs.azul.com/prime/Use-ReadyNow

azul

Platform Prime

44


https://docs.azul.com/prime/Use-ReadyNow

Ready Now

3Ha4YNTENbHO Yyny4dllaeT NnoBeaeHUd
NPUNOXKEeHNA Ha cTapTe

CoxpaHAaeT nHgopmaLmio npodpunnpoBaHmNAa u
MCNONb3YET ee Npu cneayoLwmx sanyckax

https://docs.azul.com/prime/Use-ReadyNow

azul

Platform Prime

45


https://docs.azul.com/prime/Use-ReadyNow

Training Run 1

Training Run 2

Training Run 3

No Input Profile

Ready Now: MpuHuun paboThl

=

l 1. Tlopaem HarpysKy Ha cepBUC

Profile-Gen0-out.log

\
Profile Gen0
input.log.gz

2. CoxpaHaem npodounb

> JVM

| 3. TpoBepaem KpUTEepUM OCTaTOYHOCTH

Profile-Gen1-out.log

\ 4
Profile Gen1i
input.log.gz

| (Bpemda nnu Pasmep npodounnd)

> JVM

l 4. TloBTOpAEM UTEpPaLIULO

Profile-Gen2-out.log

!

Profile Gen2 input.log.gz

https://docs.azul.com/prime/Use-ReadyNow

46


https://docs.azul.com/prime/Use-ReadyNow

Observed Latency

Ready Now: MpuHuun paboThbl

YKasbiBaeM npogounb Nnpu ctTapTe:
u B XX:ProfileLogln=Profile_Gen? |
L -XX:ProtileLogin=Proiile_Gen2_input.l0og.gz
ﬁ\/ After ReadyNow J B -hp d9-9
[
= [Tonyyaem OoTCYTCTBUE NUKOB latency
5 ¥ Ha cTapTe!

Time After First Operation

https://docs.azul.com/prime/Use-ReadyNow
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Ready Now

[TONHOCTbIO peLlaeT npodnemy Nporpesa
[1lnaTHOE pelleHue

HeaJoCTYMNHO M3-3a CaHKLNI

azul

Platform Prime

48



Coordinated Restore at
Checkpoint (CRaC)

OcHoBaH Ha TexHonoruu Linux CRIU
JoctyneH B Axiom JDK, Azul JDK, Liberica JDK

[103BONIAET CO34aTb CHUMOK NPUNOKEHNA

lcnonb3yeT CHUMOK ANnd ctapTa NpuioxKeHnd
6e3 pa3bl Nporpesa

https://docs.spring.io/spring-boot/reference/packaqging/checkpoint-
restore.html#packaging.checkpoint-restore

49


https://docs.spring.io/spring-boot/reference/packaging/checkpoint-restore.html
https://docs.spring.io/spring-boot/reference/packaging/checkpoint-restore.html

CraC: MpuHUun paboThbl

HoTnudunkauma o coxpaHeHuun
COCTOAHUNA

YKa3biBaemM napameTpbl
-XX:CRaCCheckpointTo=PATH

Startup + Warmup Phase

timeline

50



CraC: MpuHUun paboThbl

HoTudunkauma o coxpaHeHUn
COCTOAHNA

YKasblBaem napameTpbl
-XX:CRaCCheckpointTo=PATH

Startup + Warmup Phase

Image

Registry

timeline

ol



CraC: MpuHUun paboThbl

HoTtudunkauna Restore Checkpoint

YKasbiBaem napameTpbl
-XX:CRaCCheckpointFrom=PATH

timeline

Startup at peak
performance

Image

Registry

52



Coordinated restore at
Checkpoint (CraC)

MrHOBEHHbIA CTAPT C NMMKOBOW NPOU3BOAUTENBbHOCTbIO

CRIU TpebyeT root gocTyna Ha MalluHe Ang co30aHus
checkpoint’oB

HeaKKypaTHO co3aaHHble Checkpoint’bl MOryT XpaHUTb
CEKpeTbl

He HpaBuTCca oTAeny 6e30nacHoOCTH

Z R

53



Coordinated restore at
Checkpoint (CraC)

NMporpeBasa JVM

MrHOBEHHbIA CTAPT C NMMKOBOW NPOU3BOAUTENBbHOCTbIO

CRIU TpebyeT root gocTyna Ha MalluHe Ang co30aHus
checkpoint’oB

HeaKKkypaTHO co3aaHHble Checkpoint’bl MOMyT XpaHUTb Joker<?> | mupiat.Form | AXIOM JDK
CEKpeThl

He HpaBuTCca oTAeny 6e30nacHoOCTH AN
) AnekcaHgp JlaHuoB
RN Mup Plat.Form

https://docs.spring.io/spring-boot/reference/packaging/checkpoint-
restore.html#packaqging.checkpoint-restore

o4


https://docs.spring.io/spring-boot/reference/packaging/checkpoint-restore.html
https://docs.spring.io/spring-boot/reference/packaging/checkpoint-restore.html

Graal VM Native Image

[To3BONAET KOMNUANPOBATL Java-npunoxKeHus
B HATUBHbIV UCNOMHAEMbI dhaiin

[1noChbl;

BbICTPbIV CTAPT

Hn3Koe NnoTpebneHne pecypcos

MeHbLuin pa3mep docker o6pasoB

https://www.graalvm.orqg/latest/reference-manual/native-image

Graal

Native Image

95


https://www.graalvm.org/latest/reference-manual/native-image

Graal VM Native Image

13 KopoOKKn nonydyaem ahead-of-time Komnunauyuto,
HaTUBHbI 00pas3, n JVM TalmnTb He Hapo?!

GraalVM Native Image:

[I0JIb3a B PEealJIbHOM XU3HU

AHpapei Yyxneb6os: GraalVM Native Image: nonb3a B
PeanbHOW XXN3HW

Graal

Native Image

o6


https://jpoint.ru/persons/ed23bd5589984221882cec0ee3eb8e55/
https://jpoint.ru/talks/5ad208c5886d41e6b9ef0257e9e6d2f5/
https://jpoint.ru/talks/5ad208c5886d41e6b9ef0257e9e6d2f5/

Graal VM Native Image

MorKHO nu ucnonb3oBaTtb Graal VM ecnn y Tebs 300napK TEXHONOTMNIA?

netty micronaut

archunit rest assured  pitest

wsdl

logback
ktor
exposed
o p logj wiremock
KOJIbK T CTOUTD
ONbKO Vg-e CI:VK/\ ByayT nu KomaHapl pagpl
BH UTb Gf B
elu'p aa vert 0O ente|emetr BCGM HI'OchaM pa6OTb| C
KOMaH bl? i '
- Native Image?
mapstruct

lombok quartz
guice Mmicrometer

KaK MHOro BpemMmeHu 3anmeT
o0y4yeHne KomaHa?

radar.tcsbank.ru/java/

o7


https://radar.tcsbank.ru/java/

Graal VM Native Image

[Toyemy He B3ann Native Image?

Bonbllag CTOMMOCTb BHEAPEHMUA U NOAAEPHKKY
JIT + C2 GbicTpee native image

Y KOMaH[ HET pecypcoB Ha nepeesn,

https://www.graalvm.org/latest/reference-manual/native-image/

Graal

Native Image

o8


https://www.graalvm.org/latest/reference-manual/native-image/

Project Leyden

OCHOBHAa4 LieNlb 3TOro NPOEKTa — COKPaTUTb
BpeMd 3anyckKa, Bpemd A0CTUKEHUA NMKOBOW
MNPOU3BOAUTENbHOCTU U YMEHBLIUTb 0ObEM
namartu nporpamm Java

Open]DK

Project Leyden

59



Project Leyden

OCHOBHAa4 LieNlb 3TOro NPOEKTa — COKPaTUTb
BpeMd 3anyckKa, Bpemd A0CTUKEHUA NMKOBOW
NPOU3BOAUTENBHOCTU U YMEHBLIUTb 00bEM
namaTu nporpamm Java

YKe MOX¥emM ncnonb3oBaTb:

JEP 483: Ahead-of-Time Class Loading & Linking

Draft:

JEP draft: Ahead-of-Time Code Compilation

JEP draft: Ahead-of-Time Method Profiling

Open]DK

Project Leyden
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https://openjdk.org/jeps/8335368
https://openjdk.org/jeps/8325147
https://openjdk.org/jeps/483

MeToAabl nporpesa

iIcnonb30BaHEe BO3MOYXHOCTEN I/IHcl)paCprKTypbl
1. kubernetes VPA

2. Istio Traffic Management

[ToaroToBKa NpuyioxeHua K aKkcnayataunm
1. Azul Ready Now

2. Coordinated Restore at Checkpoint (CRaC)
3. Graal VM Native Image
N

. Project Layden

Cob6¢cTBEHHOE peweHnaA?!
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MeToAabl nporpesa

" 3auem Opathb roToBOE

iIcnonb30BaHEe BO3MOYXHOCTEN I/IchpaCTpVKTVpr
1. kubernetes VPA

2. Istio Traffic Management

[ToaroToBKa NpuyioxeHua K aKkcnayataunm
1. Azul Ready Now

2. Coordinated Restore at Checkpoint (CRaC)
3. Graal VM Native Image
N

. Project Layden

Co06CcTBEHHOE peLueHna!l

1. Warmup Library
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buonuorteka
nporpesa

Kakue TpeboBaHuA BbiaBUranu:

£) MpocTtoe BHeapeHMe

YeMm MeHblle CTPOK Koga NnpuaeTcd HanncaTtb, TEM IyyLle - NogKno4yaem
aBTOKOH(oUrypauuo u rotoso!

£°) TIn6kasa HacTpoiiKa

KoHdurypaumna Yaml, gonmxHa noKpbiBaTb 00/bLUNHCTBO CLIEHAPUEB
Mcnonb3oBaHUA NporpeBa B KOMaHaax

£°) He tporaem c60pKy

Koa nporpeBa [JOMKEH BbINOMHAETCA KaK YaCcTb MHULMaNMU3aLmm
NPUNOM¥KEHUS, NpoLeccbl COOPKMN 1 pa3BepPTbIBAHWA HE JOMKHbI
YCIOXHATbCA
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Y10 Oyaem rpetb BHYTPU MUKPOCEPBUCOB?

