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Kakux-nnbo rapaHTuii Ha matepuasbl Kypca. MaTepuasbl Kypca
NPeAoCTaBNSTCS Ha OCHOBE NMpuHLUMNa «Kak ecTb» U KoMmnaHusa Postgres
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ipea xewmpoBaHus Posigres

CREATE INDEX ON t USING hash(title);
SELECT * FROM t

KopauHa 00 WHERE title = 'Abbey Road';
010001 00 hash(‘Abbey Road’) = 100010/01]
Homep
/ﬁ KOP3WHbI
Kop3unHa 01
101000 01
100010 01
T
kop3uHa 10 id title year
- » 3 |LetltBe 1970
- » 1 | Yellow Submarine 1969
Kop3uHa 11
» 6 | Abbey Road 1969
110001 11
4 | The Beatles 1968

pes xewmpoBaHUsA COCTOUT B TOM, UTO 3HAYEHUS N060ro Tmna gaHHbIX
pasHOMepPHO pacnpenensitoTcsa no orpaHUYEHHOMY KONIMYECTBY KOP3UH XeLl-
Tabnnubl C NOMOLLI0 PYHKUNK XewmnpoBaHna. Ecnn xew-tabnnya nmeet
[OCTaTo4YHbI pa3mep, YToObl B OHY KOpP3MHY B CpedHeM nonagasio 04Ho
3HayeHue (XeLw-Koa), MOUCK 3HaYEeHNs B Xell-Tabnuue BbINOIHAETCSH 3a
KOHCTaHTHOE BpeMs. NS 3Toro:

1) BbluMCNSAETCA XeLw-PyHKUMA OT 3a4aHHOIO 3HAYEHWS;

2) N0 HECKO/IbKMM GUTaM NoMyYeHHOro Xell-Kofa onpeaensietTcsa Homep
KOP3WHbI;

3) Kop3nHa NpocMaTpPUBAETCS B NMOMCKax XeLl-Koaa.

Ecnun gaHHble pacnpeaeneHbl HePaBHOMEPHO, B OfHY KOP3UHY MOTyT
nonacTb MHOr0O 3Ha4eHWin. B aTom cnydae adhdpeKkTUBHOCTL NoncKa byaeTt
cTpaaarh.

Mo cyTu, Xell-MHAEKC NpeacTaBnsieT coboii Xxel-Tabnuiy, Kotopas
XPaHUTCS Ha ANCKe.

https://postgrespro.ru/docs/postgresqgl/16/hash-intro
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Xew-nHgekc Posigres

XpaHI/IT TOJIBKO XeIlI-KO/Jbl, HO He MCXOJHbIe 3HA4YeHM

pda3Mep He 3dBUCHT OT KJ/IF0Ud MHAEKCHUDOBAHHWA
HEBO3MO)XXHO CKaHMPOBadHME TOJIBKO MHAEKCAa

I/IH,HEKC YBe&/IMUNBAETCA JUHAMHWYECKHU

CKayKooOpa3HbIii poCT

IToncK TO/MBKO 110 YC/I0BHUIO pdBEHCTBA

XelW-UHAEKC XPaHUT TO/IbKO 3HAYeHUs Xell-goYHKLIMM U CCbINIKM Ha Bepcum
CTPOK; CaMO MHAEKCUPYEMOE 3HAYEHME He coxpaHsieTcs. MoaTomy pasmep
Xell-NHAeKca He 3aBUCUT OT pasmMepa K/io4a MHAEKCUPOBaHWS, HO TePAETCS
BO3MOXHOCTM CKAHMPOBAaHWS TO/IbKO UHAEKCA — 3HAYEHME MOXHO
npoynTaTh TOMbKO U3 TabNuLbI.

Pa3mep xell-nHaeKca yBenmunBaeTcs AnHammuiecku npy ao6asneHunm
HOBbIX 3HAUYEHWIA. MpK YBEIMYEHUN KONTMYECTBO KOP3UH YABanBaeTcs,
MO3TOMY POCT pasmepa NPOoMCXoAnT CKauyKkoo6pasHo.

B oT/imume oT B-gepesa, xell-MHAEKChbl UMEKT MHOTO OfpaHUYeHuid,
B YaCTHOCTMU:

* eAWHCTBEHHas NoaaepXxnBaemas onepaums — nonCK rno yCrioBuKo
paBEHCTBA, NOCKO/bKY XeLl-PyHKLUNSA HE COXpaHSeT NopsiAoK cneaoBaHus
3HAYEHWUIA;

* He NoAAepXUBAETCS orpaHNYeHne YHUKaIbHOCTH;,

* He/Nb34 co34aTb MHOIMOKO/TOHOYHbIN MHAEKC U A06aBUTb K MHOEKCY
OOMONHUTENbHbIE include-cToNn6LUbI.

[M03TOMY Xell-UHAEKChI HEe NoMYyYUIN LLUMPOKOTo pacnpocTpaHeHma. O4Hako
3a CYeT MeHbLLEro pasmepa 1 UKCMPOBaHHOIO BPEMEHM MOUCKA XeLl-
NHAEKC MOXET B psAge c/yyaeB paboTaTb 6bICTpee, YeM MHAEKC HA OCHOBE
B-pepe.a.



