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TeMmbl Pogga’??é

Yro Takoe c1aboCTPYKTypPUpPOBaHHbIe JJaHHbIE
[TpuMeHeHUe B pesSIMOHHBIX 6a3ax AaHHBIX
HeobxorMble oriepariun

Tun ganHeix gas XML: xml

Tune! gansbix Ay JSON: json u jsonb

NupekcrpoBanue 1okyMeHTOB JSON
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UTO 3TO Takoe Posigres

Haunbonee u3BectHbie npuMepbl: XML 1 JSON

Cxema AdHHBIX OoIipeaesdeTcda CaMrUM JOKYMEHTOM

d He XpaHUTCA OTAE/IbHO OT JdaHHBIX

JIOKYMEHT COZIep>KUT pa3MeTKy [I/isl BblJeJieHUsl 3/IeMeHTOB
Y OTipe/ie/ieHusi hepapXuu

[laHHBbIe He COOTBETCTBYIOT Pe/IsIIUOHHON MOJIe/T

KOHKDETHBIN JOKyMEHT MOKHO TIPeZICTaBUTh B BH/[e TabOJIuI]
JIOKYMeHTb! 00111ero BH/la TO)Ke MOKHO, HO TIPaKTUUeCKH — HeyJ00HO

CnabocTpyKTypupoBaHHble (semi-structured) gaHHblIE — 3TO fIaHHbIE,
npencTaBneHHble He B PensAuMoHHOM (TabnimyHom) Buge. O6bIYHO 3TO
TEKCTOBbIA AOKYMEHT, HO B OT/IMYME OT TeKCTa Ha eCTECTBEHHOM AA3bIKE,
[OKYMEHT COAEPXUT pasMeTKy, onpeaenstoLlyro CTPYKTYpHbIE eaUHNLbI.

LLInpOKO n3BeCTHbIMU NpuMepamn qoopmMaToB (A3bIKOB Pa3MeTKM) ABMAKTCA
XML n JSON, B nocnegHee Bpems Takke nonynsapeH YAML.

CTpykTypa (Cxema) AOoKYyMeHTa onpeaenseTca ero CO6CTBEHHO pa3mMeTKon,
a He XpaHUTCA rae-1o OTAebHO OT Hero. (3TO He UCK/iYaeT BO3MOXHOCTH

onpenennuTb CTPYKTYPY OTAENbHO — Hanpumep, ana XML ecTb a3bikn DTD,
XMLSchema).

Pa3meTka Kak npaBu/io NO3BOMSET ONpPeaenTb BIOXKEHHbIE 3/1IEMEHTI,
obpasyroLine nepapxuio.

KoHeuyHo, Nto6yto KOHKPETHYIO Mepapxuno MOXHO NpeacTaBuTb U

B Tab/IM4HOM BuAe. MOXHO YNOXUTb B Tab/MLbl 1 MPOU3BOJIbHYIO MepapXuto
6e3 XXeCTKOW CXeMbl, HO pe3y/ibTaT OyAeT NULWEH TUNu3aunm AaHHbIX,
BO3MOXHOCTU CO34aHNA OrpaHn4yeHnin LenoCcTHOCTH, C HUM ByAeT KpainHe
Heyno06HO paboTtarb B TepMuHax 3anpocos SQL. Mo3ToMy ¢ HEKOTOPbIMK
BUAAMU OAHHbIX AEeACTBUTENBHO yA06Hee 1 nornyHee padotartb UMEHHO

B TakoM, C/1laboCTPYyKTYpUpPOBaHHOM, BUAE.
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[TpmeHeHune Posigres

WuTepdeiicHbIN popMaT

Me>K/ly PUIOKeHHeM U BHeIlIHel CUCTeMOH
MeX/ly KJIMeHTCKOM U CepBepHON YaCTsIMU MPUIOKEHUS

BHyTpu 6a3bl JAHHBIX KaK aTOMapHOe 3HaueHHe

TOJIBKO XpaHeHNe U U3BJlevyeHre
He HapyiaeT 1NF, gocratouHo o6bruHbIX cpeactB SQL

BHyTpu 6a3bl JaHHBIX KaK HeaToOMapHOe 3HaueHue

ornepanfry C OTAe/JIbHbBIMU YaCTAMH JOKYMEHTA

SQL He gocTaTouHo; TpebyeTcs creluaibHbIN SI3bIK 3aIIPOCOB
¥ Habop JIOTIO/THUTE/TBHBIX OTeparyii

