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[leplexopeva

* APXLTEKTOVIKN AOYLOULKOU

e [1OLOTIKA XOPOKTNPLOTIKA KATAVEUNUEVWY CUCTNUATWVY

e APXLTEKTOVIKA OTUA Kol TtpotuTia (architectural styles &
patterns)



APXLTEKTOVIKN AOYLOULKOU



[Mepl TIVOC TIPOKELTOL

H ANYn Twv BepeAlwdwv SOUIKWY KOl OXEOLXOTIKWY ATIOPATEWV
YL TO AOYLOMLKO TTOU €ival aKpLBEG var aAAGEoLuV apou

vAoTttolnBovv.



H apXtteKTOVIKN TtAEL padl e

e MeBodoloyia avamtuéng
e AvaAuOn OTTOUTNCEWV
® >¥eOLAOUO

* K.& (TIOL £x0oLpE cu(NTNOEL)



[TOAAEG APXLTEKTOVIKEG OTITLKEG (4+1)

Logical Development
view view

v v
Ko System R
& environment :
Process . Physical
view view

By mpan - Based on File:4+1 Architectural View Model.jpg by User:Mdd,
CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?
curid=50144028


https://commons.wikimedia.org/w/index.php?curid=50144028

EldikoTEpQ

Logical view: Ep@aon otn AELTOVPYLKOTNTA TOU CUOTAUATOG
o€ VPNAO ettimedo

Physical view: eppaon otnv TomtoAoyia Kot Slacuveean Twv
OUOTOTLKWY TOU OE (PUOLKO eTtimedo (deployment)

Development view: Eupaaon otnv OTTIK TOU TIPOYPAUMATIOTN
Process view: eu@acn otn OUVOLKI) CUPTIEPLPOPK TOU
OUOTNMATOC KATQ TNV EKTEAECH TOU (XTTOO0GN, KALLAKWON,
KTA.)

Scenarios - Use case view: Eu@acon otn XPNOTIKN TIAEUPA TOV
OUOTAMOTOC KOL TOVC OXETIKOUG EAEYXOLC ATIOOOXNG



ApPXLTEKTOVIKA TtpOTLTIA (architectural
patterns)

[EVIKEQ KL ETTAVOX PNOLUOTIOLOLEG AVCELG O€ KOV TIPOPAAMOTO
APXLTEKTOVIKNC.



ApxLteKTOVIKA OTUA (architectural styles)

Onwg Kal oTNV "KAVOVLIKN" PXLITEKTOVIKI, TO OTUA €lval pix
OUYKEKPLUEVN HEBOSOC KATAOKELNC TIOV XAPOKTNPLLETAL ATIO
OUYKEKPLULEVA QELOTIPOCEKTA XOPOAKTNPLOTLKA.



An architectural style is a named collection of architectural design
decisions that:
1. are applicable in a given development context,

2. constrain architectural design decisions that are specific to a
particular system within that context, and

3. elicit beneficial qualities in each resulting system.
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AlOTO AVOYVWOUATWV

Richard N. Taylor, Nenad Medvidovic, Eric Dashofy, "Software

Architecture: Foundations, Theory, and Practice", 2009, Wiley and
Sons, ISBN: 0470167742
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APXLITEKTOVIKA GTUA KOl TIPOTUTI

® >TO paBnua dgv Ba eTipeivoupe otn dlakplon.

e E{Te T OVOUOOOULE OTUA, EITE TIPOTUTIQ, OG EPOSLALOVV ME
L KO YAwaoa 1) AgEIAOYLO yLa va TLEPLYPAWOUE
KATNYOPLEG CLUOTHUATWV.

e Eival ouvnBeg va cuvuttapyxouv Kat va auvdualovTal TIOAX
XPXLTEKTOVIKA TIPOTUTIAX KOL OTUA OE LA EQOPOYN.
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2TO paOnua Ba dovpe (dA@aPnTiKS)

e Client-Server

e Component-based

e Event-Driven

e Layered / N-tier

e Master-slave/Master-replica

e Message-driven/Publish-subscribe

e Microservices



Model-View-Controller (MVC)
Model-View-ViewModel (MVVM)*
Peer-to-peer (P2P)

