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Professional He 06a3aHa nNpeAoCTaBNATbL COMPOBOXAEHME, MOALEPXKKY,
06HOBNEHUSA, pacCLUMPEHNA N N3MEHEHUS,


mailto:edu@postgrespro.ru

of] PROFESSIONAL

Tembl Posygres

daliibl JaHHBIX

Cnowu: AdaHHbIE, KAPTbl BUAMMOCTHU U CBO60,Z[HOF O IMPOCTPAHCTBA

OnHuble Bepcuu cTpoK U TOAST
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Cnou o6beKTa Posigres

main

NNN.2

a NNN.1

NNN

NNN_fsm.1

NNN_fsm

NNN_vm

pg_relation_size

O6bI4HO KaxkaoMy 06bekTy B/, XpaHsuwemy aaHHble (Tabnuue, MHOEKCY,
nocnefoBatesibHOCTU, MaTepuasin3oBaHHOMY NpeacTaBeHNIO),
COOTBETCTBYET HECKO/bKO cs10e8 (forks). Kaxkabii crioin cogepxut
onpeaeneHHbli BUA AaHHbIX.

BHauasie cnoil coaepxunt oguH-eANHCTBEHHbIN thaitn. ims chainna coctont
N3 YNCNOBOro NaeHTUdMKaTropa, K KOTopomy MOXET ObITb A06aB/EHO
OKOHYaHWe, COOTBETCTBYIOLLLEE UMEHW C/10S.

dalin nocteneHHo pacTeT U, Korga ero pasmep goxogut go 1 Méaira,
co3faeTcd cneayrowmin dpain aToro xe cnod. Takme dpaiinel Horaa
Ha3blBalOT ceameHmamu. MNMopsaKoBbI HOMEP cermeHTa fob6aBnseTca

B KOHeLl, nMeHn doanna. OoLwnin pasmep /1t060ro c/109 nokasbiBaeT (PyHKUNA
pg_relation_size.

OrpaHnyeHne pasmepa paina B 1 6alT BO3HUKIO MCTOPUYECKM ANS
NOAAEPXKKN pa3NNYHbIX (PalifioBbIX CUCTEM, HEKOTOPbIE U3 KOTOPbIX HE
yMerT paboTtathb ¢ (haisiamm 60/bLI0ro pasmepa. YCTaHOBUTb APYrol
pasMep MOXHO TOSIbKO Npy CO0pKe cepeepa N3 UCXOAHbIX KOA0B
(--with-segsize).

Takum o6pasom, ogHOMY 06bekTy B/l Ha AMCKe MOXET COOTBETCTBOBATb
HeCKosibkKo doaiinoBs. ANa He6obLWOWN Tabnuubl Nx 6yaeT 3, A1 nHaekca —
ABa. Bce halinbl 06bEKTOB, NpUHaAIexalwmx ogHoMy TabamyHomy
NpoCTpaHCTBY M oaHoW B[], 6yayT nomelleHbl B OAMH KaTasnor. 3710
Heo6X0AMMO YYnTbIBaTb, MOTOMY YTO (hailoBble CUCTEMbI MOTYT HE OYEHb
XOpOoLLO paboTaTb C 60/bLUMM KONIMYECTBOM (hai/ioB B KaTasiore.
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Cnou Posygres

OCHOBHOH CJIOH

COOCTBEHHO /laHHbIe (BepCUM CTPOK)
CYILIeCTBYeT /I/isI BceX 0ObeKTOB

Crior nHUManr3anuu (init)

«IYCTBIIIKa» I OCHOBHOTO CJIOS
WCIIO/b3yeTCsl TIPU CO0e; TOMTBKO [IJ1sl HeXXyPHAIMPYeMbIX Ta0JTHL]

Kapra BugumocTu (vim)

CYIIeCTBYeT TOJILKO /IS Tab/ui]

Kapra cBob6oHOr0 TipoctpaHcTsa (fsm)

CYIIeCTBYeT U Ji/1s1 TaO/IULI, U /1J1s1 UH/IeKCOB

[MocMOTpuM Tenepb Ha TUMbI C/10EB.

OcHOBHOU ¢/1000 — 3TO COGCTBEHHO [aHHble: BEpPCUN CTPOK Tabnuu, niu
NHOEKCHble 3anncu. VimeHa paiisioB OCHOBHOTO C/105 COBMNaaatoT
¢ ngeHTudmkaropom. OCHOBHOW C/10 CYyLLLECTBYET ANA MobbIX 00HEKTOB.

imeHa dhalinoB ¢/1051 uHUYyuasiu3ayuu OKaHYMBaKTCA Ha «_init». 3TOT CNoi
CYLLECTBYET TO/IbKO AN HEXYPHaIMpyeMbIxX Tabnuu, (Co3gaHHbIX

¢ ykazaHnem UNLOGGED) n nx nHgekcoB. Takmue 00beKTbl HUYEM He
OT/INYAKOTCS OT 0ObIYHbIX, HO AEACTBUSA C HAMM HE 3annCbIBAtOTCA B XYpPHaUT
ynpexgatrollei 3anncu. 3a cHeT 3Toro padéorta ¢ HAMU NPOUCXOANT BbICTpee,
HO B c/lyyae c605 nx coaepXnmMoe HEBO3MOXHO BOCCTAaHOBUTL. pu
BOCCTaHoB/ieHUn PostgreSQL npocTo yaanseTt BCce C/10M TaknX O6beKTOB U
3anuncbiBaeT C10N UHULMaIM3aUmm Ha MecTo OCHOBHOTO €/104. B pesynerate
nosnyyaercsa nycrasa rabnuua.

https://postgrespro.ru/docs/postgresql/16/storage-init

Cnoui vm (visibility map) — 6utoBas kapta BugmMmocTtu. VimeHa hainos
3TOro CNoS OKaH4YMBaKTCA Ha «_vm». CNou cyLecTByeT TOSIbKO AJ15
Tabnuy,; ANA NHAEKCOB He NoanepXuBaeTca oTAe/lbHas BEPCUOHHOCTb.

