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MeTtoabl focTyTa (TUTbI UHAEKCOB)
Kiaccel 1 ceMelcTBa 0riepaTopoB
MeToj, focTtyra btree u co3maHue Kjiacca orepaTopoB /iJisi Hero

M,Z[EH MeTOIda AOCTyIld giSt M IIPUMEPLI €10 UCII0/Ib30BdHHUA
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MeToabl AocTyna Posigres

OrnpeiesisitoT crioco0 nosiyueHusi JaHHbIX

TabnmuuHbIe METOABI OCTYTIa — OPraHU3arus JaHHbIX
1 UTeHHe BCeH TabIMIIbI

WHpaeKkcHbie MeTO/bI JOCTYTIA (TUTIbI UH/EKCOB) —
OLICTPBIY AOCTYT K HEOOBIIION YaCTU JaHHBIX

aJITOPUTMBI, CBsI3aHHBIE C TOMCKOBOW CTPYKTYPOH JAaHHBIX
3¢ dexTrBHAsE ofHOBPeMeHHasi paboTta

CTpaHWYHasi OpraHU3aLyisl JAHHBIX

)KypHa/IMPOBaHHUe OrepaLiii

MeToabl AocTyna onpeaensitoT crnocob nonyyeHns AaHHbIX. VX MOXHO
pasfennTb Ha TabnnyHble N MHOEKCHbIE METO/bI.

Tabnu4HbIN MeTop, onpeenseT opraHM3aumnio AaHHbIX B Tabnvue u
paboTaerT, koraa Hafo npoynTaTtb Bce gaHHble (Seq Scan). B PostgreSQL
CYLeCTBYET eAMHCTBEHHbIN TabMMyHbIN MeTo4 heap, U ApYrux rotoBbIX
MeTOAO0B (Takux, Hanpumep, Kak KOJIOHOYHOEe XpaHWU/NLLE) eLe HET, HO OHU
AO/DKHbI NOABUTBLCA B ByaAyLLEM.

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

MHAEeKCHbIW MeTog, A0oCcTyna paboTaerT, Korga Hafo 6bICTPO NoAyyYnTb YacTb
[aHHbIX (0ObIYHO HEBO/ILLLYIO) C MOMOLLLI UHAEKCA.

VIHOEKCHBIN MEeTo, MOXHO paccMmaTpuBaTh Kak Kapkac, KOTOpbI peasinlyet
OCHOBHbIE aNIfOPUTMbI A/151 PaboTbl C MHAEKCHOW CTPYKTYPOI AAHHbIX,
a Takxe 6epet Ha cebsa 3a60Ty 0 HU3KOYPOBHEBbLIX AeTasiAX, Takux Kak:

* 3(hhekTnBHAA KOHKypeHTHast pabota ¢ MHOAEKCHOW CTPYKTYpOil (B TOM
yucrie ctparternsa 6/10KMpoBaHnS);

e CTpaHM4Hasa opraHmnsauma faHHbIX NHOEKCA,;
* XXypHasimpoBaHue onepauui Hag nHaekcom B WAL.
https://postgrespro.ru/docs/postgresql/16/indexam
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MeTozBI fOCTYHA

=> CREATE DATABASE ext_opclasses;

CREATE DATABASE

=> \c ext_opclasses

You are now connected to database "ext opclasses" as user "student".
B Bepcuu 16 nMeeTCs eIMHCTBEHHBIM BCTPOCHHBIN TabJIMYHBIA METO/, JOCTyIIa:

=> SELECT amname FROM pg_am WHERE amtype = 't‘;

amname

3aT0 MHOTO pa3JIMYHbIX HHAEKCHBIX METO/[0B [IOCTyIIA:
=> SELECT amname FROM pg_am WHERE amtype = 'i’';

amname

(6 rows)

C btree 3HaKOMBI BC€ — 3TO «OOBIUHBIM» MeTo[ HOCTyIla Ha OCHOBeE B—,qepeBa, KOTOpLIfI HCIIOJIB3YeTCs I1I0 YMOJIYaHUI0 1
IIOKpPBIBAeT GOJILIITTHCTBO HOTpe6HOCTefI. OcTajibHbIEe METO/IbI AOCTYyIIa TaK)Ke OY€eHb II0JIE3HBI, HO B CII€IIHAJIbHBIX CUTyalluAX.
HeKOTOpLIe U3 HUX MBI paCCMOTPHM II037Ke.

JLJIs1 TIoJTyueHUsI MHGOPMAIIMH MBI [leJIajTé 3alIpOoCh K TabIMIIaM CHCTEMHOTO KaTaslora, OTHAKO B apceHaste psql ecTh yro6Hast
KOMaH/1a, IT03BOJISTIONIAs ITOJIYYUTh HHPOPMAITHIO 0 METOZAX IOCTYIIA, KJIaccaX M CeMeHCTBaX 0IIepaToPoOB, e asIbIe MbI U
6y/ieM I10JTb30BaThCs:

=> \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 Pos{gres

Habop oriepaTopoB 1 BCITIOMOraTe/IbHbIX (DYHKIIWH,
KOTOPBIU UCMO/Ib3YeTCsI MemoodoM oocmynda
J1s1 paboThI C KOHKPETHBIM MUNOM OAHHbIX

int4_ops integer
text_ops
btree text
text_pattern_ops
date_ops date

[anblue Mbl 6yaemM roBopuTb He 0 TabnnMyHoM, a 06 MHAEKCHOM A0CTyne.

