ba3bl JaHHbIX, HaCTb |
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PenayumMoHHas Moaenb oaHHbIX

[aHHble XPaHATCS B Tabnuuax ¢ KONOHKaMK
onpeageneHHoro Tmna (cxema). Kaxxgasa cTpoka - OauH
0ObeKT

MOXXHO CO3A4aBaTb CBA3M MeXay Tabnunuamu

NAHHbIE MPEANOYTUTENBHO XPaHUTb B HOPMATM30BaAHHOM
BMae



HopManm3aumd

® B Ka)O0W Tabaumue XxpaHUTCS MUHMMaNnbHOe HeobXxoanMoe
KONMYeCTBO AaHHbIX

e Oe3 aybnrMpoBaHUs U M3ObITOYHOCTM

HopmanbHble (opMbl


https://habr.com/ru/post/254773

SQL

aHm. structured query
language — «53bIK
CTRYKTYPUDPOBAHHbIX
3arMpocoB»



ﬂ,aHHbIe XPaAHATCA B KOHCUCTEHTHOM
COCTOAHNI

KaK 3TO MOXHO pean3oBaTh?



Tpan3akumn (ACID)

aTOMapHOCTb (atomicity)
KOHCMCTEHTHOCTb (consistency)
301MPOBAHHOCTS (isolation)

HagexHoCTb (durability)



[TpermyllecTBa TpagnUMOHHbBIX b/l

rapPaHTUPYHOT COXPAHHOCTb M KOHCUCTEHTHOCTb AaHHbIX

MNO3BONAIOT MPU 3aNpoce COeAMHSATb AaHHble 13
HECKONbKMX TabnumL, Tak, kak ygobHo (JOIN)

NpOBEpPEHbl BpeMeHeM

PACNPOCTPaAHEHHbIE - €CTb K/TMEHTbI Mo BCE BO3IMOXHbIE
A3bIKW



[Tprimepsbl

Microsoft SQL Server, PostgreSQL, MySQL,
Oracle DB
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1. NoSQL

NoSQL = Not only SQL

11



HepocTaTky TpagnumnoHHon b/

® CJTOXHOCTN CTOPWN30OHTA/TbHbIM MaCUJTa6I/IpOBaHI/IeM

12



MaclwTabupoBaHme

!

Vertical Scaling

!

Horizontal Scaling

|

13



HepocTaTky TpagnumnoHHon b/

® CJTOXHOCTN CTOPWN30OHTA/TbHbIM MaCUJTa6I/IpOBaHI/IeM

® OTHOCUTENbHO MeSIEHHbIE 13-3a CIOXKHOM NOTUKN
06paboTKM NapanfienbHbIX TPaH3aKLMUA 1 NPOBEPKU
KOHCUCTEHTHOCTY

® DENALMOHHAA MOAENb AaHHbIX He BCceraa yaobHa

14



Mbl MOYeM 0TKa3aTbCd OT:

® TPAH3aKUMM (HYAaCTUYHO NAM MONHOCTbIO)
® rapaHTUN KOHCUCTEHTHOCTY

® HOPMaNM30BaHHbLIX TabauML

15



HTOObI MONYYUTD:

yBe/nmydeHre npon3soanTe/ibHOCTN

(moYTK) becKoHeYHOe ropr30HTaNbHOE
MaclUTabupoBaHme

bonee NoAxoAdLLYO MOAeNb AaHHbIX 415 3a4a4u

OTCYTCTBME CXeEMbI IdHHbIX

16



) mongo

OOKYMeHTOOpneHTUpoBaHHaa b/l

NonyYeHre AaHHbIX 13 CBS3aHHbIX KOMIEKLMA Mo
NPOCTOMY YCNOBUIO

A3bIK 3aMPOCOB - JS
CUEHapUN MCNONBb30BaHMS DAN30K K TPaANLIMIOHHbBIM

TpaH3aKuum (?)