Cnoii fsm (free space map) — kapma cB0600HO20 rnpocmpaHcmsa. VimeHa
dhaii/IoB 3TOro C/1051 OKaHYMBAOTCA Ha «_fsm». DTOT CNOI CYLLECTBYET U
Ansa 1abnuu, n ois MHAEKCOB.

[Mpo ABe 3TK KapTbl pacckasbiBasioCb B MOAY/Ee «APXUTEKTYpa».
https://postgrespro.ru/docs/postgresql/16/storage-fsm
https://postagrespro.ru/docs/postgresql/16/storage-vm
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Pacnosoxenue paiios

=> CREATE DATABASE data_lowlevel;

CREATE DATABASE

=> \c data_lowlevel

You are now connected to database "data lowlevel" as user "student".
CoszazyM TabJIHIly ¥ IIOCMOTPUM Ha Qpalibl, IpUHAJIesKalye en.

=> CREATE TABLE t(
id integer PRIMARY KEY GENERATED ALWAYS AS IDENTITY,
n numeric

)i

CREATE TABLE

=> INSERT INTO t(n) SELECT id FROM generate_series(1,10_000) AS id;
INSERT 0 10000

YT065I CHOPMHUPOBAIHCE JOTIOTHUTEIbHEIE CI0H, BBITIOJTHUM OUHCTKY:

=> VACUUM t;

VACUUM

IIyTh 10 0OCHOBHOTO Qaiiia 0THOCUTeNIbHO PGDATA MOJKHO IIOJIyYUTH QYHKITHEH:
=> SELECT pg_relation_filepath('t');

pg_relation filepath

base/16386/16388
(1 row)

I10CKOJIBKY TabJIUIA HAXOAUTCS B TAGTHYHOM IIpocTpaHcTBe pg_default, myTs HaumHaeTcs ¢ base. 3aTeM uzieT UM KaTaiora s
6a3bl JaHHBIX:

=> SELECT oid FROM pg_database WHERE datname = 'data_lowlevel';

3aTeM — cob6cTBeHHO UMs daiiia. Ero Mo)KHO y3HATh CJIeIyIOIITUM 06pa3oM:
=> SELECT relfilenode FROM pg_class WHERE relname = 't';

relfilenode

Tem u yno6Ha ¢yuknus pg_relation_filepath, uTo BeIjaeT roTOBBIM IyTh 6€3 HEOOXOJUMOCTH BBIIIOJIHATEH HECKOIBKO 3aIIPOCOB K
CHUCTeMHOMY KaTaJIoTy.

ITocmoTpuM Ha daiisl. locTynr K KaTanory PGDATA uMeeT TOJIBKO I10J1b30BaTes b OC postgres, II09TOMy KOMaH/[a Is BeljaeTcst oT
€ro UMeHH:

postgres$ 1s -1 /var/lib/postgresql/16/main/base/16386/16388*

SrW------- 1 postgres postgres 450560 wuioH 23 23:25
/var/lib/postgresql/16/main/base/16386/16388
SrwW------- 1 postgres postgres 24576 wuioH 23 23:25
/var/lib/postgresql/16/main/base/16386/16388 fsm
Srw------- 1 postgres postgres 8192 wmwH 23 23:25
/var/lib/postgresql/16/main/base/16386/16388 vm

Ms!I BUJIUM TPH CJIOSI: OCHOBHOM CJIOH, KapTy CBO6GOZHOrO0 IIpocTpaHcTBa (fsm) 1 kKapTy BUAUMOCTH (V).
AHaJIOTHYHO MOXKHO IIOCMOTPEeTh ¥ Ha (GaijIel HHeKCa:

=> \d t



Table "public.t"

Column | Type | Collation | Nullable | Default

-------- B T e T
id | integer | | not null | generated always as identity
n | numeric | | |

Indexes:

"t pkey" PRIMARY KEY, btree (id)

=> SELECT pg_relation_filepath('t_pkey');

pg relation filepath

base/16386/16393
(1 row)

postgres$ 1s -1 /var/lib/postgresql/16/main/base/16386/16393*

SrW------- 1 postgres postgres 245760 wuioH 23 23:25
/var/lib/postgresql/16/main/base/16386/16393

U Ha QaiiIbl I1ocae[0BaTeIbHOCTH, CO3IaHHOM /IS [IEPBUYHOTO0 KJI0Ya:
=> SELECT pg_relation_filepath(pg_get_serial_sequence('t','id'));

pg relation filepath

base/16386/16387
(1 row)

postgres$ 1s -1 /var/lib/postgresql/16/main/base/16386/16387*

SrwW------- 1 postgres postgres 8192 wwoH 23 23:25
/var/lib/postgresql/16/main/base/16386/16387

JJ1s1 “HAeKca KapTa CBO60/{HOTO IIPOCTPaHCTBa CTPOUTCS IIPYU HAIMYWHU ITYCTHIX CTPAHMUI], a JJIs I10C/Ie/[0BaTeIbHOCTH
CyIIleCTBYeT TOJbKO OCHOBHOM CJIOM.

