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Jk3ameH M40
OT ABTO.pY

KAZANFIRST

MOXXHO N onepenuTb CUHIOK MaLLIUHY Mo
TaKoOWn TpaeKkTopun?

auto.ru

Kakoro Lpeta OblBaeT NOCTOSAHHASA
rOpuU3OHTalIbHaA pa3MeTKa?

Henb3s

MNpaBuna 3anpeLLakoT ABMKeHMe
asTomobunen no oboumnHam (n. 99 Nama).
Mo3ToMy 1 onepexaTb CUHIOK MaLLUHY No
TaKOW TPAEKTOPUN HeNb3s.

MOXHO, ecnu cMHUA asToMobunb eper
menneHHee 40 km/M

MOXXHO

Tonbko 6enoro u XénTtoro

Tonbko 6enoro, Xéntoro u OpPaHXEBOIo

Tonbko 6enoro, XXENToro, KPacHoro,
CUHEro, YEPHOro 1 3eNéHoro

115 NOCTOSHHOM rOPU30OHTaNbHOM
pasMeTku (BKNYas aybnuposaxmne
LOPOXKHbIX 3HAKOB) YCTaHOBNEHbI Benbii,
YKENTBIN, KPACHbIN, CUHWNIA, YEPHbIN,
3enéHbin useTta. OpaH)keBbl
NCNONb3YyeTCs ANS HaHeCeHNs BPEeMEHHOM
pPa3MeTKM.



https://pdd.auto.ru/

Serverless

Object Storage Message Queue Lockbox

O = ©

Data Streams Key Management
Service

© O

AP| Gateway

Cloud Functions

Managed Service
for MongoDB
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Data Streams Key Management
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© O
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Managed Service
for MongoDB
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CoObITns

HTTP

Message
Queue

cron

Marmna

Balu koa

NET



Co3naem pyHKLUIO
c lass Handler

public async Task<Response> (HttpRequest req)
{

h
h



OyHKUMA. BXxoa v Bbixoa

public class Handler

{

public async Task< > FunctionHandler ( req)

{

h
h



OyHKUMA. BXxoa v Bbixoa

public class HttpRequest

{
[JsonPropertyName (" ") |

public Dictionary<string, string> Headers;

[JsonPropertyName (" ") ]
public string Body;



OyHKUMA. BXxoa v Bbixoa

public class Response

{

[JsonPropertyName ("
public 1nt StatusCode;

[JsonPropertyName (" ") ]
public string Body;



OyHKUMA paboTaeT, noka
MCMONHSAETCA MeTo

public class Handler

{

public async Task<Response> FunctionHandler(HttpRequest req)

{

h
h
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OrpaHn4yeHus

* Het background-pa6borT
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OrpaHn4yeHus

HeT background-pa6borT
ACUHXPOHHaA 3aga4va

[lepnognyeckasa 3agadva
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OrpaHn4yeHus

HeT background-pa6borT
AcunHxpoHHas 3agadya — Message Queue

[lepnognyeckaqa 3agada
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OrpaHn4yeHus

HeT background-pa6borT
AcunHxpoHHas 3agadya — Message Queue

[lepnoonyeckaa sagada — Cron Trigger
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OrpaHn4yeHus

HeT background-pa6borT
AcunHxpoHHas 3agadya — Message Queue

[lepnoonyeckaa sagada — Cron Trigger

HeT cocTosiHUSA

XpaHnM B OTAENbHbIX cepBucax

38



OrpaHun4yeHuns

Object Storage Message Queue Lockbox

O = ©

Data Streams Key Management
Service

© O

AP| Gateway

Cloud Functions

Managed Service
for MongoDB
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B aTOM rogy
Yandex Cloud
5 net

2019 — noasunucb nepsble
Cloud Functions
\

BHayane cambiM MacCcOBbIM CLieHapuem

ObINn HaBbIKN ANUCHI




HaBblk ANUCbI




Komy
npourpana
Anunca?
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[lepecnaHHoe cooblleHne
OT dotnet-example-qgr-creator
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[lepecnaHHoe coobuleHune
OT dotnet-example-qgr-creator

