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Tembl Posigres

MeTtoabl focTyTma (TUTbI UHAEKCOB)
Kracchl ¥ ceMelicTBa OrepaTtopoB
Mertop focTyra btree v co3ziaHue Kacca OrepaTropoB JJisi Hero

Wpes meTosa oCTyIIa gist ¥ IpUMePbl ero UCI0b30BaHUs
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MeTogbl gocTyna Posggres

OmnpepesisitoT Crocob MoTyueHust JaHHbIX

TabnuuHbIe METOABI AOCTYIIa — OpPraHW3al[ys JaHHBIX
Y UTeHHe BCel TabIuIbI

WHaekcHbIe MeTO/bI IOCTYTIA (TUITbI UH/I@KCOB) —
OBICTPBIN AOCTYII K HeOOBIIION YaCTU JaHHBIX

a/ITOPUTMBI, CBSI3aHHbIE C IOUCKOBOU CTPYKTYPOU JAHHBIX
3¢ dexTrBHAsE ofHOBpeMeHHast paboTta

CTpaHMYHas OpraHU3alus JaHHBIX

)KypHa/IMPOBaHHUe OrepaLiii

MeToapbl AocTyna onpeaensitoT cnocob nonyyeHns AaHHbIX. VX MOXHO
pasfennTb Ha TabnnyHble N MHOEKCHbIE METO/bI.

TaGnuUYHbIN MeTopA onpeaensieT opraHM3aunio aHHbIX B Tabnuue u
paboTaerT, Korga Hafao npoyunTaTb BCe gaHHble (Seq Scan). [lonroe Bpems
B PostgreSQL 6b1/1 eANHCTBEHHbIN XECTKO onpeAeneHHbIn MeToA, HO

B Bepcuu 12 nosiBuniacb BO3MOXHOCTb CO3aBaTb HOBble TabNYHbIe
meToApbl. Celyac 310 CKOpee aKCnepuMeHTasibHas BO3MOXHOCTb, NO3TOMY
APYrUX roToBbIX METOAOB (Takux, Hanpumep, Kak KOJIOHOYHOE XpaHWUInuLLE)
MoKa HeT, HO OHW AO0/DKHbI NOABUTLCA B OyAyLLEM.

https://postgrespro.ru/docs/postgresqgl/12/tableam

MHaeKcHbI MeToa focTyna paboTaeT, korga Hafo NonyyvnuTb YacTb
AaHHbIX (06bIYHO HEOO/IbLLUYHD) C NOMOLbLI0 NHAEKCA.

NHAOEKCHbIA MeTo, MOXHO paccMaTpmBaTth Kak Kapkac, KOTopbIii peannsyet
OCHOBHbI€ a/ITTOPUTMbI A/11 pab0oTbl C MHOEKCHOW CTPYKTYPOI AaHHbIX,
a Takxe 6epeTt Ha cebsa 3ab60Ty O HU3KOYPOBHEBLIX AeTanAX, Takmux Kak:

- athhbekTMBHAsSA KOHKypeHTHasi pabota ¢ MHOAEKCHOW CTPYKTYpOW (B TOM
yucne crtparerms 610KMpoBaHus);

- CTpaHWYyHasa opraHn3auus gaHHbIX MHOEKCa,;
- XXypHasnimpoBaHue onepauunii Hag nHaekcom B WAL.

B0O3MOXXHOCTb CO3aHNA HOBbIX MHAEKCHbIX METOA0B 6€3 M3MeHeHNsA aapa
cucTembl nosBulach B Bepcun 9.6.

https://postgrespro.ru/docs/postgresqgl/12/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 12 nMeeTcs eIUHCTBEHHBIN BCTPOEHHBIN TaOJIMYHBIM METOM AOCTYIIa:
=> SELECT amname FROM pg_am WHERE amtype = 't‘;

amname

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

amname

(6 rows)

C btree 3HaKOMEI BCE — 3TO «OOBIYHEIN» MeTo[ OOCTYyIla Ha OCHOBE B-,r_[epeBa, KOTOprI HCIIONIb3YETCs 110 YMOJIYaHUI0 1
IIOKPHIBaeT OOBIIMHCTBO HOTpeﬁHOCTeﬁ. OcTanbHble METOBL AOCTYIIa TO2K€ OYEeHb II0JIE3HEI, HO B CIIEIUa/IbHBIX
CUTyalludgX. HeKOTOpBIe U3 HUX MBI PaCCMOTPHUM II03XKe.
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Knaccbl oneparopoB Posgres

Habop omnepaTopoB 1 BCTIOMOTaTe/IbHbIX (DYHKLIUH,
KOTOpPBIM UCMOJIb3YeTCsl MemooomM docmyna
J71s1 paboThI 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 04HOIN CTOPOHbI eCTb MHAEKCHbLIA MeToq, AocTyna (Hanpumep, btree),
a C Apyroi — KOHKPETHbIE TUMbI AaHHbIX (Takue, Kak integer, text n 1. n.).

UTo6bI CBSI3aTb MeTo, A0CTYyna C TUNamy AaHHbIMU, UCMOJb3YTCS Knacchbl
oneparopoB. Kfacc onepaTtopoB COCTOUT U3 Habopa onepatopos (1, Npu
Heo6XoANMOCTM, BComoraTesibHbIX (OyHKLNIA), KOTOPbI peannsyet API
MHAEKCHOTo MeToAa JocTyna.

