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YTto OypeT Ha goknage

o ANroputMmsbl paboTbl B-Tree nHgekcos
e [lpyMeHeHne NHOEKCOB B 3aMpocax
e [IpMEeHeHne MHOIroKOJSI0OHOYHbIX MHOEKCOB



3ayeM Xe HY)KHbl UHAEeKCbl?



NHpaeKebl HY)KHbI oNng



NHpaeKebl HY)KHbI oNng
ObICTPOU BbIOOPKMU



BapuaHTbl UICNOJ/Ib30BaHUA UHOEKCOB

e Mlouck no kaody: where 1d = ?

e MOUCK MO cocTaBHOMY kntouy: where order_id = ?
and line_id = ?

e MOUCK NO gmManas3oHy: where created_when > ?

e Mounck no amnanasoHy: where created_when beetween
? and ?

e top N: order by created_when

e 0bpaboTka foreign Kkeys



[MpyMmepbl

https://use-the-index-luke.com/



https://use-the-index-luke.com/

[To-xopoLiemMy, HY>)KHO NMOHSATD Lefb:

o onTuMun3anpyem yteHne (DML cTpapaert)
o onTuMunanpyem moamnodukaumio (SELECT cTtpapaeT)
e ONTUMU3NPYEM BCE BMECTE (3acyynTe pykaBa)



Kakou nomkeH 6biTb UHAEKC?

e [IpocTo MHOekc. Kakme Bonpochl?
e Bcerga ontmmMaribHbIU



Kputepumn ontTuMasibHOCTWU

e JPpdeKkTnBHaAg paboTa Ha OONbLUMX OAHHbIX
e JPpdeKkTnBHaAg paboTa Ha MafieHbKUX OaHHbIX
e IPDEKTUBHBIM MHOIOMOJSIb30BATENIBCKUN O0CTYIN



NHOeKC MOXKEeT He
NMOMEeCTUTbCSA

BO3Y




CHa4vana 6bi51a cTpaHvua






from generate_series(1l, 1000000) as g(x);

vacuum analyze users;

select 1d, name
from users
where id = 1;

id name
| 1 | testl |



OTKyaa B3an10Cb hame B pe3ynbTraTtax?

explain analyze
select id, name
from users
where id = 1;

Index Scan using users_pkey on users (cost=0.42..8.44 rows=1 width=18)
(actual time=0.033..0.035 rows=1 loops=1)
Index Cond: (id = 1)
Planning Time: 0.108 ms
Execution Time: 0.061 ms

id name
| 1| testl |



N NHpekc




IHOeKkc oTcopTUpoBaH

Ha Ka>XgoM ypOBHE CTpaHULbl CBSA3aHbl B
CMUCOK

JlncTbga ceblnatoTca Ha Tabnuuy

B PostgreSQL Tabnuua He copTnpoBaHa



CKO/bKO ANIUTCH YTEeHUEe U3 NamMaTn?






Ka)xabiv nporpaMmmMucT
OO0J/DKEeH 3HaTb
3TN UMCNa

https://gist.github.com/hellerbarde/2843375



https://gist.github.com/hellerbarde/2843375

Main memory referenCe ........eeeeeeeeeenenn. 100 ns

SSD random read ......c.ciiiiiiiiiiiieenn 150,000 ns = 150 us
Read 1 MB sequentially from SSD ...... 1,000,000 ns = 1 ms
Disk SEeK .ttt it ii it 10,000,000 ns = 10 ms
Read 1 MB sequentially from disk .... 20,000,000 ns = 20 ms



» [lMCK HAMHOIro MegJj1IeHHee NaMsATH
» CKOpPOCTb BbIBOPKM onpenensaeTc
KOJINYECTBOM
CJZTy4anHbIX YTEHUU



explain
(analyze, costs off, buffers)
select id, name
from users
where name = 'testl';

Seq Scan on users (actual time=0.016..63.787 rows=1 loops=1)
Filter: ((name) ::text = 'testl'::text)
Rows Removed by Filter: 999999
Buffers: shared hit=6369

Execution Time: 60.402 ms

Index Scan using name__users on users (actual time=0.047..0.048 rows=1 loops=1)
Index Cond: ((name) ::text = 'testl'::text)
Buffers: shared hit=1 read=3

Execution Time: 0.065 ms



» TUNWNYHbIN pa3Mep CTPpaHULbl: 8 KWNOBanT
» Ha cTpaHuuy nomMewaercd ~100 3anucen
» BbicOTa nHOEeKca aTo