YaT-00Thl

N3BUHUTE, Y MEHA HET
BO3MOXXHOCTM NpocnyLlaTtb
BaLLle coolLleHue




OyHKumA. ecepmnannidaunga. Telegram

public async Task<Response> FunctionHandler(HttpRequest req)

{
var msg = ) ;

if (msg.Data is TextMessage txtMsg)
{

}



OyHKumA. ecepmnannidaunga. Telegram

public async Task<Response> FunctionHandler(HttpRequest req)

{

var msg = serializer.Deserialize<MessageUpdate>(req.Body);
if )
1

}



OyHKUmSA. 'eHepaumnsa QR

if (msg.Data is TextMessage txtMsg)
{

var qrGenerator = new QRCodeGenerator();
var data = grGenerator

| .CreateQrCode(txtMsg.Text, QRCodeGenerator.ECCLevel.Q);

|

var code = new PngByteQRCode(data);
var stream = new MemoryStream(code.GetGraphic(20));

await s_client.SendPhotoAsync/(
chatId, new InputFileStream(stream));



OyHkuma. eHepaunsa QR

if (msg.Data is TextMessage txtMsg)
{

var qrGenerator = new QRCodeGenerator();
var data = qrGenerator

.CreateQrCode(txtMsg.Text, QRCodeGenerator.ECCLevel.Q);

await s_client.SendPhotoAsync/(
chatId, new InputFileStream(stream));



OyHKums. 'eHepaumna QR

if (msg.Data is TextMessage txtMsg)
{

var qrGenerator = new QRCodeGenerator();
var data = qrGenerator

.CreateQrCode(txtMsg.Text, QRCodeGenerator.ECCLevel.Q);

var code = new PngByteQRCode(data);
var stream = new MemoryStream(code.GetGraphic(20));



| lpumepsl
Ha GitHub

https://github.com/MaxShoshin/
serverless-examples



https://github.com/MaxShoshin/serverless-examples
https://github.com/MaxShoshin/serverless-examples

A 4TO ecnun
YTO-TO NOLUMO
He TakK?




A ecnu 4YTo-TO He TakK?

P\ou{ef

y

Schedu’erx
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Scheduler

Eng\ne
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A ecnu 4YTo-TO He TakK?

Router — ‘Schedu’er

Eng'me



A ecnu 4YTo-TO He TakK?

Router ’\—%

Scheduler




A ecnu 4YTo-TO He TakK?

Router ’\—%
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Scheduler

Eng'me



Bbibnpaem Engine
N4 3arnycka HOBOro 3K3emnnspa

e &5

CMOTpUM CMOTpUM
Ha pecypchbl Ha ceTu



ObHoBneHne Engines .

Engivne Engivne Engivne Engine
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ObHoBneHne Engines .

Engive Engivne Engivne Engivne Engivne
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ObHoBneHne Engines .

Engive Engivne Engivne Engivne
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ObHoBneHne Engines .

Engive Engivne Engivne Engivne
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Kak Bblbnpaem Engine?

Engivie 1 Engive 2




Kak Bblbnpaem Engine?
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Kak Bblbnpaem Engine?

Engivie 1 Engve 2
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Kak Bblbnpaem Engine?

Engivie 1 Engve 2




Kak Bblbnpaem Engine?

Engive 2




Kak Bbl6|/|paeM B 10% cnyvaeB ngém I

Engine? co3faBaTb HOBbIW 3K3eMMNAp

69




OyHKUKNA. Jlorum

A 20aBr. 19:56:12

Info @ serverless.function # d4e38t1sfhl8naaqtk7a

REPORT RequestID: 92112945-1d5f-432d-bdcl-018a5e3f9bda
Duration: 800.654 ms Billed Duration: 900 ms Memory Size: 128

MB Max Memory Used: 102 MB Queuing Duration: 0.054 ms Function
Init Duration: 140.393 ms

> 20aBr. 19:56:12 END Request|D: 92112945-1d5f-432d-bdc1-018a5e3f9bda
> 20aBr.19:56:11 START RequestID: 92112945-1d5f-432d-bdc1-018a5e3f9bda



OyHKUKNA. Jlorum

A 20aBr. 19:56:12

Info @ serverless.function # d4e38t1sfhl8naaqtk7a

REPORT RequestID: 92112945-1d5f-432d-bdcl-018a5e3f9bda
Duration: 800.654 ms Billed Duration: 900 ms Memory Size: 128

