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Buabl 6a3 gaHHbIX



PenduMoHHbIe

UseriID Name CitylD
23 user_1 1
233 user_2 2
12 user_ 5 1
CitylD Name
1 Moscow
2 Berlin

Myg&

PostgreSQL



JloOKyMeHToOOpueHTUpOBaHHbIe

"name"; "Petr",

"'surname": "lvanov’, ‘ mOngODB

"city" : "Moscow",

"Interests" : [

"football",

"hockey" |-_| CouchDB
], —

}



[MToOMCKOBbIE ABUXXKW

- < Sphinx

elasticsearch



type: continent
name: North America

type: country
name: United States

N

type: state
name: Idaho
abbreviation: ID

[ pacdoBbie

type: continent
name: Europe

type: country
name: United Kingdom

A

type: country
name: France

type: country
name: England

A

A

type: region
name_fr: Bourgogne
name_en: Burgundy

type: city
name: London

A

|
|
|

type: person
name: Lucy

type: city
name: Beaune

type: person
name: Alain




Key-value

Key Value -
video 1 4232 MEMLC D
video 2 23
Jide0.3 y342344 Tarantool
video 4 2323 o
é redis




JE)etcd




UserID Name City
23 user_1 Moscow
233 user_2 Berlin
12 user_5 Moscow

KonoHouyHblie

ClickHouse

* Cassandra



Time series

Timestamp Temperature

10012022 17:00 37,2

o | o | EInfluxDB

10.01.2022 17:02 36.8




Blob store

@) ceph

amazon
S3




Bbibop 6a3bl AaHHbIX

TpaH3akuum

dopmaT gaHHbIX

HaBblK paboTbl C TEXHOOTNEN
XapakTep obpalleHuin K AaHHbIM

Coob61ecTBO U 3penoCb TEXHOIOMMK

o g A~ WS

YacToTa nsmeHsseMocTu popmaTa AaHHbIX



Bbibop 6a3bl AaHHbIX

JleHeXXHble cpeacTB Nosib3oBaTens
KonnyecTtBo NpocMOTPOB NoA BNAEO
AHKeTbl NnoJsib3oBaTesien

OTHOLWEHMA MeXx Ay Nnosib3oBaTeNnsaMu

NcxoaHbIW Ko nporpamm

o g A WS

[TokazaTenu Tem nepaTtypHbIX 4aTYNKOB



Bbibop 6a3bl AaHHbIX

Hy)KHO COXpPaHATb U UCKaATb MNMOCTDbI nonb3oBaTeNnen c
NCMNOJ1Ib3OBaAHNEM MOJIHOTEKCTOBOIO NMNOUCKaA, XPaHUTDb

dHAJINTUKY U KSWNpPOBaATb MonyndapHblie NoCTbl



FAQ:
Buabl 6a3 naHHbIX

-  PensauyunoHHble
- JJOKYMEeHTOOpUEHTUPOBaAHHbIE

- [pagoBble

- Key-value
-  KOJNTOHOYHbIE
- Time series

-  Blob store



Knaccbl 6a3 gaHHbIX



OLAP vs OLTP

Online Analytical Processing n Online Transaction Processing



HTAP

Hybrid transactional / analytical processing



Persistent 6a3bl AaHHbIX

Basbl faHHbIX, XpaHSLLME CBOM AaHHble Ha AUCKaX



In-memory 6a3bl AaHHbIX

- MOX>XHO nepuognyecku sanmcbiBaTb Ha AUCK KONUKU cocToAHUA b/
- MOXHO 3anucbliBaTb Ha AUCK XXYPHasbl U3MeHeHU (YTO-TO BpoAe
YyMOMSIHYTbIX Bbilie WAL), HO He caMu faHHble