17



&B redis

He coBcem b/l, CKOpee ierkoBeCHOE XPpaHWnLie

XPaHWT AaHHble B (popmMaTe "KatY-3HaveHume"

TOJIbKO NPUMUTNBHbBbIE 3HAYEHWAT CTPOKA, CIMMNCOK CTPOK,
MHOXECTBO CTPOK N T.4

A3bIK COCTOUT 13 NPUMUTUBHbIX onepauut GET/SET/ADD...
ObICTPO BbIMOMHAET ONepaLmm
XPAHWUT AAHHbIE B NAMATY U HUYEro He rapaHTUpyeT

noAxoanT ANnA XpaHeHWA AaHHbIX, KOTOPbIE 1er'KO BOCCTAHOBWTDL

(KoL) 18



Cassandra

MOAENb AaHHbIX BHELLHE NMOX0Xa Ha pensiuMoHHY0 (Tabnuubl co
CXeMoMn)

A3bIK CQL - noytun SQL

"noa KanoToM" NoYTK "KtoY-3HaYeHne" (3anpocsl, He
3aTparuBatoLLe KoY, paboTatoT Maoxo)

O[MH 3anpocC = oaHa Tabnnua
TPebyeTcs cepbe3Hbli MOAXOA K MPOEKTUPOBAHMIO CXeMbl AaHHbIX
HeT TpaH3aKL MK

OTIMYHOE rOPK30HTaNbHOE MaclTabpoBaHMe 1
OTKa30yCTOMYMBOCTb 19



1. NewSQL

20



SQL + NoSQL

MacCLITabupyemocTb
OTKA30yCTOMYNBOCTb
TPaH3aKLMW

nonHoueHHbIM SQL + JOIN

21



peanbHaa b7 [1a, HO...

KPAVIHE cnoHa B peanmsaumm 1s-3a pacnpegeneHHbix
TPaH3aKLU1M 1 HE TONBKO.

Ha gaHHbIM MOMEHT eCTb HECKONBKO Pa3BMBAOLLMXCS
DeLIEeHWI:

—6. CockroachDB
q  Yandex Database

22


https://www.cockroachlabs.com/
https://events.yandex.ru/lib/talks/6700/

MacwTabupoBaHume 1 OTKA30yCTONYMBOCTb

23



Pennnkaynd

[pobnema: B Nt0bOM MOMEHT Ha CeEPBEP MOXET YNacTb METEOPUT,
Mbl HE JO/MKHbBI TEPATH l@aHHbIe B TaKOW CUTYyaLMK

PelleHre: cnenaemM HeCKONBbKO CePBEPOB, KA AbIN 13 KOTOPbIX
OyaeT XpaHUTb NOHYK KOMWIO AaHHbIX

24



changes

—E~

v
—

replica 1

writes &
reads

N~

changes

A

v
—

replica 2

N~
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Pennrkaumsa = 0TKa3oyCTOMYUBOCTb

XOTUM:

® He NoTepsTb AaHHbIe MPK MONOMKE OHOMO CepBepa

® MaKCKManbHO ObICTPO BOCCTaHaBAMBaTb PaboTy

26



replica 1

N~

replica 2

N~

21



)

N
&

replica 1

N~

replica 2

N~

28



<

v
—

master

N~

replica 2

N~
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master

N~

replica 2

N~
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master

replica 1

N~

replica 2

N~
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Pennvkaumsa = MaclwTabupoBaHume?

32



reads

K

N
N —

replica 1

writes &

reads

AT

N
N —

master

—

changes

changes

reads

—

N
N —

replica 2
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AKTyaﬂ bHOCTb dHHbIX