MB Max Memory Used: 102 MB Queuing Duration: 0.054 ms Function
Init Duration: 140.393 ms

> 20aBr. 19:56:12 END Request|D: 92112945-1d5f-432d-bdc1-018a5e3f9bda
> 20aBr.19:56:11 START RequestID: 92112945-1d5f-432d-bdc1-018a5e3f9bda



OyHKUKNA. Jlorum

A 20aBr. 19:56:12

Info @ serverless.function # d4e38t1sfhl8naaqtk7a

REPORT RequestID: 92112945-1d5f-432d-bdcl-018a5e3f9bda
Duration: 800.654 ms Billed Duration: 900 ms Memory Size: 128

MB Max Memory Used: 102 MB Queuing Duration: 0.054 ms Function
Init Duration: 140.393 ms

> 20aBr. 19:56:12 END Request|D: 92112945-1d5f-432d-bdc1-018a5e3f9bda
> 20aBr.19:56:11 START RequestID: 92112945-1d5f-432d-bdc1-018a5e3f9bda



OyHKUKNA. Jlorum

A 20 aBr.19:56:12

Info @ serverless.function # d4e38t1sfhl8naaqgtk7a

REPORT RequestID: 92112945-1d5f-432d-bdc1-018a5e3f9bda
Duration: 800.654 ms Billed Duration: 900 ms Memory Size: 128

MB Max Memory Used: 102 MB Queuing Duration: 0.054 ms Function

Init Duration: 140.393 ms
—————————

> 20 aBr. 19:56:12 END RequestID: 92112945-1d5f-432d-bdc1-018a5e3f9bda
> 20 aBr. 19:56:11 START RequestID: 92112945-1d5f-432d-bdc1-018a5e3f9bda



OyHKUKNA. Jlorum

A 20 aBr. 20:14:25.296

Info @ serverless.function d4e38t1s...naaqtk/a

REPORT RequestID: 59986a52-39a2-4364-9c41-98edadbf30ad
Duration: 107.653 ms Billed Duration: 200 ms Memory Size: 128
MB Max Memory Used: 108 MB Queuing Duration: 0.046 ms

> 20 aBr. 20:14:25 END RequestID: 59986a52-39a2-4364-9c41-98edadbf30ad



OyHKUKNA. Jlorum

A 20 aBr.19:56:12

Info @ serverless.function # d4e38t1sfhl8naaqgtk7a

REPORT RequestID: 92112945-1d5f-432d-bdc1-018a5e3f9bda
Duration: 800.654 ms Billed Duration: 900 ms Memory Size: 128

MB Max Memory Used: 102 MB Queuing Duration: 0.054 ms Function

Init Duration: 140.393 ms
—————————

> 20 aBr. 19:56:12 END RequestID: 92112945-1d5f-432d-bdc1-018a5e3f9bda
> 20 aBr. 19:56:11 START RequestID: 92112945-1d5f-432d-bdc1-018a5e3f9bda



CTaTtuka BKIo4YaeTcs
B XONOAHbIX CTApT

class Handler

{
Handler() { ... }

private Foo foo = CreateFoo();

}



XONOAHbIN CTaApPT —
Bpem4a 3arpy3ku
BUPTYanKkn?




3agayu

microVM
{£} 5/
N3onayuns bbICTPbIN

OYHKL NI CTapT




Kak Bbirnagnt microVM




Kak Bbirnagnt microVM




Kak Bbirnaant microvM




3anyck OC

- CBoun Bootstrap

» 3anyckaem 6e3 BupTtyanbHoro BIOS



LiINnux a4p0

- 3anyck agpa 3aHnmaet 60—-160 mc

» CobpaHo 6€e3 HEHYXHbIX MOAYNeEN



bopeMmcH
c Cold Start

[logoepxmnBaem nyn
3anyLleHHbIX
BUPTYyarnbHbIX MaLLUWH




| lynbl BUpTYanok

+ 3anycTtunu BUpTyarnky vV OO(
c 64 MB

» 3arpy3unu OC



| lynbl BUpTYanok

+ 3anycTtunu BUpTyarnky vV 60(
c 64 MB

» 3arpy3unu OC
» Suspend



| lynbl BUpTYanok

+ 3anycTtunu BUpTyarnky
c 64 MB

» 3arpy3unu OC

» Suspend

* [lonoxunu B nyn



[ lynbl BUpTYanok

» 3anycTtunu BmpTyarnky
c 64 MB

- 3arpys3unun OC
* Suspend

* [lonoxunu B nyn
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HOBbIN 3K3emMnnap
PYHKL N