BpeMeHHEBIe TabJIUITBI XPAHITCS TaK JKe, KaK U IIOCTOSTHHBIE.
=> CREATE TEMP TABLE temp AS SELECT * FROM t;
SELECT 10000

=> VACUUM temp;

VACUUM

=> SELECT pg_relation_filepath('temp');

pg relation filepath

base/16386/t4 16397
(1 row)

K umenu ¢aiira 1o6aBisieTcst mpedUKC, COOTBETCTBYIOIINI HOMEPY CXeMBI /TSI BpeMeHHEIX 00HEKTOB.
postgres$ ls -1 /var/lib/postgresql/16/main/base/16386/t4_16397*

SrwW------- 1 postgres postgres 450560 wuioH 23 23:25
/var/lib/postgresql/16/main/base/16386/t4 16397

SrW------- 1 postgres postgres 24576 wioH 23 23:25
/var/lib/postgresql/16/main/base/16386/t4 16397 fsm
SrwW------- 1 postgres postgres 8192 umwH 23 23:25
/var/lib/postgresql/16/main/base/16386/t4 16397 vm

Cy1iecTByeT II0JIe3HOe IIpHIoyKeHHe oid2name, BXo/jsIIiee B CTaHJapTHYIO II0CTaBKY, C IIOMOIIIbI0 KOTOPOTO MOYKHO JIETKO CBSI3aTh
00BeKTHI B/] 1 Gpatiib.

MO0>KHO ITOCMOTPETH BCe 6a3bl JaHHBIX:
student$ /usr/lib/postgresql/16/bin/oid2name

All databases:
0id Database Name Tablespace
16386 data lowlevel pg default
5 postgres pg default
16385 student pg default
4 template@ pg default



1 templatel pg default
MO0>KHO ITOCMOTPETH BCe 00'HEKTHI B 6a3e:
student$ /usr/lib/postgresql/16/bin/oid2name -d data_lowlevel

From database "data lowlevel":
Filenode Table Name

Witu Bce TaGJIMYHBIE IIPOCTPAHCTBA B 6ase:
student$ /usr/lib/postgresql/16/bin/oid2name -d data_lowlevel -s

All tablespaces:
0id Tablespace Name

1663 pg default
1664 pg_global

MO0>KHO IT0 UMeHH TabJIUIIb] y3HATh UM4 daiiia:
student$ /usr/lib/postgresql/16/bin/oid2name -d data_lowlevel -t t

From database "data lowlevel":
Filenode Table Name

Wi Hao60oPOT, 10 HOMePY ¢aiiia y3HATh TabJIHILY:
student$ /usr/lib/postgresql/16/bin/oid2name -d data_lowlevel -f 16388

From database "data lowlevel":
Filenode Table Name

Pasmep ci1oeB

Pa3Mep $aiyIoB, BXOJSIIUX B CI0H, MO>KHO, KOHEYHO, IIOCMOTPETh B $GaiyIOBOM CHCTEME, HO CYII[eCTBYeT CIellhaabHas QYHKITUI
IUISL TIOJTyIeHHUsI pasMepa KaXk/[0To CJI0sI B OT/[eIbHOCTH:

=> SELECT pg_relation_size('t','main') main,
pg_relation_size('t','fsm') fsm,
pg_relation_size('t','vm') vm;

450560 | 24576 | 8192
(1 row)



TOAST Posggres

Bepcusi cTpOKM [10/KHA TOMELaThCsl Ha OIHY CTPaHULLY

MOYXHO C)KaTb 4acTb I10JIer
MOYXHO BBIHECTH UaCTh TI0JIEH B OTAEBbHYIO toast-Tabuily
MO)KHO C>KaThb Y BIHECTU OJJHOBPEMEHHO

Toast-Tabmmiia

HaxoJUTCs B cxeMe pg_toast (pg_toast_temp_N)

rozi/iepkaHa cCo6CTBeHHBIM MH/IEKCOM

COZIepKUT (hparMeHThI «IJTMHHBIX» 3HAUeHHH pa3MepOM MeHbllle CTPAHHULIbI
YUTAeTCs TOJILKO MPY 00paIieH|! K «IJTMHHOMY» TIOJTO

rMeeT COOCTBEHHYIO BePCHOHHOCTh

WCTIO0JIb3YeTCsI TIPO3PAYHO [1Jisi TIPUJIOXKEHUST

JTrob6asn Bepcusa cTpokm B PostgreSQL go/mkHa UeniMkom nomellarscsa Ha
OfHY CTpaHuLy. Ana «ANVNHHbIX» BEPCUIA CTPOK NPUMEHSAETCH TEXHO/OMNSA
TOAST — The Oversized Attributes Storage Technique. OHa
noapasymMeBaeT HECKO/IbKO cTparternii paboTbl C «4JIMHHBIMUY» MOIAMM.
3HauyeHne Nonsa MOXET BbITb CXaTo Tak, YTOObl BEPCUsi CTPOKU NOMECTUACh
Ha cTpaHuuy. 3Ha4YeHne MOXeT ObITb yOpaHo 13 Bepcun N nepemMeLLeHo

B OTAENbHYIO CNYy)XebHyo Tabnuuy. MoryT npumMeHATbCA U 06a noaxoaa:
Kakune-To 3HayeHus ByayT cxaTbl, Kakme-To — nepeMeLLeHbl, Kakne-1o —
cXaTtbl N NnepeMeLLeHbl 04HOBPEMEHHO.