Tak, c 04HOI CTOPOHbI €eCTb MHAEKCHbI MeToA AocTyna (Hanpumep, btree),
a C opyro — KOHKpPEeTHble TuMbl AaHHbIX (Takune, Kak integer, text n 1. n.).

UTo6bl CBA3aTh METO/, A0CTYMNA C TUNAMU JaHHbIX, UCMO/b3YIOTCS Knacchbl
oneparopoB. Kracc onepaTtopoB COCTOUT U3 Habopa onepaTopos (1, Npu
Heo6XxoANMOCTM, BCnomoraTesibHbIX (OyHKLMIA), KOTOPbIA peannsyet API
MHAEKCHOro MeToAa flocTyna.

BaXHO, UTO YacCTb JIOTMKN UHAEKCUPOBAHUS HAXoAUTCSl B METOAE A0CTYnNa,
a yacTb — B Knacce onepatopoB. [103TOMy He0CTaTOYHO NOHATb TO/IbKO
YCTPOICTBO MeToda A0CTyna; Hafo yunTbiBaTh U TO, KAKOI UCMNO/b3yeTcs

K/acc oneparopos.

[lnsi B-nepeBbeB 3TO HE Tak 0YEBUAHO, NOCKO/ILKY Ha 00 Knacca
onepaTtopoB NPUXOAMUTCA COBCEM HEMHOrO. Ho B Apyrnx metogax gocTyna
pa3Hble Knacchl ONepaTopoB MOTryT PanKa/ibHO MEHSITb J1IOTUKY.

3ameTum Takxe, YTo 4J1 OAHOTO 1 TOrO XXe MeToda [ocTyna v O4HOro 1 Toro
Xe Tuna aHHbIX MOXeT ObITb OnpeaeneHo HeCKO/bKO K/1acCoB OnepaTopos.
B aTtom cnyyae nosb3oBartesib MOXET BblOMparb TO NoBeAeHne, KOTopoe
TpebyeTcs.

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

IIoCMOTPHM, KaKHe KJIAcChI OTIEPaTOPOB OIIpeZiesIeH ! Ui B-TepeBa U A1 PasHbIX THIIOB JJAHHBIX. /{71 I[eJIBIX YUCEeT:
=> \dAc btree (smallint|integer|bigint)

List of operator classes

AM | Input type | Storage type | Operator class | Default?
------- R e e S T (LR
btree | bigint | | int8 ops | yes
btree | integer | | int4 ops | yes
btree | smallint | | int2_ops | yes
(3 rows)

JlIs1 yIo6CeTBa TaKKeE «IIOXO0’KKE TI0 CMBICITY» KJIacChl OITEPaTOPOB 06HEIUHSIOTCS B CEMEHCTBA OIIEPaTOPOB:
=> \dAf btree (smallint|integer|bigint)

List of operator families

AM | Operator family | Applicable types
_______ T
btree | integer ops | smallint, integer, bigint
(1 row)

CeMeHCTBa OIIepaToOPOB II03BOJIAIOT IIJIAHMPOBIIIUKY paboTaTh C BEIPa)KeHUAMU PAasHBIX (HO «II0X0)KHUX») THIIOB, layke eCIi OHU
He IIPUBeJIeHbI K 0THOMY 00IIieMy.

BoT kJ1accel OIIepaTOpPOB IS THUIIA texXt (ecu JJISL OMHOTO THUIIA €CTh HECKOJIBKO KJIaCCOB OIIepaTOPOB, TO OAUH 6y,ueT IIOMeYeH [JIsd
HCIIOJIb30BaHMUA I10 YMOJI‘{EIHI/IIO)I

=> \dAc btree text

List of operator classes

AM | Input type | Storage type | Operator class | Default?
------- I e R i
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 KJacchl oIlepaTopoB pattern_ops OTJIMYAIOTCA OT OOBIYHBIX T€M, UTO CPABHUBAIOT CTPOKH II0CHMBOJIBHO, HITHOPHPYS
TIpaBUJIa COPTUPOBKH (collation).

A TaK MO’KHO IIOCMOTPEeTh, KaKHe oIlepaTophl BKII0UeHbI B KOHKPeTHBIH KJIacc OIlepaTopOB:
=> \dAo btree bool_ops

List of operators of operator families

AM | Operator family | Operator | Strategy | Purpose
------- L L L I s L
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)

MeToz Z0CTyIIa — 3TO THII HHIEKCA, 8 COGCTBEHHO MHIEKC — 3TO KOHKPETHAs CTPYKTYPa, CO3aHHast Ha OCHOBE MeTO/a JOCTYIIA,
B KOTOPOI /U151 Ka>KZOT0 CTOJIGIA UCII0IH3YeTCsI CBOM KJIacC OIIepaToOpoB.

