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BapuaHTbl XpaHeHns Posggres

dairiioBasg cucrema

B 0ase JAHHBIX TOJBKO CCHUTKH Ha (haiisibl

BcTpoeHHbIe TUTIBI

PostgreSQL cmaHoapm SQL
JIBOMYHbIE TaHHbIE bytea blob
CHUMBOJIbHBIE TAHHBIE text clob

IToacucrema «0O/MBIINX 0OBEKTOB»

[Nnsi XxpaHeHus 1 06paboTKN 60/bLLIMX 06BEMOB AAaHHbIX B cTaHAapTe SQL
NpeaycMoTPEHbI TUMbI:

e clob (character large object) — ansa cMMBONbHLIX AAHHbIX;
* blob (binary large object) — ona ABOMYHbIX AAHHbIX.

B PostgreSQL tunbl clob 1 blob otcyTcTBYOT. BMECTO HUX A1 CUMBO/IbHbBIX
AaHHbIX MOXHO UCMO/b30BaTh TUM text, a Ans ABOUYHbLIX — bytea (byte
array).

PaboTta ¢ gaHHbIMKM TuMa text He 3aBUCUT OT pasdMepa 3Ha4YeHns, N03AToMy
B AasibHelweM byaemM roBopuTb TOMIbKO O ABOMYHbLIX AaHHbIX. Hanpumep,
06 n3obpaxeHnsx, Buaeo, ayamo n np. Kak npaBuio tTakme gaHHble XpaHAT
coaepxmmoe ghainioB COOTBETCTBYHOLLINX DOPMATOB.

B kauecTBe anibTepHaTuBbl TUNY bytea, MOXHO MCNO/b30BaTh «OTYaCTU
ycTapesLuyo» (UuTtarta n3 foKyMeHTaummn) nogcnuctemy paboTbl ¢ 60/1bLMMN
obbekTamu.

Ho npexae yem pasmeLlarb AaHHble paitsioB BHYTpU 6asbl, cnegyet
paccMOTPETb BO3MOXHOCTb XpaHeHNSA NX «B 06bIMHOM Buae» B (haiioBoW
cucTeme.
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backend [«
6yhepHblii Kl,LIJ PostgreSQL J
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Ecnn roBopuTb 0 ABOWNYHLIX AaHHbIX 60/1bLWIOr0 06bemMa, T0 OAUH 13
BapuMaHTOB — OTKa3atbCA OT pa3melleHus nx B CYbB/. B aTom cny4vae
(haiinbl ¢ ABOMYHBLIMU JAaHHbLIMW pacrnofaratTca HenocpeacTBEHHO

B (pain/1oBOM cucteme, a BHyTpU 6a3bl faHHbIX NOAAEPXKMBAKOTCS TO/IbKO
CCbI/IK/ Ha HUX.
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[IpeumyiijectBa

CKOPOCTb UTeHUs U 3arrcH (aitios
He yBe/IM4MBaeTCs pa3Mep 0asbl JaHHBIX

Hepocrarku

He UCI0J/1b3y0TCsA BO3MOKHOCTH CYDB/I: TpaH3akiuy, yrpasjieHye AoCTyIIOM
OTCYTCTBYIOT rapaHTUH COIVIaCOBaHHOCTH, /I0JITOBEYHOCTH JIaHHbIX

YCUIOXHAETCA dPXUTEKTYPd CUCTEMBI,
HaIllpy¥Mep, B UdaCTH pe3€pPBHOI'0 KOIIMPOBAHHWA M BOCCTaHOBJ/IEHUA

Takor noaxof MoXeT ObITb onpaBAaH B NepByto ovepeab
NPOn3BOAMTENBHOCTLI. CKOPOCTL YTEHUS U 3anucn (haiinos yBennymBaeTcs
3a CyeT n3bexaHunsa 3arpar, xapakrepHbix gna CYB/A:

e [BOMHas 3anncb Ha anck (B WAL 1 thainnibl AaHHbIX);
* [IBOMHOE KeluMpoBaHune B onepaTnBHON NaMmATh (hainoBblin kel
n 6ychbepHbiin kew CYB/L);
* HaknagHble pacxogbl Ha XxpaHeHue B 6a3e AaHHbIX 1 06paboTKy
(Hapes3ka Ha dpparMeHTbl A1 XPaHEHUS N CKeKa UX Npu YTeHUN);
* BO3MOXHOe pacnyxaHue Tabnui n NHAeKCOoB NPUBOANT
K AONO/THUTE/IbHOMY YTEHMIO YCTapeBLUMX dparMeHTOB 3HAYEHNS.

Kpome Toro, ygaercs cokpatnTb pacxofpbl Ha o6cnyxuBaHue. He Tpebyetcs
ouncTKa 1 nepenHaekcauyms tabnuy ¢ 60NbWUMN AaHHLIMW. KonnpoBaHue
oaiinoB, B TOM YMC/Ee UHKPEMEHTa/IbHOE, MOXHO BbINOHATL CpeAcTBaMu
OC. A pesepBHble Konun ToNbKO 6a3bl faHHbIX 6yayT co3faBaTbCcs bbiCcTpee,
MeHbLUEero pasmepa v noTpedyoT MeHbLLe BPEMEHM Ha BOCCTaHOB/IEHNE.

C Apyron CTopOHbl, CTAaHOBUTCS HEBO3MOXHbIM MCMNOSb30BaTh
npenmyuwectesa CYB/:

* TpaH3aKUMOHHas 06paboTka: aToMapHOCTb 1 COrlacoBaHHOCTb 3anuncu,
KOHKYPEHTHbI AOCTYM, BOCCTaHOB/IEHNE nocne cbos;
* ynpaB/eHne A0CTYNOM Mo/sib30BaTeNie Ha YTEHUE 1 3annUCb AaHHbIX.

