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O yeM noroBopmnM?

* BBoagHada uacTb: Serverless — UTo 3a 3BEPb U 3a4YEM OH HY>KEH?

OcHOBHble Npo61eMbI M cCTaHAaPTHbIE NYTU pPeLleHUs

MoueMy Serverless 1 MukpocepBUChI KPEMNKO ApYy>KaT?

ApxntekTypa Ha Serverless B npoaakLieHe



Mow 63krpayHp,

B paspaboTtke 6onbuie 10 neT, HbiH4Ye Solution Architect
* YBenuuuearo npubbinb 6usHeca vepes IT UHCTPYMEHTDI

* Tpu npopgaklleHa Ha serverless, NC NeT-NPoeKThbl
 OauH paspaboTaH c HynAa 1 pa3BuBanca 4 roaa
* [pyrov —noganep>xka n passmtme rotoBoro npoaga
* TpeTni — NpPoeKT C HyNA Ha UMEeKLLMNCA MHPPaCTPYKType



OBOMHOUMNA XOCTUHTA

IAAS: BVUIPTYAJIbHDbIE PAAS: MANAGED SAAS: SERVERLESS
MALLUWHDI KUBERNETES FUNCTIONS



Serverless Kak KoHUenuus

WiKi:

BeccepBepHble BbluMCcneHus (aHrr. serverless computing) —
cTpaTterns opraHusaumm niaatdopMeHHbIX 00f1a4yHbIX YCIyr, Npwu
KOTOpOou 0br1ako aBToOMaTUYECKN U AUHAMUYECKU YnpaBriaeT

BblOENeHNeM BbIYUCTTIUTENBHBLIX PECYpPCOB B 3aBUCUMOCTU OT
NONb30BaTENNIbCKOW Harpys3Ku.

Mbl noroBopumM B NepByo odepenb o Serverless Functions — 1o
eCTb, 00 ycnyre serverless-xocTuHra Ballero Kkoga.


https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%B0%D1%82%D1%84%D0%BE%D1%80%D0%BC%D0%B0_%D0%BA%D0%B0%D0%BA_%D1%83%D1%81%D0%BB%D1%83%D0%B3%D0%B0

YTo npepnaraer pbiIHOK?

AWS: Lambda (c 2014, Ha .NET c 2016)

Azure: Functions

Google Cloud Platform: Cloud Functions

... MHOTUMe apyrue

Bkntouvada Yandex.Cloud, Cloud.ru (SberCloud), npoyue




Serverless QyHKLUMA

AbcTpakuuma

- «MnKpO-KOHTENHEP>» C BaLlen c6opKon
- Beibnpaem RAM/CPU/Network
- Beibnpaem .NET Runtime

- He npuBasaHa K cepBepy, K KOMM4YeCcTBY 3anyLLEeHHbIX MHCTAHCOB
- BoisbiBaeTca onpepneneHHaa DLL -> Class -> Method

- Tperrupbl: HTTP, Kafka*, Vendor-specific

- OtpaboTana 3anpoc, BepHyna oTBeT

- Het 3anpocoB — «ycHyna»

- Nnatm TONbLKO 34 BpeMA NCMOJIb3OBaAHUA



AWS Lambda in .NET

public class
{
public async Task<AP|IGatewayProxyResponse> (
APlGatewayProxyRequest
ILambdaContext )
{
return new APIGatewayProxyResponse() { StatusCode = 204 };
}
}
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Yandex.Functionin .NET

public class : YcFunction<Request, Task<Response>>

{

// Request and Response here - hand-written classes
public async Task<Response> FunctionHandler(Request request, Context context)

{

return new Response() { StatusCode = 204 };

}
}



MunKpocepBUCHI N3
KOpPOo6KuH

* PazpneneHne oTBETCTBEHHOCTU: oAHA QYHKUMNA —
oaunH endpoint/Tpurrep

e Stateless™ kak nycTb K MacLUTabmnpoBaHUIO U
OTKa30yCTOUUYMBOCTU

 OTKa3o0ycToM4YMBOCTb: CEPBUC BCerga
3anyLueH
 MacwTtabupoBaHue 3a cekyHabl
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MunkpocepBMCbl N3 KOPOOKN

