TexHonoril cteopeHHa Web-
3aCTOCYHKIB
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Onuc Kypcy

* Kypc mae Ha memi ccpopmysamu 'y cmyoeHmis UisnicHe YyA8/eHHA rnpo
CYYACHIi mexHos0e2ii po3pobKu 000aMKi8 3 MiKpOCep8iCHOO
apximekmypolto.

* Po32s1aHymo cmek mexHosnozit naamegopmu .NET Core 0ns
MiKpocepsicie, nputiomu pobomu 3 iHCmpymeHmMasabHUM 3acobom
Microsoft Visual Studio 2019, w0 niompumye cmeopeHHA 000aMKi8 3
MIKPOCEPBICHOK apXimeKmypolo.

* Po3271AHYMO p0320PMAHHA MIKpocepsicie 8 XMapHOMY cepsici Azure.

e /119 hopmMyB8aAHHA HEOBXIOHUX HOBUYOK 3ArpOnoHOBAHO WicMeb
HaB8Yas1bHUX 30800Hb.



OCRHOBHI AREPENA

. Xopcaan K. Mukpocepsucbl Ha nnatdopme .NET. — CI16. : NMutep, 2018.
352 c.
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. PunyapacoH K. Mukpocepsucbl. aTtTepHbl pa3paboTkm u pedaKkToOpUHTra.
— CN6.: Mutep, 2019. 544 c.

. Cole Matt R. Hands-On Microservices with C#. — Packt Publishing, 2018. —
234 p.

Newman Sam Monolith to Microservices. — O’Reilly Media, 2020. — 256 p.

. Gaurav Aroraa, Ed Price Hands-On Microservices with C# 8 and .NET Core 3
Third Edition. — Packt Publishing, 2020. — 451 p.




8. Morgan Bruce, Paulo A. Pereira Microservices in Action. — Manning
Publications, 2019. — 366 p.



TPEHIHT

* TpeHiHr «Mikpocepsicn ana Java po3pobHUKIB»
https://itcluster.lviv.ua/paged/training-microservices-for-java-
developers/

* Kypcu Microservices https://www.nobleprog.com.ua/kursy-
microservices
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https://itcluster.lviv.ua/paged/training-microservices-for-java-developers/
https://www.nobleprog.com.ua/kursy-microservices

OrnAaa BiAeOKYypCIB

Linkedin - Learning Creating Your First Spring Boot Microservice 2019
Lynda - Azure Microservices with .NET Core for Developers 2020
Pluralsight - Building Microservices (2019)

Pluralsight — Microservices The Big Picture (2018)

ASP.NET Core 2.0 E-commerce Web Site Based on Microservices (2019)
Lynda - Microservices Design Patterns (2020)

Packt — A Beginner's Guide to a Microservices Architecture

O N O WU A WNRE

O'Reilly - Building Microservice Systems with Docker and Kubernetes



Moaynb 1. MiKpocepBiCHa apXITeKTypa.

* Mikpocepsicn — apxitekTypHuit ctunb (MicroServices Architecture,
MSA), 33 AKMM EAMHUNIN 3aCTOCYHOK DYAYETLCA AK CYKYMHICTb
HeBe/IMYKUX CEPBICiB, KOXKEH 3 AKMX MPALIOE Y CBOEMY BIACHOMY
npoueci i KOMYHIKYE 3 peLTor, BUKOPUCTOBYHOUYUM IETKOBATOBI
MmexaHi3mu, 3a3Budau HTTP.

* Lli cepsicun byaytotbca HaBkono Bi3Hec-noTpeb i po3ropTatoTbea
He3aneXHOo 3 BUKOPUCTAHHAM 3a3BMYa MOBHICTIO aBTOMATM30BAHOIO
cepepoBunlla. IcCHye abCoNOTHNUN MiIHIMYM LLEHTPaNi30BaHOIo
KepyBaHHA Umu cepsicammn. Cami No cobi BOHM MOXKYTb byTH
HanMUCcaHi 3 BUKOPUCTAHHAM Pi3SHUX MOB | TEXHO10Ti 36epiraHHA
AaHMUX.