BaXHO0, YTO YacTb JIOTMKM MHAEKCUPOBAHMSA HAXoaMTcs B MeToAe A0CTyna,
a yacTb — B K/lacce onepaTopoBs. Mo3ToMy HEI0CTATOUYHO NOHATbL TO/IbKO
YCTPOICTBO MeToda A0CTyna; Haflo YYnTbiBaTb M TO, KAKOW MCMOMb3yeTcs

Knacc onepaTopos.

[nsi B-oepeBbEB 3TO HE Tak O4YEBUAHO, NOCKO/bKY Ha 0N Knacca
onepaTopoB NPUXOAMTCS COBCEM HEMHOTO. Ho B Apyrnx metodax AocTyna
pasHble Knaccbl OnepaTtopoB MOryT paanKasibHO MEHSITb JIOTUKY.

3ameTum Takxe, YTO A/19 OAHOIO U TOro e MeToAa AoCcTyna 1 04HOro U Toro
Xe Tuna AaHHbIX MOXET ObITb OnpefeneHo HeCKO/IbKO K1acCoB OnepaTopos.
B aTom cnyyae nonb3oBartesib MOXET BblOMpaTtb TO NoBeAeHne, KOTopoe
TpebyeTcs.

https://postgrespro.ru/docs/postgresqgl/12/indexes-opclass




Kiaccel onepaTopoB

TTocMoTpuM, KaKKe KJIaCChl OIIEPATOPOB OIpPEENIEHHl Al B-mepeBa u [OJIst Pa3HBIX TUIIOB AAHHBIX. IS LIEJIBIX YHCE:

=> SELECT opcname
FROM pg_opclass
WHERE opcmethod = (SELECT oid FROM pg_am WHERE amname = 'btree')
AND opcintype IN (

‘smallint'::regtype, 'integer'::regtype, 'bigint'::regtype
)i

opcname

int8 ops
(3 rows)

s yJIO6CTBa TaKHe «II0X0XKHe II0 CMEBEICITYy>» KJIaCChI OIIepaTOpOB 00BeINHSIOTCS B CeMelCTBa OIIepaTopoOB:

=> SELECT opcname, opf.opfname
FROM pg_opclass opc, pg_opfamily opf
WHERE opc.opcmethod = (SELECT oid FROM pg_am WHERE amname = 'btree')
AND opc.opcintype IN (
‘smallint'::regtype, 'integer'::regtype, 'bigint'::regtype
)
AND opf.oid = opc.opcfamily;

opcname | opfname
__________ o m e e e oo oo
int8 ops | integer ops
int4 ops | integer ops
int2 ops | integer ops
(3 rows)

CeMelCTBa OII€paTOPOB O3BOJISIOT IJIAHUPOBIINUKY PAGOTATh C BEHIPAXKEHUSIMHU PA3HbIX (HO «ITOXOXKUX») TUIIOB, faXKe eCIIu
OHU He IIPUBEAEHEl K OMHOMY O0IIeMy.

BoT kacce! onepaTopoB aisa Tumna text (ecnu OyIst OMHOI'O TUIIA €CTh HECKOJIBKO KJIaCCOB OIIepaTopoB, TO OOUH 6yr.[eT
IIOMEeY€eH OJId UCIIOJIb30BaHUs I10 yMonanmo):

=> SELECT opcname, opcdefault

FROM pg_opclass

WHERE opcmethod = (SELECT oid FROM pg_am WHERE amname = 'btree')
AND opcintype = 'text'::regtype;

opcname | opcdefault

text_ops | t
varchar_ops | f
text pattern_ops | f
varchar pattern ops | f
(4 rows)

e Kitaccel oepaTopoB pattern ops oTIMYaOTCS OT OOBIYHBIX TEM, YTO CPABHHUBAIOT CTPOKHU IIOCUMBOJILHO, UTHOPHUPYS
IpaBuia COPTUPOBKH (collation).

A Tak MOXKHO IIOCMOTpPETh, KaKHe OIIepaTOPhl BKIIIOYEHEI B KOHerTHLII:I KJIaCC OIIepaToOpoOB:

=> SELECT amop.amopopr::regoperator
FROM pg_opclass opc
JOIN pg_opfamily opf ON opf.oid = opc.opcfamily
JOIN pg_amop amop ON amop.amopfamily = opc.opcfamily
AND amop.amoplefttype = opc.opcintype
WHERE opcmethod = (SELECT oid FROM pg_am WHERE amname = 'btree')
AND opc.opcname = 'bool_ops';



amopopr

<(boolean,boolean)
<=(boolean, boolean)
=(boolean,boolean)
>=(boolean,boolean)
>(boolean,boolean)
(5 rows)

MeTon JAOCTyIla — 3TO THUII UHOEKCa, a COGCTBEHHO MHIEKC — 3TO KOHKpEeTHas CTPYKTypa, CoO3JaHHas Ha OCHOBE MeTola
HAOCTYIIa, B KOTOpOﬁ IJTsT KasKOoTO CTOI0Ia HCIIOJIb3YeTCA CBO# KJ1acc OIIepaTopoB.

