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UTO 3TO Takoe Posigres

Haubosee u3BectHble ipuMmepbl: XML 1 JSON

Cxema AddHHBIX oripege/aeTcsa CaMrUM JOKYMEHTOM

JIOKYMEHT COJep>XUT pasMeTKy /i/1s1 BblJleJIeHUs] 37IeMEeHTOB
Y OTIpeJiesIeHus: hepapxuu

laHHBbIE HE COOTBETCTBYIOT PesIMOHHON MOJle/in

KOHKDEeTHbIN JOKYMEeHT MOYKHO TIPe/[CTaBUTh B BUie Tabmui]
JIOKyMEeHTBI 00I1ero BU/ja TOXKe MOXKHO, HO TIPaKTUUYeCKH — Hey100HO

CnabocTpyKTypupoBaHHble (semi-structured) gaHHble — 3TO AaHHbIE,
npencrasfeHHble He B PeNAUMOHHOM (TabnmyHom) Buae. OB6bIYHO 3TO
TEKCTOBbI AOKYMEHT, HO B OT/INYME OT TEKCTA HA €CTECTBEHHOM fA3bIKeE,
[OKYMEHT COAEPXUT pasMeTKy, Onpeaenstowyto CTPYKTYPHbIE eAMHULbI.

LLINPOKO M3BECTHLIMY NpUMepamn oopMaToB (A3bIKOB Pa3MeTKN) ABAIOTCA
XML n JSON, B nocniegHee Bpema Takke nonynapeH YAML.

CTpyKTypa, uim cxema, AOKyMeHTa onpeaensercs ero CO6CTBEHHOM
pa3mMeTKon. (BTO He UCKYaET BO3MOXHOCTW ONpeaeniuTb CTPYKTYpY
oTAenbHO — Hanpumep, ana XML ecTb a3bikn DTD, XMLSchema.)

Pa3meTka, Kak npasusio, NO3BOJIAET ONpeAenTb BIOKEHHbIE 3/1IEMEHTI,
obpasyoLne nepapxuio.

KOHeuHOo, Ntobyo KOHKPETHYHO nepapxmio MOXHO NpeacTaBUTb U

B Tab/AM4YHOM BuAe. MOXHO YNOXUTb B TabnnLupbl U NPOM3BOJIbHYIO NepapXxmio
6€e3 XXEeCTKOW CXeMbl, HO pe3y/ibTar byaeT NnweH TUNn3aunmn AaHHbIX,
BO3MOXHOCTW CO34aHNA OrpaHuyeHnin LeNoCTHOCTH, C HUM ByAEeT KpaiiHe
Heyfo6HO paboTaTb B TepMuHax 3anpocoB SQL. Mo3aTtoMy ¢ HEKOTOPbIMU
BUAAMU [laHHbIX AeACTBUTENbHO YA0OHee 1 nornyHee pabotarb MMEHHO

B TaKOM, C1abOCTPYKTYpPUpPOBaHHOM, BUAE.
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[1pMeHeHne Posigres

WnuTepdeiicHbiv hopmat

Me>XX[y IPUJIOKeHHEeM U BHeLIHel CHUCTeMOU
MeXX/ly KJIMEHTCKOM U CepBepHOM YaCTsAMM ITPUJIOKEHUS

BHyTpu 6a3bl JAHHBIX KaK aTOMapHOe 3HaueHUe

TOJIbKO XpaHeHHe U U3BJleueHre
He HapyiaeT 1NF, moctatouHo oObIuHBIX cpencTB SQL

BHyTpu 6a3bl JAHHBIX KaK HeaToMapHOe 3HaueHue

oriepaniuu C OTAe/JIbHbBIMU YdCTAMH JOKYMEHTA

SQL He focTaToyHO; TpebyeTcs crielidalbHbIN SI36IK 3aITPOCOB
1 HabOp OTO/THUTETBHBIX OTlepariyii

'MOKOCTb, KOT/IA IaHHbIE T/I0X0 YK/Ia[bIBAIOTCS B PEJISLIMOHHYIO MOJIe/Th

[dokymeHTbl XML nm JSON MOryT NPpUMEHATLCA Kak YA0OHbIi
NHTEePdIENCHbIN hopMaTt Mexay pasHbIMU KOMIOHEHTaMW, HE3aBUCUMbIN
OT KOHKPETHOW niaTtddopMbl UK si3blKa NporpaMmmupoBaHus. Hanpuwvep,
AN B3aMMOLENCTBMSA C BHELUHUMYW CUCTEMaMK, Uan gas obmeHa AaHHbIMU
MeX/y KNIMEeHTCKOW U CepBepHON YacTamMu cuctemsl. B nocnegHem cnyyae
NHTepPenCHbI hopmMar NO3BOSAET K/IMEHTY MOC/aTb C/I0XHbINA 3anpoc,

a cepBepy BbINOSHUTL ero apdekTBHbIM 06pa3om (B OTIMyme ot
TpaAvLUMOHHOro noaxoaa, npuHaTtoro B ORM, korga cepeep 6a3bl aHHbIX
Harpyxaetcsa 60/1bLUNM KO/TMYECTBOM MESIKUX 3arnpocoB, He OCTaBNAA
BO3MOXHOCTE A/19 onTumMu3auumn).

Ecnn cnabocTpyKTypupoBaHHbIE faHHbIe XPaHATCS BHYTPKU camoil 6a3bl
AaHHbIX, TO BCe 3aBUCUT OT TOIO, Kak 3TN AaHHble ucnonb3yrotca. Ecnu
BHyTpn SQL 3anpocoB He genaeTcs nonbITOK padoTtarb C OTAe/TbHbIMU
yacTaAMWN AOKYMEHTOB, TO TakMe 3Ha4YeHUs MOXXHO cumMTaTb aToMapHbIMA
C ToukuM 3peHuns CYB/[. TyT AoctaroyHO 06bIUHbIX cpeacTs SQL.

KoHeuHo, 6onee nHTepeceH cnyyai, Korga cepsepy He06XoauMMO BbIAENATb
4yacTb AOKYMeHTa, ouabTpoBaTh BbIBOA, HA OCHOBE COAEepXaHUs
AOKYMEHTOB U T. . Ana atoro SQL yXe He xBaTaeT U HYXeH
crneunann3npoBaHHbIii A3bIK AOCTYNa K cNaboCTPyKTYPUPOBaHHbIM AAaHHbIM.
Ecnu CYB/l npenoctasnisgeT Takyto BO3MOXHOCTb, 3TO N0O3BO/AET
KOMOWHNPOBATb CTPOrniA PENALMOHHbIN NoAXo4, ANA AAaHHbIX, UMEIOLLMX
YeTKY CTPYKTYpY, 1 noaxopn B ayxe NoSQL Anda AaHHbIX, KOTOPbIE C/I0XHO
npeactaBnTb B TaGNMYHOM BUAE.
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Onepaunn Posigres

[Tpeobpa3oBaHue JOKyMeHTa K pesILIMOHHOMY BUZLY

COXpaHeHHe TPAHCIIOPTHOTO JJOKyMeHTa B 6a3y JaHHbIX
ucrosib30BaHue cpeacts SQL s 06paboTKu

[Tpeobpa3oBaHue pesSIIMOHHBIX JJaHHBIX K BUAY TOKyMeHTa

BBI'PYy3Ka JAHHBIX B TPAHCTIOPTHBIN (popmar

BI:)I,Z[EJIGHI/IE YdCTH JOKYMEHTA

CHEI_[I/IaJII/IBI/IpOBaHHHﬁ SI3BIK 3alIpOCOB

WHpekcupoBaHre JOKYMEHTOB

TNoZIZlep>KKa oTlepaLii CcrielianyM3MpoBaHHOrO sI3bIKa 3alpoCoB

UT0O6bI paboTaTb CO CNaboCTPYKTYPUPOBaHHBLIMU JOKYMEHTaMMN

B PeNSAUNOHHONM 6a3e AaHHbIX, MOHAA006ATCSA BO3MOXHOCTI AN
npeobpa3oBaHuns AaHHbIX U3 04HOro BMAa B APYron, NOCKO/bKY B OAHUX
cuTyauusix yaobHee ncnonb3oBaTb pPensiunMoHHbIE CPeacTBa, B Apyrmx —
[OKYMEHTOOPUEHTUPOBaHHbIE. OCOBEHHO 3TO BaXXHO, EC/IN TaKOi A3bIK, Kak
XML nnn JSON, ncnonb3yeTca B Ka4eCcTBe TPaHCMoOpPTHOro dgpopmara.

