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Mcnonb3oBaHue MaTepuasioB Kypca
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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

MeTtoabl focTyma (TUTBI UHAEKCOB)
Kracchl ¥ ceMelicTBa OrepaTopoB
MeToj, nocTtyria btree u co3maHue Kjiacca orepaTopoB /iJisi Hero

Wpes meTosa oCTyIIa gist ¥ pUMePbl ero UCI0/Ib30BaHUs
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MeToabl AocTyna Posigres

OmnpepensitoT Crocob Mo/TyueHus JaHHbIX

TabnuuHbIe METOABI AOCTYTIa — OpPTraHU3aIUs JaHHBIX
Y UTeHHe BCel TabIuIbI

WHaeKkcHbIe MeTO/IbI OCTYTIA (TUTTbI UH/IEKCOB) —
OLICTPBIN AOCTYII K HeOOBIIION YaCTU JaHHBIX

aJITOPUTMBI, CBSI3aHHbIE C IOUCKOBOM CTPYKTYPOU JJAHHBIX
3¢dexTrBHAsE ofHOBpeMeHHast paboTa

CTpaHMYHAas OpraHU3alus JdaHHBIX

)KypHa/IMPOBaHHUe OrepaLii

MeToabl 4ocTyna onpeAensitoT cnocod NonyyYeHust aHHbIX. MIX MOXHO
pas3nennTb Ha TabnnuHble U MHAEKCHbIE METO/PbI.

TabnuUHbIN MeTopA, onpeenisieT opraHM3aumnio aHHbIX B Tabnuue v
paboTaerT, Koraa HaZo npoyunTaTb BCe gaHHble (Seq Scan). B PostgreSQL
CYLWeCTBYET eANHCTBEHHbI TabnyHbIii MeTog heap, 1 Apyrux rotoBbIX
MeToAO0B (Takux, Hanpumep, Kak KOJIOHOYHOE XpaHWU/nLLE) eLle HET, HO OHU
OO/MKHbI NOSABUTLCS B OyayLiem.

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

MHaeKcHbI MeToa focTyna paboTaeT, Korga Hafo ObICTPO Noy4YnTh YacTb
AaHHbIX (00bIYHO HEGO/bLLYIO) C MOMOLLbLIO MHAEKCA.

NHAOEKCHbIA MeToA, MOXHO paccMaTpmBaThb Kak Kapkac, KOTopblii peannsyet
OCHOBHble aNIroOpUTMbI A/151 paboTbl C MHAEKCHOW CTPYKTYPOI faHHbIX,
a Takke 6epet Ha cebsa 3ab60Ty 0 HA3KOYPOBHEBLIX AeTasIAX, TaKMUX Kak:

* 3(phekTnBHAA KOHKYpeHTHaA paboTa ¢ MHAEKCHON CTPYKTYpPOit (B TOM
yucne cTparerns 6/10kMpoBaHns);

* CTpaHWyHasa opraHusaums AaHHbIX UHOEKCA;
* XXYpHasnmpoBaHue onepauui Hag nHaekcom B WAL.
https://postgrespro.ru/docs/postgresqgl/16/indexam




MeToasl gocTymna

=> CREATE DATABASE ext_opclasses;

CREATE DATABASE

=> \c ext_opclasses

You are now connected to database "ext opclasses" as user "student".
B Bepcuu 16 nMeeTCs eIUHCTBEHHBIN BCTPOEHHBIN TaOIMYHEIM METOM AOCTYIIa:
=> SELECT amname FROM pg_am WHERE amtype = 't‘;

amname

3aTO MHOTO Pa3/IMYHBIX HHAEKCHBIX METOM0OB AOCTyIa:
=> SELECT amname FROM pg_am WHERE amtype = 'i';

amname

(6 rows)

C btree 3HaKOMEHI BCE — 3TO «OOBIYHEIH» MeTo[ OOCTYyIla Ha OCHOBE B-,r_[epeBa, KOTOpHﬁ HCIIONIb3YETCs 110 YMOJIYaHUI0 1
IIOKPHIBaeT OOBIIMHCTBO HOTpe6HOCTeﬁ. OcTanbHble METOBL AOCTYyIla TaKXKe O4Y€eHb IIOJIE3HbI, HO B ClIelIUaJIbHBIX
CUTyalludgX. HeKOTOpBIe U3 HUX MBI PaCCMOTPHUM II03XKe.

s monydeHus WHGOPMAIUU MBI Iejlalli 3alIPOCH K TabIuilaM CUCTeMHOTI0 KaTajlora, OgHaKo B apceHasne psql ecTsb
ynoOHas KOMaHa, [I03BOJISONas MoNyYuTh HHGOPMAIIUIO 0 METOJaX NOCTYIIa, Klaccax ¥ CeMelCcTBaX 0IepaTopoB, ei
[asblile MBI 1 6ygeM MOoJTh30BaThCs:

=> \dA
List of access methods
Name | Type
________ Fommmm -
brin | Index
btree | Index
gin | Index
gist | Index
hash | Index
heap | Table
spgist | Index

(7 rows)
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Knaccbl oneparopos Posgres

Habop omepaTopoB 1 BCTIOMOTaTe/IbHBIX (hYHKLIH,
KOTOPBIY HUCIOJIb3YeTCsl Memooom oocmyna
J71s1 paboThbI C KOHKPETHBIM MUNOM OAHHbIX

int4_ops integer

text_ops

btree text

text_pattern_ops

date_ops date

[lanblie mbl 6yeM roBopuTb HE 0 TaGNMYHOM, a 06 MHAEKCHOM AOCTyne.

Tak, C 0HOI CTOPOHbI eCTb MHAEKCHbLIA MeToq, AocTyna (Hanpumep, btree),
a C Apyroi — KOHKPETHbIE TUMbl AaHHbIX (Takue, Kak integer, text n 1. n.).

UTo6bI CBSI3aTb METoA, A0CTYNa C TUNamMmn AaHHbIX, UCNO/b3YHTCS KNnacchbl
oneparopoB. Kfacc onepaTtopoB COCTOUT U3 Habopa onepartopos (1, Npu
HEeo6XoANMOCTM, BComoraTesibHbIX (OyHKLNIA), KOTOPLIA peannsyet API
MHAEKCHOro MeToAa focTyna.

BaXHO, YTO YacTb JIOTMKN MHAEKCUPOBAHMSA HAX0AMTCS B METOAE A0CTYNa,
a yacTb — B K/lacce oneparopoB. Mo3ToMy HELOCTATOYHO MOHATb TO/TbKO
YCTPOICTBO MeToda AoCTyna; Haflo yunTbiBaTb M TO, KAKOW MCNO/b3yeTcs

Knacc onepaTopos.

[ns B-oepeBbEB 3TO HE Tak O4YEBUAHO, NOCKO/bKY Ha [0/ Knacca
onepaTopoB NPUXOAMTCSA COBCEM HEMHOrO. Ho B Apyrnx mMetodax AocTyna
pa3Hble Knaccbl OnepaTtopoB MOTyT paankasibHO MEHSTb JIOTUKY.

