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Poddgies
YTo Mbl BygemMm paccMaTpuBaThb

* YTOo6bI YTO-TO YNYULINTL, 3TO HAZO U3MEPUTD.

* Y106bI YTO-TO N3MEPUTDb, HAAO 3HATb, YTO U3MEPATb
* MeTtoabl goctyna
* dunbTpayma
* Cnocobbl coeamnHeHuns

* U3mepunaun — YTo-To NOAYYNIN. A KaK OHO BOODLLE AO0NKHO BbIrNAOETb?
HacKonbKo TO, YTO eCcTb, COOTBETCTBYET NpeaAcTaBA€HMUSAM O TOM, YTO
NO/IKHO ObITb M Moyemy TaK? MNoyemy onTMMM3ATOpP BblIOPa UMEHHO
Takue meToAabl A0CTyNna U coegnHeHuAa? YTo ele MOXKHO YAYYLLINUTL?

* Obwume coobparkeHusn



o PROFESSIONAL

Pos{gres
bIINMOJIHEHWNE 3allpPO0Ca

* Parser — cMHTaKcmM4yeckn pasbop

* Transformation process — uameHeHumne 3arfnpoca B COOTBETCTBUN C
CNCTeMHbIM KaTa/10TOM N HAYa/10 TPAH3aKUUN, EC/TU TPAH3aAKUNA EeLLE
HEe Ha4aTad

* Planner/Optimizer — nonck 1 nocTpoeHne oNnTMMaabHOro NiaHa

* Executor — BbINONHEHUEe NaaHa



o PROFESSIONAL

Pos{gres

EXPLAIN

* EXPLAIN — noka3sbliBaeT NJ1aH BbIMNOJHEHUA.
* [1naH — 3TOT AepeBo, rae CTPOKU NOAHUMAKOTCA OT ZINCTbEB K KOPHIO.

* Cybnnansbl. (InitPlan — He3aBucumbIn nog3anpoc, SubPlan —
3aBUCUMbIN NOA3anpoc ¢ NapameTpamum)

* explailn
select * from tbl
explain analyze
select * from tbl
explain(analyze, buffers,verbose)
select * from tbl



ol PROFESSIONAL

Pos}lgres

EXPLAIN

Query plan

Hash aggregate

Hash join

Hash join Merge join

Seq scan Index scan Index scan Index scan




Posiies EXPLAIN - NPOLOJIKEHME

* Sort (cost=47.99..48.01 rows=10 width=73)
Sort Key: m.name

InitPlan 2 (returns $1)

-> Sort (cost=5.57..5.84 rows=105 width=9)
Sort Key: m_2.name

-> Seq Scan on producer model m 2 (cost=0.00..2.05 rows=105 width=9)
-> Nested Loop (cost=0.00..41.98 rows=10 width=73)
Join Filter: (m.producer id = p.id)
-> Seqg Scan on producer p (cost=0.00..1.01 rows=1 width=36)
-> Seq Scan on producer model m (cost=0.00..3.36 rows=10 width=45)
Filter: (id = ANY ($1))
SubPlan 1
-> Limit (cost=0.00..3.75 rows=1 width=99)
-> Nested Loop (cost=0.00..29.99 rows=8 width=99)
-> Seq Scan on producer model color pc (cost=0.00..15.09 rows=8 width=4)
Filter: (producer model id = m.id)
-> Materialize (cost=0.00..6.66 rows=1 width=103)
-> Nested Loop (cost=0.00..6.66 rows=1 width=103)
-> Nested Loop (cost=0.00..3.34 rows=1 width=4)
Join Filter: (p_1l.id = m_1.producer id)
-> Seq Scan on producer p 1 (cost=0.00..1.01 rows=1 width=4)
-> Seq Scan on producer model m 1 (cost=0.00..2.31 rows=1 width=8)
Filter: (id = m.id)
-> Seq Scan on producer model variant v

_ _ (cost=0.00..3.31 rows=1 width=103)
Filter: (producer model id = m.id)



Posdgras
MeToAabl AOCTYyNa

* Seq scan

* Index scan

* Index scan backward
* Full index scan

* Index Only Scan



Pogggf%éwé NocnenoBaTesibHOE
CKaHMpoBaHMe/Seq scan

* [Mepebunpaetca Bca Tabaunua

* B 3aBucMmocTun ot 3dMYCOPEHHOCTHU TE]6!'II/ILI| Aaxe Ta6nmu,a Cc HebonbLIUM
KO/IMY4ECTBOM CTPOK MOXKET CKAHUPOBATbLCA 3aMETHOE BPEMA.

* MoxeTt am FSM ncnonb3oBaTbCa Ana ontumm3laumm Seq scan? YBbl, 3TO AepeEBO, HE
OYeHb noaxoaduee ANA TAaKUX UeNen.

* create table filler(id int);
insert into filler select n from generate_series(1,100000) as gs(n);
explain(analyze, buffers); select * from filler -Buffers: shared hit=443
vacuum filler;
Buffers: shared hit=443

* 1na coBcem HeBONbLWMX Tabanu, — ONTUMA/IbHBIM MeToA, A0CTyNa.



ol PROFESSIONAL

Pos{gres .
[laBanTe nonpobyem

* create table ti(
id serial primary key,
val text)

* select * from t1 where id+1=100

_______
tps 6557 1761 956

tps
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o PROFESSIONAL

Pos{gres
BbiBO bl

* OnTMmaneH gna HebonbLnx Tabauy,

* oeanbHbIM BapUaHT B TOM Cay4ae, ecam Ham TpebytoTca Bce AaHHble
(nnun nobana cTpoka)



o PROFESSIONAL

Pos{gres
Index scans

* [locTyn No MHAEKCy: CHavyaa NPoXoAUTCA KOPeHb, NOTOM A0 JIUCTA.
ObblyHaa rybuHa gepesa — 3, Y ManeHbKux Tabavu—1 mam 2,y
oYeHb bonbwmnx — 4.

* Mcnonb3yeTca:
* BbICTPbIN NOUCK NO K4y

* Bblgava OTCOPTMPOBAHHOIO pe3y/sibTaTa B TOM C/aydyae, Koraa Heobxoammo
6bICTPO NONYYUTb NEPBYIO CTPOKY/CTPOKM.

* [lonyyeHmne AaHHbIX, KOTOPble NPUCYTCTBYIOT B MHAEKCe be3 obpalleHuns K
Tabauue



ol PROFESSIONAL

Pos}lgres

aBanTe nonpob

* select * from tl1l where id=100

tps 17449 16514 16717 17111 17134 17721



PoSgias
Index-only scan

* Korga mo»XHO nosy4nTb AaHHbIe NPAMO U3 MHAEKca, be3 obpalleHuns
K Tabnuue

* [1nA NpOKeLWwnpPoBaHHbIX AAaHHbIX Pe3y/abTaTbl MPAKTUYECKU HE
OoT/ZInYaloTCA OT index scan

tps 17562 17391 17262 16853 17124 17631

* Takmm obpasom, addekTnBHO ana bonblunx Tabany
* VACUUM!!I



PoSgias
Index & Index-only scans

* insert into tl(val) select repeat('X',100) from generate series(1,1000)
* vacuum tl1l; -- NB

* explain(analyze, buffers)
select id from tl1l where 1id=100

* Index Only Scan using tl1l pkey on t1 (cost=0.28..8.29 rows=1 width=4)
(actual time=0.021..0.021 rows=0 loops=1)

Index Cond: (id = 100) A nouyemy 2? 1000 3HaueHwuit integer —
Heap Fetches: © 3TO }Ke YyTb MeHblue 4K? A cTpaHuua
Buffers: shared hit=2 8K? [lonHO ke xBaTaTb ogHomn? Nan
Total runtime: 0.062 ms HeT? Ha camom aene HeT — 4 6aliTa Ha

3HayeHue + 14 6anT HaKNaaHbIX
pacxonos — 15-16K, 1.e. KaK MUHUMYM
TPWU CTPaHULbI. A noYemy Tpy,
ymeulaeTca ke B aBe?... Fillfactor ans
nHaekca? Her...



o PROFESSIONAL

Posgares |ndex & Index-only scans -
npoao/nKeHne

* \setrandom start 100 400000
select id, substring('XXX' from 1 for 1) from tl where id between :start and :start+5000

- 424 rgs

* \setrandom start 100 400000
select id, substring(val from 1 for 1) from tl1 where id between :start and :start+5000

- 239 rgs
* MNoyemy? (:start = 100)

* Index Only Scan using tl1l pkey on t1 (cost=0.42..151.48 rows=4753 width=4) (actual time=0.024..1.205
rows=5001 loops=1)
Index Cond: ((id >= 100) AND (id <= 5100))
Heap Fetches: ©
Buffers: shared hit=17
Total runtime: 1.449 ms

* Index Scan using tl1l pkey on t1l (cost=0.42..248.37 rows=4753 width=105) (actual time=0.026..3.971
rows=5001 loops=1)
Index Cond: ((id >= 100) AND (id <= 5100))
Buffers: shared hit=103
Total runtime: 4.229 ms



o PROFESSIONAL

Pos}.gres
. Index-only scan. OcTopo>XHO!