KpoMme 3Toro, HyXHbl cpeacTsa A1 BblAeNeHns YacTu OKYMeHTa —
KaKMX-TO OTAENbHbIX 3HAUYEHWIA, U KAKOTo-TO NOJAMHOXECTBA 3/IEMEHTOB.
Takve cpeAcTBa 06bIYHO NPeACTaB/EHbI B BUAE CNeLMan3npoBaHHOro
s13blKa 3aMnpocoB, KOTOPbI/ YUNTbIBAET MepapXmUeckyro CTPYKTYpY
NOKYyMEHTOB. Takune s13bIK1 3anpocoB MOXHO 1CMNO/1b30BaTb HE TOJIbKO A1
BbIJE/IEHNS YaCTW [OKYMEHTa, HO W1, HanpuMmep, A/18 Bbibopa Tex
[NOKYMEHTOB, B KOTOPbIX MPUCYTCTBYET 3a/laHHbI oparMeHT.

Ecnu cnabocTpyKTyprpoBaHHble AOKYMEHTbI UCMOMb3YHOTCS B PENSLMOHHON
CYB/, BcTaeT 3a/a4a MHAEKCUPOBAHMS Taknx AaHHbIX. [Ns 3TOro, Kak
npaBuno, He roasTcs 06blYHbIe B-AepeBbsi, NOCKO/bKY TpebyeTcst
nogAepXxunBaTb He onepaLun cpaBHEeHNsI OKYMEHTOB, a onepauuu,
CBsi3aHHble CO crneLnann3mpoBaHHbIM A3bIKOM 3aMnpoCoB.
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eXtensible Markup Language

YHUBEpCa/IbHBIN S3bIK Pa3MeTKH, TepBbIi ctaHaapt 1998 roga
¢dopmarsl Ha ocHoBe XML: XHTML, FB2, RSS u Atom, SVG, SOAP...

CrpykTrypa
BJ/IO’Ke€HHBIe 3/7IeMEeHThI
OTAEJIAOTCA TeraMu, MOT'YT UMEThb anI/I6YTI:I, CoZiep>KaT TeKCT

NHcTpyMeHTapuu

onucanue cxembl (DTD, XML Schema), si3biku 3aripocoB XPath u XQuery,
s13bIK TipeoOpa3oBanust XSLT

PostgreSQL: XPath 1.0

XML (eXtensible Markup Language) nosiBuUsCs B KOHTEKCTe Beba U
paspabarbiBaetca KoHcopunymom W3C. XML aBneTca TEKCTOBbIM
AOKYMEHTOM, cogepxallnum cneymanbHyto pasmeTky. XML onpepensaet
CUHTaKCUYECKYI0 CTPYKTYPY pa3MeTKu, KoTopad Cc NoMOLLb0 mezos
BblAENAET 371eMeHmb! (BO3MOXHO, BNIOXEHHbIE APYr B Apyra), KOTopble
MOTYT Takke umetb ampubymsi. (A3blk XML A0BO/IbHO C/TIOXEH, B HEM
NMEIOTCA TaKkke UHCMPYKyuu o6pabomku, KOMMeHmapuu n gpyrue
CYLWHOCTN, HO Mbl He ByEeM Ha 3TOM OCTaHaB/IMBaTbLCA.)

XML nosBonsert onpenennte pacwupeHusi XML, onpefensisi KOHKPETHbIN
Habop 3/1EMEHTOB 1 UX aTpubyTOB, U HaAENss UX onpeaeseHHOM
ceMaHTUKON. K n3BeCTHbIM paclumpeHuam otHocaTesa XHTML (6onee
ctpornin HTML, coBmecTumblin ¢ XML), FB2 (chopmaT aneKTPOHHbIX KHUT),
RSS n Atom (chopmartbl Ana HOBOCTHbLIX f1eHT), SVG (BekTopHas rpadvka),
SOAP (chopmart coobLyeHuin Beb-cepBUCOB) 1 Apyrue.

3a Bpems cyuectsoBaHus hopmara XML cdhopmmpoBasicsa 6orarbii
NHCTPYMEHTapuii ANna padboTbl C HUM, BKTHOYAOLWNIA A3bIKWU ONNUCAHUSA CXEMbI
[OKYMeHTOB (Takue, kak DTD, XMLSchema), sa3blkn 3anpocoB (6a30Bbii
XPath n 6onee 6oratblii XQuery Ha ero 0OCHOBE), 513blkK Npeobpa3zoBaHnNA
AokymeHToB XML (XSLT n XSL-FO Ha ero ocHose).

B pensumnoHHbIX 6a3ax paboty ¢ XML pernameHTupyet ctaHgapt SQL/XML.
PostgreSQL nogaepxmnBaet Tonbko XPath 1.0. Npeo6pasoBaHuns XSLT
AOCTYMHbI B paclumpenmsx (Xml2 nnm B CTOpoHHKUX). IHAeKkcupoBaHue

He peasin30BaHO (XOTS BCE BO3MOXHOCTM /151 3TOr0 eCTb).

https://postgrespro.ru/docs/postgresql/16/datatype-xml

https://postgrespro.ru/docs/postgresgl/16/functions-xml
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Tun gaHHbIX gna XML Posigres

xml

XpaHeHHe B BU/le 00BIYHOIO TeKCTa + CUHTaKCHUeCKast TpoBepKa
COXpaHsieTcs ucxofHoe popMaTHpoBaHUe
MOXeT XpaHUTb XML-0KyMeHT unu ¢pparMeHT JOKyMeHTa

Tun xml XpaHUT OOKYMEHT B BUAE TEKCTOBOWN CTPOKW. HO NO cpaBHEHWUIO
C TMNOM text OH NpoBepsAeT BBeAEHHbIE 3HAYEHNA Ha A0NYCTUMOCTb
no npasuiam XML.

[lonyckaeTtcsi XxpaHeHne KOPPEKTHO 0CPOPM/IEHHbIX AOKYMEHTOB, a Takxe
Nx oparMeHToB, B KOTOPbIX MOXET ObITb HECKO/IbKO 3/1EMEHTOB BEPXHETO
YPOBHS UM TEKCTOBbIX Y3/10B.

[na Tuna xml He onpeaeneHbl HUKakne onepaTopbl CPaBHEHUS, NO3TOMY
cTonb6eL, 3TOro TUNa Henb3s NPOVHAEKCMPOBATh C NoMoLblo B-tree. OaHako
MOXHO, Hanpumep, UCMNo/b30BaTh MHAEKC MO BbIPAXEHWIO, B KOTOPOM
Bbi3blBaeTcsl XPath 1 pe3ynstat npuBoANTCS K CTPOKE CUMBOJIOB.

CyLwlecTBYyIOT U gpyrne orpaHudeHnsa peanusauum atoro tuna B PostgreSQL.
https://postgrespro.ru/docs/postgresagl/16/xml-limits-conformance
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XML: i xml

=> CREATE DATABASE ext_semistruct;

CREATE DATABASE

=> \c ext_semistruct

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

Byzmem pa6oTaTh C JOKyMEHTOM, OITHCHIBAIOIIINMM KOMIIOHEHTHI KOMITBIOTEpa.

e Teru BBIJIEJISIOTCS YIJIOBBIMH CKOGKaMU. /[[7Is1 KaXK/I0T0 OTKPBIBAIOIIEro Tera (<computer>) ecTb COOTBETCTBYIOITUI eMy
3aKpHIBAIOITUM, IMsI KOTOPOTO HauMHaeTcs Ha KOCYI0 4epTy (</computer>). Takas 1apa TeroB OIIpe/esIsieT 3JIeMeHT
(computer).

® ATpUGYTHI MOTYT OBITH IIepeUYHCIeHbl BMeCTe CO 3HAUeHUsIMU B OTKPBIBAIOIIEM TeTe.

e TeKCT BHYTPH TETOB COCTABJISIET TEKCTOBBIH 3JIEMEHT.