[TONYNHM BUKOPUCTAHHA

* OaHa 3 NPUYNH BUKOPUCTAHHA MIKPOCEPBICIB NOATa€E B TOMY, LWLO
KOMMNAHIT XO4yTb MaTU MOX/IUBICTb LWBUAKO WOCb 3MiHIOBATH, LLOO
lWBMALLE pearyBaTtn Ha 3miHu Bi3Hec-BUMOT, BUNepeaKaTtu
KOHKYPEHTIB.

* MiKkpocepsBicn gonomaratoTb po3pobHMKam A0CTaBAATU 3MiHU
weuawe, besneyHiwe i 3 6inbll BUCOKO AKICTIO, TOOTO 36epirath
LWBUAKICTb PO3BUTKY NPOAYKTY, HABiTb KO/IM TON CTAa€E HEOCAXKHMUX
PO3MIpIB.

* AarKe He TiCHO 3B’A3aHi cepBicK Aat0Tb MOMK/IMBICTb MPOBOANTU 3MiHU
3 6iNbLIOIO YACTOTOO iTEPALLIM MiHIMI3YIHOUYUM BMNAMB 3MiH Ha PELUTY
YaCTUH CUCTEMMU.



MOHOIT

* MoHoniT byaytoTbca AK eanHe uine. byab AKi 3miHM, HaBiTb cami
HeBeJINKi, NoTpebyoTb NnepebyngoBM Ta PO3ropTaHHA BCbOro A0AATKY.

* 3 4yacoMm CTa€E CKNagHiwe 36epirat xopowy MOAY/bHY CTPYKTYPY,
3MIHM NOTIKN OAHOro MOAY/A MAtOTb TEHAEHLIO BNAMBATU HA KoA
IHLWKMX MmOoAaY/iB.

* MOHOAITHI Nporpamm TaKoXK MoXKe byTh BaXKKO macluTabyBaTu, Konu
Pi3HI MoAyAni MatoTb KOHPAIKTHI BUMOTU A0 pecypcis.



ApXITeKTypa MoHonITy

PASSENGER

REST
API

WEB
U

=

MYSQL

MYSQL
ADAPTER

Monolithic

i TWILIO
V: ADAPTER
PASSENGER
MANAGEMENT
BILLING NOTIFICATION PAYMENTS
TRIP DRIVER
MANAGEMENT MANAGEMENT
() SENDGRID
ADAPTER
............. STRIPE
ADAPTER
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iKpocepB.icy
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API
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TRIP
MANAGEMENT

REST
API

DRIVER
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B3aemoBiaHoweHHA MSA T1a SOA

* MiKpocepBiCHa apXiTeKTypa B3arani € niamHo*nHot tnuny SOA

* MIKpOCepPBICHY apXITEKTYPY CAiA4 BBAXKaTK NiAXOA0M A0 peani3auil
CepBICO-OPIEHTOBAHOI APXITEKTYpPU

SOA

Microservices



PI3HMUA B OopraHi3auil AaHWX

monalith - single database

pou. Moniswmn B.1., 3HY, kad. N3AC, 2020
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[TEPEBAT M MIKPOCEPBICIB

BUCOKUI piBEHb HE3ANEXHOCTI: He3a/1e}KHa Po3pobKa, He3anexKHe PO3ropTaHHA
He3anexHe macwitabyBaHHA

HeBennKka kogoBa 6a3a 3MEHLUYE Ki/IbKiCTb KOHP/IKTIB Ta A03BOJISIE WWUBUAKO
3a/1y4yBaTU HOBUX PO3POOHUKIB

[MpocToTa 3aMiHW OAHI€ET peani3aLii cepsicy iHLWOWO
[MpocToTa AoAaBaHHA HOBOro GyHKLiOHANy B cMctemy
EdbeKTMBHE BUKOPUCTaHHSA pecypcis

EnactunyHicTb: BMXiA 3 nagy o4HOro cepsicy 3a3BMYan He NPU3BOAMUTL 0 BMXOAY 3
najay BCIiEl cMcrtemu

CepBicu opraHi3oBaHi BigHOCHO Hi3HEC NOriku IKy BOHU BUKOHYIOTb

KoXkeH cepBic He3aneXxHO Bif, iHWMX MOXe ByTn peanisoBaHuMI 32 JONOMOrOH0
byab-akoi moBu nporpamysaHHA, CYB/, Ta iH.

