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OTKa3 OT OTBETCTBEHHOCTHU

KomnaHus Postgres Professional He HeCceT HMKaKo OTBETCTBEHHOCTM 3a
N06ble NOBPEXAEHUA N YObITKA, BKKOYAA NOTEPI0 40X04a, HAHECEHHbIEe
NPSAMbIM UM HENPAMBIM, CleunasibHbIM UK CyvYaiHbiM UCMO/Ib30BaHWEM
mMaTepuanos kypca. KomnaHusa Postgres Professional He npegoctasnsaet
Kakux-nnbo rapaHTuii Ha matepuasbl Kypca. MaTepuasbl Kypca
NPeAoCTaBNSTCS Ha OCHOBE NMpuHLUMNa «Kak ecTb» U KoMmnaHusa Postgres
Professional He 06s13aHa NpefoCcTaBNATb CONPOBOXAEHME, NOALEPXKKY,
OGHOB/EHNSA, PaCLUNPEHNS N N3MEHEHNS.
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Tembl Posigres

OOb11rie cOOOpaykeHHsI 0 COeMHEHUSTX
CoeiHeHMe BJIOYKEHHBIM ITUKJIOM

Moubukaru: eBble, TIONy- U aHTU- COeTUHEHMUSI
BbruvicivresibHasi CJI0KHOCTD

Bno>xeHHbIM [IHUKJI B ITapaJ/UI€J/IbHBIX TIJIdHAX
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CoeanHeHud Pos{gres

Crioco0nI coefuHeHNsT — He coearHeHust SQL

inner/left/right/full/cross join, in, exists — moruueckue orepanyuu
CIOCOOBI COeTUHEHUSI — MeXaHU3M pear3ariui

CoenuHsOTCS He TabmIfel, a HAOOPBI CTPOK

MOTryT OBITD IMMOJIy4eHbI OT noboro Yy3/1a [iepeBa I1/idHad

Habopbl CTPOK COeMHSIFOTCS TIOTIapHO

TIOPSI/IOK COe/IMHEHM BaykeH C TOUKU 3PEeHHsI IPOM3BOUTENIbHOCTH
00BIYHO BaykKeH U TOPSIIOK BHYTPH Mapbl

Mano nony4darb faHHble C MNOMOLLb PACCMOTPEHHbIX METOAO0B A0CTYyNa,
Hao eLlle U yMeTb coeAnHATb ux. [na atoro PostgreSQL npegoctasndaeT
HeCKO/1IbKO cnoco6oB.

Cnocobbl coeiHEHNSA NPeACcTaB/IsAT COO0M anropuTMbl A/1s1 CoeAMHEHNS
ABYX Hab0opoB CTPOK. C NX MOMOLLbIO peasn3yoTcs U apyrne KOHCTPYKUMK
Aa3blka SQL, Hanpumep, EXISTS. He cTtonT nytatb ogHo ¢ aApyrum: SQL-
coeIMHeHNA — 3TO SI0TMYeCcKMe onepaunn Hag ABYMS MHOXeCTBaMu;
cnocobbl coegnHeHns PostgreSQL — 370 BO3MOXHbIE peanin3aumm Takumx
COeUHEHWI, yunTbIBatoOLLNE NPOMN3BOAUTE/TBHOCTD.

HacTo MOXHO YC/bllWaTh, YTO COeAMHSOTCA mab/iuybl. IT0 yA06HOe
yNpoLLEeHNe, HO Ha camoM fefie B 06LEM Crlydae COeanHSTCA Habopsbl
CMPOK. TN HAbOpPbI AECTBUTENBHO MOTYT ObITb MOyYEHbI
HenocpeacTBEHHO M3 Tabnuubl (C NMOMOLLLI OAHOro U3 METOA0B A0CTYNa),
HO C TEM Xe€ YCMNexom MOryT, Hanpumep, SBNSTbCA Pe3y/ibTaTOM COeAUHEHUS]
[pyrnx HabopoB CTPOK.

HakoHeL, Habopbl CTPOK Bcerga coeAMHATCA nonapHo. Mopsaok,

B KOTOPOM COEAMHSAOTCH Tab/mLbl, HE BaXKEH C TOUKM 3PEHUS JTOTUKM
3anpoca (Hanpumep, (a join b) join cwmwm (b join c) join a),
HO OYeHb BaXEH C TOUKM 3pEeHUs NPOM3BOAUTENTbHOCTUN. Kak Mbl YBUANM
Aasiblle, BaXKEH M NOpsiAoK, B KOTOPOM COeAUHATCS ABa Habopa CTPOoK
(@ join bwwmb join a).
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Nested Loop Pos{gres

J17151 Ka>KJOM CTPOKH OfHOTO Habopa
riepeOMpaeM TOAXOZSIIe CTPOKH IPYroro Habopa

SELECT a.title, s.name
FROM albums a JOIN songs s ON a.id = s.album_id;

Nested Loop
BHELLUHWIA
Habop

Seq Scan Index Scan
on albums on songs

BHYTPEHHUIA
Habop

HauyHeMm c coeMHEHNA BMIOXEHHbIMU Uuknamu (nested loop), Kak ¢ camoro
npocToro. Ero anropntm TakoB: AJ/151 KaXA0i CTPOKN 0f4HOro U3 Habopos
nepebupaem 1 Bo3BpallaemM COOTBETCTBYHOLLME MY CTPOKM BTOPOro
Habopa. Mo cyTn, 3TO ABa B/IOXKEHHbIX LKA, OTCHAa U Ha3BaHMe crnocoba.