KaKoi CTEK Mbl UCMOJIb3YEM:

B xe
JSON d4%

Spring Boot Jackson Http Clients &
Connection Pools
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buonuorteka
nporpesa

Y10 BHYTpPU?

e

o

e

CtapTtep ¢ aBTOKOH(Urypaumnem

KoHdurypauuma yepes application.ymi

Mpumepbl ¢ 6a30BbIMU KeicamMm
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MexaHu3m paboThbl

[TporpeB Bcerga Ha4ynHaeTcd co ctapTa Spring Application Runner

‘ ‘ WarmingMethodsProviders

Predefined or
custom
warming method

~ l

Spring ApplicationRunner aunch —>» WarmupService

& T " 1.... 15k calls
|




MexaHu3m paboThl

NHTepdelic ApplicationRunner B Spring Boot ncnonb3yetca ong
BbINOJIHEHUA KOAA NMpu 3anyCcKe NpuioxKeHuns

@FunctionalInterface

public interface ApplicationRunner extends Runner {

Callback used to run the bean.
Params: args -incoming application arguments
lhrows: Exception —on error

void run(ApplicationArguments args) throws Exception;
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MexaHu3m paboThl

[punoXeHune He byaeT NPUHUMATb NONb30BaTENbCKUM TPadUK NOKa BCE
ApplicationRunner’bl He ByayT 3aBePLUEHbI

Q), open class WarmupAutoConfiguration {
N= /**

x* Starting a warming-up process.
* Readiness probe will be [ReadinessState.REFUSING_TRAFFIC]
* until this ApplicationRunner 1is completed
*x/

N @Bean

open fun warmUpRunner(
Q warmUpService: WarmupService

): ApplicationRunner = ApplicationRunner {

warmUpService.warmUp() < ————— Bal'lyCKaeM MporpeB
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MexaHu3m paboThl

Warmup Service nHuumnann3upyeT NpPoL,ecc nporpesa

BbINOSIHAET NPOBEPKY
KOHUrypaumu

‘ J WarmingMethodsProviders
BbinoNHAET Nonb30BaTeNbCKUA KOJ, rnepen

1 Mocne Nporpesa ecnv 3To He0OXoAMMO

Predefined or
custom
warming method

- l

Spring ApplicationRunner —Launch+—> WarmupService Starts Warmup—>» WarmupMethodsExecutor ----- Start Separate Thread - -- b{ Warming Up Loop ’—\

K T " 1... 15k calls
|




MexaHu3m paboThl

WarmupMethodExecutor oTBeyaeT 3a MHOIMOKpaTHbI BbI30OB
nporpeBatoLLnxX MeETOO0B

j | WarmingMethodsProviders

Predefined or
custom
warming method

@ !

Spring ApplicationRunner ——{aunch—> WarmupService

Starts Warmug—>» WarmupMethodsExecutor ---}-Start Separate Thread --- b{ Warming Up Loop ’j

\—

1

" 1... 15k calls
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MexaHu3m paboThl

WarmupMethodExecutor oTBeyaeT 3a MHOIrOKpaTHbI Bbl30Ba
nporpesatoLWwmx MeToa0B

OrpaHn4ynBaeT BpemMs NporpeBa

OrpaHu4MBaeT YMCNO UTepaLnii Nporpesa

‘ J WarmingMethodsProviders

YcTaHaBnuBaeT naysbl MeXay ntepaumnamm

Predefined or
custom
warming method

l YcTaHaBnuBaeT cTeneHb napannenn3ama

T " 1... 15k calls
|
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MexaHu3m paboThbl

[poBanaepbl onpeaenatT y4acTKM Koaa, KoTopble OYAET Bbi3biBaTb
Executor onda nporpesa

1

Predefined or
custom
warming method

l

Spring ApplicationRunner ——{aunch—> WarmupService

1

" 1... 15k calls
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MexaHu3m paboThl

BrubnnoTeKka NoKpbIBAeT TUMUYHbIE KENCbl NpOorpeBa

Jackson Warmup Provider

KoHurypupyem vyepes

“ WarmingMethodsProviders %

/ HacTpownKku B Application.yml
‘ Http Warmup Provider

— — % Custom Warmup Provider
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MexaHu3m paboThl

[Tonb30BaTENb MOXET PacnpuTb PYHKLIMOHAT OonucaB CBOWA

Custom Warmup Provider

Jackson Warmup Provider

KoHurypupyem vyepes

H WarmingMethodsProviders %

/ HacTpownKku B Application.yml
‘ Http Warmup Provider

[lonb3oBaTenb ncnonbsyet API

S — Custom Warmup Provider \
| OnGNMOTEKN gnda nporpesa

cneundnyHbIX YacTen NPpUNoXKeHna
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[TporpeB Jackson Serializer

Cepuanusauuda n gecepuanmsauma mogenu B uukne = [lporpes Serializer

Deserialize class from
JSON/XML

fun warmupJackson(

objectMapper: ObjectMapper,
jsonContent: InputStream,

. *
type: KClass<*x> Warmup loop

) 1 1-15k
val obj = readValue(objectMapper, jsonContent, type)

writeObject(objectMapper, obj)

Serialize class from

—>

JSON/XML
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CKONIbKO BpeMeHU 3aHuMaeT gecepuanusauma?

CepBucC XpaHeHUsa 3ad9BOK pabdoTaeT ¢ 6onbunmm JSON moaenamu

Warehouse
A
Prqdugt Historical Data
Application

Save Application Y
Request

» Data Warehouse

| < Service
Historical Data
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CKONIbKO BpeMeHU 3aHuMaeT gecepuanusauma?

Haw cny4aii - onblune moaenu u npoctaa OM3HecC Nornka B cepBurcax

id": "12345",
3 "hugeModelPayload": {"id": "45678" ...},
"HugeProductList": {"id": "8790" ...}

]
22 TbICAYM CTPOK 1 600KO /

Ha gucke!

7’



CKONIbKO BpeMeHU 3aHuMaeT gecepuanusauma?