[IycTs uMeeTCs: Kakasi-HUuOyab TaGIuia:

=> 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

HpI/IBbI‘IHaH KOMaHOa CO30aHus MHOEKCa BBITJIAOUT TakK:

CREATE INDEX ON t(id, s);

Ho 910 mpocTo coxpamienue mis:

=> CREATE INDEX ON t
USING btree -- metop poctyna
(

id int4_ops, -- knacc onepatopoB pns integer
s text_ops -- Knacc onepatopoB no ymonyaHuw pnsa text

)i
CREATE INDEX
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MeTopg aoctyna btree Pos{gres

CbalaHCMpOBaHHOE JiepeBo, 3HaUeHUsI YTIOPS0UeHbI

MeTo/, IPUMEeHUM TOJIBKO /1/1s1 COPTUPYEMBIX TUIOB JAaHHBIX
API MeTogia focTyma onpeziessieT MopsifiloKk 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 KOHKPETHbLIX METOA0B A0CTYyNa, N Ha4YHEM
c B-pepeBbeB.

dT1a CTPyKTypa AaHHbIX NpeacTtasnsieTr coboi aepeBo (cbanaHCMpoBaHHOE
MO BbICOTE), KOTOPOE COAEPXKUT YrNOopsiOOYEHHbIE faHHble. B kaxaom y3ne
XpaHUTCA NHpopMaunsa 0 TOM, KakMe guanasoHbl 3HaYeHW pacnosioXeHb!
B [AOYEPHUX y3Nnax.

3T0 NO3BOMSIET HAXOANTbL MCKOMOE 3Ha4YeHne, CNycKasiCb OT BEPLUMHbI
[lepeBa K INCTbSAM, Kax/blii pa3 0fHO3HAYHO BblGMpas NoaxoAsLnii
[vanas3oH. Hanpumep, A8 noucka 6ykBbl «H» (Ha PUCYHKE) Mbl HAUYMHAEM
C KOPHS. MOCKOSbKY «A» <= «H» < «I», Mbl CrycKaemcsl B NePBbIil Jo4EPHUIA
y3en, 1 Tak aanee.

NTak, aTOT MeToq AocTyna NpUMEHUM TONbKO AN COPTUPYEMbIX AaHHbIX
(K KOTOPbIM OTHOCATCA B0MbLUNHCTBO «0ObIYHbIX» TUMNOB AaHHbIX). OT
knacca oneparopoB TpebyeTcs TO/IbKO OnpefenTb, Kak UMeHHO
ynopagounBatoTCA 3HaYeHNA KOHKPETHOro Tuna.

https://postgrespro.ru/docs/postaresal/12/btree
https://postgrespro.ru/docs/postaresal/12/xindex




Kiacc oneparoposB aj1s1 B-mepesa

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

OmnpenenuM MepeurCIuMEIN THIL /IS OUHNUL U3MePEeHus WHHOPMalnu:
=> CREATE TYPE capacity_units AS ENUM (

‘B', 'kB', 'MB', 'GB', 'TB', 'PB'
)5

CREATE TYPE
W 00BABUM COCTABHOM THUII JaHHHIX IJIS IpefiCTaBlIeHus o0beMa UHPOpMaIluu:

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

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

(9,kB)

(10,MB)
(10,PB)
(10 rows)

YTo6hI HUCIIPABUTh COPTUPOBKY, CO3aguM KJjlaCC OIIepaTOpPOB. Haunewm c beHKL(I/II/I, KOTOpad nnepecyuraeT 00BbeM B OAMTHI.

=> CREATE FUNCTION capacity_ to_bytes(a capacity) RETURNS numeric
AS $$
SELECT a.amount::numeric *
1024::numeric ~ ( array_position(enum_range(a.unit), a.unit)-1 );
$$ LANGUAGE sql STRICT IMMUTABLE;

CREATE FUNCTION

ITomuMo omepaTopOB CpaBHEHUSI HAM TIOHAMOOUTCS ellle OJHA BCIIOMOTaTelbHast d)yHKHI/Iﬁ — TOXe [JIs1 CDaBHEHUs. Osna
HOOJI2KHa BO3BpalllaTh:

e -1, eciu IepBHIM apIyMEeHT MeHbIIIe BTOPOTO,
e 0, ecniu apryMeHTHl PaBHEL,
e 1, ecnu IepBEIY aPTYMEHT GOJIBIIE BTOPOTO.



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

CREATE FUNCTION
C nIOMOIIBI0 3TOM QYHKIIUYU MBI OIIpEfe/INM IIITh OIIepaTOpOB CpaBHEHUS (M GyHKUINUM Oj1g HUX). HauHeM C «MeHbIIe»:

=> CREATE FUNCTION capacity_lt(a capacity, b capacity) RETURNS boolean
AS $$
BEGIN
RETURN capacity_cmp(a,b) < 0;
END;
$$ LANGUAGE plpgsql IMMUTABLE STRICT;

CREATE FUNCTION

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

CREATE OPERATOR
W aHaNOru4YHO OCTa/bHEIE YeTHIPe.

=> CREATE FUNCTION capacity_le(a capacity, b capacity) RETURNS boolean
AS $%
BEGIN
RETURN capacity_cmp(a,b) <= 0;
END;
$$ LANGUAGE plpgsql IMMUTABLE STRICT;

CREATE FUNCTION

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

CREATE OPERATOR

=> CREATE FUNCTION capacity_eq(a capacity, b capacity) RETURNS boolean
AS $$%
BEGIN
RETURN capacity_cmp(a,b) = 0;
END;
$$ LANGUAGE plpgsql IMMUTABLE STRICT;

CREATE FUNCTION

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

CREATE OPERATOR

=> CREATE FUNCTION capacity_ge(a capacity, b capacity) RETURNS boolean
AS $%
BEGIN
RETURN capacity_cmp(a,b) >= 0;
END;
$$ LANGUAGE plpgsql IMMUTABLE STRICT;

CREATE FUNCTION

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

);
CREATE OPERATOR



=> CREATE FUNCTION capacity_gt(a capacity, b capacity) RETURNS boolean
AS $$
BEGIN
RETURN capacity_cmp(a,b) > 0;
END;
$$ LANGUAGE plpgsql IMMUTABLE STRICT;

CREATE FUNCTION

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

CREATE OPERATOR
T'oTroBO. MHI y2K€ MOZK€eM IIPaBUJIbHO CPaBHUBATh 0ObEMBI:
=> SELECT (1,'MB')::capacity > (512, 'kB')::capacity;

?column?

