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Tembl poééafag

Yro Takoe c1aboCTPyKTypUpOBaHHbIE [JaHHBIE
[TpuMeHeHHe B pe/SIMOHHBIX 6a3ax AaHHBIX
HeobxorMble oriepaiiun

Tun gannbix gas XML: xml

Tune! ganHbIx Ay JSON: json u jsonb

NupekcrpoBanue 1oKkymMeHTOB JSON
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UTO 3TO Takoe Posigres

HamnbOonee n3BectHbie mpuMepsl: XML 1 JSON

Cxema AddHHBIX OIipeae/aeTca CaMUM JOKYMEHTOM

JOKYMEHT COZIep’KUT pa3MeTKY /i/1s1 BblJle/IeHUsI 3/IeMeHTOB
Y OTipe/iesieHusi hepapXuu

[laHHbIe He COOTBETCTBYIOT PeJIILIMOHHOW MOZeN

KOHKPETHBI! JOKYMEeHT MO>KHO TIPe/ICTAaBUTh B BU/Ie Tab/HI]
JIOKYMEHTBI 001[ero BH/Ia TOXKe MOKHO, HO TIPAaKTHUeCKH — HeyZI0OHO

CnabocCTpyKTypmpoBaHHble (semi-structured) gaHHble — 3TO AaHHbIe,
npencraBneHHble He B PensAyumMoHHOM (TabnmyHom) suae. O6bIYHO 3TO
TEKCTOBbI JOKYMEHT, HO B OT/INYME OT TEKCTa Ha eCTECTBEHHOM £i3bIKeE,
[OKYMEHT COAEPXUT pasmMeTKy, onpeaenstoLyro CTPYKTYpHbIE eaUHNLbI.

LLINpOKO M3BECTHLIMY NpuMepamMn qoopmMaToB (A3bIKOB pa3MeTKM) ABMAKOTCA
XML n JSON, B nocnegHee Bpems Takke nonynsapeH YAML.

CTpyKTypa, uiv cxema, AOKyMeHTa onpegensercs ero CObCTBEHHOM
pa3MeTKoi. (3TO He MUCKYaeT BO3MOXHOCTM ONpeaenTb CTPYKTYpY
oTAeNbHO — Hanpumep, ana XML ecTtb A3blku DTD, XMLSchema.)

Pa3meTka, Kak npasusio, NO3BOMAET ONpeae/NTb B/IOKEHHbIE 3/IEMEHTHI,
obpasyoLmne nepapxuio.

KoHeuHo, 1t00yt0 KOHKPETHYHO Nepapxuio MOXHO NpeacTaBuTb 1

B Tabnn4yHoM Buae. MOXHO YyNOXnTb B Tabnubl U NPOMU3BOJIbHYI0 MEpPapPXUIo
6€e3 XXeCTKOW CXeMbl, HO pe3y/bTaTr OyaeT NMWEH TUNM3auumn gaHHbIX,
BO3MOXHOCTWN CO34aHnsA orpaHn4yeHnin LenoCcTHOCTN, C HUM ByaeT KpaiHe
Heyno6HO paboTaTb B TepMuHax 3anpocoB SQL. Mo3aToMy ¢ HEKOTOPbIMM
BUAAMU AaHHbIX AeACTBUTENIbHO YA0OHEee 1 normyHee paborarb UMEHHO

B TaKkOM, CN1aboCTPYKTYypMpOBaHHOM, BUAE.
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[TpmeHeHune Posigres

WuTepdeiicHbIN (opMaT

MeJK/y PUJIOKEHHEeM U BHeIIHel CUCTeMOH
MeX/ly KJIMeHTCKOM U CepBepHON YacTsIMU MPUIOKEHUS

BHyTpu 6a3bl JAHHBIX KaK aTOMapHOe 3HaueHHe

TOJIBKO XpaHeHUe U M3B/leyeHue
He HapyiaeT 1NF, gocratouHo o6s1unHbIX cpeacts SQL

BHyTpu 6a3bl JaHHBIX KaK HeaToMapHOe 3HaueHue

ornepangru C OTAe/JIbHbBIMU YaCTAMH JOKYMEHTA

SQL He focTaTouHO; TpebyeTcs CrieliaibHbIN SI3bIK 3aTIPOCOB
¥ HabOp JIOTIO/THUTE/TBHBIX OTIeparfyii

FI/I6KOCTI>, KOrJa AaHHbIe IJIOX0 YK/IaAbIBAIOTCA B PE/IALIMOHHYIO MO/ €e/Ib

AokymeHTbl XML nnmn JSON MOryT NpUMEHATLCS Kak YA00HbI
NHTepgEeNCHbIN hopmMaT Mexay pasHbIMW KOMIMOHEHTaMK, HE3aBUCUMbII
OT KOHKPETHOW nnaTtdyopMbl UK si3bika NporpaMmMmupoBaHus. Hanpumep,
A5 B3aUMOAENCTBMSA C BHELULHUMU cUCTEMaMu, am gnsa obmeHa gaHHbIMU
MeXay KJIMEeHTCKOM N cepBepHON YacTamu cuctemMsl. B nocnegHem cnyyae
NHTepencHbI hopmMaT NO3BONSAET K/IMEHTY NOCNaTb C/I0XHbIN 3anpoc,

a cepepy BbINO/HUTL ero aPdEeKTUBHbIM 06pa3om (B OT/iMyme oT
TpaAnuMoHHOro noaxoaa, npuHatoro B ORM, korga cepsep 6a3bl AaHHbIX
Harpyxaetcsa 60/1bLUIMM KOJIMYECTBOM MEJIKUX 3arnpocoB, He OCTaB/Isas
BO3MOXHOCTEWN ANna onTumMmsauunn).

Ecnn cnabocTpyKTypupoBaHHble AaHHbIe XpaHATCSA BHYTpU caMoin 6asbl
AAaHHbIX, TO BCe 3aBUCUT OT TOrO, KaK 3TU AaHHble ucnonb3ytotcsa. Ecnv
BHYyTpn SQL 3anpocoB He genaetcs nonbITOK padotarb C 0TAE/TbHbIMY
yacTAMWN AOKYMEHTOB, TO TakMe 3Ha4YeHnsa MOXXHO cuMTaTb aToMapHbIMA
C Touku 3peHuns CYB/[. TyT goctartoyHo 06bIYHbIX cpencTts SQL.