* BoamoxHocTb onpeaensaetca yepes Visibility Map (VM, He nyTaTb C
FSM). (Mma daina - <filenode>_vm)

* Llennkom ana ctpaHuubl

* Ounwaetca Tonbko VACUUM (Y ToNbKO 4YTO cO34aHHOM TabaunLubl OH
nyct; VACUUM FULL Takke cbpacbiBaer).

* Yucno peanbHbIX 0bpalleHni K Tabamue MoXKHO YBUAETb B Bblaaye
EXPLAIN kak Heap Fetches



o PROFESSIONAL

Pos{gres
TID scan

* TID — Tuple ID

* N3pagHoe XxakepcTBo, HO...

* CTID — BHYTPEHHUIN naeHTUuPnKaTop 3anmcu (CTpaHuua, HOMEpP CTPOKK B CTpaHuULe)
* TID Scan

* boicTpo? bbicTpo:

* explain(analyze, buffers)
select * from tl where ctid='(100,20)"'::tid

* Tid Scan on t1 (cost=0.00..4.01 rows=1 width=105) (actual time=0.012..0.012 rows=1 loops=1)“
TID Cond: (ctid = '(100,20)'::tid)“
Buffers: shared hit=1*
Total runtime: 0.030 ms"

* explain(analyze, buffers)
select * from tl where 1d=5820

* Index Scan using tl pkey on tl1 (cost=0.42..8.44 rows=1 width=105) (actual time=0.026..0.028 rows=1
loops=1)
Index Cond: (id = 5820)
Buffers: shared hit=4
Total runtime: ©.055 ms

Boobule-To 3TO BHYTPEHHME Aena U coBaTbCA TyAa He HaA0 — HUKTO He obelan, 4to 3To BoobLe byaeT
paboTaTtb

* 3a4yem 310 Hago? YTobbl He HbII0 BONpPOCOB, ecnun npuaetca ysuaetb TID scan B naaHe



Posdgras
BbiBO bl

* Table scan - ecnm c ymom — Bno/siHe ymecTHanA Bellb
* Bo MHOTMX cnyyasax BeCbMma BaXKeH
* Index scan obecneynBaeT NpakTUYECKM KOHCTAHTHOE Bpems AOCTyna

* Index-only scan — ewie 6onee 6bICTPO
* MOHO neperHyTb Nanky, HO

* [MpecnosyTtble column-oriented databases
* VACUUM!



Posdgras
OunbTpauns Tadbnnubl

* CKaHnpoBaHue
* Range query
* Bitmap index scan



Poddgies
CKaHupoBaHue Tabnnubl

* He Bce TaK 0OAHO3HAQYHO — Hepeako seq scan ay4vyuwe
* insert into tl(val) select repeat('X',100) from generate_series(1l,10000)



Posigies CkaHupoBaHue Tabnnubl -
NPOLAO/IHKEHMNE

select id, substring(val from 1 for 1) from tl where id between 100 and 100+8000

Seq Scan on tl (cost=0.00..343.00 rows=8000 width=105) (actual time=0.028..6.707
rows=8001 loops=1)

Filter: ((id >= 100) AND (id <= 8100))

Rows Removed by Filter: 1999

Buffers: shared hit=173
Total runtime: 7.090 ms

set enable_seqscan=off;
Bitmap Heap Scan on tl1 (cost=178.29..491.28 rows=8000 width=105) (actual
time=0.967..6.150 rows=8001 loops=1)
Recheck Cond: ((id >»= 100) AND (id <= 8100))
Buffers: shared hit=163
-> Bitmap Index Scan on tl pkey (cost=0.00..176.29 rows=8000 width=0)
(actual time=0.923..0.923 rows=8001 loops=1)
Index Cond: ((id >= 100) AND (id <= 8100))
Buffers: shared hit=24
Total runtime: 6.551 ms



o PROFESSIONAL

Pos{gres
NHOeKC - range scan

* Nowuck B ananasoHe (column > 10 and column <200, column between this and that, column like
‘orefix%’)

* KctaTu — ecnm MHAEKC NOCTPOEH MO KOMOHKeE, TO bepem KONOHKY. Ecnm nHAeKC NocTpoeH no GpyHKLUUM oT
KONOHKM — Bepem 3Ty GYHKLUMIO OT KONOHKMU.

* Index on table(col)
* where table.col=<something> - xopowo!
* where func(table.col)=<something> - nnoxo!

* Index on table(func(col))
* where func(table.col)=<something> - xopowo!
* where other_func(table.col)=<something> - nnoxo!

* B nnaHax moxHO BnAeTb Bitmap Heap Scan — otanume ot Index Scan B Tom, 4TO ecnm oxKmuaaeTcsa
A0CTAaTOYHO H60/bLLIOE YMCNO0 CTPOK, TO AOCTYN K HUM COPTMPYETCA Taknmm obpa3om, 4Tobbl
NONbITaTbCA NPOYNTATb HAMBOONbLUYIO YACTb CTPAHMUL, NOC/IeA0BaTENbHO; NPOCcTO Index Scan aTnm

He o3aboumnBaetca. (ObpaTnute BHMMaHUeE, YyTo Bitmap Scan conposorkaaeTtca Recheck Condition.
Mouemy?)



o PROFESSIONAL

OIS upekc - point query

* [locTyn No NepBUYHOMY WU YHUKANIbHOMY KJTHOHY
* B Postgres Ha camom gene 3To ToXe range index scan
* [Mouemy? Bepcunun cTpox!

* KaKk obecneuymBaeTcs YHUKa/IbHOCTb?
* Ecnu HeT TaKoro K/akua, To BCe XOpoLo
* Ecnu KNtoy ecTb, HO yaa/ieH 3aBepLUeHHOW TpaH3aKLUMen, TO BCe XOPOLLO
* Ecnum Kntou ecTb, HO yaaneH cobCcTBEHHOM TPaH3aKLUMen, TO BCe XOPOLLO

* Ecnauv KNKoY ecTb, HO yAanieH He3aBepLIeHHOW TpaH3aKUMeN, TO KAeM TOro, YTO C HEM cay4mnTca, u nbo Bce
Xopouwo (TpaH3aKkumna oTKaTuaack), 1nbo Bo3byrkaaem owNOKY (Apyrana TpaH3aKLUKWA 3aBepLUMIach YCNeLwHo)

* Ecnm Kntoy ecTtb, HO fob6aB/ieH He3aBepLUEeHHOM TPaH3aKUMEN, TO XKAEeEM ee OKOHYaHUA U AelACTBYEM MO
MOTMBaM NpeablayLero NnyHKTa

* Ecnum Knwou ecTtb, HO A06aB/IeH OTKAaYeHHOM TPaH3aKLUel, To BCe XOPOoLo
VACUUM!!I



o PROFESSIONAL

Pos{gres

KcTtaTtum - COLLATION

* [o ymon4aHuIo CTPOKM cpaBHUBatoTcs B collation 6a3bl. 3To He Bceraa
HY*KHO, HO Bceraa meaneHHee:

* create table colltest(
uuid text,
uuid nocoll text collate "C*

)

* insert into colltest
select uuid generate v4(), uuid generate v4() from generate _series(1,100000)

* CTpouM uHAOeKc:
* create index colltest uuid on colltest(uuid) - 263 mMc

* create index colltest uuid nocoll on colltest(uuid nocoll) - 125 mc



Pof05755 COLLATION - NPOLOMKEHME

* explain(analyze, buffers)
select * from colltest ctl, colltest ct2
where ctl.uuid nocoll between ct2.uuid _nocoll and ct2.uuid _nocoll || 'A€

* Nested Loop (cost=0.42..33385311.00 rows=1111111111 width=128) (actual time=0.070..310.218
rows=100000 loops=1)
Buffers: shared hit=401988 read=723
-> Seq Scan on colltest ct2 (cost=0.00..2283.00 rows=100000 width=64) (actual
time=0.008..8.848 rows=100000 loops=1)
Buffers: shared hit=1283
-> Index Scan using colltest uuid nocoll on colltest ctl (cost=0.42..222.72 rows=11111
width=64) (actual time=0.002..0.003 rows=1 1loops=100000)
Index Cond: ((uuid nocoll >= ct2.uuid nocoll) AND (uuid nocoll <= (ct2.uuid nocoll
|| "A'::text)))
Buffers: shared hit=400705 read=723
Planning time: 0.433 ms
Execution time: 316.013 ms



Poddgies
COLLATION - npopoonxxeHune

* explain(analyze, buffers)
select * from colltest ctl, colltest ct2
where ctl.uuid between ct2.uuid and ct2.uuid || 'A"

* Nested Loop (cost=0.42..33385311.00 rows=1111111111 width=148) (actual time=0.087..560.101
rows=100000 loops=1)
Buffers: shared hit=402711
-> Seq Scan on colltest ct2 (cost=0.00..2283.00 rows=100000 width=74) (actual
time=0.012..8.673 rows=100000 loops=1)
Buffers: shared hit=1283
-> Index Scan using colltest uuid on colltest ctl (cost=0.42..222.72 rows=11111
width=74) (actual time=0.005..0.005 rows=1 1loops=100000)
Index Cond: ((uuid >= ct2.uuid) AND (uuid <= (ct2.uuid || 'A'::text)))
Buffers: shared hit=401428
Planning time: 0.229 ms
Execution time: 565.587 ms



P‘&gres YTOo menaTb, €C/IN BCe-TaKM
Hano utf8 m like?