IIycTb MMeeTCs KaKas-HUGYAb TabuIuIia:

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

)i

CREATE TABLE

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



INSERT 0 4

IIpUBBIYHAST KOMAH/IA CO3/IaHHUs MHEKCA BBITJIAIUT TaK:
CREATE INDEX ON t(id, s);

Ho 3T0 1IpocTo COKpaIleHue st

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

);
CREATE INDEX
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MeTog aoctyna btree Pos{gres

CbasaHCHpOBaHHOE /lepeBO, 3HAUEeHUs! YIIOpsiA0ueHbl

MeTOo/, TIPUMEHUM TOJIBKO ZJIs1 COPTUPYEMBIX TUIIOB JJAHHBIX
API mMeToga foCTyma onpezesisieT MOpsifiIoK COPTUPOBKU

A J y Y Yy Y

(A B C|D E F[G HJI ) KL M N[Jo P QRS T[UV WX Y Z]

PaccMoTpuM Tenepb HECKO/IbKO KOHKPETHbLIX MEeTOA0B AOoCTyna, N HaYHEM
c B-gepesbes.

OTa CTPYKTypa AaHHbIX npeactaBnseT coboil aepeBo (cCbanaHCcMpoBaHHOE
MO BbICOTE), KOTOPOE COAEPXUT YrMOpsIO0YEHHbIE AaHHbIE. B Kaxaom y3ne
XpaHUTCs nHhopmMaunsa o TOM, Kakme amana3oHbl 3HAYEHWUI PacnoiOXeHb!
B IOMEPHUX y3Nnax.

DTO0 NO3BOMIAET HAXOAUTL UCKOMOE 3HaYeHne, CnycKasCb OT BEPLUNHbI
[lepeBa K IMCTbAM, Kaxbli pa3 04HO3HAa4YHO BbIOMpas NoaxonALnia
AvanasoH. Hanpumep, Ans novcka 6ykBbl «H» (Ha pUCyHKe) Mbl HAYMHaAEM
C KOPHS. MocKonbKy «A» <= «H» < «I», Mbl CyckaeMcsl B NepPBbIil A04EePHNIA
y3en, u Tak gasnee.

NTak, 3TOT MeTof AocTyna NpMMeHUM TONbKO A1 COPTUPYEMbIX AAHHbIX
(K KOTOPbIM OTHOCATCS BO/bLUNHCTBO «0ObIYHBLIX» TUMOB AaHHbIX).

OT Knacca onepartopoB TpebyeTcs TOMbKO ONpeaesinTb, Kak MUMeHHO
yNnopsiAounMBatoTCA 3Ha4eHNA KOHKPETHOro Tmna.

https://postgrespro.ru/docs/postgresql/16/btree
https://postgrespro.ru/docs/postgresal/16/xindex
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Kiacc onepaTopos ajis B-nepesa

Kiacc OIIepaToOpPOB IJId B-aepeBa oIpenessieT, KaKk UMeHHO 6yﬂyT COPTHUPOBATHCA 3HaUeHU B UHJIEKCE. JIJI1 3TOTO OH BKJIIOYAET
IIATH OIIepaTOPOB CPaBHEHMS, KaK MBI y>Ke BU/IeJIU Ha IIpuMepe hOOl_OpS.

OIIpe/Ie/TUM TIepeYHCTUMBIN THII I eIHHHUIT H3MepeHUsT HHOPMAIIHH:

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

CREATE TYPE
U 06'BSIBUM COCTaBHOM THII IAHHBIX JIJIS IIPEJICTAaBIEHHS 00heMa HHGOPMAIIHH:

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

)i

CREATE TYPE
Hcriosib3yeM HOBBHIH THII B TabJINIle, KOTOPYIO 3aII0JTHUM CJIydYalfHBIMH 3HaUeHUSIMH.

=> CREATE TABLE test (
cap capacity
)i

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 YMOJIYaHHI0 3HaY€HHs COCTaBHOI'O THUIIa COPTHPYIOTCA B JIEKCI/IKOI‘patl)I/ILIECKOM IIOpAKe, HO 3TOT IIOPSAAO0K He COBIIagaeT C
€CTEeCTBEHHBIM IIOPSATKOM:

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

(7,B)
(11, kB)
(12,B)
(15, kB)
(16,TB)
(17,MB)
(18,B)
(19,PB)
(10 rows)

YTo6BI HUCIPaBUTh COPTUPOBKY, CO3[afUM KJIacc ollepaTopoB. HauHeM ¢ QyHKIIMY, KOTOpas IlepecyuTaeT 06beM B 6aHThI.

=> 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

ITOMKMO OIIEpPaTOPOB CPABHEHMS HaM IIOHA/[0GHUTCS eIlfe 0/fHa BCIIOMOraTeIbHast QYHKITHS — TOKe [yIst cpaBHeHws1. OHa [J0JDKHA
BO3BpAIATh:

® -1, ec/IM IIePBHII apIyMeHT MeHbIIle BTOPOTO;
e 0, eCJIM apTYMEHTHI PaBHBI;
® 1, eCJIM IEPBBIHA apIyMeHT GOJIbIIle 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 TIOMOIIBI0 3TOH QYHKIIMK MBI OIIPe/IeIIM IISITh OIIEPaTOPOB CPaBHEHMS (M YHKIIUHU 111 HUX). HauHeM ¢ «MeHBIIIe»:

=> 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_lt

)i
CREATE OPERATOR
N aHa/JIOTUYHO OCTa/IbHbIE 4qeTrIpe.

=> 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
)i

CREATE OPERATOR

ToTtoBO. MBI Yy>Ke MO’KeM IIPpaBHUJIbHO CPaBHUBATH 00 beMBI:



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

?column?