> B3sinu 13 pool Pool
- Resume

39



HOBbIN 3K3emMnnap

PYHKLNW

* Badanu ns pool
» Resume
* CMoHTUpoBanu FileSystem

» [lobaBunu namsaTu

v oS
E vn Q)
'

90



HOBbIN 3K3emMnnap
PYHKLNW

* B3anu ns pool m Pool
- Resume
.
CmoHTupoBanu FileSystem E

» [loBbaBunn namaTn

* YCTaHOBUNN NEePEMEHHbIE
OKPY>XEHUSA

- 3anyctunu Runtime



HOBbIN 3K3emMnnap
PYHKL N

- B3snu 3agady 13 odepean Pool
El vr\ ()

92



O4yepenb 3aaau

Engiﬂe

» 3anpoc nonagaeTt B ovepeab AN
9K3eMMNNAPOB PYHKLNU
» Kaably 3K3eMNnap BbITACKUBAET

3agady n3 odyepegm

93



O4yepenb 3aaau
nycTas

* HeCKOnbKO 3K3eMMnnAapoB PYHKLUNN

* HoByto 3agayy 6epeT nocnegHumn
OCBOOOAMBLUMNNCA

Engiﬂe

v 4
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O4yepenb 3aaau
nycTas

* HeCKOnbKO 3K3eMMnnAapoB PYHKLUNN

* HoByto 3agayy 6epeT nocnegHumn
OCBOOOAMBLUMNNCA

Engiﬂe
-

v 4
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O4yepenb 3aaau
nycTas

* HeCKOnbKO 3K3eMMnnAapoB PYHKLUNN

* HoByto 3agayy 6epeT nocnegHumn
OCBOOOAMBLUMNNCA
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O4yepenb 3aaau
nycTas

* HeCKOnbKO 3K3eMMnnAapoB PYHKLUNN

* HoByto 3agayy 6epeT nocnegHumn
OCBOOOAMBLUMNNCA
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O4yepenb 3aaau
nycTas

* HeCKOnbKO 3K3eMMnnAapoB PYHKLUNN

* HoByto 3agayy 6epeT nocnegHumn
OCBOOOAMBLUMNNCA
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O4yepenb 3aaau
nycTas

* HeCKOonbKO 3K3eMMNnAapoB PYHKLUNN

* HoByto 3agayy 6epeT nocnegHumn
OCBOOOAMBLUMNNCA

Engiﬂe
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O4yepenb 3aaau
nycTas Engine

* HeCKOonbKO 3K3eMMNnAapoB PYHKLUNN

* HoByto 3agayy 6epeT nocnegHumn
OCBOOOAMBLUMNNCA
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O4yepenb 3aaau
nycTas

* HeCKOonbKO 3K3eMMNnAapoB PYHKLUNN

* HoByto 3agayy 6epeT nocnegHumn
OCBOOOAMBLUMNNCA
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O4yepenb 3aaau
nycTas Engine

* HeCKOonbKO 3K3eMMNnAapoB PYHKLUNN

* HoByto 3agayy 6epeT nocnegHumn
OCBOOOAMBLUMNNCA
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O4yepenb 3aaau
nycTas Engine

* HeCKOnbKO 3K3eMMNNApoB PYHKLUNN

* HoByto 3agayy 6epeT nocnegHumn
OCBOOOAMBLUMNNCA

VM2




O4yepenb 3agau
nycras Engine

* HeCKOnbKO 3K3eMMNNApoB PYHKLUNN

» HoByto 3aga4y bepeTt nocneaHnm
OCBOOOOMBLUNNCA

K3



A 4YTO ecnu

3anpocoB byaeT
MHOIo"?




KBOTb!