KoHeuHo, 6o/1ee MHTepeceH cnyyai, Korga cepsepy Heo6xo4MMo BbIAENATb
4yacTb AOKYMeHTa, oubTPoBaTh BbiBOA, HA OCHOBE COAEepXaHus
OOKYMeHTOB U T. N. [1na atoro SQL yxe He XxBaTtaeT N HY>XeH
crneunanm3anpoBaHHbI A3bIK A0CTYNa K CNaboCTPYKTYPUPOBAHHbLIM AAaHHbIM.
Ecnu CYB/l npepocTaBngeT Takyto BO3MOXHOCTb, 3TO MO3BOJIAET
KOMOWHNPOBATb CTPOruiA PeALMOHHbIN Noaxon AN AaHHbIX, UMEOLLMX
YeTKYI CTPYKTYpY, 1 nogxon B ayxe NOoSQL Ana aaHHbIX, KOTOPbIE C/I0XHO
NpeAcTaBUTb B TAG/IMYHOM BUAE.
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Onepaunn Pos{gres

[Tpeobpa3oBaHue JOKyYMeHTa K pe/siliMOHHOMY BUAY

COXpaHeHHe TPaHCIIOPTHOTO IOKyMeHTa B 6a3y JaHHBIX
ucross30BaHue cpefcts SQL ast 06paboTKu

[Tpeobpa3oBaHue pesALIMOHHBIX JaHHBIX K BUY JOKyMeHTa

BBIFPYy3Ka JAHHBIX B TPAHCTIOPTHBIN hopmar

BLIAEHEHI/IQ YdCTH JOKYMEHTA

CHeL[I/IaJII/ISI/IpOBaHHHﬁ A3BIK 3alIPOCOB

WHpekcupoBaHye JJOKYMEHTOB

TO/|/IeP>KKa OTepaLiyii CrielMaIM3UPOBAHHOTO SI3bIKA 3aIpOCOB

UTobbl paboTtarb Co CnaboCTPyKTypPMPOBaHHbIMU AOKYMEHTaMU

B pensaunoHHoin 6ase gaHHbIX, NOHaA06STCA BO3MOXHOCTU AN
NpeobpasoBaHUs AaHHbIX U3 OAHOrO BUAa B APYroi, NOCKOSbKY B OfHUX
cuTyauusx yaobHee Ucnonb3oBaTb pPensiunMoHHbIe CPpeacTsa, B ApYrmx —
[OKYMEHTOOPUEHTNPOBaHHbIE. OCOBEHHO 3TO BaXXHO, €C/IN TakKoM A3bIK, Kak
XML vnn JSON, ncnonb3yeTcd B Ka4ecTse TpaHCNopPTHOro gopmara.

Kpome 3Toro, HyXHbl CpeAcTBa A1t BbliAeNeHns YacTi AOKYMeHTa —
KaKMX-TO OTAE/NbHbIX 3HAUYEHWIA, U KAKOro-TO NOAMHOXECTBA 3/1eMEHTOB.
Takve cpeacTBa 06bIYHO NPeCTaB/EHbI B BUAE CNeunan3vpoBaHHOro
A3blka 3anpPoCoB, KOTOPbI YUNTbIBAET NEPAPXNUECKYHO CTPYKTYPY
[IOKYMEHTOB. Takue s13bIK1 3arnpocoB MOXHO UCMO/1b30BaTb HE TO/bKO A5
BblfI€NIEHMS] YACTM JOKYMEHTA, HO U, Hanpuvep, ANs BbiGopa Tex
[IOKYMEHTOB, B KOTOPbIX NPUCYTCTBYET 3a/laHHblii hparmMeHT.

Ecnv cnaboCcTpyKTypUpOBaHHbIE 1OKYMEHTbI UCNO/b3YOTCSA B PENSILMOHHON
CYB/, BcTaeT 3aa4a MHAEeKCUPOBaHMA Takux AaHHbIX. [15 3TOro, Kak
npaBuno, He rogsTcs 06bluHble B-AepeBbs, MOCKOMbKY TpebyeTcs
noAAepXnBaTb He onepauun cpaBHEHUS AOKYMEHTOB, a onepaLuu,
CBsi3aHHble CO crneLumann3MpoBaHHbIM A3bIKOM 3arnpoCoB.



dopmart XML Poggai“éé

eXtensible Markup Language

YHUBepPCa/IbHbIN S13bIK Pa3MeTKH, NepBbii cTaHgapT 1998 roga
tdopmarel Ha ocHoBe XML: XHTML, FB2, RSS u Atom, SVG, SOAP...

Crpykrypa
BJIOKeHHbIe 3/IeMeHThI
OTAE/IATCA TeErdaMu, MOT'YT UMETb anI/I6YTbI, COAEPXKAT TEKCT

WHcTpymeHTapui

oricanue cxembl (DTD, XML Schema), si3biku 3anipocoB XPath u XQuery,
sI3bIK TTpeoOpa3oBanust XSLT

PostgreSQL: XPath 1.0

XML (eXtensible Markup Language) nosBuscs B KOHTEKCTe Beba U
pa3spabarbiBaetca KoHcopunymom W3C. XML ABNAeTca TEKCTOBbIM
OOKYMEHTOM, cogepxallnum cneymanbHyo pasmeTky. XML onpegensaet
CUHTaKCUYECKYH CTPYKTYPY pasMeTKU, KOTopas C NOMOLLLI0 meaos
BblOEeNAEeT a71eMeHmbl (BO3MOXHO, BNOXEHHbIe ApYr B Apyra), KOTopble
MOTyT TaKke uMeTb ampubymsl. (A3blk XML 40BO/IbHO C/TIOXEH, B HEM
NMEIOTCA Takke UHCMpyKyuu 06pabomku, KOMMeHmapuu n gpyrue
CYWHOCTN, HO Mbl He ByZleM Ha 3TOM OCTaHaB/NMBaTbLCA.)

XML nossonsiet onpenenutb pacwupeHuss XML, onpefenss KOHKPETHbIN
Habop 3N1eMEHTOB N UX aTpubyToB, U HaZEeNAA Ux onpeneneHHoM
ceMaHTUKON. K n3BeCTHbIM paclumpeHmam otHocAatca XHTML (6onee
ctpornin HTML, coBmecTumblin ¢ XML), FB2 (hopmat anekTPOHHbIX KHUT),
RSS n Atom (thopmartbl Ana HOBOCTHbIX /1IeHT), SVG (BekTopHas rpaduka),
SOAP (thopmart coobuleHnin Beb-cepBUCOB) U Apyrue.

3a Bpems cyulectBoBaHua popmata XML cdhopmmpoBasicsa 6orarbii
NHCTPYMEHTapuii ANna padboTbl C HUM, BK/THOYAOLLNIA A3bIKWU ONUCAHWSA CXEMbI
[OKyMeHTOB (Takune, kak DTD, XMLSchema), A3blkn 3anpocos (6a30Bblii
XPath n 6onee 6oratblin XQuery Ha ero 0OCHOBE), A3blK/ NPeobpa3oBaHUs
AokymeHToB XML (XSLT n XSL-FO Ha ero ocHoBe).