* CREATE INDEX name ON table (column opclass [sort options] [, ...]);

* text_pattern_ops, varchar_pattern_ops n bpchar_pattern_ops — text,
varchar un char cooTBeTCTBEHHO



OOOOOOOOOOOO

Posigres |
Bitmap index scan

* CTPYKTypa B NaMATU CO CChIZIKAMW Ha CTPOKY UK
cTpaHuuy (exact/lossy)
e 3aBMUCUT OT work_mem



o PROFESSIONAL

Posjgres _
Bitmap index scan

« CREATE TABLE aa AS SELECT * FROM generate series(1,
10000000) AS a ORDER BY random();
CREATE INDEX aai ON aa(a);
SET enable indexscan=false;
SET enable segscan=false;

e SET work mem = "64kB’;
EXPLAIN ANALYZE SELECT * FROM aa WHERE a BETWEEN
100000 AND 200000;

e http://michael.otacoo.com/postgresql-2/postgres-9-4-feature-highlight-lossyexact-pages-for-bitmap-heap-scan/




o PROFESSIONAL

Posjgres _
Bitmap index scan

Bitmap Heap Scan on aa (cost=952.93..43010.35 rows=50000
width=4) (actual time=33.593..1234.128 rows=100001 loops=1)

Recheck Cond: ((a >= 100000) AND (a <= 200000))

Rows Removed by Index Recheck: 9002327

Heap Blocks: exact=546 lossy=35691

-> Bitmap Index Scan on aai (cost=0.00..940.43 rows=50000
width=0) (actual time=33.355..33.355 rows=100001 loops=1)

Index Cond: ((a >= 100000) AND (a <= 200000))

Planning time: 0.296 ms
Execution time: 1237.926 ms



o PROFESSIONAL

Posjgres _
Bitmap index scan

SET work mem = "4MB';
Bitmap Heap Scan on aa (cost=1907.19..42625.75 rows=100171
width=4) (actual time=19.695..132.142 rows=100001 loops=1)"
Recheck Cond: ((a >= 100000) AND (a <= 200000))'
Heap Blocks: exact=36237"
-> Bitmap Index Scan on aai (cost=0.00..1882.14 rows=100171
width=0) (actual time=13.133..13.133 rows=100001 loops=1)’
Index Cond: ((a >= 100000) AND (a <= 200000))
Planning time: 0.102 ms'
Execution time: 135.866 ms'



Podgiss |
Bitmap index scan

SET enable indexscan=on; SET enable segscan=on;
vacuum analyze aa;
Index Only Scan using aai on aa (cost=0.43..2894.82
rows=100519 width=4) (actual time=0.033..11.094 rows=100001
loops=1)
Index Cond: ((a >= 100000) AND (a <= 200000))
Heap Fetches: ©
Planning time: 0.156 ms
Execution time: 14.198 ms



o PROFESSIONAL

Pos{gres
Bitmap index scan

* KombnHaumna HECKONbKUX MHAEKCOB.
* create index tl1 _idfn on t1( (id%17) )

* select id, substring(val from 1 for 1) from t1
where id between 100 and 2000
and 1d%17=4

* Bitmap Heap Scan on t1l (cost=48.20..78.25 rows=9 width=105) (actual time=0.341..0.455 rows=112 loops=1)
Recheck Cond: (((id % 17) = 4) AND (id >= 100) AND (id <= 2000))
Buffers: shared hit=45
-> BitmapAnd (cost=48.20..48.20 rows=9 width=0) (actual time=0.326..0.326 rows=0 loops=1)
Buffers: shared hit=11
-> Bitmap Index Scan on tl idfn (cost=0.00..4.66 rows=50 width=0) (actual time=0.083..0.083
rows=589 loops=1)
Index Cond: ((id % 17) = 4)
Buffers: shared hit=4
-> Bitmap Index Scan on tl_pkey (cost=0.00..43.28 rows=1900 width=0) (actual time=0.218..0.218
rows=1901 loops=1)
Index Cond: ((id >= 100) AND (id <= 2000))
Buffers: shared hit=7
Total runtime: 0.497 ms



PnggreS Bitmap index scan/KoMbuHaLuA
MHOEKCOB

* Korga pa3ymMHO MCMONb30BaTb — KOMBOUHALMA HECKONbKUX
HEeBbICOKOCENEKTUBHbIX MHAEKCOB, HaNpMmep, nepeceyeHue cpeam
COTPYAHMKOB OPraHM3aLmm }KeHLMH N SKCKaBaTOPLLLMKOB

* TpebyeT NnamATb U HEKOTOPOE Bpems A5 Hadana paboTbl (B nnaHe
YKa3aHO BpemMsa A0 BblAauyn NepBon CTPOKN cost=48. 20)



o PROFESSIONAL

Pos{gres
Multicolumn indexes

* COCTOAT U3 HECKO/IbKUX KOJTOHOK
* MOI'yT NCMNOoJ1b30BaTbCA AN1A MOUCKA, HAYNHAA C TNANPYHOLWLNX KOJTOHOK

* MoryT mcnosnb3oBaTbCA B pAafe caydaeB gnAa A0CTyna He K
ammanpywoumMm KOJIOHKaM

* create table t3(
id serial primary key, id2 int, id3 int, id4 bigint, id5 bigint,
val text);
insert into t3(id2, id3, id4, id5, val)
select n/100, n%100, n, random()*n, repeat('X',500)
from generate series(1,100000) as gs(n);
create index t3 suppl on t3(id2, id3);

* vacuum t3; -- a noyemy cpasy vacuum?



o PROFESSIONAL

Posgares  Multicolumn indexes -
npoaosiKeHmne

* explain(analyze, verbose, buffers)
select id3 from t3 where id3 in (10,93,1,2)

* Index Only Scan using t3 suppl on public.t3 (cost=0.29..4144.14 rows=3897
width=4) (actual time=0.056..18.738 rows=4000 loops=1)
Output: id3
Index Cond: (t3.id3 = ANY ('{10,93,1,2}'::integer[]))
Heap Fetches: ©
Buffers: shared hit=858 read=243
Total runtime: 18.990 ms



o PROFESSIONAL

Posgagres  Multicolumn indexes -
NpoaOoIXKeHune

KONMOHKM B MHAEKCEe KaK OuabTp
create table t2(id serial primary key, id2 int, id3 int, val text);

insert into t2(id2, id3, val)
select n/100, n%100, n*random() from generate_series(1,100000) as gs(n);

create index t2 id2 val on t2(id2,val);
vacuum t2;
explain(analyze, buffers)

select id2, val from t2 where id2 between 30 and 200 and val like '7%88%'



Pogzgfes Multicolumn Iindexes -
NpoOoIXKeHune

Index Only Scan using t2_id2 val on t2 (cost=0.42..729.55 rows=1765
width=20) (actual time=0.020..5.200 rows=1955 loops=1)

Index Cond: ((id2 >= 30) AND (id2 <= 200))

Filter: (val ~~ '%88%'::text)

Rows Removed by Filter: 15145

Heap Fetches: ©

Buffers: shared hit=89
Total runtime: 5.314 ms

* BbiBOA,: KONNOHKM B UHAEKCE MOTYT MCNO/Ib30BATbCA Kak PUABLTP.
* VACUUM!



