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OTKa3 OT OTBETCTBEHHOCTU

KomnaHus Postgres Professional He HeceT HMKako OTBETCTBEHHOCTM 3a
N06bIE NOBPexXAeHUA 1 YObITKKX, BK/IOYas NoTepto A40X04a, HAHECEHHbIe
NPSAMbIM UN HENPAMBIM, CleunasibHbIM UK CyYaiHbIM UCMO/Ib30BaHMEM
MaTtepuasnioB kypca. KomnaHus Postgres Professional He npegocTtasnser
Kakux-1mbo rapaHTuii Ha matepuasibl Kypca. MaTtepuasnbl Kypca
NPeaocTaB/STCA HA OCHOBE MPUHLUMNA «KakK eCTb» 1 KoMnaHua Postgres
Professional He 06s3aHa nNpeAoCcTaBNATb COMPOBOXAEHME, NMOALEPXKKY,
06GHOB/IEHNSA, pacLUMPEHNA N U3MEHEHNS.
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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.

Cnoco6bl coeMHeHna NpeacTaBNAT cCo60iM a/lropuTMbl ANA COeAMHEHUS
ABYX Hab0poB CTPOK. C X MOMOLLbIO BbINOHAKTCA onepaunmn coeguHeHus
B A3blke SQL (M Apyrne CMHTaKCU4eckme KOHCTpyKuuu, Hanpumep, EXISTS).
He cTtouT nytatb ogHo ¢ agpyrum: SQL-coegmMHeHnsa — 3To nornyeckune
onepauuu ¢ AByMs MHOXecTBaMu; Cnocobbl coeanHeHuns PostgreSQL —
3TO BO3MOXHble peasninsaumm Takux CoOeanUHEeHN, yunTbiBatoLme Bonpochl
NpPOV3BOAUTENLHOCTN.

YacTo MOXHO ychbllWarth, YTO COeaUHAKTCA mabsiuybl. ITO yaobHoe
yNpoLleHne, HO Ha camoM fefne B 06LLeM cnyvyae coeHATCA Habophbl
CMpPOoK. DTN Habopbl AENCTBUTENIBHO MOTYT ObITb MOJTyYEHbI
HenocpeaCcTBEHHO 13 Tabnnubl (C NOMOLLLIO OAHOIo U3 METOA0B A0CTyNa),
HO C TEM e YCMexom MOryT, Hanpumep, sBMATbLCA Pe3yNbTatoM COeAUHEHMS
ApYyrnx HabopoB CTPOK.

HakoHel, Habopbl CTPOK BCerga coeguMHATCS nonapHo. MNMopsaaok,

B KOTOPOM COEANHAITCA Tab/vLbl, HE BaXKeH C TOYKM 3PEHNSA NTOTUIKM
3anpoca (Hanpumep, (a join b) join cwwm (b join c) join a),
HO OYEHb BaXXEH C TOYKM 3pPEeHUS NPON3BOANTENBHOCTU. Kak Mbl yBUAUM
Aasiblle, BaXKeH N NOpAA0K, B KOTOPOM COeAMHAKTCA ABa Habopa CTPOK
(@ join bwwmb join a).
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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;

WNHAEKCHbIN
[OCTYN WAn NosiHoe
CKaHMpoBaHWe

All You Need Is Love

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
2

Act Naturally

ISl K&XKIOM CTPOKH O[HOTO Habopa
nepeOUpaeM MOAXOASIIHe CTPOKH APYroro Habopa

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.

PUCYHKM MNNIOCTPUPYIOT 3TOT CNocob coeanHeHns. Ha HuX:
- cepbIM MokasaHbl CTPOKU, K KOTOPbLIM paHee yxe Obla 4OCTY;

- CTPOKW, AOCTYN K KOTOPbIM BbINO/THAETCA Ha TEKYLWEM Llare, BblAe/1IEHbI
LUBETOM;

- OpaHXXeBbIM KOHTYPOM BblAeNeHbl CTPOKWU, COCTaBNSAOLMNE Napy,
NoAXoAsLLYo NO YC/I0BUIO coeAnHeHns (B AaHHOM npumepe — no
PaBEHCTBY YMC/IOBbIX NAEHTUNKATOPOB).