- MoOXHO NnpoBOoAUTDb pernJinkaunto COCTOAHUA OﬂepaTMBHOVI NMaMATU Ha

apyrme MmallnHbl



Embedded database

An embedded database is a system, which is tightly integrated

with an application software it is embedded in the application



Single file database

That single file contains the database layout as well as

the actual data held in all the different tables and indexes



FAQ:
Knaccbl 6a3 naHHbIX

- OLAP/OLTP
- In — memory
- Persistent

-  Embedded

- Single file




NHAaeKCbl

YCKOpAT UTeHue
3amMeandaroT 3anucb

|/|CFIOJ1b3yI-OT AOMNOJIHUTEJIbHYIO NaMATb




BTree

UserlID Name
50 user_id
168 user_d
200 user_id
155

48

50

79

1%‘

.ﬁe

—p 128

140

168

200

270

290




Hash Index

Hash

3434

121

324

UserliD Name
121 user_id
324 user_d
3434 user_id




Bitmap Index

3434

Bitmap

121

324

UserID Smoking Drinking
121 true false
324 false true
3434 true true




121 {0.1, 0.7}

Spatial

\ 0.5
0
0.25
324 3434
{0.2, 0.2} {0.4, 0.1}

UserID
121 0.1 0.7
324 0.2 0.2
3434 0.4 0.1




Reversed

Text

itis what it is

what is it

Word TextIDs
a [2]
banana [2]
is [0, 1, 2]
it [0, 1, 2]

itis a banana

what

[0, 1]




PaspaXXeHHbIN UHAEKC

XapaKTepunayeTcs TeM, YTO KaXKbll KJ1HOY aCCOLIMUPYETCS C
onpefenéHHbIM YKasaTenieM Ha 610K B COPTUPOBAHHOM daine gaHHbIX,

a He C KaKOW-TO onpepesieHHOM 3anuchbio



NMokpbiBalOWMN MHABKC

nOKprBaI-OLLI,VIMVI MHAEKCaMU Ha3blBAakOTCAH HeK/laCTepu3opaHHbleé UHAEKCDbI,
KOTOpbI€ pa3pewlaloT OAUH UIN HECKOJIbKO CXO0XXUX pe3y/ibTaToB 3afnpoca

HanpsaMylo, 6e3 goctyna K 6a3oBoi Tabnuue n 6e3 yTOUYHAIIOLW,MX 3anpoCcoB.



KnacrepHbie M HeKnacrepHbie

[1pn HaNMYMKM KNacTEPHOro MHAEKCa CTPOKU TabnunLbl yNnopsiaoyeHbl
MO 3HAYEHUIO KJKoYa 3TOoro nHaekca. Ecnun B Tabnunue HeT KflacTepHoOro
NHAEKCa, Tabnuua HasblBaeTcs Kydyen. HeknactepHbli MHAEKC, CO3AaHHbIN

AN TaKoW Tabnuubl, COAEPXKUT TOJIbKO YKasaTenu Ha 3annucu TabnuLbl



FAQ:
MHAaeKCbl

- Btree, Hash, Bitmap, Reversed, Spatial

- K.ﬂaCTeprIe N HEKJTaCTEPHbIE

- [lokpbiBatoume



TpaH3aKuun



ACID

[MTonynspHble SQL 6a3bl gaHHLIX, NOABUIIUCE Kak pa3 Ha nodse ACID.
ACID — aT0 cTaHAapT TOro, Kakue rapaHTum Ao/KHa faBaTb 6a3a faHHbIX,

4yTOo6bl NOAAEPXMBATb TPaH3aKLUKUK (OH He yKasblBaeT JieTanel peanmsaumnm)



ATOMapHOCTDb

Kaxaasa TpaH3aKLUUA 6a3bl OaHHbIX ABJ1AETCA e ANHbIM 6/10KOM,
KOTOprVI NCrnoJib3yeT nogxon «Bce Ujin HU4ero» K BblMoOJIHEHUIO.
Ecnun kakon-nn6o ornepartop B TpaH3akKUUn TEPNUT HEYAAYY, BCA

TPpaH3aKUunNA OTKaTbiBa€TCHA



user_id (111) = 1500
user_id (222) = 1500

Ok

Error

/4

/

UPDATE account
SET balance = balance - 500
WHERE user_id =111

/4

/

UPDATE account
SET balance = balance + 500
WHERE user_id = 222

user_id (111) = 1000
user_id (222) = 1500



user_id (111) = 1500
user_id (222) = 1500

Rollback

Ok

Error

/4

/

UPDATE account
SET balance = balance - 500
WHERE user_id = 111

/4

/

UPDATE account
SET balance = balance + 500
WHERE user_id = 222

user_id (111) = 1500
user_id (222) = 1500



user_id (111) = 1500
user_id (222) = 1500

Ok

Commit

Ok

/4

/4

4

UPDATE account
SET balance = balance - 500
WHERE user_id =111

/

UPDATE account
SET balance = balance + 500
WHERE user_id = 222

user_id (111) = 1000
user_id (222) = 2000



CornacoBaHHOCTDb

Pas3nn4yHble yTBeEPXAEHNA OTHOCUTEJIbHO JdHHbIX

(VIHBapI/IaHTbI) OOJKHbI BCerga oCraBaTbCA CripaBensinBbiMU



Constraint Description

NOT NULL values cannot be null

UNIQUE values cannot match any older value
PRIMARY KEY used to uniquely identify a row
FOREIGN KEY references a row in another table
CHECK validates condition for new value
DEFAULT set default value if not passed