3ameTum, 4YTO KO BTOPOMY (BHYTPEHHEMY) Habopy Mbl Byaem obpalarbCs
CTO/MIbKO pas, CKO/IbKO CTPOK B NepBoM (BHellHeM) Habope. Ecnu HeT
aphbekTnBHOrO MeToga AocTyna Aasa noncka CooTBETCTBYHOLMX CTPOK

BO BTOpPOM Habope (To eCcTb, NONPOCTY roBops, MHAEKCA Ha Tabnuue),
NPUAETCA HEO4HOKPATHO nepebuparb 60/1bLIOE KO/IMYECTBO CTPOK, He
OTHOCcALWMXCA K aeny. O4yeBUAHO, 3TO ByAeT He Nydlnii BbI6op, XOTS AN
Heb0/bLLUMX HAbOPOB a/ITOPUTM N B 3TOM C/lydae MOXET OKa3aTbCA
[0CTaTO4HO 3PPEKTUBHbBIM.

B nnaHe 3anpoca mbl 6yaem suaeTth y3esn Nested Loop ¢ gBymMSA govepHUMU
y3namu (KoTopble MOTyT NpeacTaBnATb HE TO/IbKO METOAbI A0CTYyNa,
HO 1 Apyrne onepauuu, Hanpumep, CoeAMHEHNA UNW arperauun).
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Nested Loop Pos{gres

SELECT a.title, s.name
FROM albums a JOIN songs s ON a.id = s.album_id;

id title year album_id name

3 |LetltBe 1970 5 | ADay in the Life

1 | Yellow Submarine 1969 1 | All Together Now

6 | Abbey Road 1969 2 | Another Girl

4 | The Beatles 1968 > 3 | Across the Universe
1 | All You Need Is Love
2 | Act Naturally

PUCYHKN UNNIOCTPUPYIOT 3TOT CNOCO6 coeAnHeHns. Ha Hux:
* CTPOKW, K KOTOPbIM paHee yxe 6bls1 4OCTY, Noka3aHbl CepbIM;

* CTPOKM, AOCTYN K KOTOPbIM BbINO/THAETCSI HA TEKYLLEM Luare, BblAeeHbI
LIBETOM;

* OpaHXeBblM KOHTYPOM BblAefIeHbl CTPOKW, COCTaBAoLMeE napy,
noaxo4ALLYH No YC/I0BUKO coeanHeHus (B 4aHHOM npuMepe —
MO paBEeHCTBY YMC/IOBbIX NAEHTUPUNKATOPOB).

CHavana Mbl YnTaem nNepByto CTPOKY NepBOro Habopa 1 HaxoaMMm ee napy
BO BTOPOM Habope. COOTBETCTBME HALL/IOCh, U Y HAC Y)XXe eCTb nepaas
CTpOKa pesysibtara, KOTOPYH MOXHO BEPHYTb BbILLECTOALLEMY Y3y NaaHa:
(«Let It Be», «Across the Universe»).
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Nested Loop Pos{gres

SELECT a.title, s.name
FROM albums a JOIN songs s ON a.id = s.album_id;

id title year album_id name

3 |LetltBe 1970 5 | ADay in the Life

1 | Yellow Submarine 1969 1 | All Together Now

6 | Abbey Road 1969 2 | Another Girl

4 | The Beatles 1968 3 | Across the Universe
1 | All You Need Is Love
2 | Act Naturally

Yutaem BTOPYIO CTPOKY NepBoro Habopa.

[ns Hee Toxe nepebupaem napbl N3 BTOpOro Habopa. CHavana
Bo3Bpalwlaem («Yellow Submarine», «All Together Now»)...
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Nested Loop Pos{gres

SELECT a.title, s.name
FROM albums a JOIN songs s ON a.id = s.album_id;

id title year album_id name

3 |LetltBe 1970 5 | ADay in the Life

1 | Yellow Submarine 1969 1 | All Together Now

6 | Abbey Road 1969 2 | Another Girl

4 | The Beatles 1968 3 | Across the Universe
1 | All You Need Is Love
2 | Act Naturally

...3aTem BTOpYyto napy («Yellow Submarine», «All You Need Is Love»).
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Nested Loop Pos{gres

SELECT a.title, s.name
FROM albums a JOIN songs s ON a.id = s.album_id;

id title year album_id name

3 |LetltBe 1970 5 | ADay in the Life

1 | Yellow Submarine 1969 1 | All Together Now

6 | Abbey Road 1969 2 | Another Girl

4 | The Beatles 1968 3 | Across the Universe
1 | All You Need Is Love
2 | Act Naturally

Mepexoamm K TPETbEN CTPOKe NepBoro Hatopa. [ Hee COOTBETCTBUIA HET.
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Nested Loop Pos{gres

SELECT a.title, s.name
FROM albums a JOIN songs s ON a.id = s.album_id;

id title year album_id name

3 |LetltBe 1970 5 | ADay in the Life

1 | Yellow Submarine 1969 1 | All Together Now

6 | Abbey Road 1969 2 | Another Girl

4 | The Beatles 1968 3 | Across the Universe
1 | All You Need Is Love
2 | Act Naturally

He BCe CTPOKM
BHYTPeHHero Habopa
ObINN NPOUUTAHBI

[1Nsi yeTBEPTOM CTPOKM TOXE HET COOTBETCTBUIA. Ha aToMm paboTa
COeJUHEeHNs 3aKaH4yMBaeTCs.

YacTb CTPOK BTOPOro Habopa Mbl BOOOLLE HE paccMaTpuBasii — Ha PUCYHKE
OHW OCTa/INCb GenbIMMW.

(C ncxogHbIM KOAOM a/lropuTMa MOXHO 03HAKOMUTbLCS B dpaiine
src/backend/executor/nodeNestloop.c.)




