ApanTtuBHada onTtuMusaLlmsa 3anpocoB

Oner ViBaHOB
Postgres Professional

O

@ HighLoad++ [

[NpodheccrnoHanbHaa KOHhepeHuUns
PAa3pPabOTUMKOB BbICOKOHAIPYXKEHHbIX
CUCTEM




Yto Takoe onTMMmn3aums 3anpocoB?

Kak coBpeMeHHble pensuymoHHbie CYB [ onTMMM3npytoT 3anpochl?

Yto Takoe aganTMBHas oNTMMM3aLmMs 3anNpocoB?

MaLllinHHoe obyvyeHue, Metoa 61MXKauLLnX coceaeun.

Kak ncnonb3oBartb MalMHHOE 0b6y4YeHue Ansg aganTMBHOM ONTUMMU3ALMM 3aMPOCOB?

HacKkonbKo 3710 yayyllaeT nponssogutenbHoctb CYB/?

Do hLoad]



UTO Takoe onTnmMmmnsaunsa 3anpocoB?

SELECT *~
FROM users AS ul, messages AS m, users AS uZ2

WHERE ul.id = m.sender_id AND m.receiliver_id = u2.1d;

| NestedLoopJoin \
e ;\
MergeJoin
A 4 / N ,/\
SeqgScan IndexScan IndexScan
Y \ \
users ul messages m users u2

Do hLoad]



SELECT *

FROM users AS ul, messages AS m, users AS uZ2
WHERE ul.id = m.sender_id AND m.receiliver_id = u2.1d;

| NestedLoopJoin |
) /
| NestedLoopJoin
/ N /\ N )
IndexScan SeqgScan IndexScan
Y \ \
users ul messages m users u2

Do hLoad]



SELECT *

FROM users AS ul, messages AS m, users AS uZ2
WHERE ul.id = m.sender_id AND m.receiliver_id = u2.1d;

HashJoin
b
| HashJoin
/\ /\ a
SegScan SeqScan SeqScan
Y Y \
users ul messages m users u2

Do hLoad]



EXPLAIN SELECT *
FROM users AS ul, messages AS m, users AS u2
WHERE ul.id = m.sender_id AND m.receiver_id = u2.1d;
QUERY PLAN
Hash Join (cost=540.00..439429.44 rows=10003825 width=27)
Hash Cond: (m.receiver_id = u2.1d)
-> Hash Join (cost=270.00..301606.84 rows=10003825 width=23)
Hash Cond: (m.sender_id = ul.id)
-> Se(q Scan on messages m (cost=0.00..163784.25 rows=10003825 width=19)
-> Hash (cost=145.00..145.00 rows=10000 width=4)
-> Seq Scan on users ul (cost=0.00..145.00 rows=10000 width=4)
-> Hash (cost=145.00..145.00 rows=10000 width=4)
-> Se(q Scan on users u2 (cost=0.00..145.00 rows=10000 width=4)
(9 rows)

Do hLoad]



CTOMMOCTb BbINO/THEHNA
n1aHa

EXPLAIN SELECT *
FROM users AS ul, messages AS m, users AS u2
WHERE ul.id = m.sender_id AND m.receiver_id = u2.1d;

’/QJJE-R¥ PLAN

Hash Join (cost=540.00..439429.44 rows=10003825 width=27)
Hash Cond: (m.receiver_id = u2.1id)
-> Hash Join (cost=270.00..301606.84 rows=10003825 width=23)
Hash Cond: (m.sender_id = ul.id)

-> Se(q Scan on messages m (cost=0.00..163784.25 rows=10003825 width=19)

-> Hash (cost=145.00..145.00 rows=10000 width=4)

-> Seq Scan on users ul (cost=0.00..145.00 rows=10000 width=4)

-> Hash (cost=145.00..145.00 rows=10000 width=4)

-> Se(q Scan on users u2 (cost=0.00..145.00 rows=10000 width=4)

(9 rows) 4_”/)(
. /A

CTOMMOCTb BbINO/THEHUA MoLHocTb (cardinality)
BEPLUMHbI NaHa BEPLUMHbI NaHa

Do hLoad]



CTOMMOCTHas onTuMmnsauma 3arnpocos
System R (1974)

Cpeaun Bcex MnaHoB BbINO/HEHUS 3anpoca
BblOMPaEM n/iaH ¢ HaMMeHbLLEN CTOMMOCTbIO

Do hLoad]



PostgreSQL

Cost=n.c.+n.c,+n,c,+n.c.+n,c,

C, seq_page_cost 1.0
C, random_page_cost 4.0
C, cpu_Tuple cost 0.01
C, cpu_Index_tuple_cost 0.005
S cpu_Operator_cost 0.0025

M- hLoad]



SELECT * FROM users

WHERE age < 25;