Pogzgfes Multicolumn Indexes -
NpoaooIXKeHune

* [locTyn no KAw4y + COPTUPOBKA

* explain(analyze, buffers)
select 1d3 from t2 where id2=2 order by 1id3

* Index Only Scan using t2 suppl on t2 (cost=0.29..6.04 rows=100 width=4)
(actual time=0.023..0.039 rows=100 loops=1)
Index Cond: (id2 = 2)
Heap Fetches: ©
Buffers: shared hit=3
Total runtime: ©.068 ms

* Nlcnonib30BaHMKe:
colinindexl=:vall and colinindex2=:val2 order by

colinindex3, colinindex4..



gres [lapamMeTpbl cepBepa,

* ena

* ena

* ena

* ena

* ena

O O O O 0O

CBA3aHHbIE C MEeTOAaMMU
0OCTYyNa

e_seqscan
e_indexscan
e_indexonlyscan
e_bitmapscan
e_tidscan



Posiiss [apameTpbl cepsBepa -
NPOLOJIKEHME

seq_page_cost (floating point) — cToMmocTb NoAyYEHUS CTPAHULbI NPU
nocnenosatesibHOM YyTeHUU. o ymonvaHuio 1.0

random_page_cost — noayyeHue caydyamHom ctpanuubl. Mo ymonyanuto 4.0

* Oba napamempa 8biwie mo2ym bbimb uameHeHsbl 0414 tablespace (SSD) unu ko20a 0aHHbIe
uesuKom ymeuw,aromces 8 namamul.

* Oba napamempa mo2ym bbimb ycmaHo8seHbl 04 tablespace; makum obpa3zom, MOMHHO 018
akmusHoU Yyacmu 6a3sl 8 namamu umems random_page_cost 6sau3kum Kk eduHuuye u 60nb6wum
0719 apXUBHbIX OGHHbIX.

cpu_tuple_cost — ctommocTb nonydyeHmsa ctpaHmubl M3 namaTu. Mo ymondanuto 0.01

cpu_index_tuple_cost — 1o ke camoe, Tonbko ana nHaekca. 0.005 no ymonyaHuto

Cpu_operator_cost — cToMMocTb 06paboTKM onepatopa nan dyHKUMK. Mo ymoa4aHuio
0.0025



o PROFESSIONAL

Pos{gres
dpaMeTpPbl CepBEPa - CTaTUCTUNKAa

* track_counts — BKnitoyeHa M CTaTUCTUKA

* track_functions — otcnhexxmnBatb M BbI30B GYHKLUWNN, U €Can Aa, TO
KaKKnX

* stats_temp_directory — roe cOopLMKY CTAaTUCTUKM XPAHUTD
NPOMEKYTOYHbIE AAaHHbIE



o PROFESSIONAL

Pos{gres

CTaTuncTnKa

* [1na KaXXaoum Tabaunubl M ANA KaxKaom KONOHKU cobupaeTca
CTaTUCTUKA. KomaHaa ANALYZE

* View pg_stats. Yto Tam? HekoTopble KONOHKU

null frac
avg_width

n_distinct

most_common_vals
most_common_freqgs

histogram_bounds

correlation

YacTb He-null KonoHOoK

CpefaHss wnpuHa B bantax

>0 — NPUMEPHOE YNC/O YHUKA/IbHbIX 3HAYEHWNIA; OXMUOAETCSH, YTO Tabnuua pactu He
oyaet

<0 — YMC/I0 YHUKA/IbHbIX 3HAYEHNN/UNCIIO CTPOK * -1; OXMpaaeTcs, YTo Tabnumua éyaer
pacTtu

Cnncok Hanbosee YyacTbIX 3HAYEHWUIA
CnMCOoK YacToT TakmxX 3Ha4eHni (YNC/0 3HAYEHMIA/YMCNO CTPOK)

CnMCOK 3HAYeHNIA, pa3gensoLmx 3HaeHUs Ha NPUMEPHO PaBHbIE YYaCTKM

Koppenauua mexay onsnyeckum pacnosioXeHMemM 3HayeHuit Ha AMUCKe U TOTMYeCKnM
nopsaakom 3HadeHui. (Mpu -1 nnu +1 oxmnpgaeTcs, YTo CKaHMpOBaHWe Mo NHAEKCy byaet
[eLleBsie, YeM Korga 3HavyeHue 6/IM3K0 K Hy/to, T.e. 3HaYeHusa 6osnee ynopagoyeHs! (Cm.
NpUMep Bbllie C BbIOGOPOM, UTO AeLleB/ie — CKAaHUPOBaHME U/ NPOXOA MO UHAEKCY)



Posdgras
CTaTnCtnKa

* default_statistics_target —u4uncno sanemeHTOB B MaccmBax B Tabauue
npeablayuiero cnanga. 3agaerca:

* Ha yposHe cepBepa
* Ha ypoBHe ceccuu
* Ha ypoBHe Tabanubl



Posdgras
MeToOobl coeaHEeHNA

* Nested loops

* Hash join

* Hash anti-join

* Hash semi-join

* Merge join

* MiHble cnocobbl

* Quter join

* Nested loop outer join
* Hash outer join



o PROFESSIONAL

Pos{gres
Nested loops

* foreach o in (outer){
foreach i1 in (inner){
if o.join_key=i.join key {
outstream.put(o,i);
}

¥
}

* Yero yx npolue?

* MloaxoauT pna outer join, HO 3agaeT MOPALOK COeAUHEHUA -
ona left outer join cHavana neeas Tabauua, NOTOM
npaBaAa, anAa right outer join, COOTBETCTBEHHO, HaoboOpoOT.



o PROFESSIONAL

Pos{gres
Nested loops - npoaosiKeHune

[Mpn 0bblMHOM CpaBHEeHUU Ans bonee-meHee 6onbLIMX TabAUL, cepBep McnonbayeT nested loop
HEOXOTHO, €C/IN TO/IbKO TabaunLbl HE COBCEM MasieHbKUE, HO BOT TOTAa — TOJIbKO ero.

EAMHCTBEHHbIN cnocob ana coeagMHeHUit He no =

explain(analyze, buffers)
select * from t1, t1 t
where t.id between tl1.id and tl1l.id+10
limit 100
Limit (cost=0.43..7.90 rows=100 width=210) (actual time=0.062..0.145 rows=100 loops=1)
Buffers: shared hit=41
-> Nested Loop (cost=0.43..8307625710.00 rows=111111111111 width=210) (actual time=0.060..0.135 rows=100 loops=1)
Buffers: shared hit=41
-> Seq Scan on tl (cost=0.00..27242.00 rows=1000000 width=105) (actual time=0.020..0.021 rows=10 loops=1)
Buffers: shared hit=1
-> Index Scan using tl1 pkey on t1 t (cost=0.43..7196.49 rows=111111 width=105) (actual time=0.005..0.007
rows=10 loops=10)
Index Cond: ((id >= t1.id) AND (id <= (t1.id + 10)))
Buffers: shared hit=40
Total runtime: 0.232 ms



o PROFESSIONAL

Posggres
Hash join - Kak paboTaeT

* hash(tablel.val)=hash(table2.val)

* O6bIYHbIN NOAXOA: CTPOMM XeL Mo OAHOM Tabaunue, NPOroHAeMm BTOPYIO U
CMOTPUM

* A ecnn He ymelwlaeTca B NamaTtn?
* BapuaHt 1

* Xewwupyem u3 meHbLlen TabanLbl CKONbKO MOXKEM.
* [lporoHAaem BTOpPYIO
* W/ Tak ganee, NoKa AaHHble U3 NEpPBOM He KOHYaTCA
* GRACE Hash join
* Xewwnpyem obe Tabnnubl HeKoTOpon GyHKUMEN H,
* Monyyaem Habop rpynn gna kaxkaom 3 Tabauu. Ecam T,.key=T,.key, T0 u H,(T,.key)= H,(T,.key)

* CoeamHAEM KaxKayto napy rpynn B namaTu



o PROFESSIONAL

Posggres
Hash join

[NpoBepKa coOTBETCTBMA

* explain(analyze, buffers)
select * fromtl, t1t
where t1.id=10*t.id/10

* Hash Join (cost=56344.900..160892.00 rows=1000000 width=210) (actual time=19083.867..25519.331 rows=1000000 loops=1)

Hash Cond: (((1@" * t.id) / 10) = t1.id)

Buffers: shared hit=3548 read=30936, temp read=29658 written=29596

-> Seq Scan on tl t (cost=0.00..27242.080 rows=1000000 width=105) (actual time=0.012..467.418 rows=1000000 loops=1)
Buffers: shared hit=1790 read=15452

-> Hash (cost=27242.00..27242.00 rows=1000000 width=105) (actual time=19079.580..19079.580 rows=1000000 loops=1)
Buckets: 8192 Batches: 32 Memory Usage: 3980kB
Buffers: shaned hit=1758 reads15484, temp written=14767«
-> Seq Scan on tl (cost=0.00..27242.00 rows=1000000 width=105) (actual time=0.002..18387.413 rows=1000000

