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BapuaHTbl XpaHeHnd Posggres

daiisioBas crucreMa

B 0ase JaHHBIX TOJIBKO CCHUIKY Ha (haiisibl

BcTpoeHHbIe TUTIBI

PostgreSQL cmaHdapm SQL
JIBOMYHBIE TAHHBIE bytea blob
CHMBOJIbHBIE JAHHBIE text clob

[Toacucrema «OOMBIIMX 0OHLEKTOB»

[Nns XpaHeHus 1 06paboTKN 60/bLLIMX 06BEMOB AaHHbIX B cTaHaapTe SQL
npeaycMOTPEHbI TUMbI:

e clob (character large object) — ans cMMBO/MbHbIX AAHHbIX;
* blob (binary large object) — ans BONYHbIX AaHHbIX.

B PostgreSQL tunbl clob n blob otcyTcTBYIOT. BMECTO HUX A/19 CUMBOJIbHbBIX
AaHHbIX MOXXHO MCMNONb30BaThb TUN text, a gna ABoMYHbIX — bytea (byte
array).

PaboTta c gaHHbIMM TuMa text He 3aBUCUT OT pasmepa 3Ha4veHus, No3ToMy
B AasibHeliweM byaem roBopuTb TOIbKO O ABOWYHbLIX AaHHbIX. Hanpumep,
06 n306paxeHnsix, Buaeo, ayamo v np. Kak npaBuio Takne gaHHble XpaHAaT
coaepxmmoe goaiiioB COOTBETCTBYHOLLIMX (0OPMAaTOB.

B KauecTBe asibTepHaTUBLI TUMY bytea, MOXXHO UCMNO/1b30BaTb «OTYACTU
ycTapeBsLlyto» (uMtata n3 oKyMeHTaummn) nogcnuctemy pabotbl ¢ 60/1bLLMMK
oobeKTamu.

Ho npexpae yem pasmellarb gaHHble (hait/ioB BHYTpPU 6a3bl, cnegyet
paccMOTPETb BO3MOXHOCTb XPaHEHNSA UX «B 0ObIYHOM BUAE» B (Ppain/ioBol
cucTeme.
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dansioBast cuctema Posigres

backend |«
6ychepHbIii KF‘_‘LLI PostgreSQL J
| T
KeLl onepauyoHHOl cucTembl J
— | I
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Ecnn roBopuTb 0 ABONYHbIX AaHHbIX 60/1bLOro o6bemMa, T0 OAUH 13
BapuMaHTOB — OTKa3atbCA OT pa3smMelieHus nx B CYb/. B aTtom cnydae
haiinbl ¢ ABOMYHBLIMY AAaHHbLIMW pacrofaratTca HenocpeacTBEHHO

B (pail1oBOM cucteme, a BHyTpu 6a3bl AaHHbIX NOAAEPXMBAKOTCS TO/IbKO
CCbI/IKW Ha HUX.
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dannioBast cuctema Posigres

[IpeumyijectBa

CKOPOCTb UTeHMs U 3arrcH (aiiyios
He yBe/IMUMBaeTCs pasmMep 0asbl JAHHBIX

Hepocratku

He UCII0/1b3yI0TCsl BO3MOKHOCTH CYB/I: TpaH3akiuy, yripasjieHue JOCTYIIOM
OTCYTCTBYIOT FapaHTUX COIVIACOBAHHOCTH, [JOJIFOBEUHOCTHU JAHHBIX

YCIOXHAETCA dPXUTEKTYPa CUCTEMBI,
Hallpy¥Mep, B UdCTH pe3€pPBHOI'0 KOIMKMPOBAHMSA M BOCCTAHOBJ/IEHHA

Takor noaxon MoXeT 6bITb OnpasgaH B NepByto ovepeab
Npon3BOAUTENBHOCTLIO. CKOPOCTb YTEHUS 1 3anucu (hainnos
yBENMYMBAETCA 3a CHET n3bexaHnsa 3arpar, xapakrepHoix gna CYB/A:

e [BOMHas 3anncb Ha anck (B WAL n haitsibl AaHHbIX);
e [BOIHOE KeluMpoBaHne B onepaTnBHON NamATn (thainnosblii KeLl
n 6ychbepHblii kew CYBL);
* HaknagHble pacxogbl Ha XpaHeHue B 6a3e AaHHbIX 1 06paboTKy
(Hapes3ka Ha doparMeHTbl 419 XPaHEHNSA N CK1einKa UxX Npu YTEHNN);
* BO3MOXHOe pacnyxaHuve Tabnuy, N UHAEKCOB NPUBOAUT
K AONONIHUTENIbHOMY YTEHUIO YCTapeBLUMX dparMeHTOB 3HaYEHNS.

Kpome Toro, yaaetcsi CokpaTUTb pacxofibl Ha 06¢cnyxuaHve. He Tpebyetcs
ouncTKa 1 nepenHaekcauust Tabnuu, ¢ 60nNbWMMK AaHHbIMK. KonupoBaHue
thaiinoBs, B TOM Uncne MHKpeMeHTaNbHOe, MOXHO BbIMNOMHATL cpeAcTBamu
OC. A pesepBHble KONuUK TosIbKO 6a3bl laHHbIX 6YyT cO34aBaThCs
6bICTpee, MeHbLLIETO pa3mepa 1 NoTpebyoT MeHbLIe BpEMEHU Ha
BOCCTaHOB/EHME.