CHayana Mbl YuTaem nepByro CTPOKY NepBoro Habopa 1 Haxogum ee napy
BO BTOPOM Habope. COOTBETCTBME HALLJIOCh, U Y HAC YXe eCTb nepaas
CTpOKa pesysibtTara, KOTOPYH MOXHO BEPHYTb BbILLECTOALLEMY Y3y MnaHa:
(«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
paccmarpumBanmch

[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 NO3HaAKOMUTLCA B haline
src/backend/executor/nodeNestloop.c.)



CoegyHEHHE BJIOKE€HHBIM ITHK/IOM

Tak BEITJISAUT IJIaH [ COENUHEHUS BIOKEHHBIM IUKJIOM, KOTOPO€E OITHMHU3ATOP OOBIYHO NMPEAIOYNUTAET A1 HeOOIBIINX BEIOOPOK (CMOTPUM IIE€PEJIETHI,
BKJIIOYEHHEIe B [Ba OueTa):

=> 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
-> Index 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)

JTO0 mapaMeTpU30BaHHOE coefuHeHue. [IJIs KaXKI0i CTPOKM BHeInHero Habopa (y3en Index Scan mo ta6uie 6uneToB) BEIOMPAIOTCSI CTPOKY U3 BHYTPEHHET O
Habopa (y3en Index Scan no Ta6iuIle IepeneToB), OTBeYAIOIINe YCIIOBUIO CoequHeHns. Ha KaXK ol uTepaluy BHELIHETO [[UKJIa yCJIIOBHE HHAEKCHOTO AOCTyIa
IUIst BHYTpPeHHero HaGopa uMmeeT BHUL ticket no = KOHCTaHTa.

TIpowecc MOBTOPSIETCS O TeX IIOP, T0Ka BHEIIHWI HaGop He HCYepIIaeT BCe CTPOKH.

Komanna EXPLAIN ANALYZE no3BojisieT y3HaTh, CKOJIBKO Pa3 Ha CaMOM [ieJie BHIIIOJIHSJICS BIIO2KEHHEIH IHUKII (l00ps) U CKOJIBKO B CpefHeM GbII0 BEIGPaHO
CTPOK (rows) 1 IOoTpadeHo BpeMeHH (time) 3a oguH pa3. BUgHO, YTO NIAHUPOBIIUK HEMHOTO OMIHOCS — IIOIYYUIOCh 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..46.11 rows=6 width=136) (actual time=1.392..3.224 rows=8 loops=1)
-> Index Scan using tickets_pkey on tickets t (cost=0.43..12.89 rows=2 width=104) (actual time=1.054..1.066 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..16.58 rows=3 width=32) (actual time=0.283..1.073 rows=4 loops=2)
Index Cond: (ticket no = t.ticket no)
(5 rows)

TIpenynpesKfeHue: BEIBOL BpEMEHH BHIITOJTHEHUS KaK/0T0 IIara, Kak B 3TOM IIPUMepPe, MOXKeT CYIIeCTBEHHO 3aMeiJIATh BHIOJIHEHHE 3alIpoca Ha HEKOTOPBIX
nnatdopmax. Eciu Takast nHGOpMaIus He HYXKHA, JIydllle yKa3keBaTh timing off.

Mopudukanuu

Cy11ecTByeT HeCKOIbKO MOfUMHUKALMA ajropuT™a. [Jist IeBOr0 COefUHEHNUs:

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

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

QUERY PLAN
Nested Loop Left Join
-> Seq Scan on aircrafts_data ml
Filter: ((model ->> lang()) ~~ 'Aspobyc%'::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)

Jta MopuduKanus BO3BpaIaeT CTPOKHY, faxe eClIX AJIs JeBoro (a) Habopa CTPOK He HAIIOCh COOTBETCTBUS B IIpaBoM (s) HaGope.