3ameTum Takxke, 4YTo 4/15 OAHOTO 1 TOrO XXe MeToda [A0cCTyrna 1 O4HOro U Toro
e Tuna AaHHbIX MOXET ObITb onpefeneHo HeCKO/IbKO K1acCoB OrnepaTopos.
B aTtom cnyyae nonb3oBartesib MOXET BblOMpaTtb TO NoBeAeHne, KOTOpoe
TpebyeTcs.

https://postgrespro.ru/docs/postgresql/16/indexes-opclass




Kiaccel onepaTopoB

TTocMmoTpuM, KaKue KjIacChl OIIepaTOPOB ONpenesieH ! i B-mepeBa U Oy pa3HBIX TUIIOB JAHHBIX. [IJ15 LIEJIbIX YHCeIT:
=> \dAc btree (smallint|integer|bigint)

List of operator classes

AM | Input type | Storage type | Operator class | Default?
------- R e R T
btree | bigint | | int8 ops | yes

btree | integer | | int4 ops | yes

btree | smallint | | int2 ops | yes

(3 rows)

151 yno6GCTBa TaKue «IOXO0XKHUe IO CMBICIY» KJIaCCHl OIIepaTOpOB 0OBENUHSIOTCSI B CeMeHCTBa OIepaTopoB:
=> \dAf btree (smallint|integer|bigint)

List of operator families

AM | Operator family | Applicable types
_______ g
btree | integer ops | smallint, integer, bigint

(1 row)

CeMeliCcTBa OIIEPATOPOB IIO3BOJISAIOT IJIAHUPOBIIUKY Pab0OTaTh C BEIPAXKEHUSIMHU Pa3HbIX (HO «IIOX0KUX») TUIIOB, faiKe eClIu
OHU He IIPHUBENEHE! K OMHOMY 00IIeMy.

BoT KJtaccel onepaTopoB O TANA text (ecnu Ojis OOHOI'O THUIIA eCTh HECKOJIBKO KJIACCOB OIIEPaTOPOB, TO OOUH OymeT
TIOMeYeH [JIsl UCIIONIb30BaHUs 10 YMOIYaHUI0):

=> \dAc btree text

List of operator classes

AM | Input type | Storage type | Operator class | Default?
------- R S e R T T
btree | text | | text ops | yes

btree | text | | text pattern ops | no

btree | text | | varchar_ops | no

btree | text | | varchar pattern ops | no
(4 rows)

e Kiacce orrepaTopoB pattern ops oTin4arTCs OT 0OBIYHEIX TEM, YTO CPABHHUBAIOT CTPOKH IIOCUMBOJIBHO, UTHOPUPYS
mpaBuia cOpTUPOBKH (collation).

A Tak MOXKHO IIOCMOTPETH, KaKie OIlepaTophl BKIIIOYUEHEl B KOHKPETHHIM KJIaCC OIIepaTOPOB:
=> \dAo btree bool_ops

List of operators of operator families

AM | Operator family | Operator | Strategy | Purpose
------- R e ek R P
btree | bool ops | <(boolean,boolean) | 1 | search
btree | bool ops | <=(boolean,boolean) | 2 | search
btree | bool ops | =(boolean,boolean) | 3 | search
btree | bool ops | >=(boolean,boolean) | 4 | search
btree | bool ops | >(boolean,boolean) | 5 | search

(5 rows)

MerToq moCTyna — 3TO THII HHAEKCA, a COOCTBEHHO UHIEKC — 9TO KOHKPETHAs CTPYKTYypa, CO3MaHHasi Ha OCHOBE MeTofa
IOCTYIIa, B KOTOPO# [JIst KaXKA0ro CTONIOA UCIOIB3YeTCsI CBOY KJIaCcC OIIEPAaTOPOB.

IlycTh nuMeeTcs Kakas-HuOynb Tabnuna:

=> CREATE TABLE t(
id integer GENERATED ALWAYS AS IDENTITY,
s text

);

CREATE TABLE
=> INSERT INTO t(s) VALUES ('foo'), ('bar'), ('xy'), ('z");

INSERT 0 4



INpuBEIYHAS KOMaHMa CO3[aHKs UHAEKCA BHITIAIUT TaK
CREATE INDEX ON t(id, s);
Ho 3T0 IpocTo CoKpalleHue OJis:

=> CREATE INDEX ON t
USING btree -- metop poctyna
(
id int4_ops, -- knacc onepatopoB pns integer
s text_ops -- knacc onepatopoB no ymonyaHuw pns text

)i
CREATE INDEX
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MeTopg goctyna btree Pos{gres

CbaiaHCMpOBaHHOE JiepeBo, 3HaUeHUsl YIOPsiZi0UeHbI

MeTo/, IPUMEeHUM TOJIBKO /1/Is1 COPTUPYEMBIX TUIIOB JAHHBIX
API meToga focTymna onpefesnseT Iopsifilok COPTUPOBKU

A J y Y Yy Y

(A B C|DE F[G HJI ) KIL M NJo P QIR S T|[U VWX Y Z|

PaccmoTpum Tenepb HECKO/IbKO KOHKPETHbIX METOA0B A0CTyNna, N Ha4YHEM
¢ B-pepeBbeB.

JT1a CTPyKTypa AaHHbIX NpeacTaBnsier coboi AepeBo (CbanaHCcMpoBaHHOE
M0 BbICOTE), KOTOPOE COAEPXKUT YrNopsiOOYEHHbIE [aHHble. B KaxaoMm y3/e
XpaHUTCA MHhopMaunsa 0 TOM, KakMe guanasoHbl 3HaYeHU pacnonoXeHbl
B [AOYEPHUX y3nax.

3T0 N0O3BONSET HAXOANTb MCKOMOE 3HAYEHUNE, CMYCKasiCb OT BEPLUVHbI
flepeBa K INCTbSAM, Kax/blil pa3 oiHO3HAYHO BbIGMpas NOAXOAALLNI
[vanas3oH. Hanpumep, ans noucka 6ykBbl «H» (Ha pUCYHKe) Mbl HAUMHAEM
C KOPHS. MOCKOSbKY «A» <= «H» < «I», Mbl CrycKaemcsi B NepBblil Jo4epHUii
y3en, 1 Tak gasee.

NTak, aTOT MeToh AocTyna NpUMEHMUM TONbKO A1 COPTUPYEMbIX AaHHbIX
(K KOTOPbIM OTHOCATCA BO/bLUNHCTBO «0ObIYHBLIX» TUMOB AaHHbIX).

OT K/1acca onepaTtopoB TpebyeTcs TOMNbKO OnpenenunTb, Kak MUMeHHO
ynopsagounBatoTCA 3Ha4eHNA KOHKPETHOro Tuna.

https://postgrespro.ru/docs/postgresqgl/16/btree
https://postgrespro.ru/docs/postgresqgl/16/xindex




Kiacc oneparoposB aj1s1 B-mepesa

Krnacc onepaTtopos nnst B-mepeBa omnpenenseT, Kak UMeHHO OYIYyT COPTUPOBATHLCS 3HAYEHUS B HHAEKCce. [JIs1 9TOro oH
BKJIIOYAeT MIATh OIIepaTOpOB CpaBHEHMs, KaK MHI y2Ke BULenu Ha npuMmepe bool ops.