C [pyron CTopoHbl, CTAaHOBUTCH HEBO3MOXHbIM UCMNOJ/Ib30BaTh
npenmywectesa CYB/:

* TpaH3aKuMOHHasi 06paboTka: aTOMapHOCTb 1 COrMacoBaHHOCTL 3amnuci,
KOHKYPEHTHBbI A0CTYyN, BOCCTAHOBNEHME Noc/e COOoS;

* ynpas/fieHne AOCTYNOM Nob30BaTesieil Ha UTEHME U 3annChb AaHHbIX.

ApXuTeKTypa CUCTEMbI MOXET NoTpeboBaTb nepecmoTpa 1 4opadboTKn
npouenyp pe3epBHOro KONMpoBaHUSA 1 BOCCTAHOB/IEHWUSA, UCMO/1b30BaHMS
pennuk, 0GHapyXXeHns Hencnob3yembix hainos 1 np.



TOAST Posggres

XpaHeHHe «JITMHHBIX» aTpUOyTOB B OT/le/TbHOU Tabuiie

TIpUMeHsIeTCs [/l TUTIOB TlepeMeHHOM JJTHBL: text, bytea, xml, json u ap.
«JJIMHHBbIe» aTpruOyThl Hape3atoTcs Ha (pparMeHThl MeHbIIle CTPaHUL{bI
BO3MOKHO Cxartue (MeTozb! pglz u 1z4)

pa3mep 3HaueHwus fio 1 I'Oatita

TOAST-Tabnuija

YNUTAeTCsl TOTBKO MPU 00palljeHNH K «JJTHHHOMY» aTproyTy
BO3MO)KHA YaCTUYHAs IeKOMIIPECCHs 3HAUeHUsI TIPU UTEHHH
coOCTBeHHast BEpCUOHHOCTh

paboTaeT Mpo3pavHo [iyis IPUIOKEHHST

JTtobas Bepcusa cTpokn B PostgreSQL AomkHa LemkomMm noMelatbcs Ha
OfHY CTpaHuuy. N5 «4SIMHHBLIX» BEPCUIA CTPOK MPUMEHAETCA TEXHOI0MS
TOAST — The Oversized Attributes Storage Technique. TouHee, TOAST
NPUMEHSETCS K OTAE/bHbIM atpubytam, UMEeLUM TUM NepemMeHHON OJIHbI,
Hanpumep, text n bytea, a Takke xml v json, KOTopble ByaQyT PacCMOTPEHbI
Nno3)e B 3TOM Kypce. B ntobom cnyyae pasmep O4AHOro 3HavyeHns (BO3MOXHO
CXXaToro) He Ao/MKeH npeBblwaTb 1 [GaiiTa.

[NnA Kakaoi OCHOBHOM Tabnuubl NPU HEO6XoAMMOCTI CO3faeTcs oTAe/bHas
TOAST-Tabnuua (1 K Heil cneuunanbHbIii HAEKE). Bepcumn ctpok B TOAST-
Tabnvue ToXe A0/DKHbI NOMEeLLAaTbCA Ha Of4HY CTpaHuuy, Mo3ToOMy
«ANMHHbIE» 3HAYEHUA XPAHATCA Nope3aHHbIMWN Ha YacTu, 0ObIYHO OKOO

2 K6ant. 13 atux yactein PostgreSQL npo3payvyHo Asisi NpUIoXKeHUs
«CK/1ienBaeT» Heobxoanmoe 3HaveHue.

TOAST-Tabnnuya ncnosb3yeTcs TO/IbKO Npu obpalleHnn K «4SIMHHOMY >
3Ha4YeHunto. Ecnin aTn gaHHble yrnakoBaHbl, TO HavaslbHble (hparMeHTbl
cXKaroro atpmbyTa CUMTbIBAKOTCA NOPUUAMM U Cpasy pacnakoBbIBalOTCS,
No3BO/ISAS U3bexarb N3B/IEYEHUA «AJIMHHOTO» 3Ha4YeHus Lesimkom. Ho ecnu
TpebyeTca N3MEHUTb HECKO/IbKO GaiiT 3HAa4YeHusl, TO OHO ByAeT CYMTaHO

N 3anMcaHo MosIHOCTLIO.

Ona TOAST-Tabnuubl NogAepXXMBaeTca CBOA BEPCUMOHHOCTb: eC/n
0OHOBNEHME AaHHbIX HE 3aTparnBaeT «A/IMHHOE» 3Ha4YeHne, HoBas Bepcus
CTPOKKN ByAeT ccbinarbCs Ha To XXe camoe 3HadeHue B TOAST-Tabnmue —
3TO 3KOHOMUT MEcCTO.
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CTpaternm xpaHeHus Posggres

OCHOBHast oKarve TOAST-
Tabnmia JITAHHBIX Tabmuia
Extended Ja i Ja
External Ja — Ja
B CaMyt0
. B TTOCJIEZIHIOIO
Main na TIOC/IeTHIOI0
ouepesb
ouepe/b

Plain Ji:| — —

C1on6bupl Tabnmy, UCNosb3YyT OAHY U3 YETbIPEX CTPaTErnini XpaHeHns
3HaAYEHNN, yCTaHaBNMBAEMYHO B 3aBUCUMOCTM OT TUMa AaHHbIX:

EXTENDED. [onyckaeTca cxartne n nepeHoc B Tabnumuy TOAST.
[ns Tnnos, noaaepxunsarowmx nepeHoc B TOAST, 06bI4YHO UCMNO/b3YETCA
3Ta cTparterus.