ApXiTEKTYPHO NOobyaoBaHi 32 CUMETPUYHUM NPUHLMNNOM (BUPOOHUK-CMOXKKMBaAY)



HELOJTIKW

* 3HAYHi HaKNaAHI BUTPATM HA IHPPACTPYKTYPY, MOHITOPUHT |
onepauinHi aii

* YCKNnagHeHe HanaroaXeHHA

* ObMmeXKeHHA TMNY «oAgHa KOMaH4a — OAMH CEePBIC» BUKIMKAE bap'epu

* He3anexHicTb cepBiciB NpM3BOANTb A0 AYDNOBAaHHA KOAy

* [Ipobemu 3i cTabiNbHICTIO MepPerKEeBOro 3B'A3KY MiXK cepBicamm

* YCKnaaHeHe TeCTyBaHHA | PO3ropTaHHA

* YcKnagHeHe 3abe3neyeHHA 6e3neku



Mikpocepsicu AK N0A0/N1AHHA CKNaAHOCTI

e baraTo BiaoOMMX KOMNaHIM BUPiWNAKM NPoBaEMY MOHONITY,
NPUNHABLLM apXiTEKTYPY MIKPOCEpPBICiB, 3aMiCTb TOro, Wwob byaysatu
EANHUN MOHCTPYO3HUN MOHOANIT.

* Cepep HUX maemo Amazon, eBay, Walmart, Netflix,
SoundCloud, Spotify, Twitter, Stripe, PayPal, Uber 1a
Medium.



MIKPOCEPBIC HA MAPLLI

* 3rigHo 3i 3B8iToM VOtE: DevOps, 2H 2019, KomnaHii MOXyYTb LWLIBMALLE
npauoBaTh 3 XMapot i bytn 6inbll ePpeKTUBHUMU 3aBAAKM
BUKOPUCTAHHIO XMapHUX MIKpPOCepPBICIB.

* Maunxe nonosuHa nignpmemcts (49%) BBaXKatoTb ix
OCBOEHHSA NPIOPUTETHUM HANPAMKOM PO3BUTKY CBOIX IT-

IHPPACTPYKTYP.



ObcnyroByBaHHA 3aNUTIB KOPUCTYBAYa: NPUKANAL,
CNiIbHOT POBOTU MIKPOCEPBICOB [1], c. 35

* Po3rnaHemo NpuKaaa: Biasiaysay iIHTepHeT-MarasmHy Ao4a€ ToBap B
KOP3UHY 3aMOB/1EHD.

O

1. 3anpoc: nobaBuTb
TOBap B KOP3UHY ) -
’( API-11/1103 J<

% L
JL 2. OTBEeT: 0OHOBNEHHbIE

Opyrue
MUKPOCEPBUCHI

KOpP3uHa U LieHa
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OcHoBHa 0bpobKa NPM3HAYEHOTO A1 KOPUCTYBa4a 3anuTy

2. DobaBnTb
ToBap
B KOP3MHY

O 1. 3anpoc: nob6aBuTb
TOBap B KOP3WHY

Xpanunuuie

Mukpocepsuc ] 4. HanTtwn ToBap
Product Catalog J
3. Haiitu 5. JSON-npencTtaBneHne
TOBap ToBapa