B pensgunoHHbix 6a3ax paboty ¢ XML pernameHTtupyet ctaHgapt SQL/XML.
PostgreSQL noaaepxmBaet Tonibko XPath 1.0. Npeobpa3oBaHns XSLT
OOCTYMHbI B paclumpeHnax (xml2 nniv B CTOPOHHUX). VIHAeKcpoBaHue

He peasin30BaHO (XOTS BCe BO3MOXHOCTM /151 3TOr0 €CTb).

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

xml

XpaHeHHe B BHZie 0OBIYHOTO TeKCTa + CUHTAKCHUeCKasi IpPoBepKa
COXpaHsieTcs cxofHoe opMaThpoBaHUe
MOXXeT XpaHUTb XML-0KyMeHT uiu (parMeHT JOKyMeHTa

Tun xml XpaHUT JOKYMEHT B BUAE TEKCTOBOWN CTPOKN. HO No cpaBHEHMIO
C TMMNOM text OH NpoBepsAET BBEAEHHbIE 3HAUEeHUSA Ha AOoMNYyCTUMOCTb
no npasunam XML.

[lonyckaeTcsi XxpaHeHne KOPPEKTHO 0CDOPM/IEHHBIX AOKYMEHTOB, a Takke
NX oparMeHTOB, B KOTOPbIX MOXET ObITb HECKO/IbKO 3/1EMEHTOB BEPXHET0
YPOBHSI U/IN TEKCTOBbIX Y3/10B.

[na Tna xml He onpeaeneHbl HUKaKne onepaTopbl CPABHEHUS, NO3TOMY
CTONGeL, 3TOro Tna Henb3s NPOMHAEKCMPOBATL C MOMOLLbI0 B-tree. OgHako
MOXHO, Hanpumep, UCNo/b30BaTb UHAEKC MO BbIPAXEHWI0, B KOTOPOM
Bbi3blBaeTcsl XPath 1 pe3ynsrat npuBoANTCS K CTPOKE CUMBOJIOB.

CyLwlecTBYyOT 1 Apyrue orpaHnyeHus peasmsauymm atoro tmna B PostgreSQL.
https://postgrespro.ru/docs/postgresgl/16/xml-limits-conformance




XML: T xml

=> CREATE DATABASE ext_semistruct;

CREATE DATABASE

=> \c ext_semistruct

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

ByJZ[eM pa6OTaTb C OOKYMEHTOM, OIIHMCHIBAIOINNM KOMIIOHEHThI KOMIIBIOTEDA.

e Teru BHIAENSIOTCS YTJIOBEIMU CKOOKaMu. [IJIsT KaXKOOTr0 OTKPHIBAIOIIET0 Tera (<computer>) eCTb COOTBETCTBYIOIIHH
€My 3aKpHIBalOIINM, UM KOTOPOT0 HaYWHAaeTC s Ha KOCYI0 4epTy (</computer>). Takasa nmapa Teros onpenenseT
371eMeHT (computer).

e ATpuGYTH MOT'yT OBITEH ITIEPEYUCIIEHE BMECTe CO 3HAaUEeHUSIMU B OTKPLIBAIOIIEM Tere.

e TeKCT BHYTPU TEr0OB COCTaBIIsIeT TEKCTOBHIY 3JIEMEHT.

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

B PostgreSQL umeeTcst Tun xml, 3Ha4eHre KOTOPOI'0 XPAaHUTCS B BUIe CUMBOJILHOM CTPOKH, a IIPU IPUBEIEHUY K TUITY
TIPOUCXONUT IIPOBepKa CTPYKTYpPHL. B 3aBUCHMOCTH OT 3Ha4YeHUs mapaMeTpa xmloption npoBepka oxKupgaeT:

e document — MOKyMeHT (C OHUM KOPHEM),
e content — dparmMeHT foKyMeHTa (71:060# HAGOP 37IEMEHTOB).

=> SHOW xmloption;

xmloption

content
(1 row)

Ilpu npuBemeHnu K TUIy Xml hopMaTHpOBaHUE COXPaHIETCS:

=> SELECT :'xml'::xml;

xml

<computer> <!-- oTKpblBawWMiA Ter -->+
<motherboard> +
<!-- TeKCTOBbI 3N1EMEHT --> +
<cpu>Intel® Core™ i7-7567U</cpu> +
<ram> +
<!-- Tter 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> <!-- 3akpbBalwuii Ter -->+

(1 row)

A momnrvITKa IPUBECTU HEKOPPEKTHEIN (DparMeHT AacT OUINOKY:

=> SELECT ‘<tag>wrong xml<tag>'::xml;



ERROR: invalid XML content

LINE 1: SELECT '<tag>wrong xml<tag>'::xml;

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

XML: Beipaxenusi XPath

TTocmoTpuM, KaKue CpefCcTBa eCThb O nonydeHus yactu XML-gokyMeHTa. 171 9TOr0 UCIOIb3YIOTCS BhIPaXKEeHUS sI3bIKa
3anpocoB XPath 1.0. MuI He OyzeM OeTalbHO paccMaTpuBaTh Bce Bo3MoxKHOCTH XPath, HO mocMOTpUM HEKOTOpEHIE
TIPUMEPHL.

XML cOCTOUT U3 HEPAPXUU 3JIEMEHTOB, I03TOMY S3BIK OIIMCHIBAET IIEPEMEIeHNs 110 AepeBy. YacTs JOKyMeHTa,
COOTBETCTBYIOIIAs IIyTH OT KOPHS:

=> SELECT xpath('/computer/motherboard/ram', :'xml');
xpath
{"<ram> +
<!-- Tter c atpubytom --> +
<dimm size gb=\"32\">Crucial DDR4-2400 SODIMM</dimm>+
</ram>"}
(1 row)

B IIyTH MO2KHO YKa3bIBaTb HE TOJIBKO HEIIOCPeOCTBEHHbIE IIOTOMKHU:

=> SELECT xpath('/computer//ram', :'xml');
xpath
{"<ram> +
<!-- Tter c atpubytom --> +
<dimm size gb=\"32\">Crucial DDR4-2400 SODIMM</dimm>+
</ram>"}
(1 row)

Tlo AepeBy 3JIEMEHTOB MOXKHO «OBUI'aThCsA» HE TOJIBKO BHU3 K JIUCTHSAM, HO XU BBEPX K KOPHIO:

=> SELECT xpath('//ram/dimm/.."', :'xml');
xpath
{"<ram> +
<!l-- Ter c atpubyTtoM --> +
<dimm size gb=\"32\">Crucial DDR4-2400 SODIMM</dimm>+
</ram>"}
(1 row)

BMeCTO KOHKPETHOT'0 UMEHH 3JIEMEHTA MOXKHO yYKa3aTh, YTO IOOXOOUT JII000H:
=> SELECT xpath('//disks/*', :'xml') \gx

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

3]Z[GCI> MEI IIOJIYYHUJIX B MaCCHUBE IB€ 4aCTHU XML-JIOKyMeHTa. MOZKHO ITOCYUTATh KOJIMYECTBO:

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

MoxHO n3BIe4Yb He BECh 3JIEMEHT, a TOJIbKO er0 TEeKCT:

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

{"Intel® Core™ i7-7567U"}
(1 row)

ATpubyThl 3aIUCHIBAIOTCS C IIOMOIIBI0 «cobaku». Halinem 3HaueHus aTpubyToB size gbh:



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

{32,512,3000}
(1 row)

VcnoBust puimbTpanuy 3anKUCHBAIOTCS B KBaAPATHLIX CKOOKax. HalimeM Bce 971eMeHTH, 00heM ITaMsITH KOTOPHIX HAYUHAETCS
ot 1000 rurabairT:

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

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

CpaBHeHue paboTaeTt, moToMmy uTo XPath mogmepKuBaeT YuCIOBEE TUIIEL. KpoMe 3TOro, MOAnEepKUBAIOTCS CTPOKY U
JIOTUYECKHUM THUIL.

Bripaxkenus XPath npumMmeHnsiioTcst He TonbKo B dyHKIUM xpath, Ho u B opyrux. Hanpumep, MOKHO IIDOBEPUTD, COTEPKUT JIU
XML-moKyMeHT yKa3aHHBIU (pparMeHT:

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

)i

xmlexists

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

)i

xmlexists

XML: npeoGpa3oBaHHe B PEIsSIHOHHBIA BHI U 00paTHO

Inist Toro 4ToGw IpeoGpa3oBaTh XML-TOKYMEHT K PeISLMOHHOMY (TaGIMYHOMY) BUAY, HCIIONb3yeTcs GyHKUMs xmltable.
IIycTh y Hac uMeeTcs: TaGaula ojisi QUCKOBBIX HAKOIUTEIeH:

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

)i
CREATE TABLE
CHauasa BBEIIEJIUM HY2KHYIO 4acTh JOKyMeHTa:

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

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

Temeps MOXKHO HamucaTh BbI30B pyHKIMM xmltable. B HeM MBI yka3biBaeM BelpaxkeHue XPath, cam fokyMeHT, a Takxke
OIIMCHIBAEM, KaK II0JIy4YaTh 3HAYEeHUs AJIS CTOJIONOB TabIUIIEL C IIOMOIIBIO AOTIOJIHUTENbHEIX XPath-BeipazkeHn:



=> SELECT * FROM xmltable(

'//disks/*"

PASSING :'xml'

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

capacity integer PATH '@size_gb * 1024'
);

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

O6paTnuTe BHUMaHUE:

e BhIpaxkeHus: XPath st cTOIOII0B OTCYUTHIBAIOTCS HE OT KOPHS MOKYMEHTa, a OT TEeKYIIIero KOHTEeKCTa (3/1eMeHTa,
HaWOeHHOT0 OCHOBHHIM BEIpazkeHueM XPath);
e B BRIPAXKEHUSIX MOKHO HCIIOJIF30BaTh HEKOTOPEIE apudMeTHIEeCKUEe OIIepaIui.

PesyanaT TAKOTI'0o 3aIIpoCa MO2KHO HEIIOCPeaCTBEHHO BCTABUThH B Ta61muy:

=> 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'
)i

INSERT 0 2

Ins co3panust fOKyMeHTOB XML uMeeTcst MOBOJIBHO MHOTO (DYHKITHUN, C IIOMOIIBI0 KOTOPHIX MOZKHO COOpPaTh JOKYMEHT «IIO
KycoykaM». Ho ecTs Takke GYHKIINY, [TI03BOJISIONINE BEIIPY3uTh B XML mesyro Tabiauiy, uiau pe3yibTaT 3alpoca, Ik faxKe
BCI0 623y maHHEIX B puKcupoBaHHOM dopMmare.

=> SELECT table_to_xml(
thl => 'disks’,
nulls => true, -- BbIBOAUTL cTonbusl ¢ NULL
tableforest => false, -- B kopHe opguH 3nemeHT <disks>
targetns => "' -- npoctpaHcTBOo umeH XML He HyXHO

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)



dopmar JSON Pos{gres

JavaScript Object Notation

TPOCTOM S13bIK pa3MeTKH, ctaHZapT 1999 roza
MOsIBUIICA B JavaScript, HO pacpocTpaHeH MOBCEMECTHO

Crpykrypa
00BEKTHI (Maphbl «K/TFOU: 3HAU€HHE» ), MACCUBBI 3HAUEHUH
3Ha4yeHUsI TEKCTOBbIe, UMCJ/IOBbIE, aThl, JIOTUUECKUe

WHcTpymeHTapui

PostgreSQL: s3bik 3anipocoB JSONPath,
HeroJiHas ToKa noagepskka cranaapra SQL/JSON,
WH/eKCMPOBaHHe

®opmat JISON — nogMHOXeCTBO A3blka JavaScript, onicbiBaloLLee:

* MPOCTble 3HaYeHUs (TEKCTOBbIE, YAC/I0BbIE, AaTbl U N1orM4yeckue);

* 00bEeKTbl, COCTOALME N3 NAP «K/THY — 3HAYEHMEe»;

* MacCuBbl 3HAYEHUA.

B 4Byx nocnegHux crayyasax 3Ha4eHUs MOryT ObITb Kak NpPOCTbIMU, Tak

N 06beKkTaMn NN MaccmBamu, TO eCTb LOKYMEHT MMEET nepapxmyeckyro
CTPYKTYpY.

HecmoTps Ha To, uTo JSON — «poaHoii» hopmat ansa JavaScript,
OH NOJTy4YnN OrpOMHOE pacnpocTpaHeHue 6narogaps CBOen NpocToTe
N yao6CTBY, U MOBCEMECTHO UCMO/b3YETCA B COBPEMEHHOM NUHTEPHETE.