FI/I6KOCTI>, KOra AaHHbIe TIVIOXO0 YK/IaAbIBAIOTCA B PEJ/IALIMOHHYIO MO/ Ee/Ib

[okymeHTbl XML nnm JSON MOryT NpUMEHATLCS Kak YA06HbIi
NHTepdIeNCHbIN hopmMaT Mexay pasHbIMN KOMIMIOHEHTaMW, HE3aBUCUMbIV OT
KOHKPETHOW nnaTdiopMbl UK A3blKa NporpammMmmpoBaHns. Hanpumep, ons
B3aMMOAENCTBUA C BHELLHMW CUCTEMaMK, UK ANS oOMeHa AaHHbIMU
MexXay KJIMEeHTCKOM 1 cepBepPHON YacTamMn cucTemMbl. B nocnegHem cnyyae
NHTepdIenCcHbI hopMaT No3BOJISAET K/IMEHTY NMOC/aTb C/I0XHbIA 3anpoc,

a cepsepy BbINO/IHUTL ero apdhekTnBHbIM 06pa3om (B oT/iMume ot
TpaauumMoHHOro noaxopa, npuHatoro B ORM, korga cepBep 6a3bl faHHbIX
Harpyxaetcsa 60/1bLUMM KOIMYECTBOM MEJIKMX 3anpocoB, He OCTaB/IAas
BO3MOXHOCTEN ANnsa ontumMmsauunn).

Ecnn cnabocTpyKTypupoBaHHble AaHHble XPaHATCA BHYTpPU caMoin 6asbl
AaHHbIX, TO BCe 3aBUCUT OT TOrO, KaK 3TW AlaHHble ucnonb3ytotcsa. Ecnu
BHyTpn SQL 3anpocoB He genaeTcs nomnbITOK paéotarb C OTAe/IbHbIMY
yacTAMN AOKYMEHTOB, TO TakMe 3Ha4YeHns MOXXHO cuMTaTb aToMapHbIMN
C Touku 3peHns CYB/[. TyT goctartoyHO 06bIYHbIX cpencTts SQL.

KoHeuHo, 60n1ee nHTepeceH cnyyai, Korga cepsepy Heo6xo4MMOo BblAENATb
4yacTb JOKYMeHTa, ou/1bTPoBaTb BbIBOA, HA OCHOBE COAEpXaHus
OOKYMeHTOB U T. N. [Ana atoro SQL yxe He XxBaTtaeT N HY>XeH
crneunanm3anpoBaHHbI A3bIK A0CTYNa K CNaboCTPYKTYPUPOBaHHbLIM AAaHHbIM.
Ecnun CYB/l npepocTtaBnigeT Takyto BO3MOXHOCTb, 3TO MNO3BOJIAET
KOMOWHNPOBATbL CTPOruiA PenAaLMOHHbIN Noaxon, AN AaHHbIX, UMEOLLMX
YeTKYH CTPYKTYpY, 1 noaxon B ayxe NOoSQL Ana gaHHbLIX, KOTOPbIE C/I0XHO
npeacTaBuUTb B TaGNIMYHOM BUAE.
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Onepauunn Pos{gres

[Tpeobpa3oBaHue JOKyMeHTa K PesIliMOHHOMY BUY

COXpaHeHHe TPAHCIIOPTHOTO JOKYMeHTa B 0a3y /JIaHHbIX
rcrosb30Banue cpencts SQL s 06paboTKu

[Tpeobpa3oBaHue pesALMOHHBIX JaHHBIX K BUY JOKyMeHTa

BBI'PYy3Ka JJAHHBIX B TPAHCTIOPTHBIN popmar

BbI,Z[EJ'IEHI/Ie UdCTH JOKYMEHTA

CHeL[I/IaJII/IBI/IpOBaHHbII\/JI A3BIK 3alIPOCOB

WHpekcupoBaHye JOKYMEHTOB

TO/|/Iep>KKa OTlepaliyii CrielMaIn3upOBAaHHOTO sI3bIKa 3alpOCOB

UTobbI paboTtartb CO C/1aboCTPYyKTYpPUPOBaAHHBIMW AOKYMEHTaMM

B pensAunoHHon 6ase gaHHbIX, NOHaA06STCA BO3MOXHOCTMY AN
NpeobpasoBaHUs AaHHbIX U3 OAHOr0 BUAa B APYroi, NOCKONbKY B OAHMUX
cuTyauusix yaobHee ncnonb3oBaTb penisiuMoHHbIe CPeacTBa, B ApYrmx —
[OKYMEHTOOPUEHTUPOBaHHbIE. OCOBEHHO 3TO BaXXHO, €C/IN TaKoM AA3bIK, Kak
XML nnn JSON, ncnonb3yeTca B Ka4eCTBe TpaHCNOopTHOro oopmara.