6. OGHOBUTL KOP3UHY

MUKpOCepBMca
Product Catalog

XpaHunuiie

_> M“KpocepB“c ] nonb3oBartens
Shopping Cart J

7. JSON-npeacrtaeneHne
KOP3UHbI

\ 4

’( APl-winio3 }

11. OTBeT:
0BHOBNEHHbIE
KOpP3WHa M LeHa

10. JSON-npencraBneHve
MHhOpMaUUK 0 UeHe

A

8. MNonyumTb
OBHOBNEHHYIO LIEHY

9. NpoyuTaTh

> S ] MHMOPMALMIO O LIEHE
Price Calculation J

MUKpocepsuca
Shopping Cart

XpaHunuuie
MUKpOCepBuca
Price Calculation
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Mikpocepsic Shopping Cart nybaikye noaii, a iHWIi NignucaHi Ha HbOTO
MIKPOCepPBICK pearytoTb Ha HUX

6. OBGHOBUTb KOP3UHY

MwukpocepBuc 1 RAESORATCl XpaHuunuiie
Shopping Cart J MUKpocepBuca
6a. Ony6nvKoBaTb COBbITME Shopping Cart

T T ltemAddedtoCart

12. ACUHXPOHHO NpoYunTaTh
co6biTne ltemAddedtoCart

XpaHunuie
Mwukpocepsuc MUKpocepsuca
Recommendations Recommendations

XpaHunuiie
MUKpocepBuca
Shopper Tracking

Mwukpocepsuc
’ { Shopper Tracking
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2. lo6aBuTb
TOBap
B KOP3UHY

O 1. Banpoc: no6asutb

TOBap B KOP3VHY

=

A

{ Mwvkpocepsuc

)

4. Hantn ToBap

Xpanunuue

Product Catalog J

3. Hantn
TOoBap

Mwukpocepsuc
Shopping Cart

~

5. JSON-npeacrtasnexHne
ToBapa

6. O6HOBUTbL KOP3UHY
nonb3oBartens

MUKpOcepBuca
Product Catalog

XpaHunuuwe

6a. OnybnukoBaTb cobbITUE

ItemAddedtoCart

12. ACUHXPOHHO NPOYMTaTh
cobbiTue ltemAddedtoCart

MukpocepBuc
Recommendations

.

MUKpOCepBuca
Shopping Cart

Xpauunuie
MuUKpocepBuca

7. JSON-npeacrasneHve

KOP3UHBI

s

-

API-wnio3 ]

11. OTBeT:

0OHOBNEHHbIE

KOp3uHa v LeHa

10. JSON-npencraBneHue

nHdopmaunm o LeHe

A

8. Monyuuntb
OOHOBNIEHHYIO LIEHY

o

Mwukpocepsuc
Price Calculation J

]

Mwukpocepsuc
Shopper Tracking

Recommendations

9. MNpoyutaTtb

nHdopmMaumio o LeHe

XpaHunuwe
MuKpocepBuca
Shopper Tracking

XpaHunuuie

MUKpocepBuca
Price Calculation
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LLle npuKknaa. Designing a Monolith (siaeokypen [4] )

= EE
eCommerce webapp o FEE i
Model
User *I Order Supplier
Single database
User interface Address Category
Invoice Product [ Media

=
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Deploying a Monolith

Single monolith
Single database
User interface
Expose APIs

Multiple instances

Front
= C1=

pou. Moniswmn B.1., 3HY, kad. N3AC, 2020
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Monolith

Pros

Simple to develop
Simple to build
Simple to test
Simple to deploy

Simple to scale

Cons

New team members productivity
Growing teams

Code harder to understand

No emerging technologies

Scale for bad reasons
Overloaded container

Huge database

pou. Moniswmn B.1., 3HY, kad. N3AC, 2020
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Building Microservices

Domain Driven Design

User | Order i Product
Domain 2 =
Subdomains
User ] B .
User User [—*| Order Supplier
Order ] P
Product P i
Address Category
Dependencies
Invoice Product Product [ Media

pou. Moniswmn B.1., 3HY, kad. N3AC, 2020



Building Microservices. Organization.

Team per subdomain - | frg— v
Right-sized teams | | | i .

Independent

Agile and Devops

Communication 4:» l |

Management @

pou. Moniswmn B.1., 3HY, kad. N3AC, 2020
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Building Microservices.

Data Store

User Order | Product

Independent

Different requirements

User User |—*| Order Supplier

Relational

NoSQL Address Category

Invoice Product . i |Product [*| Media
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Building Microservices.