» OpgHOBPEMEHHO 3anyLleHHblE 3K3eMNNAPblI YHKLUUN
* [loTpebnaemasa namMaTb

° O,EI,HOBpeMeHHO BbINOJIHAEMbIE 3allpPOChbl

[1lpeBbicunu — HT TP 429



[Tpobnema gennos
HOBOW BEPCUN
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[Tpobnema gennos
HOBOW BEPCUN
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[Tpobnema gennos
HOBOW BEPCUN

AR AC
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[Tpobnema gennos
HOBOW BEPCUN

o N
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[Tpobnema gennos
HOBOW BEPCUN

111



Pipelines



Pipelines
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Pipelines
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Pipelines

115



Pipelines

116



Pipelines

18 RAC



Pipelines

N N



Pipelines
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Pipelines

g o . N



Pipelines

d- s an



Pipelines

122



Pipelines

BUAARAN



Pipelines

124






Autoscaler

» OOHOBbLIN MpoLlecc

- 3anyckaeTcq He 4vaule 4yem pa3 B 500 mc



Up Scale

Engivne

* Ovyepenb bonbLie, Yem
Konn4yecTBo ak3eMnnApos, Ha 30% E -

127



Up Scale

Engivne
* Ovyepenb bonbLie, Yem
KonnyecTBoO ak3emnnspos, Ha 30% E -
» C0o3gaéM 9K3eMMnIiap TYT XKe -

128



Up Scale

- Cymma o4vepeneu
bonbLue, YemM cymma
ak3emnnsapos, Ha 30%
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Up Scale

- Cymma o4vepeneu
bonbLue, YemM cymma
ak3emnnsapos, Ha 30%

- Co3gaem ak3eMnnsap
Ha HOBOM Engine
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Up Scale

- Cymma ovepepnen Engine Engive Engine
bonbLue, YeM cymma
ak3emnnsapos, Ha 30%

- Co3gaem ak3eMnnsap
Ha HOBOM Engine

131



Co30aeM 3K3eMnnsap

* B3anu BupTtyarnky
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Co30aeM 3K3eMnnsap

- Baanu BupTyanky Pool
» CMOHTUpPOBaNu ANCK
g ad

» [loBbaBunu namMaThb

133



Memory hot plug

[obasnsgem 128 MB — Ok
[lobasnsgem 512 MB — Fall



[1na nobaBneHus
NaMsTU HY>XHa NaMsTb

[obasnsgem 128 MB — Ok
[lobasnsgem 512 MB — Fall



LIByxaTanHoe
nobasrneHne namaTu

[1obasngem 128 MB

[lobaBnsem BCe ocTarbHOe



Co30aeM 3K3eMnnsap

> Basanu BupTyanky m Pool

» CMOHTUpOBanu guck

\
» [loBbaBunu namMaThb E

137



Co30aeM 3K3eMnnsap

> Basanu BupTyanky Pool
» CMOHTUpOBanu guck
g 2]

» [loBbaBunumn namsaTb

» 3anyckaem

Serverless Runtime

138



3anyck Runtime

[IpocTaBnaem nepeMeHHble OKPYKEeHUS
n 3anyckaem Runtime ¢ nomMoLlbo BUPTYyarnbHOW

koHconn QEMU



[Tpobnembil
c Environment variables

KomaHabl — Ok

[lepemMeHHble OKpYXXeHUsa — He Bceraga



[Tpobnembil
c Environment variables

KoHconbHbIN bydep 1,5 KB

Bce, uto bonbwwe, — B /dev/null



[Tpobnembil
c Environment variables

» KoHcornbHbIN bydep 1,5 KB

* Bce, yto bonble, — B /dev/null

° OTI'IpaBJ'IFIeM KOMaHAbl KyCO4KaMW



HenpaBUNbHOE
BpeMS

[lepep BbINONTHEHMEM PYHKLNU
CUHXPOHU3NPYEM BPEMA




ObpaboTka 3anpoca

- B3snu 3agavy Pool
0

144



ObpaboTka 3anpoca

- B3snu 3agavy Pool
* BbinonHunu ee @
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ObpaboTka 3anpoca

- B3anu 3agayy
* BblnonHunn ee

* Suspend
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ObpaboTka 3anpoca

- B3anu 3agayy
* BblnonHunn ee

* Suspend

* [1naHnpPOBLUUNK MOXET
pPeLlnNTb NOTYLLNTb
aK3eMMnnsap

147



Down Scaling

«CKyLLaemy MHoro
BCE pecypchbl Cold Start



Down Scaling

» Ecnun ak3emMmnnsp Oonro He pabortan — npmonBaem

* HackonbKo O0fro — 3aBUCUT



A MOryT nun ObITb
npobnemsbl, ecnu
microVM cTapTyert
ObICTPO?