2 BMaa penamkaunm:

® ACUMHXpPOHHaA

® CYHXpOHHaA

34



ACUHXPOHHaA

1. MacTep NoayyaeT 3anpoc Ha M3MeHeHMe AaHHbIX
2. COXpaHSEeT 3TU U3MeHeH s K cebe
3. OTBEYaeT NoNb30BaTeso

4. OTNpaBnseT U3AMEeHEHNS Ha PENMKY (BO3MOXHO, He
cpasy)

35



ACHXPOHHa4. [1pobems

® oC/IV MeXay NYHKTaMM 3 1 4 4TO-TO CNYHYMTCS, Mbi
noTepsieM AaHHble HaBceraa

® Ha aCMHXPOHHOW PENANKE AaHHbIe MOTYT BbITb
yCTapeBLLMMM

36



CUMHXpPOHHa4

1. MacTep nosy4aeT 3anpoc Ha U3MeHeHMe AaHHbIX
2. OTNPABASET U3MEHEH WS Ha PEennKy

3. DOXMOAeTCs NOATBEPKAEHUS, 4TO JaHHblE COXPaHEHbI
4. B CNly4ae ycrnexa coxpaHsieT M3MeHeHus K cebe

5. 0oTBEYaeT Nob30BaTENHO

37



KoMnpomumce

OfHa CMHXPOHHAsA pennKa, OCTanbHble aCUHXPOHHbIE.
ECnv c MacTepoM YTO-TO CNy4aeTCst, CUHXPOHHAsA pennKka
3aMeHseT ero. Ecam 4To-To cny4aeTcs C CUHXPOHHOM
DENAVKOWN, OAHA N3 AaCMHXPOHHbIX 3aHUMAET ee MeCTO.
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[HapanpoBaHue

39



v
v
v

shard 1

N

writes &

reads
A 4

T

v
—

shard 2

N

v
v
v

shard 3

N

40



Hpo6ﬂeMa: XOTUNM, YTOObI OVH 3arnpoc 3atparBa/l Kak MOXHO

MEHbLUE WapaoB

PelueHwne:

1. Ha3Ha4YMM OaAHY N3 KOJTOHOK Ta6ﬂI/ILLbI K/TKOHOM

2. NpuaymMaem oTobpaxeHune Ky — wapn

41



[1o oManal3oHaM 3HaYeHUM KnoYa
|

writes &
reads

key <=-100 key == 10

-100 < key < 100

\ 4

shard 1 shard 2 shard 3

g
g
H

Puc 5

47



[1o oManal3oHaM 3HaYeHUM KntoYa

® MOXeM DbICTPO NOyYaTb BbIOOPKY MO AMaNa30oHy
3HAYEH MM Kto4a

® [aHHble MOTYT pacnpefenTbCa HEPaBHOMEPHO MO
wapaam

® 3aMPOChl TOXKE MOryT HEPaBHOMEPHO pacnpeaensThcs No
Liapaam

43



[10 X3Wy OT 3Ha4YEeHUA K1HoYa
|

writes &
reads

mod =0 mod =2

mod =1

\ 4
- —
shard 1

Puvic 6

g
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[1o X3Wy OT 3HAYEeHUA KtoYa

® [aHHble pacnpeaenstoTcs PaBHOMEPHO
® 3aMpochl BMAa key = 7 pacnpenenstocst paBHOMEPHO

® 32aMpOChl MO AManasoHy (13 < key < 37) npuxoanTcs
BbINONHATH Ha BCEX Lapaax

45



[apanpoBaHue

nyylle Bcero macwtabupytocs bl Tvna "Kntoy-3HaveHmne"
(Cassandra)

3alpochbl, HE KaCatowmnecsq Kiito4a, HyXHO 3allyCKaTb Ha BCEX
lapdax, mo3ToMy OHW pa6OTaI-OT Med/TeHHO

HET FapaHTI/IIZ KOHCNCTEHTHOCTW, TAK KaK Wapd HE 3HAET MNMpo
TPAH3aKUMW Ha APYTrX lwapaax

Pa3pPabOoTUYMK AOMKEH AYyMATb O TOM, KaK MMEHHO
pacnpefensTb 3anpockl No wapaam(’)