Kpome 3Toro, HyXHbl CpeAcTBa A/151 BblAeNeHNs 4YacTu JOKyMeHTa — Kakux-
TO OTA€/bHbIX 3HAYEHWUIA, NN KAKOrO-TO NOJIMHOXECTBA 3/1eMEHTOB. Takune
cpeacTBa 06bIYHO NPeACTaB/EHbI B BUE Cneunanin3vpoBaHHOrO A3bika
3arnpocoB, KOTOPbI/ YUMTbIBAET NepapXnyeckyto CTPYKTYpY AOKYMEHTOB.
Takue A3bIKM 3anpoCcoB MOXHO MCMO/b30BaTh HE TOMbKO A/151 BblAENEHUS
yacTu [AOKyMEHTa, HO U, Hanpumep, A8 Bbibopa Tex AOKYMEHTOB,

B KOTOPbIX NMPUCYTCTBYET 3a/laHHblii hparmMeHT.

Ecnv cnaboCTpyKTypUpPOBaHHbIE 1OKYMEHTbI UCNO/b3YOTCS B PENSILMOHHOW
CYB/], BCTaeT 3aa4ya UHAEKCUPOBAHUS TakUX AaHHbIX. [ns 3T0ro, Kak
npaBuno, He rogsaTcs 06bluHble B-AepeBbs, NOCKOMbKY TpebyeTtcs
noAAepPXuUBaTb He onepaumn cpaBHEHUS JOKYMEHTOB, a onepawuuu,
CBsi3aHHble CO cneLmann3MpoBaHHbIM A3bIKOM 3anpoCoB.



dopmart XML Poggai“éé

eXtensible Markup Language

YHUBEpPCaJ/IbHbIN SI3bIK Pa3MeTKH, TiepBbiid cTaHZapT 1998 rozxa
(opmarel Ha ocHoBe XML: XHTML, FB2, RSS u Atom, SVG, SOAP...

Crpykrypa
BJIOKeHHbIe 2/IeMeHThI
OTAE/IATCA TeEraMu, MOT'YT UMETb anI/I6YTbI, COAEePXKdT TEKCT

WHcTpymeHTapuit

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

PostgreSQL: XPath 1.0

XML (eXtensible Markup Language) nosiBuscs B KOHTEKCTe Beba 1
paspabarbiBaetca KoHcopunymom W3C. XML aBnseTca TEKCTOBbIM
OOKYMEHTOM, cofepXallnum cneymanbHyto pasmetky. XML onpegenset
CUHTaKCUYECKYH CTPYKTYPY pasMeTKU, KOTopas C NMOMOLLLI0 mea2os
BblAeNAeT 3/71eMeHmbl (BO3MOXHO, BNIOXEHHbIe ApYr B Apyra), KOTopble
MOrYT Takke nmetb ampubymel. (A3blk XML AOBO/IbHO C/IOXEH, B HEM
NMEIOTCA Takke UHCMpyKyuu o06pabomku, KOMMeHmapuu n gpyrue
CYLHOCTH, HO Mbl He ByZlemM Ha 3TOM OCTaHaB/MBaTbCA.)

XML no3BonsieT onpenenutb pacwupeHuss XML, onpeaensas KOHKPETHbIN
Habop 3/1IeEMEHTOB 1 NX aTPUBYTOB, U HaAEeNsas NX onpeneseHHoM
cemMaHTUKON. K n3BeCTHbIM paclumpeHmam otHocAatca XHTML (6onee
ctpornin HTML, coBmecTumblin ¢ XML), FB2 (popmMat anekTPOHHbIX KHUT),
RSS n Atom (cpopmartbl A9 HOBOCTHbIX f1IeHT), SVG (BekTopHaa rpadmka),
SOAP (thopmat coobuleHnin Beb-CepBUCOB) U Apyrue.