EXTERNAL. onyckaeTtcs Tonbko nepeHoc B Tabnnuy TOAST, HO He
cxkaTtue. Ecnu 3arpykaemble gaHHbIe yXe cxXaTbl, UMEeT CMbIC/ BblopaTb
ctpateruto EXTERNAL ana akoHomuu 3atpaT Ha ManioadpdoekTuBHoe
NMOBTOPHOE CXartue.

MAIN. Monsa ¢ 3aToil cTpaternein CXMMaroTca ToNIbKO B TOM criyvae, ecin
06paboTkm nonein EXTENDED n EXTERNAL oka3anocb HeAoCTaTo4HO,
4yTOObl YMECTUTb BEPCUIO CTPOKM Ha cTpaHuue. NepeHoc

B Tabnuuy TOAST TOXe BO3MOXEH, HO TO/IbKO KaK KpanHAa mepa.

PLAIN. XpaHeHune To/IbKO B OCHOBHOW Tabnuue. icnonb3yeTcsa ans
TUMOB, 3HAYEHMS KOTOPbIX MMEKT HEOO/bLLOK pasmep.

Mpy co3aaHum Nob30BaTeNbCKOro TUMa AaHHbIX MOXHO 3a4aTb CTpaTeruio,
MPUMEHSIEMYIO MO YMO/THAHNIO.

Ha ypoBHe cTon6ua Tabnmubl MOXHO Nepeonpeaenntb cTpaTernto, a Takke
yKasaTb MeTof, CXaTusl.

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

backend

[ 6ychepHbIii kel PostgreSQL J
KeLl onepavlyoHHOl cucTembl j
,,,,,, R 01100110 .
01110011 |«
T 11001100 |-
11100110 =
WAL - 011001 |-

11001101 |«
— 00110011 |-

10011011 |«

pg_toast_NNN

XpaHuUTb ABOUNYHbLIE 00beKTbI B 6baze AaHHbIX MOXXHO ABYMA cnocobamu.

MepBblii cNocob 3ak/oHaeTcs B co3AaHuM CTON6LOB ¢ TMNoMm bytea
B Tabnuuax.

Tun bytea ncnonb3yet TexHonorno xpaHeHna TOAST. NoaTomy 3HaYeHns
60/bLLOro pa3mMepa pasMeLLalTcs He B caMoil Tabnvue, a HapesarTcs
Ha dpparmeHTbl 1 XpaHatca B TOAST-Tabnvue, cBA3aHHOW C OCHOBHOIA.
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Tunn bytea Posigres

[IpeumyijectBa

TPaH3aKI[MOHHOCTD, YTIpaB/ieHHe JOCTYTIOM
COT7IaCOBaHHOCTh U /I0JITOBEYHOCTb OOJBIINX JAHHBIX
unTepdetic SQL

Henocratku

yBesueHue pa3Mepa 6a3bl JAHHBIX

MeHbIIIasi CKOPOCTb, UeM 1pu pabore ¢ daiiiamu
pa3mep 3HaueHus Ao 1 I'6aiita

3HAUeHUsI CYUUTHIBAIOTCS U 3alMChIBAIOTCS 1€/TUKOM

[NaBHOE NMPenMyLLLECTBO XpaHeHUs 60/1bLUMX 3HA4YEeHNn B 6a3e faHHbIX —
3TO UCNoNb3oBaHne BO3IMOXHOCTe CYB/[. TpaH3akUWOHHbIA MeXaHU3M
rapaHTMpyeT COornacoBaHHOCTb AaHHbIX M 3aluTy OT COO0EB.

A pasrpaHuumBaTb AOCTYN NOJsb30BaTesie K 3HaYEeHUSAM MOXHO Npw
nomoLun cpencts CYB/.

[nsa pa6oTtbl ¢ TMNOM bytea ncnonb3yetcs A3blKk SQL, UTO AenaeT atn
[ENCTBUS YAOOGHbLIMN.

[BOWYHbIE TUMbI AAaHHbIX, (PYHKUMK 1 onepaTopbl A/1s1 paboTbl C HAMM:
https://postgrespro.ru/docs/postgresql/16/datatype-binary
https://postgrespro.ru/docs/postgresal/16/functions-binarystring

Kak Mbl y>e roBopuiv paHee, XxpaHeHne BHyTpY 6asbl AaHHbIX YBENNYMBAET
pasmep 6a3bl M Pacxofbl Ha ee CONPOBOXAEHME, a TaKKe YMeHbLUAET
CKOPOCTb UTEHUA 1 3anncy AaHHbIX 13-3a HEOGX0AMMOCTY Hape3aTb
3HaueHve Ha oparMeHTbl U CK/IeMBaTb KX, NOMELLAsi B A0NO/THUTE bHbIi
KeLLl.

K HepocTaTtkam ncnonb3oBaHus Tuna bytea MoOXHO OTHECTU U OrpaHUYeHne
TOAST Ha pa3mep 0fHOro 3HayeHusi B 1 6anT.

Takke oTMeTuMm, 4to npu padote ¢ TOAST nameHeHne gaxe He60NbLLON
4acTu 3HaYeHMS NPUBOAMT K CUATbIBAHMIO B OyDEPHbIl KeL BCEX 3aHATbIX
3Ha4YeHneM CTpaHuL, 1 K nepesanucu Bcero 3HayeHnsa. C YyTeHMem 4yactu
3Ha4YeHnA 4esio 06CTOUT Nyylle: BO3MOXHO M3BeYeHne TONbKO
Heobxoaumoro oparMeHTa.