UTo6H! 3HAUEHUSI OBLIH IIPAaBUJILHO YIIOPSIOYeHBI IIPU BEIGOPKeE, HAM 0CTaJIOCh CO3JaTh KJIACC OIIEPAaTOPOB. 3a KaXKbIM
OIIepaTOpPOM 3aKpeIlIeH COGCTBeHHBIH HoMeD (B ciy4ae btree: 1 — «MeHbIIIe» U T. [I.), I03TOMY UM€HA OIIEPaTOPOB MOTYT GBITH
JIFOOBIMU.

=> 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;

(22,B)
(24,B)
(36,B)
(39,B)
(42,B)
(49,B)
(10 rows)

TeHEpB 3HaY€HUsA OTCOPTHPOBAHBI IIPABUJ/IBHO.

Harm ky1acc orepaTopoB 6YZeT UCII0/Ib30BaThCS II0 YMOTYaHUIO IIPU CO3/JaHUU HH/IeKca:

=> CREATE INDEX ON test(cap);

CREATE INDEX

JIro601 nH7IEKC B PostgreSQL MO>KeT HCII0/IB30BaThCS TOIBKO IS BRIPa>KeHUH BUA:
<WHOEKCUpOBaHHOe-none> <onepaTtop> <BblpaxeHue>

IIpudeM oIlepaTop A0/DKEH BXOAUTH B COOTBETCTBYIOIITUM KIacc OIIepaTopoB.

ByJieT /i1 UCII0JIb30BaThCs CO3JaHHBIN HHIEKC B TAKOM 3aIipoce?

=> SET enable_seqscan = off; -- BpemMeHHO OTK/04YMM nocrefgoBaTeslbHOE CKaHUpoBaHue
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)

/la, II0CKOJIBKY:

e 110JI€ test.cap MPOMH/IEKCHPOBAHO C ITOMOII[BI0 METOZA OCTYTIA btree M KIacca oIlepaTopoB capacity_ops;
® 0IIepaTop < BXOAWT B KJIacC OIIepaTOPOB capacity_ops.

HOBTOMY U ITIPU JOCTYIIEe C IIOMOIIBI0 HMHEKCa 3SHAYeHUA 6Y,I[yT BO3BpallaThbCAd B IIPABUJIBHOM IIOPSAIKeE:

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



(22,B)
(24,B)
(36,B)
(39,B)
(42,B)
(49,B)
(58,B)
(83,B)
(86,B)
(92,B)
(92,B)
(15 rows)
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MeTtog goctyna GIST Pos{gres

OfHaKo He BCe TUMbl AaHHbIX COPTMPYEMbI. Hanpumep, He umerT
€CTeCTBEHHOI ynopsA04eHHOCTM reomeTpuieckme ourypbl (TOUKK,
NPSIMOYTOMIbHVKA U T. N.), ANanasoHbl, MaccuBbl U T. N. KOHEYHO, ANs1 TaKux
TUMNOB [laHHbIX MOXHO ONPeAeNUTbL onepauun CpaBHEHNS, HO NPaKTUYECKOW
NONb3bl OT HUX BYET HEMHOTO. BaxHee yMeTb MCNO/b30BaTh UHAEKCHI,
Hanpumep, AN1s Noucka ToYeK, BXOAALMX B 3a4aHHY0 06/1acTb Unu

B MaccuB, T. €. A1 ONepaTopoB, OT/INYHbIX OT «60/bLUE», «MEHbLUE» U T. M.

B-AepeBo 34eck He roanTcs, HO NAE MHAEKCUPOBaHMWS C MOMOLLbIO
cbasiaHCMpoBaHHOIo AepeBa MOXHO 0606 mMTh. MpKn noncke No gepesy
B K&XXJ0M Yy3/1e NpUHUMaeTCA peLleHre, B Kakom nogaepese (B obwem
C/Nlyyae — B HECKOJIbKMX nogaepeBbsix) NPOA0/KUTL NOUCK. [na aToro
KaoK4OoMY noaaepeBy CTaBUTCA B COOTBETCTBME ycnoBue (npeguvkar),
KOTOPOMY YA,0BNETBOPAIOT BCE HAXOAALMECH B HEM AaHHbIE.

Knacc oneparopoB ana GiST (generalized search tree — 0606LeHHOe
[lepeBO Nouncka) onpeaenseT, Kak BbIrnaauT npeankar, v ewe MHorme
Aetann, Heobxoanmble ans 3pgeKTUBHON padoThbl.

Npeto paboTtbl GiST-MHAEKCOB pacCMOTPUM Ha npuMepe ToYek Ha
M/1I0CKOCTW.

MNnocKocTb pa3buBaeTcs Ha HECKO/IbKO NPSIMOYTONIbHUKOB, KOTOPbIE
B CYMME MOKPbIBAKOT BCE UHAEKCUMPYEMbIE TOUKU. DTU NPSMOYTrONbHUKM
COCTaBNSIOT BEPXHUIA YPOBEHb AepeBa.

Kak BUOHO Ha pUCYHKe, MPAMOYro/IbHUKM MOTYT nepecekarbecs (XOTS 310
N ymeHbLlaeT apPeKTUBHOCTb MOUCKA).

https://postgrespro.ru/docs/postgresqgl/16/qist
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MeTtoa aoctyna GIST Po@ﬁfé%
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Ha cnepytolemM ypoBHe AepeBa Kaxablii U3 60/bLINX NPSIMOYTO/IbHUKOB
pacnagaeTcs Ha NPSIMOYro/IbHUKM MEHbLLIEro pasMepa.
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MeTtog goctyna GIST Pos{gres
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Ha nocnegHem ypoBHe AepeBa Kax /bl orpaHnyYnMBatoLLIMiA NPSIMOYTO/IbHUK
6yfeT coaepXaTb CTO/IbKO TOYEK, CKOSIbKO NOMELLAeTCsl Ha OAHY VHAEKCHYIO
cTpaHuLy.