YToO6H 3HAYEHUS GBI IPABUIIBHO YIIOPSIMOYEHE! TPU BHIGOPKE, HaM 0CTalIOCh CO3[aTh KJIACC OMepaTopPOB. 3a KazKIbIM
OIIepaTopoM 3aKperieH COGCTBeHHEIH HoMeD (B ciydae btree: 1 — «MeHbIe» u T. [.), I09TOMY UMEHa OIIePaTOPOB MOT'YT
OBITDH 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;

(20,B)
(33,B)
(42,B)
(43,B)
(61,B)
(10 rows)

Temneps 3HaYEHUS OTCOPTUPOBAHEL IPABUJIBHO.

Haur kmacc omepaTopoB OyeT UCIIOIb30BATLCS 0 YMOTYAHUIO ITPYU CO3TaHWU WHAEKCA:
=> CREATE INDEX ON test(cap);

CREATE INDEX

JIo60# nHmekc B PostgreSQL MoKeT MCIIOIb30BaTHCS TOIBKO IJIsi BHIPAKEHUH BUa:
<WHOEeKCUpOBaHHOe-none> <onepaTop> <BblpaxeHue>

ITpuyeM omepaTop [OJIKEH BXOOUTH B COOTBETCTBYIOIIHIM KJIaCC OIIEPATOPOB.

BymeT nu UCIIOIh30BaThCS CO3TAHHBIA HHOEKC B TAKOM 3aIlpoce?

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



QUERY PLAN
Index Only Scan using test cap idx on test
Index Cond: (cap < '(100,B)'::capacity)
(2 rows)

ITa, IOCKOJIBKY:

e 1moJie test.cap IPOMHAEKCUPOBAHO C IOMOIIBI0 METOAA HOCTyIa btree u Kimacca onmepaTtopoB capacity ops;
e oImepaTop < BXOIOUT B KJIaCcC OIlepaTopoB capacity ops.

HOSTOMY U IIPU OOCTYyIle C IIOMOIIBI0 MHOEKCAa 3HAYEeHUsA 6yJIyT BO3BpallaThCA B IIPABUJIBHOM IIOPsAOKE:

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

(20,B)
(33,B)
(42,B)
(43,B)
(61,B)
(64,B)
(84,B)
(12 rows)
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MeTog goctyna gist Pos{gres

Cb6anmaHcHpoBaHHOe /IepeBo, 00IIMiA TTpeIuKaT

API meToga 0CTyma onpeziesisieT, YTo Mpe/iCTaB/sieT CO00M MpeJuKar

OfHaKo He Bce TUMbl AaHHbIX COPTUPYyeMbl. Hanpumep, He UMetoT
€CTECTBEHHOI YNOpsiJ0YEHHOCTN Takne TUMbI, Kak reoMeTpruyeckmne urypbl
(TOUKM, NPSIMOYTONbHUKL U T. N.), AWana3oHbl, MAacCKBbl 1 T. M. DTO He
3HAUUT, UTO A/19 TaKUX TUMOB AaHHbIX HEMb3A ONpeaeMTb onepawlmm
CpaBHEHMS, HO MPaKTMYECKOI NO/b3bl OT HUX BYAET HEMHOTO. BaxkHee
YMETb MCNO/b30BaTb UHAEKCHI, HANPUMEP, N5 NOUCKa TOUYEK, BXOASALLNX

B 3a4aHHy0 061acTb, N NOMCKA 3/IEMEHTOB, BXOASALWMX B MaCCUB, T. €.
L1151 ONepaTopoB, OT/IMYHbIX OT «B0/IbLLE», «MEHbLLE» U T. M.

B-AepeBo 30echb He roanTcsl, HO NAEK NHAEKCUPOBAHNSA C MOMOLLbIO
cbasiaHCMpOBaHHOIO aepeBa MOXXHO 0600LWLNTL. [yCTb A8 KaXKaoro
noanepeBa onpeneneHo ycnosue (npeamkar), KOTOpoMy YAOBNETBOPSIOT
BCe AaHHble, Nonaaarollme B 370 NoaaepeBo. Toraa npeankar MoXHO
MCnonb30BaTh A1 ONpeaeneHnst, B Kakoe noaaepeso (B 06LeM cnyyae —
HECKO/IbKO NOoAAEPEBLEB) HY)XHO CNYyCKaTbCA NPU NOUCKE.

MpoLe Bcero npeacrtaBnTb cebe Takoil GiST-MHAEKC Ha NpUMepe TOYeK.

B aTOM cnyyae npeamnkaTtoM BbICTynaeT OXBaTblBAOLWMIA MPAMOYTO/bHUK,

a CTPyKTypa Ha3blBaeTcs R-AepeBoM. Ha prcyHke oHa n3obpaxeHa
cxemaTuyHo. BepxHuil ypoBeHb npeacTassieH 60/1bWNM NPAMOYrOSIbHUKOM,
oxBaTblBaloLEM BCe NPOMHAEKCMPOBaHHbIE TOUYKN. Ha BTOPOM ypOBHe
BUAUM [Ba MEHbLUMX NPAMOYro/ibHMKa, Ha HMXHEM — eLle 6onee Menkue.
CyMMapHO BCe NPSIMOYTO/IbHUKN HUXXHETO YPOBHSA OXBaTbIBAtOT BCE TOUKMW.