Pipeline / Pipe-filter

Representation State Transfer (REST)**
Service-oriented

Share-nothing

* Oa 1o ou{NTACOVHE OE ETTOMEVN OLAAEEN

** To ou{ntnoayue o Ttponyovpevn dLaAeén
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[TOLOTIKA XOPOKTNPLOTIKX
KOXTOVEMNMEVWY CUGTNUATWYVY
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OpLopnocg

EVa KATAVEUNMEVO CUCTNUO ATIOTEAELTAL OTTO EEXWPLOTA
OUOTOTLKA TIOV:

e AEITOVPYOULV OE EVA OIKTUO UTIOAOYLOTWV.

e ETIKOWWVOUV HETAEL TOUG HECW AVTOAAQYNG MNVUUATWV.

e AAANAOETILO POV YLO TNV ETIITELEN EVOG KOWVOU GTOXOV.
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[TAQVEG OXETIKA HUE TO KATOVEMNMEVL
ovoTNHoTa (o)

1. To diktvo sivan a&lottioto (reliable).

2. H kaBuaotepnon (latency) Tou diktuoL elval HNSEVIKN.
3. To eupog (wvncg (bandwidth) sival amelpo.

4. To OIKTLO sival aoPaAEG (secure).
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[TAQVEG OXETIKA HUE TO KATOVEMNMEVL
ocvothpata (B)

5. H TomtoAoyla (topology) tou diktuou dsv aAAG(EL.
6. YTapxeL HOVO evag Olaxelplotng (administrator).
7. TO KOOTOG PETOPOPAS (transport) dedopevwy elval PHNOEVLKO.

8. To &iktvo elval opoyeveg (homogeneous).
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Baolkd& XOpOAKTNPLOTIKX

2uvetela dedopevwy (Consistency)
AlaBeopotnta cvotnuatog (Availability)
AcTtoxia diktuou (Network partition)
KaBuotepnon aitnong/amnokpiong (Latency)
Alrtnoelg ava povada xpovou (Throughput)
KAtuakwon (Scalability)
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Consistency (C)

e H guvemeala TWV OESOPEVWV.

e Zntoupevo: kKaBe avayvwon (read) Aapfavel Tnv Lo
TIPOCPATN EVNUEPWON (Write) 1) TO OXETIKO GO
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[Mpoooxn

H cuvemnela ov vmtooxetal n apxn ACID Twv docoAnylwy OTIG
Baoelg dedopevwy sival TIio avatnen.
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ACID Transactions

e Atomicity
o H docoAnyia TIETUXAIVEL | ATTOTLYXAVEL TIANPWG
e Consistency
o Metafaon Tng PAong o TAVTA EKyupn KATAOTOON
e |solation
o ATIOHOVWON TNG EKTEAEONC TWV O0GOANYLWV
e Durability
© MOVIHOTNTA TWV ATIOTEAECUATWY TWV OOCOANWLWV
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Availability (A)

H daBeoipotnTa TNG EQOpUOYNC.

ZnToupevo: KaBe aitnon (request) va AapAavel pa amavtnon
(un AaBoug).

XwpLg va TIPOCPEPOVTAL TIAVTA EYYUNOELG OTL N ATIAVTNON
TIEPLEXEL TNV TILO TIPOCPATN EVNUEPWON (write).

H vnAn diaBeoipotnta amoutel avtiypagsg (replication).
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Network Partition (P)

e AoTOXix SIKTLOV.
® ETIUEPLOMOC TOVU CLOTHUATOG OE "aTTOCLVOEOEUEVES" VNOLOEC.

e [Mapadetypa: anmwAsla cuvdeong Ue TN Baon dedopevwv.
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Latency (L)

e H kaBuotepnon oTnV AMOKPLON TOU CUCTHUATOC.

® 7ZNTOVMEVO: VO EAOXLOTOTIONOEL O XPOVOC TIOU OTIOUTELTAL YIX
TNV IKAVOTIOINON ULOG altnong.
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Throughput

e To MANBOC TWV AUTNOEWV TIOVU LKOVOTIOLOUVTOL OTTO TO
OLOTNMO VA XPOVIKI OTLYMN.