AHTI/ICOGHHHQHHG BO3BpalllaeT CTPOKHU OOHOTO Ha60pa, €CJIH TOJIbKO [JIs1 HUX He HalllJIOCh COOTBETCTBUA B JPYIrOM Ha60pe. Takas MOJII/Id)I/IKaI_IHﬁ MOZXKeT
HCIIOIB30BaThCs A7t 06paboTku npenukata NOT EXISTS:

=> EXPLAIN (costs off) SELECT *
FROM aircrafts a
WHERE a.model LIKE 'A3pobyc%’
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()) ~~ 'Aspobyc%'::text)
-> Index Only Scan using seats_pkey on seats s
Index Cond: (aircraft code = ml.aircraft code)
(5 rows)

Ta ke onepanuusi aHTUCOeIUHEHUS UCIOJIb3yeTCs U [AJIs1 aHAJIOTUYHOI0 3aIlpoca, 3alliCaHHOI0 UHave:



=> 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)
-> Index Scan using seats_pkey on seats s
Index Cond: (aircraft_code = ml.aircraft_code)
(5 rows)

st mpenukaTta EXISTS MoKeT HCIOIB30BaThCS IOJIyCOEAUHEHNE, KOTOPOe BO3BpaliaeT CTPOKX OGHOro HaGopa, ecnu st HUX HALUIOCh XOTsI OBl OHO
COOTBETCTBHE B IPyroM Habope:

=> EXPLAIN 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 (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)
-> Index 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)

OG6paTuTe BHUMaHME: XOTS B IIJIaHe [/ TaOJIHLEL S yKa3aHo rows=149, Ha caMOM feJie JOCTATOYHO IOJIyYUTh BCETO ONHY CTPOKY, YTOOHI IOHATH 3HAYEHUE
npenukata EXISTS.

PostgreSQL tak u menaet (actual rows):

=> EXPLAIN (analyze, costs off, timing off, summary off)
SELECT *
FROM aircrafts a
WHERE a.model LIKE 'A3pobyc%’
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()) ~~ 'Aspobyc%'::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)

Mopudukanui aropuT™Ma BJII0KEHHOT0 IuKia st npasoro (RIGHT) u nonsoro (FULL) coemMHEHHUH He CYIIeCTBYeT. ITO CBSI3aHO C TEM, YTO IIOJIHBIN IIPOXOL
110 BTOPOMY HaG0py CTPOK MOKET He BHIITOJIHSATECS.

Ecnu npeHe6peyb IPOU3BOAUTENIFHOCTHIO, IOJIHOE COeUHEHNEe MOXKHO MOJIyYUTh, OObEIUHUB JIEBOe COefUHEHNe U aHTHCOeAuHeHne. Takoi Criocob MOKeT
npuroguthcs, Tak Kak FULL JOIN (kak MBI YBUAMM I1032K€) pab0TaeT TOJILKO C 9KBHCOEIUHEHUSIMU.



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

10

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.

3-3a 3TOro MeTof, CoeANHEHNSI BNOXEHHBLIM LIMK/1I0M 30DEKTMBEH TOBKO
N5t HE6O/bLLOrO Yncna CTPOK.