4.5=L0g190(1'000'000'000)



[louck no gnanasoHy



explain (analyze, costs off, buffers)
select id, name
from users
where id = 5 and id < 8;

Index Scan using users_pkey on users (actual time=0.036..0.041 rows=2 loops=1)
Index Cond: ((id = 5) AND (id < 8))
Buffers: shared hit=4

Execution Time: 0.080 ms



NHOoekc

10

Tabnuua
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e ba3a MOXXeT ckaHUpOoBaTb AuMana3oHbl
NoO BO3pacTaHUO U yObIBaHUIO
e "JaxoamMmM" B UHOEKC NULWb OAWH pas3,
ganee crieayem rno Crimcky
e 3a JaHHbIMU NO-MPEXHEMY XoOAUM B Tabnuuy



MHAEKC He XpaHUT MHPopmMaLmio 0 BUAUMOCTU CTPOK

explain (analyze, costs off, buffers)
select id
from users
where id = 5 and id < 8;

Index Only Scan using users_pkey on users (actual time=0.015..0.018 rows=4 loops=1)
Index Cond: ((id = 5) AND (id < 8))
Heap Fetches: 4
Buffers: shared hit=4

Execution Time: 0.044 ms



KpyTum gepeBo






lobaBnsaem 7



lobaBnsaem 7



C kopHa HE HaunHaem



lobaBnsaem 7



CHavana uwem Kyaa nonapaert 7



J1lo6aBnsgemM nycTylo cCTpaHuLy



[lepeHOCUM gaHHbIE



CBda3biBaeM C MHOEKCOM



[1o6aBnsiemMm 3anucb B poaAUTESIbCKYIO
cTpaHuLy






Ha npakTuke B ctpaHuue 100+
3anvuceu



Ha 1 MJTH CTPOK HY)XHO BCcero 3
VPOBHS



UUID vs bigint



create table users (
id bigint primary Key,
name varchar(200)

);
AVAS)

create table users (
1id vuid primary key,
name varchar(200)

);



» bigint — 8 baunT

» uuid — 16 6aunt

» 3HAYUT MHOEKC MO uuid byaeT xy>XXe, Kak Xxe
ewe?

» PacCcMOTpPMM MaCCOBYIO BCTaBKY



insert into users(id_bigint, name)
select nextval('serial'), 'test' || g.x
from generate_series(1, 1000) as g(x);

insert into users(id_uuid, name)
select gen_random_uvuid(), 'test' || g.x
from generate_series(1, 1000) as g(x);



o | 4 | 0 [ 10
1 2 3 D 4 5 6 € > 7 8 9 I/IH,D,eKC




e CnyyaunHble UUID byaoyT nonapatb B
c/ly4arHble MecTa MHaeKkca

e OTO BbI30OBET H60/bLLE YTEHUN C OUCKA

e A 3acueéerT full_page_writes bygeT ropasgo
bosnblue
3anmMcen Ha OuckK

https://www.Z2ndguadrant.com/en/blog/on-
the-impact-of-full-page-writes/


https://www.2ndquadrant.com/en/blog/on-the-impact-of-full-page-writes/

Y10 nenartb ¢c UUID'amn?

e |/lcnonb3oBaTb time-based UUID v/
e 3anacatbca SSD



YnaneHue oaHHbIX






YpaneHve s nHaekca

e VIHOeKc He XpaHUT MHOPMaLINIO
O BUOMMOCTU CTPOK

e [loaTOMY yOaneHue He TpebyeT
ODOHOBMNEHUA MHOEKCa

e Ho B MHOEKCE KONMUTCH MyCcop

(bloat)
e Ero cobupaert (auto-)vacuum



YpnaneHue B PostgreSQL
14+

e BbinonHAeTCcd B MOMEHT pa3aeneHuns
610KOB

o "Bottom-up" deletion

https://www.percona.com/blog/postgresqgl-

14-b-tree-index-reduced-bloat-with-
bottom-up-deletion/


https://www.percona.com/blog/postgresql-14-b-tree-index-reduced-bloat-with-bottom-up-deletion/

Foreign keys



create table users (
id bigint primary Kkey,
user_name varchar(200),
project_id bigint,
constraint project_id__users_fk
foreign key (project_id)
references projects(id)

);

create index project_id__users_ix on users(project_id);

create table projects (
id bigint primary Kkey,
project_name varchar(200),

);



Foreign keys

e [1o ymMonyaHuio, uHaekc Ha foreign key He co3paértcs

e be3 nHaekca yganeHue no FK byget 6noknpoBaTb
Tabnuuy



create table users (
id bigint primary key,
project_id bigint,

constraint project_id__users_fk ...