[N KaKaoi OCHOBHOM Tabnuubl NPy HEO6XOAMMOCTU CO3[aeTcsa oTAe/lbHas
toast-tabnuua (U K Heil cneunasnbHbIA NHOEKC). Takme Tabnuubl U MHOEKCHI
pacnosiaraloTcA B OTAe/IbHOM cxeme pg_toast 1 Mo3aTOMy 0ObIYHO HE BUAHbI
(815 BpeMeHHbIX Tabnuu, ncnonb3lyetcd cxema pg_toast temp N
aHas10rMYyHoO 06bIYHOK pg_temp_N).

Bepcun CTPoK B toast-TabnuLe Toxe A0/MKHbI MOMELLATLCS Ha OAHY
CTPaHuLy, NO3TOMY A/IMHHbIE 3HAYEHUSI XPAHATCSI NOope3aHHbIMKN Ha
parmenTbl. VI3 aTux dpparmeHToB PostgreSQL npo3payHo A5 NpUIoXKeHus
«CK/1IeMBaeT» He06X0AMMOoe 3HaUYEeHME.

Toast-Tabnmua ncnosb3yeTcs TO/IbKO NPy 06paLLeHnn K ASIMHHOMY
3HauyeHuo. Kpome Toro, Asis toast-Tabnuupbl NoaaepxmBaeTcsl CBOs
BEPCUOHHOCTb: €C/IM 0GHOB/MEHNE aHHbIX He 3aTparMBaeT «A/IMHHOEe
3HauyeHune, HoBasi BEPCUS CTPOKM BYAET CCblNaTbCs Ha TO XXe caMoe
3HaueHue B toast-TabnmLe — 3T0 3KOHOMUT MECTO.

https://postgrespro.ru/docs/postgresgl/16/storage-toast
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TOAST

B TEIGIII/II_IE tecTh CTOJI6eu THIIa nUMeric. 3TOT TUI MOKET pa60TaTI) C OUeHb OOJIBLIITUMHU YHUCIaMU. HaanMep, C TAKHMH:

=> SELECT length( (123456789::numeric ~ 12345::numeric)::text );

IIpH 3TOM, eCJIM BCTABUTh TaKOe 3HaUeHUe B Ta6JIHITY, pasMep $aiiioB He U3MEHUTCS:
=> SELECT pg_relation_size('t','main');

pg_relation size

=> INSERT INTO t(n) SELECT 123456789::numeric ~ 12345::numeric;
INSERT 0 1
=> SELECT pg_relation_size('t','main');

pg relation size

I10CKOJIbKY BEPCHS CTPOKH HE MOJKET IIOMECTUTLCS Ha O[JHY CTPaHMUITy, 3HaAUEHUE aTPUGYTa N XPAaHUTCS B OTAEILHOM toast-
Taburie. Toast-TabIHIIa ¥ HHAEKC K HeH CO3/Jal0TCst aBTOMATHYECKH TSI KaXK/IO0H TaGJIUITEI, B KOTOPOH eCTh IOTEHIIHATIBHO
«JTMHHBIM» THII JAHHBIX, ¥ UCII0JIB3YIOTCS IT0 HEOOXOMMOCTH.

VMs ¥ UAeHTHOUKATOP TaKOH TaG/IHITEI MOYKHO HaUTH CJIeYIONTHIM 00pa3oM:

=> SELECT relname, relfilenode FROM pg_class WHERE oid = (
SELECT reltoastrelid FROM pg_class WHERE oid = 't'::regclass
);

relname | relfilenode
________________ o e e e e e oo
pg _toast 16388 | 16391
(1 row)

BoT u ¢aiiisl toast-TabIHIIBL:

postgres$ 1s -1 /var/lib/postgresql/16/main/base/16386/16391%*

rwW------- 1 postgres postgres 57344 wuwoH 23 23:25
/var/lib/postgresql/16/main/base/16386/16391
SrW------- 1 postgres postgres 24576 wwoH 23 23:25

/var/lib/postgresql/16/main/base/16386/16391 fsm

CyI11eCcTBYIOT HECKOJIBKO CTpaTeTHH paboThI C JIMHHBIMM 3Ha4eHUsIMU. HasBaHUe cTpaTeruy IIoKasbIBaeTcs B II0JIe Storage:

=> \d+ t
Table "public.t"
Column | Type | Collation | Nullable | Default | Storage |
Compression | Stats target | Description
-------- B L T T e
______ L Ty,
id | integer | | not null | generated always as identity | plain
I I
n | numeric | | | | main |
I I
Indexes:

"t pkey" PRIMARY KEY, btree (id)
Access method: heap

e plain — TOAST He npuMeHsieTcs (THUII KMeeT QUKCHPOBAHHYIO JJINHY);



extended — IIPpUMEHAETCd KaK CKaTHue, TaK U OTJAe/IbHOe XpaHeHUe;
external — coxkaTue He HCII0JIB3YeTCsd, TOJIBKO OTAEe/JIbHOE XpaHEeHUEe;

® main — Takue I10JI1 Oﬁpa6aTLIBa}OTCH B IIOCJIEAHIOIO OUepeab B BEIHOCATCA B tOﬁSt-TaGJII/ILIy, TOJIBKO €CJIN CKaTHusA
HETOoCTaTOYHO.