O6ulee ycnosue pasbneHns TakoBo: NPSMOYTONIbHUK POANTENbCKONA
BEpPLUMHbI OXBaTbIBAET BCE NPSIMOYrO/IbHUKN COOTBETCTBYHOLLIETO NoAaepeBa.
DT0 NO3BOJISAET, HANpuUMep, BbICTPO HAXOAUTb TOUKM, NleXallne BHYTpU
onpeaeneHHon obnacTtu:

1) HaxoAUM NPSIMOYTO/bHUKK, NepeceKatoLnecs ¢ 3afaHHol 06/1acTbio,
Ha BEPXHEM YpPOBHe MHAEKCA,;

2) cnyckaemcs B Bbl6paHHbIe nogaepeBba N NOBTOPAEM NMOUCK B HUX.
Takol aJITOpUTM NHAEKCUPOBaAHNA Has3biBaeTcsa R-aepesoMm.



Mertop, roctymna GiST

Kakue IMeHHO OIlepaTopHI OARepKUBaeT GiST-HMHEKC, CYIeCTBEHHO 3aBHCUT OT KJIAacca OIIepaTopoB. MTHGOPMAIIHI0 MOYKHO
TIOJIYYUTH KaK U3 JOKYMEeHTAI[UH, TaK U U3 CUCTeMHOT0 KaTaJora. BosbMeM, HallpuMeDp, THUII TaHHBIX point (TOYKM).

JIOCTYITHBIHA KJIACC OITEPaTOPOB:
=> \dAc gist point

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

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

OnepaTopsl B 3TOM KJIacce:

=> \dAo gist point_ops

List of operators of operator families

AM | Operator family | Operator | Strategy | Purpose

------ B i e e R e i
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, oIlepaTop <@ IIpOBepsieT, IPUHA/IEKUT JIK TOYKA OJHOM 13 TeOMeTPUYeCKUX QUTYP.

Cosgazym TabJIHIly CO CIydaHBIMU TOYKaAMU:

=> 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 TOY€K PacIIoIOXKeHOo B KpyTe paguyca 0.1?

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

Kak BBINIOJIHSIETCS TaKOM 3a1Ipoc?

=> 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)

ITosHBIM IIepe60poM Bcel TabJIHIIbL.

CospaHue GiST-MHZEKca IIO3BOJIUT YCKOPUTE 9Ty ollepariyio. Kiracc olepaTopoB MOKHO He YKasblBaTh, OH Of[UH.



=> 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)

EIrfe 0f[MH UHTePeCHBIH ollepaTop <-> BEIUUCISET PACCTOSHUE OT OJHOM TOUKH JI0 APYroH. ETo MOYKHO MCII0IL30BaTh, YTOOBI
HaUTH TOUKH, OJIFDKaAIIIeE K JaHHOH (TaK Ha3bIBaeMBIH ITOUCK OJIFDKAaUIITHX cocemei, k-NN search):

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

(-0.002459011726443805, -0.00634023829618835)
(0.015307941481957243,0.008562940357308424)
(-0.018211947588224753,0.0028783970911323564)
(-0.009564770729331151,-0.017729788910614275)
(-0.01743846352769962,0.014206376524721342)
(5 rows)

Jta onepanus (BecbMa HeIIpocTasd, eCJIM pea/In30BhIBATh €€ B HpH]IO)KEHI/II/I) TaK’Ke YCKOpSAeTCd UHAEKCOM:

=> 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-MH/EKC MO>KHO IIOCTPOUTH H JIJISI CTOJIOIIA AUATIa30HHOTO THIIA:
=> \dAo gist range_ops

List of operators of operator families

AM | Operator family | Operator | Strategy | Purpose

------ B et e L e
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)

31ech MBI BUJUM APYToi HaGop 0IIepaTopoB.

OfHO u3 IpuMeHeHUH GiST-UHAeKca — IIOJ/lep>KKa OrpaHuYeHUH 11es10cTHOCTH TUlla EXCLUDE (orpaHHU4YeHUs UCKII0YEeHHsT).
Bo3bMeM KJIaccuuecKUi IIpruMep 6pOHUPOBAaHUS ayJUTOPUIL:

=> CREATE TABLE booking (
during tstzrange NOT NULL
);



CREATE TABLE

OrpaHUYeHMe I1eJI0CTHOCTH MOKHO CGOpPMYJIHPOBaTh TaK: HesIb3s, YTOOBI B Pa3HBIX CTPOKaX TabJ/IMIIbI ObLIN BA
nepecekammuxcd (ornepaTop &&) auanasoHa. Takoe orpaHHYeHHe MOXKHO 3aJjaTh JleKJIapaTUBHO Ha YPOBHe 6a3bl JAHHBIX:

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

ALTER TABLE
IIpoBepum:

=> 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)=(["2025-06-24 13:00:00+03","2025-06-24 16:00:00+03")) conflicts
with existing key (during)=(["2025-06-24 12:00:00+03","2025-06-24 14:00:00+03")).