MunHmMMmmn3lauyua
CUHXPOHHOTIO
B3aMMoOencTBUA

JlornpoBaHwue u
MOHUTOPUHT

dopManbHO He
NpuMBA3aHbI K

CTeky pa3paboTku,
HTTP/Messaging

MO>HO OTAENbHO
THOHUTb >Xenes3o
Ka>xa0ro cepBuca
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Serverless + Microservices = Love

MO>XHO ncnonb3oBaTh A4 co3aaHna 60TOB U MPOYNX
Menoyeun.
Level 2: BbIHOCUM PYHKLMOHAN C HEPaBHOMEPHOU
Harpy3kou, HanpuMep, reHepauunsa oT4eToB

Level 80: [lof1THOCTLIO CTPOUM MUKPOCEPBUCHYIO
apXUTEKTYPY Ha GYHKLLMAX




[Tpobnema: Cold Start

Korga nogHmnMaeTcsa HOBbIM MHCTAHC, UHNMUMann3aumnda 3aHMMaeT

BpeMA (00 HECKOJIbKUNX CeKyHA).

Time

Download your Start new execution Execute initialization Execute handler
code environment code code

Cold start duration

Invocation duration

Download your code = 3arpy3ka Hawuunx DLL
Execute initialization code = JIT + HMUManNM3auma 40 BbI3OBA

https://docs.aws.amazon.com/lambda/latest/operatorguide/execution-environments.html
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PewwieHune: Cold Start

- MMHUMU3NpyeM paamep cb6opku
- .NET AWS SDK HeMHOro nomMmoraer
- ToBopat*, AOT compilation cHm>xaeT BpeMa cold start Ha <= 90%!

- MMHMN3NpPYEM MHNUMaANMN3aLnto
- ABTO-NMUHT (test environments)
- «Always Warm» ¢pmnum ot BeHaopa

* https://blog.martincostello.com/native-aot-make-dotnet-lambda-go-brr/
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[Tpobnema: Vendor Lock

 Cama dpyHKUMA — B 60M1bLLON CTENEHM
Vendor agnostic

* Mo>Ho 3acyHyTb ASP.NET Core BHYTpb
dyHKumm (Ho — ColdStart)

* Bce tpurrepsl, kpoMe HTTP - vendor-
specific*
* NIHTterpauuna Event Bus
cobnasHunTenbHa

* Ewe 60onee MHTEPECHLI TPUTITEPDI
XpaHunuuw, — ¢amnosoro, b/
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[Ipoune HraHCHI

3agayun No TanMepy — oTaebHbIN CEPBUC

OrpaHMHeHMe BpeMeHWM BbINO/THEHUA

* [puBeT, NnpaBubHaa orpaHmn3auma
$dOHOBbIX 3aga4 1 xopoLuunm UX

OTO HE KOHTEUHEP, NOAKIHOUYNTLCA HEMb3A

Hunkaknx anntenbHbIX COegUHEHUNI
(npowan, web-sockets*)

Hukaknx poHoBbix Tasks (3aMopo3ka)
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Knaccunueckasa apxmutektypa (AWS)




Serverless OyHKkuma + InMemory Cache

e OYyHKLUMA KaK NpaBuUIo NepPencrnonb3yeTcs
* [1o onbITY: OT HECKONMbKMX MUHYT A0 Yaca

* BHyTpeHHee cocToAHME coXpaHAeTCS

* Mo>XHO ncnonb3oBaTb
* Singleton (ecnuny Bac DI)
e Static data (Hanpumep, MemoryCache)
* File system
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Serverless 6a3bl gaHHbIX: DynamoDb

Key-Value NoSQL 6a3a

Ka>xxabin knroy — combuHauma Partition Key n Sort Key

[okyMeHTbl ¢ 06w KmM Partition Key Mo>kHO copTupoBaTth no SortKey mn 6bICTpO
BbIFPYy>XaTb C Noanep>XKon narmHaumm