Data Synchronization

No distributed . User || Ordar Sracies
transaction % P 1

Immediately consistent

Eventual consistency

User 1=> User —*| Order Supplier

Capture data change

Address | i i |category

Event sourcing

Akka, Kafka, Rabbit MQ Invoice Product éproduct — Media

Debezium % ;%4@@
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Building Microservices.

User Interface

Independent teams Application

Own set of components =

Unique Ul g ——— s S & e

User User || Order Supplier

Single application

Ul composition - [address| | R
Server side : | ]

Client Side Invoice Product Product | Media
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Services

Remote Procedure Invocation

RPC
Request/reply
Synchronous

Asynchronous

Order

pou. Moniswmn B.1., 3HY, kad. N3AC, 2020
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Services

Message or event
Broker or channel
Publish
Subscribe
Loosely couple

Kafka, RabbitMQ

Messaging
Broker
|1 1~ ~ k
: 4 i
User Order Product

pou. Moniswmn B.1., 3HY, kad. N3AC, 2020
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Services

Protocol Format Exchange

Text

XML, JSON, YAML
Human readable
Easy implement

Binary
gRPC
More compact

Broker
A | [
i | |
: | [
B4 = B,
| 4 }
!
et
User Order Product

pou. Moniswmn B.1., 3HY, kad. N3AC, 2020
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Services

Application program
interface

Contract

SOAP, REST, gRPC

APls and Contracts

Create PO \ / Retrieve PO

User %\ Order

pou. Moniswmn B.1., 3HY, kad. N3AC, 2020
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Services

APIs and Contracts per Device

Different devices
Different needs
Different APIs

Different contracts

=

| =

Create PO \ //Retrieve PO

User % Order

pou. Moniswmn B.1., 3HY, kad. N3AC, 2020
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Distributed Services

Locations change
Phone book

Self registration
Discovery
Invocation

Eureka, Zookeeper,
Consul

Service Registry

Registry

User=42.34.12.59:8480
Order=23.87.123.0:8080
Product=34.65.12.23:6767

User Order
42.34.12.59:8480 23.87.123.0:8080

pou. Moniswmn B.1., 3HY, kad. N3AC, 2020
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Distributed Services

Cross-origin Resource Sharing

CORS =

Same-origin policy

Same protocol,
server, port

Access-Control-Allow-0Origin

Restrict cross-origin

HTTP headers {:C:)} -

User Order Product
42.34.12.59:8480 23.87.123.0:8080 34.65.12.23:6767

pou. Moniswmn B.1., 3HY, kad. N3AC, 2020
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Distributed Services

Access individual
services

Single entry point

Unified interface

\
Cross-cutting concerns

Gateway

User

aou,. Moniswuii B.1.,

Order

3HY, kad. N3AC, 2020
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Security

Authorization and Authentication

Identity and Access
Management

Single Sign-on

Kerberos, OpenlD,
OAuth 2.0, SAML

Okta, Keycloak, Shiro

User Order Product

pou. Moniswmn B.1., 3HY, kad. N3AC, 2020



Security

Stores information
about user

Exchanged between
services

JSON Web Token

Cookie

Access Token

User Order

pou. Moniswmn B.1., 3HY, kad. N3AC, 2020
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Scalability and Availability

Vertical
More CPU and RAM

Horizontal

More machines
Service replication
Clustering

Scale up and down

Scalability

& ok

User Order Product

pou. Moniswmn B.1., 3HY, kad. N3AC, 2020
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Scalability and Availability

Client Load Balancing

Several instances

Which instance to
choose

Registry

Round-robin, weight,
capacity

Ribbon, Meraki

Registry

Product1=34.6.1.23:80
Product2=34.6.1.24:80
Product3=34.6.1.25:80

@ :

User Order

pou. Moniswmn B.1., 3HY, kad. N3AC, 2020
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Scalability and Availability

Avallability

Be operational | p— | . @
j | == | Broker
=l | Broker | :

