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SISTEMA



AGENDA

Skaliranje

CAP Teorema

Tipovi baza

Kako odabrati

Dizajn velikog sistema
Linkovi

MongoDb / Kreiranje, koris¢enje | odrZzavanje

klastera (Sledeci termin)



ODABIR BAZE PODATAKA

* Najveci broj aplikacija koristi baze podataka

* Data - najznacajniji resurs

* Jedna od najbitnijih odluka tokom dizajna sistema
* Migracijaje skupairizicna procedura

* Svaki tip baze podataka ima prednostii nedostatke




KRENIMO OD

Jednainstanca

Porast broja korisnika

»>>

CPU/Memory overloaded
Out of storage
Network overloaded

Kako proveravamo?

Optimizacija
*  Aplikacija (cache)
*  Baza (index)

Dostignut limit

>

Skaliranje

Kako testiramo?



VERTIKALNO SKALIRANIJE HORIZONTALNO SKALIRANJE

Single instance - Vertical scaling Multi instance (Distributed) - Horizontal scaling
* Dodavanje vise CPU-a i memorije * Dodavanje novih instanci
Prednosti: Prednosti:

* Infrastrukrura baze se ne menja osim hardvera . Podrs éi load
odrzava veci loa

* Lakse za odrzavanje

. Nedostaci:
Nedostaci:

*  Komplekleksnije za odrzavanje

E—— . ..

Horizontal Scaling
(scaling out)

* Cena (ne raste linearno)
*  FiziCko ogranicenje CPU | Memorije na jednoj masini

* Migracija hardvera - downtime

Vertical

Scaling
(scaling up)



HOSTING

* Lokalno - pogodno za development

* Data Center

* Cloud Providers (Infrastructure as a Service — laaS): Google Cloud Provider
(GCP), Amazon Web Services (AWS), Azure...

e Self-hosted: Sami kreiramo instance | brinemo od dostupnosti | skalabilnosti
baze - koristimo Virtuelne masine ili kontejnere. Zahteva znanje arhitekture
baze

* Managed solutions: Postoji sistem koji brine od kreiranju | menadzmentu baze

aWs A Azure & Google Cloud

. mongoDB. Atlas




CAP Theorem

Distribuirane baze mogu da zadovolje dve od sledece tri
stavke (AP, CP): ?2?

Consistency: svaka instanca sadrzi poslednju
verziju podataka / svi klijenti vide iste podatke (!= ACID
Consistency)

Availability: sistem radi iako sve instance nisu dostupne /
uvek dobijamo odgovor na zahtev

Partition Tolerance: nacin na koji sistem radi kada je
komunikacija izmedu bilo koje dve instance prekinuta
(problemi na mrezi)

Stong Consistency — Reduced Availability
High Availability — Eventual Consistency

How different databases respond to network failures

CP Database

1. Sync Data 2. Send Reponses
Request

s 0o
Database ™
| N

\ cluster

>
AP Database
7. Send Responsec 2. Sync Data
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Kada koristimo

e Jasno definisana struktura

*  Many-to-many relationships
RELACIONE BAZE

* Veze izmedu entiteta uvek moraju da budu tacne

* Strongconsistency

Ogranizacija u tabelama ) ) ..
* Primer: Finansije, Zdravstvene ustanove

Transakcije - ACID

* SQL
* Index
Nedostaci
JMOI’]ODB Teze je postici horizonatalno skaliranje zbog veza, joina /
Partitioning, Sharding/ aplikacija je svesna instanci baze
K Schema overhead - Provera korektnosti Seme usporava
My ORACLE: upis u bazu

TeSka promena Seme

PostgreSQL




Document baze Kada koristimo

e JSON objekti/ BSON Slabo definisana sema

* Document - Set podataka, organizovan hijerarhijski (isti podaci * Horizontalno skaliranje, visoke performanse
bi urelacionojbazi bili podeljeniu vise tabela

CRUD aplikacije
* Fleksibilna Sema - dodavanje novog property-ane utice na

ostale dokumente e User Profiles
* Denormalizovani podaci

* Datalocality

Collection 1 Collection 2

"_id": "5cfee29caff5056591bAce7d",

"firstname": "Jane",

"lastname": "Wu",

"address": { L]
"street": "1 Circle Rd", N e d o Stq C I
"city": "Los Angeles",

"state": "CA",
"zip": "90404"
}

"hobbies": [surfing", "coding"] * Slaba podrska za join — zahteva prebacivanje
posla na nivo aplikacije Sto je sporije