46



Torn. Pennnkaumng

e OTKa30yCTOMYMBOCTb
e MacwTabupoBaHue Npy Harpy3Ke Ha YTeHue

e [NognepxnBaeTcs Bo Bcex b/l 1 06bIYHO HECTOKHO
HacTpanBaeTCH

47



VITorn. llapanpoBaHue

e MacwTabupoBaHue Npu NbON Harpyske

® ECAM NOAAEP)KKA He 3a10XeHa B apxnTeKTypy b/,
CNOXHO BHeApATb

® MHOMo HKAHCOB

48



Pennnkayma + wapanpoBaHue

49
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Postgre SQL

5l



1. YcTaHasnmBaeMm PostgreSQL

2. llogkntodaemcy:

° psql
o DataGrip

52


https://www.postgresql.org/download/
https://www.jetbrains.com/datagrip/download/

>a3a 1aH

[PV

HbIX [

JTOXXEH WS

1

J14

"3aMeTKn’
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CTpyKTypa 6a3bl JaHHbIX

o4



-{ notebook }

database
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CREATE DATABASE notebook;

database

56



-{ notebook }
{ notes }

tables

S/



tables

CREATE TABLE notes (
id SERIAL PRIMARY KEY,
name VARCHAR(255) NOT NULL,

text TEXT NOT NULL,
owner_id INTEGER

)3
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tables

CREATE TABLE users (
id SERIAL PRIMARY KEY,

name VARCHAR(255) NOT NULL
)3

CREATE TABLE categories (
id SERIAL PRIMARY KEY,
name VARCHAR(255) NOT NULL,
best_note_id INTEGER

)3

59



tables

CREATE TABLE users (
id SERIAL PRIMARY KEY,

name VARCHAR(255) NOT NULL
)3

CREATE TABLE categories (
id SERIAL PRIMARY KEY,
name VARCHAR(255) NOT NULL,
best_note_id INTEGER

)3

60



PRIMARY KEY
® VHNKANbHOCTb
® CO31aeTcs UHAEKC

o orpaHmyerre NOT NULL

6l



-{ notebook }

{ notes }

—{ 1id: Integer }

—{ name: String }

—{ text: String }

——{ owner_id: Integer }

{ users }
—{ 1id: Integer }
—{ name: String }

{ categories }
—{ 1id: Integer }
—{ name: String }

fields

—{ best_note_id: Integer }

62



Trnbl AaHHbIX

63



CTpoOKOBbIe

CHAR(4) "abc"
VARCHAR(4) "abc"
TEXT "abcdef"

o4



HncnoBsble. Lenble

SMALLINT [-27,27-1]
INTEGER ~ [-27,27 - 1]
BIGINT 2%, 2% - 1]

65



“Yuncnosble. C n1aBatoLLen TOYKON

REAL (107, 10°"]

DOUBLE PRECISION [10™, 10™]

06



Hurcnoble. C NPOU3BOIbHOW TOYHOCTbBHO
NUMERIC [(p[,s])]
DECIMAL [(pL,s])]

1<=p<=1000,0<=s<=p
6

| P
12.34

U

S

(7))
n
>

of



Ymcnosble. [locnegoBaTesibHble

SMALLSERIAL [1,2"7-1
SERIAL 1,27 - 1]
BIGSERIAL 1,27 -1]

68



Ymcnosble. [locnegoBaTesibHble

CREATE TABLE users (
id SERIAL

)3

J

CREATE SEQUENCE users_id_seq;
CREATE TABLE users (
id integer NOT NULL DEFAULT nextval('users_id_seq')
)5
ALTER SEQUENCE users_id_seq OWNED BY users.id;

69



[locnegoBaTeibHOCTb

SELECT * FROM users_id_seq;

pomm - pomm +
| last_value | ... | dis_called |
pomm - pomm +
| 1 | | f |
pomm - pomm +
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[locnegoBaTeibHOCTb

SELECT * FROM users_id_seq;

pomm - pomm +
| last_value | ... | dis_called |
pomm - pomm +
| 1 | | f |
pomm - pomm +

1



Jlorndeckum tmun. BOOLEAN

TRUE FALSE
" o
'true’  'false’
Y !
yes'  'no
'on'  'off!
7 0

2



[1aTbl

timestamp [without time zone] 8 bytes

timestamp with time zone 8 bytes

date 4 bytes

73



[1aTbl

time [without time zone| 8 bytes

time with time zone 12 bytes

interval 16 bytes

74



Hatbl. [prmMepsl

timestamp '2004-10-19 10:23:54'

timestamp with time zone '2004-10-19 10:23:54+02'

date '2018-04-03'
time '04:05:06.789°
time with time zone '04:05:06.789-3'
interval '112:59:10°

75



[pyrne

76



e integer|]
e integer|](]
o text(][]

MaccunBbl

i



MaccunBbl

'{ 3HayeHuel pa3pgenuTenb 3HayeHue2 pasgennuTenp ...