- Cost=n c.+n_ -c,

SegScan Data n,= Npages
? no — Ntuples
@
IndexScan

Do hLoad]



SELECT * FROM users

WHERE age < 25;

Cost=n.c.+n_-c,

SeqgScan Data - Npages
? no - Ntuples
. —
Index Cost=n.-c,
IndexScan P e — n.=Cardinality
Data

@ HighLoad]



SELECT * FROM users

WHERE age < 25;

14000
12000
10000
8000
6000
4000
2000 I II
0 N
15-19 25 -29 35-39 45 - 49 55 - 59 65 - 69 75-79 85 - 89 95 - 99
10 - 14 20 - 2 30-34 40 - 44 50 - 54 60 - 64 70 - 74 80 - 84 90 - 94 100 or more
Age

Cardinality

Do hLoad]



SELECT *~
FROM users AS ul, messages AS m, users AS uZ2

WHERE ul.id = m.sender_id AND m.receiver_id = u2.1d;

HashJoin
) / S
HashJoin
SeqScan SeqScan SeqScan
€ 4 A 4 A 4
users ul messages m users u2

Do hLoad]



SELECT *~
FROM users AS ul, messages AS m, users AS uZ2

WHERE ul.id = m.sender_id AND m.receiver_id = u2.1d;

10000000
HashJoin
10000000 A
HashJoin
)
10000« 10000000 | |
SeqScan SeqScan SeqScan
€ 4 \ 4 \ 4
users ul messages m users u2

Do hLoad]



SELECT *

FROM users AS ul, messages AS m, users AS uZ2
WHERE ul.id = m.sender_id AND m.receiver_id = u2.1d;

10000000
HashJoin
439429
100000002
HashJoin
301607
10000« 10000000 | \
SeqScan SeqScan SeqScan
q 145 N 163784 45

users ul messages m users u2
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MeTtoa onTtumusauuu
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Cost = 304528
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MeTtoa onTtumusauuu
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[InHammnyeckoe nporpaMmmmnpoBaHmne

Mo NogMHoOXecCTBam

e System R
* BpemeHHasa cnoXHocTh: 3"

* O6beM noTpebnsaemon namaTn: 2"
e Bcerna HaxoauT cambi AeLLEBLIV M1aH

Do hLoad]



[eHeTnYeCKun asiropuTm

* PostgreSQL

e OOLWKMI, TMOKO HacTpanBaemMbli METO/,

* MOXeT 6bITb OCTAHOBJIEH HA /1OOOU UTEpPaLUn
e HeT rapaHTunn

Do hLoad]
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MeTtoa onTtumusauuu

nn

Cost = 439429

=

Cost = 304528

OueHka
CTOMMOCTHU
naaHa

/
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YcnoBuda 3anpoca

i

NHdopmauuma
O AAaHHbIX

i

CocTtosaHune CYb/A,
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Actual cardinality
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YcnoBuda 3anpoca

4A

How good are query optimizers, really?
V. Leis, A. Gubichev, A. Mirchev et al.

NHdopmauuma
O AAaHHbIX

>

CocTtosaHune CYb/A,
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SELECT * FROM users

WHERE age < 25;

14000
12000
Bbi60poYHOCMb

10000

8000
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4000

2000 I

0 N .
15-19 25-29 35-39 45 - 49 55459 65 - 69 75-79 85 -89 95-99
10- 14 20 - 2 30-34 40 - 44 50-54 60 - 64 70-74 80-84 90-9 100 or more
Age

Selectivity ~0.3
Cardinality=N_ .. -Selectivity

tuples

Do hLoad]



SELECT * FROM users

WHERE age < 25 AND city = 'Moscow'’;

N3BECTHbI TO/IbKO BbIOOPOUYHOCTN OTAENbHbIX YC/TOBUIA

Selectivity ,,,= 3

Selectivity ., = ;—

Selectivity ., ., =7

Do hLoad]



1/7 <




SELECT * FROM users

WHERE age < 25 AND city = 'Moscow'’;

N3BECTHbI TO/IbKO BbIOOPOUYHOCTN OTAENbHbIX YC/TOBUIA

YcnoBusa nonaratotca HesaBUCUMbIMU

Selectivity .., ., =Selectivity . .- Selectivity ,,

3a UCKTIoYEHUEM Selectivity ). ,ie ANDage<s7 = SleCtiVItY ys o <57

Do hLoad]



> 1/3
1/7 <
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> 1/3

1/7 <




SELECT * FROM users
WHERE age < 12 AND married = true;

age <12 married = true

Do hLoad]



SELECT * FROM users

WHERE age < 12 AND married = false;

\married = fa@




SELECT * FROM users

WHERE age > 25 AND married = true AND position = 'CTO',

/ 4 -~

married = true
4 I

U o
\ po§ion ='CTO Y




MHOromepHble rmcTorpaMmmb|

40 ~
s
7 <
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0 -
5000 =
4000 | — 40
3000 30
. 2000 o 20
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Y10 Takoe a,u,anTMBHaﬂ onTUMm3aumnsa’?