YacTasi CUTyaIusl — HaJIMYKe IOTIOJTHUTEILHOTO YCIOBHS B TAKOM OTPaHUYEHHH 1IeJIOCTHOCTH. /[06aBUM HOMep ayIUTOPHH:
=> ALTER TABLE booking ADD room integer NOT NULL DEFAULT 1;
ALTER TABLE

Ho MBI He CMOYKeM J[06aBUTE 3TOT CTOJIGEI] B OTPAaHHYEHHe I1eJI0CTHOCTH, IIOCKOJIBKY KJIacC OIIepaTOpoB /I METO/A gist ¥ ThIa
integer He oIlpefieJieH.

=> 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 3TOM cirydae IIOMOXKeT pacIIupeHue btree_gist, KoTopoe [06aBIIIeT KJIACCHI OIIePATOPOB AJIS TUIIOB IaHHBIX, KOTOPHIE 0GBIYHO
HUHJIEKCUPYIOTCS C IIOMOIIBI0 B-lepeBLeB:

=> CREATE EXTENSION btree_gist;
CREATE EXTENSION

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

ALTER TABLE
Terephb pasHbIe ayAUTOPHUH MOXKHO GPOHHPOBAThH Ha OJHO BPEMsL:

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

INSERT 0 1
Ho ofHY U TY >Ke — HeJIb35I:

=> 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)=(["2025-06-24 13:00:00+03","2025-06-24 16:00:00+03"), 1)
conflicts with existing key (during, room)=(["2025-06-24 12:00:00+03","2025-06-24
14:00:00+03"), 1).
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Toru Posygres

PostgreSQL mipeiocTaBisieT pa3HOOOpa3HYI0 UH/IEKCHYIO
TIOZI/IeP>KKY JTFOOBIX TUTOB JJaHHBIX, BK/IIOYast T10/Tb30BaTe/TbCKHe

MeToppl fOCTyna — KapKac UH/IeKCUPOBaHUS,
peanu3yrolUi OCHOBHOW aJlTOPUTM M HU3KOYPOBHEBBIE JleTalu

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

Knaccel orepatopoB CBAI3BIBAIOT METO/, C TUIIaMU JaHHbIX

13

B 3101 TeEMe paccMmaTpmBatoTCs fiLlb Camble OCHOBHbIE MOHATUSA,
CBSI3aHHbIE€ C UHAEKCHOI NOAAEPXKOMN.

3anHTepecoBaHHbIM B NOAPOBHOCTAX PEKOMEHAYEM BHMMATETbHO
03HaKOMUTLCA C pasgenamMmm oKyMeHTaumMun, CCbIIKN Ha KOTopble
npueeaeHbl B KOMMEHTAPUSAX K cnaiaam, a Takke ¢ rnaBaMmn 4 n'5 KHUru
https://postgrespro.ru/education/books/internals



https://postgrespro.ru/education/books/internals
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Mpaktuka L Posigras

1. [JoGaBbTe B TabnmIly retail_prices orpaHuueHue 11eJI0CTHOCTH,
He TI03BOJISITOIIee CO3/aTh MepeceKarolyecs Aruarna3oHsbl
JIeVICTBUS LIeH J1s1 OTHOW KHUTHU.

[TpoBepkTe TI/IaH BHITIOJTHEHUS 3ampoca /IJist TIOMCKa aKTyalbHON
1jeHbI (get_retail_price). Vicmonb3yeT /i1 OH UH/IEKC, CO3/JaHHBIN
JJIsI TIOA/IeP>KKU OTPAaHUYeHHsI 11eJIOCTHOCTH?

2. CopTrpoBKa KHUT B TIPWIOXKeHUU 10 (hopMaTy u3ZiaHusi paboTaeT
HEBepHO, MOCKO/IbKY 3HaueHUs Tumna J/1s1 opMara u3JjaHus
YTIOPSIZIOUUBAIOTCS JieKCUKorpaduuecku. CresaiiTe Tak, UTOOBI
3HaYeHUs! YOPSA0YMBa/IUCh T10 MJIOMIaAX KHMXKHOUW CTPaHHULIbI
Y TIPOBepLTe, UTO COPTUPOBKA B IPUJIOKEHUM UCIIpaBU/IaCh.

14

1. Mpumep NoXoXero orpaHnyYeHns LLeNoCcTHOCTU NPUBOAUIICS
B IEMOHCTPALMN.

Ecnn nHgekc He ByaeT MCNoNb30BaTbCA 3anpoCcoM 13 (OYHKLNK
get_retail_price, Aeno MoxeT 6bITb B TOM, 4YTO B Tabnuue retail_prices
C/IMLIKOM MaJsio CTPOK M NMOJSIHOE CKaHMpOBaHMe oKa3blBaeTCA BbIrOAHEE.
YUT0ObI NPpOBEPUTL MPUMEHNMOCTb MHAEKCA, Bbl MOXeTe 60 406aBUTb
60/bLUE CTPOK B Tabnumuy, MO0 BPEMEHHO 3anpeTuTb UCNO/Ib30BaHNE
MNO/THOIO CKaHMPOBAHUS:

SET enable_segscan = off;

2. Co3pgaiite knacc onepaTopoB 418 MeToa goctyna btree v Tuna gaHHbIX
book_format, kak 661710 NOKa3aHo B AeMOHCTpaLmn.



1. OrpaHuYeHHe eJI0CTHOCTH A1 retail_prices

Jlo6aBUM OTpaHUYEHUE IIeJIOCTHOCTH B TaGJIUILY:
=> CREATE EXTENSION btree_gist;
CREATE EXTENSION

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

ALTER TABLE

Takoe orpaHUYeHNe TapaHTHUPYET, UTO JaHHbIe He Oy/IeT IIOBPesK/eHbI, TaXke eCJIU B KoJle GYHKITUU set_retail_price 6ymeT
JIOIIyIIeHa oIrbKa.