ApxuTekTypa cMcTeMbl MOXET NoTpeboBaTb NepecmoTpa 1 4opaboTKu
npoLeayp pe3epBHOro KONMpoBaHUsA U BOCCTAHOB/IEHNSA, NCNONb30BaHUSA
pennk, 0bHapy>XXeHna Hencnosib3yeMblix hainos n np.



TOAST Posggres

XpaHeHue «JIMHHBIX» aTpUOyTOB B OT/e/IbHOM Tabsuiie

TIPUMeHSIeTCS [I7is TUTIOB TepeMeHHOM A/TMHBL: text, bytea, xml, json u ap.
«JJIMHHBbIe» aTpubOyThl Hape3aroTcs Ha (PparMeHThbl MeHbIlle CTPaHHUL{bI
BO3MOXKHO C>KaTue (MeTofbl pglz u 1z4)

pa3mep 3HaueHus 70 1 I"Gaiita

TOAST-Tabuiia

YUTAETCS TOJILKO TIPH 00pall[eHNH K «IJTMHHOMY» aTpudyTy
BO3MOKHA YaCTUYHAst IEKOMIIPECCHsT 3HaUeHUs TIPU UTEHUH
cobcTBeHHasi BepCHOHHOCTD

paboTaeT Mpo3pauHo /ISl IPUI0XKEHHST

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. TouHee, TOAST
NPUMEHSETCA K OTAE/bHbIM atpnbytam, UMeLWUM TUM NepeMeHHON OJ/1HbI,
Hanpumep, text n bytea, a Takke xml n json, KoTopble 6yayT pacCMOTPEHbI
Nno3)e B 3TOM Kypce. B nobom cnyyae pasmep 04HOro 3Ha4eHns (BO3MOXXHO
CXKaToro) He Ao/MKeH npeBbiwaTb 1 M6aiTa.

[Nna KaKaoi OCHOBHOM Tabnuubl NPy HEO6XOAMMOCTU CO3[aeTcsa oTAe/bHas
TOAST-Tabnuua (U K Heil cneunanbHbI nHAEKE). Bepcun cTpok B TOAST-
Tabnvue ToxXe A0/DKHbI NOMeLLLaTbCA Ha Of4HY CTpaHuLy, No3TOMy
«AJIMHHbIE» 3HAYEHNA XPaHATCA Nope3aHHbIMX Ha YacTn, 06bIYHO OKOJI0

2 Kb6anTt. N3 atnx yactein PostgreSQL npo3payHo And npuioxeHus
«CKNensaeT» HeobXxoAnMoe 3Ha4YeHue.

TOAST-Tabnunua ncrnonb3yeTcs TONbKO Npu o6palleHnmn K «4IMHHOMY>
3Ha4yeHunto. Ecniv aTn gaHHble ynakoBaHbl, TO Ha4YasibHble doparMeHTbl
CXXaroro atpmbyTa CUMTLIBAKOTCA NOPUUAMM U Cpasy pacnakoBbIBaOTCS,
No3B0O/ISAS NU36exaTb N3B/NEeYEHNS «4JIMHHOIO» 3Ha4YeHus Lennkom. Ho ecnn
TpebyeTcsa N3MEHNTb HECKO/IbKO GalT 3HAa4eHus1, TO OHO ByAeT cUMTaHOo

N 3anMcaHo NosIHOCTLIO.

Onsa TOAST-Tabnuubl nogaepXxmsaeTcs CBOA BEPCUOHHOCTL: eC/in
0OHOBNEHME AlaHHbIX HEe 3aTparnBaeT «aA/IMHHOEe» 3Ha4YeHne, HoBast Bepcus
CTPOKKN ByfAeT ccbinarbCsa Ha TO e camoe 3HavyeHne B TOAST-Tabnuue —
3TO 3KOHOMUT MECTO.
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CTpaTternm xpaHeHus Posggres

OCHOBHas coKarue TOAST-
Tabmuia JIAaHHBIX Tabmuia
Extended Ja Ja Ja
External Ja — Ja
B CaMyI0
. B TIOC/IeJHIOO
Main Ja IO CJTe THIOIO
ouepesb
ouepe/b

Plain na — —

CTon6ubl TabnML, NCMNOMb3YIOT OAHY M3 YEThIPEX CTPATEINIA XPaHEHUS
3HaYeHWit, ycTaHaB/IMBAEMYHO B 3aBMCUMOCTM OT TUNa AaHHbIX:

EXTENDED. [lonyckaetcsa cxaTtue n nepeHoc B Tabnuuy TOAST.
[ns Tnnos, nogaepxusarowwmnx nepeHoc B TOAST, 06bI4YHO UCMO/b3YETCA
aTa cTparerus.

EXTERNAL. lonyckaeTcsa ToNbKO nepeHoc B Tabnunuy TOAST, HO He
cxkatune. Ecnu 3arpykaemble faHHbIe YXXe CXarbl, UMeeT CMbIC/1 BbibpaTb
ctpateruio EXTERNAL ana akoHoMuum 3atpaT Ha MasioapdpekTuBHoe
NMOBTOPHOE CXartue.

MAIN. Monsa ¢ aToin cTparernein CXMMaroTca ToNIbKO B TOM c/yyae, ecriv
o6paboTkm nonein EXTENDED n EXTERNAL oka3anocb HegocTaTouHo,
4yTOObl YMECTUTb BEPCUIO CTPOKM Ha CTpaHuue. MNMepeHoc

B Tabnunuy TOAST ToXe BO3MOXEH, HO TO/bKO Kak KpanHsas mepa.

PLAIN. XpaHeHune ToNbKO B OCHOBHOW Tabnuue. Mcnonb3yeTtca ans
TUMNOB, 3HAYEHUS KOTOPbIX MMEKT HEBO/bLLIONK pasmep.

Mpu co3gaHnn NoNb30BaTENNbCKOIO TMNa AaHHbIX MOXHO 3a4aTb CTpaTeruio,
MPUMEHSIEMYIO M0 YMOMYaHMUIO.