3a Bpems cyulectsoBaHua popmata XML cdhopmmpoBasicsa 6orarbii
NHCTPYMEHTapuii ANa padboTbl C HUM, BK/THOHAIOLWNIA A3bIKWU ONUCAHUS CXEMbI
[OKyMeHTOB (Takune, kak DTD, XMLSchema), A3blku 3anpocoB (6a30Bblii
XPath n 6onee 6oratblin XQuery Ha ero 0OCHOBE), A3blK/ NPeobpa3oBaHuUs
AokymeHToB XML (XSLT n XSL-FO Ha ero ocHoBe).

B pensumnoHHbIx 6a3ax paboty ¢ XML pernameHTtupyet ctaHgapt SQL/XML.
PostgreSQL noaaepxuaet Tonibko XPath 1.0. MNpeobpasoBaHus XSLT
OOCTYMHbI B pacumpeHnax (Xxml2 nim B CTOPOHHUX). MIHAEKCMpOBaHMe He
peasin3oBaHo (XOTS BCE BO3MOXHOCTU /15 3TOr0 eCTb).

https://postgrespro.ru/docs/postgresqgl/12/datatype-xml
https://postgrespro.ru/docs/postgresgl/12/functions-xml




XML: Beipaxenusi XPath

=> 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, OIIHMCHIBAIOINUM KOMIIOHEHThI KOMIIBIOTEDA.

e Teru BHIAEJSIOTCS YTJIOBEIMH CKOOKaMu. [IJIsT KaXKOOT0 OTKPBIBAIOIIETO Tera (<computer>) eCTb COOTBETCTBYIOIIHH
€My 3aKpHIBalOIINM, UM KOTOPOT'0 HaYWHAaeTC s Ha KOCYI0 4epTy (</computer>). Takasa nmapa Teros onpenenseT
371eMeHT (computer).

e ATpuGYyTHI MOT'yT OBITH IIEPEYUCIIEHE BMECTe CO 3HAaUEeHUSIMU B OTKPLIBAIOIIEM Tere.

e TeKCT BHYTPU TEr0OB COCTaBIIsIeT TEKCTOBHIY 3JIEMEHT.

=> SELECT $xml$
<computer> <!-- oTkpbiBaloOWMiA TEer -->
<motherboard>
<!-- TeKCTOBbM 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_gbh="512">Intel 760p Series</ssd>
<hdd size_gbh="3000">Toshiba Canvio</hdd>
</disks>
</computer> <!-- 3aKkpbiBawmuii Ter -->
$xml$ AS xml \gset

CHauasia IOCMOTPUM, KaKue CpefCcTBa eCTh A NonydeHus yactu XML-gokyMeHTa. [ 3TOT0 UCIIOIb3YIOTCS BRIPaKeHUs
si3bIKa 3ampocoB XPath 1.0. Mrl He 6ymeM meTanbHO pacCMaTPUBATh BCe BO3MOKHOCTH XPath, HO mOCMOTPUM HEKOTOPEIE
TIPUMEPHL.

XML coCcTOuT U3 uepapxXuu 3JIEMEHTOB, II03TOMY SI3BIK OIIMCHIBAET IIepeMellleHus 10 fepeBy. YacTb JOKYMEeHTa,
COOTBETCTBYIOIIAS IyTH OT KOPHS:

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

B IIYTH MOZKHO YKa3bIBaTh HE TOJIBKO HEIIOCPEOCTBEHHbIE IIOTOMKHU:

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

Tlo AEepEeBYy 3JIEMEHTOB MOXKHO «OBUI'aTbCsA» HE TOJIBKO BHU3 K JIUCTHSAM, HO U BBEPX K KOPHIO:

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

(1 row)



BMecTo KOHKPEeTHOr0 UMEeHH 3j1eMeHTa MOXKHO yKa3aTh, YTO IIOOXOOUT JII000M:

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

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

3mech MBI IIOJIyYUJIM B MaccuBe ABe yacTu XML-mokyMeHTa. MOXKHO IOCYUTATh KOJIUYECTBO:

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

MOKHO U3BJIeYb HE BECh JIEMEHT, @ TOJIbKO €T0 TEKCT:

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

{"Intel® Core™ i7-7567U"}
(1 row)