1




Primer: Product Catalog

*Product-ID

Product Table Product Category Table *Product-Name
C *Product-Desc
*Category-ID
- *Category-Name *Product CCI'I'egory
“Product-ID *Category-Type *Category-ID
*Product-Name

*Category-Name
*Category-Type

*Product-SupplierlD “Supplier-iD ‘Pr:)Sduch.Supgler
- *Supplier-Name upplier-

*Product-Desc.
*Product-CategorylD Product Supplier Table

*Supplier-Location *Supplier-Name
*Supplier-Location

Relational Document



Graph baze Kada koristimo

* Many-to-many relationships
Koriste koncept grafa kao model podataka
* Poteba za fleksibilno$¢u modela

Sastoji se od ¢vorova | grana . ) )
* Real-timerecommendation engines

Cvor (node) - sadrzi podatke )
* ldentity and access management (IAM)

Grana (edge) - veza izmedu ¢vorova

Ugrdenialgoritmi za pretragu u grafu

Nedostaci

* Ne postoji standardizovani jezik

* Teze horizontalno skaliranje

* Manje korisnika - teze za podrsku
* Slaba podrska za transakcije

* Supernodes

Server 1 Server 2
B el 50,000ns
No Common Interest V — > V < > V EERRD> - V
100ns 100ns
50,000ns [N\
-Ne0q| o Dgraph 1
@ ArangoDB e




Graph vs Relational — many relationships

Graph baza: neo4|

Relaciona baza: MySql

Source: Neo4j in Action

Primer drustvene mreze: pretraga prijateljoau dubinu
Broj korisnika: 1 000 000

Rezultati pretrage za: 1 000 korisnika

Vreme: sekunde

Depth Execution Time — MySQL
2 0.016

3 30.267

4 1,543.505

5 Not Finished in 1 Hour

Execution Time —Neo4j

0.010

0.168

1.359

2.132
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Key-value baze

* Jedinstvenistring key

* Vrednost

Phone directory

Key Value

Paul (091) 9786453778
Greg (091) 9686154559
Marco (091) 9868564334

MAC table
Key Value
10.94.214.172 3c:22:fb:86:c1:b1
10.94.214.173 00:0a:95:9d:68:16
10.94.214.174 3c:1b:fb:45:c4:b1

m

Memcached

Kada koristimo
aplikacija treba da obraduje puno malih kontinuiranih
Citanja i pisanja

skladistenje osnovnih informacija, kao Sto su detalji o
klijentima; cuvanje veb stranica sa URL-om kao
kljuCem i veb stranicom kao vrednosti

Aplikacije koje ne izvrSavaju kompeksne upite
Sessions, cache

Upravljanje sesijom svakog igracau
masovnim multiplayer igricama

Nedostaci

* Ne mozemo da filtriramo vrednosti



Column-family baze

Cuva podatke po kolonama umesto redovima

Optimizovana za cuvanje kolona podataka

principle of locality

Compression

Rowld | Empld  Lastname | Firstname | Salary

001
0oz
003
004

10
12
1
22

Smith
Jones
Johnson

Jones

Joe
Mary
Cathy
Bob

001:10,8mith,Joe,60000;

002:12,Jones,Mary,80000;
003:11,Johnson,Cathy, 94000

004:22,Jones,Bob,55000;

10:001,12:002,11:003,22:004;

Row-oriented

60000
80000
94000
55000

55000:004;
60000:001;
BOOOO:002;
94000:003;

Row-oriented: index

Smith:001,Jones:002,Johnson:003,Jones: 004
Joe:001,Mary:002,Cathy:003,Bob:004;
60000:001,80000:002,94000:003,55000:004;

Column-oriented

Kada koristimo

* analytical applications
* Bigdata processing

* Scalable

Nedostaci

* Upiti specifi¢ni za redove su sporiji

* Nema podrsku za transakcije

@ scyLLa

PaD 4

cassandra



PITANJA PRILIKOM DIZAJNIRANJA SISTEMA

Odgovorom na sledeca pitanja o tome Sta nam je potrebno u sistemu olakSavamo izbor
odgovarajuée baze:

* Struktura podataka (Schema)
* Strogo definisana / fleksibilna

e Skaliranje (Scalability), broj korisnika
* Consistency vs Availability (Strong, eventual consistency)

* Veze (Relationships)
. Potreba za Many-to-one | Many-to-many vezama

* Nacin pretrage (Query pattern)

*  Pretraga po kljuCu - kopleksni upiti
* Writesvsreads

*  Vise Citanjaili viSe upisa

* Cena




Choosing DB
Technology

Fuzzy Search

eeded Queryi Ky anby

Capabilities

Infinite Starage?

many indexes

Limited Indexing

Y Needed

consistency
Mo [
High scale, low

latency?

Eventual

Strong

yes

Wide Column Store Relational Document DB Key Value Store

Object Storage Search Engine
53, GCS ElasticSearch, Solr

DynamoDB, Cassandra MySql, PostgreSQL MengeDB, CouchDB DynamoDB, Redis

17



Availability nikada nije 100%

DA LI JE DOVOLJNA JEDNA BAZA?

* Veliki sistemi Cesto koriste viSe tipova baza
* Zahteva odrzavanje viSe klastera

* Multi-model baze:
* ArangoDb (Document, Graph, Key-value)
* MongoDb (Document, Graph)
* PosgreSql podrzava JSON

18



DIZAJN
INSTAGRAM
SOCIJALNE
MREZE




FUNKCIONALNI ZAHTEVI

Upload slika
Pregled slika

Pracenje korisnika (fallow) - neogranic¢eno

PocCetna strana (news feed)

Comments, likes

PROCENA KAPACITETA

Pretpostavimo:

* 500 miliona aktivnih korisnika dnevno

NE-FUNKCIONALNI ZAHTEVI

Preko 2.3 milijarde korisnika
Minimum latency za pocetnu stranu | pregled slika
High Availability, Eventual Consistency?

Reliability — slike koje uploaduejmo ne smeju biti
izgubljene

Read-Heavy

Efficient Storage — ne postoji ogranicenje za broj slika

Gde Cuvati slike?
* Object Storage (AWS S3, GCS)

* Dnevniupload slika je 100 miliona — 1160/s (100mil/86400)

* Ako je slika veli¢ine 150KB, treba¢e nam dnevno: 15TB (100mil * 150KB)

* Zagodinu dana: 5475TB = 5.475PT (Petabyte)

* Treba da cuvamo metadata za slike, komentare, lajkove, tagove...

20



User data, photos, tags, comments, likes...

User Table

Primary Key UserID : int

Name : string Comments

Email : string

. . Photo Table
Location : string
Primary Ke PhotolD : int 1d: post_id_001
3 N Y Sy Follows URL: https://s3.aws.co/catjpg
Type: media
Foreign Key UserID : int VS

Caption : string

Follower Table " Location : string

Foreign Key | A’s UserID : int Path : string

Foreign Key | B’s UserID : int

Instagram koristi: PostgreSql (12 extra-large memory instanci / sharded)

21
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O space| % Cancel
Q space

Q space photography

Q.  space tattoos

Search: hashtags, locations,

@spacex&
R users and media
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Pre-compute news feed

Latency hurts

\

RS
Cassandra

\

user_id, postl_id, post2_id, post3_id...

T
/ e
Vs
cassandra

/

posts_by_user

—J ]

comments_by_user
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Veca redundantnost -> veca sigurnost -> ve¢a kompleksnost

DC1

DC2

T g

PostgreSQL PostgreSQL
RabbitMQ Cassandra

=

Cassandra RabbitMQ

Celery

- /




KORISNI LINKOVI

https://discord.com/blog/how-discord-stores-
trillions-of-messages

e https://instagram-engineering.com
* https://www.vyoutube.com hnasr

* Martin Kleppmann: Designing Data Intensive
Applications

24


https://discord.com/blog/how-discord-stores-trillions-of-messages
https://discord.com/blog/how-discord-stores-trillions-of-messages
https://instagram-engineering.com
https://www.youtube.com/@hnasr
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