-integer[] [] -> '{{1,2)3},{4)5)6},{7)8)9}}'

text[] -> '{"apple", "orange", "cheese"}'

} !

78



JSON(B) vs TEXT

MOlyYeHMe KOHKPETHOTO 3HAYeHNS
ObICTPbIN MONCK
MHOTO (DYHKLMW U ONepaTopOB

B > BINARY

79



l{ "bar":

llbazll s

JSON(B)

"number":

7,

"active":

false }'

80



MoandurKaLns

CREATE TABLE notes (
id SERIAL PRIMARY KEY,
name VARCHAR(255) NOT NULL,

text VARCHAR(255)

)5

ALTER TABLE
ALTER TABLE

ALTER TABLE
ALTER TABLE

ALTER TABLE

notes ADD COLUMN owner_id INTEGER;
notes DROP COLUMN owner_-id;

notes ALTER COLUMN text TYPE TEXT;
notes ALTER COLUMN text SET NOT NULL;

notes RENAME TO personal_notes;

DROP TABLE notes;

81



Murpaumm

MexaHV3M MoanMUKaLMM CTPYKTYPbI U AaHHbIX B B/,
O4eHb MOXOXe Ha CUCTEMY KOHTPONSA BepCui. Ecam 4To-To
MO0 HE TaK, TO MUTPaLL MOXHO OTKATUTb.

82



CRUD

OT aH. create, read,
update, delete —
«CO3/aTh, MPOYECTh,
Ob6HOBUTB, yAa/INTb>

83



Create

INSERT INTO notes
(id, name, text)

VALUES
(1, 'Books',

'Books to read');

84



Read

SELECT 1id, name AS title, text FROM notes;

tom— o +
| id | title | text |
tom— o +
| 1 | Books | Books to read |
tom— o +

85



PR
| did
PR
| 1
PR

—————————— +
owner_id |
—————————— +
NULL |
—————————— +

86



Auto increment

SELECT * FROM notes_id_seq;

pomm +
| last_value | | is_called |
pomm - pomm +
| 1 | | f |
pomm - pomm +
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Auto increment

SELECT * FROM notes_id_seq;

pomm +
| last_value | | is_called |
pomm - pomm +
| 1 | | f |
pomm - pomm +

88



Auto increment

INSERT INTO notes (name, text)
VALUES ('Films', 'Films to watch');

ERROR: duplicate key value violates
unique constraint "notes_pkey"
DETAIL: Key (id)=(1) already exists.

89



Auto increment

SELECT * FROM notes_id_seq;

pomm +
| last_value | | is_called |
pomm - pomm +
| 1 | | t |
pomm - pomm +

90



Auto increment

INSERT INTO notes (name, text)
VALUES ('Films', 'Films to watch');

SELECT * FROM notes;

o ————— Fom o — +
| id | name | text | owner_id |
o ————— Fom o — +
| 1 | Books | Books to read | NULL |
| 2 | Films | Films to watch | NULL |
o ————— Fom o — +

91



Auto increment

SELECT * FROM notes_id_seq;

pomm +
| last_value | | is_called |
pomm - pomm +
| 2 | | t |
pomm - pomm +

92



Read. Where

SELECT id, name, text FROM notes

WHERE name = 'Films';

tom— o +
| id | name | text |
tom— o +
| 2 | Films | Films to watch |
tom— o +

93



Read. Where + AS

SELECT id, name AS title, text FROM notes
WHERE title = 'Films';