CREATE INDEX used to speedup the read process



Deferrable transactions

1 CREATE TABLE husbands (
id int PRIMARY KEY,

: wife_id int NOT

a4 ),

CREATE TABLE wives (
id int PRIMARY KEY,
husband _id int NOT

)

11 ALTER TABLE husbands ADD CONSTRAINT h_w_fk
FOREIGN KEY (wife_id) REFERENCES Wives;

i; ALTER TABLE wives ADD CONSTRAINT w_h_f
FOREIGN KEY (husband_id) REFERENCES husbands;




U3onauua TpaH3aKuun

Kaxkasa TpaH3aKLUusa NPOUCXOAUT A0 UK NOCNEe Ka)Xaom ApYron
TpaH3aKLuuK, U NpeacTaBneHne 6asbl JaHHbIX, KOTOPOE TpaH3aKLuus
BUAUT B CBOEM Hayalie, USMEHSIETCH TOJIbKO CaMOW TpaH3aKLMeN
[0 ee 3aBeplUeHns. Hn ogHa TpaH3aKuMa He Jo/KHa BUAETb

NPOMEXYTOYHbIN NPOAYKT APYron TpaH3aKLuuu



NMNoTepsHHOe obHOBNeHMe

video_id (10) =100 video_id (10) =100
UPDATE view UPDATE view
SET count = count + 1 SET count = count + 1
WHERE video_id = 10; WHERE video _id = 10;

video_id (10) = 101 video_id (10) = 101



user_id (111) = 1500

[ pA3HOe YyTeHue

user_id (111) = 1500

START TRANSACTION;

UPDATE account
SET balance = balance - 500
WHERE user_id =111;

ROLLBACK;

SELECT balance
FROM account
WHERE user_id = 111;

user_id (111) = 1500

/

user_id (111) = 1500

user_id (111) =
1000



HenoBTOopsaoweecs YTeHue

user_id (111) = 1500
user_id (222) = 2500

START TRANSACTION;

UPDATE account
SET balance = balance + 500
WHERE user_id = 111;

COMMIT;

user_id (111) = 1500
user_id (222) = 2500

user_id (111) = 2000
user_id (222) = 2500

START TRANSACTION;

SELECT SUM(balance)
FROM account;

SELECT SUM(baIance)/

FROM account;

user_id (111) = 2000
user_id (222) = 2500

sum = 4000

sum = 4500



UTeHuna «paHToMOB»

user_id (111) = 1500 user_id (111) = 1500
user_id (222) = 2500 user_id (222) = 2500
START TRANSACTION; START TRANSACTION;
INSERT INTO
account(user_id, balance)
VALUES (333, 1000); sum = 4000

SELECT SUM(balance)
FROM account;

SELECT SUM(baIance)/

COMMIT; sum = 5000
FROM account;
user_id (111) = 2000 user_id (111) = 2000
user_id (222) = 2500 user_id (222) = 2500

user_id (333) = 1000 user_id (333) = 1000



YpOoOBHU U30NALUN

READ_UNCOMMITTED - MOryT nponUcxoauTb rpAsHble YTeHUsA, HeMoOBTOpAloLLMecs
YTeHUs, PaHTOMHbIE YTEHUS N NOTEPSIHHOE OBHOBJIEHME

READ_COMMITTED - rpsa3Hble YTeHMA npefoTBpaLleHbl, HO MOryT BO3HUKATb
HENOBTOPSIOLLNECS YTEHUS, DAHTOMHbIE YTEHUA U NOTEPAHHbIE OOHOBJIEHUS
REPEATABLE_READ - rpAsHble UTeHUsa, HenoBTOpAlOLMeCcA YTeHUA U NOTepAHHOe
O6HOBNEHNSA NMpeaoTBpaLLEHbl, HO MOTYT BO3HMKATb (PAHTOMHbIE YTEHUS
SERIALIZABLE - TpaH3aKLUWW MOAHOCTbIO U30JIMPOBaHbI - UCK/TFOYEHO BJINSAHNE O4HOU