OmpenenuM MepevYruCIUuMEINA THII OJIs € QUHUI] K3MePeHUsT HHDOPMAaIUn:

=> CREATE TYPE capacity_units AS ENUM (
‘B', 'kB', 'MB', 'GB', 'TB', 'PB'
)5

CREATE TYPE
W 00BABUM COCTABHOM THUII JaHHEIX IJIS NIpefiCTaBlIeHUus o0beMa UHPOpMaIuu:

=> CREATE TYPE capacity AS (
amount integer,
unit capacity_units

)i

CREATE TYPE
Vicnonbp3yeM HOBBIM THII B Ta6IIHlle, KOTOPYIO 3aIIOJIHUM CIIy4aliHEIMU 3HaYeHUSIMU.

=> CREATE TABLE test (
cap capacity
);

CREATE TABLE

=> INSERT INTO test
SELECT ( (random()*1023)::integer, u.unit )::capacity
FROM generate_series(1,100),
unnest(enum_range (NULL: :capacity_units)) AS u(unit);

INSERT 0 600

ITo YMOJI4YaHHUIO 3HAYEHUs1 COCTAaBHOI'O THUIIA COPTUPYIOTCSA B J'[eKCI/IKOI‘paq)I/I‘-IeCKOM IIOpsAdKe, HO 3TOT IIOPSAOOK HE
COBIIagaeT C eCTeCTBEHHBIM IIOPAIKOM:

=> SELECT * FROM test ORDER BY cap LIMIT 10;

(6,PB)
(8,B)
(8,MB)
(9,TB)
(10,B)
(14,kB)
(14,MB)
(15,TB)
(16,PB)
(10 rows)

YTo6hI HUCIIPABUTh COPTUPOBKY, CO3aaAuM KJjlaCC OIIepaTOpPOB. Haunewm c beHKL(I/II/I, KOTOpa4d nmepecyuraeT 00BbeM B OAMTHI.

=> CREATE FUNCTION capacity_ to_bytes(a capacity) RETURNS numeric
LANGUAGE sql STRICT IMMUTABLE
RETURN a.amount::numeric *

1024::numeric ~ ( array_position(enum_range(a.unit), a.unit)-1 );

CREATE FUNCTION

IToMuMO OIIepaToOpOB CPaBHEHMUS HaM ITOHALOOUTCS ellle OMHA BCIoMoraTenbHast GyHKIUS — TOoXKe I cpaBHeHUSI. OHa
IOJI?KHa BO3BpalllaTh:

e —1, ecnu epBHIM apTYMEHT MeHbIIle BTOPOTO;
e 0, ecnu apryMeHTH paBHBI;
e 1, ecnu mepBEIY aPTYMEHT GOJIBIIE BTOPOTO.



=> CREATE FUNCTION capacity_cmp(a capacity, b capacity) RETURNS integer
LANGUAGE sql STRICT IMMUTABLE
RETURN CASE
WHEN capacity_to_bytes(a) < capacity_ to_bytes(b) THEN -1
WHEN capacity_to_bytes(a) > capacity_to_bytes(b) THEN 1
ELSE 0
END;

CREATE FUNCTION
C IIOMOIIBI0 3TOM QYHKIIUYU MEI OIIpEee/INM IIITh OllepaTopOB CpaBHEHUS (M GyHKUIUM Ojia HUX). HauHeM c «MeHbIIe»:

=> CREATE FUNCTION capacity_lt(a capacity, b capacity) RETURNS boolean
LANGUAGE sql IMMUTABLE STRICT
RETURN capacity_cmp(a,b) < 0;

CREATE FUNCTION

=> CREATE OPERATOR <(
LEFTARG = capacity,
RIGHTARG = capacity,
FUNCTION = capacity 1t
)i

CREATE OPERATOR
W aHaNIOrMYHO OCTa/bHEIE YETHIPEe.

=> CREATE FUNCTION capacity_le(a capacity, b capacity) RETURNS boolean
LANGUAGE sql IMMUTABLE STRICT
RETURN capacity_cmp(a,b) <= 0;

CREATE FUNCTION

=> CREATE OPERATOR <=(
LEFTARG = capacity,
RIGHTARG = capacity,
FUNCTION = capacity_le
)i

CREATE OPERATOR

=> CREATE FUNCTION capacity_eq(a capacity, b capacity) RETURNS boolean
LANGUAGE sql IMMUTABLE STRICT
RETURN capacity_cmp(a,b) = 0;

CREATE FUNCTION

=> CREATE OPERATOR =(
LEFTARG = capacity,
RIGHTARG = capacity,
FUNCTION = capacity_eq
)i

CREATE OPERATOR

=> CREATE FUNCTION capacity_ge(a capacity, b capacity) RETURNS boolean
LANGUAGE sql IMMUTABLE STRICT
RETURN capacity_cmp(a,b) >= 0;

CREATE FUNCTION

=> CREATE OPERATOR >=(
LEFTARG = capacity,
RIGHTARG = capacity,
FUNCTION = capacity_ge
)i

CREATE OPERATOR
=> CREATE FUNCTION capacity_gt(a capacity, b capacity) RETURNS boolean

LANGUAGE sql IMMUTABLE STRICT
RETURN capacity_cmp(a,b) > 0;

CREATE FUNCTION

=> CREATE OPERATOR >(
LEFTARG = capacity,
RIGHTARG = capacity,
FUNCTION = capacity gt

);
CREATE OPERATOR

T'otoBo. MEL yKe MO2KeM IIPAaBUJIbPHO CPAaBHUBATH 00BEMBI:



=> SELECT (1,'MB')::capacity > (512, 'kB')::capacity;

?column?

YUToObI 3HAUEHUS ObUIM IPABUIILHO YIIOPSIAOYEHH! IIPK BEIOOPKE, HAM OCTAaJIOCh CO3[ATh KJIAaCC OIIePaTopoB. 3a KaXKIbIM
0IlepaTOPOM 3aKpeIlyieH COOCTBEHHEIN HoMep (B ciiydae btree: 1 — «MeHbIie» U T. [.), IO3TOMY UMeHa OIIePaTOPOB MOTYT
OBITD JTFOOBIMHU.

=> CREATE OPERATOR CLASS capacity_ops
DEFAULT FOR TYPE capacity
USING btree AS

OPERATOR 1 <,
OPERATOR 2 <=,
OPERATOR 3 =,
OPERATOR 4 >=,
OPERATOR 5 >,
FUNCTION 1 capacity_cmp(capacity, capacity);

CREATE OPERATOR CLASS

=> SELECT * FROM test ORDER BY cap LIMIT 10;

(29,B)
(32,B)
(50,B)
(74,B)
(103,B)
(119,B)
(166,B)
(10 rows)

Temneps 3HaYEHUS OTCOPTUPOBAHEI IPABUJIBHO.

Hamr kracc omepaTopoB OyOeT UCIOIb30BATLCS 10 YMOITYAHUIO IIPYU CO3TaHUU WHAEKCA:

=> CREATE INDEX ON test(cap);

CREATE INDEX

JIro60i1 namekc B PostgreSQL MoKeT MCIIOIb30BaTLCSA TONMLKO A1 BEIDAXKEHUN BHUOA:
<WHOEeKCUpOBaHHOe-Mone> <onepaTtop> <BblpaxeHue>

TIpuyeM omepaTop [OJIKEH BXOAUTH B COOTBETCTBYIOIINM KJIaCC OIIEPATOPOB.