MocTpoeHue xelw-Tabamubl

loops=1)
Buffers: shared hit=1758 read=15484
Total runtime: 25582.276 ms

Pasmep TabunLbl M YNCNO NPOXOA0B



Poddiies
Hash join - npooo/mxKeHune

* set work _mem="'256MB°

* Hash Join (cost=39742.00..109484.00 rows=1000000 width=210) (actual
time=850.529..3575.678 rows=1000000 loops=1)
Hash Cond: (((10 * t.id) / 10) = tl1.id)
Buffers: shared hit=3804 read=30680
-> Seq Scan on t1 t (cost=0.00..27242.00 rows=1000000 width=105) (actual
time=0.011..504.974 rows=1000000 loops=1)
Buffers: shared hit=1918 read=15324
-> Hash (cost=27242.00..27242.00 rows=1000000 width=105) (actual
time=850.303..850.303 rows=1000000 loops=1)
Buckets: 131072 Batches: 1 Memory Usage: 125977kB
Buffers: shared hit=1886 read=15356
-> Seqg Scan on t1 (cost=0.00..27242.00 rows=1000000 width=105 (actual
time=0.004..460.874 rows=1000000 loops=1)
Buffers: shared hit=1886 read=15356
Total runtime: 3657.914 ms



o PROFESSIONAL

Pos{gres o
Hash semi-join

« EXISTS, IN

* set work _mem=°32MB"';
explain(analyze, buffers)
select * from t1
where exists(select * from tl t where t.id=t1.id+1)

* Hash Semi Join (cost=39742.00..81734.00 rows=500000 width=105) (actual time=713.527..2230.119
rows=999999 loops=1)
Hash Cond: ((tl1.id + 1) = t.id)
Buffers: shared hit=14020 read=20464
-> Seq Scan on tl (cost=0.00..27242.00 rows=1000000 width=105) (actual time=0.011..351.397
rows=1000000 loops=1)
Buffers: shared hit=7026 read=10216
-> Hash (cost=27242.00..27242.00 rows=1000000 width=4) (actual time=713.317..713.317
rows=1000000 loops=1)
Buckets: 131072 Batches: 1 Memory Usage: 27344kB
Buffers: shared hit=6994 read=10248
-> Seq Scan on t1 t (cost=0.00..27242.00 rows=1000000 width=4) (actual
time=0.005..432.381 rows=1000000 loops=1)
Buffers: shared hit=6994 read=10248
Total runtime: 2290.837 ms



o PROFESSIONAL

Pos{gres S
Hash anti-join

* NOT EXISTS, NOT IN

* explain(analyze, buffers)
select * from t1
where not exists(select * from tl t where t.id=tl.id+1)

*Hash Anti Join (cost=39742.00..81734.00 rows=500000 width=105) (actual
time=2090.394..2090.395 rows=1 loops=1)
Hash Cond: ((tl.id + 1) = t.id)
Buffers: shared hit=14148 read=20336
-> Seq Scan on tl1 (cost=0.00..27242.00 rows=1000000 width=105) (actual
time=0.013..336.467 rows=1000000 loops=1)
Buffers: shared hit=7090 read=10152
-> Hash (cost=27242.00..27242.00 rows=1000000 width=4) (actual time=728.698..728.698
rows=1000000 loops=1)
Buckets: 131072 Batches: 1 Memory Usage: 27344kB
Buffers: shared hit=7058 read=10184
-> Seq Scan on t1 t (cost=0.00..27242.00 rows=1000000 width=4) (actual
time=0.005..438.681 rows=1000000 loops=1)
Buffers: shared hit=7058 read=10184
Total runtime: 2094.008 ms



o PROFESSIONAL

Pos{gres

Hashed subplan

* NOT EXISTS, NOT IN
* explain(analyze, buffers)

*select * from t1
where tl.id not in(select t.id from t1 t)

*Seq Scan on tl (cost=292.00..584.00 rows=5000 width=105) (actual time=11.784..11.784
rows=0 loops=1)

Filter: (NOT (hashed SubPlan 1))
Rows Removed by Filter: 10000
Buffers: shared hit=334

SubPlan 1

-> Seq Scan on tl1 t (cost=0.00..267.00 rows=10000 width=4) (actual
time=0.005..2.905 rows=10000 loops=1)

Buffers: shared hit=167
Planning time: 0.134 ms
Execution time: 11.835 ms



Poddies
Merge join

* ChnBatoTca ABa OTCOPTUPOBAHHDbIX CIMCKA CTPOK
* [naBHOE OTANYME — HET NPaBON N 1IEBOUN CTOPOHDI
* [logxoaAnT Ana outer join-oB.
* bonee TOro, He onpeaensaeT }KeCTKO NOPAAOK coeauHeHUA Tabauny,

* YyTb M He eANHCTBEHHbIN cnocob peannsosaTthb full outer join



o PROFESSIONAL

Posygres o
Merge join - npoaoXKeHune

* explain(analyze, buffers)
select * from t1 t, t1 where tl1.id=t.id

* Merge Join (cost=0.85..101450.85 rows=1000000 width=210) (actual
time=0.021..1982.601 rows=1000000 loops=1)
Merge Cond: (t.id = t1.id)
Buffers: shared hit=20956 read=18998
-> Index Scan using tl pkey on tl t (cost=0.42..43225.43
rows=1000000 width=105) (actual time=0.009..280.390 rows=1000000
loops=1)
Buffers: shared hit=19977
-> Index Scan using tl pkey on tl1 (cost=0.42..43225.43 rows=1000000
width=105) (actual time=0.006..961.402 rows=1000000 loops=1)
Buffers: shared hit=979 read=18998
Total runtime: 2044.910 ms



o PROFESSIONAL

Pos{gres o
Merge left join

* explain(analyze, buffers)
select * from t1 t left outer join t1 on tl.id=t.id

* Merge Left Join (cost=0.85..101450.85 rows=1000000 width=210) (actual
time=0.021..2135.078 rows=1000000 loops=1)
Merge Cond: (t.id = t1.id)
Buffers: shared hit=19983 read=19971
-> Index Scan using tl pkey on tl t (cost=0.42..43225.43
rows=1000000 width=105) (actual time=0.009..272.459 rows=1000000
loops=1)
Buffers: shared hit=19977
-> Index Scan using tl pkey on tl1 (cost=0.42..43225.43 rows=1000000
width=105) (actual time=0.006..1153.697 rows=1000000 loops=1)
Buffers: shared hit=6 read=19971
Total runtime: 2195.236 ms



o PROFESSIONAL

Posygres o
Outer joins

* MoryT 6bITb peann3oBaHbl ¢ NomolLbio nested loop nan merge join



o PROFESSIONAL

Pos{gres
NHoe

* Subqueries

* Scalar subqueries
* Dependent subqueries

* Subqueries Bo FROM



o PROFESSIONAL

Pos{gres

Subquery

*select * from table t where exists(select ...)

* select (select col from table2 where ..) from tablel
* K coxaneHuw, He KelwnpyetT

*select * from (select * from ..)
* lateral



OOOOOOOOOOOO

Pos}gres

Subqueries Bo FROM

* MoryT nogHMmaTbCA BBEpPX



Posdgras
WITH

* Bcerpa co3paetca spemeHHan Tabanua
* work_mem



Posdiies OcCTaJibHble NapamMeTpbl
ONMTUMMN3ATOPA

* geqo_* - generic query optimizer
* geqo_threshold — ¢ kakoro konnyectsa Tabauny, sBkntoyatb GEQO

* constraint_exclusion — BkntoyaTtb M npoBepKy check ana 3anpocos.
[To ymon4yaHuto cTonT ToNbKo partition — Tonbko anda inheritance &
union all — nop3anpocoB. MHTEpPECHbIN MOMEHT:

* create view tv as
select 'T1' as src, id from t1
union all
select 'T2', id from t2



Posigres constraint exclusion

* explain(analyze, buffers)
select * from
(values('T1',1,100000),('T4',10,100000),('T3"', 20, 30)) as v(src, s,e), tv
where tv.src=v.src and tv.id between v.s and v.e

* Nested Loop (cost=0.42..31438.53 rows=1833 width=76) (actual time=0.056..171.934 rows=100000
loops=1)
Buffers: shared hit=4559
-> Values Scan on "*VALUES*" (cost=0.00..0.04 rows=3 width=40) (actual time=0.002..0.011
rows=3 loops=1)
-> Append (cost=0.42..10473.38 rows=612 width=36) (actual time=21.767..51.698 rows=33333
loops=3)
Buffers: shared hit=4559
-> Index Only Scan using tl1 pkey on tl1 (cost=0.42..10116.42 rows=556 width=36) (actual
time=12.673..31.229 rows=33333 loops=3)
Index Cond: ((id »>= "*VALUES*".column2) AND (id <= "*VALUES*".column3))
Filter: ("*VALUES*".columnl = 'T1'::text)
Rows Removed by Filter: 33334
Heap Fetches: 200002
Buffers: shared hit=4006
-> Index Only Scan using t2 pkey on t2 (cost=0.29..356.96 rows=56 width=36) (actual
time=17.197..17.197 rows=0 loops=3)
Index Cond: ((id >= "*VALUES*".column2) AND (id <= "*VALUES*".column3))
Filter: ("*VALUES*".columnl = 'T2'::text)
Rows Removed by Filter: 66667
Heap Fetches: ©
Buffers: shared hit=553
Total runtime: 176.929 ms



o PROFESSIONAL

Posggres  constraint exclusion -
NPOOOJIKEHME

create or replace function tvf(p_src text, s int, e int)
returns table(src text, id int) as
$code$
begin
case p_src
when 'T1' then
return query select p _src, tl.id from tl where tl.id between s and e;
when 'T2' then
return query select p_src, id from t2 where t2.id between s and e;
else
null;
end case;
end;
$code$
stable
language plpgsql