B yacTHOCTK, Takoin MeTof (B coyeTaHum C UHAEKCHBIM JOCTYMNOM)
xapaktepeH ana OLTP-3anpocoB, B KOTOPbIX HAZ0 O4YeHb ObICTPO BEPHYTb
O4YeHb HEBO/NbLLOE YMC/I0 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..46.11 rows=6 width=136)
-> Index Scan using tickets pkey on tickets t (cost=0.43..12.89 rows=2 width=104)
Index Cond: (ticket no = ANY ('{0005432312163,0005432312164}"'::bpchar[]))
-> Index Scan using ticket flights pkey on ticket flights tf (cost=0.56..16.58 rows=3 width=32)
Index Cond: (ticket no = t.ticket no)
(5 rows)

HauanbHas crouMocts y3na Nested Loop — cyMma HadalbHEIX CTOUMOCTeHN fJodepHuUX y31oB (Index Scan).
ITonHas ctoumMocTs y3na Nested Loop ckiagriBaeTCs u3:

e CTOMMOCTH IIOJIy4YeHUs OaHHEIX OT BHEIIHero Habopa (roiHas cTouMocCTh y3na Index Scan no 6uneram);

e CTOMMOCTH IIOJIyYeHUs MAaHHEIX OT BHYTPEHHero Habopa (IojIHasi CTOUMOCTH y37a Index Scan mo nepeneram),
YMHOKEHHOM Ha YHCJIO CTPOK BHeIIHero HaGopa (2);

e CTOMMOCTH IIPOIIECCOPHOM 06pabOTKU CTPOK.

B o6mem ciygae dopmyia Gojee CI0XKHasI, HO OCHOBHOM BEIBOJ: CTOMMOCTH Iporopiuonansia N * M, rme N — 4ducio
CTPOK BO BHeLTHEM Habope maHHHX, @ M — cpefgHee YUCIIO CTPOK, BHYTPEHHEro Habopa, YuTaeMoe 3a OfHY UTepaluio. B
XyALIEeM Clly4ae CTOMMOCTD II0JTy49aeTCsl KBAAPATUYHOMH.
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B napannenbHbIX nnaHax Posggres

album_id name

5 | ADay in the Life

1 | All Together Now
id title year 2 | Another Girl
3 | LetltBe 1970 3 | Across the Universe
1 | Yellow Submarine 1969 1 | All You Need Is Love
6 | Abbey Road 1969 X A 2 | Act Naturally
4 | The Beatles 1968 AllflogetierNow

Another Girl

Across the Universe
All You Need Is Love

A 2 | Act Naturally
All Together Now

Another Girl

Pl WIN|F, | O

BHEITHUIA Habop CTPOK
CKaHUPYeTCs MapasiesbHo,
BHYTPEHHI/Iﬁ — I10C/1e0BATEe/IbHO
Ka)KIIbIM PabourM MpoLieCccoM

Across the Universe
All You Need Is Love

N R W|IN|IFP O

Act Naturally 12

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.



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 HCIIOJIb3YETCsI COeNUHEHNE BIIOKEHHEIM [IUKJIOM. BHeITHIH Hab0p HaHHBIX COCTOUT U3 OOHOM CTPOKH,
ony4eHHoU u3 Tabnuirl peiicos (flights) mo yHuKanbHOMY HHIOEKCY.

[7151 moyTy4eHust BHYTPeHHeTo Habopa MCIOoIb3yeTCs TapajuleNbHEIHN I171aH. KakKabIi 13 MPoIlecCcoB YUTAET CBOIO YacTh
Tabnuie! nepenetoB (ticket flights) u coemuusier ee ¢ Guneramu (tickets) ¢ mOMOIIBI0 APYTOTO BIOKEHHOTO I[UKIIA.
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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

14

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.

- OOWH 13 HabopoB CTPOK HEOONbLLION;
- K Apyromy Habopy ecTb 3(p(PeKTUBHbIN AOCTYMN MO YC/I0BUK COEANHEHUS;
- obLLiee KO/IMYecTBO CTPOK pesy/ibtara HEBENUKO.

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. Coexgunurte /t00ObIe ABe TabnuUIBl 6€3 yKa3aHUs yC/I0BUN
coeiiHeHUs (MHBIMU CJIOBAMU, BBITIOJTHUTE JI€KapTOBO
TIpOu3Be/ieHre TabJIuI).