Xem-uHOEKC

HOCMOTpI/IM Ha IIJIaH 3allpocCa, IIOoJIy4dalolllero CliiCoK KOJOB CaMOJIETOB, B KOTOPEIX €CTh MECTO C OIIpeeJIEeHHbBIM HOMEPOM:

=> EXPLAIN (costs off)
SELECT * FROM seats WHERE seat_no = '31D';

QUERY PLAN

Seq Scan on seats
Filter: ((seat no)::text = '31D'::text)
(2 rows)

HOCKOJ’IBKY IIOOXOOAIIEero UHOeKCa HeT, UCIIOJIb3YyeTCd II0CIef0BaTeJIbHOe CKaHUPOBAHHUE. Co3gaguM Xell-uHAEKC I10 II0JII0
seat No ¥ MOBTOPHUM 3aIpoc:

=> CREATE INDEX ON seats USING hash(seat_no);
CREATE INDEX

=> EXPLAIN (costs off)
SELECT * FROM seats WHERE seat_no = '31D‘;

QUERY PLAN

Bitmap Heap Scan on seats
Recheck Cond: ((seat no)::text = '31D'::text)
-> Bitmap Index Scan on seats seat no idx
Index Cond: ((seat_no)::text = '31D'::text)
(4 rows)

Teneps MIaHUPOBIIUK UCIOIL3yeT XeI-UHAEKC U CTPOUT OUTOBYIO KapTy. [loMeHsieM yCJIoBUE PaBeHCTBA Ha «OOJIbIIe»:

=> EXPLAIN (costs off)
SELECT * FROM seats WHERE seat_no > '31D';

QUERY PLAN

Seq Scan on seats
Filter: ((seat _no)::text > '31D'::text)
(2 rows)

C HepaBEHCTBaMU XeIl-WHOEKC UCIIOJIb30BATHCsSA HE MOXKET.
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[Mpumep nHaekca GIST Posigres

GIST pacwudopoBbiBaeTcs Kak generalized search tree — 06006LeHHOe
[epeBo noucka.

Npeto paboTbl GiST-MHAEKCOB pacCMOTPMM Ha NpuUMepe ToYeK Ha
M/1I0CKOCTMW.

[NnocKoCTb pa3brBaeTcs Ha HECKOMBKO MNPSIMOYTO/TIbHUKOB, KOTOPbIE
B CYMMe MOKPbIBAKOT BCE UHAEKCUPYEMbIE TOUKN. DTV NPSMOYrONbHUKM
COCTaB/SIOT BEPXHUIA YPOBEHb AepeBa.

Kak BMAHO Ha puCyHKe, NPAMOYTO/IbHUKM MOTYT nepecekarbcs (XoTS 310
N ymeHbLlaeT 3a0PEKTUBHOCTb NOUCKA).
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[Mpumep nHaekca GIST Posigres

Ha cnepytollemM ypoBHe AepeBa Kaxablii U3 60/bLINX NPSIMOYTO/IbHUKOB
pacnagaeTcs Ha NPSIMOYro/IbHUKM MeHbLLIEro pasMmepa.
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[Mpumep nHaekca GIST Posigres
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Ha nocneaHem ypoBHe AepeBa KaxXAblii OrpaHnymMBatoLLInii NPAMOYTro/bHUK
6yQeT coaepXaTb CTONIbKO TOUEK, CKOSIbKO MOMELLLAaeTCs Ha OA4HY NMHAEKCHYIO
cTpaHuLy.

O6ulee ycnoBue pasdbneHns TakoBo: NPAMOYTONIbHUK POANTENbCKONA
BEPLUMHbI OXBaTbIBAET BCE MPSIMOYrO/IbHMKN COOTBETCTBYIOLLEIO NoaaepeBa.
DT0 NO3BO/SAET, HaNpuUmep, BbICTPO HAXOAUTb TOUKM, NeXallne BHYTpU
onpeaeneHHon obnacTtu:

1) HaxoAuMm NPSIMOYTONbHMKN, NepeceKatoLMecs ¢ 3aflaHHol 06/1acTbio,
Ha BEPXHEM YPOBHE MHAEKCA,;

2) crnyckaemcsd B Bbl6paHHbIe nogaepeBba N NOBTOPAEM MONCK B HUX.
Takol aJITrToOpUTM NHAEKCUPOBaHNA Ha3biBaeTcsa R-aepesom.



NHaekc GIST Posigres

CbaiaHCHpPOBaHHOe JIepPeBO TMOKCKa

paccurTaHo Ha MPOU3BOJIBLHBIE TUTIBI JAHHBIX
He TpeOyeTcs yIopsiJ0YeHHOCTh

TunyuHble Nojiep>KUBaeMble orepariviu

BXOXK/JIeHHe B 00/1aCThb
HaxOXK/eHHe CJIeBa, CIipaBa, CBEPXY, CHU3y OT 00JiacTu

[Torck O/MKAMIINX cocemeit

riepBble k 3HaUeHUH, O/IDKAUIIINX K 3aJaHHOMY

B-aepeBo npeacrtasnsaeT coboi cbaiaHcupoBaHHOe AepeBO, 3HaYEeHNS

B KOTOPOM YMOpPsA0YEeHbl B COOTBETCTBUN C onepaumsaMm «60osbLie»

N «MeHble». MHaekc GiST Takke obpasyeT cbaiaHCUMpoBaHHOE epeBo,
HO 3Ha4YeHUs B HEM pacnpenensatTcsa no gpyroMmy NpuHLUKUNY, Hanpumep,
Ha OCHOBE B3aMMHOI0 Pacno/ioXeHNs ToYeK Ha MI0CKOCTMN.