Taky'o e CTPYKTYPY MOXHO NOCTPOUTb U ANS AMana3oHHbIX TUMOB.

Knacc oneparopoB a1 GiST onpefenseT, Kak BbIraguT npeavkar, n elle
MHOrve getanu, Heobxogumble 151 aPEKTUBHOM paboThl.

https://postgrespro.ru/docs/postgresqgl/12/gist




Metop gocryna GiST

Kakue uMeHHO onepaTopsl IOAAEePXKUBaeT GiST-HHJIeKC, CyIIeCTBEHHO 3aBHCHT OT KjlacCa OIepaTopoB. I/lHli)OpMa].[[/][O MOZKHO ITOJTy4YHTh KaK U3 IOKyMEHTallly, TaK U U3 CHCTEMHOI0O KaTasora. BO3LMeM,
HanpuMep, TUIl JaHHBIX point (TOUKwM).

JIOCTyTNHEI KJTacC OlepaTopoB:

=> SELECT opcname

FROM pg_opclass

WHERE opcmethod = (SELECT oid FROM pg_am WHERE amname = 'gist')
AND opcintype = 'point’'::regtype;

opcname
point_ops
(1 row)

OmnepaTops! B 3TOM KJlacce:

=> SELECT amop.amopopr::regoperator
FROM pg_opclass opc

JOIN pg_opfamily opf ON opf.oid = opc.opcfamily

JOIN pg_amop amop ON amop.amopfamily = opc.opcfamily

AND amop.amoplefttype = opc.opcintype
(SELECT oid FROM pg_am WHERE amname = 'gist’)
'point_ops';

WHERE opcmethod
AND opc.opcname

amopopr
<<(point,point)
>>(point,point)
~=(point,point)
<*(point,point)
>~ (point,point)
<->(point,point)
<@(point,box)
<@(point, polygon)
<@(point,circle)
(9 rows)

B wacTHOCTH, omepaTop <@ MPOBEPsIeT, TPHHAIIEIKHUT M TOYKA OHOH U3 TeOMEeTPUIEcKuX Guryp.

Cospagum TaGIUIly CO CIyYaWHEIME TOYKaMHU:

=> CREATE TABLE points (
p point
)i

CREATE TABLE

=> INSERT INTO points(p)
SELECT point(1l - random()*2, 1 - random()*2)
FROM generate_series(1,10000);

INSERT © 10000
CKOIbKO TOYEK PACIIONIOKEeHo B Kpyre paguyca 0.1?

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

Kax BEHIIIOITHSIETCST TAaKOH 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)

TTonHbIM 1EPE6OPOM BCEH TaGIIHIIBL.

Cospanue GiST-uHeKCa MO3BOJIMT YCKOPUTH 3Ty onepanuio. Kiacc ornepaTopos MOXHO He yKa3biBaTb, OH OIHH.
=> 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>'
-> Bitmap Index Scan on points_p_idx
Index Cond: (p <@ '<(0,0),0.1>"'::circle)
(4 rows)

Ellle OfMH HHTEPECHBIH OMepaTop <-> BBIYHCIIAET PACCTOSHHE OT OHOM TOYKH /10 APYroii. Ero MOXKHO MCIIONIB30BaTh, YTOOK! HAMTH TOYKH, OIIMKallIke K JaHHO! (TaK Ha3bIBAEMEIi MOKCK OIIHKaNIINX
cocene#t, k-NN search):

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

p

(0.009462051919122416, -0.0016628214155360865)
(-0.008167078909828263,0.006123252393990697)
(0.0010329013378296281, -0.010885169665542094)
(0.01097187349665063,0.007524466507561556)
(0.01254258580677714, -0.011386485492721476)

(5 rows)

Ota onepanus (BeCbMa HETIPOCTasl, €CJTM Pean30BLIBATE €€ B IIPUIIOXKEHUH) TaKKe YCKOPSeTCST HHIEeKCOM:

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

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



GiST-uHIEKC MOKHO IIOCTPOUTS H [IIsI CTOJNIONA AHAaNa30HHOTO THIIa:

=> SELECT amop.amopopr::regoperator
FROM pg_opclass opc
JOIN pg_opfamily opf ON opf.oid = opc.opcfamily
JOIN pg_amop amop ON amop.amopfamily = opc.opcfamily
AND amop.amoplefttype = opc.opcintype
WHERE opcmethod = (SELECT oid FROM pg_am WHERE amname = 'gist')
AND opc.opcname = ‘range_ops';

amopopr

@>(anyrange,anyelement)
<<(anyrange,anyrange)
&<(anyrange,anyrange)
&&(anyrange,anyrange)
&> (anyrange,anyrange)
>>(anyrange,anyrange)
-|-(anyrange,anyrange)
@>(anyrange,anyrange)
<@(anyrange,anyrange)
=(anyrange,anyrange)
(10 rows)

31ech MBI BULIEIM [IPYToOii HaGOp OIepaTopoB.

Onno u3 npuMeHeHui GiST-uHmekca — nopnepxkKa orpanudenuit nenoctiocty Tuna EXCLUDE (orpaHu4eHHs MCKITIOUEHHUS).

Bo3bMeM KJTaCCHYEeCKHH MpUMep GPOHUPOBaHMUS ayIHTOPHE:

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

CREATE TABLE

OrpaHuYeHHe [eJTOCTHOCTH MOKHO COPMYyTHPOBATh TaK: Heb3s, YTOGE! OTHOBDEMEHHO CYIIeCTBOBaIH /IBa IlepeceKaromuxcs (omepaTop &&) muamasona. Takoe OrpaHMYeHHe MOXKHO 3a[jaTh IeKJIapaTHBHO

Ha ypOBHE Ga3kl 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)=(["2023-07-26 13:00:00+03","2023-07-26 16:00:00+03")) conflicts with existing key (during)=(["2023-07-26 12:00:00+03","2023-07-26 14:00:00+03")).

