RaK TeCTUpPOBaHME NMOKa3biBae
cnabble ctopoHbl CYB/

Yysawos U.H.




YyBalloB VBaH

SQL pa3paboTtymK — 16 net

Apxutektop 6a3 aaHHbIXx — 10 net

DBA PostgreSQL — 8 nert

Ceptudukat «AamunHuctpatop PostgreSQL. IkcnepT»
(DBA1-10, DBA2-10, DBA3-10, QPT-10).

Ha AaHHbIM MOMeEHT paboTato B KomnaHum SoftSwiss
[MpenogaBaTtenb KypcoB «OcHoBbl GreenPlum»,
«OnTnummnsauma SQL 3anpocos» n «PesepBHoe
KONMPOBaHWeE, BbICOKAA AOCTYMHOCTb U TPAO/ILWYTUHT B
PostgreSQL»




Lenb

A3 cBOEro M4YHOro onbITa, PACCKa3dTb KAK B base AdHHbIX ULLYT
c/labble mecTa npon3BoaUTENIbHOCTU N KAKUMUN MHCTPYMEHTAMMU

MOXHO A/14 3TOIro NCnoJib3o0BaTb



TpexypoBHeBaH
apPXUTEKTYypa

Cnou KnneHTa

Cambi¥ BEPXHUIN YPOBEHb NPUOXKEHUA C
NHTEpPencom Nonb3oBaTeNA

- nonyuntsb
obwme yndpoi

npoaax

nony4ynTo

obwme yudpol
npogax

Bcero 4 npogaxv

1

Cnout noruku

3TOT C/I0M KOOPAMHUPYET NPOrpammy,
obpabaTbiBaeT KOMaHAbl, BbINO/IHAET
IOTUYECKUE PeLleHUs N BblYUCAEHUA,
BbIMO/IHAET PaCyeThl.

!

Cnou paHHbIX

34ecCb XpaHUTCA MHPOPMaLMA U
n3BaeKaetcsa u3 6a3bl AaHHbIX U
dannoBOM cuCTEMBI.

MNonyuntb Ob6begnHUTD
®
CMUCOK NPOJAXK BCE NPOAAXKMK
3a NPOLWbIN rog, e BMecCTe
1.Mpogaxa
2.Mpoparka
3anpoc > 3.MpogaxKa
4.Mpopaxe

ba3a AaHHbIX



TpexypoBHeBaH
apPXUTEKTYypa

Cnou KnneHTa

Cambi¥ BEPXHUIN YPOBEHb NPUOXKEHUA C
NHTEpPENCcom NOb30BaTENA.

- nonyuntsb
obwme yndpoi

npoaax

nony4ynTo

obwme yudpol
npogax

Bcero 4 npogaxv

1

Cnout noruku

3TOT C/I0M KOOPAMHUPYET NPOrpammy,
obpabaTbiBaeT KOMaHAbl, BbINO/IHAET
IOTUYECKUE PeLleHUs N BblYUCAEHUA,
BbIMO/IHAET PaCyeThl.

!

Cnou paHHbIX

34ecCb XpaHUTCA MHPOPMaLMA U
n3BaeKaetcsa u3 6a3bl AaHHbIX U
dannoBOM cuCTEMBI.

MNonyuntb Ob6begnHUTD
°
CMUCOK NPoaax BCE NPOAAXKMK
33 NPOWNbIN MO e e e % BMecTe
1.Mpogaxa
2.Mpoparka
3anpoc > 3.MpogaxKa
4.Mpopaxe

ba3a AaHHbIX



TpexypoBHeBaA
apPXUTEKTYypa

Cnon KnneHTa

Cambind BerHMl\;I YPOBEHDb NPUNOKEHNA C 5 nonyunTs nonyunTs
MHTep(I)eMCON\ NMNo/sib30BaTe iA. :p:‘::m“"‘bp"' :pzx:aemuucbpbn