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 YMO/TYaHHUIO ABOUYHBIE JaHHBIE BEIBOOSATCA B IIE€CTHAOALIATEPUYIHOM (bopMaTe.
=> SHOW bytea_output;

bytea output

3HaueHus HauWHAITCS C '\X', fajiee KaXKObli 6alT IpefcTaBlieH ABYyMs IIeCTHAALaTePUYHBIMYU HU(bPaMU:

=> SELECT 'Hello'::bytea;

\x48656¢c6¢c6f
(1 row)

IoGaBuM HYJIEBOM CHMBOJI K CTPOKE:
=> SELECT 'Hello'::bytea || '\x00'::bytea;

?column?

\x48656c6c6T00
(1 row)

IlTectHapnaTepuyHbi hopmat nossuics B Bepcuu 9.0. Jo 9Toro ObUI JOCTYIIEH TOIBKO dhopMaTt
«CIIeUIIOCIeIOBaTEIbHOCTEN .

=> SET bytea_output = 'escape’;

SET

B aTom dopmaTe ASCII-cMBOIIEL 0TOGPaKalOTCSI Kak €CTh, @ OCTANIbHEIE IIPEICTABIIEHEI CIIENIIOCIIe[OBATEILHOCTIMHU:
=> SELECT 'Hello'::bytea || '\x00'::bytea;

?column?

Hello\000
(1 row)

ITapametp bytea output ompepnensieT TonbKo GpopMaT BEIBOZA OBOUYHEIX JaHHLIX. BXOOHEIe faHHbIe IPUHUMAIOTCS B JII000M
U3 9TUX OBYX HopmMaToB.

=> RESET bytea_output;
RESET
Temneps co3maguM TaGIuIly co cTonboM tuna bytea.

=> CREATE TABLE demo_bytea(
filename text,

data bytea

)i

CREATE TABLE

Tabnuia TOAST co3pmaeTcst aBTOMATUYECKY IJIs1 XpaHeHus 60obmux 3HaYeHu data u filename (3HaueHus tuna text Takxe
MOTyT OBITE GonbiuMu). HatimeM ums ciryke6HOM TaGIUIIEL:

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



toast table

pg toast.pg toast 16565
(1 row)

Crnyxe6rrle Tabnunsl TOAST Bcerma pacmoaraloTcs B CIIenHaabHON cxeMe pg toast — 4ToOHI HE mepeceKaThCs C
00BIYHEIMU 00beKTaMu 6a3kl HaHHBIX. [TomyuuTs ciucok TOAST-Tabnui MOKHO KoMaHAoH psql:
=> \dtS pg_toast.pg_toast_16565*

List of relations

Schema | Name | Type |  Owner
---------- B e e
pg toast | pg toast 16565 | TOAST table | student
(1 row)

ITocmoTpuM Ha cTpyKTypy TOAST-TaGmuns:
=> \d pg_toast.pg_toast_16565

TOAST table "pg toast.pg toast 16565"

Column | Type
____________ Fomm e e e e -
chunk_id | oid
chunk seq | integer
chunk _data | bytea
Owning table: "public.demo bytea"
Indexes:

"pg toast 16565 index" PRIMARY KEY, btree (chunk id, chunk seq)

e chunk id — npenTUdUKATOD 3HAYEHUS,
e chunk seq — mopsOKOBHEIY HOMeD pparmeHTa 3HAYEHUS,
e chunk data — ma"HBIEe pparMeHTa.

MoxH0 06paTUTh BHUMaHue, YTO BuiBoa KoMaHak! \d mist TOAST-Tabnul] COmepXUT Ha3BaHHE OCHOBHOM TaGIUIIL.

Doctyn x 3HaueHussM B TOAST Bcerna OCyIIeCTBIISIETCS 10 UHAEKCY. DTO CaMHBIi GEICTPEHIE CIOCO0 ITONTyYUTh BCE
(bparMeHTE OMHOTO 3HAUEHUS [JIsI CKJIEHKH, HO HOCTYII KO BCEM 3Ha4YeHUsIM OyneT 3aBefoMo HeahdHeKTUBEH.

Kpowme Toro, uteHnue 601b10ro o6bema gaHaex U3 TOAST-TabIun MOKET IPUBONUTH K BEITECHEHUIO ITOJIE3HBIX HAHHEBIX U3
O6ydepHoro Kerra. MexaHu3M 6yhepHOro Komblla, IpeIoTBpallainil MaccoBoe BeITecHeHue, 0yt TOAST-Tabnurl He
HCIIOIB3YETCsI, TaK KakK 3aeHfCTBYETCS TOJIBKO IIPHU ITOJIHOM IIOCTIE0BATETEHOM CKaHUPOBAaHUY TaOGIULE], HO HE IPU
MHOEKCHOM JIOCTYIIE.

Ilo6aBuM B demo_bytea cTpoky. B kauecTBe maHHEIX BO3bMEM JIOTHYECKYIO PE3EPBHYI0 KOIIHIO 0a3bl JaHHBIX IPUJIOKEHUS.
student$ pg_dump -d bookstore2 > /tmp/bookstore2.sql

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

-rw-rw-r-- 1 student student 1791086 ¢eB 5 23:35 /tmp/bookstore2.sql

3aMeTHM BpeMsl BCTaBKH.