[Moatomy GIST MOXHO NPUMEHATbL K TEM TUMNaMm AaHHbIX, AN1A KOTOPbIX He
MMEIOT CMbIC/1a onepaunmn «6osbLie» N «MeHbLUEe», U YCKOPATb Apyrue,
6osiee BaxHble 419 3TUX TUMNOB, onepauun. Hanpumep, o1
reoMeTpuyeckmx ouryp Ha naockocTu nHaekc GiST MOXET YCKOPATb NOUCK
BXOXAEHUA 3HAYEHNS B ONpeaeneHHyo 061acTb UK NOUCK 3HAYEHUIA,
Haxo4ALWmMXCcA B onpeaesieHHOM CTOpOoHe OT 3aaHHol obnacTu.

[pyras BaxxHast ocobeHHOCTb GiST-nHAEKCa — noanepxka novcka
6nmxanwmx coceneil. MIHaekc No3BOMSAET ObICTPO MOYUYUTb HECKO/IbKO
3Ha4YeHu, 6AKanLInX K 3a4aHHOMY.

https://postgrespro.ru/docs/postgresqgl/16/gist-intro




HUugekc GiST

s memoHcTpanuu pabotel GiST-ungekca obpaTtuMcs K Tabnuiie airports data (Ha aToi Tabnuile IOCTPOEHO
mpencTaBiieHue airports). B Ta6iune ects mone coordinates Tuma point, mo Hemy u 6ymem ctpouts GiST-UHIEKC.
Ho crauarna BEIIIOJTHUM CIIEAYIOUINY 3alIpoC — HalileM BCe aspOIOPTh, HaXoalrecs HefanekKo oT MOCKBHI:

=> EXPLAIN (costs off)

SELECT airport_code

FROM airports_data

WHERE coordinates <@ '<(37.622513,55.753220),1.0>"::circle;

QUERY PLAN

Seq Scan on airports data
Filter: (coordinates <@ '<(37.622513,55.75322),1>"'::circle)
(2 rows)

Be3 unpekca npocMaTtpuBaeTcs Bcs Tabnuna. Cosgagum GiST-nHAEKC:

=> CREATE INDEX airports_gist_idx ON airports_data
USING gist(coordinates);

CREATE INDEX

Tabnura airports data HeBenrKa, IO9TOMY IIJIAaHUPOBIIUK BCE PaBHO OyOeT MCIOIb30BaTh IIOCIIENOBaTEILHOE
CKaHUpOBaHUe. BpeMeHHO OTKIIIOUKUM 3TOT METOL, OOCTYyIIa:

=> SET enable_seqscan = off;
SET
TToBTOPKM 3aIpoc:

=> EXPLAIN (costs off)

SELECT airport_code

FROM airports_data

WHERE coordinates <@ '<(37.622513,55.753220),1.0>"::circle;

QUERY PLAN

Index Scan using airports gist idx on airports data
Index Cond: (coordinates <@ '<(37.622513,55.75322),1>'::circle)
(2 rows)

Teneps MJIAaHUPOBIIKUK IOIyYaeT HyKHBIE CTPOKY, o0paIasick K HHAEKCY airports gist idx.
Yoanum co3maHHBIN HHOEKC:
=> DROP INDEX airports_gist_idx;

DROP INDEX
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Knacc oneparopos Posgres

[TocpeiHUK MeXXly UHIEKCHBIM MeTO/IOM U TUTIOM JIaHHbIX

MoykeT BK/IHOUaTh 3HAYUTEJIbHYIO YdCTh JIOTUKH
NHAEKCUPOBAHUSA

point_ops point

box

GiST

range_ops anyrange

inet_ops inet

11

UToObl NHAEKCHBIE METOAbLI AOCTYMNa MOrNM paboTtaTtb C pasHbiMU TUNAMU
AaHHbIX (KoTopble B PostgreSQL MoryT nogkatovarbCsa Ha Nnety), Mexay
NHAEKCaMN U TUnamMn faHHbIX eCTb NOCPeAHNK — K/iacc oneparopos,

B KOTOPbI BXOAAT HEOOX0AMMbIE OnepaTopbl U BCromoratesibHble OyHKUUN.

Takne nHaekcol, Kak B-aepeBbs U xel-UHAEKCHI, TOXE UCMO/b3YHT KNnacchl
onepaTopoB, HO OHM A0BOJILHO NPOCTbLIE: coAepXaT Takne onepaTopsbl, Kak
«paBHO», «O0/bLLE» U KMEHbLLE.

Knacchbl onepartopos ana GiST-MHAEKCOB BK/1HOYAKOT B Ce6S 3HAYMTENTbHYIO
4acTb JIOTNKN NHAEKCUPOBAHUA 1 ONpeaenaoT npasuna, No KoTopbiM
3HayeHnA [06aBMATCA B MHAEKC N 3aTeM ULLYTCA B HeM. [1oaTomy a1
pasHbIX TUMOB AaHHbIX GIST MOXeT YCKOPATbL pasHble onepavuu.