® ZNTOUMEVO: VA PEYLOTOTIONOEL TO TTANBOG TWV AUTACEWV TIOU
UTIOPOLV VA IKAVOTIOLNBOUV ava XPOVIKI GTLYN).
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Latency vs Throughput

Optimal Rate
|

Latency

Throughput

Application

: . —_—
invocation rate

docs.voltdb.com
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http://docs.voltdb.com/

To Qswpnua CAP

2& TepIMTWON aoto)iag OIKTLVOU (P), Oa EXOUE EITE CLVETIELD TWV
dedopevwy (C) elte daBsouotTnTa TNG EPappoyng (A), OxL Kol Ta
dvo.

if (P) { Aor C}
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To Oswpnua PACELC

Ertektaon touv CAP

Av Ogv vrtapxel P, Ba exoupe eite ouvemela Twv dedopevwy (C) eite
TNV gAaxlotn duvatn kabuatepnon (L), aAAa OxL Kol Ta V0.

if (P) { Aor C}
else { Lor C}
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AlOTO AVOYVWOUATWV

Daniel Abadi, "Consistency Tradeoffs in Modern Distributed

Database System Design”, IEEE Computer, Volume 45, Issue 2, Feb.
2012.
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Katnyoplomoinon KATAVEUNUEVWV
CUOTNHATWYV

PA/EL

if P then A else L

PC/EC

if P then C else C //ACID databases

PC/EL

if P then C else L
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Scalability

H duvatotnta évog cuoTAPATOC VA ETTaENOEL yia va SLaELpLOTEL
avénuevo opTo.
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Eldikotepa

Av n av€non NG amodoaong TOV CUCTNUATOC lval AVAAOYLKN TNG
aV€NONG O€ VTTOAOYLOTIKOUG TTIOPOUG (TtPoaOrKn VAIKOUV), TOTE TO
OVOTNUA KALMOKWVETOL (scales).
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OpllovTia Kol KABeTN KAlHaKwonN

e OplovTia (scale out/in): adénon/pelwon Twv KOUPwWV.

e K&Betn (scale up/down): avbEnon/pelwon TwV TTOPWV EVOG
KOMPov.
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APXLTEKTOVIKA OTUA KOL TTPOTUTI
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Client-Server

server
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XOpOKTNPLOTIKX

Server-based
N clients, 1 server

1OV ETIIKOWVWVOUV PETOED TOUG PE EVO CUYKEKPLEVO
TIPWTOKOAAO YLO VO UAOTIOL)GOUV UL CUYKEKPLUEVN
"epapuoyn”

Noapadetypato: WWW, IMAP, POP3, FTP, SSH, k.&
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Peer-to-peer (P2P)

I
[ ]

Server-Based
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XapOKTNPLOTIKX

e AIKTUO OMOTIHWY KOUBWV
e K&Be kOuPog eivar kat client kat server

e OL KOMUPBOL ETIIKOWVWVOUV PETOED TOUC UE EVOl CUYKEKPLUEVO
TIPWTOKOAAO YL VO UAOTIOLGOUV L0t CUYKEKPLUEVN
"epapuoyn’

e [Mapadetypata: File-sharing networks, Blockchain,
Cryptocurrencies, K.&
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Component-based
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XapOKTNPLOTIKX

2XEOLAOUOC KOl AAANAETIIO PG TWV CUOTATIKWY TOU
AOYLOMIKOU peow Interfaces

‘Eva component tapexe/vAotiolLel eva interface kot amoutel
TNV VTIAPEN/KAVEL XPNON €VOC AAAOL

XaAapr) ouvdeaon (loose coupling) kat dloxwpPLOUOC
evolapepOVTWY (separation of concerns)

Application server: To AOYLOULIKO TIOU PLAOEEVEL Ta components
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Koavovaoc

MNavta Eekvape To oXeOLAOUO TOU AOYLOMLIKOU aTto Ta Interfaces
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Layered/N-tier

Presentation Layer

[Component] [Component] [Component]

Business Layer [Component] [Component] [Component]
Persistence Layer [Component] [Component] [Component]
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XOpPOAKTNPLOTIKA

e Server-based
e AOYIKN N/KOL (PUCLKN OPXLTEKTOVIKN
e Eupeia xprion oTig EPAapPOYEG OLASIKTUOU

e Frameworks: TTapEXOUV ETOLUA TIPOC XPrON KOl
TapapeTpoToinan interfaces, components & layers

44



Model-View-Controller (MVC)

45



XOpOAKTNPLOTIKA

ALOXWPLOPOG EVOLOPEPOVTWV
Controller

o User input, request/response handling, emifAsyn Twv
Model, View

Model
o Data model, business logic

View
o Data display

46



Moapadetypa

@Controller(url="/items")
class ItemController {

void get(Request req, Response res) {
//the view template
Template t = loadTemplate('items')