Yacrasi cUTyaluss — HaJIM4yue [HONOHUTE/ILHOTO YCIOBUS B TAKOM OTPaHWYEHHM 11eJIOCTHOCTH. [Jo6aBMM HOMED NeperoBOPHOM:

=> ALTER TABLE booking ADD room integer NOT NULL DEFAULT 1;

ALTER TABLE

Ho MeI He cMokeM 06aBUTh 3TOT CTONIGEN B OrpaHHYEeHHe LeIOCTHOCTH, IIOCKOJIBKY KJIacC ONepaTopoB AU MeTofia gist ¥ 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 9TOM Cydae OMOKET pacimupenue btree gist, koTopoe 106aBIIsieT KJ1acChl ONEPaToPOB ISk THIIOB NAHHEIX, KOTOPEIE OOBIYHO HHIEKCHPYIOTCS C IIOMOIIBIO B-1epeBbes:

=> CREATE EXTENSION btree_gist;
CREATE EXTENSION

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

ALTER TABLE
Temneps pasHEIE TIEPETOBOPHEIE MOXKHO GPOHUPOBATL HAa OfTHO BPEMST:

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

INSERT 0 1
Ho onHy 1 Ty e — Helb3s:

=> 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)=(["2023-07-26 13:00:00+03","2023-07-26 16:00:00+03"), 1) conflicts with existing key (during,

room)=(["2023-07-26 12:00:00+03","2023-07-26 14:00:00+03"),

1)



o)) PROFESSIONAL

Toru Posigres

PostgreSQL mpemocTap/isieT pa3Ho00pa3Hyi0 HHAEKCHYIO
TIOIeP>KKY JTFOOBIX THUTIOB /IaHHBIX, BK/TFOUAsi TIO/Ib30BaTeTIbCKHe

MeTtopp! foCTyIa — KapKac MHeKCUPOBaHUs,
peaJII/IBYI-OH_[I/Iﬁ OCHOBHOﬁ d/I'OPUTM K HU3KOYDPOBHEBEIE O€Ta/I1h
btree, hash, gist, sp-gist, gin, brin...

Kraccel oriepatopoB CBA3BIBAIOT METO/, C TUIIAMH JaHHbIX
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B 31Ol TeMe paccMaTpuBatoTCs NNLLbL CaMble OCHOBHbIE MOHATUS,
CBSI3aHHbIE C MHAEKCHO NoaaepXKoli. 3aMHTepecoBaHHbIM B NOAPOOGHOCTSX
PEKOMEH/JYEM BHUMATE/IbHO 03HAKOMUTLCS C pasaenaMmu AoKyMeHTaumu,
CCbI/IKM Ha KOTOpble NpuBeAeHbl B KOMMEHTAPUSAX K criailgam, a Takke

C cepuen cTatei:
https://habr.com/ru/company/postgrespro/blog/326096/




o)) PROFESSIONAL

Mpaktuka L Posigras

1. [JobaBbTe B Tabmumity retail_prices orpaHuueHue 11e/I0CTHOCTH, He
TI03BOJISIFOLIee CO3/]aTh IepeCeKarolyecss UHTePBaJIbl IeHCTBUS
1IeH JJ1s1 OJJHOW KHUTH.

[TpoBepbTe I/IaH BBIMOJIHEHHS 3arIpoca Jijist TIOMCKa aKTya/TbHOU
1jeHbI (get_retail_price). Vicmionib3yeT /i OH UH/€KC, CO3/IaHHbIU
JUTS TIOJIZIEPKKY OTPAaHUUEHUST 1[eI0OCTHOCTH?

2. CopTHpOBKa KHUT B MPWIOKeHUH TI0 (hopMary u3gaHus paboraeT
HEBEPHO, MOCKOJIbKY 3HaueHus TUIA AJ1gd opMaTa U3z, aHust
yTIOPSIZIOUMBAIOTCS JIeKCUKorpaduuecku. CresnaiiTe Tak, YToObI
3HaYeHUs1 YIOPsJ0YMBAJIUCh TI0 MJIOIIA/I KHYDKHOW CTPaHULIbI
Y TIPOBepbTe, UTO COPTUPOBKA B MPUJIOyKEHUH MCITPaBUIaCh.
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1. MprMep NOXOXEero orpaHnyYeHns LenoCTHOCTM NPUBOANICS
B A€MOHCTpaLun.

Ecnn nHgekc He 6yaeT NCnosib30BaTbCsA 3anpPoOCcoM U3 (PYHKLMM
get_retail_price, neno MoxXxert 6bITb B TOM, YTO B Tabnuue retail_prices
C/IMLLKOM MaJio CTPOK M MOSIHOE CKaHMpOBaHMe OKa3blBaeTCs BbIrO4HEE.
UToO6bl NpoOBEPUTL NPUMEHUMOCTb MHAEKCA, Bbl MOXeTe fiMbo A06aBUTb
Gonblue CTPOK B Tabnuuy, Mb60o BpeMEHHO 3anpeTuTb UCMNosib30BaHne
MO/THOIO CKaHMPOBaHUS:

SET enable_seqscan = off;

2. Co3paliiTe Knacc onepaTtopoB A5 Mmetoda gocTyna btree n Tuna gaHHbIX
book_format, kak 6b1/10 NOKa3aHO B AEMOHCTpaLNN.



student$ psql bookstore2

1. OrpanuyeHHe NEJIOCTHOCTH 0is1 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 OymeT 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 1mjaHa, Ta61mua IIO-TIpE2KHEMY nepeﬁupaeTCﬁ TOJTHOCTRI0. Ho TIITaHUPOBIIUK 6y11eT KCIIOIb30BaTh 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. YnopsimounBaHHe OJ1s1 (POPMATOB H3TAHUS

Co3mamuM KJIacC OIepaTopoB, Kak OBIIO TOKA3aHO B IEMOHCTPALHH.