Hanpumep, ¢ nomowbto GiST MOXHO MHAEKCUPOBATbL 3HAaYeHUs
AnanasoHHbIX TUMOB (Takux, Kak intdrange nnu tstzrange). Tako nHOEKC
NMO3BOJISIET HAXOAUTb AMana3oHbl, BK/IIOYEHHbIE B 3a4aHHblii AnanasoH,
nepecekarLnecs ¢ 3aaHHbIM gnanasoHoM, NpUMbIKaloLLme K 3a4aHHOMY
AnanasoHy 1 T. .

GIST MOXHO cuMTaTb Kapkacom, Ha OCHOBE KOTOPOro CTPOATCH
NPOU3BOJIbHbIE CXeMbl NHAEKCaLUK (He TONbKO R-AepeBo), peasnsys
HY>XHbIM 06pa30oMm K/1iacc orneparopoB. ATO ropasfo npoLye, Yem co3garb
C Hy/1s1 HOBbIA TUM MHAEKCA, YTO BeCbMa TPYA0EMKO 1 TpebyeT OYeHb
BbICOKOW KBaNMdmkaumsa paspadboTynka.

https://postgrespro.ru/docs/postgresgl/16/indexes-opclass
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[Mpumep nHpgekca SP-GIST  Posggres
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SP-GIST paclundopoBbiBaeTca Kak space partitioning GiST. 3To Toxe
06006LEeHHOe AepeBo MNoncka, HoO OHO CTPOMUTCA NyTeM pa3dbreHns
NpoCTpaHCTBa NovcKa Ha HenepecekarLwmecsa 0b6acTu.

PaccmoTtpum npumep nHaekca SP-GIST ana Todek Ha M10CKOCTH.

O/IMH 13 BapMaHTOB — [IePEBO KBaApaHToB. KopHeBOI1 y3en pa3tusaert
M/I0CKOCTb Ha YeTbipe yacTy (KBagpaHTa) No OTHOLLEHUIO K BbIGPAHHOIA
TOuKe-LeHTpouay.
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[Mpumep nHpgekca SP-GIST  Posggres

13

[lanee Kax/blit N3 YeTbipex KBaJpaHTOB [e/INTCA HA COOCTBEHHbIE
KBaPaHTbl.
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[Mpumep nHpgekca SP-GIST  Posggres
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Pa3breHne Npoo/mKMTCS, NoKa BCe TOUKM B KBaZIpaHTe He CTaHyT
NOMELLLATLCS Ha OfIHY UHAEKCHYHO CTPaHWLLY.



NMHaekc SP-GIST Posigres

HecbanaHcupoBaHHOe iepeBo MoMCcKa

c1abo BeTBsIIIeeCs ZiepeBo C OOJIbIION TTyOUHOM
PaCCUMTaHO HA MPOU3BOJIbHBIE THIIBI JAHHBIX

Onepanuu aHanoruydbl GiST

He TIO/I/IeP)KUBAETCs TIOUCK O/TKAUIIINX Ccoceen

15

SP-GIST, kak 1 GiST, aBnaercs kapkacom, Ha OCHOBE KOTOPOro, peasn3ys
Knaccbl onepaTtopoB, MOXHO CTPOUTL NPOU3BO/IbHbIE CXEMbI UHAEKCALMMN.
Hanpumep, AepeBo KBaApPaHTOB A/1 TOYEK peasin3yeTcs K1accom
onepaTtopos point_ops. Apyron cnocob AeneHns naockocTn — Ha ABe,

a He Ha 4yeTblpe YyacTu. Takoi cnocob HasbiBaeTcsa k-MepHbIM AepeBoM

N peaninsyeTtca opyrum Knaccom oneparopos — kd_point_ops.

Pa3bureHune nN1oCKOCTM Ha HenepecekarLmecsa 0b1actu nopoxaaer
HecbaslaHCMpOBaHHbIe AepeBbs, KOTOpPble 06bIYHO Cnabo BETBATCA
N UMEIOT BO/bLUYIO T1TyOUHY.

Kak npaBuno, niaekcol SP-GIST npefoctaBnAT NOALEPXKKY TEX Xe TUMOB
[AaHHbIX 1 onepatopos, 4YTo 1 GiST. Ho n3-3a gpyron CTpyKTypbl MHAEKca
OHM MOTYT OKa3aTbCs Kak 6onee, Tak U MeHee apheKTUBHbIMK, YeM GIST.

[Ona SP-GIiST He peanu3oBaH NOUCK Gmkanwmx coceaen.
https://postgrespro.ru/docs/postgresql/16/spgist




HUugekc SP-GiST

Cospanum uapekc SP-GiST no moto coordinates B Ta6nune airports data. [Ij1st Touek ecTh OBa Kjlacca onepaTopos. ITo
yMOJTYaHUIO UCIIONL3yeTCs point ops (mepeBo KBafpaHTOB), a MHI A1 IpuMepa ykaxeM kd point ops (k-mepHoe mepeBo):

=> CREATE INDEX airports_spgist_idx ON airports_data
USING spgist(coordinates kd_point_ops);

CREATE INDEX
ITonmpo6yeM Ha#TH BCe a3pOIOPTH], PACIIOJIOKEHHEIE BhIIE (ceBepHee) Hanmbima:

=> EXPLAIN (costs off)

SELECT airport_code

FROM airports_data

WHERE coordinates >" '(72.69889831542969,65.48090362548828) '::point;

QUERY PLAN

Bitmap Heap Scan on airports data
Recheck Cond: (coordinates >" '(72.69889831542969,65.48090362548828)"'::point)
-> Bitmap Index Scan on airports spgist idx
Index Cond: (coordinates >" '(72.69889831542969,65.48090362548828)'::point)
(4 rows)

Temneps Tabnuiia CKaHUPYyeTCS II0 OUTOBOM KapTe, IOCTPOeHHOH Ha ocHoBe SP-GiST-uHpmekca airports spgist idx.
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Noea GIN-nHpekca Pos{gres
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GIN — generalized inverted index, 0606LeHHbI NHBEPTUPOBAHHbIN
NHAOEKC.