Ha ypoBHe cTon6ua Tabnmubl MOXHO Nepeonpeaenutb cTpaTerno, a Takke
yKasaTb MEeTOo/, CXaTusl.

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

backend

[ 6ybepHbIii kel PostgreSQL J
KeLwl OI'IepaLI.I/IOHHOI‘/‘I Cnctembl ]
,,,,,,,,,,,,, i 01100110 |-
01110011 |«
B 11001100 |-
11100110 [<-
WAL e 011001 |-
11001101 |«~
B 00110011 |-
10011011 <~
pg_toast_NNN

XpaHuUTb ABONYHbLIE 06bekTbl B 6baze JaHHbIX MOXXHO ABYMA cnocobamu.

MepBblii cNOCO6 3ak/toyaeTcs B cO3A4aHUM CToN6LOB ¢ TUNom bytea
B Tabnumuax.

Tun bytea ncnonb3yet TexHonoruo xpaHeHnss TOAST. Mo3TOMy 3HaYEHUS
60/1bLWOro pasMepa pasmMeLLatroTca He B camoii Tabnuue, a Hape3saroTcs
Ha doparmMmeHTbl N XpaHaTca B TOAST-Tabnnuye, cBA3aHHOW C OCHOBHOWA.
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Tnn bytea Posigres

[IpeumyiijectBa

TPaH3aKL[MOHHOCTb, yTIpaB/eHre JOCTYTIOM
COIVIaCOBAaHHOCTD U [I0JITOBEUHOCTh OOJIBILINX JJaHHBIX
uHTepdetic SQL

Henocrarku

yBesMueHue pasmepa 0a3bl JaHHBIX

MeHbIIIasi CKOPOCTh, YeM pu pabore ¢ daiinamu
pa3mep 3HaueHus 70 1 ["Gaiita

3HAYeHHWsI CYMTBIBAIOTCS U 3aIIMCHIBAIOTCS L|e/TUKOM

[NaBHOE NPenMyLLLECTBO XpaHEHU 60/bLUMX 3HAYEHW B 6a3e faHHbIX —
3TO MCNoMb30BaHNe BO3MOXHOCTe CYB/. TpaH3akUMOHHbIA MEeXaHU3M
rapaHTMpyeT COornacoBaHHOCTb AaHHbIX U 3alnTy OT c60eB.

A pasrpaHuumBaTb AOCTYN NOJib30BaTe/IeEN K 3HAYEHMUSIM MOXHO Npw
nomoLuy cpeacts CYB/.

[na pabotbl ¢ TMNOM bytea ncnonb3yetcs sA3bik SQL, UTO AenaeT aTn
AENCTBUSA YA0OHbLIMMW.

[BONYHbIE TUMbI AAaHHbIX, PYHKUNN 1 onepaTopbl A/151 paboTbl C HAMMU:
https://postgrespro.ru/docs/postgresgl/16/datatype-binary
https://postgrespro.ru/docs/postgresql/16/functions-binarystring

Kak Mbl y)Xe roBopuiv paHee, XpaHeHne BHyTpy 6a3bl aHHbIX YBENNYMBaET
pasmep 6a3bl M PacxXofbl HA ee CONPOBOXAEHME, a TaKKe YMEHbLIAET
CKOPOCTb YTEHMS 1 3annCK AaHHbIX 13-3a HEOOX0AMMOCTY Hape3aTb
3HauYeHue Ha PparMeHTbl U CKNenBaThb X, NoMellas B A0NONHUTENbHbIN
KeLLl.

K HegocTaTtkam ncnonb3oBaHnsa Tuna bytea MOXHO OTHECTUM U OrpaHnUYeHne
TOAST Ha pa3mep 04HOro 3HayeHusi B 1 6GailT.

Takke oTMeTuM, 4YTo npu padote ¢ TOAST n3meHeHne gaxe HeOO/bLLIOWN
4acTu 3HaYeHUA NPUBOAMT K CUUTbIBAHUIO B OYDepHbIi KeLl BCeX 3aHATbIX
3HaYeHVeM CTpaHuL, 1 K nepesanucy Bcero 3HayeHnsa. C YTeHMeM 4yactiu
3HaYeHnA Aesio 06CTOUT NyuLle: BO3MOXHO N3BJIeYEHNE TOJIbKO
Heobxoaumoro doparMmeHTa.


https://postgrespro.ru/docs/postgresql/16/datatype-binary
https://postgrespro.ru/docs/postgresql/16/functions-binarystring

Tun bytea u TOAST

=> CREATE DATABASE ext_1lob;

CREATE DATABASE

=> \c ext_lob

You are now connected to database "ext lob" as user "student".

ITo yMOJT9YaHUIO [BOMYHBIE JaHHbIEe BBIBOAATCS B IIIeCTHAAIATEPUYHOM dopMare.
=> SHOW bytea_output;

bytea output

3HaueHUsI HAUMHAIOTCA ¢ '\X', Jajlee KaK/AbIM 6aiT IIpeicTaB/IeH [BYyMs IIIeCTHAAIIATEPHUHBIMU ITHPaMIU:

=> SELECT 'Hello'::bytea;

\x48656¢c6¢c6f
(1 row)

JlobaBUM HyJ1eBOM CIMBOJI K CTPOKE:
=> SELECT 'Hello'::bytea || '\x00'::bytea;

?column?

\x48656c6c6T00
(1 row)

[lTecTHA/AIIATEPUYHEIH GopMaT HOSIBUIICS B Bepcuu 9.0. JIo 3TOr0 GBI [OCTYIIEH TOIBKO GOPMAT «CIIeIII0CTIeJ0BATeIbHOCTEH».
=> SET bytea_output = 'escape’;

SET

B aToM dpopmate ASCII-CHMBOJIBI 0TOOPaArKalOTC KaK eCThb, & 0CTaJIbHBIe IIPe/ICTaB/IeHbI CIIEII0CIe/[0BaTeIbHOCTSIMHU:

=> SELECT 'Hello'::bytea || '\x00'::bytea;

?column?