Ectb Dynamo Streams: ntobble USMEHEHMA CYLLLHOCTEN MOTYT reHepupoBaTb
cobbiTnAa B Event Bus (Trigger Lambda -> AWS SQS)

19



Serverless 6a3bl gaHHbIX: DynamoDb

Primalry Key

[ |
Partition Key Sort Key

l

Product
ID

1
2
ltems—

2

3

Type

Book ID

Album ID:
Track ID

Movie ID

Products

Attributes
|

|

Schema is defined per item

e
Odyssey Homer 1871
INSERT/MODIFY/etc
6 Partitas Bach [ + f|ters>
Partita
No. 1
. Drama, ;
The Kid o Chaplin

https://aws.amazon.com/blogs/database/choosing-the-right-dynamodb-partition-key/



[TpoaBuHyTbIN ypoBeHb: CQRS + Event Sourcing

* QyHKLWMM YeTKO pa3aeneHbl No goMeHaM
e Kaxxpada pyHKUMA MOXKET nncaTb cobbitna B DynamoDb

* CobbITnA crpynnmnpoBatHbl no Partition Key — kntouy arperaTta, u
MOryT ObITb 3arpy>keHbl no Sort Key

 ArperaTt MO>XHO KaLumnpoBaTtb Ha ypoBHe AWS Lambda, gorpy>xas
cobbITA N3 6asbl N0 Mepe HEOOXOAMMOCTH

e Snapshot HUKTO He OTMEeHSAN
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[TpoaBuHyYTHIN ypoBeHb: CQRS + Event Sourcing

[ HTTP Request

AWS Lambda

Validate and Generate
Events

PartitionKey

SortKey

Aggregate Cache

Y

Get Aggregate to cache

Dynamo Streams

(Aggregate Id) (Event Id) Event Key Attributes 1..N
User#l 1 user_added me@dotnext.ru
User#l 2 user_name_updated Igor
User#1 3 user_location_updated Moscow
User#1 4 user_passport_uploaded| <S3-document-key>
User#2 1 user_added you@dotnext.ru
User#2 2

(AP;::S;;‘::";’;) LastEventld Attribute 1 (Email) Attributes 3..N
User#l 4 me@dotnext.ru
User#2 2 you@dotnext.ru

l

AWS Lambda

Generate
Aggegate
Snapshot
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CQRS: AktyanbHoe cocToAaHMe arperaTa

* /IMeeM HEKOMOPYLO BEPCUIO
COCTOAHMA arperaTa (Kaw) B
naMAaTn pyHKUUU

¢ S e l ecC t * Wh ere AWS Lambda PartitionKey SortKey
oy _ (Aggregate Id) (Event Id)
° Pa rtl tlonKey = User#1 ValldateEa:’r;c:]generate User#1l 1
User#l 2
¢ SortKey > 3 [ Aggregate Cache ‘ User#l 3
* ITor: peweBo nmeem Lastbventd =2 _ | | - ‘
dKTya/ibHOE COCTOAHWNE I User#2 2

e 3HaeM id nocneanHero 3BeHTa
e OBbHOBNAEM KALL
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CQRS: AktyanbHoe cocToAaHMe arperaTa

public class

{
private readonly |[EventsRepository _eventsRepository = new EventsRepository();
private readonly |UsersRepository _usersRepository = new UsersRepository();
private readonly ConcurrentDictionary<string, UserAggregate> cache = new();

public UserAggregate (string userld)
{
// 1. Get aggregate from cache/database
var user = _cache.TryGetValue(userld, out var cachedUser)
? cachedUser
. _usersRepository.GetUser(userld);

// 2. Generate up-to-date state by loading new events
var newEkvents = _eventsRepository.GetEvents(userld, offsetEventld: user.LastEventid);
return _cache[userld] = user.ApplyEvents(newEvents);
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CQRS: AktyanbHoe cocToAaHMe arperaTa

public record UserAggregate(long LastEventld /* More properties here */)
{

public UserAggregate ApplyEvents(IEnumerable<|Event> events)