CTpaTerusi HasHauyaeTcs /I KaXKI0To CTOJI6Ia IIPU COo3laHNU TabauIbl. Ee MOXKHO yKasaTh SIBHO, a 3HaUeHHe 110 YMOJIYaHHI0
3aBHCHT OT THIIA JaHHBIX.

HpI/I HeOﬁXO,ZLI/IMOCTI/I CTpaTerruo MOKHO BIIOCJIEACTBUH U3SMEHUTE. HaanMep, €CJId U3BECTHO, YTO B CTOJI6LIE XPaHATCA yoKe
C)XaThle JaHHbIe, Pa3YMHO IIOCTaBUTH CTpaTeruro external.

IIpocTo AJIs1 TpUMepa:
=> ALTER TABLE t ALTER COLUMN n SET STORAGE external;
ALTER TABLE

Jta oIrepanysd He MeHseT CYIeCTBYIOIre JaHHbIe B TaGJII/IU;e, HO oIIpezesiieT CTpaTeruro pa60Tm C HOBBIMH Be€PCUAIMU CTPOK.
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Pasmep Tabnuubl Posggres

Tabnuua TOAST MHpekebl

%% &%
%

pg_table_size pg_indexes_size

pg_total_relation_size

Kak y»xe roBopmnoch, pasmep OTAE/TbHOro C/1051 MOXXHO NOJY4YnNTb OYHKUMEN
pg_relation_size. UTob6bl He cymMMnpoBaTb pa3mepbl OTAE/bHbIX C/I0€B, eCTb
HECKO/1IbKO (DYHKLIMIA, NOKa3blBalOLMX pasmMepbl Tabnnupl:

* pg_table_size nokasbiBaeT pasmep Tabnnybl 1 ee toast-yactu (toast-
Tabnuubl 1 06CNYXMBAKLLETO ee nHaekca), Ho 6e3 06blYHbIX MHAEKCOB.
DTy Xe PYHKLMIO MOXHO MCNOMb30BaTb AJ/19 BblYUCEHNA pa3mepa
OTAENbHOIo NHAEKca: U Tabnuubl, N UHAEKCHI ABNAOTCA OTHOLLEHUAMMU,
N, HECMOTPSA Ha Ha3BaHue, PYHKUMA NPUHUMAET Ntlo60e OTHOLLEHNE.

* pg_indexes_size cymMunpyeT pasMepbl BCeX NHAEKCOB Tab/mLbl, KpoMe
NHAaekca toast-tabnumubl.

* pg_total _relation_size nokasblBaeT NosiHbIA pasmep Tabnuupbl, BMecTe
CO BCEMU ee NHOEeKcaMu.



Pa3mep TabMIbI

Pa3Mep TaGJIUIIbL, BKIIOYasi toast-TaGIIUITY U 0GCIY)KUBAIOIIIHI ee MHIEKC:
=> SELECT pg_table_size('t');

pg table size

581632
(1 row)

061111t pasMep BCeX HHEKCOB TaOJIUIIbL:
=> SELECT pg_indexes_size('t');

pg_indexes size

JIJ1s1 TIosTyueHusI pasMepa OT/ie IbHOT0 MHAeKca MOYKHO BOCIIOJIb30BaThCd GyHKITUel pg_table_size. Toast-uyacTH y MH/IEKCOB HeT,
103TOMYy QYHKITHS ITI0Ka)KeT TOJILKO pasMep Bcex cjIoeB MH/eKca (main, fsm).

Ceifuac y TabJIMIIEI eCTh TOJBKO HHJEKC 110 IIePBUYHOMY KJII0Uy, II03TOMY Pa3Mep 3TOro MHJeKca CoBIIaZiaeT Co 3HaUeHUeM
pg_indexes_size:

=> SELECT pg_table_size('t_pkey') AS t_pkey;

245760
(1 row)

O611uii pasmep Tabauipl, BKIogawomuid TOAST 1 Bce HHIEKCHI:
=> SELECT pg_total_relation_size('t');

pg_total relation size

827392
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Toru Posygres

OOBeKT TIpe/icTaB/ieH HeCKOJTbKUMHU CJIOSIMH
CJ10¥1 COCTOUT M3 OJHOTO WA HECKOJIbKUX (PaltyioB-CETMEHTOB

st «JTMHHBIX» Bepcri CTPOK rcrnonb3dyercss TOAST
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of] PROFESSIONAL

[1pakTnka Posigres

1. Co3patiTe HEXKYPHaA/TUPYEMYIO TaO/MUITy B TIO/Th30BaTe/THCKOM
TaO/IMUHOM MPOCTPaHCTBe U yOeauTech, UTo /i TabaHIbI
CyILIeCTBY€eT CJIOH init.

Ynanurte co3faHHOe TabIMUHOEe TIPOCTPAHCTRBO.