TpaH3aKuun Ha gpyryto B MOMEHT BbINMOJIHEHUA



2PL

ca3a pacluMpeHma - 3anpallmnBatoTCs
BCe HeobxoauMble ANnd onpeaenéHHOMN
TpaH3aKunn 6NOKUPOBKU U HUKAKUE
610KMPOBKU He BbICBOOOXAAKOTCH
cda3a cxxaTtua - BCe rnoJlydeHHble Ha
da3e pocta 610KUPOBKMU

BbICBOOOXaTCH

tx

#1

#2

tx




MVCC

t_xmin t_xmax user_data

t_xmin — ngeHTUdmnKaTop TpaH3aKLKnmn, co3aaBLLen 3annch

t_xmax — ngeHtndbunkaTop TpaH3aKLUuMu, yaaamBLLEN 3anuUCb



YCTOMUMBOCTD

[[apaHTUpyeT, 4To nocne pukcaunm TpaHsakunm B 6ase
AaHHbIX OHa MOCTOAHHO COXpaHsAeTCsA C MOMOLLbIO
pe3epBHbIX KOMUI M XXYpPHaNoB TpaH3akuun. B cnydae c6os
3TN MexaHU3Mbl MOTyT UCNOJIb30BaTbCA ANA

BOCCTaHOB/EHMUS 3a(PMKCUPOBAHHbIX TPaH3aKL Wi



WAL

N3MeHeHusa B panax ¢ JaHHbIMU AOKHbI 3aMUCbIBATbCS
TOJIbKO MOC/I€ TOro, Kak 3TN U3MeHEHUS 6blNIN 3aHECEHDbI B
XXypHan. 3anucbiBaTb CTPaHULIbl AaHHbIX Ha AINCK rnocne
NOATBEPXXAEHNA KaXXA0N TpaH3aKLUMU HET HEOHXOAMMOCTH,
MOTOMY UYTO Mbl 3HAeM, YTO EC/TN CNTY4YNTCHA COON, TO y HAC
6yneT BO3MOXXHOCTb BOCCTAHOBUTb 6a3y AaHHbIX C

NMOMOLLBbHKO XXYpPHaa



BASE

Kak npasuno, NoSQL 6a3bl AaHHbIX NpeaocTaBnsaoT OrpaHUYEHHbIE
BEPCUM aTOMapPHOCTU 1 N30NALMK, HO UM HY>XXKHO NpoadaBaTb cebs B KpacBOW

ynakoBKe, NO3TOMY OHU npuaymarnm ceoro abbpesmaTypy



Basically Available

basbl gaHHbIX 6yayT obecnevynBaTb AOCTYNHOCTb A@HHbIX, PacrnpocTpaHss

U penaunumpys ux rno yanam knactepa 6a3sbl faHHbIX



Soft State

N3-3a OTCYTCTBUA CTPOron cornacoBaHHOCTU 3HAYEHUA
OaHHbIX MOTYT MEeHATbCA co BpeMeHeM. Moaenb BASE paspbiBaeTca C
KOHLUenuuen 6asbl AaHHbIX, KOTOpas obecneymnBaeT COOCTBEHHYIO

COrNacoBaHHOCTb, AeNnernpysa 3Ty OTBETCTBEHHOCTb pa3paboTymkam



Eventual Consistency

Bbl B KOHLIE KOHLIOB YBUAUTE AENCTBUTENbHbIE JaHHbIE,

HO eCTb BEPOATHOCTb, YTO Balla TpaH3aKLUuUsA NpoynTaeT
HeJeNCTBUTE/IbHble 3HAYEHUSA — TO €CTb, BDEMEHHbIE, UJIM YAaCTUYHO
OOHOBJIEHHbIE, UM yCTapeBLLME. BOBMOXHO, laHHble CTaHyT

cornacoBaHHbIMU B «J1IEHUBOM» PeEXUME IMNPU 4YTEHNU



FAQ:
TpaH3aKuun

- ACID / BASE

- YpOBHU nsonauumn
- 2PL/MVCC

- WAL




0O6bekTbl 6a3 AaHHbIX



XpaHuMbie npoueaypbl

1 CREATE PROCEDURE us_customers ()

2 LANGUAGE SQL

3 AS $%

4  SELECT customer_1id, first_name
FROM Customers

WHERE Country = 'USA';

: $%;

00

1 CALL us_customers();




Tpurrepbi

1 CREATE OR REPLACE FUNCTION log_last_name_changes( )
2 RETURNS TRIGGER
E LANGUAGE PLPGSQL
AS
$$
BEGIN
IF NEW.last _name <> OLD.last_name THEN
: INSERT INTO
employee_audits(employee_1id, last_name,changed_on)
VALUES(OLD. id,0LD.last_name,now( ));
END IF;