ERROR: column "title" does not exist
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Read. Sort, offset, limit

SELECT name FROM notes; SELECT name FROM notes
ORDER BY name DESC

o—— + OFFSET 2

| name | LIMIT 2;

pomm +

| Books | to————— - +

| Films | | name |

| Music | tommm o +

| Rules | | Markdown |

| Markdown | | Films |

pomm + pomm +

95



Read. Count

SELECT count(x) FROM notes;

R +
| count |
R +
|5 |
R +
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Read. Group by

SELECT name, owner_-id SELECT owner_id, count(*)
FROM notes; FROM notes

GROUP BY owner_id;
pomm pomm +
| name | owner_id | oo to—— - +
to————— - to————— - + | owner_id | count |
| Books | 3 | tommm - to—m - +
| Films | 1 | | 1 | 2 |
| Music | 2 | | 2 | 1 |
| Rules | NULL | | 3 | 1 |
| Markdown | 1 | | NULL | 1 |
pomm pomm + pomm e +
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oo
| name
oo
| Books
| Films
| Music
| Rules
| Markdown
oo

+ —_——— — — + — +

[log3anpocsl

__________ + b
owner_id | | did
__________ + b

3 | | 1
1 | | 2
2 | | 3
NULL | | 4
4 | t-————-
—————————— +

+ —_——— — + — 4+
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[log3anpocsl

SELECT n.name

FROM notes n

WHERE owner_id IN (
SELECT -d
FROM users u

WHERE u.name LIKE 'A%'
)5

pomm +
| name |
pomm +
| Films |
| Markdown |
pomm +

99



Read

CREATE TABLE example_arrays
(numbers 1integer[]);

INSERT INTO example_arrays

(numbers)

VALUES ('{1,2,3}"),
('{4,5,6}"');

. MaccwBbl

SELECT numbers
FROM example_arrays;

pomm +
| numbers |
pomm +
| {1,2,3} |
| {4,5,6} |
pomm +

100



Read. MaccuBbl

SELECT numbers[2] SELECT numbers[1:2]
FROM example_arrays; FROM example_arrays;
- + - +
| numbers | | numbers |
- + - +
| 2 | | {1, 21} |
| 5 | | {4,5%} |
- + - +

101



Read. JSON

REATE TABLE example_json SELECT info FROM example_json;
info JSON);

o
NSERT INTO example_json | info
info) Fomm
ALUES | {"bar":"baz","number":7}
"{"bar":"baz","number":7}"), | {"bar":"foo","some":{"val":13}

"{"bar":"foo","some":{"val":13}}"'); +-—————————————————————————————



Read. JSON

SELECT dinfo->>'bar' AS bar SELECT info->'some' AS some
FROM example_json; FROM example_json

I + WHERE 1info->>'bar' = 'foo';
| bar | o +

o + | some |

| baz | o +

| foo | | {"value":13} |

+————— + e +

Functions and Operators
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https://www.postgresql.org/docs/10/functions-json.html

Update

UPDATE notes
SET text = "My favorite books to read', owner_id = 4
WHERE id = 1;

104



Delete

DELETE FROM notes
WHERE id = 1;

105



TpaH3axkumm

BEGIN;

account - 10000

UPDATE users SET account
WHERE +id = 3;

account + 10000

UPDATE users SET account
WHERE 1id = 4;

{ COMMIT | ROLLBACK };

106



PacwmnpeHna gna PG

o [MTonHoTekcToBbIM Nowck (Full-Text Search,
FTS)

e PostGIS (geographic objects)

® BbICTPbIV MOWCK MO 3N1eMEHTaM MacCMBa

107



Ha no4YmTaThb:

NewSQL: SQL HrKyoa He yxoanT
Kak gymats Ha SQL?
HopMmanbHble QOpMbl

[okymeHTauna PostgreSQL
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https://habr.com/ru/company/oleg-bunin/blog/413557/
https://habrahabr.ru/post/305926/
https://habr.com/ru/post/254773
https://www.postgresql.org/docs/manuals/