@State(Scope.Benchmark)

open class DeserializeHugeModel {

private lateinit var objectMapper: ObjectMapper

private lateinit var serializedHugeModel: String I-IpOCTOVl 6eHLI MapK l/”-”-I I'OCTpI/lpyl'OLLIlMVI np06.ﬂeMy

©Setup
fun prepare() {
objectMapper = objectMapperConfiguration.objectMapper()

serializedHugeModel = String(ResourcelLoader.readResource( resourcePath: "/sample/extremely_huge_model.json").readAl1Bytes())

©Benchmark
@0utputTimeUnit(java.util.concurrent.TimeUnit.MILLISECONDS)
@BenchmarkMode (SingleShotTime)

@Warmup(iterations = 0)

@Fork(10)

open fun deserializeModel0f22KLines() {

objectMapper.readValue<Application>(serializedHugeModel)

©Benchmark
@0utputTimeUnit(java.util.concurrent.TimeUnit.MILLISECONDS)
@BenchmarkMode (SingleShotTime)

@Warmup(iterations = 1)

@Fork(10)

open fun deserializeModel0f22KLinesWithlWarmupIteration() {

objectMapper.readValue<Application>(serializedHugeModel)

H



CKONIbKO BpeMeHU 3aHuMaeT gecepuanusauma?

NHuumnanmusupyem ObjectMapper 1 3arpy:aem MoAesnb U3 pecypcoB

private lateinit var objectMapper: ObjectMapper
private lateinit var serializedHugeModel: String

@Setup
fun prepare() {
objectMapper = objectMapperConfiguration.objectMapper()
serializedHugeModel = String(ResourcelLoader.readResource( resourcePath: "/sample/extremely_huge_model.json").readAl1Bytes())
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CKONIbKO BpeMeHU 3aHuMaeT gecepuanusauma?

Necepuanuayem mopenb 6e3 nporpesa:

©@Benchmark

@0utputTimeUnit(java.util.concurrent.TimeUnit.MILLISECONDS) Mcnonbayem @Fork BMecTo
@BenchmarkMode (SingleShotTime) @Measurement, YToObl U30eXaTb
@Warmup(iterations = 0) BANAHMA JIT Komnunauum Ha oTaenbHbI
@Fork(10) TECT

open fun deserializeModel0f22KLines() {

objectMapper.readValue<Application>(serializedHugeModel) Bcero nposogum 10 namepeHun
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CKONIbKO BpeMeHU 3aHuMaeT gecepuanusauma?

Jlecepuannsyem mopenb C NnporpeBoOB:

©@Benchmark
@0utputTimeUnit(java.util.concurrent.TimeUnit.MILLISECONDS)

BenchmarkMode (SingleShotTime)
¢ 7 Micnonb3yem @Warmup, 4ytobbl 1 pas

@Warmup(iterations = 1) BbIMOMHUTb TECT Nepen UsMmepeHnem

@Fork(10)
open fun deserializeModel0f22KLinesWithlWarmupIteration() { Bcero nposogum 10 nsmepeHuii

‘ objectMapper.readValue<Application>(serializedHugeModel)
H
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CKONIbKO BpeMeHU 3aHuMaeT gecepuanusauma?

[lporpeBa HeT:

©Benchmark
@0utputTimeUnit(java.util.concurrent.TimeUnit.MILLISECONDS)
@BenchmarkMode (SingleShotTime)

@Warmup(iterations = 0)

@OFork(10)

open fun deserializeModel0f22KLines() {

objectMapper.readValue<Application>(serializedHugeModel)

CpenHee BpeMd BbIMOJIHEHUA:

1268,318 + 73,862 ms

95 lNMpoueHTUNb:

1359 ms

[lporpeBaem 1 pas:

©@Benchmark
@0utputTimeUnit(java.util.concurrent.TimeUnit.MILLISECONDS)
@BenchmarkMode (SingleShotTime)

@Warmup(iterations = 1)

@OFork(10)

open fun deserializeModel0f22KLinesWithlWarmupIteration() {

objectMapper.readValue<Application>(serializedHugeModel)

CpenHee BpemMsd BbIMOJIHEHUA:

37,/17 = 6,814 ms

95 lNMpoueHTUNb:

45,868 ms
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CKONIbKO BpeMeHU 3aHuMaeT gecepuanusauma?

[lporpeBa HeT: [lporpeBaem 1 pas:

©@Benchmark ©@Benchmark
E0utputTimeUnit(java.util.concurrent.TimeUnit.MILLISECONDS) @0utputTimeUnit(java.util.concurrent.TimeUnit.MILLISECONDS)
@BenchmarkMode (SingleShotTime) @BenchmarkMode (SingleShotTime)
@Warmup(iterations = 0) @Warmup(iterations = 1)
@OFork(10) @OFork(10)
open fun deserializeModel0f22KLines() { open fun deserializeModel0f22KLinesWithlWarmupIteration() {

objectMapper.readValue<Application>(serializedHugeModel) objectMapper.readValue<Application>(serializedHugeModel)
I3 +

Cpe,u,Hee BPEMA BbIMNMOJIHEHUA. Cpep,Hee B0OEMA BbIMNMOJIHEHUA.

1268,318 + 73,862 ms OTKyAaa pa3Huua B 30 pas? 37,717 + 6,814 ms

95 lNMpoueHTUNb: 95 lNMpoueHTUNb:

1359 ms 45,868 ms
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v

CKONIbKO BpeMeHU 3aHuMaeT gecepuanusauma?

3anycTum npodparinep n nocMmoTpum Ha padoTty ObjectMapper.readValue...