{

return events.Aggregate(this, (state, ev) =>
{
// TODO: update state based on event
return state with { LastEventld = ev.ld };

1;
}
}
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CQRS: KoHkypeHTHasa 3anmcb coObITUIA

* [loCcKOMbKYy ecTb
Aggregate.LastEventld, 3Haem
|d HOBbIX 9BEHTOB

* baza rapaHTupyer
YHUKaNbHOCTb K/1Ho4a

* Henb3a N3MeHATb arperart
napannenbHo — He 6ar, a pnua

* Mo>XHO aenaTtb retry c
OoOHOB/IEHHbIM arperaTom

AWS Lambda #1

Validate and Generate
Events

AWS Lambda #2

Validate and Generate
Events

vy

—

PartitionKey
(Aggregate Id)

SortKey
(Event Id)

User#l

1

User#l

User#l

User#l

User#2

User#?2

N R BN
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CQRS: KoHkypeHTHasa 3anmcb coObITUIA

private readonly IDynamoClient _dynamoClient = new DynamoClient();

public Task SaveEvents(IEnumerable<|Event> events)

{

var upserts = events.Select(ev =>

{
var dbEntity = ev.ToDynamo(); // Has key PK = { PartitionKey: "User#111“ SortKey: "1" }

return new TransactionUpsertOperation(
dbEntity,
"attribute_not_exists(#PK)",
new Dictionary<string, string>() { ["#PK"] = "PK" });
});

return _dynamocClient.WriteTransaction(upserts);

}
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CQRS: 3anucb snapshots

1. 3arpys3unTtb cTapbin CHaMLUOT
2. [1pMEHNTb 3BEHTHI

PartitionKey SortKey

iy (Aggregate Id) (Event Id) Event Key
3. CoxpaHunTb 0OHOBNEHHbIN ;
User#1 2 user_name_updated | DPynamo Streams
C H a I-I LIJ OT User#1 3 user_location_updated
User#l 4 userﬁpassportﬁu;oaded
1. Upsert Where LastEventld <= sert? : user actded @
User#2 2
snapshot.LastEventld
2. WHropum ¢pamnnbl — KTO-TO Lo A I v— po— AWS Lambda
MocCTaparsiCcAa 3a HacC Userl 4 ot
User#2 & Snapshot
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CQRS: 3anucb snapshots

private readonly IDynamoClient _dynamoClient = new DynamoClient();

/// <inheritdoc />
public Task SaveUser(UserAggregate user)

{
var dynamoEntity = user.ToDynamo(); // Has key PK = { PartitionKey: "User#111“, SortKey: "1" }

return _dynamoClient.Upsert(
dynamokEntity,
"attribute_not_exists(#LastEventld) or #LastEventld < :LastEventid",
new Dictionary<string, string>() { [":LastEventld"] = dynamoEntity.LastEventld.ToString() }

);
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CQRS: Immutable Records

* 9BeHTbl immutable
* AyanTt n3 Kopobku

e CHanwoTtbl immutable

* MO>XHO KaLLMpoBaTh rae
YroaHoO 1 KakK yrogHo!

* YcTpamBaeTt eventual
consistency — npocTo
KSLIMPOBAaTb M YNUTaATb arperaThbl

* Redis ona arperaTtos

* Bcerpa geweBo nonyymTb
aKTyanbHO€ COCTOAHUE

PartitionKey

SortKey

(Aggregate Id) (Event Id) Event Key Attributes 1..N
Useri#l 1 user_added me@dotnext.ru
Useril 2 user_name_updated Igor
User#l 3 user_|location_updated Moscow
User#l 4 user_passport_uploaded| <S3-document-key>
User#2 1 user_added you@dotnext.ru
User#2 2

PartitionKey
(Aggregate Id)

LastEventid

Attribute 1 (Email)

Attributes 3..N

User#l

4

me@dotnext.ru

User#2

2

you@dotnext.ru
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EventBus n noMeHHble cobbITUA