=> CREATE FUNCTION book_format_area(f book_format)

RETURNS numeric

AS $$%

SELECT f.width::numeric * f.height::numeric / f.parts::numeric;
$$ LANGUAGE sql STRICT IMMUTABLE;

CREATE FUNCTION

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

CREATE FUNCTION

=> CREATE FUNCTION book_format_lt(a book_format, b book_format)
RETURNS boolean AS $$
BEGIN
RETURN book_format_cmp(a,b) < 0;
END;
$$ LANGUAGE plpgsql IMMUTABLE STRICT;

CREATE FUNCTION

=> CREATE OPERATOR <(
LEFTARG = book_format,
RIGHTARG = book_format,
FUNCTION = book_format_1lt

)i
CREATE OPERATOR

=> CREATE FUNCTION book_format_le(a book_format, b book_format)
RETURNS boolean AS $$
BEGIN
RETURN book_format_cmp(a,b) <= 0;
END;
$$ LANGUAGE plpgsql IMMUTABLE STRICT;

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 AS $$
BEGIN
RETURN book_format_cmp(a,b) = 0;
END;
$$ LANGUAGE plpgsql IMMUTABLE STRICT;

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 AS $$
BEGIN
RETURN book_format_cmp(a,b) >= 0;
END;
$$ LANGUAGE plpgsql IMMUTABLE STRICT;

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 AS $$
BEGIN
RETURN book_format_cmp(a,b) > 0;
END;
$$ LANGUAGE plpgsql IMMUTABLE STRICT;

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 roroso. [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)
(76,100,16)
(84,108,16)
(60,90,8)
(12 rows)



o)) PROFESSIONAL

[1pakTuka Pos{gres

1. B Tabmumiie xpaHaTcs Aatbl coObITHI. Kakoli HHIEKC TT03BO/IAT
YCKOPHTb 3arpOoChl BU/ia «HAWTH OMpe/ie/ieHHOe KOTMUeCTBO
cobbITHi, Hanbosiee GIM3KKUX TI0 BpeMEHM K YKa3aHHOM fiaTex»?
[IpoBepebre.

2. Pacmmpenue pg_trgm pob6asnsieT GyHKIMU U OTIepaTopbl Aist
paboThI C Mpuepammamu, a Tak>Ke UHIEKCHYO TIOfIePKKY.
B vactHocTH, GiST-UHIEKC yCKopsieT MOMCK 0 YC/JI0BUSIM BHUA

ctonbey LIKE '%4TO-TO0%'

[TpoBepbTe paboty uHzAekca. HaiiuTe B CHCTEMHOM KaTasiore
BCe I0CTYyTMHbIE OMepaTopsl /s Kiacca gist_trgm_ops.

Yro B c/Tyuae TpUrpaMM MOKET CJTY>KUTh OOITIMM TIpeIUKaToM,
KOTOPOMY Y/IOB/IeTBOPSIFOT BCe JlJaHHbIe Mo/ifiepeBa?
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2. TpurpaMmmbl — 3TO NocnefoBaTe/sibHOCTU U3 TPEeX CMMBOJIOB, Ha KOTOpbIe
pa3buBaeTca cTpoka. Hanpumep, N3 «4To-TO» NosyyarTca cneayroume
TPUTPaAMMbI: « Y», « YT», «YTO», «TO-», «O-T», «-TO», «KTO », KO ».

Tpurpammbi NO3BONSAIOT ONPEeAENATh «MOXOXECTb» CTPOK: ECNN U B OAHOM, U
B APYroii MHOTO OAMHAKOBbIX TPUIPAMM, TO U CaAMUN CTPOKM MOXOXMN.

Mownck no LIKE, rae B Havasne wabnoHa HaxoAsaTca 00blUYHbIE CUMBO/IbI
('uTo-TO%') YCKOPSETCH N NPOCTbIM MHAEKCOM Ha OCHOBe B-aepeBa. Ho
Takon nHaekc 6ecnoneseH, ecnu wabnoH HavymHaeTcs ¢ %.

https://postgrespro.ru/docs/postaresal/12/pgtram

[na npoBepKn MOXXHO BOCMO/1b30BaTbCA Tabnmuen ¢ AaHHbIMU NMOYTOBOWA
paccblfikn pgsqgl-hackers. BoinonHnTte komaHay

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

4YTOObI BOCCTAHOBUTL 3Ty Tabnuuy B 6a3y AaHHbIX ext_opclasses.

B kayecTBe 3anpoca MOXHO UCNo/b30BaTb cnep,yrou_u/lﬁ:

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(1,10000);

INSERT 0 10000

TTouck Haubosiee 6IM3KKUX OAT — 3afiayva IMOMCKa OIMXKANUIINX coceneii. MeTon mocTyma btree He mogmepKuBaeT (IOKa)
TOUCK ONIMKAUIINX COCemel, IO3TOMY IPUAETCS BOCIIOIHL30BAThLCS METONOM (ist (1 pacmmpenueM btree gist,
moOaBIISIIOIIUM, B TOM YHCJIe, KJIAaCC OIIEPATOPOB [JIs OaT).