BymeT nu uCnonb30BaThCA CO3MAHHLIN MHIEKC B TAKOM 3amnpoce?

=> SET enable_seqscan = off; -- BpemeHHO OoTK/KWuYMM nocnefgoBaTenbHOE CKaHWpOBaHue
SET

=> EXPLAIN (costs off)
SELECT * FROM test WHERE cap < (100, 'B')::capacity;

QUERY PLAN

Bitmap Heap Scan on test
Filter: (capacity cmp(cap, '(100,B)'::capacity) < 0)
-> Bitmap Index Scan on test cap idx

(3 rows)

ITa, TOCKOJIBKY:

e 1moJie test.cap IPOMHAEKCUPOBAHO C IOMOIIBI0 METOAA HOCTyIa btree u Kiacca onmepaTtopoB capacity ops;
e oIepaTop < BXOIOUT B KJIacC OIlepaToOpoB capacity ops.

HOSTOMy U IIPU OOCTYyIle C IIOMOIIBI0 UHOEKCAa 3HAYEeHUsA 6yJIyT BO3BpallaThCA B IIPABUJIBHOM IIOPsAOKE:

=> SELECT * FROM test WHERE cap < (100, 'B')::capacity ORDER BY cap;



(32,B)
(50,B)
(74,B)
(7 rows)
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MeTtopg goctyna GIST Pos{gres

OfHaKo He Bce TuMbl AaHHbIX COPTUPYeMbl. Hanprumep, He UMetoT
€CTeCTBEHHOI ynopsiA0ueHHOCTM reoMeTpudeckme ourypbl (TOUKK,
NPSAMOYTrONIbHUKN 1 T. N.), AnanasoHbl, MaccuBbl U T. N. KOHEYHO, A/1s Taknx
TUMOB JJaHHbIX MOXHO ONpPeAeNTb onepaLun CpaBHEHNS, HO NPaKTUYECKOW
NONb3bl OT HUX BYAET HEMHOTO. BaxHee yMeTb 1CMNOMNb30BaTh MHAEKCHI,
Hanpumep, A5 Noucka ToUeK, BXOAALLMX B 3afaHHY0 06nacTb Un

B MaccuB, T. €. A/15 ONepaTopoB, OT/INYHbLIX OT «60/IbLLE», «MEHbLLE» U T. M.

B-aepeBo 34ech He rognTCs, HO NAE NHOAEKCUPOBAHUSA C MOMOLLbHO
cbanaHcMpoBaHHOIO AepeBa MOXHO 0606WKMTL. [pu Noncke No gepesy
B K&XXJ0M Yy3/1e NpUHMMAETCA peLleHne, B KakoM nogaepese (B obLiem
C/lyyae — B HECKO/IbKUX NOAAEPEBbLAX) NPOAO/KUTL MNOUCK. 151 3TOro
Ka)xgoMy noaaepeBy CTaBMTCA B COOTBETCTBME yCnoBMe (Npeamkar),
KOTOPOMY YZ0BNETBOPSIOT BCE HAXOASLMECS B HEM AAHHbIE.

Knacc oneparopoB ana GiST (generalized search tree — 0606weHHOe
[epeBo Noucka) onpeaenseT, Kak BbIrMAAUT npeaukart, 1 ewe MHorne
Aetann, Heobxoanmble Ans 3pgeKTUBHON padoThl.

Npaeto paboTbl GiST-MHAEKCOB pacCMOTPMM Ha NpUMepe ToYeK Ha
M/1I0CKOCTMW.

[nocKoCTb pa3brBaeTcs Ha HECKOMbKO MPSIMOYTO/TbHUKOB, KOTOPbIE
B CYMME MOKPbIBAKOT BCE UHAEKCUPYEMbIE TOUKN. DTN NPSMOYrONbHUKM
COCTaB/SIOT BEPXHUIA YPOBEHb AepeBa.

Kak BMAHO Ha pucyHKe, NPAMOYTO/IbHUKM MOTYT nepecekarbcs (XoTS 310
N yMmeHbLlaeT 3a0PEKTUBHOCTb NOUCKA).

https://postgrespro.ru/docs/postgresql/16/gist




MeTtoa noctyna GiST Po@ﬁfé%

10

Ha cnepytollemM ypoBHe AepeBa Kaxablii U3 60/bLINX NPSIMOYTO/IbHUKOB
pacnagaeTcs Ha NPSIMOYro/IbHUKM MeHbLLIEro pasMmepa.
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MeTtopg goctyna GIST Pos{gres
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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.



MeTtoa mocryma GiST

Kakue uMeHHO onepaTopsl nonnepxkubaeT GiST-uHAEKC, CYIIeCTBEHHO 3aBUCUT OT Kjlacca oliepaTopoB. MHdopmaruio
MOXKHO IIOJTy4YHUTh KaK U3 JOKyMeHTalluy, TaK U U3 CUCTeMHOr0 KaTanora. Bo3pMeM, HanpuMep, TUII JaHHEIX point (To4ku).

IOCTyIHEIN KIIacC OMepaTopoB:
=> \dAc gist point

List of operator classes
AM | Input type | Storage type | Operator class | Default?

gist | point | box | point_ops | yes
(1 row)

OHepaTOpr B 9TOM KJiacce:

=> \dAo gist point_ops

List of operators of operator families

AM | Operator family | Operator | Strategy | Purpose

------ R T s e e
gist | point_ops | <<(point,point) | 1 | search
gist | point ops | >>(point,point) | 5 | search
gist | point_ops | ~=(point,point) | 6 | search
gist | point_ops | <<|(point,point) | 10 | search
gist | point_ops | |>>(point,point) | 11 | search
gist | point_ops | <->(point,point) | 15 | ordering
gist | point ops | <*(point,point) | 29 | search
gist | point_ops | >*(point,point) | 30 | search
gist | point_ops | <@(point,box) | 28 | search
gist | point_ops | <@(point,circle) | 68 | search
gist | point_ops | <@(point,polygon) | 48 | search
(11 rows)

B 4acTHOCTH, omepaTop <@ MpOBepseT, IPUHANIEKUT JIM TOYKA OJHOM M3 reOMeTPHYECKUX DUTYD.

Co3paguM TabIuIy CO CIIyYalHBIMUA TOYKaMU:

=> CREATE TABLE points (
p point
)i

CREATE TABLE

=> INSERT INTO points(p)
SELECT point(1l - random()*2, 1 - random()*2)
FROM generate_series(1,10_000);

INSERT 0 10000
CKOJIBKO TOYEK PAcCHOoJIoKeHO B Kpyre paguyca 0.1?

=> SELECT count(*) FROM points WHERE p <@ circle '((0,0),0.1)";

Kax BBIIONTHSETCS TaKOM 3ampoc?

=> EXPLAIN (costs off)
SELECT * FROM points WHERE p <@ circle '((0,0),0.1)";

QUERY PLAN

Seq Scan on points
Filter: (p <@ '<(0,0),0.1>"'::circle)
(2 rows)

ITonHbIM 1EPEOOPOM BCEW TAGIUIIHI.