=> SELECT $xml$
<computer> <!-- oTkpbiBalowmniA Ter -->
<motherboard>
<!-- TEKCTOBbli 3JIeMEHT -->
<cpu>Intel® Core™ i7-7567U</cpu>
<ram>
<!-- ter c arpubytom -->
<dimm size_gb="32">Crucial DDR4-2400 SODIMM</dimm>
</ram>
</motherboard>
<disks>
<ssd size_gh="512">Intel 760p Series</ssd>
<hdd size_gbh="3000">Toshiba Canvio</hdd>
</disks>
</computer> <!-- 3akpbiBalwun Ter -->
$xml$ AS xml \gset

B PostgreSQL mMeeTcs THII Xml, 3HaUeHHe KOTOPOT0 XPaHUTCA B BHJle CHMBOJIbHOM CTPOKH, a IIPH IIPUBEIeHUH K THITY
TIPOMCXOJHUT IIPOBEPKa CTPYKTYPHL. B 3aBHCHMMOCTH OT 3Ha4YeHHs IapaMeTpa Xmloption IIpoBepKa 0KHJaeT:

e document — JOKyMeHT (C OJHUM KOpPHEM),
® content — ¢pparMeHT JOKyMeHTa (JIF0601 Habop 3JIEMEeHTOB).

=> SHOW xmloption;

xmloption

content
(1 row)

IIpu IpHUBeJileHUH K TUIY Xml popMaTHpOBaHUE COXPAHIETCS:

=> SELECT :'xml'::xml;

xml

<computer> <!-- OoTKpbBalWHiA Ter -->+
<motherboard> +
<l-- TeKCTOBbIi 3N1EMEHT --> +
<cpu>Intel® Core™ i7-7567U</cpu> +
<ram> +
<!-- 1er c atpubytom --> +
<dimm size gb="32">Crucial DDR4-2400 SODIMM</dimm> +
</ram> +
</motherboard> +
<disks> +
<ssd size gb="512">Intel 760p Series</ssd> +
<hdd size gb="3000">Toshiba Canvio</hdd> +
</disks> +
</computer> <!-- 3akpbiBawuwmi Ter -->+

(1 row)

A TIOIIBITKA ITPUBECTH HEKOPPEKTHBIH $parMeHT JACT OIIUGKY:

=> SELECT '<tag>wrong xml<tag>'::xml;



ERROR: invalid XML content
LINE 1: SELECT '<tag>wrong xml<tag>'::xml;

A

DETAIL: 1line 1: Premature end of data in tag tag line 1
<tag>wrong xml<tag>

XML: BeipaxeHust XPath

ITocMOTpPHM, KaKHe CPe/iCTBa eCTh /I IoIydYeHusd YacTi XML-oKyMeHTa. /IJIs1 3TOr0 MCIIOIL3YIOTCA BEIPaykKeHU s3bIKa 3aIIpOCOB
XPath 1.0. MBI He 6yzieM /leTaJIbHO pacCMaTPHUBAThL BCe BO3MOXKHOCTH XPath, HO ITOCMOTPUM HEKOTOPbIe IIPUMepHI.

XML coCTOMT U3 HepapXHuHU 3JIEMEHTOB, II09TOMY S3BIK OIIMCHIBAET IlepeMellleHud 110 iepeBy. YacTb JOKYMEeHTa,
COOTBETCTBYIOIIAS ITyTH OT KOPHS:

=> SELECT xpath('/computer/motherboard/ram', :'xml"');

xpath
{"<ram> +
<l-- Ter c artpubyTtoM --> +
<dimm size gb=\"32\">Crucial DDR4-2400 SODIMM</dimm>+
</ram>"}
(1 row)

B IIYTH MOKHO YKa3bIBaTh HE TOJILKO HEIIOCpeACTBeHHbIE IIOTOMKMH:

=> SELECT xpath('/computer//ram', :'xml');

xpath
{"<ram> +
<l-- Ter c atpubyTtoM --> +
<dimm size gb=\"32\">Crucial DDR4-2400 SODIMM</dimm>+
</ram>"}
(1 row)

ITo AepeBYy 3JIEMEHTOB MO>KHO «IBUTaThCsA» HE TOJIBKO BHU3 K JINCTBAM, HO U BB€PX K KOPHIO:

=> SELECT xpath('//ram/dimm/.."', :'xml');

xpath
{"<ram> +
<l-- Ter c artpubyTtoM --> +
<dimm size gb=\"32\">Crucial DDR4-2400 SODIMM</dimm>+
</ram>"}
(1 row)

BMmecTo KOHKPETHOr0 IMEeHH 3JIeMeHTa MOKHO YKa3aTh, YTO IIOAXOAUT JII000M:
=> SELECT xpath('//disks/*', :'xml') \gx

S RECORD 1 - mmmmm o m o m o s o f o oo e e e e e oo
xpath | {"<ssd size gb=\"512\">Intel 760p Series</ssd>","<hdd size gb=\"3000\">Toshiba
Canvio</hdd>"}

3/1eck MBI IIOJIYYMJ/IH B MaccuBe JBe yacTu XML-goKymMeHTa. MOKHO II0CYHUTATh KOJTHYECTBO:

=> SELECT xpath('count(//disks/*)"', :'xml');

MO’KHO U3BJIeYb He BECh 3JIEMEHT, a TOJIbKO eTr0 TeKCT:

=> SELECT xpath('//cpu/text()', :'xml');

{"Intel® Core™ i7-7567U"}
(1 row)

ATpuOYTHI 3aIIMCHIBAIOTCS C IIOMOIBLIO0 «co6aKm». HatijileM 3Ha4ueHUsI aTpUOyTOB Size_gh:



=> SELECT xpath('//@size_gb', :'xml');

{32,512,3000}
(1 row)

VenoBus QHUIBTpAlU 3aIIMChIBAIOTCS B KB paTHHIX CKoOKax. HatijileM Bce 31eMeHTHI, 06beM ITaMATH KOTOPBIX HAUWHAETCS OT
1000 rurabamT:

=> SELECT xpath('//*[@size_gb >= 1000]', :'xml');

{"<hdd size gb=\"3000\">Toshiba Canvio</hdd>"}
(1 row)

CpaBHeHI/Ie paGOTaET, IIOTOMY 4TO XPath moanep>KuBaeT YHUC/I0BbIE TUIIBL. KpOMe 9TOTO, IIOALEPKUBAKTCA CTPOKU U JIOTUYeCKUU
THIIL.

BripakeHus XPath mprMeHsAI0TCs He TOJIBKO B QYHKIIMH Xpath, HO 1 B ipyrux. Hanmpumep, MOKHO IIPOBEPUTE, COJIEePKUT JIH
XML-IOKYMeHT yKa3saHHBIM QparMeHT:

=> SELECT xmlexists(
'//disks/*[starts-with(text(), ' 'Toshiba'')]"
PASSING :'xml'

);

xmlexists

=> SELECT xmlexists(
'//disks/*[starts-with(text(),''Seagate'')]"’
PASSING :'xml'

)i

xmlexists

XML: npeoGpa3oBaHIe B pe/SIUOHHBIN BUJL U 00paTHO

Jl71s1 TOoro UTO6RI ITpeo6pa3oBaTh XML-TOKYMEHT K PeJIAIIMOHHOMY (TabIMYHOMY) BUY, HCIIOIb3yeTcs QYHKIUSA xmltable.
IIycTh y Hac UMeeTCs Tab6JIUITA JII AUCKOBHIX HaKOIIUTe IeH:

=> CREATE TABLE disks (
drive_type text,
name text,
capacity integer

)i
CREATE TABLE
CHauaJja BBIJIEJTUM HY’KHYIO 4aCThb JOKYMEHTa:

=> SELECT xpath('//disks/*', :'xml');

{"<ssd size gb=\"512\">Intel 760p Series</ssd>","<hdd size gb=\"3000\">Toshiba
Canvio</hdd>"}
(1 row)

Tenephb MO>KHO HallMCaTh BBI30B QYHKITUM Xmltable. B HeM MBI yKasbIBaeM BeIpakeHHe XPath, caM TOKYMEHT, a TakxKe
OIIMCHIBAaeM, KaK II0JIy4aTh 3HAUEHHUS IS CTOJIOIIOB TaGJIUITEI C IIOMOIIBI0 IOTIOTHUTEIbHBIX XPath-BbIparkeHUH:



=> SELECT * FROM xmltable(

'//disks/*"

PASSING :'xml'

COLUMNS
drive_type text PATH 'name()’,
name text PATH 'text()’',

capacity integer PATH '@size_gb * 1024’
)i

drive type | name | capacity
____________ TSy,
ssd | Intel 760p Series | 524288
hdd | Toshiba Canvio | 3072000
(2 rows)

Ob6paTuTe BHUMaHUe:

o BrIpakeHus XPath /IJ1s1 CTOJIGII0OB OTCYMUTHIBAIOTCS HE OT KOPHS IOKYMEHTA, a OT TeKYIIero KOHTeKCTa (3JIEMeHTa,
HaM/IeHHOTO OCHOBHBIM BhIpaskeHreM XPath);
® B BEIPA)KEHUSIX MOKHO HCIT0JIb30BaTh HEKOTOPHIE apHMeTHUECKHEe OIIePAITHH.