RETURN NEW;

13 END;
4 $%

1 CREATE TRIGGER last_name_changes
BEFORE UPDATE
ON employees
FOR EACH ROW
EXECUTE PROCEDURE log_last_name_changes();




Materialized View

1 CREATE MATERIALIZED VIEW dept_stats
2 REFRESH COMPLETE
3 AS
SELECT
d.dept_1d,
d.dept_name,
COUNT(e.*) AS emp_count,
SUM(e.salary) AS total_salary
FROM department d
INNER JOIN employee e ON d.dept_id = e.dept_1id
GROUP BY d.dept_1id, d.dept_name;

1 SELECT dept_id, dept_name, emp_count, total_salary
2 FROM dept_stats;




Watch API

tx01 $§ etcdctl --endpoints=SENDPOINTS

B gyuho@tx01: ~ 67x6

tx01 $ etcdctl --endpoints=SENDPOINTS



FAQ:
0O6bexkTbl 6a3 AaHHbIX

- Tpurrepbl

- XpaHuMmble npoueaypbl

-  Materialized View
- Watch API



Kak nepyuoavnyecku yaanatb
anaHHbIe B base naHHbIX?



o

Let’s practise



Bpokepbl cOo0bLeHun



Bpokepbl co0bLWeHun

Service Queue Service

Service 1

Service Queue Service 2

Service 3



Bpokepbl cO0bLWEeHuNn
bydbepusayms & kq f kq

ACUHXpPOHHaA CBA3b

Cnaboe cBA3biBaHue

MacwwTabnpyemMocTb

OTKa30yCTONYUBOCTb b b ’
RaooIt

[TOHMMaHMe NOTOKOB AaHHbIX



push /7 pull Moaenb



Kafka

Producer — nucartenb
Consumer — yntaTtesb
Broker — oauH y3en Kafka
Topic — nornyeckasa oyepeab

Partition — p13nyeckasa 4yacTb ouepeau




Producer

Kafka

Topic
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Partition 1

0 1 2 3 4
Partition 2 \

[Consumer} 0 1 2 { Producer J
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Producer

RabitMQ

-~

.

Exchange

Queue

~

— push

Consumer

Consumer



Data retention

XpaHeHue AaHHbIX onpeaenseT NonTUKKU ynpaBneHus
NOCTOAHHbIMU AaHHbIMM N 3aNUCAMU AJ11 COBMHOAEHUS
OPUANYECKNX N BU3HEC-TPEOOBAHUI K apXMBUPOBAHMUIO

NlaHHbIX.



Error

[[apaHTMM AOCTaBKKN /\ﬁ

At least once - coobLieHne 6yaeT A0CTaBNEHO

X0TS 6bl OINH pa3 Producer Queue

At most once - coobLieHne byaeT AOCTaBNEHO He

6os1ee ogHOro pasa

—

Exactly once - coobuieHune 6yneTt JOCTaB/EHO k
POBHO OAMH pa3 »



FAQ:
Bpokepbl coobLweHvn

RabitMQ / Kafka

Data retention

[f[apaHTUK OOCTaBKU



AnbTepHaTuBHbIEe cnocobbl
XpaHeHUA AaHHbIX



XpaHeHue Ha KNnueHTe
4 N 4 N

Client » Server

}/ . /

Data

U




Content

~

o

Internet

~

/

Client

Client

CDN

Content

Internet




CDN

UcxopgHbin (origin), Ha KOTOPOM pa3MeLLEeH 3anpallnBaeMblii CalT, a TaKXe
CBA3aHHbIN C HUM BU3YyalbHbIW, MYy3blKalbHblA, BUAEOKOHTEHT

PoP (point of presence) — Touka NpuUcyTCTBMS BCMOMOraTesibHbIX CepBEpPOB. MXx
CeTb pa3MeLlaeTcs B pas/INYHbIX permnoHax

Proxy-cepBep — 9TO NPOMeXYTOYHOE 3BEHO MeXAY MNosib30oBaTesSIeM U UCXOLHbIM
cepBepoM. OH oTBeYaeT 3a nepeHanpaBsieHne, ONTUMN3ALIUIO N Npeodbpa3oBaHme

nepeaaBaeMoro Tpapuka.



FAQ:

- CDN

- XpaHeHue Ha KNneHTe




JloMauwHee 3agaHve