=> \timing on

Timing is on.

Ilnsa cauteiBaHuS (aiiia BOCIOIb3yeMCs BCTpoeHHou dyHKIueln pg read binary file.

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

);

INSERT 0 1
Time: 101,328 ms

=> \timing off
Timing is off.

Hcnonb3oBanue TOAST npo3payHo Ojis MPUiIokeHus. HaM He Hy2KHO o0paInaThecs K ciayKeOHOoM Tabiulle B 3ampocax. BoT
nepsble 16 6aiiT 3arpyzkeHHOro ¢aiina B IBONYHOM BUAE:

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



substring

\x2d2d0a2d2d20506f737467726553514c¢
(1 row)

O6muit pa3Mep 3arpyzKeHHOr0 3Ha4eHHUsI COOTBETCTBYET pa3Mmepy ¢aiina:

=> SELECT length(data) FROM demo_bytea;

1791086
(1 row)

OpHnako pa3mep Tabiaunsl demo_bytea cocTaBisieT BCero OfHY CTPaHUILy, [AHHHIX 3arPy2KEeHHOTOo daiina B Hell HeT:
=> SELECT pg_relation_size('demo_bytea');

pg_relation size

3HaueHue cTosibua data momamo B TOAST-Tabnuiry. MoxKHO yOeAUTHCS, YTO B CITy2Ke0HOM TabIuIile MOSIBUIIOCH OTHO
3HAYEHUe:

=> SELECT count(distinct(chunk_id)) FROM pg_toast.pg_toast_16565;

CKoJbKO MecTa TpebyeTcs s xpaHeHus: TOAST-TaGIuIb], eCliu CPaBHUBATL C pa3MepoM ¢alina: MeHbllle, OOJIbIIe HIH
POBHO CTOJIBKO XKe?

=> SELECT pg_relation_size('pg_toast.pg_toast_16565');

pg_relation size

IToueMy noTpe6GoBaNoCh MeHbIIIE MecTa?
=> \d+ demo_bytea

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

---------- L e S I e e s SR
L

filename | text | | | | extended | |

I

data | bytea | | | | extended | |

Access method: heap

Crparerus xpaHeHus extended npeanonaraet cxkaTtue HaHHBIX Ipu noMelieHnu B TOAST. A TeKCTOBEIE JaHHEIE XOPOIIIO
CXKUMAaIOTCH.

Hauwnnas ¢ PostgreSQL 14 nosiBunack BO3MOKHOCTh BEIOOpa MeTOfa CXKaTusA: Pglz (MCIombp3yeTcs 110 yMOoT4aHuo) u 1z4.
VisMeHUM MeTOf cKaTus Ajis cronbua data ¥ IOBTOPUM HAII OIBIT, IPeABAPUTENIBHO OIIyCTOIINB TabuIy.

=> 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"')

)5

INSERT 0 1
Time: 35,905 ms

=> \timing off
Timing is off.

BcTaBKa maHHBIX BHIIOJTHUJIACH 3aMETHO OBICTPEE, HO MeCTa AJIs CXKAThIX JaHHBIX IOTpedyeTcs Oosbiie — 1z4 ckuMaeT
IaHHBIE He TaK 3(PPHEeKTUBHO:

=> SELECT pg_relation_size('pg_toast.pg_toast_16565');

pg relation size

CzxaTue BooOIIle MOXKHO 3alIPETUTh, BEIOpaB cTparTeruto external:
=> ALTER TABLE demo_bytea ALTER COLUMN data SET STORAGE external;
ALTER TABLE

OT10 n3MeHeHue OyOeT [AelCTBOBATh TOJIBKO [JIsI HOBBIX CTPOK, II03TOMY CHOBA OIIyCTOIIMM TabNuIy K 3arpy3uM ¢aumn
3aHOBO.

=> TRUNCATE demo_bytea;
TRUNCATE TABLE

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

);

INSERT 0 1

CKOJIBKO Temneps noTpebyercst Mecta At xpaHeHus TOAST-Tabnuisl, eciu CpaBHUBATh C Pa3MEPOM MCXOTHOro daiina:
MeHblre, OOJIBIIIE UIU POBHO CTOJIBKO XKe?

=> SELECT pg_relation_size('pg_toast.pg_toast_16565');

pg_relation size

Terneps A1 XpaHEHUS UCIIOIL3YeTCsT HEMHOT0 6onbiie Mecta. [Touemy?

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

FROM pg_toast.pg_toast_16565

ORDER BY 1,2 LIMIT 3;

chunk_id | chunk seq | substring | length
---------- B et L R R T
16578 | 0 | \x2d2d0a2d2d205061737467726553514c | 1996
16578 | 1 | \x20696e74656765722c206T6e68616e64 | 1996
16578 | 2 | \x616d733b20547970653a205441424c45 | 1996
(3 rows)

Ha pa3mep mOBNUSIIN HaKIQgHbIEe PACXOMALI Ha XpaHeHne (pparMeHToB B OTOEJIBHEIX CTPOKAX C HOMOTHUTEIbHEIMU
cronbuaMu u ciykebHoM nHbDOpMaIuen.
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backend

[ 6ychepHsIii kel PostgreSQL j
| T ‘
[ KeLl onepauyoHHOl cucTembl ]
| I —

] 01100010 |-
01111001 |«
R S 11001100 |-

11100110 |«

WAL S > 10011001 |-

11001101 |«

- 00110011 [--.
10011011 |«

pg_largeobject
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[pyroi BapraHT XpaHeHNSA ABOMYHbIX AAaHHbIX 6O/bLLIOr0 pa3Mmepa BHYTpU
6a3bl AaHHbIX — UCMO/b30BaHMe NOACUCTEMbI «B0/bLLINX 0OHLEKTOB,
nosiBusLUenca 3agonro Ao TOAST.