Pe3yJ’ILTaT TaKOro0 3aIIrpoca MO>XHO HEIIOCPeACTBEHHO BCTABUTH B TaGJII/IHy:

=> INSERT INTO disks(drive_type, name, capacity)
SELECT * FROM xmltable(

'//disks/*"

PASSING :'xml'

COLUMNS
drive_type text PATH 'name()’,
name text PATH 'text()"',

capacity integer PATH '@size_gb * 1024'
);

INSERT 0 2

[ co3manudg fokyMeHToB XML uMeeTcsI JOBOJIBHO MHOTO QYHKITHM, C IIOMOIIbI0 KOTOPHIX MOYKHO COOPaTh JOKYMEHT «IIO
Kycoukam». Ho ecTh Taxoke QYHKITUH, II03BOJITIONINE BRITPY3UTh B XML Ieyio TabuIuIly, MIK pe3yaIbTaT 3alpoca, WK Jja’ke BCIO
6a3y JaHHBIX B QUKCHPOBAaHHOM QopMaTe.

=> SELECT table_to_xml(
tbl => 'disks’,

nulls => true, -- BbIBOOUTbL cTOn6ubl ¢ NULL
tableforest => false, -- B kopHe opguH 3nemeHT <disks>
targetns => "' -- npoctpaHcTBo umeH XML He HyxXHO

table to xml

<disks xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance">+

<row>
<drive type>ssd</drive type>
<name>Intel 760p Series</name>
<capacity>524288</capacity>
</row>

<row>
<drive_ type>hdd</drive type>
<name>Toshiba Canvio</name>
<capacity>3072000</capacity>
</row>

+ 4+ + o+ o+

</disks>

(1 row)



dopmat JSON Posigres

JavaScript Object Notation

TPOCTOM SI3bIK pa3MeTKH, cTaHaapT 1999 roga
MOSIBUICA B JavaScript, HO pacrpoCTpaHeH MOBCeMeCTHO

CrpykTrypa
00BEKTHI (Maphl «KJTFOU: 3HAYUEHHE» ), MACCUBBI 3HAUEHUI
3HaueHus TEKCTOBbIE, UMCIIOBbIE, [1aThl, IOTUUeCKHe

NHcTpyMeHTapuu

PostgreSQL.: s3Ik 3arpocos JSONPath,
Hero/Has ToKa roajepykka crangapra SQL/JSON,
HHAEKCHMPOBaHHE

dopmatr JSON — nogMHOXecCTBO A3blka JavaScript, onuceliBatoLee:
* MPOCTble 3Ha4YeHUs (TEKCTOBbIE, YNC/IOBbIE, AaTbl N JIOTUYECKNE);
e 00ObEKTbI, COCTOALLNE U3 Nap <KUY — 3HAYEHNE;

* MacCuBbl 3HAYEHUA.

B AByX nocneaHux cnyyasx 3Hau4eHus MoryT 6biTb Kak NPOCTbIMU, Tak
1 06bEKTAMW UM MacCUBaMU, TO €CTb IOKYMEHT UMEET NepapXmyeckyto

CTPYKTYPY.

HecmoTps Ha 1o, uto JISON — «poaHoii» popmat ansa JavaScript,
OH NOJIy4ynn OrPOMHOE pacnpocTpaHeHue 6narogapsi CBOEN npocTtoTe
N yao6CTBY, M MOBCEMECTHO UCMNOJ/Ib3YETCA B COBPEMEHHOM MHTEPHETE.

N3HavyanbHO PostgreSQL npefocTtaBisn COGCTBEHHbIE onepauun ans
pa6oTbl ¢ JSON; npu He0b6Xo0AMMOCTN 6o/ee Cepbe3HOro NHCTPYMEHTapPUSA
MOXHO 6b1/10 BOCNO/1b30BaThbCA paclunpeHnem jsQuery. B HacTosiwee
Bpems B PostgreSQL peanusosaHa yacTtb cTaHgapTa SQL/JSON:2016,
BK/toYas A3blk 3anpocoB JSONPath.

imeeTca n nHgekcnposaHne gokymeHToB JSON. 3T0O no3sonder
KOMOWHMpPOBATb PensAuMOHHbIE BO3MOXHOCTU PostgreSQL
C BO3MOXHOCTAMU, npegocTtaBnseMbiMm NoSQL-6a3zamu.

https://postgrespro.ru/docs/postgresql/16/datatype-json

https://postgrespro.ru/docs/postgresql/16/functions-json

https://github.com/postgrespro/jsquery
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of] PROFESSIONAL

Tunbl agaHHbIX ana JSON Posigres

Json

XpaHeHHe B BU/le 0OBIYHOrO TeKCTa + CMHTaKCHuecKast IpoBepKa
COXpaHsieTcs ucxofHoe popMaTHpoBaHUe
HeoOX0JMMOCTb ITOBTOPHOTO pa3bopa MpU KaXk7oM 3arpoce

Jsonb

BHYTpPeHHHM (hopMaT, CK/TFOUArOIIUi TTIOBTOPHBIN pa3bop
noggep>kka SQL/JSON (s13b1k 3aripocoB JSONPath)
TNo/iep>KKa HAEeKCUPOBaHUs

10

imetloTca ABa TMna gaHHbIX o4 npeacrasneHns gokymeHTos JSON: json
n jsonb.

[MepBblii NOABU/ICA paHbLUe 1, N0 CYyTU, MPOCTO XPaHUT LOKYMEHT B BUAeE
TEKCTOBOW CTPOKM (NMpu 3TOM, KOHEYHO, NMPOBEPSAETCA, YTO CTPOKa ABNAETCA
KOppeKTHbIM fAokyMmeHToM JSON). Ho npu nto6om obpatleHnmn K 4yacTtu
AokymeHTa JSON ero npuxoguTca 3aHOBO pa3buparb. 3TO Bbl3blBaET
6onblUMe HakadHble pacxonbl. Kpome Toro, Ans oopmara json He
peann3oBaH A3blk JSONPath 1 He paboTaeT nHgekcmposaHue. NMoatomy
json npumeHseTca peako.

O6bI4HO ncnosnbdyetca Tun jsonb (b — binary). 3T1oT popmart coxpaHaer
OfHaX /bl pa30bpaHHy0 Nepapxmnio 3/IEMEHTOB, YTO NO3BOJIAET 3IPAEKTUBHO
pabotaTtb C JOKYyMeHTOM. CnefyeT yunTbiBaTb, YUTO UCXOAHbIN BUL,
AOKYMeHTa Npu 3TOM He COXpaHAeTCA: HapyLlaeTcsa Nopaaok cnenoBaHns
3/1EMEHTOB, NMPonajarT OTCTYMbl U AYONMPYIOLWNECH KHOUN.

https://postgrespro.ru/docs/postgresgl/16/datatype-json#DATATYPE-JSONP
ATH



https://postgrespro.ru/docs/postgresql/16/datatype-json#DATATYPE-JSONPATH
https://postgrespro.ru/docs/postgresql/16/datatype-json#DATATYPE-JSONPATH

JSON: THIIBI JaHHBIX jSOon U jsonb

ﬂOKyMeHT, OHHCLIBBIOIHHﬁ KOMIIOHEHTEI KOMITBIOTEPAa, MOJKET BBITVIA/IETE B ]SON TakK:

=> SELECT $js$
{ "motherboard": {
"cpu": "Intel® Core™ i7-7567U",
“ram": [
{ "type": "dimm",
"size gb": 32,
"model": "Crucial DDR4-2400 SODIMM"
}
1
}l
"disks": [
{ "type": "ssd",
"size_gb": 512,
"model": "Intel 760p Series"
}’
{ "type": "hdd",
"size _gb": 3000,
"model": "Toshiba Canvio"
}
1
}
$js$ AS json \gset