Hello\000
(1 row)

ITapaMeTp bytea_output ompefiesisieT TOJIbKO GopMaT BEIBO/A JBOMYHBIX JaHHBIX. BXO/HEIe JaHHbIe IPHHUMAKTCS B JTI060M U3
3THUX ABYX GOpMaToB.

=> RESET bytea_output;
RESET
Tenephb CO3ZaAUM TabJIHILY CO CTOJIOIOM THIIa bytea.

=> CREATE TABLE demo_bytea(
filename text,
data bytea

);

CREATE TABLE

Tabsmita TOAST co3faeTcs aBTOMaTHYeCKH IJIs1 XpaHeHHUs 60JIbITHUX 3HaUeHNM data U filename (3HaUeHUs THIIA texXt TakKe
MOTYT OBITH 60JIbITUMY). HatiieM UM cIy>Ke6HOM Tab IHUIThL:

=> SELECT reltoastrelid::regclass AS toast_table
FROM pg_class
WHERE oid = 'demo_bytea'::regclass;



toast table

pg toast.pg toast 16567
(1 row)

Ciry>ke6HbIe Tabuibl TOAST Bcerzia paciioylararoTcsl B CIIeIfiaJIbHOM cxeMe pg_toast — UTOOBI He IlepeceKaThbCs C 00BIYHBIMU
o6 beKTaMHu 6a3bl JaHHBIX. [10yuuTh crircoK TOAST-Ta6IiI MOXKHO KOMaH[[0H psql:

=> \dtS pg_toast.pg_toast_16567*

List of relations

Schema | Name | Type |  Owner
---------- B et e S
pg toast | pg toast 16567 | TOAST table | student
(1 row)

ITocMoTpuM Ha CTPYKTYpYy TOAST-TabIHIbI:
=> \d pg_toast.pg_toast_16567

TOAST table "pg toast.pg toast 16567"

Column | Type
____________ [ R,
chunk_id | oid
chunk seq | integer
chunk _data | bytea
Owning table: "public.demo bytea"
Indexes:

"pg_toast 16567 index" PRIMARY KEY, btree (chunk id, chunk_seq)

e chunk_id — upeHTHQHUKATOD 3HAUECHUS,
e chunk_seq — ITopsiAKOBEIN HOMep ¢parMeHTa 3HaUYEHUS,
e chunk data — maHHBIE QparMeHTa.

Mo>KHO 06paTUTh BHUMaHUe, UYT0 BHIBOJ, KoMaHb! \d /111 TOAST-TabJIHI] Co/lep>KUT Ha3sBaHUe OCHOBHOM TabJIUIThL.

Jocty1 k 3HaueHUsIM B TOAST Bcerzia OCyIeCTBJISIETCS 10 MHAEKCY. ITO CaMbIi OBICTPBIM CII0CO0 IIOJIYUUTE BCce PparMeHThI
OJTHOTO 3HAUeHMU JJIs1 CKIeHKH, HO JOCTYII KO BCeM 3Ha4eHUIM 6yZieT 3aBe/JoM0 HedhpeKTHUBEH.

Kpome Toro, UTeHHe 60IBIIOro 06’beMa JaHHBIX U3 TOAST-Ta6IHI] MOXKET IIPUBOIUTE K BBITECHEHHUIO TT0JI€3HBIX TaHHEBIX U3
6ydepHoro kerrra. MexaHu3M 6y$epHOro KoJIblia, IIpeJ0TBpaIaloliii MacCOBOe BhITeCHeHHe, 111 TOAST-Tabuuls He
HCITOJIB3YEeTCs], TAK KaK 3a/[eACTBYETCS TOJBKO IIPH II0JHOM II0C/Ie/[0BAaTEIFHOM CKAaHHPOBAaHHUH TAaGJIHITL, HO He TIPHU MH/IEKCHOM
ZOCTYyIIe.

Jlo6aBuM B demo_bytea cTpoKy. B kauecTBe ZaHHBIX BO3bMeM JIOTHYECKYI0 Pe3epPBHYI0 KOIIHI0 6a3bl JaHHBIX IIPUI0KEHHUS.
student$ pg_dump -d bookstore2 > /tmp/bookstore2.sql

student$ 1s -1 /tmp/bookstore2.sql

-rw-rw-r-- 1 student student 1791086 uwH 24 05:09 /tmp/bookstore2.sql

3aMeTUM BpeMsi BCTaBKH.

=> \timing on

Timing is on.

[ cuuTeIBaHUSA daiiyia BOCIOIb3yeMCcs BCTPOeHHOH ¢yHKIuel pg read_binary_file.

=> INSERT INTO demo_bytea(filename, data) VALUES (
'bookstore2.sql’,
pg_read_binary_file('/tmp/bookstore2.sql')

)i

INSERT 0 1
Time: 77,470 ms

=> \timing off
Timing is off.

Ucnionb3oBaHue TOAST ITpo3payvHoO JyIsl IPHIIOXKeHKsI. HaM He HY»KHO 0GpalIaThes K CIy»KeGHOM TaGIHIle B 3aIIpocax. Bor
TIIepBHIe 16 GafT 3arpy keHHOro daiisa B [BOMYHOM BHUJE:

=> SELECT substring(data,1,16) FROM demo_bytea;



substring

\x2d2d0a2d2d20506f737467726553514c¢
(1 row)

O61I1H pasMep 3arpy’>KeHHOTr0 3Ha4YeHUsI COOTBETCTBYeT pasMepy daiiia:

=> SELECT length(data) FROM demo_bytea;

1791086
(1 row)

OnHako pasMep TabauIlkl demo_bytea coCTaBJISIET BCETO OFHY CTPAHUITY, JAHHBIX 3aTPY>KEHHOT0 Qaiiia B Hell HeT:
=> SELECT pg_relation_size('demo_bytea');

pg_relation size

3HaueHUe cToJ611a data rmormano B TOAST-Tabiuity. MOXXHO yOeUThCS, UTO B CIYKeOHOM TabJIHIle IOIBUIOCH OLHO 3HaUeHHe:

=> SELECT count(distinct(chunk_id)) FROM pg_toast.pg_toast_16567;

CKOJIbKO MecTa TpebyeTcs 11 xpaHeHHUs TOAST-Ta6/IHIIb, eC/IM CpaBHUBATH C pasMepoM ¢aliya: MeHbIIe, 60JIbIIle UIN POBHO
CTOJILKO 7Ke?