Poddiies |
constraint exclusion - npogon>xxeHune

* explain(analyze, buffers)
select * from
(values('T1',1,100000),('T4',10,100000),('T3"', 20, 30)) as v(src, s,e), lateral tvf(v.src, v.s,v.e)

* Nested Loop (cost=0.25..60.29 rows=3000 width=76) (actual time=68.347..99.090

rows=100000 loops=1)

Buffers: shared hit=2005

-> Values Scan on "*VALUES*" (cost=0.00..0.04 rows=3 width=40) (actual
time=0.002..0.008 rows=3 loops=1)

-> Function Scan on tvf (cost=0.25..10.25 rows=1000 width=36) (actual
time=22.798..25.733 rows=33333 loops=3)

Buffers: shared hit=2005

Total runtime: 104.443 ms



o PROFESSIONAL

Pos{gres
[TapamMeTpbl - Npoao/IXKeHne

* cursor_tuple fraction (floating point) — Kakas 4acTb Kypcopa
oXKnaaetca bbiTb nonyyeHHoN. 1o ymonydanuto 0.1 — BamAeT Ha BblIbOp
nnaHa Ana Kypcopa. Ecam noctasutb B 1.0, TO NnaaHbl 414 3aNPOCOB

KypcopoB byayT N/1aHMPOBATbLCA TaK *Ke, Kak M NiaHbl A1 0ObIYHbIX
3anpocos.

* B yem pa3sHunua? B tom, 4To A5 06bIYHBIX 3aMPOCOB NJ1aHbl CTPOATCA C
LLe/IbIO BbIMONHUTL Pe3ynbTaT MaKCMMa/IbHO BbICTPO, a He

MaKCMMa/IbHO BbICTPO NONYYMNTL MEPBYIO CTPOKY; KCTAaTK, NOA0OHOE
e nemcresme okasbiBaet LIMIT.



o PROFESSIONAL

Pos{gres
[lTapamMeTpbl - NpoOo/IXKeHne

* from_collapse_limit — ontummnsatop byaet nbiTaTbCA NOAHATD
BJIOXKEHHble NoA3anpocbl BO from, ecam TONbKO NOJIyYNBLUNINCA
CNUCOK Tabauy, 6yaeT He 6onblue 3Toro napametpa. o ymonyaHuto 8;
6e3 0cobom Hy*KAbl U TBEPAOTrO MOHUMAHMUA NyYLLE HE TPOoraTb.

* join_collapse_limit —aHanormn4yHo c join. Ecaum BbICTaBUTb B 1, TO
MOXHO COXPaHUTb NOPAAOK CoOeAHEHMA, YKa3aHHbIN B 3anpoce. 1o
ymon4daHuto paseH from_collapse_limit. Echm ontummnsatop Boibmnpaet
HEBEPHbIN NOPAAOK COeAMHEHUSA, TO MOXXHO BOCMNO/1b30BATbLCA.



ROFESSIONAL

Pos}gres

OYHKLUNW

* CKanapsle

* TabnnyHble



o PROFESSIONAL

Pos{gres
CKanspHble

* IMMUTABLE — ana oaHnx u Tex e AaHHbIX BCeraa Bo3BpallakoT 04HO
N TO XKe

* STABLE — Bceraa Bo3BpallatoT 04HO M TO e 3Ha4YeHue BO Bpems
BbINO/IHEHWMA 3aMpPOCa;

* VOLATILE — Heob6xoamMmo BbI3biBaTb KaXabl pa3. [1o ymonvaHuto.
* COST — ctonmocTb B cpu_operator_cost.
* RETURN NULL ON NULL INPUT/STRICT — 1 Tak BCe NOHATHO



Poddgies V
[TopAanoK BblHNCIEHNA YC0BUN

* B Kakom nopagke ébyaet sbluncneHo sbiparkeHme f1() and f2()?

* 1 byanet nim oHo short-circuit nam Het?



o PROFESSIONAL

Postores  MopsAnoK BbIYUCIEHUS -
NPOAO/IKEHME

create or replace function f1() returns boolean as $code$
begin
raise notice 'f1°';
return true;
end; $code$
cost 300 language plpgsql;

create or replace function f2() returns boolean as $code$
begin
raise notice 'f2°';
return true;
end;
$code$
cost 200 language plpgsql;

cost — crommocTb B cpu_operator_cost, 0.0025



o PROFESSIONAL

Posiores  MopsgoK BbIYUCIEHUS -
NPOLO/IKEHME

* select 1 where f1() and f2()

* SAMEYAHUE: 2
3AMEYAHME: f1

* Bbl4MCNAWTCA B nopAaake CTOMMOCTU, a He B nopaake
3dlNCH

* Ho short-circuit



Posdgras
A 4YTO Hac4yeT coalesce?

* select coalesce(f2(),f1())
* SAMEYAHUE: 2

* coalesce - short-circuit



o PROFESSIONAL

Pos{gres
TabnnyHele

* returns setof record/type; returns table(colum definitions...)
* ROWS — oxXnaaemoe 4mncno ctpok. lNo ymonuaxuto 1000.



Poddgies o
BcTpanBaHune oyHKLUKMK (InliNing)

* OYHKUMM MOTYT BbITb Pa3BepPHYTbI NPSAMO B TE€/10 3aNpoca

 LANGUAGE SQL, STABLE/IMMUTABLE, He SECURITY DEFINER, Her
SET,

* CKandapHble

— He RETURNS RECORD

— MpocTo select (HeT noa3anpocos, CTE, GROUP, arperatos)
* TabnnyHble

— [lpocTo select

— KaK view c napameTpamu

* He Bceraa 310 MoXeT 6bITb XOPOLO



o PROFESSIONAL

Pos{gres o
cTpaunBaHume doyHKUMKM (inlining)

create function tlfunc(sv int, ev int, str text) returns table(id int, descr text) as
$code$
select tl.id, tl.val|]| str from tl where id between sv and ev;
$code$
language sql
stable

explain
select * from t1, tlfunc(tl.id,tl.id+10,'->text') where tl.id=10

Nested Loop (cost=0.57..78.70 rows=1111 width=210) (actual time=0.025..0.036 rows=11 loops=1)
-> Index Scan using tl pkey on tl (cost=0.29..8.30 rows=1 width=105) (actual time=0.010..0.011
rows=1 loops=1)
Index Cond: (id = 10)
-> Index Scan using tl pkey on tl tl 1 (cost=0.29..56.51 rows=1111 width=105) (actual
time=0.005..0.010 rows=11 loops=1)
Index Cond: ((id >= tl.id) AND (id <= (tl.id + 10)))
Planning time: 0.280 ms
Execution time: 0.074 ms



Poddgies
TPaH3UTUBHOCTb

« explain analyze
select * from generate series(1,1000) as gl(n),
generate_series(1,1000) as g2(n) where gl.n=g2.n and g2.n=100

« Nested Loop (cost=0.01..75.25 rows=25 width=8) (actual time=0.563..0.938
rows=1 loops=1)
-> Function Scan on generate series gl (cost=0.00..12.50 rows=5
width=4) (actual time=0.281..0.469 rows=1 loops=1)
Filter: (n = 100)
Rows Removed by Filter: 999
-> Function Scan on generate series g2 (cost=0.00..12.50 rows=5
width=4) (actual time=0.280..0.467 rows=1 loops=1)
Filter: (n = 100)
Rows Removed by Filter: 999
Planning time: 0.114 ms
Execution time: 1.015 ms

e B 3anpocax 3To He o4eHb Hado; a BOT BO View HaAao

e He pabotaetc<un>



Posdgras
CopTUpoOBKa

* 3a4em Haao
* ORDER BY
* GROUP BY — BbIrogHa npu 60/1bLLIOM YUCAE TPYNT
* OKOHHbIe n arpermpytowme PyHKUMK (string_agg, array_agg u 1.n.)
* Kak?
* bbicTpas copTnpoBKa (quicksort)
* TOP-N quicksort
* Merge sort
* HepgocTaTKK: AN COPTUPOBKM BONLLLIOIO KoNmnyecTa TPebYOTCA 3HAYMUTE/IbHbIE

pecypcbl NaMATU U NpoLLeccopa; Kpome Toro, y3es cHayana A0XKeH NPoYnTaTh
BECb BXOZ, NpeX e YeM OH CMOXKET YTO-TO OTAaTb Ha BbIXOA.



o PROFESSIONAL

Pos{gres
Arperayuns

* TpebyeT oTAENbHOIO y3/1a B AEPEBE NNAHA
* XeLIJl/IpOBaHMe — ONTUMAJZIbHO ANA He O4YEHDb bonbWOoro ymcna rpynn
* CopTMpoOBKa — oNTUMa/ibHaa Ansa 6oablOro Yncna rpynn
* min/max MoryT 6bITb NONyYeHbl Yepes3 UHAEKC (B Tom yncne
MHOrocTon6LU0BbIN); 3anpoc

select * from t where t.date=(select max(tl.date) from t t1 where
t1.date<t.date)) — BnonHe ok.