THII json XpaHUT TOKYMEHT KaK OGBIYHBIM TeKCT:

=> SELECT :'json'::json;

{ "motherboard": {
"cpu": "Intel® Core™ i7-7567U",
"ram": [
{ "type": "dimm",
"size gb": 32,
"model": "Crucial DDR4-2400 SODIMM"
}
1
1
"disks": [
{ "type": "ssd",
"size gb": 512,
"model": "Intel 760p Series"

++ + ++ A+ F o+

}
{ "type": "hdd",
"size gb": 3000,
"model": "Toshiba Canvio"
}
1
}
(1 row)

B jsonb JoKyMeHT pa3GHupaeTcs U 3aIIUCHIBAETCSI BO BHYTPeHHEM dpopMaTe, COXPAaHSIOIEM CTPYKTYPY pas6opa. F3-3a 3Toro Ipu
BBIBO/Ie IOKYMEHT COCTABJIIETCS 3aHOBO B 3KBUBAJIEHTHOM, HO HHOM BHJIE:

=> SELECT :'json'::jsonb \gx

= RECORD 1 - mmmmmm o m o s oo f o o oo oo e o e o e oo
jsonb | {"disks": [{"type": "ssd", "model": "Intel 760p Series", "size gb": 512},

{"type": "hdd", "model": "Toshiba Canvio", "size gb": 3000}], "motherboard": {"cpu":
"Intel® Core™ i7-7567U", "ram": [{"type": "dimm", "model": "Crucial DDR4-2400 SODIMM",
"size gb": 32}1}}

YUTO6HI BEIBECTU OOKYMEHT B 4eJIOBEKOUHNTaeMOM BH/l€, MO’KHO HCII0JIB30BaTh CIIEI[HaJIbHYI0 q)yHKHHIO

=> SELECT jsonb_pretty(:'json'::jsonb);



jsonb pretty

{ +
"disks": [ +
{ +
"type": "ssd", +
"model": "Intel 760p Series", +
"size gb": 512 +
}, +
{ +
"type": "hdd", +
"model": "Toshiba Canvio", +
"size gb": 3000 +
} +
1, +
"motherboard": { +
"cpu": "Intel® Core™ i7-7567U", +
"ram": [ +
{ +
"type": "dimm", +
"model": "Crucial DDR4-2400 SODIMM",+
"size gb": 32 +
} +
] +
} +
}
(1 row)

Jasbliie MBI 6yieM paGoTaTh C THIIOM jsonb, KOTOPEBIM IIPeIOCTABIIIET GOJIbIIE BO3SMOYKHOCTEH.

JSON: Beipasxenus JSONPath u fpyrue cpegcrsa

st iomydeHust 4yacTu JSON-mokyMeHTa cTaHZapT SQL:2016 ormpeesin 13bIK 3a1pocoB JSONPath. BoT HeKOTOpbIe IIPUMEPEL.

Tak >ke, kak 1 XPath, JSONPath 11o3BoJIgeT cIycKaThbCs I10 iepeBY 371eMeHTOB. YacThb JOKYMeHTa, COOTBETCTBYIOIIAsI IIyTH OT
KOPHS:

=> SELECT jsonb_pretty(jsonb_path_query(:'json', '$.motherboard.ram'));

jsonb pretty

[ +
{ +
"type": "dimm", +
"model": "Crucial DDR4-2400 SODIMM",+
"size gb": 32 +
} +
1
(1 row)

JJIeMeHTHI MaCCHBa YKa3bIBAIOTCS B KBAJPaTHBIX CKOOKaX:
=> SELECT jsonb_pretty(jsonb_path_query(:'json', '$.disks[0]'));

jsonb pretty

{ +
"type": "ssd", +
"model": "Intel 760p Series",+
"size gb": 512 +

}

(1 row)

MOo>XHO IIOJIYYHUTD U BCE 3JIEMEHTHI Cpasy:

=> SELECT jsonb_pretty(jsonb_path_query(:'json', '$.disks[*]'));



jsonb pretty

{ +
"type": "ssd", +
"model": "Intel 760p Series",+
"size gb": 512 +

}

{ +
"type": "hdd", +
"model": "Toshiba Canvio", +
"size gb": 3000 +

}

(2 rows)

YceroBrs QUIBTPAIlUM 3alIMCBIBAIOTCS B CKOOKAX I10CJIe BOIIPOCHTEIBbHOI0 3HaKa. CHMBOJI @ 0603HavaeT TeKYIHAH IIyTh.
HatimeM JUCKH, 06beM ITaMSATH KOTOPBIX HauMHaeTcs oT 1000 rurabaiT:

=> SELECT jsonb_pretty(
jsonb_path_query(:'json', '$.disks ? (@.size_gb > 1000)')
)i

jsonb pretty

{ +
"type": "hdd", +
"model": "Toshiba Canvio",+
"size gb": 3000 +

}

(1 row)

VCII0BUS IBJISIIOTCS YaCThIO IIYTH, KOTOPBIM MOKHO IIPOZOJDKUTE Jjajblile. Bbi6epeM TOJIBKO MOZe/Ib:

=> SELECT jsonb_pretty(
jsonb_path_query(:'json', '$.disks ? (@.size_gb > 1000).model')
)i

jsonb pretty

"Toshiba Canvio"
(1 row)

B ITyTH MO>KeT GBITH ¥ HECKOJIBKO YCIOBHIA:

=> SELECT jsonb_pretty(
jsonb_path_query(
:'json',
'$.disks ? (@.size_gb > 128).model ? (@ starts with "Intel")'

jsonb pretty

"Intel 760p Series"
(1 row)

Kpowme cpeznctB J[SONPath, M0>XHO IIPUMEHSITH U «TPaSUITHOHHYI0» CTPEJIOYHYI0 HOTAIIHIO.
ITepexonuM k kitouay motherboard, 3aTeM k Kirody ram, 3aTeM 6epeM IIepBHIH (HyJIeBO) sJleMeHT MacCHUBa:
=> SELECT jsonb_pretty( (:'json'::jsonb)->'motherboard'->"ram'->0 );

jsonb pretty

{ +
"type": "dimm", +
"model": "Crucial DDR4-2400 SODIMM",+
"size gb": 32 +

}

(1 row)

JIlBoifHasI cTpeJIKa BO3BpalllaeT He jsonb, a TeKCTOBOe IIpe/icTaBIeHue (Heo6Xo UMble GUILTPAIIUH IIPUAETCS BBIIIOJHATE yoKe Ha
ypoBHe SQL):

=> SELECT (:'json'::jsonb)->'motherboard'->"'ram'->0->>"model’;



?column?

Crucial DDR4-2400 SODIMM
(1 row)

Hauwnnas ¢ Bepcuu PostgreSQL 14 111 pab0TEI € jsonb MOXKHO HCII0Ib30BaTh MH/IEKCHYI0 HOTAIIHIO:

=> SELECT (:'json'::jsonb)['disks'][1]['model’'];

"Toshiba Canvio"
(1 row)

JSON: mpeoGpa3oBaHHe B PeJIAIUOHHBIN BHJ X 06PaTHO

CTaHZapT olpefiessieT QYHKIIMIO jsontable, HO ee peaIH3anysI 0>KUAAETCS TOJIBKO B PostgreSQL 17. PasyMeeTcst, MO>KHO BBIHTH U3
TI0JIOKEHUS ¥ TEMHU CpeJiCTBaMHU, KOTOPBIe CYIeCTBYIOT. CHauasa BhI[eTUM BCe JUCKH:

=> TRUNCATE TABLE disks;
TRUNCATE TABLE

=> WITH dsk(d) AS (

SELECT jsonb_path_query(:'json', '$.disks[*]"')
)
SELECT d FROM dsk;

{"type": "ssd", "model": "Intel 760p Series", "size gb": 512}
{"type": "hdd", "model": "Toshiba Canvio", "size gb": 3000}
(2 rows)

Ha ocHoOBe 3TOTO 3allpoCa HEeCJIOJKHO CieJIaTh BCTaBKYy B Ta6HHHyI

=> INSERT INTO disks(drive_type, name, capacity)
WITH dsk(d) AS (
SELECT jsonb_path_query(:'json', '$.disks[*]")
)
SELECT d->>'type', d->>'model’, (d->>'size_gb')::integer FROM dsk;