\eto aToro MHAEKCHOro MeTofa NpPoLLEe BCEro NoHATb Ha npumepe
NPeAMETHOro yKasaTens B 06bIYHOW KHUre. Ha cTpaHuuax KHUrv
BCTPeYatoTCa TEPMUHbI, a B MPeAMETHOM yKa3aTesie NepeyncreHbl

B asihaBMTHOM NopsiAKe BCE TEPMUHbI C YKa3aHMEM HOMEPOB CTpaHuL,
Ha KOTOPbIX OHW NPUCYTCTBYIOT.

NHoekc GIN B nepByto ouepenb UCNonb3yeTca A1 MHAeKcaLnm
OOKYMEHTOB C Lie/1bi0 YCKOPEHUS MOJIHOTEKCTOBOIO noucka. Mo cyTu,

3TO 06bl4HOE B-AepeBo, HO B HEro NoMeLleHbl He caMu AOKYMEHTHI,

a coctasnsawwme nx cnosa. GIN-mHgekc onTMMMU3NPOBaH C Y4Y4ETOM TOrO,
YTO Kaxkgoe C/10BO MOXET BCTpeyaTbCcs BO MHOTMX AOKYMeHTax. Ecnu
«CMUCOK CTPaHNL» OYEeHb BEJIK, OH MOXET XPaHUTLCA HE B CaMOM
WHAEKCHOW CTpaHuLe, a B oTAe/lbHOM B-aepese.

https://postgrespro.ru/docs/postgresqgl/16/gin
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NMHaoekc GIN Pos{gres

VHBepTUPOBaHHbIN CITUCOK

[JIsd TUIIOB [IdHHBIX, 3HAY€HHWSA KOTOPbIX (,Z[OKyMEHTI:I) COCTOAT M3 3/IeMEHTOB
WHAEKCUPYIOTCS 3JIEMEHTEI, 4 He JOKYMEHTEI

TunryuHasi 1oj/iep>kruBaeMasi oriepariys

IMPOBEPKA COOTBETCTBUA NOKYMEHTd ITOMCKOBOMY 3allpoOCy
TMPpOBEPKa BXOXAEHHS 3/IEMEHTd B MaCCHB
IMOUCK NOKYMEHTOB JSON no KirouaM Wy 3HaueHUsIM

18

GIN paboTaeT ¢ TMnamu AaHHbIX, 3HaYeHUs1 KOTOPbIX COCTOST U3
3N1EMEHTOB, a He SIBNSKTCA aTOMapHbIMU. MpKu 3TOM UHAEKCUPYIOTCS He
camMu 3HaYeHus1, a UX 3/IEMEHTI.

Kak n GiST n SP-GIST, metog GIN saBnsieTcs KapkacoMm, KOTOPbIA MOXHO
HaCTPOUTb He TOJIbKO Ha paboTy C TEKCTOM (COCTOSALMM U3 CNOB),

HO 1 C ApPYrMMMK TUMamMKn AaHHbIX: C MaccnmBamm (COCTOALMMN U3
3NeMeHTOoB), ¢ gokyMeHTaMn JSON (COCTOAWMMU U3 K/THOUHEN N 3HAUYEHWIA).
[lna aTOro cosgaeTcs knacc oneparopoBs, peannsyroumii pasbneHune
[OKYMeHTa Ha 3/1eMeHTbI 1 MPOBEPKY COOTBETCTBUSA AOKYMEHTA NOUCKOBOMY
3anpocy.



HNuanexc GIN

B cTonbue days of week nmpencraBnenus: routes XxpaHUTCSI MACCUB HOMEPOB OHel He[esH, 10 KOTOPHIM BEHIIIOTIHSIETCS Peic:
=> SELECT flight_no, days_of_week FROM routes LIMIT 5;

flight no | days of week

___________ e
PG00OO1 | {6}

PG0002 | {7}

PGO00O3 | {2,6}

PG0O004 | {3,7}

PGO0OO5 | {2,5,7}

(5 rows)

HJ’[H IIPEeACTaBJIEHUS HeJlb3d IIOCTPOUTE UHOEKC, II0O3TOMY COXPAaHUM €ro CTPOKHU B OTHGHBHOﬁ TaGHHHeZ

=> CREATE TABLE routes_tbl
AS SELECT * FROM routes;

SELECT 710

Teneps co3pmagum GIN-uHOEKC:

=> CREATE INDEX routestbl gin_idx ON routes_tbl USING gin(days_of_week);

CREATE INDEX

C nomorsio GIN-mHIEeKca MOXKHO, HAaIpuMep, 0TOOPaTh PEeNCH, OTIIPABISIOMIKECS TOJIBKO 10 cpefaM u cy00oTam:

=> EXPLAIN (costs off)

SELECT flight_no, departure_airport_name AS departure,
arrival_airport_name AS arrival, days_of_week

FROM routes_tbl

WHERE days_of_week = ARRAY[3,6];