(Apggrl-::;:ttelfi) é::r:ﬁz) Event Key Attributes 1..N
User#1 1 user_added me@dotnext.ru
User#l 2 user_name_updated Igor
User#l 3 user_location_updated Moscow
User#l 4 user_passport_uploaded|, <S3-document-key>
User#2 1 user_added you@dotnext.ru
User#2 2

g O O

EventBus

AWS Lambda AWS Lambda AWS Lambda
Generate Send
Reports Notifications
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JlormpoBaHue

e Kak npaBuno, n3 Kopobku B 10r cMctemMy npoeangepa
* Azure: Application Insights
« AWS: CloudWatch

 AHpekc.O6nako: Cloud Logging
* CTpyKTypMpoOBaHHOE NOrMpoBaHue

* MO>XHO NPAMO B KOHCO/1b
* HouacTto ecTb nogaep>kka lLogger ns kopobku
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MOHUTOPUHT

* OCHOBHble METPUKUN N3 KOPObKK. Kak npaBuno:
* BbI30BbI (BCEX NN KOHKPETHON PYHKL W)
 InntenbHOCTb paboThl
e KonnyecTtBo oLLIN60K
* Memory/CPU/apyroe
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[ lpHUMN onnaThl

e CTOMMOCTb PYHKLIMA NPAMO NPOonopuUmoHanbHa
* KonnyecTtsy BbI3OBOB
* 0.2%/ 1kk (Azure/AWS) — npnmepHo 0.4 rpc ctabunbHO Becb MecAL,
* BpeMeHU BbINOHEHUA
* Cold-starts yuntbiBatoTcs
* BoigeneHHOMYy XKeneay
* OnepatmBHasa NaMATb
« CPU
* [lponyckHaa cnocobHOCTb CEeTU
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BbiBO b

Serverless xopouwl:

* He urpywika, a xopownmn pyHaaMeHT
nna 60eBbIX CUCTEM

e DKOHOMUT pecypchbl pa3dpaboTkn Ang
bun3Hec 3agav

* [lpamMon nyTb K MacwTabmnpyemon
MUKPOCEPBUCHOM apXUTEKTYpE

HroaHcHhI:

* He npo xapgkopHbin HighLoad

* iIMeeT cBOW orpaHnyeHus (CM. yacTb
Npo pacnpocTpaHeHHble Npobembl)
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Life-hack: [lepeHoC CUMHXPOHHbIX BbI3OBOB B
(POHOBbIE 3a4a41

e lamb6aa nony4yaet 3anpoc. MoXeT BblAaTb OTBET cpasy, ec/it 3To 6bICTPO

* Ecnn He cpasy -reHepupyerT Id 3agaun n otgaet knneHTy Redirect ¢ <request_id>
 CoxpaHdaeT Becb HTTP 3anpoc (3aronosku, Teno) B 6asy
* [1pn coxpaHeHUn CTaBMM 3aa4vy B ouepesb

* YUntaeM coobLieHna na oyepegn, N coxpaHAeM B Ga3e 3aro/iIoBKU U TeNO OTBETA

* [lpn HTTP 3anpoce no <request_id> cMmoTpnM B 6a3e, ecnm ecTb OTBET — BbICTABMAEM
3aro/ioBK1 1 BO3BpaLLaeT Teslo OTBETAa
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Life-hack: Code Sample

public async Task<APIGatewayProxyResponse> (APIGatewayProxyRequest request)
{

if (request.QueryStringParameters.TryGetValue("requestld"”, out var requestld))

{

var response = await _requestRespository.GetResponse(requestid);
return response ??
Redirect(request.Path + S"?requestld={requestld}");

}

// This will trigger SQS event via DynamoStreams
requestld = await _requestRespository.SaveRequest(request);

return Redirect(request.Path + S$"?requestld={requestld}");

}

public async Task<APlGatewayProxyResponse> (SQSEvent sqsEvent)
{

var response = YourCustomCode.Process(sgsEvent.ExtractRequest());
await _requestRespository.SaveResponse(response);

}
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Cnacmnbo 3a BHMMaHue
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