Call Tree pecepuanusaunmn 6e3 nporpesa:

100.0% ru.tbank.example.warmup.MainKt.main()
74.9% com.fasterxml.jackson.databind.ObjectMapper.readValue(InputStream, Class)
v 100.0% com.fasterxml.jackson.databind.ObjectMapper._readMapAndClose(JsonParser, JavaType) npl/ll\/lepHO 86% ﬂpOLl,eHTOB Bpel\/IeHl/I

v 86.4% com.fasterxml.jackson.databind.ObjectMapper._findRootDeserializer(DeserializationContext, JavaType)“
BbInonHeHnd readValue mbl TpaTm Ha

v 100.0% com.fasterxml.jackson.databind.DeserializationContext.findRootValueDeserializer(JavaType)
> 100.0% () com.fasterxml.jackson.databind.deser.DeserializerCache.findValueDeserializer(DeserializationContext, DeserializerFactory, JavaType) WHUUNANN3aunto ,u,e3ep|/|an|/|3aT0|o And

13.6% com.fasterxml.jackson.databind.deser.DefaultDeserializationContext.readRootValue(JsonParser, JavaType, JsonDeserializer, Object) mMoagenun n nx Ke|_|J|/|pOBaH|/|e B MeTode
findRootDeserializer

[TpyumepHOo 14% NpoLeHTOB BPEMEHU Mbl NApCcUM MOAENb
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CKONIbKO BpeMeHU 3aHuMaeT gecepuanusauma?

3anycTum npodpaninep n nocmoTpum Ha padoTty ObjectMapper.readValue...

Call Tree necepuannsaumm c NnporpeBoOM:

v 100.0% ru.tbank.example.warmup.MainKt.main()
v 90.0% com.fasterxml.jackson.databind.ObjectMapper.readValue(InputStream, Class)
v 100.0% com.fasterxml.jackson.databind.ObjectMapper._readMapAndClose(JsonParser, JavaType)
v 100.0%
> 100.0% ($Hcomm rxml.jackson.databind.deser.BeanDeserializer.deserialize(JsonParser, DeserializationContext)

om.fasterxml.jackson.databind.deser.DefaultDeserializationContext.readRootValue(JsonParser, JavaType, JsonDeserializer, Object)

Bce 100% cemnnoB npodainepa
nonazgatoT TONIbKO B BETKY NMapCuHra
Mmojaenu
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CKONIbKO BpeMeHU 3aHuMaeT gecepuanusauma?

[Mopoxau! Arpe JIT - kKomnunauua?
Tbl XK€ NPOCTO KeLn 3anoJIHU...
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CKONIbKO BpeMeHU 3aHuMaeT gecepuanusauma?

A YTO Tam NMPO YPOBHM KOMMUAALMUN?

CHOBa BCNMOMHWUM noporu Komnunauuu... Ham HyxKeH Tier4CompileThreshold, uto 6yaeTt cooTBeTcTBOBaTH C2

| on main +81 !13 java -XX:+PrintFlagsFinal -version | grep -E 'Tier.*CompileThreshold'
vintx IncreaseFirst At 50 {product} {default}
intx 0 {product} {default}
intx {product} {default}

intx {product} {default}
openjdk version "21" 2023-09-19
OpenJDK Runtime Environment (build 21+35-2513)
OpenJDK 64-Bit Server VM (build 21+35-2513, mixed mode, sharing)

15 TbiCAY pas BbIMONHUTD... .
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CKONIbKO BpeMeHU 3aHuMaeT gecepuanusauma?

laBarTe no6aBMM HEMHOro JIT KOMNUNAauumn...

icnonb3yem @Warmup, YToObl 15K pas BbINOAHUTL TECT repen 3amepamu

©@Benchmark

@0utputTimeUnit(java.util.concurrent.TimeUnit.MILLISECONDS)

@BenchmarkMode (SingleShotTime)

@Warmup (iterations = 15000)

@Measurement(iterations = 10)

©OFork(1)

open fun deserializeModel0f22KLinesWithl5kWarmupIteration() {
objectMapper.readValuve<Application>(serializedHugeModel)
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CKONIbKO BpeMeHU 3aHuMaeT gecepuanusauma?

[lporpeBa HeT:

@Benchmark

E0utputTimeUnit(java.util.concurrent.TimeUnit.MILLISECONDS)

@BenchmarkMode (SingleShotTime)

@Warmup(iterations = 0)

@Fork(10)

open fun deserializeModel0f22KLines() {
objectMapper.readValue<Application>(serializedHugeModel)

CpenHee BpeMd BbINOJIHEHNA:

1268,318 + 73,862 ms

95 lNMpoueHTUNb:

1359 ms

[lporpeBaem Rewn:

©@Benchmark

@0utputTimeUnit(java.util.concurrent.TimeUnit.MILLISECONDS)

@BenchmarkMode (SingleShotTime)

@Warmup(iterations = 1)

@Fork(10)

open fun deserializeModel0f22KLinesWithlWarmupIteration() {
objectMapper.readValue<Application>(serializedHugeModel)

CpenHee BpeMd BbINOJIHEHUA:

37,/17 = 6,814 ms

95 lNMpoueHTUNb:

45,868 ms

[lporpeBaem c JIT:

©Benchmark

@0utputTimeUnit(java.util.concurrent.TimeUnit.MILLISECONDS)

@BenchmarkMode (SingleShotTime)

@Warmup(iterations = 15000)

@Measurement(iterations = 10)

@Fork(1)

open fun deserializeModel0f22KLinesWithl15kWarmupIteration() {
objectMapper.readValue<Application>(serializedHugeModel)

CpenHee BpeMd BbIMOJIHEHUA:

7,285+ 0,649 ms

95 lNMpoueHTUNb:

7,935 ms
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CKONIbKO BpeMeHU 3aHuMaeT gecepuanusauma?