QUERY PLAN
Bitmap Heap Scan on routes tbl
Recheck Cond: (days of week = '{3,6}'::integer[])
-> Bitmap Index Scan on routestbl gin idx
Index Cond: (days of week = '{3,6}'::integer[])
(4 rows)

Co3pauubii GIN-MHIOEKC COIepKUT BCEro CEMb 3JIEMEHTOB: IeJible Ynucia oT 1 mo 7, mpencTaBisionive OHU Hemenu. s
KazKI0TO0 U3 HUX B UHMEKCEe XPaHSITCS CChUIKK Ha PEMCH], BHITIOIHSIOIIUECS B 9TOT [EHb.



o)) PROFESSIONAL

[Mpumep nHaoekca BRIN Posigres

SELECT * FROM t WHERE temperature BETWEEN 20 AND 30;

rpynna
nocnesoBaTeNibHo
PacnonoXeHHbIX
cTpaHuL,

CTpaHuLbl  CBOAHAs MHopMaLus

1 1. 128 {-15 .. -3 }
2 | 129 .. 256 { -7 .. -10}
3 | 257 .. 384 { 6.19 }
4 | 385. 512 { 15 .. 25 }
5 | 513 .. 640 { 21.32}
6 | 641 .. 768 { 13 .19 }
7 | 769 .. 896 { 3.15}
8 | 897 .. 1024 { 5.6 }
9 |1025.. 1152 {-18 .. -4 }
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BRIN — block range index, «nHaekc 30H 6510k0B». Tabnuua pasbusaeTtcd
Ha 30Hbl OnpeAenieHHon (HacTpaMBaemMoi) ANnHbI, KaXaasa 13 KOTopbIX
oXxBaTbIBaeT Habop NocsiefoBaTe/IbHO PACMO/IOXKEHHbIX CTPaHWL,.
Hanpumep, Ha cnaige nokasaH MHAEKC C 30HOIM pasMmepom 128 cTpaHuL,.
Mo Kaxaon 30He cobmpaeTcsa cBogHas Hopmayms, Hanpumep, MUHUMYM
N MaKCMMYM 3HAQYEHUIN MHAEKCUPYEMOTO cToN6La.

[pw BbINOMHEHMM 3aMPOCa MOXHO MPONYCTUTb BCE 30HbI, 3HAYEHMS]

B KOTOPbIX rapaHTUPOBaHHO He nonaaatoT nog ycrnosue. B npumepe

Ha cnalifie ToNbKO [1IBe 30Hbl MOTYT COAEPXaTb 3HAYEHNsI TemMneparypbl,
y[10B1IETBOPSIOLIMNE YCITOBUIO.

NHpekc BRIN He xpaHuT ngeHtudmnkaropbl BEPCUn CTPOK, Kak BCe Apyrme
NHOEKCbI, MO3TOMY B BblOpPaHHbLIX 30HaX HEOOXOAMMO NPOCMOTPETL BCE
Bepcumn cTpok. B HekoTopoMm cmbicsie BRIN MOXHO paccmaTpmBaTth Kak
yCKOpuTEnb nocsenoBartelbHOro CKaHMpoBaHUS.

https://postgrespro.ru/docs/postgresqgl/16/brin




NHaekc BRIN Pos{gres

CIMCOK 30H CO CBOJHOM uH(MOpMalivei

30Ha OXBaTbIBaeT PYIITY [0C/IeI0BaTe/TbHO PACIIO/IOKEeHHbBIX CTPaHMUL]
cBOAHAst MH(MOpMAIHsT: MUHUMYM, MAaKCUMYM U T. TI.
TpebyeTcst KoppensiLys ¢ GrU3UYeCKUM PacrioyioykKeHHeM CTPOK

He XpaHUT CChIJIKA Ha BEPCUM CTPOK

TOJIKO CKaHMPOBaHHe 110 OUTOBOM KapTe

[TpenHa3HaueH //ig OueHb OOMBIIMX TabIHI]

HeOoJb1II0N pa3mep
HacTpavBaemMoe COOTHOILIeHHe pa3Mepa U TOYHOCTH
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Aicnonb3ysa Knaccbl oneparopos, MOXHO BbiGMpaTb CBOAHYIO MHpopmaumio,
XPaHMYI0 B HAEKCE AN KaXA0M 30Hbl. ITO MOXET ObITb Kak NpocTo
MUHMMYM U MakCUMYyM, Tak U HECKO/IbKO Anana3oHOB 3Ha4YeHwui, a asis
reomMeTpuyecknx TUNOB AaHHbIX MOXHO XPaHUTb OXBaTbIBaKOLLUNA
npAMOYrosibHUK (Kak B GiST).

B nto6om cnyvae ans adpdoektmBHo pabotbl BRIN Heobxoanma
Koppenauua Mexay 3HadeHnsasMu ctonoéua n qonsmyecknm pacrnosioxXeHnem
CTPOK, 4TOObI B OAHY 30HY nonagasiv 3Ha4eHnst Co CXOLHOWN CBOLAHOW
NHpopmaumein. OGHOBNEHMS AaHHbIX HAPYLLAKT KOPPensaumio u MoryT
ckasarbCs Ha adpPeKTMBHOCTU MHAEKCA.