INSERT 0 2

Jl71s1 o6paTHOTO Ipeobpa3oBaHUs yI0OHO BOCIIOIL30BaThCI QYHKIIHEN row_to_json:
=> SELECT row_to_json(disks) FROM disks;

row to json

{"drive type":"ssd","name":"Intel 760p Series","capacity":512}
{"drive type":"hdd", "name":"Toshiba Canvio", "capacity":3000}
(2 rows)

CoeIMHUTB CTPOKH B 06111H# JSON-MacCHB MO>KHO, HAaIIpAMep, TaK:
=> SELECT json_agg(disks) FROM disks;

json_agg
[{"drive type":"ssd","name":"Intel 760p Series", "capacity":512}, +
{"drive type":"hdd", "name":"Toshiba Canvio","capacity":3000}]
(1 row)

3mech O0T[ie/IbHbIe CTPOKH IIPeo6pasyroTcs B 00beKTH JSON aBTOMaTHYeCKHU.



of] PROFESSIONAL

MeTtog poctyna GIN Posigres

VIHBepTUPOBaHHBIN UHZEKC

MeTO/] TIPUMEHUM [I/1s1 CJIOXKHOCOCTAaBHbIX 3HaUeHUH (MacCUB, TEKCT)
API meToga focTyrma orpezesnseT, Kak BbIJe/ISITb 37IeMeHThI 3HaUeHUs

Y
c h js md sh tgz

A4 Y

c cpp z h html Jpg is ]son Iog md odp odt sh sqI svg[tgz txt yml}

yvy VYA& YYVOyyy %& YYYY FYYYY YYYY %& yvy %& YYYV PYYYY( YYY "j& yvy ﬁkﬂ Yvy

Naea metoga goctyna GIN (Generalized Inverted Index) ocHoBaHa
Ha TOM, YTO ANA C/TOKHOCOCTaBHbIX 3HAYEHUIA UMEET CMbIC/1 UCNOMb30BaTb
B KQYecTBe K/1I04eN 3/IEMEHTbI 3Ha4YeHWU, a He 3Ha4YEeHUS LLETMKOM.

MpeactaBbTe NpeaMETHbIN yKa3aTeNb B KOHLUE KHUMM. CTpaHuLbl KHUMM —
C/TOXHOCOCTaBHble 3HaYeHus (TEKCT), a ykasaTeslb N03BONSET OTBETUTH
Ha BOMPOC «Ha KaKMxX CTpaHuLLax BCTPeYaeTcsl Tako-T0 TEPMUH?»,

[nsa xpaHeHusa anemeHToB B GIN ncnonb3yercs obbluHOe B-aepeso,
NO3TOMY 3/1IEMEHTbI AO/IKHbI MPUHAAEXAaTb K COPTUPYEMOMY TUMY AaHHbLIX.
OcCHOBHbIE OT/INUKNA OT B-fgepeBa COCTOAT B C/ieayoLLemMm:

» Korga Hy)HO NponHAeKcupoBaTb HOBOE 3HAYeHUe, 3TO 3HaYeHne
pa3bnBaeTca Ha 3NeMeHTbl U MHAEKCUPYIOTCA cpasy BCE 3N1IEMEHTHI.
MoaTomy B UHAEKC [06aBNSETCA He OAMH 3/IEMEHT, a cpa3y HeCKO/IbKO
(06bI4YHO MHOTO).

° Ka)K,D,bIVI AN1eMeHT NHAEeKCa CCblJTaeTCA Ha MHOXXECTBO TabMMYHbIX CTPOK.

* XOTA 3/1IeMeHTbI U opraHn3oBaHbl B B-aepeso, knaccol onepatopos GIN
He nogAepXusatoT onepawlmy cpaBHEHUS «B0NbLLE», KMEHbLLE.

Takum o6paszom, GIN onTMmMM3npoBaH As1s1 APYrux yCoBuiA NCNOMb30BaHNSA,
Hexenu B-gepeso. (Ho nmeetcsa pacwmnpeHue btree_gin, peanusyiollee
knaccol onepatopoB GIN 4/151 06bIYHbIX TUNOB AAHHbIX.)

https://postgrespro.ru/docs/postgresqgl/16/gin
https://postgrespro.ru/docs/postgresgl/16/datatype-json#JSON-INDEXING
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Metoz nocryna GIN a1t magexkcuposaHus JSON

IIycTh Telleph TabJINIIA C JUCKAMHU GYAeT CofepsKaTh JSON-OKyMEeHTEHI.
=> DROP TABLE disks;
DROP TABLE

=> CREATE TABLE disks(
id integer PRIMARY KEY GENERATED ALWAYS AS IDENTITY,
disk jsonb

);

CREATE TABLE
3aroJIHUM ee pasHbIMU MoJesIsIMyY, oT 10 mo 1000 I'6aiT:

=> INSERT INTO disks(disk)
WITH rnd(r) AS (
SELECT (10+random()*990)::integer FROM generate_series(1,100_000)
)’
dsk(type, model, capacity, plates) AS (
SELECT 'hdd', 'NoName '|[]|r||' GB', r, (1 + random()*9)::integer
FROM rnd

)
SELECT row_to_json(dsk) FROM dsk;

INSERT 0 100000
=> ANALYZE disks;
ANALYZE

BOT YTO IOJIy9HIOCE:

=> SELECT * FROM disks LIMIT 3;

id | disk

T
1| {"type": "hdd", "model": "NoName 967 GB", "plates": 3, "capacity": 967}
2 | {"type": "hdd", "model": "NoName 570 GB", "plates": 8, "capacity": 570}
3 | {"type": "hdd", "model": "NoName 746 GB", "plates": 7, "capacity": 746}

(3 rows)

CKOJIBKO BCero Mojiesieli MMeroT eMKOCTh 10 ['6aiT ¥ CKOJIBKO BpeMeHH 3aliMeT ITOUCK?
=> \timing on

Timing is on.

OmnepaTop @? IIpoBepsieT, eCTh JIU B JoKyMeHTe JSON 3aZilaHHBINI NIy Th.

=> SELECT count(*) FROM disks WHERE disk @? '$ ? (@.capacity == 10)';

Time: 32,549 ms

=> \timing off

Timing is off.

Kak BBIIIOJIHSETCS 9TOT 3aIIpoc?

=> EXPLAIN (costs off)
SELECT count(*) FROM disks WHERE disk @? '$ ? (@.capacity == 10)°';

QUERY PLAN
Aggregate
-> Seq Scan on disks
Filter: (disk @? '$?(@."capacity" == 10)'::jsonpath)
(3 rows)

KoneuHo, HCIIOJIB3YeTCs II0JTHOE CKaHHPOBaHUe Ta6]II/H_IBI — Yy HaC HET IIOAXO0JAIIero uHaeKca.



JlokyMeHTEI JSONB M0’KHO HH/IEKCHUPOBATh C IIOMOIILI0 MeToza GIN. /[JI 3TOT0 eCTh Ba AOCTYIIHBIX KIacca OIepaTopoB:
=> \dAc gin jsonb

List of operator classes
AM | Input type | Storage type | Operator class | Default?

----- L e i
gin | jsonb | text | jsonb_ops | yes

gin | jsonb | integer | jsonb path ops | no

(2 rows)

Kiacc 1o ymosrdaHu1o, jsonb_ops, 60j1ee yHUBepcaJieH, HO MeHee 3G $eKTHUBeH. ITOT KJIacC OIIepaTOpOB IIOMeIlaeT B MHEKC BCe
KJIIOYM U 3HaUeHUs. F3-3a 3TOro IOMCK IToJTydaeTcss HeTOYHBIM: 3HaueHHe 10 MoyKeT OBITh Hal/|eHO He TOJIBKO B KOHTeKCTe
€MKOCTH (KJII0Y capacity), HoO ¥ KaK YUCJIO IJTacTHH (K/Itoy plates). 3aTo TaKo# MH/IEKC ITO/IIep KHUBaeT U IPyTHe oIepariiy ¢
JSONB.

ITonpo6yeMm.

=> CREATE INDEX disks_json_idx ON disks USING gin(disk);
CREATE INDEX

=> \timing on

Timing is on.

=> SELECT count(*) FROM disks WHERE disk @? '$ ? (@.capacity == 10)';

Time: 4,999 ms
=> \timing off
Timing is off.
JocTy1l, TeM He MeHee, YCKOPSIeTCsI.