=> SELECT pg_relation_size('pg_toast.pg_toast_16567');

pg relation size

[ToueMy T0Tpe6OBaIOCH MEHBIIIe MecTa?
=> \d+ demo_bytea

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

---------- R L e S R R R
e

filename | text | | | | extended | |

I

data | bytea | | | | extended | |

Access method: heap

CrpaTerus xpaHeHus extended mpezrosaraeT cKaTHe JaHHBIX IIPpH IToMelieHUH B TOAST. A TeKCTOBBIe JaAHHBIE XOPOIIIO0
CKAMAIOTCS.

HauwuHas c PostgreSQL 14 nmogBuIack BOSMOYKHOCTh BbIO0pa MeTo/ia CoKaTH: Pglz (MCIoIb3yeTcs 110 yMOTYaHU) U 1z4. I3sMeHUM
MeTo/, CXKaTHs JI/Is1 cTosI611a data ¥ II0OBTOPHM Halll OIIBIT, IIpe/iBapUTeIbHO OIIYCTOIIMB TabJIHILy.

=> ALTER TABLE demo_bytea ALTER COLUMN data SET COMPRESSION 1z4;
ALTER TABLE

=> TRUNCATE demo_bytea;

TRUNCATE TABLE

=> \timing on

Timing is on.

=> INSERT INTO demo_bytea(filename, data) VALUES (
'bookstore2.sql’,
pg_read_binary_file('/tmp/bookstore2.sql')

)i



INSERT 0 1
Time: 26,107 ms

=> \timing off
Timing is off.

BcTaBKa JaHHBIX BBIIIOJIHU/IACh 3aMEeTHO OBICTPee, HO MecTa JJIs1 CKaThIX JAHHBIX II0Tpe6yeTcst 60JIblle — 124 coKUMaeT faHHbIe
He TaK 3@ GeKTUBHO:

=> SELECT pg_relation_size('pg_toast.pg_toast_16567');

pg_relation size

C>xaTHe BOOGIIe MOYKHO 3aIIPETHTh, BEIOpAB CTPaTEeTHIo external:

=> ALTER TABLE demo_bytea ALTER COLUMN data SET STORAGE external;

ALTER TABLE

JTO U3MeHeHHe Oy/IeT AeHCTBOBATh TOJIBKO /IJIs1 HOBBIX CTPOK, II03TOMY CHOBA OITYyCTOIITHUM TAa6GIHITY B 3arPy3UM (aiiI 3aHOBO.
=> TRUNCATE demo_bytea;

TRUNCATE TABLE

=> INSERT INTO demo_bytea(filename, data) VALUES (
'bookstore2.sql’,
pg_read_binary_file('/tmp/bookstore2.sql')

)i

INSERT 0 1

CKOJIBKO Tellephb IoTpeGyeTcst MecTa 1t XxpaHeHUsT TOAST-Ta6JIHITEL, eC/IM CPAaBHUBATE C Pa3MepOM HCXOAHOro dafiia: MeHbIIe,
60JIbIIIe MJTH POBHO CTOJIBKO >Ke?

=> SELECT pg_relation_size('pg_toast.pg_toast_16567');

pg_relation size

Teneps [JIs1 XpaHEHUSI UCII0JIB3YeTCs HEMHOTO G0JIblile MecTa. [louemy?

=> SELECT chunk_id, chunk_seq, substring(chunk_data,1,16),
length(chunk_data)

FROM pg_toast.pg_toast_16567

ORDER BY 1,2 LIMIT 3;

chunk_id | chunk_seq | substring | length
---------- L T T T
16580 | 0 | \x2d2d0a2d2d205061737467726553514c | 1996
16580 | 1 | \x20696e74656765722c206T6e68616e64 | 1996
16580 | 2 | \x616d733b20547970653a205441424c45 | 1996
(3 rows)

Ha pa3smep IIOBJIMSIIN HaKJIaHbIe pacXo/ibl Ha XpaHeHUe pparMeHTOB B OT/IeIbHBIX CTPOKaX C JOIIOJHUTEIbHBIMHU CTOJIOIIaMU U
cIy>KeOHOM NHPOpMaIlUen.
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pg_largeobject
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[pyron BapuaHT XpaHeHUs1 ABONYHbIX AaHHbIX 60/IbLIOro pasmepa BHYTpU
6a3bl AaHHbIX — MCMNOJIb30BaHME NOACUCTEMbI «BOOMbLLUNX OOBLEKTOB,
nosiBusLuecs 3agonro o TOAST.