CoeguHeHHe BJIOXKEHHBIM ITHK/IOM

Tax BHITJISOUT IJIAH OJIsI COEQUHEHUS BIOXKEHHBIM IIMKJIOM, KOTOPOE ONTHMH3AaTOP OOBIYHO MPEANOYUTaAeT OISt HEGOIbIINX
BBIOOPOK (CMOTPHUM IIepeieThl, BKIIOUYeHHbIe B [Ba Oulera):

=> EXPLAIN (costs off) SELECT *
FROM tickets t

JOIN ticket_flights tf ON tf.ticket_no = t.ticket_no
WHERE t.ticket_no IN ('0005432312163','0005432312164"');

QUERY PLAN
Nested Loop
-> 1Index Scan using tickets pkey on tickets t
Index Cond: (ticket no = ANY ('{0005432312163,0005432312164}"'::bpchar[]))
-> Index Scan using ticket flights pkey on ticket flights tf
Index Cond: (ticket no = t.ticket no)
(5 rows)

TT1aHUPOBIIKMK HUCIONIL3yeT TapaMeTPU30BaHHOe coequHeHue. [ KaXKaok CTPOKK BHeIIHero Habopa (y3en Index Scan mo
Tabnuie OUIEeTOB) BRIOMPAIOTCS CTPOKM M3 BHYTPeHHEero Habopa (y3en Index Scan mo Tabnuile mepeieToB), OTBEYAIONUINe
YCIIOBUIO coenuHeHus1. Ha KaxXIol uTepauyu BHEITHET0 IUKJIA YCIIOBUE HHIEKCHOTO HOCTYyIa AJig BHYTPEeHHero Habopa
uMeert Bup ticket no = KoHcTaHTa.

TIpolecc IOBTOPSIETCS [0 TEX MOP, IIOKA BHEIIHUI HaGop He HCYepraeT BCe CTPOKH.

Komanpa EXPLAIN ANALYZE mo3BoJisieT y3HaTh, CKOJILKO pa3 Ha CaMOM [eJie BBIIIOJIHSJICS BIIOXKeHHBIN UK (loops),
CKOJIBKO B CpefgHeM OBIJI0 BEIOPAHO CTPOK (rOwS) M CKOJIBKO ITOTPaveHo BpeMeHH (time) 3a omuH pas. BugHo, 4TO
IJIAHUPOBIIUK HEMHOT'O OKUOCS — B UTOTE MOJIyYHUIOCh 8 CTPOK BMECTO 6:

=> EXPLAIN (analyze, summary off)
SELECT *
FROM tickets t
JOIN ticket_flights tf ON tf.ticket_no = t.ticket_no
WHERE t.ticket_no IN ('0005432312163','0005432312164"');

QUERY PLAN

Nested Loop (cost=0.99..54.14 rows=6 width=136) (actual time=2.295..6.498 rows=8
loops=1)
-> Index Scan using tickets pkey on tickets t (cost=0.43..12.90 rows=2 width=104)
(actual time=0.064..0.084 rows=2 loops=1)
Index Cond: (ticket no = ANY ('{0005432312163,0005432312164}'::bpchar[]))
-> Index Scan using ticket flights pkey on ticket flights tf (cost=0.56..20.58
rows=4 width=32) (actual time=1.430..3.196 rows=4 loops=2)
Index Cond: (ticket no = t.ticket no)
(5 rows)

BorT elre ofuH NpuMep COeTUHEHUS BIOKEHHBIM IIMKJIOM. 30eCh MBI BEIBOIUM CaMOJIETHI, CIIOCOOHEIE 00CIyKUBATh
TepeJsieTh 3aaHHON MPOTSIXKEHHOCTH:

=> EXPLAIN (costs off) SELECT *
FROM ( VALUES (1000), (10000) ) d(range)
JOIN aircrafts a ON a.range >= d.range;

QUERY PLAN
Nested Loop
Join Filter: (ml.range >= "*VALUES*".columnl)
-> Seq Scan on aircrafts_data ml
-> Materialize
-> Values Scan on "*VALUES*"
(5 rows)

3To HenmapaMeTPHU30BaHHOE COeIUHEHUE: IS KaK0H CTPOKY BHENIHero Habopa MpUOeTCs YUTAaTh BECh BHyTPEHHUH Habop
(po y3en Materialize MBI 6ymeM roBOPUTH I1032Ke; B HAHHOM ClIydae 3TO IpocTo 3HadeHus u3 VALUES) u 15 monydeHHbBIX
map CTPOK IpoBepsTh ycnosue Join Filter. ITo cyTu, 3T0 meKapTOBO IPOU3BeAeHNE ABYX HAOOPOB CTPOK C GUIIbTPALIAEH.

O6paTI/ITe BHUMaHNE, 4YTO COeqUHEHNE BJIOZKEHHBIM ITUKJIOM II03BOJIAE€T COEJUHATH CTPOKH II0 J'[IOﬁOMy YCJIOBUIO, HE
006513aTeIbHO 110 PaBEHCTBY 3HAYEHUH.



Moaudpukanumu

CyH.IeCTByeT HEeCKOJIBKO MO)II/I(I)I/IKaL[I/II;I aJiropuTMa. I7151 1EBOTO COEOUHEHMS:

=> EXPLAIN (costs off) SELECT *
FROM aircrafts a

LEFT JOIN seats s ON (a.aircraft_code = s.aircraft_code)
WHERE a.model LIKE 'A3spobyc%';

QUERY PLAN
Nested Loop Left Join
-> Seq Scan on aircrafts data ml
Filter: ((model ->> lang()) ~~ 'A3pobyc%'::text)
-> Bitmap Heap Scan on seats s
Recheck Cond: (ml.aircraft code = aircraft code)
-> Bitmap Index Scan on seats pkey
Index Cond: (aircraft code = ml.aircraft code)

(7 rows)

JTta MogubHUKalLKs BO3BpalllaeT CTPOKH, HaxKe eCJIy IJIs JIeBoro (a) Habopa CTPOK He HALIIIOCh COOTBETCTBHUS B IIPABOM (S)
Habope.