[Mockonbky BRIN He XpaHWUT CCbIJIKM Ha BEPCUWN CTPOK, OH BO3BpaLlaeT
nepeyeHb CTpaHuL, 30HbI B BUAE HETOYHON 6MTOBOM KapTbl. OBbIYHOE
NHAEKCHOE CKaHMpoBaHune (U CKaHMpoBaHMe TOMbKO MHAEKCA) HEBO3MOXHDbI.

3aro BRIN-nHAekc nveeT ovyeHb HEGONLLLIOW pa3Mep, KOTOPbIN, K TOMY Xe,
MOXET HacTpamBaTbCs 3a CYET yKa3aHus pa3mMepa 30Hbl. Yem 60/bLue 30Ha,
TeM MeHbLUe MHAEKC, HO MeHbLLEe 1 TOYHOCTL. bnarogaps atomy BRIN
naeasibHO NOAXOAMT A1 OUYEeHb 60MbLWNX TabnL, XapakTepHbIX AN
XpaHuNnw, aHHbIX.



HNuagexc BRIN

st mpuMepa nmoctpouM uHOekc BRIN 1o camoit 60s1bIm1oi Tabnuie:
=> CREATE INDEX tflights_brin_idx ON ticket_flights USING brin(flight_id);
CREATE INDEX

Unpexcet BRIN gatot omryTumeii 3¢ deKT TOIBKO OIS O4eHb OonbInux Tabnull. TeM He MeHee, IJIAaHUPOBIIUK UCIIOIL3yeT
TIOCTPOEHHHINM MHIEKC, IIOCKOILKY II0 CBOOHON HHOpMaNuy (MEHUMYM U MaKCUMyM) MOXKHO OTCeYb 30HEI, He cofepzKaliue
TpeOyeMbIX 3HAUEHHUH:

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

FROM ticket_flights

WHERE flight_id BETWEEN 3000 AND 4000;

QUERY PLAN
Gather (actual rows=46357 loops=1)
Workers Planned: 2
Workers Launched: 2
-> Parallel Bitmap Heap Scan on ticket flights (actual rows=15452 loops=3)
Recheck Cond: ((flight id >= 3000) AND (flight id <= 4000))
Rows Removed by Index Recheck: 2377352
Heap Blocks: lossy=20069
-> Bitmap Index Scan on tflights brin idx (actual rows=598480 loops=1)
Index Cond: ((flight id >= 3000) AND (flight id <= 4000))
Planning Time: 2.106 ms
Execution Time: 1089.877 ms
(11 rows)

ITockoneky BRIN He XpaHHUT CCHUIKH Ha BEPCHU CTPOK, EMHCTBEHHBIN BO3MOXKHEIN CIIOCO0 HOCTyIla — CKaHWPOBaHUE II0
"HeTouHOU (lossy) GuTOBOM KapTe.



ITormn Pogga’??é

[Tomumo B-gepeBa, CyiiecTByIOT U ApyrHe, bomee
cneu(UUHbIe TUTIBI UHIEKCOB

XeLI-UH/EKC AJ1s1 TIOMCKA 10 PABeHCTBY
GiST u SP-GiST py1a HecopTUpyeMbIX TUIIOB JAaHHbBIX
GIN g1 BOKyMeHTOB

BRIN g/151 oueHb 60/1bIINX TabIHI]
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o)) PROFESSIONAL

[1pakTnKa Pos{gres

1. CpaBHurte pa3Mepbl ¥ BpeMs MOCTPOeHUS Xell-uH/eKca
1o moJisiM pa3Horo pa3Mmepa (book_ref u contact_data)
Tab/mmibl OMTeToB tickets.

[ToBTOpHTE TO >Ke AJIs1 MH/IeKCa Ha OCHOBe B-nepeBa.

2. Bocnosnb3yntecs GIN-MHI€EKCOM U pacliMpeHreM pg_trgm
JJ1s1 TIOMCKA MacCa)KupoB, HoOMep Tejie(h0Ha KOTOPBIX COZIePXKUT
roc/efioBaTeIbHOCTb LGP 1234.

MO)XHO T YCKOPUTB TaKOM 3arpocC € MOMOIIbI0 B-nepeBa?
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1. ns oueHKu pasmepa nHaekca MOXXHO UCNosib3oBaTb OYHKLINIO
pg_total_relation_size('umsa-uHgekca').

2. Co3paiite GIN-nHgekc no BblpaXeHuto contact_data->>"'phone’',
MCMO/b3YyA Kacc oneparopos gin_trgm_ops 13 pacumpeHnsa pg_trgm.

CrtpaHuua gokymeHTtaumu: https://postgrespro.ru/docs/postgresql/16/pgtrgm




1. CpaBHeHHEe pa3Mepa H BpeMeHH CO3TaHUusI HHIEKCOB

ITocMoTpUM CTPYKTYpY Tabnuis tickets:
=> \d tickets

Table "bookings.tickets"

Column | Type | Collation | Nullable | Default
---------------- B e e R S
ticket_no | character(13) | | not null |
book ref | character(6) | | not null |
passenger id | character varying(20) | | not null |
passenger name | text | | not null |
contact data | jsonb | | |

Indexes:

"tickets pkey" PRIMARY KEY, btree (ticket no)
Foreign-key constraints:

"tickets book ref fkey" FOREIGN KEY (book ref) REFERENCES bookings(book ref)
Referenced by:

TABLE "ticket flights" CONSTRAINT "ticket flights_ticket_no_fkey" FOREIGN KEY
(ticket no) REFERENCES tickets(ticket no)

ITone book ref umeet pukcupoBaHHEIN pa3Mep, a none contact data umeet Tumn jsonb.
BKJII0YMM NOACYET BPEMEHH BhIIIOJIHEHUS 3aIIPOCOB:

=> \timing on

Timing is on.