BCero 4 npogaxm

| 1

Cnov norukun 1 ‘
ITOT CNON KOOPAMHUPYET NPOrpammy, @ MonyunTb 20 06vegnHUTL
6V\'\K"\'l‘l INAAT 1I/AAAALLI ML I MmN IR ARIIAAT (’I'II/I("()I-( npo'ﬂla)'l'( @)‘; Bce npopla).l.(m

o

© Basa JaHHbIX OQHA! "™ greer
|

1.Mpoaaxa
2.MpopgaxKa

3.MpogaxKa
4.Mpopaxe

Cnou paHHbIX

3aecb XpaHUTCA MHGOpPMaLMA U
n3BneKkaetca u3 6asbl AaHHbIX U
$banno0BOM CUCTEMBI.

ba3a AaHHbIX



MeToabl oNnTMMM3aLUnmn

PaclinpeHuna annapaTHbIX pecypcos
OnTnmmnsaumna KoHeourypauum CYb/J1
YCKopeHue 3anpocos

N3meHeHne Normku paboTbl ¢ JaHHbIMM

~20% - 30%

~10% - 20%

~10% - 20%

~30% - 60%



[TpaKThyeckmmh cnydan c lock

BBoAHaA

EcTb nnaTteHaa cuctema

ObpaboTKa TpaH3aKUMM CNNCAHUA AeHer

3abnoknpoBa
N1 aKKayHT

~

J

select *
from account

where id = $1

for update

Cnucanun/3aumn
CAUNU AeHbIN

~

J

Ob6HoBUNN
CYETUYUKMU

X
- %

¥
- N

Kakune TyT ectb npobaembl?



[TpaKThyeckmmh cnydan c lock

[Mpobnema

Bce xopowlo paboTtaeT B
OZlHOMO/1b30BATE/IbCKOM peXxnme

Bce nnoxo, Korga ¢ 04HOro
aKKayHTa coBeplLUaeTcss MHOMXeCTBO
OZlHOBPEMEHHbIX NepeBoaoB

Bce cMnbHO NOPTUTL KOMaHAaA

select x from account where
id = $1 for update

KaK 3TO MOXHO UCMpaBUTb?



[TpaKThyeckmmh cnydan c lock

>

Games O6HoBNEeHUue
Transactions CYEeTYMKOB
0
=
Q
S
(oc @)
[ [ Bank 3 O6HOBNEHME ] Q.
Account . C
Transactions CYEeTYMNKOB
Q
S
I
Q
=
%, Q
Other g O6HoBNEeHUue
Transactions CYEeTYMKOB H

a Bpems



MeaneHHble 3anpochl

create table users
(
id bigint primary key,
login varchar(200) not null,
first_name varchar(200) not null,
last_name varchar(200) not null,
create_date timestamp not null default now()
);
CREATE TABLE

insert into users
select id, random() x id, md5(sin(id)::text), md5(cos(id)::text)

from generate_series(1l, 10000000) id;
INSERT 0 10000000

analyze users;
ANALYZE



MeaneHHble 3anpochl

\timing
Timing 1s on.
select count(distinct id) from
users;
count

10000000
(1 row)

Time: 4535.931 ms (00:04.536)



MeaneHHble 3anpochl

explain select count(distinct id) from users;
QUERY PLAN

Aggregate (cost=176230.12..176230.14 rows=1 width=8)
—> Seqg Scan on users (cost=0.00..173771.10 rows=983610 width=8)

(2 rows)

Time: 0.435 ms
370 He Bpemsa paboTbl 3anpoca, a Bpema NA1aHMPOBaHUA 3anpoca




MeaneHHble 3anpochl

explain analyze select count(distinct id) from users;
QUERY PLAN

Aggregate (cost=284689.43..284689.45 rows=1 width=8) (actual
time=4228.384..4228.386 rows=1 loops=1)