Bce 60/blue 06bEKTbI COXPaHSATCA B OTAE/bHON Tabnnue CUCTEMHOrO
katasiora pg_largeobject. 1na ccbinok Ha 60/blIMe 00bEKTbI B CTOMOL,AX
Apyrnx Tabnuu npegocTaBnsaoTca naeHTudmnkaTops! Tuna oid. JocTtyn

K 3TUM 06beKTaM OCYyLLEeCTBASIETCS NPy NOMOLLM cneymasibHOro
NHTepdenca, NOXoxero Ha HTepdeinc padboTsl ¢ hannamu.

https://postgrespro.ru/docs/postgresqgl/16/largeobjects
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[IpeumyijectBa

TPaH3aKI[MOHHOCTh, yTIPaB/ieHHUe A0CTYTIOM
COI/IaCOBAHHOCTh U JI0JITOBEUHOCTDb OOJIBIINX JAHHBIX
pa3mep 3HaueHus 10 4 ToanT

TIOTOKOBOE UTeHHe U 3aMiCh (pparMeHTOB 3HaUeHHUsT

Hepocratku

yBeJIueHue pa3Mepa 6a3bl JaHHBIX
MeHblII1asi CKOPOCTb, UeM Mpu paboTe ¢ daiiiamu
crieliabHbIN UHTepdeiic

32
OrpaHUYeHHe Ha KOJIMYEeCTBO OOJBIINX 0ObEKTOB (2 )
PUCK TIOSIBJIEHUSI OCUPOTEBILNX 00HLEKTOB
He TI0J/Iep)KUBaeTCsl JIOTUUeCKOM pervinKalyen

12

Bonblune 06beKTbl HACEAYHT Te Xe NpenmyLLecTBa 1 HeAoCTaTKu, YTo
n Tun bytea, oTHocUTENbLHO XpaHeHNs B (hainoBoii cucTeme.

Mo cpaBHEeHMIO ¢ TUNOM bytea y 60nbLLIMX 06HLEKTOB €CTb NpenmyLLecTsa.
Bo-nepsbiX, pazmep ogHOro o6bekta MOXeT gocturarb 4 T6ainT.

A BO-BTOpbIX, MHTEepdieinc ana paboTtbl C 60NbLLMMN 06beKkTaMu NO3BOSET
paboTarb C NPOM3BO/IbHbIM (pparMeHTOM 3Ha4YeHus, a He CO BCEM
3Ha4YeHMeM LIeNIMKOM, Kak 06bl4HO npoucxoant ¢ TOAST.

C Opyroi CTOPOHbI, UCMOMb30BaHMe crneunanbHoro nHTepdeica genaet
paboTy ¢ 60/bIMMN 06 BEKTAMM HE TaKoW YA06HON, KakK ¢ YACTbIM SQL.
K Tomy e ppaisep PostgreSQL fo/mKeH NoAAepXnBaTb 3TOT MHTEpPJIEiC.

NaeHTudomkaTop 60/1bL0ro 06bekTa XpaHnTcs B 4-6antoBom Tune oid,

YTO OorpaHnYmnBaeT KosiM4yecTBO OOBLEKTOB B cucTeme yncsiom 4294967 296.
Tabnuubl TOAST TOXe UCNosb3ykT oid, HO orpaHNYeHne Ha KosIM4ecTBO
3HaYeHNn AencTByeT B npefenax Tabnuubl, a He Ha BCKO CUCTEMY.

Kpome Toro, xpaHeHune Bcex 60MblUMX 06 EKTOB B OTAENbHOWN Tabnuue
yBEe/IM4YMBaAET PUCK NOAB/IEHNA OCUPOTEBLLMX OOBLEKTOB, HA KOTOPbIE

He 0CTas10Cb CCbI/IOK B 0ObIYHbIX Tabnmuax. [na novucka n yaaneHus
OCMPOTEBLUMX 0OBbEKTOB MOXHO MCMO/b30BaTh yTUAUTY vacuumlo, a ans
NpefoTBpaLLeHNs UX NOSABNEHUA — pacLunpeHue lo.

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

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

Jlornyeckas pennvkaums He nogaepXnBaeT nsMeHeHusa B Tabnmuax
CUCTEMHOrO Katasiora, B TOM uncne B pg_largeobject, 1o ecTb 60nbLUME
06bEKTbI HE PENnIMLMPYIOTCS.



Hcnonb3o0BaHue large objects

Bomburie 00beKTH XpaHSATCs B Tabnulle CHCTEMHOTO KaTasora pg largeobject, cTpyKTypa KOTOPOM II0X03Ka Ha CTPYKTYPY
TOAST-TaOIHIIEL.

=> \d pg_largeobject

Table "pg catalog.pg largeobject"

Column | Type | Collation | Nullable | Default
-------- R o et T
loid | oid | | not null |

pageno | integer | | not null |

data | bytea | | not null |
Indexes:

"pg_largeobject loid pn_index" PRIMARY KEY, btree (loid, pageno)

Co3pmagum TabnIuny OjIst XpaHeHUsI CCHUIOK Ha 0oJibIIne 06 bEKTHL.