Kakoii criocob coeguHeHus OyzeT BbIOpaH MJIaHUPOBIITUKOM?

3. TloctpoiiTe TabMMIy pacCTOSHUM MeXKy BCEMH a3pOIOpTaMH
(Tak, yTOOBI KaXKZasi Tapa BCTpeYasiach TOMBKO OZMH pa3).
Kakoii criocob coefuHeHHs UCITO/Ib3YeTCs B TAKOM 3ampoce?
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3. Vicnonb3yinTe onepartop <@> 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()) = 'YnbsHoBCK'::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)

HJ'IaHI/IpOBU.II/IK HCIIOJIB30BaJl COeJMHEeHNEe BIIOZKE€HHBIM IIUKIJIOM.

3aMeTuM, YTO B JTaHHOM Cllydae coeguHeHue H606XOJZ[I/IMO, TaK KakK B YIbSIHOBCKE [Ba aspoIopTa:

=> SELECT airport_code, airport_name FROM airports WHERE city = 'YnbsHoBck';
airport code | airport_name
______________ e e e e e e e e n
uLy | YnbsHOBCK-BoCTOUHbIA
uLv | BapaTaeBka
(2 rows)

2. IekapTOBO MpPOU3BEdEHHUE

=> EXPLAIN SELECT *
FROM airports al CROSS JOIN airports a2;

QUERY PLAN
Nested Loop (cost=0.00..11067.70 rows=10816 width=198)
-> Seq Scan on airports data ml (cost=0.00..4.04 rows=104 width=145)
-> Materialize (cost=0.00..4.56 rows=104 width=145)
-> Seq Scan on airports data ml 1 (cost=0.00..4.04 rows=104 width=145)
(4 rows)

COGJ:[I/IHGHI/IG BJIO2K€HHBIM ILIUKJIOM — eJII/IHCTBeHHLII;‘I CcI10Cc00 BHITTOTHEHUST TaKUX COGJII/IHeHI/II;I.

¥V3en Materialize — «MaTepuanu3sanus» BEIOOPKH CTPOK. Eciu BEIOOpPKa He IPEeBHIIAET pa3Mep, 3afaHHbIN TapaMeTpoOM
work mem, TO OHa OCTaeTCs B IaMsATH; €CJIX IIPEBHIIIAeT — TO 3aIIMCHIBAETCS BO BpeMeHHHIH ¢daiin. B maHHOM ciydae sTa
oIepanus BHITJISAUT JIUIIHEH, HO B CIIEAYIOIIeM IIpHMepe OHa IT03BOJIsIeT CKAHMPOBATh BO BJIO2KEHHOM ITUKIIE YKe
oTGUIBTPOBAHHEIN HAGOP CTPOK U3 a2, a He BCIO TabuILy:

=> EXPLAIN SELECT *
FROM airports al CROSS JOIN airports a2
WHERE a2.timezone = 'Europe/Moscow’;

QUERY PLAN
Nested Loop (cost=0.00..4687.41 rows=4576 width=198)
-> Seq Scan on airports data ml (cost=0.00..4.04 rows=104 width=145)
-> Materialize (cost=0.00..4.52 rows=44 width=145)
-> Seq Scan on airports data ml 1 (cost=0.00..4.30 rows=44 width=145)
Filter: (timezone = 'Europe/Moscow'::text)
(5 rows)

3. TaGau1a PacCTOSIHUMA MeKIy adpPOoInopTaMH

=> CREATE EXTENSION earthdistance CASCADE;



NOTICE: installing required extension "cube"
CREATE EXTENSION

YToOBI OTCEYD IIOBTOPSAIOIIUECH IMapPhbl, MOKHO COEOIUHUTH TaGIIAIIEL IO YCI1O0BHIO «DOIIBITIE»:

=> 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)

W cHOBa BIOXKEHHBIH IIUKJI — €QUHCTBEHHEIN CII0CO0 COeUHEHUS I TaKOTO ycCiioBus.