Co3pganue GiST-mHAeKca MO3BOJIUT YCKOPUTH 3Ty olepaluio. Kiacc onepaTopoB MOXKHO He yKa3blBaTh, OH OOVH.



=> CREATE INDEX ON points USING gist(p);
CREATE INDEX

=> EXPLAIN (costs off)
SELECT * FROM points WHERE p <@ circle '((0,0),0.1)';

QUERY PLAN

Bitmap Heap Scan on points
Recheck Cond: (p <@ '<(0,0),0.1>'::circle)
-> Bitmap Index Scan on points p idx
Index Cond: (p <@ '<(0,0),0.1>'::circle)
(4 rows)

Eme ofguH MHTEPECHBIN OIIEPATOp <-> BBIYUCIISIET PACCTOSTHUE OT OOHOM TOYKU IO OPYyroi. Ero MOXKHO KCIIOIB30BaTh,
yTOOBI HAWTHU TOYKHY, OIMzKaMIINe K JaHHOH (TakK Ha3kIBaeMEBIHM MOKUCK Oinuxkauimux coceneit, k-NN search):

=> SELECT * FROM points ORDER BY p <-> point '(0,0)' LIMIT 5;

(0.0039579225663097795,0.0036422722721751732)

(-0.017101768492548963,0.00437841877221512)

(-0.02326625675404692,-0.014023713203874966)

(-0.025492773971297122,0.00978213285578633)

(-0.0003860225152481078,0.029270265565875864)
(5 rows)

JTa omepanus (BecbMa HENPOCTAsi, €CJIM PeaTu30BHIBATh €€ B IPUJIOKEHNN) TAKKe YCKOPSIEeTCS HHOEKCOM:

=> EXPLAIN (costs off)
SELECT * FROM points ORDER BY p <-> point '(0,0)' LIMIT 5;

QUERY PLAN

-> Index Only Scan using points p idx on points
Order By: (p <-> '(0,0)'::point)
(3 rows)

GiST-uHAEKC MOZKHO TIOCTPOHUTH U [JIST CTOIOIA AUAIa30HHOTO THUIIA:
=> \dAo gist range_ops

List of operators of operator families

AM | Operator family | Operator | Strategy | Purpose

------ L e e L S
gist | range ops | <<(anyrange,anyrange) | 1 | search
gist | range ops | & (anyrange,anyrange) | 2 | search
gist | range ops | &&(anyrange,anyrange) | 3 | search
gist | range ops | &> (anyrange,anyrange) | 4 | search
gist | range ops | >>(anyrange,anyrange) | 5 | search
gist | range ops | -|-(anyrange,anyrange) | 6 | search
gist | range ops | @(anyrange,anyrange) | 7 | search
gist | range_ops | <@(anyrange,anyrange) | 8 | search
gist | range ops | =(anyrange,anyrange) | 18 | search
gist | range ops | @(anyrange,anyelement) | 16 | search
gist | range ops | <<(anyrange,anymultirange) | 1 | search
gist | range ops | &<(anyrange,anymultirange) | 2 | search
gist | range ops | &&(anyrange,anymultirange) | 3 | search
gist | range_ops | &> (anyrange,anymultirange) | 4 | search
gist | range ops | >>(anyrange,anymultirange) | 5 | search
gist | range ops | -|-(anyrange,anymultirange) | 6 | search
gist | range ops | @(anyrange,anymultirange) | 7 | search
gist | range ops | <@(anyrange,anymultirange) | 8 | search
(18 rows)

3mech MBI BUOUM OPYrod HaGOp 0IIepaTopoB.

OpHo u3 npuMeHeHny GiST-uHAEKCa — nofamep:kKa orpanuydenuny nenoctaoctu tuna EXCLUDE (orparndenus
HCKIIOYEHHUST).

BosbpMmeM KilaccudyecKuy npuMep OPOHUPOBAHUS ayoqUTOPUN:



=> CREATE TABLE booking (
during tstzrange NOT NULL

)i
CREATE TABLE

OrpaHuYeHUe IEeJIOCTHOCTH MOXKHO ChOPMYIUPOBATh TaK: HeJIb3sl, YTOOH B pa3HbIX CTPOKAaxX TabIuLE ObUIH OBa
nepecekarommxcs (onepatop &&) nguanaszoHa. Takoe orpaHUYEHNE MOXKHO 3ajaTh JeKJIapaTUBHO Ha yPOBHE 6a3bl HaHHEBIX:

=> ALTER TABLE booking ADD CONSTRAINT no_intersect
EXCLUDE USING gist(during WITH &&);

ALTER TABLE
TIpoBepum:

=> INSERT INTO booking(during)
VALUES ('[today 12:00,today 14:00)'::tstzrange);

INSERT 0 1

=> INSERT INTO booking(during)
VALUES ('[today 13:00,today 16:00)'::tstzrange);

ERROR: conflicting key value violates exclusion constraint "no_intersect"
DETAIL: Key (during)=(["2025-02-05 13:00:00+03","2025-02-05 16:00:00+03")) conflicts
with existing key (during)=(["2025-02-05 12:00:00+03","2025-02-05 14:00:00+03")).

Yacrasi cuTyalus — Hajlu4due [OIOJIHUTEIbHOI'0 YCIIOBHUS B TAKOM OIPAaHUYEeHUH IIeJIOCTHOCTU. [lo6aBUM HOMED ayAUTOPUHU:
=> ALTER TABLE booking ADD room integer NOT NULL DEFAULT 1;
ALTER TABLE

Ho MBI HE cMOXKeM H06GaBUTh 9TOT CTOJIGEI] B OTPaHUYEHUE I[EIOCTHOCTH, ITIOCKOJIBKY KJIacC OIIEPATOPOB IJIs MeToha gist u
Tuma integer He onpenesneH.

=> ALTER TABLE booking DROP CONSTRAINT no_intersect;
ALTER TABLE

=> ALTER TABLE booking ADD CONSTRAINT no_intersect
EXCLUDE USING gist(during WITH &&, room WITH =);

ERROR: data type integer has no default operator class for access method "gist"
HINT: You must specify an operator class for the index or define a default operator
class for the data type.

B aToM ciyuae moMoxeT pacimpenue btree gist, koTopoe mo6aBisieT KjlacChl OIIEPATOPOB OJIST TUIIOB JAHHEIX, KOTOPEIE
0OBIYHO MHIEKCUPYIOTCS C IIOMOIIBI0 B-IepeBreB:

=> CREATE EXTENSION btree_gist;
CREATE EXTENSION

=> ALTER TABLE booking ADD CONSTRAINT no_intersect
EXCLUDE USING gist(during WITH &&, room WITH =);

ALTER TABLE
Tenepb pasHble ayAUTOPUU MOXKHO OPOHUPOBATh Ha OOHO BpeMsI:

=> INSERT INTO booking(room, during)
VALUES (2, '[today 13:00,today 16:00)'::tstzrange);

INSERT 0 1
Ho ogHy u Ty Ke — Henb34:

=> INSERT INTO booking(room, during)
VALUES (1, '[today 13:00,today 16:00)'::tstzrange);

ERROR: conflicting key value violates exclusion constraint "no_intersect"

DETAIL: Key (during, room)=(["2025-02-05 13:00:00+03","2025-02-05 16:00:00+03"), 1)
conflicts with existing key (during, room)=(["2025-02-05 12:00:00+03","2025-02-05
14:00:00+03"), 1).



o)) PROFESSIONAL

Toru Posigres

PostgreSQL mipemocTap/isieT pa3HO00pa3Hyi0 HHAEKCHYIO
IO/ IeP>KKY JTFOOBIX THUTIOB [JaHHBIX, BK/TFOUasi TI0/Tb30BaTeIbCKHe

MeTo/b1 10CTyTIa — KapKac UHAEKCUPOBaHUS,
peanu3yrolii OCHOBHOW aJIfOPUTM Y HU3KOYPOBHEBBIE IeTa/lu

btree, hash, gist, sp-gist, gin, brin...