//the data model
List<Item> items = store.loadItems()

//the view context
Context ctx = new Context()

//add the data in the context
ctx.put("items", items)

//render the template using the context
//and generate the response
t.render(res.getWriter(), ctx)

47



MVC

Eupela xprion oTig epappoyEeg OLASIKTUOU
[MoAAG (Ttapa TTOAAQ) frameworks

48



Master-Slave / Master-Replica

Slave

Master

A

h 4
‘ Slave ‘

Slave

49



XapOKTNPLOTIKX

N slaves, 1 master
Master (authority), slaves (redundancy)
Epapuoyec: vPnAn dtabsopnotntao, BeATiwon anodoong,
ETIIEPLOPOC POPTOV, K.O
Replication
o Master copy of data, multiple replicas (slaves)

Load balancing
o Master dispatch logic, multiple "worker" nodes

50



Share-Nothing Architecture

CPU CPU CPU CPU CPU CPU

X1 O —

| |

m“‘“ @ﬁ

| |
LAN

Shared RAM Shared Disk Shared Nothing

BUS
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XOpOKTNPLOTIKA

K&Be kopfog sival aveEapTnTog Kol AUTOTEANG.

No single point of contention (dev dlapotpalovtal TOpol, TUX.
HvAun n 6loKog).

Sharding: opllovTia eTtLHEPNON TWV OEOOUEVWV.

OpulovTtia kApakwaon (horizontal scalability) - artAn pooBnkn
KOUBwV.

H apxitektovikn ToAAwv NoSQL cuotnuatwv.
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Eventual Consistency

e BASE Systems (Basically Available, Soft state, Eventual
consistency)

e 'Otav MAYOULV Ol EVNUEPWOELG O LA EYYPAPN, TEAIKA
(eventually) 0Aeg ol avayvwaoelg TnG eyypa@ng autng Ba
ETLOTPEPYOLV TNV TILO TIPOCPATN EVNUEPWON.

e Replica convergence (GUKALON QVTLYpAPWV)

e PA/EL (EmtiAeyouv avénuevn olaBeopotnta & peiwaon
KaBuoTEPNONG AVTL YL CUVETIELQ)
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Message-driven/Publish-subscribe

s
Message Bus
|

2 § ¥
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XapOKTNPLOTIKX

XoAhapn ouvoeon (loose coupling) peta&L cuoTaTiKWY/
EPOPUOYWV

Publisher (producer): amtootoAr pnvupatwy

Subscriber (consumer): Afyn pNVupaTWY

Topics (channels): "kKAdoeglg/Bspata” pnVupaTWY

Message Bus (broker): diaxepion/dpopoAdynon pNVupaTwy
oLYXPOVA N ACVYXPOVA, UE EYYUVNOELG ATIOOTOANG I OXL, ME
XPNoN OVPWV, UE GINTPAPLOUA I OXL KTA.
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Epappoyeg

e Middleware oAOKANpwWONG ETEPOYEVWV CLUOTNUATWV

e Emtitevén vPnAng amodoong Kat KALUAKWONG o€
KOATOVEUNMEVA CUCTHUAT

e MelovekTnuo: SVUOKOAN N Aoy TG OOUNG TWV NVUUATWV

56



Event-driven

=R —

R

Event Processor

| mc-dule' l module '

r 1
Event Processor

| mc-dule' | module '

| module ' l module '

| m:}dule' l module ' [—

h—

Event
Channel

Event
Channel

,| D

Event
Channel

Event Processor

l module ' l module '

> l module . | muduie'

| module ' l module '

Event Processor

> | module ' | muduie'

| module . | module '

Event Processor

l module . | module '

57



XOpOAKTNPLOTIKA

Events & Event handlers (listeners, callbacks)
Implicit invocation / Inversion of control
Event thread / Event loop

Epapuoyee: ypagIkn OlETa@n Xpnotn, server-side
QPXLTEKTOVIKN
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Moapadetypa (Javascript)

class EventEmitter {
constructor() {
this.events = new Map(); //Map<Event, Set<Listener>>
}
on(event, listener) {
let listeners = this.events.get(event);
if (!listeners) {
listeners = new Set();
this.events.set(event, listeners);
}
listeners.add(listener);
return this;
}
emit(event, ...args) {
const listeners = this.events.get(event);
if (listeners) {
for (let listener of listeners) {
listener.apply(event, args);