—> Index Only Scan using users_pkey on users (cost=0.43..259689.43
rows=10000000 width=8) (actual time=1.006..1224.245 rows=10000000 loops=1)
Heap Fetches: 61
Planning Time: 0.079 ms
Execution Time: 4229.148 ms
(5 rows)



MeaneHHble 3anpochl

explain (analyze, buffers) select count(distinct id) from users;
QUERY PLAN

Aggregate (cost=284689.43..284689.45 rows=1 width=8) (actual time=4408.248..4408.262
rows=1 loops=1)
Buffers: shared read=27332, temp read=30325 written=30382
—> Index Only Scan using users_pkey on users (cost=0.43..259689.43 rows=10000000
width=8) (actual time=0.084..1253.347 rows=10000000 loops=1)
Heap Fetches: 61
Buffers: shared read=27332
Planning Time: 0.081 ms
Execution Time: 4408.414 ms
(7 rows)



MeaneHHble 3anpochl

explain (analyze, buffers) select count(id) from users;
QUERY PLAN

Finalize Aggregate (cost=212772.98..212772.99 rows=1 width=8) (actual time=1093.250..1093.496 rows=1 loops=1)
Buffers: shared hit=12 read=27332

-> Gather (cost=212772.77..212772.98 rows=2 width=8) (actual time=1089.207..1093.486 rows=3 loops=1)
Workers Planned: 2
Workers Launched: 2
Buffers: shared hit=12 read=27332

-> Partial Aggregate (cost=211772.77..211772.78 rows=1 width=8) (actual time=1061.481..1061.484 rows=1
loops=3)

Buffers: shared hit=12 read=27332

-> Parallel Index Only Scan using users_pkey on users (cost=0.43..201356.10 rows=4166667 width=0)
(actual time=0.050..759.141 rows=3333333 loops=3)

Heap Fetches: 61
Buffers: shared hit=12 read=27332
Planning:
Buffers: shared read=3
Planning Time: 1.685 ms
Execution Time: 1093.589 ms
(15 rows)



MeaneHHble 3anpochl

explain (analyze, buffers) select count(1l) from users;
QUERY PLAN

Finalize Aggregate (cost=212772.98..212772.99 rows=1 width=8) (actual time=1093.250..1093.496 rows=1 loops=1)
Buffers: shared hit=12 read=27332

-> Gather (cost=212772.77..212772.98 rows=2 width=8) (actual time=1089.207..1093.486 rows=3 loops=1)
Workers Planned: 2
Workers Launched: 2
Buffers: shared hit=12 read=27332

-> Partial Aggregate (cost=211772.77..211772.78 rows=1 width=8) (actual time=1061.481..1061.484 rows=1
loops=3)

Buffers: shared hit=12 read=27332

-> Parallel Index Only Scan using users_pkey on users (cost=0.43..201356.10 rows=4166667 width=0)
(actual time=0.050..759.141 rows=3333333 loops=3)

Heap Fetches: 61
Buffers: shared hit=12 read=27332
Planning:
Buffers: shared read=3
Planning Time: 1.685 ms
Execution Time: 1093.589 ms
(15 rows)



MeaneHHble 3anpochl

echo "select count(1) from users;" | pgbench -d test -t 50 -P 1 —f —

latency average = 602.805 ms
latency stddev = 34.097 ms
tps = 1.658885 (without initial connection time)

echo "select count(x) from users;" | pgbench -d test -t 50 -P 1 -f —

latency average = 593.256 ms
latency stddev = 30.989 ms
tps = 1.685587 (without initial connection time)



XOTUTEe NPOBEPUTHL?




A 4YTO OenaTb eC/I MHe JIeHb ....

nckatb ITW 3anpochbl
onTummnsnposatb ITW 3anpochl

n sBoobdbue A He nbato SQL

Ho yckoputb b1 mHe Hy»KHO!!!



NHaoekcol! !