2. Cospaiite Tab/UIy CO CTOIOI[OM THIIA text.
Kakasi cTparervst XpaHeHHsl IPUMEHSIeTCS [I/Is1 3TOr0 CToJ0a?

M3meHUTe cTpaTeruto Ha external U BcTaBbTe B TabIMULLY
KOPOTKYIO Y JJIMHHYIO CTPOKH.

[TpoBepbTe, MOMA/M /M CTPOKHU B toast-TabMITy, BHITIOIHUB
TIPSIMOM 3arpoc K Hell. OOBSICHUTE, TTOUeMy.

11



1. HecxxypHa/mpyemasi Ta6/MIia

student$ sudo -u postgres mkdir /var/lib/postgresql/ts_dir

=> CREATE TABLESPACE ts LOCATION '/var/lib/postgresql/ts_dir"';
CREATE TABLESPACE

=> CREATE DATABASE data_lowlevel;

CREATE DATABASE

=> \c data_lowlevel

You are now connected to database "data lowlevel" as user "student".
=> CREATE UNLOGGED TABLE u(n integer) TABLESPACE ts;

CREATE TABLE

=> INSERT INTO u(n) SELECT n FROM generate_series(1,1000) n;
INSERT 0 1000

=> SELECT pg_relation_filepath('u');

pg_relation filepath

pg tblspc/16386/PG_16 202307071/16387/16388
(1 row)

ITocMoTpuM Ha $aiiibl TabIUITEL.

OﬁpaTI/ITe BHHMaHUeE, 4YTO CJIeayroInass KoMaH/aa 1s BBITTOTHSIETCST OT UMEHHU II0JIb30BaTe I postgres. YToO6BI IIOBTOPUTH TaKYIO
KOMaHLy, y,l:[O6H0 CHavaJia OTKpPBITH €Ilfe 0JHO OKHO TEpMHHaJIa U IIePEKJII0YNUTHECA B HEM Ha APYTIoro I10JIb30BaTeId KOMAaHJ0H:

student$ sudo -i -u postgres
U 3aTeM B 3TOM >Ke OKHE BBIIIOJTHUTD:
postgres$ 1s -1 /var/lib/postgresql/16/main/pg_tblspc/16386/PG_16_202307071/16387/16388*

SrwW------- 1 postgres postgres 40960 wuwoH 23 23:33
/var/lib/postgresql/16/main/pg tblspc/16386/PG 16 202307071/16387/16388
Srw------- 1 postgres postgres 24576 wuoH 23 23:33
/var/lib/postgresql/16/main/pg_tblspc/16386/PG_16_202307071/16387/16388_fsm
Srw------- 1 postgres postgres 0 wmwoH 23 23:33
/var/lib/postgresql/16/main/pg_tblspc/16386/PG_16_202307071/16387/16388_init

YaauM cos3jaHHOe TabJIMYHOe IIPOCTPAaHCTBO:
=> DROP TABLE u;

DROP TABLE

=> DROP TABLESPACE ts;

DROP TABLESPACE

student$ sudo -u postgres rm -rf /var/lib/postgresql/ts_dir

2. TabsmIta ¢ TEKCTOBBIM CTOJIOIIOM

=> CREATE TABLE t(s text);
CREATE TABLE
=> \d+ t

Table "public.t"
Column | Type | Collation | Nullable | Default | Storage | Compression | Stats target |
Description

s | text | | extended |
Access method: heap

IIo yMOJIYaHHUIO JIJIS TUIIA teXt HCII0Ib3yeTcst cTpaTerys extended.



V3MeHUM CTpaTeTHIo Ha external:

=> ALTER TABLE t ALTER COLUMN s SET STORAGE external;
ALTER TABLE

=> INSERT INTO t(s) VALUES ('KopoTkas cTpoka.');
INSERT 0 1

=> INSERT INTO t(s) VALUES (repeat('A',3456));
INSERT 0 1

IIpoBepUM toast-TabIuILy:

=> SELECT relname FROM pg_class WHERE oid = (
SELECT reltoastrelid FROM pg_class WHERE relname='t"
);

relname

pg toast 16391
(1 row)

Toast-TabJIHIla «CIIpsITaHa», TaK KaK HaXOIUTCS B CXeMe, KOTOPOM HeT B IIyTH IIOMCKa. U 3T0 MpaBUIBHO, ITIOCKOJIBKY TOAST
paboTaeT IIpo3pavHO 14 IT0JIb30BaTe . Ho 3aTJIAHyTh B Ta6/IMITy BCe-TaKH MOKHO:

=> SELECT chunk_id, chunk_seq, length(chunk_data)
FROM pg_toast.pg_toast_16391
ORDER BY chunk_id, chunk_seq;

chunk _id | chunk seq | length

__________ L S L
16396 | 0 | 1996
16396 | 1| 1460

(2 rows)

BupHo, uyTo B TOAST-Ta6/IHIly I0oIIajia TOJIBKO AJMHHAs CTPoKa (IBa dparMeHTa, 061U pasMep COBIIaJaeT C AJIMHOM CTPOKH).
KopoTkas cTpoka He BeIHeceHa B TOAST IIpoCTO IIOTOMY, YUTO B 3TOM HeT HE06X0/JUMOCTH — BepCHsi CTPOKU U 6e3 9Toro
TIOMeII[aeTCs B CTPAHHILY.



of] PROFESSIONAL

[1pakTuka+ Posigres

1. Cospaiite 6a3y JaHHBIX.

CpaBHuTe pa3Mep 6a3bl JaHHBIX, BO3BpalllaeMblii hyHKI[Hei
pg_database_size, c 001[M pa3mMepoB BcexX Tab/UI] B 3TOM Oa3se.

OObsICHUTE MO/TyUeHHbIN pe3y/bTar.

2. B TOAST nopaep>xuBaroTcs Ba MeTofia CKatusi: pglz u 1z4.
[TpoBepsTe cpefctBamu SQL, 6611 1 PostgreSQL
CKOMITU/TMPOBAH C TO/I1eP>KKOM 3TUX MEeTO/0B.

3. CospaiiTe TeKCTOBBIH (haiin pasmepom bosbitie 10 M6aiT.
3arpysuTe ero CoZiep>KUMoe B Tab/IMIly C TEKCTOBBIM TI0/IEM,
CHauasa 6e3 CKaTus, a 3aTeM UCIIO/b3Ys KaXKAbIA U3
anroputMoB. CpaBHUTE UTOTOBBIN pa3Mep TaOJIUIIbI U BpEMS
3arpy3KH JJaHHBIX JJIs TDEX BapUAHTOB.
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1. Cnucok Tabnuu, 6asbl AaHHbIX MOXHO NOYYUTb U3 Tabnuuel pg_class
CUCTEMHOrO KaTtaJsiora.

2. C nomoLbto npeacrtasneHns pg_config MOXHO y3HaTb, Kakue napameTpsbl
ObI/I1 yCTaHOB/EHbI CKpunTy configure npu céopke MO cepepa. CTpoka,
cofepxallas Cnnucok napaMmeTpoB, BENVKa; BblAeNTb HEOOX0ANMbIE
napamMmeTpbl MOXHO doyHKUMeR string_to table().

3. YUT06bI NONYYnUTb TEKCT AJ15 IKCNEPUMEHTA, MOXHO B3ATb A0CTATOYHO
60MbLLON ABOWYHLIA Paiin (Hanpumep, UCMONHAEMBIN doaiin postgres)

N npeobpa3oBaTb ero B TEKCT. [1n1s npeobpazoBaHns MOXHO UCMOb30BaTb
anroputm Base32 (kntoy -w@ OTMEHSET NepeHOCbl CTPOK):

base32 -wO < gBOWYHbIVi-Pan/s > TeKCTOBbIN-pakis



1. CpaBHeHHe pasMepoB 0a3bl JAHHBIX U TA0/IHUI, B HEH

=> CREATE DATABASE data_lowlevel;

CREATE DATABASE

=> \c data_lowlevel

You are now connected to database "data lowlevel" as user "student".

Jaxe mycTas 6a3a JaHHBIX COLEPIKUT TabJINITHI, OTHOCSIIHECS K CUCTEMHOI0 KaTasIory. [I0THBIH CITMCOK OTHOIIEHUH MOYKHO
TIOJIYIUTH U3 TabIUITI pg_class. 113 BEIOOPKU Ha/l0 UCKIIOUUTE:

® TabJINITE], OOIITHe /11 BCeTo KaacTepa (OHU He OTHOCSITCS K TeKylllelt 6a3e JaHHBIX);
® LHJEeKCHI U toast-TabuIbl (OHU OYAYT aBTOMaTHUeCKH YUTEHBI IIPH II0/icCYeTa pasMepa).

=> SELECT sum(pg_total_relation_size(oid))
FROM pg_class

WHERE NOT relisshared

AND relkind = 'r';

7536640
(1 row)

Pa3smMep 6a3bl JAHHBIX 0KA3BIBAETCSI HECKOJIHKO GOJIBIIIE:
=> SELECT pg_database_size('data_lowlevel');

pg_database size

Mlesto B ToM, uTo GyHKIIMsA pg_database_size BosBpaIiaeT pasMep KaTajora ¢paiaoBoi CHCTeMB], a B 9TOM KaTajIore HaXOAATCs
HeCKOJIbKO CJIy>Ke6HbIX GaiIoB.

=> SELECT oid FROM pg_database WHERE datname = 'data_lowlevel';

O6paTI/ITe BHHMaHUE, 4TO CaeAyrolnast KoMaH/ia 1s BBITTOTHSIETCST OT UMEHU T10JIb30BaTeIs postgres. YTOOBI IIOBTOPUTH TaKylo
KOMaH[y, yI[OGHO CHa4vaJia OTKPBITH ellle OJHO OKHO TEpMUHAaJIa U IIEePEKITI0YUTHCA B HEM Ha PYroro I10/ib30BaTe st KOMaHﬂOI‘/‘IZ

student$ sudo -i -u postgres
U 3aTeM B 9TOM >Ke OKHE BBIIIOJTHUTD:
postgres$ ls -1 /var/lib/postgresql/16/main/base/16386/[~0-9]*

SrW------- 1 postgres postgres 524 wwH 23 23:33
/var/lib/postgresql/16/main/base/16386/pg filenode.map
SrwW------- 1 postgres postgres 159700 wuioH 23 23:33
/var/lib/postgresql/16/main/base/16386/pg internal.init
Srw------- 1 postgres postgres 3 wmioH 23 23:33
/var/lib/postgresql/16/main/base/16386/PG_VERSION

e pg_filenode.map — oTo6pakeHue 0id HEKOTOPHIX Ta6/IHI] B UMeHa $aiiIoB;
® pg internal.init — KeII CHCTeMHOr0 KaTaJjora;

® PG_VERSION — Bepcus PostgreSQL.