Bce 60nblume 06beKTbl COXPAHATCSA B OTAENbHOWN Tabnuue CUCTEMHOrO
katasiora pg_largeobject. [1nsa ccbioK Ha 60/bLIME 0ObLEKTLI B CTONOLLAX
Apyrux Tabnuuy, npefocTaBnATca naeHTudmkarops! Tuna oid. JlocTtyn

K 3TUM 06beKTaM OCYLLEeCTB/ISEeTCSA NPy NOMOLLM crneLmasibHoro
NHTepdeinca, NOXoXero Ha NHTepdeinc padboTsl ¢ hannamu.

https://postgrespro.ru/docs/postgresal/16/largeobjects



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

of] PROFESSIONAL

BonbLine oo6bEeKTHI Posigres

[IpeumyiijectBa

TPaH3dKIIMOHHOCTH, yIIpaB/ieHWe NJOCTYIIOM
COIVIaCOBAaHHOCTD U JI0JITOBEUHOCTh OOJIBILINX JJAHHBIX
pa3mep 3HaueHwus fo 4 TOauT

MOTOKOBOE UTE€HKE U 3aMrCh (hParMeHTOB 3HAUEHHUS

Hepocrarku

yBeJIueHue pasmMepa 6a3bl JaHHBIX
MeHbI11asi CKOPOCTb, ueM Ipu paboTe ¢ daiinamu
crieliabHbIN UHTEpdeiic

32
orpaHHueHMe Ha KOJIMYeCTBO OO/IBIMX 00BEeKTOB (2 )
DUCK TIOSIB/IEHUS] OCUPOTEBLINX 0OBEKTOB
He TI0Jep>KUBAeTCs JIOTMUeCKOM pervinKalyen
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Bonblune 06bEKTbI HACAEAYHOT Te Xe NPenMyLLLECTBA U HEAOCTATKM, UTO
n TN bytea, 0THOCMTENBLHO XpaHeHUs B oaii/ioBOM cUCTEME.

Mo cpaBHeHMIO ¢ TMNOM bytea y 60/1bLUMX 0OGBLEKTOB ECTb NPENUMYLLECTBA.
Bo-nepBbix, pasMmep 04HOro o6bekTa MOXET gocTuratb 4 T6anT,

A BO-BTOpbIX, MHTepdieinc ana paboTtbl ¢ 601bLLIMMN 06beKTamMu NO3BOISET
pabotaTb C NPON3BO/IbHLIM (DPArMeHTOM 3Ha4YeHUs, a He CO BCEM
3Ha4YeHMEeM LIeNIMKOM, Kak 006bl4HO nponcxoant ¢ TOAST.

C Opyroin CTOpPOHbI, NCNOMNb30BaHMe CreunanbHOro nHTepdeinca genaet
paboTy ¢ 60/bWMMN 06 BEKTAMM HE TaKoW yaA06HO, KakK ¢ YncTbiM SQL.
K Tomy e apaiiBep PostgreSQL gomkeH nogaepxmsarb 3TOT MHTepPeilc.

NaeHTudomkaTop 60/bLI0ro 06beKkTa XpaHnTcs B 4-6aiMTtoBoM TuMe oid,

4TO OrpaHNYMBaET KONMYECTBO 0OBLEKTOB B cUCTEME YMc/ioM 4 294 967 296.
Tabnuubl TOAST TOXe MCNoMb3ykT 0id, HO OrpaHNYeHne Ha KOIM4ecTBO
3Ha4YeHnn gencTByeT B npegenax Tabnuubl, a He Ha BCKO CUCTEMY.

Kpome TOro, xpaHeHue Bcex 60/1bLUMX 0OBbEKTOB B OTAE/IbHOM Tabnuue
yBENNYMBAET PUCK NOSIBNIEHNS OCUPOTEBLUNX OOBLEKTOB, HA KOTOPbIE

He OCTal0Cb CCbINOK B 0ObIYHbIX Tabnuyax. 418 noucka n yaaneHus
OCMPOTEBLLMX 06BLEKTOB MOXHO MCNONb30BaTb yTUAUTY vacuumlo, a ans
NpeAoTBpaLLEHNS NX NOABEHUS — paclumpeHue |o.

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

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

Jlornyeckas pennvkauus He noanepXmBaeT N3MeHeHUs B Tabnmuax
CUCTEMHOrO KaTasiora, B TOM uuncrie B pg_largeobject, To ecTb 60nbLIME
006BbEKTbI HE PEnINUUPYIOTCS.


https://postgrespro.ru/docs/postgresql/16/lo
https://postgrespro.ru/docs/postgresql/16/vacuumlo

Hcnosm3oBanue large objects

BosibIie 06beKTHI XPaHSITCS B TabJIMIle CHCTEMHOT0 KaTasiora pg_largeobject, cTpyKTypa KOTOpO# IToxoxka Ha CTpyKTypy TOAST-
TabJIUITEL.

=> \d pg_largeobject

Table "pg catalog.pg largeobject"

Column | Type | Collation | Nullable | Default
-------- B L L e e LR
loid | oid | | not null |

pageno | integer | | not null |

data | bytea | | not null |

Indexes:

"pg_largeobject loid pn index" PRIMARY KEY, btree (loid, pageno)

Co3aguM TabJIHITy JI7Is XPaHEeHHs CCHIIOK Ha GOJIBIITHE 06EKTHL.

=> CREATE TABLE demo_largeobject(
filename text,
link oid

);

CREATE TABLE
J71s1 paboTHI € 60JIBIITUMU 06 BbeKTaMHU Oy/ieM HCII0JIb30BaTh UHTepdelicHbIe PyHKITUM SQL.

=> INSERT INTO demo_largeobject VALUES (
'bookstore2.sql’,
lo_import('/tmp/bookstore2.sql")

);

INSERT 0 1
dynaKkys lo_import sarpy>kaeT ¢aiin c cepBepa B pg_largeobject 1 Bo3BpaijaeT ykasaTesab Ha Hero (OID).
®yHKIs lo_get CUMTHIBaeT yKa3aHHYIO YacTh 3HAUYEHUS:

=> SELECT filename, link, lo_get(link,1,16) FROM demo_largeobject;

filename | link | lo_get
................ g
bookstore2.sql | 16586 | \x2d0a2d2d20506f737467726553514c20
(1 row)

Urto 6yzeT, ecyIy yoaaIuTh CTPOKY M3 TabIuIsl demo_largeobject?
=> DELETE FROM demo_largeobject;

DELETE 1

CTpoKa yaJnuTcs, a 60JIbII0H 06 KT CTAHET «IIOTEPSIHHBIM»:
=> \lo_list

Large objects
ID | Owner | Description

16586 | student |
(1 row)

JloTIoTHUTeIbHAsA YTHINTA vacuumlo, TocTaBisieMasi C cepBepoM, IT03B0JIsIeT HAMTH G0JIbIIHe 06beKThI, Ha KOTOPEIe He 0CTaI0Ch
CCBUIOK, U YAAJIUTh UX:

student$ vacuumlo --verbose ext_lob

Connected to database "ext lob"
Checking link in public.demo largeobject
Removing lo 16586  Successfully removed 1 large objects from database "ext lob".