&, = ,ﬂg >"2‘;':$* = -

SQL 3anpoc

OﬁpaT CBA3b Pe3ynbrar

CTaTVIl—IeCKaD/I Hcloopl\/lau,m

-

\ [McTorpamMmmsl Moaenu CTOVIMOCTVI/




YTto TaKoe apantmMBHas ontumMusaums?

3, = % > ﬂb;;‘;’:,;;

SQL 3anpoc

Crtatnuecka

CKOpPeKTUpOBaHHas

O6paT CBSA3b

HdoopMaums

-

\ [uctorpammbl

—>

Mogenu cToMMocT  CTaTucTuka BblnonHeHW

Pe3ynerar




MaLllunHHoe obyyeHune
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MaLllunHHoe obyyeHune
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MaLllunHHoe obyyeHune




OObeKThI

/‘
[Mpn3Hak 1

MpusHakn < [prsHak 2

—
[Tpn3HakK 3 a
-
N—

—

CKpbITble 3HauYeHus

Ry

——

O6yuatollias Bbibopka TecTtoBas BbIOOpKa

@ HighLoad "
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MeTtoa k 6numkaniumx coceaen




MeTtoa k 6numkaniumx coceaen

25 32 28

50 80 ?




[pagneHTHbIN MeToa K onmxaniinx cocenen
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Kak npMMeHnTb MalLlIMHHOE 0by4YeHue
N5 afanTMBHOM OoNTUMM3aLLMKM 3aMpoCcoB?

Do hLoad]



OOBbEKT — BeplunHa 1 eé noaaepeso

ul.id = messages.sender id \

~

u2.id = messages\receiver _id

led = true

< 25

=/
HL HighLoad]




f'ncrorpammbl

users.id = messages.receiver_id
AND

users.married = true

AND

users.age < 25

Cnucok orpaHnyeHun

7

~~
S

e

~299090%8 [N

PostgreSQL

R Lk&;\l )

byaeT BblgaHO
105 kopTexen!

Do hLoad]



BbIOGOPOUHOCTU YyCNOBUMA

- 0.0001
« 0.73

« 0.23

users.id = messages.receiver_id

AND
users.married = const

AND
users.age < const

MamMHHoe o6yl-|eHv|e

R Lk&;\l )

byaeT BblgaHO
1017 kopTexen!

Do hLoad]



[TocTaHOBKa 3a4a4yn MallMHHOIo 0by4yeHuns

OOBbEKT — BepLUMHAa nnaHa

users.id = messages.receiver id 0.0001
MpusHakn << users.married = const 0.73
__ users.age < const 0.23
CkpoiToe MOLLUHOCTb BEPLUWHbI ?
3HadyeHue

Do hLoad]



[1apcuHr 3anpoca

MallunHHOe 0by4eHune

OnTuMmnsauma sanpoca

>

BbinonHeHne 3anpoca

CTaTnctuka BblNo/IHEHNSA 3anpoca

[MpeackasaHne MOLLHOCTH

T

(4

Ob6yueHune

T

[aHHble MallHHOro O6yHeHI/IFI

/
Do hLoad]



e Conpetrcs nn?

e Kak 6bICTPO conaeTcs?

« Kyna conaercsa?




e Conpetrcs nn?
la, 3a KOHe4YHoe 4yucao waros

e Kak 6bICTPO conaeTcs?

« Kyna conaercsa?




e Conpetrcs nn?
la, 3a KOHe4YHoe 4yucao waros

e Kak 6bICTPO conaeTcs?
Hen3BecTHO (Ha nNpakTukKe 3a HeCKOJIbKO LlaroBs)

« Kyna conaercsa?




e Conpetrcs nn?
la, 3a KOHe4YHoe 4yucao waros

e Kak 6bICTPO conaeTcs?
Hen3BecTHO (Ha nNpakTukKe 3a HeCKOJIbKO LlaroBs)

« Kyna conaercsa?
|El,]'lﬂ BbINMOJ/TIHEHHbIX MJ/1IAHOB NPeACKa3aHNA BEPHbI

HL HighLoad]



e Conpetrcs nn?
la, 3a KOHe4YHoe 4yucao waros

e Kak 6bICTPO conaeTcs?
Hen3BecTHO (Ha nNpakTukKe 3a HeCKOJIbKO LlaroBs)