3HaKOMbTECH, pacwmnpeHmne pg_qualstats

pg_qualstats — 3710 pacwunpeHune PostgreSQL, xpaHsaLlee CTaTUCTUKY MO NpeanKaTam,
HanaeHHbIM B onepatopax WHERE u npegnoxkeHusax JOIN.



Pacwmnpenne pg_qualstats

PaccmoTpum Ha npumepe

yum install pg_qualstats_12

echo "shared_preload_libraries = '‘pg_stat_statements, pg_qualstats'”’ >>
/var/lib/pgsql/12/data/postgresql.conf

service postgresql-12 restart

psql -c "CREATE EXTENSION pg_qualstats”



Pacwmnpenne pg_qualstats

pgbench -1 dtgv -s 100 -i

dropping old tables...

creating tables...

generating data...

100000 of 10000000 tuples (1%) done (elapsed 0.09 s, remaining 9.10 s)

10000000 of 10000000 tuples (100%) done (elapsed 12.25 s, remaining 0.00 s)
vacuuming...
done.

[po Knoun
-i co34aHMA WabnoHHbIX Tabanu, AN NpoBeAeHNs TECTUPOBAHUA

-
dt nepeco3agaHue Tabnu,
g BCTaBKa AaHHbIX
v cbop CTaTUCTUKMU

-S MHOXWUTb YMNC/1I0 FTEHEPUPYEMbIX CTPOK Ha 3a4aHHbIN KO3GPULMEHT



Pacwmnpenne pg_qualstats

psql -c "\dt+"

Schema

List of relations
|  Owner

pgbench_accounts | table | postgres

pgbench_branches | table | postgres
pgbench_history | table | postgres
pgbench_tellers | table | postgres




Pacwmnpenne pg_qualstats

psql -c "\d+ pgbench accounts"

Table "public.pgbench_accounts”
Collation | Nullable | Default | Storage

1nteger | not null |
integer

I |

abalance | 1integer I |
filler | character(84) I |

Access method: heap

Options: fillfactor=100




Pacwmnpenne pg_qualstats

pgbench -c 10 -j 10 -T 600

;iient 4 sending SELECT abalance FROM pgbench_accounts WHERE aid = 2318194;

;:-I.ient 6 sending UPDATE pgbench_accounts SET abalance = abalance + 499 WHERE aid = 863112;

;:-I.ient 8 sending UPDATE pgbench_tellers SET tbalance = tbalance + -4160 WHERE tid = 300;

;:-I.ient 8 sending UPDATE pgbench_branches SET bbalance = bbalance + -4160 WHERE bid = 6;

;iient 8 sending INSERT INTO pgbench_history (tid, bid, aid, delta, mtime) VALUES (300, 6, 4197917, -4160,

CURRENT_TIMESTAMP);

xaem 10 MUHYT



Pacwmnpenne pg_qualstats

psql

SELECT v

FROM json_array_elements(pg_qualstats_index_advisor(min_filter =>
50)—>"'indexes') v

ORDER BY v::text COLLATE "C”

"CREATE INDEX ON public.pgbench_accounts USING btree (aid)"

"CREATE INDEX ON public.pgbench_branches USING btree (bid)"
"CREATE INDEX ON public.pgbench_tellers USING btree (tid)"




XOTUTEe NPOBEPUTHL?




PekomeHaaLMK

ba3a AaHHbIX BbINO/IHAET TONIbKO Te 3dMpPocChbl, KOTOPblIE OTMNPaABUNIO eMY
NPUNOHKEHUE.

[N MouCKa «TAMKENbIX» UM YACTHbIX 3aNpOCoB Jly4lle BCEero UCrnob3oBaTb
pacwmpeHune pg_stat_statements

Ecnu He BuauTe npobaembl € 3anpocamm, To YCTaHOBUTE pacluimpeHmne pg_qgualstats

Ecnan He ymeeTte cuntaTtb 1oru PostgreSQL, To Bocnonb3yutech pghadger