);

id | project_id
1 | l
2 | 2
3 2
4 | 2



-00 | 2:4 « > -0 | 2,
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Tabnuua




[TycTb BCce paboTaloT
Hag pa3HbIMU NMPOEeKTaMm




1d D1g1intT primary Key,
project_id bigint
);

create UNIQUE index id_project_id__users_ix
on users(project_id)
nulls not distinct

1d project_id

1 1
2 null




O6HoBNEeHue
MHAEKCUPOBaAHHON
KOJIOHKM

e [l0OaBndeTcq HoBad 3annchb B
MHOEKC

e CTapas oCTaétcsd MEPTBbIM
rpy3om (bloat)

e HoBble Bepcumn 0obaBNgaoTCH BO
BCEX MHOEKCaX, Aaxe Tex,
KOTOpble fIornyeckun He
obHOBNANNCH



O6HoBNEeHue
HEnHpekcupoBaHHON
KOJIOHKM

e Ecnin obHOBNFEM
HEMHOEKCUPOBAHHYIO KOJTOHKY,
N CTPOKAa OCTAEeTCH Ha MECTE

e Ecnu cTpoka He nomMmeLlaeTcs,
nobasngeTcd HoBas 3anuchb B
MHOEKC

e CTapas oCTaétcsd MEPTBbIM
rpy3om (bloat)



[oabl nayT, backend pacTter



MHOIroKo/1I0OHOUYHbIEe UHAEKCbI



-- 91% ACTIVE
2% INACTIVE
7% PENDING

);

select

from
where
and

create
create
create
create
create

id
users

state
name

index
index
index
index
index

= 'PENDING'

.
7

name_state__users
state_name__users
state_name__users
state_name__users
state_name__users

on
on
on
on
on

users(name, state);

users(state, name);

users(state, name) where state = 'ACTIVE';
users(state, name) where state is not null;
users(name) include(state);



create index ... on users(state, name);

select state, name, ctid
from users
order by state, name;



(state, name)

ACTIVE testO

ACTIVE test1

ACTIVE test8

ACTIVE test9

PENDING test2

PENDING test4

PENDING testb

PENDING test/




(state, name)

(name, state)

ACTIVE testO

ACTIVE test1

ACTIVE test8

ACTIVE test9

testO ACTIVE

test! ACTIVE

test2 PENDING

test4 PENDING

PENDING test2

PENDING test4

testb PENDING

PENDING testd5

test/ PENDING

PENDING test/

test8 ACTIVE

test9 ACTIVE




select min(state) min_state2
from users
where state > min_statel

select min(state) min_stated
from users
where state > min_state?2

with recursive t as (
select min(state) state from users
union all
select (select min(state) from users where state>t.state)
from t

where t.state is not null

)

select * from t



N3 nHpekca no (state, name) MoXXHoO
BblOMpaTb YHUKAJIbHbIEe 3HAYEeHUS
state

https://wiki.postgresgl.org/wiki/Loose indexscan



https://wiki.postgresql.org/wiki/Loose_indexscan




NHOoekc

Tabnuua




create index name__users_ix on users(name)
where state == 'ACTIVE';



MiweMmM no aManasoHam



-ocLcLL 1U, pI il

from socks

where id = $sock_id

and date_from

= 2003

and 2003 < date_to
order by date_from

limit 1

create i1ndex from_to__ socks

on socks(id, date_from);

1d date_from
2000
1 2002

=

date_to
2002
2004

price
100
110



3anucb UCTOPUU, ayamnTa



41U uUvuUlU,

event_time timestamp with time zone,
client_id bigint,

message jsonb

)

create index client_id__events
on events(
extract(hour from event_time),

client_id

);

select =
from events
where client_id = $id
and extract(hour from event_time) in (0, 1, 2, ..., 23)



BbiBOabI

o [lpy>XuTe ¢ BalUlMMU MHOEKCaMI
e YynTbiBauUTe Leb oNTUMU3aUnUn
e /lHOroa MerLwmnxcs MHOEKCOB AOCTAaTOYHO
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