=> EXPLAIN (costs off)
SELECT count(*) FROM disks WHERE disk @? '$ ? (@.capacity == 10)°';

QUERY PLAN
Aggregate
-> Bitmap Heap Scan on disks
Recheck Cond: (disk @? '$?(@."capacity" == 10)'::jsonpath)
-> Bitmap Index Scan on disks json idx
Index Cond: (disk @? '$?(@."capacity" == 10)'::jsonpath)
(5 rows)

JlpyToii KJIacc oIepaTopoB, jsonb_path_ops, IOMeIlaeT B MH/EKC 3HaUeHUSI BMECTe C ITyTeM, KOTOPBIH K HUM BefleT. 3a CIeT 3TOT0
TIOMCK CTAHOBUTCS 60JIee TOUHBIM, XOTS IIOJI/Iep>KUBAOTCS He BCe OIlepaliiy.

IIpoBePHM U 3TOT CII0COO:

=> CREATE INDEX disks_json_path_idx
ON disks USING gin(disk jsonb_path_ops);

CREATE INDEX
=> \timing on
Timing is on.

=> SELECT count(*) FROM disks WHERE disk @? '$ ? (@.capacity == 10)';

Time: 0,422 ms
=> \timing off
Timing is off.
Tax ropaszo Jiydiie.

Enge oguH BapHuaHT — IIOCTPOUTH UH/EKC Ha OCHOBE B-/:LepeBa II0 BBIPa’>kKeHHI0. BoT Tak:



=> CREATE INDEX disks_btree_idx ON disks( (disk->>'capacity') );
CREATE INDEX
=> \timing on
Timing is on.

=> SELECT count(*) FROM disks WHERE disk->>'capacity' = '10';

Time: 0,470 ms

=> \timing off

Timing is off.

Ho Taxoii cr1oco6, KOHeYHO, MeHee YHUBepcaJeH — IT10[] KaK/[bIi 3a1Ipoc II0Tpe6yeTcs co3/iaBaTh OTAeJIbHBIN HH/IEKC.
CpaBHUM pasMep UH/EKCOB (/11 CpaBHEHUsI BHIBOJUTCS M pasMep TabIuIibl):

=> SELECT indexname,
pg_size_pretty(pg_total_relation_size(indexname::regclass))

FROM pg_indexes

WHERE tablename = 'disks'

UNION ALL

SELECT 'disks', pg_size_pretty(pg_table_size('disks'::regclass));

indexname | pg_size pretty
..................... i
disks_ pkey | 2208 kB
disks_json_idx | 1904 kB
disks_json_path_idx | 1408 kB
disks btree idx | 712 kB
disks | 13 MB

(5 rows)



of] PROFESSIONAL

Toru Posygres

PostgreSQL nogaep>kuBaeT c1ab0CTPyKTYPUPOBAHHBIE THIIBI

YactuuHas nogaep>xka XML

(hopMar TepsieT Nomy/spHOCTb

[TomHoueHHas roazep>xka JSON

HaIlpaB/IeHHWE€ dKTUBHO PA3BUBAETCA

NHpekcupoBaHue Ha 0CHOBe MeTtoza gocrtyra GIN
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of] PROFESSIONAL

Mpaktuka L Posigras

1. Yactse cBeflenuit o kaurax (ISBN, aHHOTaLus v gpyrue)
BBIBOZSTCS PUIOXKEHMEM TOJIBKO Ha OT/e/IbHOM CTpPaHULIe.
Ceiiuac 3TH laHHbIe XpaHATCs B Tabsuie books, HO He
repefaroTCs TIPUIOXKEHHIO.

W3menuTte QyHKuIO, peanu3yromlyto API npuiokeHus, Tak,
uyT0oOBI CBe/IeHNs Tiepe/iaBa/iich B BUzie ofHOro oObekTa JSON.
[IpoBepbTe peann3aivio B MPUIOKEHUH.

2. MHorounc/ieHHbIe CTOMOLbI, XpaHSIL[He JOTIOTHUTe/TbHbIe
CBeJIeHUsI 0 KHUTaX, HUKAK He UCTOJIb3YIOTCS B CepBepHOI YacTu
TIPUIOXKeHUsI. 3aMeHUTe UX Ha OfIuH CTosbel], B KOTOPOM
cBeieHust OyayT xpaHuThcst B hopmate JSSON. CaenaiiTe 310
MPO3PavyHO [I/Is1 TPU/IO’KEHUSI.
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1. CBepneHna fomkHbl Nnepegasatbca B 06bekte JSON crieqytoLlero
doopmara:
{ "ISBN": isbn,

"AHHOTauma": abstract,

"M3paTtenbcTBO": publisher,

"og Bbinycka": year,

"N'apHutypa": typeface,

"M3paHne": edition,

"Cepua": series

}

2. OeicTByiiTe B NpefnonoXeHnn, YTo BO BPEMS 3aMeHbl CTON6L0B
NpunoXxeHne paboTaeT U AO/HKHO KOPPEKTHO BbIMNOHATL 3anpochl
nonb3oBaTeneit. He 3abyabTe, UTO BMECTE C 3aMEHOIN CTON6L0B HAa OANH
06NN HEOBXOAMMO NCNPaBUTL U MHTEPAIENCHYIO (PYHKLNIO NPUIOXEHUS.

Kpome Toro, cumTalite, UTo OIHOBPEMEHHO C PaGOTON NPUIOXEHNST MOTYT
N3MEHATLCS KaK AaHHble O CYLLIECTBYOLLMX KHUTrax, Tak 1 A06aBNSTLCS
HOBbIE KHUTW.



1. lonto/THUTE/IbHBIE CBEeHUsI 0 KHUTaxX

IIpHIO>KEeHKEe PACCUUTHIBAET IIOIYUHUTh IOIIOJHUTEIHHBIE CBEIEHIUS 0 KHUTaX B cT0s61fe additional Ta6IuIiel, BO3BpaIaeMoit
BBI30BOM wWebapi.get_catalog, KoTopas, B CBOI0 04epe/ib, obpalaeTcs 3a JaHHBIMHU K public.get_catalog. IlocefHss TosydaeT
JOIIOTHUTEIbHbIe aTPUOYTHI Yepes OTAEIbHYI0 QYHKIIUI0, KOTOpasi ceiiuac BO3BpaIaeT IIyCTOH JOKYMEHT:

=> \sf get_additional

CREATE OR REPLACE FUNCTION public.get additional(book books)
RETURNS jsonb

LANGUAGE sql

IMMUTABLE
RETURN NULL::jsonb

VI3MeHUM QYHKIIHIO CJIeJIYIOIIIUM 06pa3oM:

=> CREATE OR REPLACE FUNCTION public.get_additional(book books) RETURNS jsonb
LANGUAGE sql STABLE
RETURN jsonb_build_object(

"ISBN', book.isbn,
'AHHOTaAUMA', book.abstract,
'NspaTtenbcTBo', book.publisher,
'Top Bbinycka', book.year,
'TapHutypa’', book. typeface,
'U3paHue’, book.edition,
'Cepusa’, book.series

)i
CREATE FUNCTION

2. 3aMeHa HeCKOJIBKHUX CTOJIOIOB Ha oguH ¢dopmaTta JSON

Jlo6aBUM K Tabsmie books He06X0AMMBIN CTOJIGEIT:
=> ALTER TABLE books ADD additional jsonb;
ALTER TABLE

Eciiu jaHHBIE 0 KHUTax MOTYyT U3SMEHSTHLCA B IIpoIjecce HallluX /:[efICTBI/II‘/’I, MBI MO’KeM CO31aTh TPUITEP, KOTOpBIfI 6y/:[eT
IIEpeHOCHUTh U3SMEHEHU B HOBBIN CTOHGQHZ

=> CREATE FUNCTION fill_additional() RETURNS trigger

AS $$
BEGIN
NEW.additional := jsonb_build_object(
'ISBN', NEW.isbn,
'AHHOTaumsA "', NEW.abstract,
'WspaTtenbcTBO', NEW.publisher,
'‘Top Bbinycka', NEW.year,
'TapHutypa’', NEW. typeface,
'U3paHue’, NEW.edition,
‘Cepus’, NEW.series
)i
RETURN NEW;
END;

$$ LANGUAGE plpgsql;
CREATE FUNCTION

=> CREATE TRIGGER books_additional
BEFORE INSERT OR UPDATE OF
isbn, abstract, publisher, year, typeface, edition, series
ON books
FOR EACH ROW
EXECUTE FUNCTION fill_additional();