= \10_1i5t

Large objects
ID | Owner | Description

(0 rows)



JJ1s1 IpejoTBpalleHUs II0TEPH CChIIOK TaKyKe MOKHO BOCIIOJIb30BaThCS paclIupeHueM lo.

=> CREATE EXTENSION 1lo;

CREATE EXTENSION

PacirupeHue co3fjaeT THII JaHHBIX lo (06epTka Haz 0id) ¥ QyHKIIHIO lo_manage [JI HCII0JIb30BaHUS B TPUITEPHBIX QYHKITHIX.
=> CREATE TABLE demo_lo (filename text, link 1lo);

CREATE TABLE

=> CREATE TRIGGER t_link

BEFORE UPDATE OR DELETE ON demo_1lo
FOR EACH ROW

EXECUTE FUNCTION lo_manage(link);

CREATE TRIGGER
3arpysuM 60JIbII0H 06bEKT U IIOMECTHUM CCHUIKY Ha HETo B TabJIMITy.

=> INSERT INTO demo_lo VALUES (
'bookstore2.sql’,
lo_import('/tmp/bookstore2.sql')
)i

INSERT 0 1
V6epumcs, 9TO BCe Ha MeCTe, ¥ YAATHM.

=> SELECT filename, lo_get(link,1,16) FROM demo_lo;

filename | lo_get
________________ e m e e e e e e e e e mmmmmmm e e e
bookstore2.sql | \x2d0a2d2d20506f737467726553514c20
(1 row)

=> DELETE FROM demo_1lo;
DELETE 1
=> \lo_list

Large objects
ID | Owner | Description
e Fomm e e e e e e e e
(0 rows)

Ta6GIMIHBIA TPUTTEP YAAJIEII CBSI3aHHBIH GO0JIBIIOH 00BEKT.
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[171s1 pabOTHI C IBOMUHBIMY IaHHBIMU TIPe/[OCTaB/IeHbI

THM bytea, ucrosnb3yronumii TexHosnorvio TOAST
nozicucreMa «b0/bIINX 00BEKTOB»

Vcrosib30Banue (aiiyioBoM CHCTEMBI ITO3BOJISIET TO0OUTHCS
BBICOKOU CKOPOCTH 3a CUeT OTKasa OT Bo3MoxHOoCTer CYB/]
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1. [Hob6aBbre B Tabmmily books mosie cover ¢ Tumom bytea.
3arpysuTe B 11071e cover 00/I0)KKY KHUT 13 (aiiioB popmara
jpeg. ®alinibl HaxoASTCA B KaTasore /home/student/covers.

2. Co3spaiite pyHKLMIO webapi.get_image, BO3Bpalllatoliyto
00J10)KKY KHUTH TIO TTIepe/JaHHOMY H/IeHTU(HUKATOPY.

3. CpaBHuUTe BpeMsi, 38 KOTOPOEe BBITIOJTHAETCS 3allpoC KO BCEM
ctonbiiam Tabuiel books (SELECT *) u K ctonbiiam 6e3 cover.

15

1. Ana uyTeHuns chaiinioB MOXHO Mcnob3oBatb PyHKUMIO pg_read binary file.

2. DyHKUMA get_image yxe co3faHa B 6a3e fgaHHbIX, HO HUYero He
BO3BpaLlaeT. 3arosioBOK (yHKLMN:

CREATE FUNCTION webapi.get_image(book_id integer) RETURNS bytea



1. IlepexagbIBaHHE CKAaHOB 00JI10KeK B 6a3y JaHHBIX

CKaHBI 06JI0’KeK HaXOAATCS B KaTaJIore COVers:
student$ 1s ~/covers/ | head -n 10

abelson prog.jpg

adelson chess.jpg

aho _compilers.jpg

aho structalgo.jpg
ben-ari pl.jpg

bogdesko calligraphy.jpg
boswell readable.jpg
bringhurst style.jpg
brooks myth.jpg
camp_no.jpg

HasBaHwus QailioB XxpaHAaTcsa B TabmIie books B cToJi61te cover_filename. Paciipum TabIuIly CTOJIOII0M /I XpaHeHUs
KapTHUHOK:

=> ALTER TABLE books ADD cover bytea;

ALTER TABLE

HCII0JIb3yeMYIO 110 YMOJTUaHHI0 KOMITPECCHI0 JAHHEBIX CTOUT OTKJIFOUUTE: IOTIOJTHUTEILHO CKaTh $arisl JPEG He yzacTces, a
pecypchl Ha yIIaKOBKY/pacCaKOBKY MOYKHO CO9KOHOMHUTb.

VcTaHOBHUTH HYKHYI0 CTPaTeTHI0 XpaHeHH MOXKHO TOJIBKO OT/eJIbHOM KoMaH/[0H ITocyIe Jo6aBJIeHUs CTOIONnA:
=> ALTER TABLE books ALTER COLUMN cover SET STORAGE external;

ALTER TABLE

ITepesioyXxuM QaiIbl B 9TOT CTOJIGEL;:

=> UPDATE books b

SET cover = pg_read_binary_ file(
'/home/student/covers/' || b.cover_filename

)i

UPDATE 100

2. ®yHKIYs1, BO3BPAIA0Iasi CKaH 00/I10)KKH

=> CREATE OR REPLACE FUNCTION webapi.get image(book_id bigint)
RETURNS bytea
LANGUAGE sql STABLE SECURITY DEFINER
RETURN (SELECT b.cover
FROM books b
WHERE b.book_id = get_image.book_id);

CREATE FUNCTION

3. Bpems BemostHeHns1 SELECT *

CpaBHHTe BpeMsI CaMOCTOSATEIHHO; 37leCh MBI He IIPUBO/IUM pe3y/IbTaT BHIIIOJTHEHHS 3aIIPOCOB H3-3a GOJIBIIIOT0 pasMepa.