=> CREATE TABLE demo_largeobject(
filename text,
link oid

);

CREATE TABLE
s paboTsl ¢ 6onbmnME 00beKTaMu OyIEM UCIIOIB30BaTh HHTepdelicHbe dyHknu SQL.

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

)i

INSERT 0 1
Oyuknus lo import 3arpyzxkaet ¢aiin ¢ cepBepa B pg largeobject u Bo3BparmiaeT ykasartesns Ha Hero (OID).
®yHKIH lo get cUUTHIBAET YKa3aHHYIO YacTh 3HAYEHUS:

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

filename | link | lo get
________________ e c e cmcm e e c e cmcccdccccccccccccccmaca—aa
bookstore2.sql | 16584 | \x2d0a2d2d20506f737467726553514c20
(1 row)

Yro OymeT, eciiu yOmaauTh CTPOKY U3 Tabnuiel demo largeobject?
=> DELETE FROM demo_largeobject;

DELETE 1

CTpoxka ymanutcs, a 60JIbIIoi 060BEKT CTAHET IIOTEPSTHHEIM»:
=> \lo_list

Large objects
ID | Owner | Description

16584 | student |
(1 row)

[ononHUTENbHAS YTHUIIUTa vacuumlo, mocTasnsiemMasi ¢ CepBepoM, IIO3BOJIAET Ha¥Ty 6osbire OOBEKTH, Ha KOTOPEIE HE
OCTAaJIOCh CCHIJIOK, ¥ YOAJIUTH HUX:

student$ vacuumlo --verbose ext_lob

Connected to database "ext lob"
Checking link in public.demo largeobject
Removing lo 16584  Successfully removed 1 large objects from database "ext lob".

=> \lo_list

Large objects
ID | Owner | Description

(0 rows)



[7s mpemoTBpalleHus IIOTEPU CCHIJIOK TaKKe MOXKHO BOCIIOJIL30BaThCs pacuiupenueM lo.
=> CREATE EXTENSION 1lo;
CREATE EXTENSION

PacmmmpeHnue co3pmaeT TUII JaHHBIX 1o (o6epTKa Hap oid) 1 GyHKIIHMIO lo manage OjIsi UCIOIb30BAHUS B TPUTTEPHBIX
byHKRITIAX.

=> 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
3arpy3um 60IbIION 00BEKT U IIOMECTUM CCHUIKY Ha HEro B TabnuIly.

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

INSERT 0 1
Y6emumcsi, 4TO BCe Ha MeCTe, U yHaIuM.

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

filename | lo_get
________________ S
bookstore2.sql | \x2d0a2d2d205061737467726553514c20
(1 row)

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

Large objects
ID | Owner | Description
T I e e e e e e oo oo
(0 rows)

TabnuyHEIM TPUTTED YOAIUII CBSI3aHHBIN OONIBINION 00HEKT.
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Toru Posigres

715 paboThI C IBOUYHBIMHU JAHHBIMU TTPE/I0CTaB/IeHbI

TuM bytea, ucrnosnb3syroumii TexHosnoruto TOAST
TIOJICHCTEMA «DO/BIINX 00BEKTOB»

Vicrnosib30BaHue (haiiyioBOM CUCTEMBI MI03BOJISIET JOOHUThCS
BBICOKOU CKOPOCTH 3a CYeT OTKasa OT BO3MOxHOCTer CYB/]

14
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Mpaktuka L Posigras

1. [o6aBbre B Tabmuiry books mosie cover ¢ Tumnom bytea.
3arpysure B 1ojie cover o0I0KKM KHUT 13 (aiiioB opmara
jpeg. @aitnibl HaxoATCA B Katasore /home/student/covers.

2. Cospaiite QpyHKLMIO webapi.get_image, BO3BpalllatoII[yt0
00JIO’KKY KHHUTH T10 TIepeZlaHHOMY UeHTU(HUKATOpYy.

3. (CpaBHuUTe BpeMsi, 3@ KOTOPOE BBITIOJTHAETCS 3allpoC KO BCEM
cTonbuiam Tabmuiel books (SELECT *) u K cTosibijam 0e3 cover.

15

1. Ana uyTeHus chainoB MOXHO MCMNOb30BaTb YHKLMIO
pg_read_binary_file.

2. PyHKUMA get_image yxe co3gaHa B 6a3e faHHbIX, HO HAYEro He
BO3BpaLlaeT. 3aros1IoBoK (PyHKLUMK:

CREATE FUNCTION webapi.get_image(book_id integer) RETURNS bytea



1. Ilepek1agbIBaHuEe CKAaHOB 00/102keK B 0a3y MJaHHBIX

CKaHEBI 00/102KeK HaXO0OsdTCs B KaTaJlore 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

Ha3zBanus ¢aitnos xpausTcs B Tabnutie books B cronbue cover filename. Pacmmpum tabnuiy cTonboM A XpaHeHus
KapTUHOK:

=> ALTER TABLE books ADD cover bytea;
ALTER TABLE

Hcnonb3yeMylo 10 YMOJTYaHNUI0 KOMIIPECCHUIO JAHHBIX CTOUT OTKIIIOYUTh: IOMOJIHUTENIBHO cKaTh daiinel JPEG He ymacTes, a
pecypchHl Ha YIIaKOBKY/pPacllaKOBKY MOXKHO CO9KOHOMHUTE.