AHTHCOeIWHEHNE BO3BPAIAET Te CTPOKHU OJHOr'0 HaGopa, Oy KOTOPHIX He HAIJIOCh COOTBETCTBHUS B IpyroM Habope. Takas
MopudUKAIMS MOXKET MCIIOTh30BaThC Ay 06paboTku npenukata NOT EXISTS:

=> EXPLAIN (costs off) SELECT *
FROM aircrafts a
WHERE a.model LIKE 'Aspobycs'

AND NOT EXISTS (
SELECT * FROM seats s WHERE s.aircraft_code = a.aircraft_code

QUERY PLAN

Nested Loop Anti Join
-> Seq Scan on aircrafts data ml
Filter: ((model ->> lang()) ~~ 'A3pobyc%'::text)
-> Index Only Scan using seats pkey on seats s
Index Cond: (aircraft code = ml.aircraft code)
(5 rows)

Ta xe omnepanusa aHTUCOEOIUHEHUA UCIIONb3yeTCAd U OJIS aHAJIOTHUYHOT'O 3allpoCa, 3allMCaHHOI'O HHave:

=> EXPLAIN (costs off) SELECT *
FROM aircrafts a
LEFT JOIN seats s ON (a.aircraft_code = s.aircraft_code)
WHERE a.model LIKE 'A3pobyc%’
AND s.aircraft_code IS NULL;

QUERY PLAN

Nested Loop Anti Join
-> Seq Scan on aircrafts data ml
Filter: ((model ->> lang()) ~~ 'A3pobyc%'::text)
-> 1Index Scan using seats pkey on seats s
Index Cond: (aircraft code = ml.aircraft code)
(5 rows)

st mpegukata EXISTS MoKeT HCIIOIh30BaThCS MOIYCOeOUHEHNEe, KOTOPOe BO3BPAIllaeT CTPOKK OMHOro Habopa, AJist
KOTOPBIX HAIIIOCH XOTSI OB OTHO COOTBETCTBUE B APYroM Habope:

=> EXPLAIN SELECT *
FROM aircrafts a
WHERE a.model LIKE 'Aspobycs'
AND EXISTS (
SELECT * FROM seats s WHERE s.aircraft_code = a.aircraft_code

);



QUERY PLAN
Nested Loop Semi Join (cost=0.28..4.02 rows=1 width=40)
-> Seq Scan on aircrafts data ml (cost=0.00..3.39 rows=1 width=72)
Filter: ((model ->> lang()) ~~ 'A3pobyc%'::text)
-> 1Index Only Scan using seats pkey on seats s (cost=0.28..6.88 rows=149 width=4)
Index Cond: (aircraft code = ml.aircraft code)

(5 rows)

OOpaTuTe BHUMAHUE: XOTS B IJIaHe A TaOIULB S yKa3aHo rows=149, Ha caMoOM [ejie fOCTAaTOYHO IIOIyYUTh BCETO OOHY
CTPOKY, YTOOBI MOHATH 3HaUeHue npepukarta EXISTS.

PostgreSQL tak u genaet (actual rows=1):

=> EXPLAIN (analyze, costs off, timing off, summary off)
SELECT *

FROM aircrafts a

WHERE a.model LIKE 'A3spobyc%’

AND EXISTS (
SELECT * FROM seats s WHERE s.aircraft_code = a.aircraft_code

QUERY PLAN
Nested Loop Semi Join (actual rows=3 loops=1)
-> Seq Scan on aircrafts data ml (actual rows=3 loops=1)
Filter: ((model ->> lang()) ~~ 'A3pobyc%'::text)
Rows Removed by Filter: 6
-> Index Only Scan using seats pkey on seats s (actual rows=1 loops=3)
Index Cond: (aircraft code = ml.aircraft code)
Heap Fetches: 0
(7 rows)

Mopudukaiuii anroputMma BroxkeHHOTo TuKia ayisa npasoro (RIGHT) u nonsHoro (FULL) coenuHeHUM He CyIeCTByeT. ITO
CBSI3@HO C T€M, UTO IOIHHIN TPOXOJ II0 BTOPOMY HAaG0OPy CTPOK MOKET He BHITIOTHSITHCS.
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Memounsauyus Pos{gres

KeliivipoBaHye TTOBTOPSIIOIIUXCS IAHHBIX BHYTPeHHero Habopa

SELECT a.title, s.name
FROM albums a JOIN songs s ON a.id = s.album_id;

Nested Loop

Seq Scan .
[ on songs ] [ Memoize ]

Index Scan
on albums

11

Ecnun BHYTpEeHHNn Habop CKaHMPYETCA MHOIO pa3 C NOBTOPSOLLIMMUCS
3HaYeHUAMU NapameTpoB, MHOr4a MMEET CMbIC/ 3aKeLlnpoBaTh pesy/brar,
4yTOObI HE YnTaTb MHOIO pa3 OAHU U Te Xe AaHHble. JTa onepayms
Ha3blBaeTcs memou3ayueli. OHa BbINoSHAETCA B y3n1e Memoize, KOTopbIi
BCTpanBaeTcsa mexay Nested Loop v y3/10M, NOCTaBNAKLWNM AaHHbIE.

(Ecnvn nnaHnpoBLLMK OLWINGaeTCa B CBOMX pacyeTax, MeMomnsaLumio MOXHO
OTK/IH0UUTb, YCTAHOBUB napameTp enable_memoize B 3HauyeHue off.)