Co3gaguM hash-uHOEKCHI...

=> CREATE INDEX tickets_hash_br ON tickets USING hash(book_ref);

CREATE INDEX
Time: 6938,678 ms (00:06,939)

=> CREATE INDEX tickets_hash_cd ON tickets USING hash(contact_data);

CREATE INDEX
Time: 8900,441 ms (00:08,900)

..M UHOEKCH B-tree:
=> CREATE INDEX tickets_btree_br ON tickets(book_ref);

CREATE INDEX
Time: 11294,505 ms (00:11,295)

=> CREATE INDEX tickets_btree_cd ON tickets(contact_data);

CREATE INDEX
Time: 36986,156 ms (00:36,986)

BpeMs co3maHus Xell-uHAEeKCOB IPUMEPHO OOUHAKOBO, & BPeMsI CO3[aHUs btree-MHIEKCOB 3aBUCUT OT pa3Mepa
WHOEKCUPYEMOTr'o IIOJIs.

=> \timing off
Timing is off.
Temneps NIPOBEPUM Pa3MepH! I0JIyYEHHBIX UHAEKCOB:

=> SELECT pg_size_pretty(pg_total_relation_size('tickets_hash_br')) "hash book_ref",
pg_size_pretty(pg_total_relation_size('tickets_hash_cd')) "hash contact_data",
pg_size_pretty(pg_total_relation_size('tickets_btree_br')) "btree book_ref",
pg_size pretty(pg_total_relation_size('tickets_btree cd')) "btree contact_data" \gx

-[ RECORD 1 ]------ R
hash book_ref |
hash contact data | 80 MB
btree book ref |

|

btree contact data | 226 MB

Pa3Mep haSh-I/IHJ:[eKCOB TO2XKe IIPUMEPHO OJII/IHaKOBI:II;I. A pa3Mep UHOEeKCOB B-tree (KaK U BpeMs ux HOCTpOGHI/IFI) 3aBUCHUT OT
pa3Mepa UHOEKCHUPYEeMOTrO I10JisA, IIOCKOJIBKY TaKKWe MHAOEKCHI XPaHAT UHOEKCHUPYyeMbie 3Ha4YEeHUA.

2. Pacummpenue pg_trgm



BrimonHuM 3amnpoc:

=> EXPLAIN (analyze, buffers, costs off, timing off)
SELECT * FROM tickets
WHERE contact_data->>'phone’ LIKE '%1234%';

QUERY PLAN
Gather (actual rows=1801 loops=1)
Workers Planned: 2
Workers Launched: 2
Buffers: shared hit=128 read=49287
-> Parallel Seq Scan on tickets (actual rows=600 loops=3)
Filter: ((contact data ->> 'phone'::text) ~~ '%1234%'::text)
Rows Removed by Filter: 982685
Buffers: shared hit=128 read=49287
Planning:
Buffers: shared hit=24 read=11 dirtied=4
Planning Time: 4.871 ms
Execution Time: 797.404 ms
(12 rows)

O6paTuTe BHUMaHHE Ha KOJIMYECTBO IIPOYUTAHHEIX cTpaHul] (Buffers) — ux moytu msaTbAecsT THICSY.
Io6aBuM pacurupenue pg trgm:

=> CREATE EXTENSION pg_trgm;

CREATE EXTENSION

CospamuM GIN-uHAEKC C KIIacCOM OIIepaTopoB gin trgm ops:

=> CREATE INDEX tickets_gin
ON tickets USING GIN ((contact_data->>'phone') gin_trgm_ops);

CREATE INDEX

Taxkoii KJ1acc OmepaTopoB YCKOPSIET MOUCK MO ITabJI0Hy, KOTOPHIM HaUMHAETCS Ha 3HAK IIPOLEHTA, ¥ JaXKe 10 PEryJIsipHEIM
BhIpakeHusM. MlHIeKC Ha OCHOBe B-mepeBa 5TOro He IIO3BOSET.

IToBTOPHM 3ampoc:

=> EXPLAIN (analyze, buffers, costs off, timing off)
SELECT * FROM tickets
WHERE contact_data->>'phone’' LIKE '%1234%';

QUERY PLAN
Bitmap Heap Scan on tickets (actual rows=1801 loops=1)
Recheck Cond: ((contact data ->> 'phone'::text) ~~ '%1234%'::text)
Rows Removed by Index Recheck: 46
Heap Blocks: exact=1820
Buffers: shared hit=23 read=1818 written=158
-> Bitmap Index Scan on tickets gin (actual rows=1847 loops=1)
Index Cond: ((contact data ->> 'phone'::text) ~~ '%1234%'::text)
Buffers: shared hit=21
Planning:
Buffers: shared hit=26 read=1 dirtied=1
Planning Time: 0.212 ms
Execution Time: 13.894 ms
(12 rows)

KonmuecTBO NpoYUTaHHEIX CTPAHUI] COKPATUJIOCh Gomnee ueM Ha IIOPANOK, BpEeMs BEIIIOJTHEHUS CYIIEeCTBEHHO YMEHBIIUJIOCH.