XonoaHbin cTapT bonbLue
CeKyHAb!

151



XonoaHbin cTapT bonbLue
CeKyHAb!

Ha DNS-3anpoc He nony4mnnm oTBeT

Retry timeout HacTpanBaeTca B cekyHaOax



XonoaHbin cTapT bonbLue
CeKyHAb!

- Ha DNS-3anpoc He nony4mnnm oTBeT

» Retry timeout HacTpanBaeTca B cekyHOax

* Ncnpasunu libc

» [lonpaBunun paboTy C CETbIO



Serverless Runtime

Engive

microYM

154



3agadn Serverless Runtime

» 3arpy3untb 06paboTymk

* B34aTb U3 odepeaun 3agady
- JlecepmnanmnsoBaTtb

* Bbi3dBaTb 06paboTUmK

» CepuanunisoBaTtb oTBeT / 0bpabdboTaTb OLLNOKM



| lonyyeHune 3apav

» Xoaumm K Engine 4yepes HttpClient

» [lecepunanunayem 4yepes System. Text.Json



DLL hell

» Runtime ccblinaetcsa Ha cbopky System.Text.Json

» QyHKUMSA TOXKe ccblnaeTca Ha System. Text.Json,
HO HOBOW BepCcUu

* Micnonb3yem AssemblylL.oadContext



BbizoB Handler

public class Call : Handler
{

private _hext;

public virtual object FunctionHandler(Request param)

{

arg = PrepareParam(param);
return next.FunctionHandler(arg);

}

private dynamic PrepareParam(Request param) => { ... }



YMeHbLUaem Bpema
Cold Start

CkomnunupoBaHbl ¢ ReadyToRun



OrpaHn4eHHbIE
peCypChl

* HanomuHaet paboTy
B OrpaHN4YeHHOM KOHTeunHepe

» BbicTaBneHa nepemMeHHas

OKPY>KEHUS
DOTNET RUNNING IN CONTAINER




WorkstationGC

* MuHunmanbHble GC nay3bl

* [loTpebnsieT MeHbLUe NamMsT




HacTpouku yepes
nepeMeHHble OKpYXXeHU4

OTkntounTh/BKNHOUYNTL Tired PGO:
DOTNET_TieredPGO=1

https://learn.microsoft.com/ru-ru/dotnet/
core/runtime-config/



https://learn.microsoft.com/ru-ru/dotnet/core/runtime-config/

HacTpouku yepes
nepeMeHHble OKpYXXeHU4

OTkntounTh/BKNHOUYNTL Tired PGO:
DOTNET_TieredPGO=1

Thread Pool — He HacTpaunBaeTc4

https://learn.microsoft.com/ru-ru/dotnet/
core/runtime-config/



https://learn.microsoft.com/ru-ru/dotnet/core/runtime-config/

byayuiee

« Komnunauua, AOT
 .NET 8 Runtime







Vlcnonb3oBaHMe paHTaNMOB




Ecnn He nonb30Barncb —
nonpooyuTe.

Ecnun y>Xe nonb3oBanncb —
NpnxoguTe NoroBOpUThH

Y10 panbue:

* YaT ¢ KOMbKOHUTN:
https://t.me/YandexCloudFunctions

* [lpumepsl:
https://github.com/yandex-cloud-examples

» [lourpatb B Serverless Game:

https.//game.serverless.yandexcloud.net/login.ntml httos://maxshoshin.ru/dotnetru2023.htm
NcxoaHuku GitHub: https://clck.ru/zLrZ5



https://t.me/YandexCloudFunctions
https://github.com/yandex-cloud-examples
https://game.serverless.yandexcloud.net/login.html
https://clck.ru/zLrZ5
https://maxshoshin.ru/dotnetru2023.html