[Ns KelmpoBaHua Ucnosb3yeTcs xew-Tabnmua. Knovyom XeLupoBaHus
CNMYXXWUT NapameTp WM HECKO/IbKO NapamMeTpoB, C KOTOPbIMU BbINO/IHAETCS
obpalleHne K BHyTpeHHeMY Habopy.
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Memounsauyus Pos{gres

SELECT a.title, s.name
FROM albums a JOIN songs s ON a.id = s.album_id;

album_id name B 06LLem ciyyae — id title year
HECKO/IbKO CTPOK
1 | It's All Too Much 3 |LetltBe 1970
1 | All Together Now 1 | Yellow Submarine 1969
|

3 | Across the Universe ; ! 4 | The Beatles 1968

1 | All You Need Is Love 1 l 6 | Abbey Road 1969

2 | AnotherGil | 7 | Please Please Me 1963
work_mem x

hash_mem_multiplier 2 | Help! 1965

3HaueHus 5 | AHard Day’s Night | 1964

NOBTOPSAIOTCA
8 | Revolver 1966

12

PaccmoTpum npumep. B otnnuve ot npegplayLlero, 34ecb neceH MeHblue,
4yeM a/IbOOMOB; K TOMY e, NMOYTU BCE OHN OTHOCATCS K O4HOMY 1 TOMY Xe
asiboomy.

Ecnn Heob6xoaMMoi CTPOKN HET B Xew-Tabnuue, yzen Memoize untaer ee
N3 BHYTPEHHEro Habopa, COXpaHSEeT B KeLle 1 BO3BpaLLlaeT poauTensCKomy
y3ny Nested Loop.

B o6wem c/yyae 3HayeHuIo napameTpa MoryT COOTBETCTBOBaTbL HECKOJIbKO
CTPOK 13 BHYTPEHHero Habopa — OyayT 3akelpoBaHbl BCE 3T CTPOKN.
Ecnn Bce OHM He nomeLaTcAa B NamATb (KOTopasi orpaHnuyeHa pasmepom
work_mem x hash_mem_multiplier), 3Ha4yeHne napameTpa UrHOPUPYETCH,
MOCKO/IbKY KellMpoBaTb TO/IbKO YaCTb CTPOK HET CMbIcna. B niaHe 3anpoca
KOIMYECTBO Takux cuTyauuii 6yaet nokasaHo kak overflow.
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Memounsauyus Pos{gres

SELECT a.title, s.name
FROM albums a JOIN songs s ON a.id = s.album_id;

album_id name id title year
1 | It's All Too Much 3 | LetltBe 1970
1 | All Together Now 1 | Yellow Submarine 1969
3 | Across the Universe : 3 4 | The Beatles 1968
1 | All You Need Is Love 1 l 6 | Abbey Road 1969
2 | Another Girl W;;k;r;?ém . ) 7 | Please Please Me | 1963
hash_mem_multiplier 2 | Help! 1965
5 | AHard Day’s Night | 1964
8 | Revolver 1966
13

Ecnn Heobxoammas CTpoka yxe ecTb B Kelle, y3en Memoize cpasy
Bo3BpaLlaet ee y3/y Nested Loop. ObpalieHnsa K BHyTpeHHeMYy Habopy He
MPOUNCXOANT.
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Memounsauyus Pos{gres

SELECT a.title, s.name
FROM albums a JOIN songs s ON a.id = s.album_id;

album_id name id title year
nobasnserca

1 | It's All Too Much B Ha4Yas10 3 | LetltBe 1970

1 | All Together Now | - N\-- -~ f 1 | Yellow Submarine 1969

| |

3 | Across the Universe > 3| LetitBe ! 4 | The Beatles 1968

1 | All You Need Is Love | [ ] Yellow Submarine | | 6 | Abbey Road 1969

2 | AnotherGil | 7 | Please Please Me 1963
work_mem x

hash_mem_multiplier 2 | Help! 1965

5 | AHard Day’s Night | 1964

8 | Revolver 1966

14

[ToKa B Kelle XBaTaeT MecTa, HOBble 3Ha4YeHUs NPoAo/KaloT KelmpoBaTbCA.
|_|pVI 9TOM HOBO€E 3Ha4vyeHne ﬂ,OGaBJ'IFIeTCﬂ B HA4YaJ10 Kella.
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Memounsauyus Pos{gres

SELECT a.title, s.name
FROM albums a JOIN songs s ON a.id = s.album_id;

album_id name id title year
cBexee

1 | It's All Too Much BCN/bIBaET 3 |LetltBe 1970

1 | All Together Now | N\ - - -~ 1 | Yellow Submarine 1969
| |

3 | Across the Universe j» 1 | Yellow Submarine | | 4 | The Beatles 1968

1 | All You Need Is Love |[ 8] LetitBe l 6 | Abbey Road 1969

2 | AnotherGil | 7 | Please Please Me 1963

work_mem x

hash_mem_multiplier 2 | Help! 1965

5 | AHard Day’s Night | 1964

8 | Revolver 1966

15

Ye 3aKkellpoBaHHOE 3HaYeHNe «BCM/bIBAET HABEPX», KOraa K Hemy
obpallaloTcs, a ocTasibHble, COOTBETCTBEHHO, ONYCKATCS BHU3.
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Memounsauyus Pos{gres

SELECT a.title, s.name
FROM albums a JOIN songs s ON a.id = s.album_id;

album_id name id title year
1 | It's All Too Much 3 | LetltBe 1970
1 | All Together Now | 1 | Yellow Submarine 1969
3 | Across the Universe : 2 | Help! | 4 | The Beatles 1968
1 | All You Need Is Love f 1 | Yellow Submarine | | 6 | Abbey Road 1969
2 |AnotherGi — 1 ) 7 | Please Please Me 1963
2 | Help! 1965
5 | AHard Day’s Night | 1964
8 | Revolver 1966
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Ecnn namaTb 3aKaHuMBaeTCs, U3 Kella yaassoTCA «HUKHME» CTPOKMU,
K KOTOPbIM [0/1blUe BCEro He 6b110 obpalleHnin. Takum o6pasom
peasin3yetca aJiropuTm BbiTecHeHnA LRU.