Posdgras
LIMIT, OFFSET

* MoxeT 3acTaBUTb ONTUMM3ATOP BblIOPATb NaaH, KOTOPbLIN BbICTpee
BO3BPALLAET MEPBYO CTPOKY, @ HE BECb pe3yNbTaT — CKJIOHHOCTb K
nested loop n copTnpoBKe Yyepes nHOeEKC.

* Echum xo4eTcsa ckasaTtb limit 10, offset 100000, To A4NA BbINONHEHUS
BCero 3Toro cHa4vana Haao nony4ymntb 100000 cTpOK 1 HUKyAA OT 3TOro
B MPUHUWIE He peHewbca, T.e. ObICTPbIM 3TO He ByaeT HUKOrAa.



Posdgras

PREPARE name [ ( data type [, ...] ) ] AS statement
DEALLOCATE name
EXECUTE name

PREPARED STATEMENTS



Posiiies PREPARED STATEMENTS -
npoaoJKeHune

* 3a4em 3TO Haao?
* [lponsBoanTENBHOCTb
* be3onacHOCTb



Posiiies PREPARED STATEMENTS -
npoaoJKeHune

[1naHbl B 3aBUCMMOCTU OT NnapameTpon
prepare sth(int,int) as

select id from tl1l where id between $1 and $2

explain(analyze, buffers)
execute sth(1,1000000)

Seq Scan on tl (cost=0.00..32242.00 rows=1000000 width=4) (actual
time=0.009..5823.402 rows=1000000 loops=1)

Filter: ((id >= 1) AND (id <= 1000000))
Buffers: shared hit=1726 read=15516
Total runtime: 5872.688 ms



o PROFESSIONAL

Posgares  PREPARED STATEMENTS -
NPOAOJSIKEHNE

explain(analyze, buffers)

execute sth(1,100)

Index Only Scan using tl1 pkey on tl (cost=0.42..11.32 rows=95 width=4) (actual
time=0.019..0.053 rows=100 loops=1)

Index Cond: ((id >= 1) AND (id <= 100))
Heap Fetches: 100
Buffers: shared hit=5

Total runtime: ©.088 ms
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Pos{gres

ANALYZE

* Cobmpaet cTaTUCTUKY No
* ANALYZE - 6a3e,

* ANALYZE thetable - Tabnuue,
* ANALYZE thetable(thecolumnone) - nan KonoHKam



o PROFESSIONAL

Pos{gres

Obwme NnpuHUUNb

* Hapo 3HaTb, Kakue bbiBatoT meToabl (4ocTyna, coeanHeHus,
arperaummn...) N B KakMx caydyaax Kakme HeobxoaMmo NpUMeHUTb

* [locmoTpeTb, KaKne peanbHO UCNOAb3YIOTCH

* Ecnm ncnonb3ytotca He Te, YyTo TPebyroTcA, BbISCHUTL, KTO olinbaeTcH
— pa3paboTymKk nam onTummaaTtop (onTmummnsaTop owmnbaertca pexe)

* YcTpaHUTb npobnemy
* Yynec He b6biBaeT :-(



Poddgies
KapaAnNHaNbHOCTb N CeNeKTUBHOCTb

* KapAMHaNbHOCTb — CKO/IbKO CTPOK?

* CeNNeKTUBHOCTb — KAKAA Yacmb CTPOK? (T.e. <=1), yem 3HayeHune
MEHbLLEe, TEM OHa BblLLE
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Pos{gres
Obwnm nogxon

* [NaBHbIM NPUHLMMN: YeM MEHbLUE AaHHbIX, Tem bbicTpee

* ChepgoBaTtenbHO, HAAo CTpemMunTbCAa K TOMmy, 4yTo6bl HAMbONbLUAA YaCTb HEeHYMXHbIX CTPOK
OTCeKa/ldaCb Ha CaMbiIX PaHHUX CTaAUAX BbINO/THEHUA 3aMNpPOCa.

* CoegmHeHune Tabamu, No BO3MOXKHOCTHU (3TO AOCTYNHO He BCcerga) A0/IKHO Ha4YMHaTbCs € Tabaumubl
Cc Hanbonblen cesneKmMuUBHOCMbIO, C TOW, B KOTOPOM OTHOLUEHME YMCNa OTPUIBTPOBAHHbIX CTPOK K
obuwemy Yncny CTPoK MMHUMA/IbHO; Kaxaana cneayowan Tabanua TakKe A0NXKHa, B CBOLO
oyepenb, BbIOUpaTbCA U3 KAaHAMAATOB C HAMbOOIbLLEN CENEKTUBHOCTLIO.

* MpuHUMN BbiWe He obA3amesnbHO 0acm onNMUMAsbHbIU MAGH, HO MO KPalHEN mepe NoyTH
HaBepHsKa He gacT 6e3ymHbi. Hanpumep: Tabanua «nonb3osatenn» (10 maH cTpok), Tabaunua
«cocToAHue» (ABa 3HayeHUA — «akTuBeH/3abnoKkMpoBaH»), Tabanua «CtpaHay.

* 3anpoc «Bce aKTUBHble NoAb30oBaTeNn U3 AHAOPPbLIY» - NepBan Napa «CTPaHbI», «N0Nb30BaTENN», MOTOM
«cocTosiHMe», Index scan cTpaH, Index scan/Bitmap heap scan nonb3osartenei, table scan «coctosHue».

* 3anpoc «Bce 3a6/10KkMpoOBaHHbIe NOAb30BaTENN U3 KMTana ¢ umeHem EBnorniiy - index scan «nonb3oBaTenn»,
index scan «cTpaHa», table scan «cocTtosaHue».



Posdgras
Ocobbin cnydan - bonbLume cnabo
NPOKELINPOBaHHbIE TabunLbl

* BHe 3aBUCMMOCTM OT CENEKTUBHOCTU C/ielyeT CTPEMUTLCA K TOMY,
4TOObI TaKMe TabnunLbl coegnHANNCH B MOCAEAHIO o4yepeab.

* LATERAL n cekymnoHunposaHue



OOOOOOOOOOOO

Pos}gres
Obwme NpuHUKMMbI - NPOAOIKEHUE

3HauTe Baliun AaHHble!

JKCKaBaTOPLLUMKUM NOUYTU HUKOrAa He
6bIBalOT KOPMALLMMMU KEHLLMHAMM,
HO cepBep 06 3TOM He 3HaeT



P‘&gres YTO nenaTb, eCcsqiv njaaH He
COOTBETCTBYET OXKUAAHUAM

* 34paBO OLEHUTb, MOKET JIN 3aNPOC C MMELMMUCA AaHHbIMU, TabanLamm, HAEKcamm BoobLue
BbIMO/IHATHLCA C }KEeNaeMOoI CKOPOCTbIO

* KTO Henpas

* Pa3paboTumk
* OnTMmusaTop

* KTO BUHOBAT
¢ BbIFICHVITb, YTO He TaK
* BbIFICHVITb, noqu\y He TaK

* Yto penatb
* [lepenuncatb 3anpoc
* Co34atb/U3MEeHUTb NHAOEKC
* Pa3buTb 3anpoc Ha YacTu
* MpeanocnegHUI WaHC - NOCTaBUTb NapameTpbl oNnTMMKU3aTopa (M He 3abbITb X BEPHYTb B NPEXHee COCTOSIHUE)
* [1eNcTBUTENbHO NOCAEAHUN LWAHC — NePenMcaTb HaBUIaLMOHHO.
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Pos{gres _
HeBepHbIKN MeToO O0CTYyna

* OcCHOBHasA NPUYNHaA — HeBepHasa,/cTapan CTaTUCTUKA, HEeaKTya IbHbI
VACUUM, oTtcyTtcTBMEe noaxoaAaLinx anbTepHaATUB
* YTo genatb
* CobpaTb CTaTUCTUKY
* Hactpoutb VACUUM

* Co3paTtb NnoaxoAALWMM MHAEKC (B T.4. YCAOBHbIN, GYHKLMOHANbHbIMN,
nonbiTaTbcA Ao6uTbeA Index-Only Scan)

CLUSTER, pg_reorg/pg repack

Pa3butb Tabaunuy Ha YacTu
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HeBepHbIN MeTod coeanHeHnS

* N onaTtb cobpaTb CTaTUCTMKY, BO3MOMKHO, MOBbICMB TOYHOCTb
(default_statistics_target)

* MocTtpoutb noaxoaawmnim nugekc (Index-Only scans? — n cHoBa
vacuuml!)