CREATE TRIGGER
Tereps IepeHeceM B HOBBIH CT0JI6eL] HCTOPHYECKHE JaHHEbIe:

=> UPDATE books
SET additional = get_additional(books)
WHERE additional IS NULL;

UPDATE 100

HauuHas ¢ 3TOro MOMeHTa CTapsie CTOJI6LU:I MEeHSTh HeJslb3s. Ecu GBI Yy Hac OBLIa IIponenypa 3arpysku HOBBIX HOCTYHJIEHI/Iﬁ, ee



cjeamoBaJio 6B1 IepenesaTh Ha 3all0JIHEHHEe HOBOT'O CTOJIﬁI_Ia.
HEpEKJHO‘{I/IM IIPHJIO’KEHHE Ha UCII0JIb30BaHHE HOBOTO CTOHﬁHaZ

=> CREATE OR REPLACE FUNCTION public.get_additional(book books) RETURNS jsonb
LANGUAGE sql STABLE
RETURN book.additional;

CREATE FUNCTION

Terepb MO>KHO YAAJIHUTh BPEMEeHHbIH TPUTTep:

=> DROP TRIGGER books_additional ON books;

DROP TRIGGER

=> DROP FUNCTION fill_additional;

DROP FUNCTION

U MO>KHO YIaJIUTh HEHY>KHbIE TeIlepPh CTOJIOIIBI TaBOIUIBL:

=> ALTER TABLE books

DROP isbhn,

DROP abstract,
DROP publisher,
DROP year,

DROP typeface,
DROP edition,
DROP series;

ALTER TABLE

VraeHue CTOIGI0B IIPOUCXOAUT GBICTPO, ITIOCKOJILKY IaHHBIE paKTHUECKU He YAAJSIOTCS, a TOJBKO CTAHOBSITCS HEBUTUMBIMH.
TloaToMy pa3Mep TaGJIHITEI He YMEHBIITUTCS 0 TeX II0P, II0Ka CTPOKH He 6YAYT GU3NUeCKH IIepe3allicaHbl, HalIpuMep, IIpu
00HOBJIEHUSIX.



[1pakTuka+ Pogga’?ég

1. B 6a3e jaHHBIX UMEIOTCS TaO/MUIIBI TIO/Ib30BaTe /el U WX 3aKa30B,
CBsI3aHHbIE OTHOLIIEHUEM «OJWH KO MHOTHUMD.
Hanummre QyHKIUIO, KOTOpasi 0 UAeHTU(UKATOPY
No/ib30BareJist Bo3Bpaujaet JokymeHT JSON, cogep kaiiuii Bce
CBe/leHUs O I10/1b30BaTesle BMeCTe C MaCCUBOM ero 3aKa3oB.

2. B nonb3oBatensckoM vHTepdetice He0OXOAMMO BBIBOJUTh
Ha3BaHUsI TOPOZIOB, XpaHslecs B 6a3e JaHHbIX, HA BbIOpaHHOM
si3bike. OfMH U3 CI0COO0B — XPaHUTH BCe TIepeBO/[bl Ha3BaHHUM
B 00BbekTe JSON B Bujie Map «KO[ si3bIKa — Ha3BaHUE».
Peanu3yiite Takoli crocob. [Ist yno6cTBa co3aiite
Tpe/iCTaB/IeHKe, NTOKa3bIBatolllee Ha3BaHKe rOPO/JOB Ha SI3bIKe,
3a/laHHOM B KOH()UI'ypaL[MOHHOM MapaMeTpe cepBepa.
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1. Tabnuubl MOTyT 6bITb CEAYOWNUMN:

CREATE TABLE users(
id integer PRIMARY KEY GENERATED ALWAYS AS IDENTITY,
name text);

CREATE TABLE orders(
id integer PRIMARY KEY GENERATED ALWAYS AS IDENTITY,
user_id integer REFERENCES users(id),
amount numeric);

Pe3ynbTar Ao/HKeH UMETb BUL:

{ "user_id": ...,

"name": ...,

"orders": [ { "order_id": ..., "amount": ... }, ... ]
by

[nsa Toro utobbl chopmmpoBaTb 06bEKT JSON 13 HECKONBKMX NOMEN,
BOCNO/Mb3ynTecb PyHKUmnen jsonb _build_object.

2. HasaHue nonb3oBaTe/IbCKOro KOHPUrypawumMoHHOro napamerpa gO/MKHO
cogepxaTb TOUKY B CBOEM MMEHU, Hanpumep, «translation.lang».

Monyuntb TEKyLLlee 3HaYeHne napaMmeTpa MOXHO (hyHKLU el current_setting.



1. ®opmuposanue JSON

=> CREATE DATABASE ext_semistruct;

CREATE DATABASE

=> \c ext_semistruct

You are now connected to database "ext semistruct" as user "student".
Co3mauM TabJIMITEI U TECTOBBIE JaHHBIE:

=> CREATE TABLE users(
id integer PRIMARY KEY GENERATED ALWAYS AS IDENTITY,
name text

)i

CREATE TABLE

=> CREATE TABLE orders(
id integer PRIMARY KEY GENERATED ALWAYS AS IDENTITY,
user_id integer REFERENCES users(id),
amount numeric

)i

CREATE TABLE

=> INSERT INTO users(name) VALUES ('alice'), ('bob'), ('charlie');
INSERT 0 3

=> INSERT INTO orders(amount, user_id)
SELECT round( (random()*1000)::numeric, 2), u.id
FROM users u, generate_series(1,3);

INSERT 0 9
DyHKIUS UCII0JIb3YeT jsonb_build_object A1 cosganus o6beKTa U jsonb_agg I Co3laHusI MacCHBa:

=> CREATE FUNCTION get_users_w_orders(user_id integer) RETURNS jsonb
LANGUAGE sql STABLE
RETURN (SELECT jsonb_build_object(
‘user_id', u.id,
'‘name’, u.name,
'‘orders', jsonb_agg(jsonb_build_object(
‘order_id', o.id,
‘amount’, o.amount
))
)
FROM users u
JOIN orders o ON o.user_id = u.id
WHERE u.id = get_users_w_orders.user_id
GROUP BY u.id);

CREATE FUNCTION
IIpoBepumMm:

=> SELECT jsonb_pretty(get_users_w_orders(1l));



jsonb pretty

{ +
"name": "alice", +
"orders": [ +

{ +
"amount": 651.19,+
"order id": 1 +
}, +
{ +
"amount": 169.33,+
"order _id": 4 +
}, +
{ +
"amount": 957.36,+
"order id": 7 +
} +
1, +
"user_id": 1 +
}
(1 row)

2. XpaHeHHe IIePeBO0B

TaGJIHIIa C TOPOFAMH:

=> CREATE TABLE cities_ml(
id integer PRIMARY KEY GENERATED ALWAYS AS IDENTITY,
data jsonb

)i

CREATE TABLE

=> INSERT INTO cities_ml(data) VALUES

(*{ "ru": "Mockea",
"en": "Moscow",
"it": "Mosca" }'),
('{ "ru": "CaHnkt-NeTtepbypr",
"en": "Saint Petersburg",
"it": "San Pietroburgo" }');
INSERT 0 2

I[IpezcTaBIeHHE MOXKET GBITH YCTPOEHO CIIEAYIONIUM 06pa3oM:

=> CREATE VIEW cities AS
SELECT c.id,
c.data ->> current_setting(
'translation.lang', /* missing_ok */true
) AS name
FROM cities_ml c;

CREATE VIEW

IIpoBepHM pe3yJIbTaT C pa3HBIMH 3HAUeHUSIMH ITapaMeTpa:
=> SET translation.lang = 'ru’;

SET

=> SELECT * FROM cities;

1 | Mocksa
2 | CaHkT-lMeTepbypr
(2 rows)

=> SET translation.lang = 'en’;

SET

=> SELECT * FROM cities;

1 | Moscow
2 | Saint Petersburg
(2 rows)



TaxuM 06pa3oM IIPUIOKeHHe MOKeT YCTAaHOBUTD SI3BbIK OJUH Pa3 B HauaJle ceaHca, U 3aTeM 3aIIpoCkl He OYyT 3aBUCETh OT
BBIOOpA I10JIb30BaTeJIs.