Memoun3anusi

TTocMOTpPUM IIJIaH 3aIpoca, B KOTOPOM COEOUHSIOTCS TaOIUITLI IIEPETIETOB U MOMEIH CaMOJIETOB.

IIpumep nomo6GpaH TakuM 00pa3oM, 4TO U3 BHyTPeHHero Habopa (Tabnuiia aircrafts data) 6ymeT monydeHa TOIBKO OJHA
ctpoka no kimtouy f.aircraft code (Cache Key), oHa u 6ymeT 3akempoBaHa B y31e Memoize:

=> EXPLAIN (analyze, costs off, timing off, summary off)
SELECT * FROM flights f

JOIN aircrafts_data a ON f.aircraft_code = a.aircraft_code
WHERE f.flight_no = 'PG0003"';

QUERY PLAN

Nested Loop (actual rows=113 loops=1)
-> Bitmap Heap Scan on flights f (actual rows=113 loops=1)
Recheck Cond: (flight no = 'PGO003'::bpchar)
Heap Blocks: exact=2
-> Bitmap Index Scan on flights flight no scheduled departure key (actual
rows=113 loops=1)
Index Cond: (flight no = 'PGOOO3'::bpchar)
-> Memoize (actual rows=1 loops=113)
Cache Key: f.aircraft code
Cache Mode: logical
Hits: 112 Misses: 1 Evictions: 0 Overflows: @ Memory Usage: 1kB
-> Index Scan using aircrafts pkey on aircrafts data a (actual rows=1 loops=1)
Index Cond: (aircraft code = f.aircraft code)
(12 rows)

O6paTuTe BHUMaHUE:

B IIEPBHIN pa3 3a HyXKHOU CTPOKOM IPUXOOUTCS CXOOUTH B Tabnuiy (Misses: 1);
BCe IIOBTOPHEIE O0OpaleHust o0cmyxkuBaoTcsa KemeM (Hits: 112), s 3TOro XBaTHUIIO OOHOTO KUJIO0AlTa MaMsaTH;
BBEITECHEHUH u3 Kema He Ov1s1o (Evictions: 0);

L]
L]
L]
e CTPOKWY, BEIOpaHHBIE U3 BHYTPEHHETO Habopa, Bcerma yMeIaiauch B BeigeneHHyio namath (Overflows: 0).



o)) PROFESSIONAL

BbluncnmtenbHasa CNOXHOCTb Posgares

~ NxM, roe

N — umCsI0 CTPOK BO BHeIlIHeM Habope /1aHHbIX,
M — cpefiHee UKCII0 CTPOK BHYTPeHHero Habopa,
TIPUXO/siijeecss Ha OHY UTepaLuio

CoenuHenue 3(h(eKTUBHO TOMLKO /17151 HeOO/IBIIIOro UKcia CTPOK
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Ecnn npuHATL 3a N U4Ci0 CTPOK BO BHELLHEM Habope AaHHbIX, a 3a M —
CcpefHee Yncno CTPOK BHYTPEHHEro Habopa, NpuxoaALeecsa Ha ogHyY
nTepayuio, To o6Laa CNOXHOCTbL COeAnHeHns ByaeT nponopunoHasibHa
npousseneHuo N x M.

[ns HenapameTpu3oBaHHOIO coeAnHeHns M 6yaeT B TOUHOCTM paBHO YnCy
CTPOK BHYTPEHHEro Habopa; AN napaMeTpu3oBaHHOrO — M MOXET ObITb
3HAUUTENIbHO MEHbLLIE.

MeToa, coeAHEHUS BNOXEHHbIM LIMK/TOM 3(PEKTUBEH TONLKO A5
He6Oo/bLIOro YMcaia CTPOK. B yacTHOCTH, Takoii meTop, (B coueTaHun

C MHAEKCHBbIM AOCTYNOM) xapakTepeH ans OLTP-3anpocoB, B KOTOPbIX HA10
O4YeHb ObICTPO BEPHYTb Masio CTPOK.



CTOMMOCTH COEITUHEHHUSI BIIOKEHHBIM ITHKJIOM

HOCMOTpI/IM Ha CTOMMOCTH CJIeOYIOLIEero IIjlaHa BEIIIOJIHEHUA:

=> EXPLAIN SELECT *
FROM tickets t

JOIN ticket_flights tf ON tf.ticket_no = t.ticket_no
WHERE t.ticket_no IN ('0005432312163','0005432312164"');

QUERY PLAN

Nested Loop (cost=0.99..54.14 rows=6 width=136)
-> Index Scan using tickets pkey on tickets t (cost=0.43..12.90 rows=2 width=104)
Index Cond: (ticket no = ANY ('{0005432312163,0005432312164}"'::bpchar[]))
-> 1Index Scan using ticket flights pkey on ticket flights tf (cost=0.56..20.58
rows=4 width=32)
Index Cond: (ticket no = t.ticket no)
(5 rows)

IlepBhIl pe3ynbTaT BhAaeTCs cpa3y, 6e3 npeaBapUTENbHEIX AeHCTBUY, I03TOMY HadasjbHas CTOMMOCTh y371a Nested Loop
paBHa CyMMe HadaJbHEIX CTOUMOCTEH JodepHUX y31oB Index Scan.