* Pa3buTb 3anpoc Ha YacTu



Posdgras U
HeBepHbIN NOPAOOK coeanHeHNS

* BblIACHNTbL, MOYEeMYy ONTUMM3ATOP BblOpPan MMEHHO TaKoW cnocob

* 3a4aTb NopsaaoKk ckobkamu - ((t1 join t2) join (t3 join t4)) n napameTp
join_collapse_limit=1



Podgias
[lapaMeTpbl oNTUMMU3aTOpPa

* random_page_cost
* enable hashjoin etc



Poddgies
na cTpeMuTeNlbHbIX 3anpoCoB

Hao

* MMHMManNbHbIN 06bEM AQAHHbIX

* Nested loop
* COpTUpPOBKa Yepes MHAOEKC



P°g29res Materialized view Kak cBouMM
DYKaMu, Tak U He CBOUMMU

* [pynnMpoOBKa HEPEeAKO CTAaHOBUTCA 3HaYNTENbHOM Npobaemon
* Yto penatb?
* Materialized view!

* ObHOBNsSIEMbIE NEPUOANYECKN (BCTPOEHHDbIE) N HEMEANEHHO (B
TPaH3aKUMN); MOXKHO NPMAYMaTb KOMBUHaLKUN

* B cuny TpaH3akumoHHou npupoabl CYB/l npu 3aBepLueHnmn
TpaH3aKUuMM ogHOBPEMEHHO CTAaHOBATCA BMAHbI KaK AaHHble, TaK U
arperaTtbl MO HUM.

* OgHOM rpynNUPOBKOU A0 He OrpaHNYMBaETCA

* view KaK ocHoBa ana matview. Mpn obHoBneHnn yaoansem B matview
3aTPOHYTblE CTPOKM U BCTAB/IIEM BbIDOPKY U3 view



OOOOOOOOOOOO

Pos}gres

MeHblue gaHHbIX (B BanTax) -
bbicTpee paboTaeT. [Nakyem Tabnnubl

* lpy3ba (friends)
* MHoOXecTBO nap integer, integer
* PeweHue B nob:

* create table friend(
id int,
friend id int,
constraint friend pk primary key (id, friend id)

)



Posdgras
MeHblue AaHHbIX - bbICTpee

* insert into friend(id, friend id)
select n, fn
from generate series(1,100000) as gs(n),
(select (100000*random())::integer from generate series(1,50)) as
gsl(fn)
order by random()

* 173 Mb paHHbIX, 139 Mb nMHOekcos

* Bce npaBuibHO: 5000000*(8+26) + ewe 3arosOBKU CTpPaHUL, — 4YTO-TO TaK WU
nonyyaeTtcsa; 5000000*(8+14) + 3aroJIOBKM CTpaHUL + HENOJIHble CTpaHuupl — BCE
oXuagaemo



Poddgies
MeHbLue AaHHbIX - bbICTpee

* explain(analyze, buffers)
select * from friend where id between 300 and 3000

* Bitmap Heap Scan on friend (cost=3450.76..27685.49 rows=140715 width=8)
(actual time=52.618..460.941 rows=135050 loops=1)

Recheck Cond: ((id >= 300) AND (id <= 3000))
Buffers: shared hit=3 read=22584

-> Bitmap Index Scan on friend pk (cost=0.00..3415.58 rows=140715
width=0) (actual time=45.578..45.578 rows=135050 loops=1)
Index Cond: ((id >= 300) AND (id <= 3000))
Buffers: shared hit=2 read=500
Total runtime: 471.025 ms
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MeHblue AaHHbIX - bbICTpee

* MOHO N1 4YTO-TO caenatb? [1al

* create table friend2(
id int,
friend id int[],
constraint friend2_ pk primary key (id)
)

* insert into friend2(id, friend _id)
select n, array(select (100000*random())::integer from
generate_series(1,50))
from generate series(1,100000) as gs(n)
order by random()

* Tabnuua - 25 Mb, wuHpekc - 2784 Kb, utoro 27-28 Mb. bonee 4yem B 10 pas
MeHblle.



Posdgras
MeHblue AaHHbIX - bbICTpee

* MMouemy?
* 26 6aWT Ha cTPOKY, 14 6aNT HA NHAOEKC
* UHpekcunpyeTca B 50 pa3 meHblle 3N1eMeHTOB

* Ho HecKonbKo HeyaobHo. [lenaem view:

* create or replace view v_friend2 as
select f.id, unnest(f.friend_id) as friend _id from friend2 f
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MeHblue AaHHbIX - bbICTpee

explain(analyze, buffers)
select * from v_friend2 where id between 300 and 3000

Bitmap Heap Scan on friend2 f (cost=66.96..4600.56 rows=260200 width=228) (actual
time=0.812..28.007 rows=135050 loops=1)
Recheck Cond: ((id >= 300) AND (id <= 3000))
Buffers: shared hit=1878
-> Bitmap Index Scan on friend2 pk (cost=0.00..66.31 rows=2602 width=0) (actual
time=0.502..0.502 rows=2701 loops=1)
Index Cond: ((id >= 300) AND (id <= 3000))
Buffers: shared hit=12
Total runtime: 35.110 ms

[lapom Huyero He bbiBaeT —
1) Hapo cnegutb, 4TOObI NPY 0OHOBNAEHUAX TabaULLA HE 3amMycopuBanach.

2) MoxeT nocTpaaaTb Napannenmsm.
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TuNMYHble NpobaemMHbIN 3anNpPocC

- DISTINCT — cTtanio 6bITb, Bblonpaem JIMLIHWE gaHHbIe

- LEFT OUTER JOIN — cTporo 3agaeTt nopaaok coeanHeHua n nonydaet BCE gaHHbIe

- OFFSET Ha Becb pesynbtat — Bcerga Hy>KHO nonyunTb Kak MUHUMYM OFFSET CTpoK

W ewwe Bce genaem gsa pasa (nepsbi pa3 — obLlee KOIM4YeCcTBO, BTOPO — Bblpe3ka CTpaHuLbl)

- Hanpumep:

select distinct u.user 1id, goods.name, goods.price,

addr.street, addr.house

from user u

left outer join
left outer join
left outer join
left outer join

left outer join
left outer join

user x reseller uxr on u.id=uxr.user id

reseller x stock rxs on uxr.reseller id=rxs. stock id
stock x goods sxg on rxs.stock id=sxd.stock id

goods g on sxd.goods id=g.1id

address x user axu on u.ld=axu.user 1id
address addr on addr.id=axu.address id

where uxr.reseller id=%$1 and goods.type='TABLET"'
order by goods.added
limit 25 offset 20000



Posdgras

- select array agg(uxr.user id) into uids from
user X reseller uxr on u.id=uxr.user id
join reseller x stock rxs on uxr.reseller id=rxs.stock id
join stock x goods sxg on rxs.stock id=sxd.stock id
join goods g on sxd.goods id=g.id
where uxr.reseller 1d=$1 and goods.type='TABLET'
order by g.added;

TUNUYHbIE OWNDOKU

- Ckonbko — array length(uids,1)

- Pe3ynbTaTt -
select u.1id, addr.street,..
from unnest(uids(1:25)) as u(id)
[left outer] join address x user axu on aux.user 1id=u.id

- Ecnum BCce BpeMa nony4yawTCs CIIOXHble 3anpochl, TO
- JInbo ecTb Kakue-TO cepbe3Hble npobsiemMbl C AM3aNHOM CXEMbI
- JInbo OHM KaK-TO HeakKKypaTHO GOPMUPYIOTCSH
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[lonydyeHne AaHHbIX Ha K/IMEeHTe

[0 YMONYAHUIO KANEHT NOMIYYAET CPa3y BCHO BbIOOPKY

[nAa NHTEPAKTUBHbIX NPUIOKEHUN peaKo Haao 6onblie 10-100 cTpoK
3a OAMH pas

[MoXanymncra, BHUMaTeNnbHO cneamte 3a atum U

Ncnonb3ymnTe Kypcopbl.



Pog}lgres
nTepaTypa

* http://www.postgresql.org/docs/current/static/index.html

* Dan Tow, SQL Tuning
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