C beHYmMmapKamu NOHATHO, a YTO TamMm ¢ OMONUOTEKON?
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[TporpeB Jackson Serializer
[lpocTenaa KoHpurypauuna.

top:
warmup :

enabled: true

jackson: [Mporpeem Kewwu Jackson Serializer
enabled: true
maximumWarmupTime: 20s # Bpemsi, KoTopoe rnpozpeB He 6yoeT rpeBbilaThb
classes:

- className: ru.tbank.example.HugeModel # FON knacca
json-file: sample/extremely_huge_model.json # JSON, koTopeill 6ydeMm ManuTb HO HOlW Kidcc

warmup-iterations: 1 # kon-Bo utepauyuu npozpesa

v [2resources

MyTb A0 HALLEro jSon B AUPEKTOPUMK C pecypcamu v B sample

{} extremely_huge_model.json

Masbl Mporpesa

i

Jackson Warmup
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[TporpeB Jackson Serializer

[lpocTenaa KoHpurypauuna.

top:
warmup: I3mMeHnm Kon-Bo warmup-iteration go 15k,

enabled: true yToObl C2 NPUMEHWN arpecCcuUBHbIE ONTUMU3ALIUK

jackson:
enabled: true
maximumWarmupTime: 20s # Bpemsi, koTopoe rnpozpesB He 6YdeT MnpeBbilaTh
classes:
- className: ru.tbank.example.HugeModel # FON knacca

json-file: sample/extremely_huge_model.json # JSON, koTopelli 6ydemM ManuThb HO HOll K0cc

warmup-iterations: 15000 # kon-Bo uTepayuu npozpesa

Masbl Mporpesa

i

Jackson Warmup
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[TporpeB Jackson Serializer

[lpocTenwaa KoHdurypauma.

top:
warmup: YTO eCci Mbl HE XOTUM XPaHUTb B PECYPCaAX
enabled: true json Ha 22K CTpOK?
jackson:

enabled: true
maximumWarmupTime: 20s # Bpewmsi, kKoTopoe npozpesB He 6YOeT MnpeBbilaTb
classes:

- className: ru.tbank.example.HugeModel # FON knacca

warmup-iterations: 15000 # kosi-Bo uTepauuu npozpesa

Masbl Mporpesa

i

Jackson Warmup
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[MporpeB Spring Controllers

Namn TpadouKa + Http Client = Nporpe. Spring Controllers

_ [1o3BONAET 3(PPEKTUBHO NMporpeBaTb BCE
Traffic Dump
4aCcTU NPUNOXKEHNa

json body

Y

1..15k requests
Http Client { Spring Boot App 1
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[TporpeB Spring Controllers

PaccmMmoTpum KoHTponnep ns Mukpocepsuca Pernctpaunm 3adBokK:

Enrichment Request

' ‘ Product Request , -
o Application Registration | 5
B ST < Service < 5 |
e e | Product Decision Enrichment Data N '
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[TporpeB Spring Controllers

PaccmMmoTpum KoHTponnep us Mukpocepsuca Pernctpaunm 3adBokK:

@RestController
@ORequestMapping(®~v"/applications")

class ApplicationController(
@Auvtowired private val dataEnrichmentService: DataEnrichmentService,
@Autowired private val scoringService: ScoringService,

@Auvtowired private val applicationStorageService: ApplicationStorageService

) A

@GetMapping (&~ "/{id}")

GET 3anpoc anda nony4eHua UCTOPUYECKNX
fun getApplication(@PathVariable id: String): ResponseEntity<ApplicationResponse> {...}

3a49BOK n3 b/l

@PostMapping®
fun registerApplication(@RequestBody applicationRequest: ApplicationRequest): ResponseEntity<ApplicationResponse> {...}

POST 3anpoc BanuanpyeT 3adBKY OT MOOUIbHOIO NPUNOKEHNA U
npobpacbiBaeT ee B MUKPOCEPBUCHI ANA CKOPUHTa
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[TporpeB Spring Controllers

3amMepum Bpemd BbinonHeHUda POST 3anpoca K npunoxeHuto

POST http://localhost:8080/applications

Content-Type: application/json Bpemsa BbINOMIHEHNA 3anpoca K NPUNOXEeHUIo cpasy
k= nocne crapra.

"clientId": "1",

el el e CpeaHee BpeMsA BbINOJIHEHUA:

"clientEmail": "s.baldin@gmail.com",

+
orodboter: [ 498 + 12,862 ms
{

vproductId®: "1" 95 lNpoueHTUnb:

"productName”: "Mortgage" 530 ms

"productId": "2",
"productName": "CreditCard"
}
]
}
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[TporpeB Spring Controllers

No6aBnM KOHJIUTypaLMio NporpeBa 1 CHOBa OTMNpPaBMM 3anpoc

top:

warmup:
http: YKaeM nyTu o MeToA0B, KoTopble Oyaem

enabled: true MnporpeBaTb

maximumWarmupTime: 20s # 3adaem MoKcuMmasbHOE BpeMmsi npozpesd

endpoints:

Ina POST 3anpoca

yKa)KeMjSOH payload - path: /applications # HTTP path meTod0a peaucTpauuu 3asIBOK

method: POST # Http method
headers:
Content-Type: application/json
body-file: warmup/test-application.json
warmup-iterations: 1
- path: /applications/app-1 # HTTP path meTtoda nony4yeHus 305BOK
method: GET # Http method

warmup-iterations: 1

3amepum,
4yTO AgacT 1 utepauma nporpesa

Masbl Mporpesa

l

[ Http Traffic Warmup }
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[TporpeB Spring Controllers