ITonuas croumocTs y3na Nested Loop ckiambiBaeTcCs U3:

e CTOMMOCTH IIOJIyY€eHUs HAHHBIX OT BHENIHero Habopa (IoJjiHast CTOMMOCTH y371a Index Scan mo 6uneram);

e CTOMMOCTH IIOJIy4YeHUs MaHHEIX OT BHYTPeHHero Habopa (mojHast cTouMocTh y3na Index Scan mo nepeneram),
YMHOXKEHHOH Ha pacyeTHOE YHCJIO CTPOK BHEIIHETo Habopa (2);

e CTOMMOCTH IIPOIIECCOPHOM 06pabOTKH CTPOK.

B o61em ciy4ae dopmyiia Gojee CI0XKHasi, HO OCHOBHO#M BBHIBOJ: CTOMMOCTb NporopuuoHansbia N x M, roe N — uwuciio
CTPOK BO BHeIllHeM HaGope maHHBIX, a M — CpefHee YHCIIO CTPOK, BHYTPEHHEro Habopa, YuTaeMoe 3a OOHy uTepaluio. B
XyOIIEeM CJIydae CTOMMOCTD IT0JTy4aeTCsi KBafipaTUIHOM.



o)) PROFESSIONAL

B napannenbHbIX nnaHax Posggres

BHeriHMi1 HabOp CTPOK CKAaHUPYETCS TapasieibHo,
BHYTPEeHHUI — M0C/iefoBaTelbHO KaXKJbIM MPOLIeCCOM

SELECT a.title, s.name
FROM albums a JOIN songs s ON a.id = s.album_id;

>  Gather |«
Nested Loop Nested Loop Nested Loop

{Parallel Seq Scan} Elndex Scan} [Parallel Seq Scan Elndex Scan} [Parallel Seq Scan] Elndex Scan}

on albums on songs on albums on songs on albums on songs

20

COE,EI,I/IHEHI/IG B/TOXEHHbLIM LUMNK/TOM MOXET NCNOJ/1Ib30BaTbCA B Napasl/1€/ibHbIX
naaHax.

BHELIHMI HA6OP CTPOK CKAHMPYETCS HECKOMbKMMM pabouvMm npoLeccamm
napannensHo. MonyymsB CTPOKY U3 BHELLHEro Habopa, NpoLece 3aTem
nepe6upaeT COOTBETCTBYHOLLIME EMY CTPOKU BHYTPEHHEro Habopa
nocneaoBaTesbHo.



o)) PROFESSIONAL

B napannenbHbIX nnaHax Posggres

SELECT a.title, s.name
FROM albums a JOIN songs s ON a.id = s.album_id;

id title year

3 |LetltBe 1970

album_id name

5 | ADay in the Life
Yellow Submarine 1 | All Together Now
Revolver 2 | Another Girl
””””””””””””””””””” 3 | Across the Universe
Abbey Road 1 | All'You Need Is Love
Help! 2 | Act Naturally
4 | The Beatles 1968

Parallel Seq Scan
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UT06bI NONYYNTHL OYepeaHylo CTpaHULy U3 BHeLWHero Habopa, npoLeccsl
CYHXPOHN3NPYHOTCA. K BHYTPEHHEMY Habopy AaHHbIX KaxKablil npoLecc
obpallaeTca He3aBMCUMO OT OCTa/IbHbIX.



B10XeHHBIN IHKJI B Iapa/IyIeJ/IbHBIX IIJIaHaX

HaiimeM Bcex macca’kUpoB, KyIIUBIINX OUIETH Ha OIIpelesIeHHEIN pelic:

=> EXPLAIN (costs off)

SELECT t.passenger_name

FROM tickets t
JOIN ticket_flights tf ON tf.ticket_no = t.ticket_no
JOIN flights f ON f.flight_id = tf.flight_id

WHERE f.flight_id = 12345;

QUERY PLAN
Nested Loop
-> Index Only Scan using flights pkey on flights f
Index Cond: (flight id = 12345)
-> Gather
Workers Planned: 2
-> Nested Loop
-> Parallel Seq Scan on ticket_ flights tf
Filter: (flight id = 12345)
-> Index Scan using tickets pkey on tickets t
Index Cond: (ticket no = tf.ticket no)
(10 rows)

Ha BepxHeM ypOBHE HCIOJIb3YETCsI COEOUHEHNE BIIOKEHHBIM IIUKJIOM. BHemHui Hab0p faHHEIX COCTOUT U3 OMHOU CTPOKH,
nonry4eHHOH u3 tabnunsl peicos (flights) mo yHuKanbHOMY HHOEKCY.

Il151 mosyyeHus BHyTPeHHeTo Habopa MCIoIb3yeTC s TapasulelIbHBIN ITaH. Kakabli 13 IpoIleccoB YUTAeT CBOIO YacTh
tabnune! nepesnetos (ticket flights) u coenunsiet ee c 6uneramu (tickets) ¢ momMoOITEIO IPYTOT0 BIOKEHHOT'O ITUKIIA.



o)) PROFESSIONAL

Toru Posigres

BJ/10oyKeHHBIN LUK/ He TpebyeT MorOTOBUTE/IbHBIX [1eHCTBUM

MOXET OT[AdBdTb Ppe3y/ibTaT COeJHEHUS 6e3 3dep>KEK

OddexkTrBeH /11 HeOOBIINX BEIOOPOK

BHeIIIHUI Habop CTPOK He oueHb BesvK
K BHyTpeHHeMY eCTh 3((eKTUBHBIN A0CTYIT (00BIYHO TI0 UHAEKCY)

3aBUCUT OT IopAaakKd CoeIMHEHNA

00BIYHO JTyullle, eC/T BHELITHUM Habop MeHbllle BHYyTPEHHET0

[Moapep>kuBaeT coeuHeHMe TI0 JIF0OOMY YCIOBHIO

KdK 3KBUCOeJHWHEeHMs, TaK U JII00BIe Apyrue
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CunbHOI CTOPOHOI cnocoba coeAuHEHMs BOXEHHbIMW LIMKNaMu SBMISIETCA
€ro NpocToTa: He TPeByeTCs HUKAKNX NOATrOTOBUTE/bHbIX AEeACTBUIA, Mbl
MOXEM HayaTb BO3BpaLLAaTb pe3y/ibTar NPakTUYeckn MOMEHTasTbHO.