B ¢yHK1inu get_retail_price MCIIosIb3yeTCsI 3aIIpoC CJIeYIOIEro BHU/A:

=> 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 BUIHO 13 IJIaHAa, Ta6JIHIIA IT0-IIpe)KHeMY Iepe6rpaeTcs IOJIHOCTHI0. Ho IUIaHUPOBIIUK 6y/1eT UCI0Ib30BaTh CO3/laHHbBIN
HHJIEKC, KaK TOJIBKO 3TO OKa’KeTCs BBITOJHBIM:

=> 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. YoopsigoynBaHue 11 OPMaTOB H3JaHUS

Co3/1aiM KJIacc 0I1epaTopoB, KaK GhLIO II0Ka3aHO B JIEMOHCTPALIHH.

=> 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_1t
)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

);
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 roToso. IIpoBepuM:

=> SELECT format FROM books GROUP BY format ORDER BY 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)
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1. B tabmmiie xpaHATcs AaThl COOBITHH. Kakoii HHAEKC ITO3BOTAT
YCKOPUTb 3alpOoChl BU/ia «HAWTH OMpe/e/ieHHOe KOJIMUeCTBO
coObITHH, Haubosiee 6IM3KUX TI0 BpeMeHH K YKa3aHHOM JjaTe»?
IIpoBepsre.

2. Pacmmpenue pg_trgm pob6apssieT GyHKIMU U OTIepaTophI s
paboThI C Mpuepammamu, a TakKe UHAEKCHYHO MO/ePKKY.
B uactHOCTH, GiST-MH[EKC yCKOpsieT OUCK M0 YC/IOBUSAM BUA

cton6ey LIKE '%4TO-TO0%'

[TpoBepbTe paboTy vHAeKkca. HaliuTe B CHICTeMHOM KaTaJjiore
BCe [JOCTYITHbIe OrepaTopsl AJ1s Kaacca gist_trgm_ops.

Yro B c/iyyae TpUrpaMM MOKET CYKUTh OOII[UM ITpeIMKaToM,
KOTOPOMY YZIOB/IETBOPSIIOT BCe JaHHbIe mojajepeBa?

15

2. TpurpamMmmbl — 3TO NocsefoBaTe/IbHOCTU U3 TPEeX CMMBOJI0B, Ha KOTOpPbIe
pa3buBaeTcs CTpoka. Hanpumep, 13 «4To-To» MNosyyaroTcs creaytowiue
TPUTPaAMMbI: « Y», « YT», «YTO», «TO-», «O-T», «-TO», «TO », KO »,

Tpurpammbl No3BONSAOT ONPEAENSATh «MOXOXECTb» CTPOK: €C/IN U B OAHOM,
1 B APYroli MHOrO OAMHAKOBbIX TPUrpamMM, TO 1 CaMu CTPOKM NMOXOXMN.

Mowuck no LIKE, rge B Hayane wabnoHa HaxoaAaTcs 06blUHbIe CUMBO/IbI
('uTo-TO%') YCKOPAETCA M NPOCTbIM MHAEKCOM Ha OCHOBe B-aepesa.
Ho Takoii nHaekc 6ecnonesex, ecnv WwabnoH HavynHaeTcs ¢ %.

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

[na npoBepKn MOXXHO BOCMO/1b30BaTbCA TabnmLUein ¢ AaHHbIMU NMOYTOBOW
paccblnikn pgsql-hackers. YTo6bl BOCcCTaHOBUTL 3Ty Tabnuuy B 6a3y AaHHbIX
ext_opclasses, BbINO/HUTE KOMaHAY:

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

B kauecTBe 3anpoca MOXHO MCNo/b30BaTb CrieAyHLLMIA;

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


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

1. UHAEKC AJ1s1 COOBITHH

=> CREATE DATABASE ext_opclasses;

CREATE DATABASE

=> \c ext_opclasses

You are now connected to database "ext opclasses" as user "student".
CosgaguM TabJIMIly U 3aII0JIHUM €€ CIyJYaliHBIMH JaHHBIMU:

=> CREATE TABLE events(
date_happen timestamptz
)i

CREATE TABLE

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

INSERT 0 10000

Ilonck HauGoIee GJIM3KUX AT — 3afaya II0MCcKa GIIDKafIInX coceieil. MeTox octyria btree He Iofiep)KUBaeT (ITI0Ka) IIOUCK
GIIIDKAMIIHX coce/edl, II03TOMY IIPHU/ETCS BOCIIOIH30BaThCsI METOIOM gist (¥ paciiupeHyeM btree_gist, 706aBIISIONINM, B TOM
4uce, KJIacC OIepaTopoB IS 1aT).