Single Point of Failure = Reolstry 1AM
Gateway
Broker
Registry
|IAM
Multiply instances %:C__):} {C:)Zj I{:C:):%

User Order Product
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Monitoring

Monitoring and Dashboard

Many moving parts
Many machines
Centralized

Visual

pou. Moniswmn B.1., 3HY, kad. N3AC, 2020
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Monitoring

Health Check

Service running

Incapable handling
requests

Health check API
Database status
Host status

User Order Product

pou. Moniswmn B.1., 3HY, kad. N3AC, 2020



Monitoring

Log Aggregation

Understand behavior

Write logs

Read each log file

Aggregate logs

User Order Product
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Monitoring

Exception Tracking

Errors
Throw an exception
Record exceptions

Investigated and
resolved

User Order

pou. Moniswmn B.1., 3HY, kad. N3AC, 2020
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Monitoring

System slowing down
Performance issues
Gather statistics

Aggregate metrics

Metrics

pou. Moniswmn B.1., 3HY, kad. N3AC, 2020
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Monitoring

Behavior of users
Login

Logout

Visited pages
Browsed products

Record user activity

Auditing

%ﬁ% @ @‘{j@}

User Order Product

pou. Moniswmn B.1., 3HY, kad. N3AC, 2020
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Monitoring

Third-party access
Control APl usage
Defend DoS attacks
Limit traffic

In a period of time

Monetize our APIs

Rate Limiting

User Order

pou. Moniswmn B.1., 3HY, kad. N3AC, 2020
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Deployment

Physical server
Virtual server
On-premise

In the cloud

Host

pou. Moniswmn B.1., 3HY, kad. N3AC, 2020
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Deployment

Multiple Services per Host

Microservice per host

Several services per
host

pou. Moniswmn B.1., 3HY, kad. N3AC, 2020
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Deployment

Packaging microservice

With dependencies

Containers

.....
ot %%
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Deployment

Containers

Packaging microservice
With dependencies

Container image e — | [ | Promsm————

Easy to move from T

environment §§ S ‘

Scale up and down o U NS ﬁf
Docker, rkt 1L

pou. Moniswmn B.1., 3HY, kad. N3AC, 2020



Deployment

Orchestrator

Multiple containers = 4
Multiple machines - B
Start at the right time User Order Product
Failed containers > \0 O

Kubernetes, Mesos, NZEE

Docker Swarm ﬁ’% @ N nv
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Deployment

Continuous Delivery

Automate deployment % J3
Cost-effective

Quick s R, T — |
Reliable . User Order . Product

Build, test, deploy g’g SN ,0\
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Deployment

Environments

Production
Deyv, test, QA, staging . User Order Product

Integration PN S

Versionning - S5

pou. Moniswmn B.1., 3HY, kad. N3AC, 2020
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Deployment

External Configuration

Different environments @ % in
Different configuration @

P e s s
a ; T (| | R e Tt T
Activate functionality >R P W

Externalize proes P
<1

I € = S>3
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Revisiting the I\/Ilcroserwces Elements

Firewall Switch Router

pou. Moniswmn B.1., 3HY, kad. N3AC, 2020
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Ornag cy4acHmMX NNatGopm 418 CTBOPEHHSA
MIKPOCepPBICIB.

* CTBOpEeHHA Spring Boot mikpocepsicis
e Spring Data JPA Repository Interfaces
* Expose RESTful APIs with Spring Data REST
e Expose RESTful APIs with Spring MVC

* CTBOpeHHA mikpocepsicis 3a agonomoroto .NET Core
* dinocodia mikpocepsiciB Ta ppenmBopKa .NET cxoKa, 3aBAAKM YOMY BiH
4yy40BO NiAXOAUTb ANA iX Nobyaosu.

* 3 noasoto ASP.NET Core po3p0obHNKM OTPMMaNnN MOKINBICTb ByayBaTu Kpoc-
nnatPopmHi mikpocepsicm 3a gonomoroto .NET Ha Windows, Linux abo Mac,
a TAKOX 3 JIETKICTIO PO3ropTaT IX y Xmapi.