Krnaccel oriepatopoB CBA3LIBAKOT METO/, C TUTIAMU JaHHBIX
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B 3T0i1 TEMe paccMmaTpmBatoTCs fiMllb CamMble OCHOBHbIE MOHATUSA,
CBsi3aHHbIE C MHAEKCHOW NOAAEPXKOMN.

3avHTepecoBaHHbIM B NOAPOGHOCTAX pekoMeHayeM BHUMaTeIbHO
03HaAKOMUTbLCA C pasfenamMmy OKyMeHTaL M1, CCbISIKU Ha KOTopble
npvBeAeHbl B KOMMEHTapUAX K crianjam, a Takke ¢ rnaBamm 4 n 5 KHUrm
https://postgrespro.ru/education/books/internals




o)) PROFESSIONAL

Mpaktuka L Posigras

1. [JobaBbre B Tabmmity retail_prices orpaHuyeHue 11e/I0CTHOCTH,
He T03BOJISIOITee CO3/aTh TiepeceKaroIuecs Auarna3oHbl
JIeCTBUS 1leH /151 OTHOM KHUTH.

[TpoBephTe T/1aH BBITIOJHEHUS 3ampoca /IJisl TIOMCKa aKTyalbHON
1jeHbI (get_retail_price). Vicrionb3yeT /i OH WH/IEKC, CO3/aHHbBIN
JUTS TIOJZIEPKKY OTPAaHUUEHUS 1[e/I0OCTHOCTH?

2. CopTHpoBKa KHUT B MPWIOXKeHUU N0 (hopMaTy u3fjaHusi paboTaeT
HEBEPHO, MOCKOJIbKY 3HaUeHUs THIMA AJ1 opMaTa U3ZiaHust
yTIOPSIZIOUMBAIOTCS JIeKCUKorpaduuecku. CresnaiiTe Tak, YToObI
3HaYeHUs! YOPsJOUMBAJIUCH TI0 MJIOIIAIX KHDKHOW CTPaHULbI
Y TIPOBepbTe, UTO COPTUPOBKA B MPUJIOKEHUH MCITPaBUIaCh.
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1. Mpumep NOXoXero orpaHUyYeHnst LLeNoCTHOCTY NPUBOANIICS
B A€MOHCTpAaLmK,

Ecnn nHaekc He ByaeT NCNoMb30BaTbCA 3anpPoCcoOM U3 (DYHKLMM
get_retail_price, oeno MoxXet 6bITb B TOM, YTO B Tabnuue retail_prices
C/IMLIKOM MaJsio CTPOK M MOJIHOE CKaHMpOBaHMe oKasblBaeTCs BbIrO4HeEe.
UToObl NpOBEPUTL NPUMEHNUMOCTb NHAEKCA, Bbl MOXeTe finbo A06aBUTb
6o/blUe CTPOK B Tabnuuy, NMbo BpeMeHHO 3anpeTuTb NCMNOo/ib30BaHne
MO/THOTO CKaHMPOBAaHUS:

SET enable_seqscan = off;

2. Co3paiiTe Knacc onepaTopoB A1 MeToda AocTyna btree n Tuna gaHHbIX
book_format, kak 6b1/10 NOKa3aHO B AEMOHCTpaLun.



1. OrpanuyeHHe NEJIOCTHOCTH is1 retail_prices

[To6aBuM orpaHHYeHUE I1eJIOCTHOCTY B TaOIHITy:
=> CREATE EXTENSION btree_gist;
CREATE EXTENSION

=> ALTER TABLE retail_prices ADD
EXCLUDE USING gist(book_id WITH =, effective WITH &&);

ALTER TABLE

Takoe orpaHHYeHKe rapaHTUPYET, YTO HaHHEIe He OyHeT IMOBPeXAeHbl, Haxe eciiu B kofe GyHkuuu set retail price Gymet
MOIyIlleHa OIInoKa.

B dyukiuu get retail price ucnons3yeTcst 3aIpoc Clenyloero Buaa:

=> EXPLAIN (costs off)
SELECT rp.price
FROM retail_prices rp
WHERE rp.book_id = 1
AND rp.effective @ current_timestamp;

QUERY PLAN
Seq Scan on retail prices rp
Filter: ((book id = 1) AND (effective @> CURRENT TIMESTAMP))
(2 rows)

Kak BumHO U3 1mjiaHa, Ta61mua IIO-TIpE2KHEMY nepe6HpaeTc;{ TOJTHOCTRI0. Ho TIITaHUPOBIIUK 6y11eT KUCIIOIb30BaTh CO3MAHHBIN
HHIOEKC, KaK TOJIBKO 3TO OKazKeTCs1 BEI'OOHBIM:

=> BEGIN;
BEGIN

=> WITH s AS (
SELECT empapi.set_retail_price(
b.book_id, 100.00, current_timestamp
)l
empapi.set_retail price(
b.book_id, 200.00, current_timestamp + interval 'l day'’
)’
empapi.set_retail_price(
b.book_id, 300.00, current_timestamp + interval '2 days’
)
FROM books b

)
SELECT count(*) FROM s;

=> EXPLAIN (costs off)
SELECT rp.price
FROM retail_prices rp
WHERE rp.book_id = 1
AND rp.effective @ current_timestamp;

QUERY PLAN

Bitmap Heap Scan on retail prices rp
Recheck Cond: (effective @> CURRENT TIMESTAMP)
Filter: (book id = 1)
-> Bitmap Index Scan on retail prices book id effective excl
Index Cond: (effective @> CURRENT_ TIMESTAMP)
(5 rows)

=> ROLLBACK;

ROLLBACK

2. YnopsimounBaHHEe OJis1 (POPMATOB H3TAHHUS



Co3mamuM KJIacC 0OIepaTopoB, Kak OBIIO TOKA3aHO B IEMOHCTPALHH.