BBIBOJI, 10JDKEH OBITH 0UeBHEH: B IIPOMBIIIUIEHHOM KO/Jie C/IeZlyeT 06paliaThCsl TOIBKO K TeM CT0JIOIIaM, KOTOphIe IeHCTBUTEIbHO
He0o6XO0TUMEL.
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1. Co3patite Tabnuily ¢ mosem tura bytea.
3arpy3ute B TabuIly /10601 daiis, 3TOT »Ke (aiis 3arpy3uTe Kak
OO0/BIIION OOBEKT.
BBIMO/IHUTE KOHTPOJIBHYIO TOUKY, UTOOBI B Kellle He 0CTaJI0Ch
rpsi3HbIX Oydepos.

2. [JobaBbTe 0WH MPOM3BOJIbHBIA OAUT K 3HAUEHUIO B CTOJIOLIE
Tura bytea TaOnULIbI.
CKoJTbKO Tpsi3HBIX Oydepos, oTHocsmxcst K TOAST-rabmuiie,
TMosIBUIOCH B OyhepHOM Kelie?

3. [o6aBbTe 0[jH MPOM3BOJIbHBIA OAUT K 3HAUEHUIO OOJTBIIIOTO
oOBbeKTa.
CKoJTbKO Tpsi3HBIX Oy(hepoB, OTHOCAIIUXCSA K Tabsuiie
pg_largeobject, mosiBunock B OydhepHoM Ketre?
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2 1 3. YTo6bl NONYYNThL KOSIMUYECTBO IPSI3HBLIX BydhepoB Ans Tabnubl,
ycTaHoBUTe paclumpeHue pg_buffercache n Bocnonbayitech 3anpocom:

SELECT count(*)

FROM pg_buffercache b
= pg_relation_filenode('table_name': :regclass)
= 0 -- OCHOBHOW cJiOi

WHERE b.relfilenode
AND b.relforknumber
AND isdirty;

3. MoxHO Bocnosib3oBaTtbcs doyHKUMel l0_put, 3anncbiBatoLein AaHHble
Mo 3alaHHOMY CMELLIEHMIO.



1. IlogroroBka

=> CREATE DATABASE ext_1lob;

CREATE DATABASE

=> \c ext_lob

You are now connected to database "ext lob" as user "student".
PacimmpeHue I IIpocMoTpa 6ydepHOro Kerma:

=> CREATE EXTENSION pg_buffercache;

CREATE EXTENSION

Cosganym TabJIHITy CO CTOIOIIOM THUIIa bytea:

=> CREATE TABLE demo_bytea (filename text, data bytea);
CREATE TABLE

3arpysuM QaiiI c ofHOM 13 06/10KeK KHUT B Ta6JIHILY:

=> INSERT INTO demo_bytea VALUES (
'novikov_dbtech.jpg',
pg_read_binary_file('/home/student/covers/novikov_dbtech.jpg"')
)i

INSERT 0 1
JTOT >Ke aiii 3arpy3UM KakK 60JIbII0N 00BeKT B 3alIOMHHM ero oid:

=> SELECT lo_import('/home/student/covers/novikov_dbtech.jpg') AS "oid";

JLIS1 YHCTOTHI 9KCIIEPHMEHTAa OYHCTHUM TaGJIHIIEI ¥ CGPOCUM Bee IpsisHEIe Gydephl Ha THCK:
=> VACUUM (analyze) demo_bytea, pg_largeobject;

VACUUM

=> CHECKPOINT;

CHECKPOINT

2. U3smeHeHMe bytea

Jlo6aBUM K 3HaUEHHIO HyJIeBOH 6aiT:

=> UPDATE demo_bytea SET data = data || '\x00'::bytea;
UPDATE 1

CKOJIBKO BCET0 CTPaHHUI] B 0CHOBHOM cj10e TOAST-TabIuIrbI?

=> SELECT reltoastrelid::regclass AS toast_table
FROM pg_class
WHERE oid = 'demo_bytea'::regclass;

toast table

pg toast.pg toast 16575
(1 row)

=> SELECT pg_relation_size('pg_toast.pg_toast_16575', 'main') / 8192 buffers;

buffers

A CKOJIBKO TPSI3HBIX 6y()epoB XpaHHUT CTPAHHUITHI OCHOBHOTO CJIOSI?



=> SELECT count(*)
FROM pg_buffercache
WHERE b.relfilenode = pg_relation_filenode('pg_toast.pg_toast_16575"')
AND b.relforknumber = 0 -- ocHOBHOI cnoW

AND b.isdirty;

o

To ecTh II0CJIe H3MEeHeHHUsI 0FHOro 6aiiTa Bce cTpaHUITEI TOAST-Tab/IMIIEI CTaIHU TPSI3HBIMU.

3. H3MeHeHue 00JIBIIOro 00hbeKTa

Jlo6aBUM B KOHeIl 06beKTa HyJIeBOI GauT:

=> SELECT size FROM pg_stat_file('/home/student/covers/novikov_dbtech.jpg');

1170438
(1 row)

=> SELECT lo_put(16581, 1170438, '\x00'::bytea);

ITocuuTaeM rpsgsHble 6ydepsl TabIuIlEl pg_largeobject:

=> SELECT count(*)

FROM pg_buffercache b

WHERE b.relfilenode = pg_relation_filenode('pg_largeobject')
AND b.relforknumber = 0 -- ocHoOBHOW crnoW

AND b.isdirty;

I'psASHBIM CTaJI BCero ofuH 6ydep.