N3HauyasibHO PostgreSQL npegocTtassisin CO6CTBEHHbIE onepaunn ans
pa6oTbl ¢ JSON; npn HeobxoaMmMocTn 60/1ee cepbe3HOro UHCTPYMEHTapus
MOXHO 6bl/10 BOCNO/Ib30BaTbCA paclunpeHnem jsQuery. B HacTosuee
Bpems B PostgreSQL peanusoBaHa yacTtb ctaHgapTa SQL/JSON:2016,
BKNtoYas A3blk 3anpocoB JSONPath.

meeTca n nipekcuposaHne aokymeHToB JSON. 310 no3Bonder
KOMOUHMpPOBATb PeNnAUMOHHbIE BO3MOXHOCTN PostgreSQL
C BO3MOXHOCTAMU, npegoctasndgemMbimn NoSQL-6azamu.

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

https://github.com/postgrespro/jsquery




of] PROFESSIONAL

Tunbl gaHHbIX ana JSON Posigres

Json

XpaHeHue B BU/le 0ObIYHOTO TeKCTa + CUHTaKCHYecKast IpoBepKa
COXpaHsieTcs cxofHoe opMaThpoBaHUe
HeoOX0IMMOCTb TIOBTOPHOTO pa3bopa Mpy KaXK[oM 3arpoce

Jsonb

BHYTpPeHHHUM (hopMaT, MCK/TFOUAIOIIV TTIOBTOPHBINA pa3dop
noagep>kka SQL/JSON (si3bik 3aripocoB JSONPath)
NoJiiep>KKa WHEeKCUPOBaHUSs

10

ImeloTca ABa Tuna gaHHbIX ANns npeacrasneHns aokymeHToB JSON: json
n jsonb.

MepBbli NOSABU/ICA paHbLUe W1, N0 CYTU, MPOCTO XPaHUT AOKYMEHT B BUAE
TEKCTOBOW CTPOKM (MPY 3TOM, KOHEYHO, NPOBEPSETCH, YTO CTPOKA SAB/SAETCA
KOppeKTHbIM AokymeHTOM JSON). Ho npu nto6om obpatleHnn K 4yacTtu
nokymeHta JSON ero npuxogurtca 3aHOBO pa3dupartb. ITO Bbi3biBaeT
6onblUne HaknaaHble pacxodbl. Kpome Toro, ana goopmara json He
peannsosaH A3blk JSONPath v He paboTaeT nHgekcnposaHue. Noatomy
json npuMeHseTcsa peako.

O6bI4HO ucnonb3yetca Tvn jsonb (b — binary). 3T0T hopmaT coxpaHsaeT
ofHaxAbl pazobpaHHyO nepapxumio 3/IEMEHTOB, YTO NO3BONSAET 3IPIEKTUBHO
paboTatb C AOKyMeHTOM. CrieyeT yunTblBaTb, YUTO UCXOAHbIN BUA
OOKYMEHTa Npu 3TOM He COXPaHAEeTCS: HapyLlaeTcs Nopaaok crefosaHns
3N1eMEHTOB, nponagatT OTCTYMbl U AYONIMPYOLLNECH KITHOUMN.

RtTt%s://postqrespro.ru/docs/postqresqI/16/datatvpe-json#DATATYPE-JSONP




JSON: Tunsl JaHHBIX json u jsonb

ITOKyMeHT, OIIUCHIBAIOIINY KOMIIOHEHTH KOMITBIOTEPa, MOXKeT BHIIAneTh B JSON Tak:

=> 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

dopMarT json XPaHUT JOKYMEHT KaK OGEIYHEIN TEKCT:

=> SELECT :'json'::json;

json

+

{ "motherboard": { +

"cpu": "Intel® Core™ i7-7567U", +

"ram": [ +

{ "type": "dimm", +

"size gb": 32, +

"model": "Crucial DDR4-2400 SODIMM"+

} +

] +

}, +

"disks": [ +

{ "type": "ssd", +

"size gb": 512, +

"model": "Intel 760p Series" +

}, +

{ "type": "hdd", +

"size gb": 3000, +

"model": "Toshiba Canvio" +

} +

] +

} +
(1 row)

B jsonb mokymeHT pa3GupaeTcsi U 3allUCEIBAETCS BO BHYTPEHHEM (opMaTe, COXPaHsIoIIeM CTPYKTYpy pa3bopa. M3-3a 3TOT0
IIPHU BLIBOJE MOKYMEHT COCTABISIETCS 3aHOBO B 9KBUBAJIEHTHOM, HO MHOM BHUME:

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

B I (00 ) R R e e TR PP
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}}

YT0oOBI BEIBECTH AOOKYMEHT B YE€JIOBEKOYHUTAaEeMOM BHE, MOXKHO HCIIOJIb30BATh CIIEIUAIbHYIO beHKLII/IIO:

=> 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)

Iansime MbI 6ygeM paboTaTh C TUIIOM jsonb, KOTOPHIN MIPEeI0oCTaBIsgeT OOJIbIle BO3MOXKHOCTEH.

JSON: Bripaxkxenus JSONPath u npyrue cpencrsa

s monydenus dactu JSON-gokyMmeHTa ctanmapT SQL:2016 onpenenun s3Ik 3anpocoB JSONPath. BoT HeKoTOpEIEe
IPUMEPEHL.

Tak xe, kak u XPath, JSONPath nmo3sosnsieT criyckaTbCcs II0 fepPeBY 3JIEMEHTOB. JacTh JOKyMeHTa, COOTBETCTBYIOIAs Iy TH
OT KOPHSI:

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

jsonb pretty

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

JJIeMeHTHl MaCCHBA YKa3BIBAIOTCSI B KBaIpATHBEIX CKOOKAX:
=> SELECT jsonb_pretty(jsonb_path_query(:'json', '$.disks[0]'));

jsonb pretty

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

}

(1 row)

MOXKHO IIOJIYYHUTh U BCE 3JIEMEHTEI CPa3y:

=> 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)

YcnoBust GuIbTPAIMK 3aNIUCHIBAIOTCS B CKOOKAX IIOCJIe BOIIPOCUTEILHOTO 3HaKa. CUMBOI @ 0003HAYAET TEKYIIUH Ty Th.
Haiimem mucku, 06beM ITaMsITH KOTOPHIX HaunHaeTcst oT 1000 rurabGaur:

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

jsonb pretty

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

}

(1 row)

YcnoBust SIBJISIIOTCS YaCThIO IIyTH, KOTOpLIfI MOZKHO IIPOAOJIZKHUTH OaJIbIIIe. BI:IﬁepeM TOJIBKO MOJ€EJIb:

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

jsonb pretty

"Toshiba Canvio"
(1 row)

B myTé MOKeT OBITh M HECKOJIBKO YCJIOBHH:

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

jsonb pretty

"Intel 760p Series"
(1 row)

Kpowme cpenctB JSONPath, MOKHO IPUMEHSTH U «TPANUIIMOHHYIO» CTPEJIOYHYIO HOTALUIO.
ITepexomum K Km0y motherboard, 3aTeM K Kiiody ram, 3aTeM GepeM MepPBHIH (HyJIeBOi) 37IeMeHT MacCHBa:
=> SELECT jsonb_pretty( (:'json'::jsonb)->'motherboard'->'ram'->0 );

jsonb pretty

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

}

(1 row)

[IBoiiHAs cTpeJika Bo3BpamaeT He jsonb, a TeKCTOBOe IIpencTaBienue (HeobxonuMele GUIbTPALIUMY IPUAETCS BHIIOIHATH
y2Ke Ha ypoBHe SQL):

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



?column?

Crucial DDR4-2400 SODIMM
(1 row)

Hauwnnas ¢ Bepcuu PostgreSQL 14 gns paGoTEH € jsonb MOXKHO KMCIIONIb30BaTh HHAEKCHYIO HOTALUIO:

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

"Toshiba Canvio"
(1 row)

JSON: npeoOpa3oBaHue B peIsAIUOHHELIN BHI H 00PaTHO

CraHpapT onpepgenseT GyHKUMIO jsontable, HO ee peanu3alus oxXupaeTcs TOIbKO B PostgreSQL 17. PasyMeeTcs, MOXHO
BBIMTH U3 MOJIOKEHUS U TEMHU CPEOCTBAaMM, KOTOPHIE CyIIeCTBYIOT. CHa4aa BHAEINM BCE OUCKH:

=> 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 ocHoBe 3TOr0 3ammpoca HECI0XKHO COennaTh BCTaBKYy B Ta6J'II/IHy:

=> 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

Il o6paTHOro mpeodpa3oBaHusl YAOOHO BOCIIOIB30BaThCA GYHKIMEH 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)

CoenuHUTL CTPOKHU B 00mwmi JSON-MaccuB MOKHO, HalIpUMeED, TakK:
=> 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 OTHEsIbHEIE CTPOKU IPeo0pa3yioTcs B 005eKTH JSON aBTOMaTHYECKH.



of] PROFESSIONAL

MeTtog noctyna GIN Posigres

VIHBepTUPOBaHHBIN UH/IEKC

MeTO/, IPUMEHUM [i/1s1 CJIOKHOCOCTABHbIX 3HaUeHUH (MacCUB, TEKCT)
API meToga mocTyra ornpepesisieT, Kak BbIJIe/ISITb 3JIeMEHThI 3HaUeHUsT

Y
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Npea metoga pgoctyna GIN (Generalized Inverted Index) ocHoBaHa
Ha TOM, YTO 419 C/TOKHOCOCTaBHbIX 3HAYEHWNIA MMEEeT CMbIC/T UCMO/1b30BaTb
B KQUeCTBe K/IH0U€e 3/1IEMEHTbI 3HAYEHUI, a He 3HAYEHUS LETMKOM.

[MpegcTaBbTe I'Ipe,quTHbIM yKa3aTtesib B KOHLE KHUTW. CTpaHI/ILIIbI KHUTU —
C/10)KHOCOCTaBHblIE 3Ha4YEHUA (TeKCT), a yKasare/sib No3BOJIAET OTBETUTb
Ha BOMPOC «Ha KaknX CTpaHunuax BCTpe4vyaeTCA Takow-To TEPMUH?».

[nsa xpaHeHusa anemeHToB B GIN ncnonb3yetcs o6bluHOe B-aepeso,
NO3TOMY 3/1IEMEHTbI AO/IKHbI MPUHAAEXaTb K COPTUPYEMOMY TUMY AaHHbLIX.
OCHOBHbIe OT/INUKA OT B-AepeBa COCTOAT B C/iefyoLemMm:

* Korga Hy)XHO NpovHAEKCUPOBaTb HOBOE 3HAYEHME, 3TO 3HAYEHMe
pa3brBaeTcA Ha 3/IeMEHTbI U UHAEKCUPYIOTCA Cpas3y BCE 3/IEMEHTHI.
MoaToMy B MHAEKC [06ABNSAETCA HE OAMH 3/IEMEHT, a cpa3y HECKO/IbKO
(06bIYHO MHOTO0).

° Ka)l(ﬂ,bIVI AIeMeHT nHaekca CcCblylaeTCA Ha MHOXEeCTBO Tab/INYHbIX CTPOK.

* XOTA 3/IEMEHTHLI U oOpraHn3oBaHbl B B-aepeso, knaccol onepatopos GIN
He nogaepXunsaroT onepavum cpaBHEHUS «B0MbLLE», KMEHbLLE.

Takum o6paszom, GIN onTumMmM3npoBaH As1s1 ApYrux yCroBuiA NCNOMb30BaHNSA,
Hexenu B-gepeso. (Ho nmeetcsa pacwinpeHue btree gin, peannsyioulee
knaccbl onepatopoB GIN A1 06bIYHbIX TUMOB AAHHbIX.)

https://postgrespro.ru/docs/postgresql/16/gin
https://postgrespro.ru/docs/postaresal/l16/datatype-json#JSON-INDEXING




MerTtog gocryna GIN gnss uagekcupoBaHusi JSON

IlycTs Teneps Tabnuila ¢ guckamu O0yneT cogepxkarth JSON-IOKYMEHTHL.
=> DROP TABLE disks;
DROP TABLE

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

);

CREATE TABLE
3amosHuM ee pa3HbeIMu Momensamu, 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 4TO MOTYy4HIIOCE:

=> SELECT * FROM disks LIMIT 3;

id | disk

T
1| {"type": "hdd", "model": "NoName 728 GB", "plates": 4, "capacity": 728}
2 | {"type": "hdd", "model": "NoName 782 GB", "plates": 10, "capacity": 782}
3 | {"type": "hdd", "model": "NoName 814 GB", "plates": 4, "capacity": 814}

(3 rows)

CKOJIPKO BCETro Mofesei nuMeoT eMKOCTh 10 ['6afiT M CKOJIbKO BpeMeHHU 3aiMeT ITOUCK?
=> \timing on

Timing is on.

OnepaTop @? IPOBepsieT, eCThb U B fOKyMeHTe JSON 3agaHHbIN Ny Th.

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

Time: 39,548 ms

=> \timing off

Timing is off.

Kax BBIIIOIHSETCS 3TOT 3alpoc?

=> 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)

Koneusno, HCIIOJIB3YETCHA IIOJIHOE CKaHUPOBaHUE TaGIHUIEI — Y HaC HeT NOoOXOoOdIlIero uHaeKca.



OokyMmeHTH JSONB MOXKHO HHAEKCUPOBATH C IoMolibio MeTtona GIN. [I71s 9TOro ecTh ABa OOCTYIIHBIX Kacca OllepaTOpPOB:

=> SELECT opcname, opcdefault

FROM pg_opclass

WHERE opcmethod = (SELECT oid FROM pg_am WHERE amname = 'gin')
AND opcintype = 'jsonb'::regtype;

opcname | opcdefault
________________ e e e m e m
jsonb_ops | t
jsonb_path ops | f
(2 rows)

Kitacc o ymonganuio, jsonb _ops, 6oree yuuBepcasneH, HO MeHee 3bdeKTHBeH. DTOT KJIacC OIIepPaTOpPOB IIOMEIaeT B
MHIEKC BCe KJIIOUM U 3HA4YeHus. M3-3a 3TOro MOKCK IIOTy4YaeTCsl HETOUHEIM: 3HadeHue 10 MoKeT OBITh HalJeHO He TOJIBKO
B KOHTEKCTEe eMKOCTH (KJII04 capacity), HO ¥ KaK YMCJIO IJIacTUH (K1io4 plates). 3aTo Takol MHIEKC IOONEPXKUBAET U
npyrue omnepanuu ¢ JSONB.

ITompo6yeM.

=> 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: 6,609 ms
=> \timing off
Timing is off.
IocTyn, TeM He MeHee, YCKOPSeTCS.

=> 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)

IIpyro# Kiacc onepatopos, jsonb path ops, moMmemniaeT B HHAEKC 3HaYeHUS BMeCTe C IIyTeM, KOTOPHIM K HUM BefieT. 3a cUeT
9TOTO MOUCK CTAHOBUTCS 60jIee TOYHBIM, XOTsI ITOANEePIKUBAIOTCS HE BCE OIIEPAIUH.

TIpoBEPUM U 3TOT CIIOCOO:

=> 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: 0,549 ms
=> \timing off
Timing is off.

Tak ropasmo JIydiie.



Emre ogmH BapuaHT — IIOCTPOUTDH MHIOEKC Ha OCHOBe B-mepeBa mo BhIpaKeHuo. 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: 0,622 ms

=> \timing off

Timing is off.

Ho Taxoii crioco6, KOHeYHO, MeHee YHUBepcalleH — II0f KaXKabli 3anpoc noTpebyeTcsi co3naBaTh OTOEIbHEIN HHIEKC.
CpaBHUM pa3Mep UHOEKCOB (OJIsT CDAaBHEHUS BEIBOOUTCS U pa3Mep TaOIUIlhI):

=> 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 Posigres

PostgreSQL moaiep>krBaeT c/1ab0CTPyKTYPHPOBaHHbIE THIIBI

YactuyHas nogaep>xkka XML

¢opmar TepsieT Momy/sipHOCTh

[TomHoUeHHas oaaepxka JSON

HallpaB/IeHHE€ aKTMBHO DA3BUBAETCA

NupekcupoBaHue Ha OCHOBe MeToza gocrtyra GIN

14
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Mpaktuka L Posigras

1. Yacte cBefienuyi o kuurax (ISBN, anHOTanus u gpyrue)
BBIBOZSITCS PUJIOKEHUEM TOJIBKO Ha OTAE/IbHOU CTPaHULIe.
Ceifuac 3TH JlaHHbIe XpaHATCs B Tabuile books, Ho He
repearoTCs MPUIOXKEHUIO.

N3menuTte QpyHkuto, peanusyronlyto APl npunokeHus, Tak,
yTOObI CBe/leHNsI TlepeJjaBauch B BUjie ofHOro oobekra JSSON.
[TpoBepbTe peanusaiyio B IIPUIOKEHUH.

2. MHorounc/ieHHbIe CTOMOLbI, XpaHSsII[He JOTIOTHUTe/IbHbIe
CBe/IeHHsI O KHUTaxX, HUKAK He HCII0JIb3YIOTCS B CEPBEPHOM UaCTH
TIPUIOYKeHUsI. 3aMeHUTe WX Ha OJIUH CTOJI0el], B KOTOPOM
cBesieHus1 OyayT xpaHuThbcsi B hopmate JSSON. CaenaiiTe 310
TIPO3PauHoO [I7Is1 IPUIOXKEHUSI.
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1. CBepneHnAa fo/mkHbI NnepefaBatbca B 06bekTe JSON crieaytollero
dhopmara:
{ "ISBN": 1isbn,

"AHHOTauua": abstract,

"M3paTenbcTBO": publisher,

"'og Bbinycka": year,

"lapHuTtypa'": typeface,

"M3paHne": edition,

"Cepua": series

}

2. lleicTByiiTEe B Npeano/oXeHnn, YTO BO BPEMS 3aMeHbl CTO/IOLI0B
NPUNOXEHNEe pabdoTaeT M A0/HKHO KOPPEKTHO BbINOMHATL 3anpochl
nonb3oBatenei. He 3abyapte, YTO BMECTe C 3aMEHOI CTON6L0B Ha OANH
06K HEO6X0AMMO UCNPaBUTbL N NHTEPAIENCHYO CDYHKLMIO MPUNIOXEHNUS.

Kpome Toro, cumTaliTe, UTo OIHOBPEMEHHO C PaGOTON NPUMIOXEHNST MOTYT
N3MEHSTLCA KaK AaHHble O CYLLECTBYHOLLMX KHUrax, Tak 1 06aBnsTbCA
HOBbIE KHUTK.



1. JommosTHUTEIbHBIE CBEIeHHs 0 KHHUIaxX

TIpunoX)eHWe paCCYUTHIBAET MOIYYUTDH NOMOIHUTEIbHBIE CBEIEeHUs 0 KHUrax B cTosbOue additional TaGmuisL,
BO3BpaljaeMoii BHI30BOM webapi.get catalog, KoTopasi, B CBOI0 o4epe[b, oGpaliaeTcs: 3a HaHHEIMU K public.get catalog.
[TocnenHsist MOJTy4aeT HOIOJIHUTEIbHEIE aTPUGYTH Yepes3 OTAeNIbHYIO GYHKINIO, KOTOpasi cefyac BO3BpalLlaeT IIyCTOH
MOKYMEHT:

=> \sf get_additional

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

LANGUAGE sql

IMMUTABLE
RETURN NULL::jsonb

H3meHuM GYHKIUIO CIEOYIOMUM 00pa3oM:

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

"ISBN', book.isbhn,
'AHHOTaAUMA"', book.abstract,
'WzpaTtenbcTBo', book.publisher,
'Top Bbinycka', book.year,
'Taphutypa', book. typeface,
'Uzpanue’, book.edition,
'Cepus’, book.series

);
CREATE FUNCTION

2. 3aMeHa HEeCKOJIBKHX CTOJIONOB Ha onauH ¢opMara JSON

oGaBuM K Tabnuie books HEOGXOMUMEIH CTOJIOEL:
=> ALTER TABLE books ADD additional jsonb;
ALTER TABLE

Ecnu paHHBIE 0 KHUTAX MOTYT USMEHSTBCS B IIPOLIeCCe HAlllUX IEeUCTBUIM, MBI MOXEM CO37aTh TpHUITED, KOTOprfI 6yJIeT
IIEPEHOCUThL U3MEHEHUS B HOBBIN CTONGEII:

=> CREATE FUNCTION fill_additional() RETURNS trigger

AS $$
BEGIN
NEW.additional := jsonb_build_object(
'ISBN', NEW. isbn,
'AHHOTauuMA', NEW.abstract,
'WspaTtenbcTtBo', NEW.publisher,
‘lTon Bbinycka', NEW.year,
'TapHuTtypa’', 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
Teneps mepeHeceM B HOBBHIM CTONIOEI] HCTOPUYECKHE NaHHbIe:

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

UPDATE 100

HauywuHas c 9TOro MOMeHTa CTapkeie CTONOIIEI MEHSITh Henb3s1. Eciu Obl Y HacC OBLTa npouenypa 3arpy3kKu HOBBIX



TIIOCTYILJIEHUY, ee cieqoBasio OBl IlepefeiaTh Ha 3allojIHEHNe HOBOI'O CTOJIONA.
Tlepekm0oYrM IPUJIOKEHNE HA UCIIOIb30BaHKE HOBOT'O CTOIOIIA:

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

CREATE FUNCTION

Tenepb MOXKHO yOaJlIuThb BpeMeHHBIfI TPUTITEDP:

=> DROP TRIGGER books_additional ON books;

DROP TRIGGER

=> DROP FUNCTION fill_additional;

DROP FUNCTION

M moxHO YOAIUuTh HEHY2KHEBIE TeIIePb CTOJ'I6].II:I Ta6J'II/ILU:I:

=> ALTER TABLE books

DROP isbn,

DROP abstract,
DROP publisher,
DROP year,

DROP typeface,
DROP edition,
DROP series;

ALTER TABLE

YoaneHue CTOIOI0B IPOUCXOOUT OBICTPO, ITOCKOJIbKY MaHHBIE (PAKTUYECKU HE YAAJISIIOTCS, @ TOJIBKO CTAHOBSITCS
HEBUOUMBIMH. [103TOMY pa3Mep TaGIULEI He YMEHBIIUTCS OO0 TEX II0P, II0Ka CTPOKY He OynyT GU3nudYecKu Iepe3alnrcaHsl,
HanpuMep, Ipu 0OHOBIIEHUSX.



[1pakTuka+ PO&ST’%@

1. B 6a3e jaHHBIX UMEIOTCS TaOMULIBI ITO/Tb30BaTeIel U UX 3aKa30B,
CBSI3aHHbIE OTHOILIEHUEM «OJIMH KO MHOTHM».
Harnuinvre QyHKLMIO, KOTOPasi 110 UAeHTH(UKATOpy
noJsib30Bare/isi Bo3Bpaujaet AokymeHT JSON, copeprkaluii Bce
CBeJleHHs O T0JIb30Baresie BMecTe C MaCCUBOM €ro 3aKa3oB.

2. B mosb30BaTenbckoM nHTepderice He0OX0UMO BBIBOIUTh
Ha3BaHUs TOPOZIOB, XpaHsIIMecs B 6a3e JaHHBIX, Ha BLIOpaHHOM
s3bike. OZIMH U3 CTIOCOOOB — XPAHUTD BCe TIePEBO/IbI Ha3BaHUH
B 00bekTe JSON B Bujie Map «Ko/j si3bIKa — Ha3BaHHUE».
Peasnu3yiiTe Takoi crioco0b. [Iis ymo0cTBa co3maiire
rpe/iCTaB/IeHHe, TTOKa3bIBaollee Ha3BaHHWe FOPO/IOB Ha SI3bIKe,
33/JaHHOM B KOH()UTypal[MOHHOM TlapameTpe cepBepa.
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1. Tabnuubl MOTyT GbITb CNeayHLLMMU:

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);

Pe3ynbTat Ao/HKEH UMETb BUAL

{ "user_id": ...,

"name": ...,

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

[nsa Toro utobbl cchopmupoBaTb 06bEKT JSON 13 HECKONLKMX NOJEN,
BOCNosb3yiTechb hyHkumeit jsonb_build_object.

2. HasBaHune nonb3oBaTesibCKOro KOHPUrypayumoHHOro napamerpa 40/HKHO
cogepxatb TOYKY B CBOEM UMeEHU, Hanpumep, «translation.lang».

Monyuntb TEKYLLIEE 3HAYEHNE napaMeTpa MOXHO (hyHKLUMel current_setting.



1. ®opmupoBanue JSON

=> CREATE DATABASE ext_semistruct;

CREATE DATABASE

=> \c ext_semistruct

You are now connected to database "ext semistruct" as user "student".
Co3manuM TabIUIbl ¥ TECTOBHIE NAHHEIE:

=> 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
Oyuknusa ucnons3yet jsonb build object mnst cosmanus o6bekTa u jsonb agg oS cO3maHUS MacCHUBa:

=> 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
TIpoBepum:

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



jsonb pretty

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

{ +
"amount": 354.03,+
"order id": 1 +
}, +
{ +
"amount": 703.26,+
"order _id": 4 +
}, +
{ +
"amount": 518.86,+
"order id": 7 +
} +
1, +
"user_id": 1 +
}
(1 row)

2. XpaHeHHe IepeBOIOB

Tabnuna c ropogamu:

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

)i

CREATE TABLE

=> INSERT INTO cities_ml(data) VALUES
('{ "ru": "MockBa",
"en": "Moscow",
"it": "Mosca" }'),
('{ "ru": "CaHkT-NeTtepbypr",
"en": "Saint Petersburg",
"it": "San Pietroburgo" }');

INSERT 0 2
IIpencTaBieHne MOXKET OBITH YCTPOEHO CIEAYIOMUM 00pa3oM:

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

CREATE VIEW

[IpoBepuM pe3yIbTaT C Pa3HBIMKU 3HAYEHUSIMHU [TapaMeTpa:
=> 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)



Takum 06pa30M IIPUJIOKEHHUE MOZXKET YCTAaHOBUTD sA3BIK OOUH Pa3 B Ha4daJle CeaHCa, U 3aTeM 3allpOCEI He 6y]1yT 3aBHCETH OT
BBI60pa II0OJIB30BaTEIA.