« Kyna conaercsa?
|El,]'lﬂ BbINMOJ/TIHEHHbIX MJ/1IAHOB NPeACKa3aHNA BEPHbI
C nageanbHOW MOAENIbIO CTOMMOCTHU
BPEMA BbINOJ/THEHUA 3allpOCa
rapaHTUPOBaHHO He yBenmMymnBaeTCcs

HL I—thLoad]



[ 1paKTnyeckme pesysbrarhl
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OwnbkKa npeackasaHuns

Yucno 3anpocos

8000

CTaHaapTHas MoAeNb

JInHeliHan perpeccus

HelipoceTb

MeTop bamxaimnx cocegei
[paAVeHTHBbIIA BYCTUHT

HL HighLoad]



OwnbkKa npeackasaHuns

— CTaHaapTHaa Mojenb

{ — MeTog bamkaimx cocegeid ¢ orpaHNYeHnem

— TpapueHTHbIN MeToA banxaiiunx coceaeil
1 — MeTog bamxaiiwmx cocegei

0 1000 2000 3000 4000 5000 6000 7000 8000
Yucno 3anpocos

HL HighLoad]



OwnbkKa npeackasaHuns

T T T T T T T T
|
\

20

,_____ﬁ__mh
e 5
- ————— — HewnpoceTb
i i — [paAueHTHbI MeTog bamxalluux cocegei
T — MerToa bamxaiwmx coceaei
[pagVeHTHbIA BYCTUHT
% 1000 2000 3000 4000 5000 6000 7000 8000

Yucno 3anpocos

HL HighLoad]



[ 1DMPOCT NPON3BOANTE/NTBHOCTU
OpurnHanbHbIN - ApanTBHbIN -

TPC-H slow

@ HighLoad]



[ 1DMPOCT NPON3BOANTE/NTBHOCTU
OpurnHanbHbIN - ApanTBHbIN -

TPC-H fast
0 5000 10000 15000 20000

@ HighLoad]



[ 1DMPOCT NPON3BOANTE/NTBHOCTU

OpurnHanbHbIN - ApanTBHbIN -
TP-DS very fost [ +12%

TPC-DS fast
TPC-DS normal
TPC-DS slow

TPC-DS very slow
O 2 4 6 8 10 12 14 16 18

@ HighLoad]



[ 1DMPOCT NPON3BOANTE/NTBHOCTU

OpurnHanbHbIN - ApanTBHbIN -
TPC-DS very fast [

TpC-DS fast [ +24%

TPC-DS normal
TPC-DS slow

TPC-DS very slow
O 20 40 60 80 100 120 140

@ HighLoad]



[ 1DMPOCT NPON3BOANTE/NTBHOCTU
OpurnHanbHbIN - ApanTBHbIN -

TPC-DS very fast |§

1pC-0S norma! [ 1%

TPC-DS slow

TPC-DS very slow
0 50 100 150 200 250 300

@ HighLoad]



[ 1DMPOCT NPON3BOANTE/NTBHOCTU
OpurnHanbHbIN - ApanTBHbIN -

TPC-DS very fast|

TPC-DS fast [|§f

TPC-DS normal'
TPC-DS slow [N — +285%

TPC-DS very slow

200 600 1000 1400 1800
0 400 800 1200 1600

@ HighLoad]



[ 1DMPOCT NPON3BOANTE/NTBHOCTU
OpurnHanbHbIN - ApanTBHbIN -

TPC-DS very fast

TPC-DS fast
TPC-DS normall

TPC-DS slow

1pC-DS very slow [ —— r115%

0 5000 10000 15000 20000

@ HighLoad]



MakcrmasibHoe yCKOopeHue

100

TPC-DS very fast TPC-DS fast TPC-DS normal TPC-DS slow TPC-DS very slow

Do hLoad]



HaknagHble pacxoabl

JKCNepnMeHTas/IbHbIE

3ameaneHne A1 reHeTMYecKoro asiropuTma; He 6onee 2 cekyHna

[Ona anHammyeckoro nporpaMmmupoBaHns: He 6onee 30 MUNNUCEKYHA

Do hLoad]



ObnacTtb NPUMEHNMOCTU

CNoXHble aHanuUTu4yeckmne 3anpochl
C NMOBTOPSAKOLLENCA CTPYKTYPOW.

Do hLoad]



Execution time, s

1.4

[InHammnkKa obyyeHuns
TPC-DS 18




Execution time, s

10% ¢

[InHammnkKa obyvyeHuns
TPC-DS 69

HL HighLoad]



Execution time, s

[InHammnkKa obyvyeHuns
TPC-DS 26




UTto panbLie?




Tekywinii kog ans PostgreSQL:
https://github.com/tigvarts/aqo

KOHTaKThI:
e 0.lvanov(@postgrespro.ru
e +7(916) 377-55-63

Bonpocbi?

HL I—thLoad]


mailto:o.ivanov@postgrespro.ru
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