=> CREATE FUNCTION book_format_area(f book_format) RETURNS numeric
LANGUAGE sql STRICT IMMUTABLE
RETURN f.width::numeric * f.height::numeric / f.parts::numeric;

CREATE FUNCTION

=> CREATE FUNCTION book_format_cmp(a book_format, b book_format) RETURNS integer
LANGUAGE sql STRICT IMMUTABLE
RETURN
CASE
WHEN book_format_area(a) < book_format_area(b) THEN -1
WHEN book_format_area(a) > book_format_area(b) THEN 1
ELSE 0
END;

CREATE FUNCTION

=> CREATE FUNCTION book_format_lt(a book_format, b book_format) RETURNS boolean
LANGUAGE sql IMMUTABLE STRICT
RETURN book_format_cmp(a,b) < 0;

CREATE FUNCTION

=> CREATE OPERATOR <(
LEFTARG = book_format,
RIGHTARG = book_format,
FUNCTION = book_format_lt
)i

CREATE OPERATOR

=> CREATE FUNCTION book_format_le(a book_format, b book_format) RETURNS boolean
LANGUAGE sql IMMUTABLE STRICT
RETURN book_format_cmp(a,b) <= 0;

CREATE FUNCTION

=> CREATE OPERATOR <=(
LEFTARG = book_format,
RIGHTARG = book_format,
FUNCTION = book_format_le
)i

CREATE OPERATOR

=> CREATE FUNCTION book_format_eq(a book_format, b book_format) RETURNS boolean
LANGUAGE sql IMMUTABLE STRICT
RETURN book_format_cmp(a,b) = 0;

CREATE FUNCTION

=> CREATE OPERATOR =(
LEFTARG = book_format,
RIGHTARG = book_format,
FUNCTION = book_format_eq
)i

CREATE OPERATOR
=> CREATE FUNCTION book_format_ge(a book_format, b book_format) RETURNS boolean

LANGUAGE sql IMMUTABLE STRICT
RETURN book_format_cmp(a,b) >= 0;

CREATE FUNCTION

=> CREATE OPERATOR >=(
LEFTARG = book_format,
RIGHTARG = book_format,
FUNCTION = book_format_ge
)i

CREATE OPERATOR

=> CREATE FUNCTION book_format_gt(a book_format, b book_format) RETURNS boolean
LANGUAGE sql IMMUTABLE STRICT
RETURN book_format_cmp(a,b) > 0;

CREATE FUNCTION



=> CREATE OPERATOR >(
LEFTARG = book_format,
RIGHTARG = book_format,
FUNCTION = book_format_gt

)i
CREATE OPERATOR

=> CREATE OPERATOR CLASS book_format_ops
DEFAULT FOR TYPE book_format
USING btree AS

OPERATOR 1 <,

OPERATOR 2 <=,
OPERATOR 3 =,
OPERATOR 4 >=,
OPERATOR 5 >,
FUNCTION 1 book_format_cmp(book_format,book_format);

CREATE OPERATOR CLASS
Bce rorogo. I[IpoBepum:
=> SELECT format FROM books GROUP BY format ORDER BY format;

format
(76,100,32)
(84,108,32)
(60,84,16)
(60,88,16)
(60,90,16)
(66,90,16)
(60,100,16)
(70,90,16)
(70,100,16)
(84,108,16)
(60,90,8)
(11 rows)



o)) PROFESSIONAL

[1pakTuka+ Pos{gres

1. B Tabmumite xpaHaTcs AaThl cCOObITHH. Kakoii MHAEKC TTO3BO/IAT
YCKOPHTb 3arpOoChl BU/ia «HAWTH OMpe/ie/ieHHOe KOJIMUeCTBO
cobbITHi, Hanbosee GIM3KKUX TI0 BpEMEHM K YKa3aHHOM ZiaTex»?
[IpoBepebre.

2. Paciumpenue pg_trgm fo0OapsnsieT GyHKIMU U OTI€PATOPbI /IS
paboThI C Mpu2pammamu, a TaKk>Ke UHIEKCHYIO TIOZIePIKKY.
B vactHocTH, GiST-uHAEKC yCKopsieT MOMCK 0 YC/JI0BUSIM BHUA
ctonbey LIKE '%4TO-TO0%'
[TpoBepbTe paboty uHAekca. HaiiuTe B CHCTEMHOM KaTasiore
BCe [IOCTYIIHbIe OIlepaTophl /JId Kjacca gist_trgm_ops.
Yto B c/Tyuae TpUrpPaMM MOJKET CJTY’KUTh OOITMM TIpe/IMKaToM,
KOTOPOMY Y/ZIOBJIETBOPSIFOT BCe JjaHHbIe IoAJepeBa?
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2. Tpurpammbl — 3TO NocnefoBaTesIbHOCTU U3 TPeX CUMMBOJIOB, Ha KOTopble
pa3buBaeTca cTpoka. Hanpumep, 13 «4To-TO» NOJyyarlTca cnegyrouime
TPUTPAMMbI: « Y», « YT», «YTO», «TO-», «O-T», «-TO», «TO », KO ».

Tpurpammbl NO3BONSAOT ONPEeAENATh «MOXOXECTb» CTPOK: ECNIN U B OAHOM,
1 B APYroli MHOrO OAUHAKOBbIX TPUIPaAMM, TO 1 CaMU CTPOKU MOXOXN.

Mownck no LIKE, rae B Havane wabnoHa HaxoAasaTca 00blYHbIE CMMBO/IbI
("uTo-TO%') yCKOpPSAETCA M NPOCTbIM UHAEKCOM Ha OCHOBe B-faepeBa.
Ho Takoil nHaekc 6ecrnoneseH, ecnv wabnoH HaunHaeTcA ¢ %.

https://postgrespro.ru/docs/postaresal/16/pgtrgm

[na npoBepkn MOXXHO BOCMO/1b30BaTbCA TabNuuen ¢ AaHHbIMU MOYTOBOM
paccbl/ikn pgsql-hackers. Utob6bl BOCCTAaHOBUTL 3Ty Tabnnyy B 6a3y AaHHbIX
ext_opclasses, BbINOMHUTE KOMaHAY:

student$ zcat ~/mail_messages.sql.gz | psql -d ext_opclasses

B kauecTBe 3anpoca MOXHO 1CMO/b30BaTb C/eAyOLLIA:

SELECT count(*)
FROM mail_messages
WHERE subject ILIKE '%magic%';



1. UHOEeKC OJIs1 COOBITHH

=> CREATE DATABASE ext_opclasses;

CREATE DATABASE

=> \c ext_opclasses

You are now connected to database "ext opclasses" as user "student".
Co3pmagumM TaOIuLy U 3aI0THUM e€e CITy4YalHBIMU OaHHBIMU:

=> CREATE TABLE events(
date_happen timestamptz

)i
CREATE TABLE

=> INSERT INTO events(date_happen)
-- cobbiTus 3a 10 ner
SELECT now() - 10*365*24*60*60 * random() * interval 'l sec'
FROM generate_series(1,10_000);

INSERT 0 10000

TTouck Haubosiee 6IM3KUX OAT — 3afiayva IMOMCKa OIMXKaNUIINX coceneii. MeTon mocTyma btree He mogaepKuBaeT (IOKa)
TOUCK ONIMKAUIINX COCemel, IO3TOMY IPUIETCS BOCIIOIHL30BAThLCS METONOM (ist (1 pacmmpenueM btree gist,
mo0OaBIISIIOIIUM, B TOM YHCJIe, KJIaCC OIIEPAaTOPOB [JIs OaT).

=> CREATE EXTENSION btree_gist;

CREATE EXTENSION

YckopuTh HEOOXOAUMEIE HaM 3ampockl moMoxkeT GiST-uHOeKC:
=> CREATE INDEX ON events USING gist(date_happen);
CREATE INDEX

BOT KaKk MOKeT BHITISIAETD 3aIpocC:

=> SELECT date_happen, date_happen <-> now() - interval '3 years' delta
FROM events

ORDER BY date_happen <-> now() - interval '3 years'

LIMIT 10;

date _happen | delta

2022-02-06 07:43:03.231603+03
2022-02-06 10:52:20.535971+03
2022-02-06 12:49:41.424022+03
2022-02-05 07:08:01.224447+03
2022-02-07 01:31:06.821477+03
2022-02-07 04:35:40.533924+03
2022-02-04 10:34:34.258856+03
2022-02-04 08:51:59.826651+03
2022-02-07 16:36:09.010048+03
2022-02-07 22:20:57.659589+03
(10 rows)

07:46:34.174775
10:55:51.479143
12:53:12.367194
16:48:27.832381
1 day 01:34:37.764649
1 day 04:39:11.477096
1 day 13:21:54.797972
1 day 15:04:29.230177
1 day 16:39:39.95322
1 day 22:24:28.602761

Ero naH BHIIONTHEHUS HCIIONIb3YyeT CO30aHHBIN UHOEKC:

=> EXPLAIN (costs off)

SELECT *

FROM events

ORDER BY date_happen <-> now() - interval '3 years'

LIMIT 10;
QUERY PLAN
Limit
-> Index Only Scan using events date happen _idx on events
Order By: (date happen <-> (now() - '3 years'::interval))
(3 rows)

2. Pacmupenue pg_trgm



YcTaHOBUM pacuIupeHue:
=> CREATE EXTENSION pg_trgm;
CREATE EXTENSION

ITocMOTpUM, KaK C ero IIOMOIIbI0 YCKOPsIeTCsI MoucK 1o ycnosuto LIKE, Ha npuMepe TaGIULEL C apXUBOM IIOYTOBOMU
PaCChUIKH.

student$ zcat ~/mail_messages.sql.gz | psql -d ext_opclasses

SET
SET
SET
SET
SET
set config

(1 row)

SET

SET

SET

SET

ALTER TABLE
DROP TABLE
DROP SEQUENCE

CREATE SEQUENCE

SET

SET

CREATE TABLE

COPY 356125
setval

2317563
(1 row)

ALTER TABLE
=> \timing on
Timing is on.

=> SELECT count(*) FROM mail_messages WHERE subject ILIKE '%magic%’;

Time: 680,560 ms

=> \timing off

Timing is off.

Co3maguM UHIOEKC:

=> CREATE INDEX ON mail_messages USING gist(subject gist_trgm_ops);
CREATE INDEX

=> EXPLAIN (costs off)
SELECT count(*) FROM mail_messages WHERE subject ILIKE '%magic%';

QUERY PLAN
Aggregate
-> Bitmap Heap Scan on mail messages
Recheck Cond: (subject ~~* '%magic%'::text)
-> Bitmap Index Scan on mail messages subject idx
Index Cond: (subject ~~* '%magic%'::text)
(5 rows)

=> \timing on
Timing is on.

=> SELECT count(*) FROM mail_messages WHERE subject ILIKE '%magic%';



Time: 36,274 ms
=> \timing off

Timing is off.

OmepaTops! A7 KJlacca omepaTopoB gist trgm ops:
=> \dAo gist gist_trgm_ops

List of operators of operator families

AM | Operator family | Operator | Strategy | Purpose
------ B T T S L LT
gist | gist trgm ops | %(text,text) | 1 | search
gist | gist trgm ops | <->(text,text) | 2 | ordering
gist | gist trgm ops | ~~(text,text) | 3 | search
gist | gist_trgm_ops | ~~*(text,text) | 4 | search
gist | gist trgm ops | ~(text,text) | 5 | search
gist | gist trgm ops | ~*(text, text) | 6 | search
gist | gist trgm ops | %>(text,text) | 7 | search
gist | gist trgm ops | <->>(text,text) | 8 | ordering
gist | gist_trgm_ops | %>>(text,text) | 9 | search
gist | gist trgm ops | <->>>(text,text) | 10 | ordering
gist | gist trgm ops | =(text,text) | 11 | search
(11 rows)
e OmnepaTopsl ~~ u ~~* skBuBaneHTHH LIKE u ILIKE;

e OmnepaTopsl ~ U ~* IPOBEPSIIOT COOTBETCTBUE PETYIISIPHOMY BRIPAXKEHMUIO (C yueToM u 6e3 ydeTa perucrtpa).

3HaYeHUEe OCTaJIbHBIX OIlepaToOpOB OIIMCAHO Ha CTPaHUIle HOKYMEHTAalluy pacllupeHus pg trgm.

Kitacc omepaTopoB [Jisi TPUI'PaMM HCIIONIb3YEeT TakK Ha3blBAaeMOE CUTHATYPHOE AepeBo. TpurpaMMel 3aMeHSTIOTCS Ha
CUTHATYPHL, TO €CTh OBOUYHEIE YNCJIA, B KOTOPHIX BCe OUTEL HYJIEBEIE, U JIUIIH OOUH ONPefeJIeHHbIH OUT YCTaHOBJIEH B
enuHUIy. M BCsI CTpOKa 3aMeHsIeTCs Ha CUTHATYpPy, KOTopas BEIYHUCIIIETCS Kak mobutosoe UJIY curHaTyp COCTaBISIOIINX
ee TpurpaMm. TakuM o6pa3oM, BMECTO CTPOKH B MHIEKCE COXPaHSETCS OJHO YUCIIO.

O6H.II/IM IPpeguKaTOM B CUTHATYPHOM OePeBe ABIAEeTCSA nobutosoe UJIU Bcex CUTHATYP, KOTOPEIE HAXOOATCA HUXKE B

noanepese.

3amMeHa MHAEKCHPYEeMBIX 3JIEMEHTOB OMTOBOM CUTHATYyPOU II03BOJISIET MHAEKCHPOBAaTh ¢ momoIbio GiST Boob1me Bce, 94TO
yrogHo (HanpuMep, usobpaxenust). Ho, K coxkayieHHIO, 3TO He CNUIITKOM 3¢ deKTUBHEIN MeTon. Bo-1iepBrIX, Yucio 6UT B
CUTHAType OrPaHUYeHO, ¥ I03TOMY HEKOTOPHIE Pa3HEIE 3JIEMEHTH OyIyT UMETh OOUHAKOBYIO CUTHATyPy. BO-BTODRIX, YeM
BBIIIIE y3€JI CTOUT B fiepeBe, TeM GOJIbllle B eT0 CUTHAType 6yoeT emuHUIl. DTO 03HAYAET, YTO IIPHU MTOUCKEe IPUAETCS
CIIyCKAaThCS B JIUIITHUE MTOOAEPEBhbs U HEOOXOANMO BCE BPEMsI IEPENIPOBEPSITE IIOJIyUEeHHBIE PE3YIIbTATEL.

B Teme «CaboCTpyKTypUpOBaHHEE faHHBIE» OyOeT oka3aH Apyro, 6osee apdeKTUBHEIN (HO MEHee YHUBEPCAJIbHEIN)

Mmetop poctyna — GIN.