}
}

return this;
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const events = new EventEmitter();
events.on('foo', (e) => { console.log(e); 1});
events.emit('foo'); // Prints "foo"
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Moapadetypa (Java)

public class MyPanel extends JPanel {
public MyPanel() {
JButton btn = new JButton("Do it");
btn.addActionlListener(new ActionListener() {
public void actionPerformed(ActionEvent ae) {
//do 1t

}

})s
add(btn);

61



Nodejs Event Loop

Regisre;-
\ Ly

REQUESTS, ETC |

FVENTLOOP ©  ori

(single thread) ‘

File System f

Database

f— P——— Oﬂx“ __ o Computation
r"’gger ((]“buc\k %'ﬁon fomp\eie errrnsrresreans




Pipeline / Pipe-filter

Source

Pipe 1 Pipe 2 ) Pipe 3
@ Filter 2 >

Sink
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XOapPOKTNPLOTIKX

e Data streams, pipes and filters (data transformations)
® >UVAPTNOLOKOG TIPOYPOAUMATIOMOC

e ETtavapnolloToinon, TapaAANALOUOG
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Moapadetypa (Java 8 streams)

List<String> 1 = Arrays.asList("al1","a2","b1l","c2","cl");
1.stream()

.filter(s -> s.startsWith("c"))

.map(String: :toUpperCase)

.sorted()

.forEach(System.out: :println);

Output

C1
C2
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Service-oriented architecture
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H kevtplkn 1O

* YTINPEGLEG IOV ETIIKOWVWVOUV HECW EVOG TIPWTOKOAAOU
ETILKOWVWVLOC KL ElvaL;
O KOTOVEUNUEVEC,

o auTOTEAELC (separately maintained & deployed)
o xaAapa cuvoedepeveg (loosely-coupled)

o aveEAPTNTEG TNG TEXVOAOYLaG vAoTtolnang (technology-
neutral)

o aveEaPTNTEG TOL KaTtaokevaotn (no vendor lock-in)

e >UvOeon TNC EPOPUOYNG HECW TNG OAOKANpwaon¢ (integration)
TWV VTINPECLWV.
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PoAolL

Service
Broker

e Service consumer

e Service producer

e Service broker

Publish
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SOA Apxeg

Service contract
Metadata
Composition
Autonomy
Discovery

Reusability
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S0A

Application
frontend

Service

Service repository

Service bus

Contract

Implemeantation

Interface

I

Business logic

Data
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YAomoinon

Web Services (SOAP, WSDL, UDDI)
Remote-procedure call (RPC)

Message-driven middleware
RESTful APIs

K.Q
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ZnTnpoTa

Stateful vs Stateless
Attodoon
[ToAvTtAOKOTN T

‘EAeyxog kat emaAnBevon (testing)
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SOA & REST

e 'Eva guvoAo amo RESTful HTTP end-points tou avtaAAacoouv
dedopeva og popen JSSON

e EvOexouEVWG O ATTAOVCOTEPOCG TPOTIOC LVAOTIOINONG pLag SOA
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Microservices
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Kwdikomoinueva

Microservices = SOA + Unix Principles + Agile + DevOps
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DevOps

Development

(SOFTWARE ENGINEERING)

QA

(QUALITY ASSURAMNCE)

Operations
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Monolithic Server-side Applications

e Asingle logical executable

e Cloud deployment issues:
o Small changes -> rebuild and redeploy the whole app

o Scalability -> scale it all or not at all
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A monolithic application puts all its
functionality into a single process...

... and scales by replicating the

monolith on multiple servers

9
Re
oV

A microservices architecture puts 9

each element of functionality into a

separate service...

... and scales by distributing these services
across servers, replicating as needed.

O A
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XOpPOKTNPLOTIKX

e Componentization via services
o As in SOA

e Organized around business capabilities
o Cross-functional teams, as in Agile

e Products not projects
o A team should own a product

o You build it, you run it

e Smart end-points, dumb pipes
o Simple communication (Unix-style)
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Decentralized governance
o Each team governs the implementation details of its
product

Decentralized data managument
o Different datastore per service/app

Infrastructure automation
o Build & test automation

o Continuous delivery & deployment

Design for failure
o Sophisticated monitoring & logging

80



Devops toolchain for Microservices
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