Naxe ogHa uTepaLua nporpesa 3HaYNTENbHO COKpaLlaeT latency

[lporpeBa HET 1 utepauna nporpesa
CpenHee BpeMd BbINOSIHEHUA: CpenHee BpeMd BbINOSHEHNA:
498 +12,86 ms 15.8 £ 6.96 ms
95 lNMpoueHTUNb: 95 lMpoueHTUNb:

530 ms 20.3 ms

Masbl Mporpesa

l

[ Http Traffic Warmup }
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[lporpeB Spring Controllers

Masbl Mporpesa
A MOXeM NPOorpeTb eule cubHee?

top:
warmup:
enabled: true
check-configuration: true
http:

NobOaBuM UTepaLuii NporpeBa

enabled: true

maximumWarmupTime: 20s # 3adaemM MakcuMmasibHOE Bpems rnpozpesa

endpoints:

- path: /applications # HTTP path meToda pezucTpauuu 3058
method: POST # Http method

Http Traffic Warmup

headers:
Content-Type: application/json
Warmup: true # [lo6baBum ¢naz, o peKnwyeHus
body-file: warmup/test-appli 1on.3json
warmup-iterations: 1000

- path: /applications/app-1 # HTTP path meToda nonyyeHusi 305B0K
method: GET # Http method

warmup-iterations: 1000

A noyemy He 15K?
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[TporpeB Spring Controllers

Masbl Mporpesa
Mbl HEe Bcerga MOXeT No3BonnuTb cede 15K ntepauni,

3X Bpemsd nporpeBa orpaHN4YeHo

top:
warmup:
enabled: true

check-configuration: true

http: Y Hac Bcerga ecTb IMMUT MO BPEMEHMN

enabled: true
maximumWarmupTime: 20s # 3adaemM MakcuMmasibHOE Bpems rnpozpesa

endpoints:

- path: /applications # HTTP path metoda peaucTpayuu 30sIBOK Http Traffic Warmup
method: POST # Http method

headers:
Content-Type: application/json
Warmup: true # [obaBum ¢naz, 058 nepeksiwyeHus
body-file: warmup/test-application.json
warmup-iterations: 1000
- path: /applications/app-1 # HTTP path meToda nonyyeHusi 305B0K
method: GET # Http method

warmup-iterations: 1000
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[TporpeB Spring Controllers

Masbl Mporpesa
Jlaxe ogHa ntepauud nporpeBa 3Ha4YUTENbHO COKpalaeT latency

[lporpeBa HET 1 ntepauma nporpesa 1k utepauuin nporpena
CpenHee BpemMsd BbIMOJIHEHUA: CpeaHee BpemMd BbIMONHEHUA: CpenHee BpemMsd BbIMOJIHEHUA:
498 + 12,86 ms 15.8 +6.96 ms 10 +1.21 ms l
95 lNMpoueHTUNb: 95 lMpoueHTUNb: 95 lNMpoueHTUNb:

[ Http Traffic Warmup }

530 ms 20.3 ms 13.5ms
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[TporpeB Spring Controllers

Masbl Mporpesa
1k ntepaunin cokpawatoT latency eLe Ha 30%!

[lporpeBa HET 1 ntepauma nporpesa 1k utepauuin nporpena
CpenHee BpemMsd BbIMOJIHEHUA: CpeaHee BpemMd BbIMONHEHUA: CpenHee BpemMsd BbIMOJIHEHUA:
498 + 12,86 ms 15.8 +6.96 ms 10 +1.21 ms l
95 lNMpoueHTUNb: 95 lMpoueHTUNb: 95 lNMpoueHTUNb:

[ Http Traffic Warmup }

530 ms 20.3 ms 13.5ms
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[TporpeB Spring Controllers

Masbl Mporpesa
A KaK e ngemnoteHTHocTb? C POST 3anpocamu npobnema?

top:
warmup:
http:
enabled: true

maximumWarmupTime: 20s # 3adaem MoKcuMmasbHOE BpeMmsi npozpesd

endpoints:
- path: /applications # HTTP path meToda peaucTpaluu 30sBOK ‘l
method: POST # Http method \
headers: POST 310 npobnema? [ Http Traffic Warmup }
Content-Type: application/json

body-file: warmup/test-application.json
warmup-iterations: 1

- path: /applications/app-1 # HTTP path meTtoda nony4yeHus 305BOK
method: GET # Http method

warmup-iterations: 1
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[TporpeB Spring Controllers

Masbl Mporpesa
A KaK e ngemnoteHTHocTb? C POST 3anpocamu npobnema?

top:
warmup:
http:
enabled: true

maximumWarmupTime: 20s # 3adaemM MakcumasibHoe BpeMmsi npozpesa

endpoints:
- path: /applications # HTTP path meToda pezaucTpauuu 305BOK l
method: POST # Http method

headers: Jla, HO ee MOXHO 000/TH

Content-Type: application/json “r_,——”———’

Warmup: true # [JobaBuMm ¢naz, 015 nepeksinwyeHus I'IepeXBaTmsolonarnporpeBa B
KaACTOMHOW NOTNKNU

[ Http Traffic Warmup }

body-file: warmup/test-application.json
warmup-iterations: 1

- path: /applications/app-1 # HTTP path meTtoda nonyydyeHusi 305BOK
method: GET # Http method

warmup-iterations: 1
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[TporpeB Spring Controllers