=> CREATE EXTENSION btree_gist;

CREATE EXTENSION

=> CREATE INDEX ON events USING gist(date_happen);
CREATE INDEX

Bot Kak moxkeT BRITJTIAOETH 3alIpocC:

=> 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

2020-07-26 10:05:24.249437+03
2020-07-25 20:05:19.37471+03
2020-07-25 19:10:08.571204+03
2020-07-25 18:36:15.450703+03 | 16:37:55.225735
2020-07-25 12:31:32.5166+03 22:42:38.159838

| 01:08:46.427001

|
|
|
|

2020-07-28 03:04:11.496127+03 | 1 day 15:50:00.819689

|
|
|
|

15:08:51.301728
16:04:02.105234

2020-07-24 13:19:20.19374+03 1 day 21:54:50.482698
2020-07-28 13:50:44.411605+03 | 2 days 02:36:33.735167
2020-07-24 06:30:18.378793+03 | 2 days 04:43:52.297645
2020-07-28 16:53:06.55151+03 2 days 05:38:55.875072
(10 rows)

Ero naH BHIIONTHEHUS HCIIONIb3yeT 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

YCcTaHOBUM pacIIupeHue:



=> CREATE EXTENSION pg_trgm;
CREATE EXTENSION

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

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

SET
SET
SET
SET
SET
set config

(1 row)

SET
SET
SET
SET
ERROR: relation "public.mail messages" does not exist
ERROR: table "mail messages" does not exist
ERROR: sequence "mail messages id seq" does not exist
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: 444,655 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: 25,136 ms
=> \timing off

Timing is off.

OmnepaTops AJIst KJlacca 0OIepaTopoB gist trgm ops:

=> SELECT amop.amopopr::regoperator
FROM pg_opclass opc
JOIN pg_opfamily opf ON opf.oid = opc.opcfamily
JOIN pg_amop amop ON amop.amopfamily = opc.opcfamily
AND amop.amoplefttype = opc.opcintype
WHERE opcmethod = (SELECT oid FROM pg_am WHERE amname = 'gist')
AND opc.opcname = 'gist_trgm ops';

amopopr
%(text, text)
<->(text, text)
~~(text, text)
~~*(text, text)
~(text,text)
~*(text, text)
%>(text, text)
<->>(text, text)
%>>(text, text)
<->>>(text, text)
(10 rows)

e OmnepaTopsl ~~ u ~~* skpuBaneHTHH LIKE u ILIKE;
e OmepaTops ~ U ~* IPOBEPSIIOT COOTBETCTBUE PETYIISIPHOMY BRIPAXKEHMUIO (C yuieToM u 6e3 ydeTa peTucTpa).

3HaueHUe OCTaJIbHEIX OIIePATOPOB OIIMCAHO Ha CTPaHUIle NOKYMeHTalluu paclupeHus pg trgm.

Kiacc omepaTopoB [AJIst TPUTPAMM UCIIONIb3YET TaK Ha3kBAEMOe CUTHATYPHOE JepeBo. TPpUrpaMMbl 3aMEeHSIIOTCS Ha
CHUTHATYPHL, TO €CThH JBOUYHLIE YKCTIA, B KOTOPHIX BCe GUTHI HYJIEBEIE, U JIUIIHL ONUH OLIpPENe/IeHHEIH GUT YCTAaHOBIIEH B
equuuIly. Y BCA CTPOKa 3aMEHSIETCSI Ha CUTHATYPy, KOTOpasi BEIYUCIISIETCS Kak 1o6uToBoe UJIM CUTHATYP COCTAaBIISIOMINX
ee TpurpamMM. TakuM 06pa3oM, BMECTO CTPOKH B HHAEKCE COXPAHSIETCS OMHO YKCITIO.

O6H.(I/IM IpeguKaToOM B CUTHATYPHOM OepeBe ABIIAETCA nobutosoe UJIU Bcex CUTHATYP, KOTOPBIE HAXOOATCA HUXKE B
noganepese.

3amMeHa WHEKCHPYEeMBIX 9JIEMEHTOB OMTOBOM CUTHATYPOU IIO3BOJISIET MHAEKCHPOBATh ¢ momMoInbio GiST Boob1me Bce, 94TO
yrogHo (HanmpuMmep, u3obpaxenust). Ho, K COKaJIEHUIO, 3TO He CIUIITKOM 3¢ (dEKTUBHEIN MeTon. Bo-niepBrIX, Yncio 6UT B
CHUTHAType OTPaHUYEeHO, ¥ II09TOMY HEKOTOPbIe Pa3Hble 3JIEMEHTH! OynyT UMETb ONMHAKOBYIO CUTHATYpy. Bo-BTODBIX, ueM
BEIIIIe Y3€JI CTOUT B iepeBe, TeM OoJIbllle B eT0 cCUrHatype O6yneT equHUIl. OTO 0O3HA4YaeT, YTO IIPH ITOUCKE IPUAETCS
CIIYCKAaThCS B JINIIHKE ITOAAEPEBhs ¥ HEOOXOAUMO BCE BPEMSI IIEPENIPOBEPSTE IOJIyYeHHEIE Pe3yIbTaTH.

B Teme «CmaboCTpyKTypUpPOBaHHEE faHHBEIE» OyOeT IoKa3aH Apyro, 6omee ahpdeKTUBHEIN (HO MEHEe YHUBEPCAJIbHEIN)
Mmetop poctyna — GIN.