=> CREATE EXTENSION btree_gist;

CREATE EXTENSION

VCKOpUTH HE0OXOAMMBIE HAaM 3aIIPOCHI IIOMOXKeT GiST-mHeKC:
=> CREATE INDEX ON events USING gist(date_happen);
CREATE INDEX

BOT KaK MO>KET BBITJISIZIETH 3aIIPOC:

=> 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

2022-06-24 01:57:35.035681+03
2022-06-24 10:08:43.937497+03
2022-06-23 23:32:20.934654+03
2022-06-24 20:36:55.191085+03 | 15:08:09.863292
2022-06-25 00:54:16.888671+03 | 19:25:31.560878

| 03:31:10.292112

|

|

|

|
2022-06-23 09:09:05.245305+03 | 20:19:40.082488

|

|

|

|

04:39:58.609704
05:56:24.393139

2022-06-23 05:10:26.405952+03 1 day 00:18:18.921841
2022-06-25 07:02:58.769333+03
2022-06-23 01:14:30.973903+03
2022-06-22 23:13:32.75483+03
(10 rows)

1 day 01:34:13.44154
1 day 04:14:14.35389
1 day 06:15:12.572963

Ero 1u1aH BHIIIOJTHEHUS. HUCIIOJIBb3yeT CO3,Z[aHHI:IfI HHIEKC:

=> EXPLAIN (costs off)

SELECT *

FROM events

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

LIMIT 10;
QUERY PLAN
Limit
-> 1Index Only Scan using events date happen idx on events
Order By: (date happen <-> (now() - '3 years'::interval))
(3 rows)

2. Paciuupenue pg_trgm



VcTaHOBHUM pacIlIUpeHue:

=> CREATE EXTENSION pg_trgm;

CREATE EXTENSION

II0CMOTPHM, KaK C ero IIOMOIIIBI0 YCKOPSIETCS IIOMCK I10 ycroBuio LIKE, Ha IprMepe TaGJIHIIbI C apXUBOM IT0YTOBOM PAaCChIIKH.
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: 409,858 ms

=> \timing off

Timing is off.

Co3/aiuM HHJIEKC:

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

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

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: 27,345 ms
=> \timing off

Timing is off.

OrmepaTopsI I KJ1acca OIepaTopoB gist_trgm_ops:
=> \dAo gist gist_trgm_ops

List of operators of operator families

AM | Operator family | Operator | Strategy | Purpose
------ R e S i
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 OrmepaTopsl ~~ U ~~* skBuBaieHTHHI LIKE u ILIKE;
e OmepaTopsl ~ U ~* IIPOBEPSIOT COOTBETCTBHE PETYJIIPHOMY BBIPaKeHHUIO (C y4eTOM U 6e3 ydeTa perucTpa).

3HaueHHe 0CTaIbHBIX 0IIepaTOPOB OIIMCAHO Ha CTpaHHIle JOKYMEHTAIIUMH PacIIMpeHHs pg_trgm.

Kiacc OIIepaTOpPOB I TPUI'PaMM HCIIOJIB3YyeT TaK Ha3bIBaeMO€ CUTHaTypHOEe JepeBo. TpI/II‘paMMLI 3aMEHSI0TCA Ha CUTHATYPBI, TO
€CTh IBOUYHELIE UICjIa, B KOTOPLIX BCE GUTHI HYyJIeBbI€, U JIMITb OJUH OHpeI[eHeHHLIﬁ ouT YCTaHOBJIEH B €TUHUILY. U BCca CTpOKa
3aMeHseTCd Ha CUTHATYpPy, KOTOpasd BEIYHC/IAETCA KakK no6uToBoe UJIN CHUTHATYP COCTABJIAIOIIUX ee TPUIPaMM. Takum oﬁpaaoM,
BMECTO CTPOKH B HH/IEKCE COXPaHAETCA OAHO YHCJIO.

06H.II/IM IIpeIrKaTOM B CUTHATYPHOM JiepeBe ABJIAE€TCA no6utoBoe UJIU Bcex CHUTHaTypP, KOTOpPbIe HaXOAATCA HUKE B IIOAEePeEBE.

3aMeHa MH/IeKCUPYeMbIX 3JIeMeHTOB GUTOBOM CUTHATYPOM IT03BOJIsIeT MH/IEKCHPOBATh C ITOMOIIbI0 GiST Boo6IIe Bce, UTO YTOAHO
(HanpuMep, u3obpakeHus). Ho, K coKaJIeHHIO, 3TO He CJIUIIKOM 3G GeKTUBHBIN MeTO/l. BO-IIepBBIX, UUCJI0 OUT B CUTHAType
OTPaHHUYEHO, U II09TOMY HEKOTOPhIE pasHbIe 3JIeMEHTEHI OYAYyT UMeTh OLUHAKOBYIO CHTHATYPY. BO-BTOPHIX, 4eM BEIIIE y3€eJI CTOUT
B JlepeBe, TeM 60JIbIIle B eT0 CUTHAType OyeT eJUHUIL. ITO 03HAUAeT, UTO IIPH IIOKCKe IIPUETCS CITyCKaThCS B JIUIITHHE
TIOZi/lepeBbsl M HE06XO0JUMO BCe BpeMsI IIepelIlpOBePATh I10IyUYeHHbIe pe3yIbTaThl.

B TeMme «C1a60CTPyKTypHUpOBaHHbIEe faHHbIe» 6YZeT II0KasaH APyroi, 6osee a¢pGeKTUBHBIN (HO MeHee YHUBEPCAIbHBIHN) MeTO[
moctyma — GIN.