Masbl Mporpesa
A ecnu 4 xo4y rpeTb He ToNbKOo happy path?

top:
warmup:
hEtp:
enabled: true
maximumWarmupTime: 20s # 3a0aeM MaKcuMa/sibHOe BpeMsi npozpesd
endpoints:
- path: /applications/app-1 # HTTP path meToda nonyyeHuss 3asIBOK
method: GET # Http method ‘l

warmup-iterations: 1

|

expectedCodes: # MoxHO yka3aTb CMNUCOK BQIUCHbIX response
- 429
- 404

- 2XX

code ons endpoint'a [ Http Traffic Warmup J

MoXem yKasaTb MacKy
NMOO CNUCOK BaNnUaHbIX
Response Code
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[lonb3oBaTenbCKui [lporpes

CepBuc oboralleHna aaHHbIX padboTaeT ¢ 60bLINM KOM-BOM CTOPOHHUX
CepBUCOB

bynem rpetb B HEM Kellw

El'hird Party ServicesJ

A

Additional Info
Request

Additional Info

v Save Application

Enrichment Request {

Enrichment Data

_____________________________

Data Enrichment
Service

Request

Historical Data

_____________________________
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[lonb3oBaTenbCKui [lporpes

Masbl Mporpesa
[Tonb3oBaTenu mory peanusoBaTtb cBo Warmup Provider

peann3oBaB NHTepeiic:

interface WarmingUpProvider {
val name:

fun getWarmingUpMethods(): List<() —> >

l

Custom Warmup
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[lonb3oBaTenbCKui [lporpes

Masbl Mporpesa
[lpocTenLaa peannsauua nporpesa Rewa

Warmup Hook

class CacheManagerWarmingUpProvider( i
val cache: SimpleCache
) : WarmingUpProvider { Jackson Warmup
override val name: byaem ccbiiaTbCA Ha MA B
get() = "simpleCache" application.yaml l
—
override fun getWarmingUpMethods(): List<() -> > =
list0f({ Http Traffic Warmup
getAllWModellIds().forEach { id —>
cache.put(id, loadVeryHugeModel(id))
} l
})

Custom Warmup

l

Warmup Hook
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[lonb3oBaTenbCKui [lporpes

Masbl Mporpesa
[lpocTenaa KoHurypauma and nob30BaTeNIbCKOro nporpesa

top
warmup

custom MoxKem orpaHn4ymBaTb BpemAa
simpleCache
enabled: true

maximum-warmup—-time: 20s
warmup-iterations: 1

l

Custom Warmup

YKasbiBaTb KON-BO UTEpauum
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[lonb3oBaTenbCKui [lporpes

3ayeM elLle HyXKeH nonb3oBaTeNbCKUin Nporpes?

[1porpes Kallewn
OTKpblTHE coeanHeHnn K b1

Heo6xoaMMoCTb aBTOpPM3aL MM BO BpeMs 3anpocoB

Masbl Mporpesa

Warmup Hook

|

Jackson Warmup

|

Http Traffic Warmup

l

Custom Warmup

l

Warmup Hook
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T BAHK

A YyTO Ha npope?



KaKune noaxoabl Mbl UCNOJIb3yeM Ha npoae?

VPA burst no3BongeT COKpPaTUTb TPOTIUHI OTAENbHbIX NOJ0B CEepBUCa
Ha cTapTe

Warmup Lib no3BondgeT AocTuyb cTabUNbHbIX NOKa3aTenei latency Bo

BpEMS Aeniod

VPA Burst Warmup Lib

Open]DK
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BnuaHue lporpeBa Ha noKasaTtenu Latency

YMeHbLUEHNE MAKCUMaNbHON 3a4epHKN Npu cTapTe NPUNOKEHNS:

JVM Response time (max over 1m) JVM Response time (max over 1m)

—

<200.0 ms \)

100.0 ms

12:30 12:35 12:40 12:45 12:50 12:55
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800.0 ms

600.0 ms

400.0 ms

200.0 ms

Os
18:40

BnuaHue [1porpesa Ha noKasaTtenu Latency

P99 ymeHbLIeHne cpeaHen 3aaePXKN Npu cTapTe NpuUnoxeHna:

Global Latency

Global Latency

60.00 ms

40.00 ms

—_— 0s
18:45 . 12:20 12:25 12:30 12:35 12:40 12:45 12:50

== P99 prod == P50 prod w= P99 prod == P50 prod

12:55
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UYTO B UtTore?

OOLada 3aaeprKKa coKpaTunocb B 13 pas

MaKcumanbHoOe BpemMmda oTBeTa CoKpaTunochb B 10 pas

HO +30 ceKyHa, K BpeMeHU cTapTa
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[Mpobnemy pewmnu?

\ Ho KaKoM ueHou?

|

\ \

+ N CEeKyHA K CTapPTY

[Mpo6Gnembl pewnnn, Ho Bpems cTapTa YBenndunu!
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Pe3ioMupyem

Pasobpanu JoCTYyNHble MeToAbl NPOorpeBa

BblAenunm nNacbl Kaxaoro 3 MeToaoB

’ CHoBa He Hawnw ”Silver Bullet”

a Cymenu 3akpbiTb NOTPEOHOCTM CBOMX KOMaHA
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Open Source Party

Mo3eT ObITb Bbl XOTUTE NPOBEPUTb CAMI?

CKopo Ha opensource.tbank.ru/top-core-libs/warmup/

Penosutopui: TecToBbIl NPOEKT:
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T BAHK

Bonpochbl?

Telegram:




