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Mcnonb3oBaHue MaTepuasioB Kypca

HekoMmmepueckoe ncnosib3oBaHne Marepuanos Kypca (npeseHtauuu,
AeMOHCTpaummn) paspeluaeTtcs 6e3 orpaHnyeHnii. Kommepueckoe
MCNOMb30BaHNEe BO3MOXHO TOSIbKO C NMMCbMEHHOIO paspeLleHms KoMnaHum
Postgres Professional. 3anpeliaercs BHeECEHNE U3MEHEHWNI B MaTepuabl
Kypca.

OGpaTtHaA cBsi3b
OT3bIBbl, 3aMeYaHns 1 NPeasIOKEHUA HanpasnsnTe No agpecy:
edu@postgrespro.ru

OTKa3 OT OTBETCTBEHHOCTHU

KomnaHus Postgres Professional He HeCceT HMKaKo OTBETCTBEHHOCTM 3a
N06ble NOBPEXAEHUA N YObITKA, BKKOYAA NOTEPI0 40X04a, HAHECEHHbIEe
NPSAMbIM UM HENPAMBIM, CleunasibHbIM UK CyvYaiHbiM UCMO/Ib30BaHWEM
mMaTepuanos kypca. KomnaHusa Postgres Professional He npegoctasnsaet
Kakux-nnbo rapaHTuii Ha matepuasbl Kypca. MaTepuasbl Kypca
NPeAoCTaBNSTCS Ha OCHOBE NMpuHLUMNa «Kak ecTb» U KoMmnaHusa Postgres
Professional He 06s13aHa NpefoCcTaBNATb CONPOBOXAEHME, NOALEPXKKY,
OGHOB/EHNSA, PaCLUNPEHNS N N3MEHEHNS.
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Tembl Posigres

dalisbl JaHHBIX
Crnou: JaHHbIe, KapThl BUIMMOCTH 1 CBOOOIHOTO ITPOCTPAaHCTBA

Hmvnnable Bepcur cTpoK U TOAST
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Cnou o6beKkTa Posigres

main

NNN.2

a NNN.1

NNN

NNN_fsm.1
NNN_fsm

NNN_vm

pg_relation_size

O6bI4HO KaxXXaoMy 00bekTy B/l, XpaHswemy gaHHble (Tabnuue, UHAEKCY,
nocnenoBare/ibHOCTU, MaTtepuasiM3oBaHHOMY NpeacTaB/IeHNIO),
COOTBETCTBYET HECKO/bKO cs10e8 (forks). Kaxablii Cron coaepxuT
onpeaeneHHbli BUA AaHHbIX.

BHauasie cnoii coaepxuTt oguH-eANHCTBEHHbIN thain. ims chainna coctont
N3 YNCNOBOIo naeHTUdmKaropa, K KOTopomy MoXeT 6bITb f06aB/1eHO
OKOHYaHWe, COOTBETCTBYHOLLEE NUMEHM CJI0A.

daiin nocteneHHo pacTeT u, Korga ero pasmep goxoaut oo 1 Méaiita,
co3pgaeTcd cneayrowmin dpan aToro e cnos. Takne gpannsl MHoraa
Has3blBalOT ceameHmamu. MNopaakoBbIi HOMeEP cermeHTa go6aBnAeTcs

B KOHel nMmeHun danna. O6Lnii pasmep /1060ro €108 nNokasbiBaeT PYyHKUNA
pg_relation_size.

OrpaHnyeHne pasmepa aina B 1 6anT BO3HUKIO NCTOPUUECKN OJ1S
NOAAEPXKKM pa3INYHbIX (DaiIoBbIX CUCTEM, HEKOTOPbIE U3 KOTOPbIX HE
yMeloT paboTtartb ¢ dhanniamm 601bLOro pasmepa. YCTaHOBUTb APYroin
pasmep MOXHO TO/IbKO Npu CO0pKe cepBepa M3 NCXOAHbIX KOA0B
(--with-segsize).

Takum 06pa3om, ogHOMY 00beKTy B[] Ha AMCKe MOXEeT COOTBETCTBOBATb
HecKosbko doainos. Ana He60bLWOoN Tabnuubl nx 6yaet 3, ANa nHAekKca —
ABa. Bce paitnibl 06beKTOB, NpUHaanexawmx ogHoMy TabmyHomy
NPOCTpPaHCTBY M oAHoi B/, 6yayT noMeLLleHbl B OANH KaTasor. 3TO
Heo6X0AMMO YUYMTbIBaTb, MOTOMY YTO (hali/lIoBble CUCTEMbI MOTYT HE OYEHb
XOpOLLO paboTaTb C 60/1bLUMM KONMYECTBOM (pai/ioB B Kataslore.
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Cnou Posy{gres

OCHOBHOH CJ/I0H

coOCTBEHHO JJaHHbIe (BepCUX CTPOK)
CYILIECTBYET ZJIsi BCeX 00BEKTOB

Crou nHuLManu3anuu (init)
«ITIYCTBIMIKa» /i1 OCHOBHOI'O CJ/I0A
WCITO/b3YeTCsI TIPU cO0e; TOMBKO /17T HeXKYPHa/TUPYeMbIX TabuL]

Kaprta Bugumoctu (vim)

CYIIIeCTBYeT TOBKO JJisl TabJTHL]

Kapra cBob6ogHOr0 ripoctpadcTsa (fsm)

CYIIeCTBYeT U /iJisl TaO/IL], U A1 UH/EKCOB

[MocMOTpMM Tenepb Ha TUMbI C/I0EB.

OcHOBHOU ¢/1000 — 3T0 COOCTBEHHO AaHHbIE: BepPCUU CTPOK Tabnvu, nnm
NHOEKCHbIe 3anncu. MimeHa haiiioB OCHOBHOIO C/10s coBnagaroT
c ngeHtudmkaropom. OCHOBHOW CMOW CyLECTBYET A/151 NI06bIX 0ObEKTOB.

IMeHa haiinoB ¢/1051 UHUyuau3ayuu oOKaHuMBaKTCs Ha «_init». TOT coi
CYLLECTBYET TO/IbKO A1 HEXYPHa/IMpyeMbIX Tabnu, (Co3aHHbIX

¢ ykazaHnem UNLOGGED) n nx nHgekcoB. TakMe 06beKTbl HAYEM He
OT/INYAKOTCA OT 0ObIYHbIX, HO AEACTBUSA C HUMMK HE 3anncbiBatOTCS B XXypHaUl
ynpexgatollei 3annucu. 3a cyeT aToro pabota ¢ HUMKU NponucxoauT bbicTpee,
HO B C/ly4ae €605 X COAEePXXMMOE HEBO3MOXHO BOCCTAHOBUTL. Mpu
BOccTaHoB/ieHUN PostgreSQL npocTo yaanser Bce C/1oM Taknux 00 bEKTOB U
3anncbiBaeT CI0M MHULMaIM3aLnm Ha MecTo OCHOBHOIO cosi. B pesynbtare
noslyyaercsa nycrasa rabnuua.

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

Cnon vm (visibility map) — 6utoBas kapta suaumocTtu. MimeHa paiinos
3TOr0 C/1051 OKaHUMBAKTCA Ha «_vm». C/ioil cyllecTBYeT TO/IbKO ANs
Tabnuy,; o1 NHAEKCOB He NoAdepXnBaeTcs oTAe/ibHasa BEPCUOHHOCTb.

Cnotii fsm (free space map) — kapma c80600H020 rpocmpaHcmsa. VimeHa
dhaitnoB 3TOro €109 OKaH4YMBaOTCA Ha «_fsm». DTOT Col cyLlecTByeT U
Ana Taénuu, n Ana NHAEKCOB.

[Mpo ABe 3TK KapTbl pacckasblBasioCb B MoAy/e «ApXUTEKTYpa».
https://postgrespro.ru/docs/postgresqgl/16/storage-fsm
https://postgrespro.ru/docs/postgresqgl/16/storage-vm




Pacnonoxenue panios

=> CREATE DATABASE data_lowlevel;

CREATE DATABASE

=> \c data_lowlevel

You are now connected to database "data lowlevel" as user "student".
Co3pmaguM TabnIuly ¥ TOCMOTPUM Ha GaWiiel, MPUHAAJIeXKallye eun.

=> 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

YT065! CHOPMUPOBAJIUCH HOMIOIHUTEIILHEIE CJIOM, BEIIIOJIHUM OYUCTKY:

=> VACUUM t;

VACUUM

IlyTe mo ocHoBHOTrO (aiina oTHOcuTenbHO PGDATA MOXKHO HONIy4YuTh GyHKIUEH:
=> SELECT pg_relation_filepath('t');

pg_relation filepath

base/16386/16388
(1 row)

ITockonpKy Tabnuila HaxoouTCcs B TabnuyHOM IpocTtpancTBe pg default, myTs Haunnaetcs ¢ base. 3aTeM umet uMs
KaTaJsiora ajs 0a3bl JaHHBIX:

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

3aTreM — coOcTBeHHO uMs (daiina. ETo MOXHO y3HATh ClIenyIomuM 06pa3om:
=> SELECT relfilenode FROM pg_class WHERE relname = 't';

relfilenode

Tem u yno6ua dbyukruus pg relation filepath, uTo BeImaeT roToBeli nyTh 663 HEOOXOAUMOCTH BBIIOIHSITH HECKOJIEKO
3aIPOCOB K CUCTEMHOMY KaTaJory.

ITocmotpuM Ha ¢aiinsl. [Joctymn K Katanory PGDATA nMmeet Tonpko nonbs3oBaTenb OC postgres, mosromy komaHza ls
BbIJAE€TCs OT €er0O UMEHH:

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

SrW------ - 1 postgres postgres 450560 ¢es 5 10:01
/var/lib/postgresql/16/main/base/16386/16388
Srw------- 1 postgres postgres 24576 ¢es 5 10:01
/var/lib/postgresql/16/main/base/16386/16388 fsm
SrW----- - 1 postgres postgres 8192 ¢e 5 10:01
/var/lib/postgresql/16/main/base/16386/16388 vm

MBI BUIUM TPU CJIOSI: OCHOBHOM CJIOM, KapTy CBOOOIHOTO IpocTpaHcTBa (fsm) u KapTy BUOUMOCTH (VIm).
AHANIOTUYHO MOXKHO IIOCMOTPETh U Ha (aisibl MHOEKCa:

= \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 ¢es 5 10:01
/var/lib/postgresql/16/main/base/16386/16393

U Ha ¢aiinisl 10CIef0BaTeIbHOCTH, CO3MAaHHOM ISt IEPBUYHOrO KIII0Ya:
=> 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*

SrW------- 1 postgres postgres 8192 ¢es 5 10:01
/var/lib/postgresql/16/main/base/16386/16387

I nHOEeKCca KapTa CBO60]IH01"O IIPOCTPaAHCTBA CTPOUTCS IIPU HAJIMYUU IMYyCTHIX CTPAHHUIL], a OJId IIOCJIEA0BATEJIbHOCTHU
CyI1IeCTByeT TOJIbKO OCHOBHOM CJIOH.

BpemeHHEIE TAOIUIE XPAHSATCS TaK JKe, Kak ¥ [IOCTOSIHHEIE.
=> 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 ¢aiina nobasnseTcs npedUKC, COOTBETCTBYIOIIUN HOMEPY CXEME! [jI BpEeMEHHEIX 00BEKTOB.
postgres$ ls -1 /var/lib/postgresql/16/main/base/16386/t4_16397*

SrW----- - 1 postgres postgres 450560 ¢es 5 10:01
/var/lib/postgresql/16/main/base/16386/t4 16397

SrW------- 1 postgres postgres 24576 ¢es 5 10:01
/var/lib/postgresql/16/main/base/16386/t4 16397 fsm
SrW----- - 1 postgres postgres 8192 ¢es 5 10:01
/var/lib/postgresql/16/main/base/16386/t4 16397 vm

CyliecTByeT mojie3H0e IpuiioxkeHue oid2name, BXOASIIEe B CTAHOAPTHYIO ITOCTABKY, C IIOMOIIBI0 KOTOPOTO MOKHO JIETKO
cBs13aTh 00beKTH Bl u daiiier.

MO3KHO TOCMOTPETH BCce 6a3bl JaHHEBIX:
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



MO2KHO ITOCMOTPETH BCe 0OBEKTEI B Ga3e:
student$ /usr/lib/postgresql/16/bin/oid2name -d data_lowlevel

From database "data lowlevel":
Filenode Table Name

WUnm Bce TabnuyYHEIE IPOCTPAHCTBA B 6a3e:
student$ /usr/lib/postgresql/16/bin/oid2name -d data_lowlevel -s

All tablespaces:
0id Tablespace Name

1663 pg default
1664 pg_global

MO3KHO IO UMeHH TabJIUITEL Y3HATL UM (daiiia:
student$ /usr/lib/postgresql/16/bin/oid2name -d data_lowlevel -t t

From database "data lowlevel":
Filenode Table Name

Wnu HaoGopoT, 1o HoMepy daiiia y3HaTh TabIUIly:
student$ /usr/lib/postgresql/16/bin/oid2name -d data_lowlevel -f 16388

From database "data lowlevel":
Filenode Table Name

Pa3smep ci1oeB

Pa3mep ¢haiinoB, BXOOSAIMINUX B CIIOH, MOKHO, KOHEYHO, IOCMOTPETH B (HDalIOBOM CUCTEME, HO CYIIECTBYET CIIelHabHas
yukIUSI 071 mOTyYeHUsT pa3Mepa KaXKaoro CJI0SI B OTHEILHOCTHU:

=> 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 MOMeLaThCsl Ha OZIHY CTPaHULLy

MOYXKHO C)KaTb YacTb I0JIei
MOXXHO BBIHECTH UaCTh M0JIEH B OTZAE/bHYIO toast-Tabmily
MO)XHO CKaThb U BbIHECTU OJHOBPEMEHHO

Toast-Tabuiia

Haxo[UTCs B cxeMme pg_toast (pg_toast_temp_N)

roziiep>kaHa COOCTBeHHBIM UH/EKCOM

COZIepP)KUT (hparMeHThI «JTMHHBIX» 3HaueHW pa3MepoM MeHbIIle CTPaHHULIbI
YNUTAeTCs! TOTBKO MPU 00palljeHNH K «JJTAHHOMY» TTOTIO

MeeT COOCTBEHHYIO BEPCOHHOCTh

WCTIO/B3YeTCsI TIPO3PauHO IS PUIOKEHUS

JTtobas Bepcusa cTpokn B PostgreSQL AomkHa LemkomMm noMelatbcs Ha
Of4HY CTpaHuuy. ANna «O4J/IMHHBIX» BEPCUA CTPOK NPUMEHSAETCH TEXHO/OIUS
TOAST — The Oversized Attributes Storage Technique. OHa
nofApasymMeBaeT HeCKO/IbKO cTpareruii paboTbl C «4JIMHHBIMUY» NOSIAMWN.
3HauyeHne Nonsa MOXET BbITb CXaTo Tak, UTOObl BEpPCUsSi CTPOKU NOMeCTUIACh
Ha cTpaHuuy. 3HayeHne MOoXeT 6bITb YopaHO M3 BEpCUKN 1 NepemeLleHo

B OTAENbHYIO CMy)XebHyto Tabnunyy. Moryt npuMeHATLCA 1 06a nogxoaa:
Kakne-To 3Ha4yeHus ByayT Cxarbl, Kakme-To — NnepemMeLleHbl, Kakne-1o —
cXartbl 1 nepemMeLLeHbl 04HOBPEMEHHO.

[Nsi KaKAoin OCHOBHOW Tabnnupbl NP HEOBXOAUMOCTM CO30aETCA OTAEe/IbHas
toast-tabnuua (1 K Hel cneymanbHbIi MHAEKC). Takne Tabnuubl U NHOEKCHI
pacnonaratTcs B 0TAe/bHOM cxeMe pg_toast 1 N03ToMy 06bIYHO HE BUAHbI
(N8 BpemMeHHbIX Tabnuu ncnonb3yeTcs cxema pg_toast temp N
aHa/10rM4yHo 06bIYHOKM pg_temp_N).

Bepcuun cTpok B toast-tabnuue Toxe A0/MKHbI MOMELLAaTLCA Ha OAHY
CTpaHuLy, NO3TOMY AJ/IMHHbIE 3HAYEHUS XPAHATCA NOpPe3aHHbIMU Ha
bparmeHTbl. 13 atux doparmeHToB PostgreSQL npo3spayHo ans
MPUIOXEHUS «CKNENBaAET» HeE0OXoaMMOoe 3HaUYEHNE.

Toast-Tabnuua ncnonb3yeTcs TO/IbKO NPy 06paLLeHnn K ASIMHHOMY
3HauyeHuto. Kpome Toro, ans toast-tabnuubl NoaaepXnMBaeTcs CBOS
BEPCUOHHOCTb: €C/I 0GHOB/IEHNE [laHHbIX HE 3aTparnBaeT «A/IMHHOEe»
3HaueHune, HoBasi BEPCUSl CTPOKM BYIET CCbINIaThCs Ha TO Xe camoe
3HauyeHue B toast-TabsmLe — 3T0 IKOHOMUT MECTO.

https://postgrespro.ru/docs/postgresqgl/16/storage-toast




TOAST

B Tabmuile t ecTh cTOJIGEI] TUIIA NUMeEric. ITOT TUII MOXKET PaboTaTh C OYeHb OONBIIMMU YHCIaMu. Hampumep, C TAKUMU:

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

IIpu 9TOM, €C/TM BCTAaBUThH TAKOE 3HAUYEHUe B Tabnuily, pa3mep GaiaoB 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

TTockOJIBKY BEPCHUSI CTPOKU HE MOXKET IIOMECTUTHCS Ha OOHY CTPAHUIly, 3Ha4YeHUe aTpubyTa N XPaHUTCS B OTHENIbHOU toast-
tabnune. Toast-Tabnua ¥ UHOEKC K Hel CO3[Ial0TCS aBTOMATUYEeCKH IJIT KaxKA0M TaOIuIlbl, B KOTOPOUM €CThb MOTEHIIMATbHO
«OJTMHHBIA» TUI OAHHEIX, ¥ UCIOIL3YIOTCS 110 HEOOXOMUMOCTH.

UwMs u upeHTHOUKATOP TAKOM TaGIMULIbI MOKHO HAWTH CIIeAYIOMKUM 06pa3oM:

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

relname | relfilenode
________________ Fomm e e e e e e e e
pg toast 16388 | 16391
(1 row)

BoT u ¢atinbr toast-rabnuIe:

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

Srw------- 1 postgres postgres 57344 ¢es 5 10:01
/var/lib/postgresql/16/main/base/16386/16391
SrW----- - 1 postgres postgres 24576 ¢es 5 10:01

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

Cy1lIecTBYIOT HECKOJIBKO CTpATeruil paboTH C AIMHHBIMY 3HaYeHUsIMU. Ha3BaHUe CTPATErWH ITOKa3bIBAeTCsI B IIOJIE
Storage:

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

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



plain — TOAST He npumeHsieTcs (THUII UMeeT GUKCUPOBAHHYIO OJINHY);

extended — mpuMeHsieTCST KaK CXKaTHe, TaK U OTOeIbHOe XpaHeHue;

external — cxKaTue He UCIONB3YETCsI, TOJIBKO OTHAEJIbHOE XpaHeHHUe;

main — Takwue moJs 06pabaTHIBAIOTCS B MIOCTIEIHIO OYePenb U BEIHOCSATCS B toast-TabIuIly, TOJIPKO €CJIH CXKATUS
HEIOCTAaTOYHO.

CrpaTerus Ha3HA4YaeTCs AJis KaX/I0ro CTobna npu co3ganuu tabnuisl. Ee MOXKHO yKa3aTh IBHO, a 3HaYEHHUE 10
YMOTYAHUIO 3aBUCUT OT THUIIA HAHHBIX.

HpI/I HeOﬁXOI[I/IMOCTI/I CTpaTerno MO2KHO BIIOCJIIEICTBUU USMEHUTH. HaanMep, €CJIi U3BECTHO, YTO B CTOJI6].[e XPpaHATCA
YK€ CKaTbele HJaHHbIe, Pa3yYMHO IIOCTaBUTh CTPATETUIO external.

IIpocTo gnsa npuMepa:
=> ALTER TABLE t ALTER COLUMN n SET STORAGE external;
ALTER TABLE

JTa omeparys He MEHSIET CYIIeCTBYIOLMEe NaHHEIE B TAGIUIle, HO OIPENesisieT CTPATEr o PAOOTEL C HOBEIMU BEPCHUSIMU
CTPOK.
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Pasmep Tabnuubl Posggres

Tabnuua TOAST VHpekcbl

%% &%
%

pg_table_size pg_indexes_size

pg_total_relation_size

Kak y»xe roBopmioch, pasmep OTAE/IbHOro C/1051 MOXHO MOMAYUNTb PyHKUMEN
pg_relation_size. YUTob6bl HEe CyMMUpPOBaTb pasmMepbl OTAENbHbIX CI0EB, €CTb
HECKO/IbKO (DYHKLNIA, NoKa3biBaloLWMX pasMepbl Tabnunubl:

* pg_table size nokasbiBaeT pasmep Tabnuubl 1 ee toast-yacTtu (toast-
Tabnuupbl N 06CNYXMBAKOLLETO ee NHAeKca), HO 6e3 00bIYHbIX NHAEKCOB.
DTy Xe PYHKLMIO MOXHO UCMOMb30BaTb AJ15 BblYUC/IEHNSA pa3mepa
OTAENbHOIo NHAEKca: U Tabnmubl, 1 UHAEKCHI ABNAKOTCA OTHOLUEHUAMMU,
N, HECMOTPSA Ha Ha3BaHue, (PYHKUNSA NMPUHMMAET 1t060e OTHOLLEHME.

* pg_indexes_size cymMuUpPYeT pasMepbl BCEX MHAEKCOB Tabnunubl, Kpome
nHaekca toast-rabnuupl.

* pg_total relation_size nokasbiBaeT Mo/HbIA pasMep Tabnuubl, BMecTe
CO BCEMU ee UHAEeKcaMu.



Pa3zMep TabuubI

Pa3mep Tabnuibl, BKiIodas toast-Tabnuily u 06CIyKUBAIOMINY ee HHIEKC:
=> SELECT pg_table_size('t');

pg table size

581632
(1 row)

OOmuii pa3mMep BCEX UHOEKCOB TaOIUIIB:
=> SELECT pg_indexes_size('t');

pg_indexes size

[l5st moyty4eHust pa3Mepa OTHEeNIbHOTO HHAeKCca MOXKHO BOCIIONIb30BaThCA GyHKIMeR pg table size. Toast-uacTu y nHIEKCOB
HeT, T03ToMy QYHKIUS ITOKazKeT TOJIbKO Pa3Mep BCEX CJI0eB MHAeKca (main, fsm).

Ceiiyac y TabNIUIEl €CTh TOJIBKO HHAEKC II0 IEPBUYHOMY KJIIO4Yy, II09TOMY pasMep 3TOro MHAeKCa COBIIafaeT Co 3HaueHueM
pg indexes size:

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

245760
(1 row)

OO6muii pa3mep Tabnunel, Bmodatomuit TOAST u Bce HHOEKCHI:
=> SELECT pg_total_relation_size('t');

pg total relation size

827392
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Toru Posigres

OOGBeKT rpe/icTaB/eH HeCKOJTbKUMU CJIOSIMU
C/10¥1 COCTOUT W3 OJHOTO WU HECKOJIbKUX (pali/IoB-CeTMEHTOB

Inst «IIMHHBIX» BePCUA CTPOK ucronb3dyetcs TOAST

10
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[1pakTnKa Pos{gres

1. Co3paiiTe HEXXYPHA/IMPYEMYIO TabMUITy B TIO/Tb30BaTe/THCKOM
TaOJTMYHOM MPOCTPAHCTBE U YOeuTeCh, uTo 1l TaO/IULIbI
CyLLeCTBYeT CJIOM init.

Ynanurte co3faHHOe TabIMUHOe MPOCTPAHCTBO.

2. CospgaiiTe Tab/MIly Co CTO/IOIOM THTIA text.
Kakasi cTpaTerusi XpaHeHHsi IPUMEHSIeTCS [IJIsl 3TOro CToJ0a?

Vi3meHHTe cTpaTeruro Ha external ¥ BcTaBbTe B TaOMUITY
KOPOTKYIO U JIMHHYIO CTPOKH.

[TpoBepkTe, TOMa/M JId CTPOKU B toast-TabIUILy, BHITIOHKB
TIpSIMOH 3arpoc K Heil. OOBsICHUTE, TTOUeMy.
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1. HexxypHanupyeMasi Ta0Iuma

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)

TTocMoTpuM Ha ¢aiibl TaOIUIIBL.

O0OpaTuTe BHUMAHUE, YTO CJIEAYIOIasi KOMaHAa 1S BEIIONIHSIETCS OT UMEHU II0JIb30BaTes postgres. YToOw TIOBTOPUTH
TaKyl0 KOMaHAy, yIOOHO CHadasa OTKPHITE ellle OJHO OKHO TEPMUHAJIa U IMEePEKIIIOYUTHCS B HEM Ha APYTOTo [I0JIb30BaTEIS
KOMAaH/IOM:

student$ sudo -i -u postgres
U 3aTeM B 9TOM K€ OKHE BHIIIOJIHUTD:
postgres$ 1s -1 /var/lib/postgresql/16/main/pg_tblspc/16386/PG_16_202307071/16387/16388*

SrW------- 1 postgres postgres 40960 ¢es 5 10:09
/var/lib/postgresql/16/main/pg tblspc/16386/PG 16 202307071/16387/16388
SrW----- - 1 postgres postgres 24576 ¢eB 5 10:09
/var/lib/postgresql/16/main/pg_tblspc/16386/PG_16_202307071/16387/16388_fsm
SrW------ - 1 postgres postgres 0 ¢eB 5 10:09
/var/lib/postgresql/16/main/pg_tblspc/16386/PG_16_202307071/16387/16388_init

Ypanum cosgaHHOe TaGIMYHOE IIPOCTPAHCTBO:
=> DROP TABLE u;

DROP TABLE

=> DROP TABLESPACE ts;

DROP TABLESPACE

student$ sudo -u postgres rm -rf /var/lib/postgresql/ts_dir
2. Ta0dMIa ¢ 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

Tlo ymonuaHuio A7 Tumna text ucmonb3yeTcs cTparerus extended.



V3MeHHUM cTpaTeruio Ha external:

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

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

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

ITpoBepuM toast-tabmuiy:

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

relname

pg toast 16391
(1 row)

Toast-Ta6nuila «CupsiTaHa», TaK KaK HAaXOAUTCS B CXeMe, KOTOPOH HeT B IIyTH MOMCKa. Y 3TO MpaBUIbHO, TOCKOIEKY TOAST
paboTaeT IpO3payvHo OIS MOIb30BaTesss. Ho 3ariassHyTs B TaGIKIYy BCE-TaKU MOXKHO:

=> 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

__________ e
16396 | 0 | 1996
16396 | 1 1460

(2 rows)

Bupno, yTo B TOAST-Tabmuny momnasia TOJIPKO OJIMHHAS CTPOKa (mBa ¢hparMeHnTa, oO6muil pa3Mep COBIAgaeT C OJIMHON
ctpoku). KopoTkas crpoka He BriHeceHa B TOAST npocTo moToMy, YTO B 3TOM HEeT HE0OXOOUMOCTH — BEPCUS CTPOKU U 6e3
9TOTO IIOMeIllaeTcsl B CTPaHUILy.



o)) PROFESSIONAL

[1pakTuka+ Pos{gres

1. Co3gaiite 6a3y JaHHBIX.

CpaBHuTe pa3Mep 0a3bl JaHHBIX, BO3BPalllaeMbIi (QyHKI[HeH
pg_database_size, c ob1um pa3mMepoB Bcex Tabiuil B 3Toi Oa3e.

OOGBbsicHUTE TO/TyUeHHbIN pe3y/IbTar.

2. B TOAST noggep>xuBaroTcs JBa MeTofia Cxatusi: pglz u 1z4.
[TpoBepste cpenctBamu SQL, 6b11 /i PostgreSQL
CKOMIU/IMPOBAH C MO/JeP>KKOW 3TUX METOZOB.

3. CospaiiTe TeKCTOBBIU (haiin pasmepom bosbitie 10 M6aiT.
3arpysuTe ero Cofiep>Kumoe B Tab/HLly C TEKCTOBBIM TI0JIEM,
cHauasia 6e3 CKaTusl, a 3aTeM MCIO/b3Ys KaXK/bIH U3
asroputMoB. CpaBHUTE UTOTOBBIN pa3Mep TaOJIUIIbI U BpeMsI
3arpy3Ku JIaHHBIX [IJisI TPEX BapUAHTOB.
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1. Cnucok Tabnuu, 6asbl AaHHbIX MOXHO NOAYYNUTb U3 Tabnuuel pg_class
CMCTEMHOrO KaTtanora.

2. C nomoublo npeactasneHnsa pg_config MOXHO y3HaTb, Kakne napameTpbl
ObI/I1 yCTaHOB/EHbI CKpunTy configure npu coopke MO cepBepa. CTpoka,
cofepxatiasi CnMcoK napameTpoB, BeNNKa; BblAeIUTb HeobxoaMble
napameTpbl MOXHO qoyHKUMeR string_to_table().

3. YUT06bI NONYYnTb TEKCT A/ IKCNEepPMMEHTa, MOXHO B35Tb AOCTATOYHO
60/1bLLION ABOMYHbIN Ghaiin (Hanpumep, NCNOSTHAEMbIA haitn postgres)

N npeobpas3oBaTb €ro B TEKCT. [1/1 NpeobpazoBaHns MOXHO UCMNO/b30BaTb
anroput™ Base32 (ko4 -wO OTMEHSAET NepeHOoChl CTPOK):

base32 -w0O < gBOuYHbIVi-pari/si > TeKCTOBbIV-pans



1. CpaBHeHHe pa3MepoOB 0a3bl JTaHHBIX M TA0/IHII B HEH

=> CREATE DATABASE data_lowlevel;

CREATE DATABASE

=> \c data_lowlevel

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

axke mycTas 6a3a JaHHBIX COOEPKUT TAOIUITE], OTHOCSIIHUECS K CUCTEMHOTO KaTasory. [TOJHEIN CIIMCOK OTHOIIEHUNR
MOKHO IOITy4YUTh U3 Tabmuikl pg class. Y3 BEIGOPKY Haf0 UCKITIOYUTD:

e Tabmuiel, obIIMe A BCEro KilacTepa (OHU He OTHOCSTCS K TeKyIel 0a3e JaHHBIX);
e WHAEKCH U toast-tabmuirel (OHM OyOyT aBTOMATUYECKHU YYTEHE! IIPHU ITOACYEeTa pPa3Mepa).

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

WHERE NOT relisshared

AND relkind = 'r';

7520256
(1 row)

Pa3mMep 6a3bl MJaHHBIX OKA3bIBAETCSI HECKOJILKO GOJIBIIE:
=> SELECT pg_database_size('data_lowlevel');

pg database size

Ieno B ToMm, uTo pyukIus pg database size Bo3BpamaeT pa3mep Karasnora $HaijoBON CHCTEMEL, a B 9TOM KaTajiore
HaXOMASTCSI HECKOJIBKO CITy2KeOHEBIX (alios.

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

OOpaTuTe BHUMAaHUE, YTO CJIEAYIOIasi KOMaHAa 1S BEIONIHSIETCS OT UMEHU II0JIb30BaTes postgres. YToOw TIOBTOPUTH
TaKy0 KOMaHAy, yIOOHO CHadasa OTKPHITh ellle OJHO OKHO TEPMUHAJIa U IMEPEKIIIOYUTLCS B HEM Ha APYTOTo [I0JIb30BaTEIIS
KOMAaH/I0M:

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

SrW------- 1 postgres postgres 524 ¢es 5 10:09
/var/lib/postgresql/16/main/base/16386/pg filenode.map
SrW----- - 1 postgres postgres 159700 ¢e 5 10:09
/var/lib/postgresql/16/main/base/16386/pg internal.init
SrW------ - 1 postgres postgres 3 e 5 10:09
/var/lib/postgresql/16/main/base/16386/PG_VERSION

e pg filenode.map — oTo6paxkeHue oid HEKOTOPHIX TAOIUIl B MMeHa (aios;
e pg internal.init — Kem cucTeMHOro KaTanora;

e PG VERSION — Bepcus PostgreSQL.

W3-3a Toro, uTo ogHu (yHKINM paboTaloT Ha ypoBHE 00HEKTOB Oa3kl JaHHKEIX, a IPYyrue — Ha YPOBHe (GaiiIoBOM CUCTEMEI,
OBIBaET CII0KHO TOYHO COIIOCTABUThH BO3BpAIllaeMble pa3MepHl. ITO OTHOCUTCS U K GyHKIuu pg tablespace size.

2. ITogpepxkxka MmeTodoB cxkaTtusi TOAST

IIpencraBnenue pg config mokasrlBaeT IapaMeTphl, KOTOPHe ObUTH IepenaHsl cKpunTy configure mpu 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)

Kaxkoiut mertop cxkatus TOAST ucnonb3yeTcs 110 YMOITYaHUIO?
=> \dconfig *toast*

List of configuration parameters
Parameter | Value

default toast compression | pglz
(1 row)

Kakne MeTOOEl MOXKHO IPUMEHSITH?

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

setting | enumvals
......... i
pglz | {pglz,1z4}
(1 row)

3. CpaBHeHHE METOdO0B CKaTHsI

CpaBHI/IM METOOBI C2KaTud Ha MPpuUuMepe TEKCTOBBIX NaHHBIX.

YTOOBI IOJIYyYUTH TEKCT GOJIBIIOr0 00BEMa, BO3bMEM UCIIONIHSEMEIH (aiin postgres u mpeobpa3yeM ero B TEKCT C IIOMOIIBI0
anroputMa Base 32, KOTOPBIN IPUMEHSIETCS B 9JIEKTPOHHOM ITOYTE.

student$ sudo cat /usr/lib/postgresql/16/bin/postgres | base32 -w@ > /tmp/gram.input

TTony4yuBHIINHECS TEKCTOBHIM (aiin uMeeT JOCTaTOYHBIN pa3Mep.

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

-rw-rw-r-- 1 student student 16148K ¢éeB 5 10:09 /tmp/gram.input

Co3pganuM Tabuily AJIs 3aTPY3KKU TEKCTOBHIX NAaHHBIX.

Ins cronbua txt ycranoBuM crpateruio xpaneHuss EXTERNAL, koTopas monycKaeT OTAeNIbHOe XpaHeHHe, HO He CXKaTHe.

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

CREATE TABLE

3arpy3uM fgaHHbe U3 TEKCTOBOIO dalina.
=> \timing on

Timing is on.

=> COPY t FROM '/tmp/gram.input’;

COPY 1
Time: 605,051 ms

=> \timing off

Timing is off.

IIpoBepuMm pa3mep Tabnuusl, BKiaodas TOAST.
=> SELECT pg_table_size('t')/1024;

?column?

OmnycromuM TaGIully ¥ 3alafilM CXKaTue C IIOMOIIb0 pglz.



=> TRUNCATE TABLE t;
TRUNCATE TABLE

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

ALTER TABLE

Tenepr ucnonssyercs crpareruss EXTENDED, koTopas OOIlyCKaeT KakK CxXaTHe, TaK U OTHAeJIbHOe XpaHeHue.
CHOBa 3arpy3uM JaHHEIE.

=> \timing on

Timing is on.

=> COPY t FROM '/tmp/gram.input’;

COPY 1
Time: 1309,509 ms (00:01,310)

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

?column?

Pa3mep TaGIHUIEI 3HAYUTEIPHO YMEHBIIHUIICS, HO IIPU 9TOM 3aMEeTHO BEIPOCJIO BPEMsI 3arpy3KH.
CHOBa omycTomuM Tabaully ¥ 3afafiuM Telephb CXKaTHe C IIOMOIULIO 1z4.

=> TRUNCATE TABLE t;

TRUNCATE TABLE

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

ALTER TABLE

Eine pa3 3arpy3uM OaHHBIE U CDABHUM.

=> \timing on

Timing is on.

=> COPY t FROM '/tmp/gram.input’;

COPY 1
Time: 600,331 ms

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

?column?

Anroput™m 1z4 crnerka ycTymnaeT pglz o cTemneHu cxKaTusi, OmHAKO paboTaeT 3HAUYUTEJILHO OhICTPee.
V@oanmum TEeKCTOBBIH (ail.

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