H3-3a TOTO, 4YTO OJHU QYHKIIMK paboTal0T Ha YPOBHe 00BbeKTOB 6a3kl JaHHBIX, a APYTHe — Ha ypoBHe $aiioBO CUCTeMBl, ObIBaeT
CJIO’KHO TOYHO COIIOCTaBUTh BO3BpalljaeMble pasMephl. ITO 0OTHOCUTCA U K QYHKIIMHU pg_tablespace_size.

2. Ilogmep>xka meToaoB cxatust TOAST

IIpexcTaBiaeHue pg_config mokaspIBaeT ITapaMeTphl, KOTOPEIe GBLIN ITepefaHbl CKpHITY configure mmpu c6opke PostgreSQL.



=> SELECT * FROM (
SELECT string_to_table(setting, ''' ''') AS setting
FROM pg_config WHERE name = 'CONFIGURE'

)
WHERE setting ~ '(lz|zs)';

setting

--with-1z4
--with-zstd
(2 rows)

Kaxoi MeTop cxxatust TOAST HCIIOIB3yeTCs 110 YMOTYaHHUIO?
=> \dconfig *toast*

List of configuration parameters
Parameter | Value

default toast compression | pglz
(1 row)

Kaxue MeTObI MOKHO IIPUMEHATD?

=> SELECT setting, enumvals FROM pg_settings WHERE name = 'default_toast_compression’;

setting | enumvals

_________ L
pglz | {pglz,1z4}
(1 row)

3. CpaBHeHHE METO/0B CoKaTuA

CpaBHI/IM MeTO/bI CKaTUs Ha IIpMepe TEKCTOBBIX TaHHBIX.

UT065!I IOJMYUYUTD TEKCT 60JIBIIIOro 06’beMa, BO3bMeM HUCIOIHIeMbIH aiii postgres 1 IIpeo6pasyeM ero B TEKCT C IIOMOIITHI0
aJropuTMa Base 32, KOTOPBIH IPUMEHSETCS B 3IeKTPOHHOM IToUTe.

student$ sudo cat /usr/lib/postgresql/16/bin/postgres | base32 -w@ > /tmp/gram.input
ITosryguBIIHICSA TeKCTOBBIN Qaliyl IMeeT SOCTaTOUHBIM pasMep.

student$ 1s -1 --block-size=K /tmp/gram.input

-rw-rw-r-- 1 student student 16379K wwH 23 23:33 /tmp/gram.input

CosgasuM TabJIHIy AJIs1 3aTPY3KU TEKCTOBBIX JJAHHBIX.

J1s1 cToJIbIIa tXt ycTaHOBUM cTpaTeruio XxpaHeHHss EXTERNAL, KoTopas ZOITycKaeT OT/eIbHOe XpaHeHUe, HO He CoKaTHe.

=> CREATE TABLE t (
txt text STORAGE EXTERNAL
);

CREATE TABLE
3arpysuM JaHHbIe U3 TEKCTOBOTO datisa.
=> \timing on
Timing is on.
=> COPY t FROM '/tmp/gram.input';

COPY 1
Time: 441,252 ms

=> \timing off

Timing is off.

ITpoBepuM pa3mep TabuIsl, BKIo4dasg TOAST.
=> SELECT pg_table_size('t')/1024;

?column?

OmycTomniM TabIuITy U 3a/IafiM COKaTHe C IIOMOIIBI0 pglz.



=> TRUNCATE TABLE t;
TRUNCATE TABLE

=> ALTER TABLE t
ALTER COLUMN txt SET STORAGE EXTENDED,
ALTER COLUMN txt SET COMPRESSION pglz;

ALTER TABLE

Tereps ucriosibsyetcs crpaTeruss EXTENDED, KkoTopas foIycKaeT Kak CKaTue, TaK U OT/eJIbHOe XpaHeHUe.
CHOBa 3arpysuM JJaHHEIE.

=> \timing on

Timing is on.

=> COPY t FROM '/tmp/gram.input';

COPY 1
Time: 830,392 ms

=> \timing off
Timing is off.
=> SELECT pg_table_size('t')/1024;

?column?

PasMep Ta6JIUITBI 3HAUUTEIbHO YMEHBIIHIICS, HO IIPK 3TOM 3aMeTHO BBIPOCJIO BPeMSI 3aTPY3KH.
CHOBa OITyCTOLINM TaGJIUITY U 3aa/JUM Tellephb CoKaTHe ¢ IIOMOIIbI0 1z4.

=> TRUNCATE TABLE t;

TRUNCATE TABLE

=> ALTER TABLE t ALTER COLUMN txt SET COMPRESSION 1z4;

ALTER TABLE

Elrie pas sarpy3suM JaHHbIe U CDABHUM.

=> \timing on

Timing is on.

=> COPY t FROM '/tmp/gram.input’;

COPY 1
Time: 293,715 ms

=> \timing off
Timing is off.
=> SELECT pg_table_size('t')/1024;

?column?

AJITOPUTM 124 cj1eTKa ycTyIaeT pglz 1o cTelleHH CKaTHs, OFHAKO paboTaeT SHAUUTEeIbHO OBICTpee.
VaanruM TeKCTOBBIM daril.

student$ sudo rm -f /tmp/gram.input