YcTaHOBUTH HY2KHYIO CTPATErHi0 XpaHEHUs MOKHO TOJIBKO OTHEJIbHOM KOMaHIo rocie nobaBieHus cTonbua:
=> ALTER TABLE books ALTER COLUMN cover SET STORAGE external;

ALTER TABLE

TlepenmoxuM Gaiiibl B 3TOT CTOIOEI:

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

)i
UPDATE 100

2. OyHKIIHSI, BO3BpAaIIaloUIasi CKaH 00/102KKH

=> 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 BoinmosiHeHus1 SELECT *

CpaBHUTE BpeMsI CaMOCTOSITEJIbHO; 30eCh MBI He IIPUBOIUM Pe3yJIbTaT BHIIOJIHEHUS 3allPOCOB K3-3a OOJBIIOro pa3Mepa.

BrIBO mOJIKEH OBITH OYEBHUAEH: B IPOMBILITIEHHOM KOf€e CJIeqyeT oOpalaThCsi TOJIBKO K TeM CTOJIO1aM, KOTOpPhIE
Me’CTBUTEIbHO HEOOXOMUMEI.
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1. Co3paiite Tabnuily ¢ monem tura bytea.
3arpysure B Tabmuily mo6oit daits, 3TOT ke ¢aiis 3arpy3ure Kak
O0MbIIION 00BEKT.
BbIMo/HHUTEe KOHTPOIBHYIO TOUKY, UTOOBI B Kellle He 0CTaoCh
rpsi3HbIX OydepoB.

2. [lobGaBbTe 0WH MPOM3BOJIbHBIN OAWT K 3HAUEHUIO B CTO/OLE
turna bytea TaGmULIbI.
CkoJbKO rpsi3HbIX OydepoB, oTHocsuxcst K TOAST-Tabmuiie,
MosIBUOCH B OydepHOM Kerie?

3. [JobaBbTe 0WH MPOM3BOJIbHBINA OAWUT K 3HAUEHUIO OOJIBIIIOTO
o0ObekTa.
CKOJIBKO Tpsi3HBIX Oy(epoB, OTHOCSIIMXCS K Tabsuie
pg_largeobject, mosiBunoch B OychepHoM Keriie?
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2 1 3. YT06bI NONYYUTb KOSIMYECTBO IPA3HbIX BydhepoB ansa Tabnuupl,
ycTaHoBUTe pacwmnpeHune pg_buffercache n Bocnosnb3yntecb 3anpocom:

SELECT count(*)

FROM pg_buffercache b
WHERE b.relfilenode =
AND b.relforknumber =
AND isdirty;

pg_relation_filenode('table_name'::regclass)
O -- OCHOBHOW C/0OW

3. MoxHo Bocnosib3oBaTbCs hyHKLUMEN lo_put, 3anucbiBatoLLein gaHHble
Mo 3aaHHOMY CMELLEHMIO.



1. ITogroToBKa

=> CREATE DATABASE ext_lob;

CREATE DATABASE

=> \c ext_lob

You are now connected to database "ext lob" as user "student".
Pacmmpenue st mpocMoTpa 6ydepHOro Kerma:

=> CREATE EXTENSION pg_buffercache;

CREATE EXTENSION

Co3pmagum Tabmuiy co cTonbIoM Tuma bytea:

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

3arpy3um ¢aiisn c OgHOM U3 00JI0KEeK KHUT B TaOIUIly:

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

INSERT 0 1
JT1oT XKe dain 3arpy3uM Kak GONbIION 06bEKT U 3aIIOMHUM ero 0id:

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

II71s1 YUCTOTHL 9KCIIEPUMEHTa OYUCTUM TabJIUITEL U COPOCUM Bce I'PsA3HBIe Oydepr Ha OUCK:
=> VACUUM (analyze) demo_bytea, pg_largeobject;

VACUUM

=> CHECKPOINT;

CHECKPOINT

2. A3menenue bytea

[To6aBUM K 3HAQYEHUIO HYJIeBOYM GauT:

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

CKOJIBKO BCETO CTPAHMUIl B 0OCHOBHOM cJjioe TOAST-TaGIuIlbI?

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

toast table

pg_toast.pg_toast 16573
(1 row)

=> SELECT pg_relation_size('pg_toast.pg_toast_16573', 'main') / 8192 buffers;

buffers

A CKOIBKO I'pSI3HBIX OyPepoB XpaHUT CTPAHUIILI OCHOBHOT'O CJIOSI?



=> SELECT count(*)
FROM pg_buffercache
WHERE b.relfilenode = pg_relation_filenode('pg_toast.pg_toast_16573')
AND b.relforknumber = 0 -- ocHOBHOI cnoW

AND b.isdirty;

o

To ecTb nocie n3MeHeHus ogHOTro 6ariTta Bce cTpaHnunbl TOAST-TabMHUIEl CTATK TPSI3HBIMU.

3. A3MeHeHHe 00JIBLIIOro 00beKTa

[ToGaBuM B KOHeI] 00bEeKTa HyJIeBOM GauT:

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

1170438
(1 row)

=> SELECT lo_put (16579, 1170438, '\x00'::bytea);

ITocunTaem rps3ubie Oydepsl Tabaunsl 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;

'psi3HEIM CTas Bcero oguH Oydep.