O6parHasa cTopoHa COCTOUT B TOM, YTO 3TOT CNOCO6 KpalHe HeadhdheKTMBEH
ANA 60M1bLINX 06bEMOB AaHHbIX. CUTyaums Ta Xe, 4TO U C MHAeKcamMu: Yem
6onbLUe BbibopKka, TeM 60/bLUE HaKIaHbIX PacXomoB.

Taknm o6pa30|v|, coeagmHeHne B/10XKEeHHbIMU LLIUKNaMi UMEeET CMbIC/
NMPUMEHATL, EC/NN.

* 0AMH N3 HABOPOB CTPOK HEGO/LLLOIA;
* K Apyromy Habopy ecTb a0PEKTMUBHbI AOCTYMN MO YC/IOBUIO COEANHEHUS;
e o00Lee KONMYeCTBO CTPOK pesynbTara HeBENKO.

3710 06bI4HaAA cutyauusa ans OLTP-3anpocoB (Hanpumep, 3anpocoB OT
No/b30BaTeNbCKOro MHTepdelica, rae Be6-cTpaHuua nnmn akpaHHasa popma
OO/MKHbI OTKPbITLCA OLICTPO U He BbIBOAAT 60/1bLLOM 06beM MHdIOpMAaLINN).

ELle ogHa 0CO6EHHOCTb, KOTOPYHO CTOUT OTMETUTL: COeAMHEHMNE
B/TIOXXEHHbLIMW UMK/IaMn MOXET paboTaTb 4J15 1I060ro yc/ioBUSA CoeAHEHNS.
MoaxoauT Kak akBMcoeanHeHune (Mo yCNoBUKO paBEHCTBA, Kak B Npumepe),
Tak 1 ntoboe gpyroe.



o)) PROFESSIONAL

[1pakTnKa Pos{gres

1. Co3paiire uHgekc Ha Tabmuiie peticos (flights) o asponopram
otrpaBieHusi (departure_airport).
Haiigure Bce pelichbl U3 Y/IbSIHOBCKA U TIPOBephTe IJIaH
BBITIOJIHEHUS 3arpoca.

2. TloctpoiiTe Tabnuily pacCTOSIHUI MeXXy BCEMU a3pOropTaMu
(Tak, uToOBI KaXK/1asi TTapa BCTpeuasaach TOILKO OJJUH pa3).
Kakoti criocob coefiHeHUs UCTIO/B3YeTCs B TAKOM 3arpoce?
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2. Ncnonb3yinTe oneparop <@> 13 paclumnpeHnsa earthdistance.



1. Pelicel U3 YILAHOBCKA

HHpekc Ha Tabmuile pPercoB:

=> CREATE INDEX ON flights(departure_airport);
CREATE INDEX

IInan 3amnpoca:

=> EXPLAIN SELECT *
FROM flights f JOIN airports a ON a.airport_code = f.departure_airport
WHERE a.city = 'YnbsHOBCK';

QUERY PLAN

Nested Loop (cost=24.31..3732.03 rows=2066 width=162)
-> Seq Scan on airports data ml (cost=0.00..30.56 rows=1 width=145)
Filter: ((city ->> lang()) = 'YnbsHoOBCK'::text)
-> Bitmap Heap Scan on flights f (cost=24.31..2637.48 rows=2066 width=63)
Recheck Cond: (departure airport = ml.airport code)
-> Bitmap Index Scan on flights departure airport idx (cost=0.00..23.79
rows=2066 width=0)
Index Cond: (departure airport = ml.airport code)
(7 rows)

TI1aHUPOBIIUK HCIIOIF30Ba COEIUHEHUE BIIOKEHHBIM ITUKJIOM.
3aMeTuM, 4TO B JAaHHOM CJIy4ae CoeINHeHUe HeoOXOOUMO, TaK KakK B YIIbSIHOBCKeE [Ba adpolopra:

=> SELECT airport_code, airport_name FROM airports WHERE city = 'YnbsHoBCK';

airport code | airport name
______________ )
uLy | YnbsaHOBCK-BOCTOUHbIN
uLv | bapaTaeBka

(2 rows)

2. Tab6/Mua pacCTOSIHHHM MEKIYy a3pPOonopTaMu

=> CREATE EXTENSION earthdistance CASCADE;

NOTICE: installing required extension "cube"
CREATE EXTENSION

Y06kl OTCEYb MOBTOPSIONINECS IIapHl, MOXKHO COeIUHUTH TAOIMUIIEI I10 YCIOBHUIO «OOJIBIIIE»:

=> EXPLAIN SELECT al.airport_code "from",
a2.airport_code "to",
al.coordinates <@> a2.coordinates "distance, miles"
FROM airports al JOIN airports a2 ON al.airport_code > a2.airport_code;

QUERY PLAN

Nested Loop (cost=0.14..147.97 rows=3605 width=16)
-> Seq Scan on airports data ml (cost=0.00..4.04 rows=104 width=20)
-> Index Scan using airports data pkey on airports data ml 1 (cost=0.14..0.95
rows=35 width=20)
Index Cond: (airport code < ml.airport code)
(4 rows)

Bi10:Ke€HHBIN ITUKJT — €IUHCTBEHHEBIH CITI0CO0 COEOUHEHUST OJIsT TAKOT'O YCJIOBUSI.