ATpuOyTH 3alUCHIBAIOTCS C ITOMOINBIO «cobaku». Halimem 3Ha4eHUs aTpubyToB size gb:

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

{32,512,3000}
(1 row)

YcnoBusi GUIbTPAIMU 3allMCEIBAIOTCS B KBAIpPAaTHLEIX CKOOKax. HalileM Bce 31IeMeHThl, 00heM MaMsTH KOTOPLIX HAYHHAETCS
oT rurabaiiTa:

=> SELECT xpath('//*[@size_gb >= 1024]', :'xml');

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

CpaBHeHue paboTaert, notoMy 4To XPath mommepKuBaeT YUCIOBEE THIIBL. KpOoMe 3TOT0, IOANEPKUBAIOTCS CTPOKH U
JIOTUYECKUM THUII.

BripaxkeHus XPath npuMeHsioTCs He TONbKO B GyHKINM xpath, Ho u B gpyrux. Hanpumep, MOKHO IIPOBEPUTH, COAEPKUT JIU
XML-goKyMeHT yKa3aHHBIH GhparMeHT:

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

)i

xmlexists

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

);

xmlexists

XML: npeoOGpa3oBaHue B PEeIsIHOHHBIA BUI U 00pPaTHO

Il Toro 94To6s! mpeobpa3oBaTh XML-IOKyMEHT K PeJIIIUOHHOMY (TabJIMYHOMY) BHAY, UCIONb3yeTcsa GyHKIus xmltable.



IlycTs y Hac uMeeTcCs TabIUIla OIS DUCKOBEIX HAKOIUTEEeN:

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

)i

CREATE TABLE
CHauana BEIAENIUM HYXKHYIO 9acTb 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 pyHKIMH xmltable. B HeM MbI yka3biBaeM BelpaxkeHue XPath, cam fokyMeHT, a Takxke
OIIMCHIBaeM, KaK I0JIy4daTh 3HaYeHUs AJIS CTOJIONOB TabIMIIEL C IIOMOIIBIO AOMOIHUTENbHEIX XPath-BripazkeHni:

=> 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
____________ L Ty
ssd | Intel 760p Series | 524288
hdd | Toshiba Canvio | 3072000
(2 rows)

OGpaTuTe BHUMaHUE:

o BhIpaxkeHust XPath mist cTONGIIOB OTCYUTHIBAIOTCS HE OT KOPHS JOKYMEHTA, a OT TEKYI[ero KOHTEKCTa (3JIEMEHTa,
HaWIeHHOTO0 OCHOBHBEIM BhIpaxkeHueM XPath);
e B BHIPAXKEHUSIX MOXKHO HCIIOTh30BaTh HEKOTOPEIE apudMeTHYeCKHe OTepallii.

PeayanaT TaKOI'o 3aIrpocCa MO2KHO HEIMOCPeaCTBEHHO BCTAaBUThH 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

It co3manus JOKyMeHTOB XML uMeeTcsl JOBOIBHO MHOTO QYHKINM, C IOMOIIBI0O KOTOPHIX MOXKHO COOpPaTh HOKYMEHT «II0
KycoukaMm». Ho ecTh Takke GYHKITNY, T03BOISIONINE BEIIPY3UTh B XML 1emyto Tabauiy, Uiau pe3yibTaT 3alpoca, UM faxke
BCIO 0a3y maHHBEIX B GUKCUPOBaHHOM (opmare.

=> SELECT table_to_xml(
tbl => 'disks',
nulls => true,
tableforest => false,
targetns => '' -- npocTtpaHcTBO MMeH



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

TPOCTOMH 53bIK pa3MeTKH, cTaHZapT 1999 roza
MOSIBUIICA B JavaScript, HO pacnpocTpaHeH MOBCEMECTHO

Crpykrypa
00BEKTHI (Tapbl «K/TFOU: 3HAaU€HHE» ), MACCUBBI 3HAUEHUI
3Ha4yeHUsI TeKCTOBbIe, UMC/IOBbIE, aThl, JIOTUUEeCKUe

WHcTpymeHTapuit

PostgreSQL: a3bik 3aripocoB JSONPath,
HeroJiHas ToKa nofaepskka ctadaapra SQL/JSON,
VIH/IeKCHPOBaHue

dopmatr JSON — npocToe NOAMHOXECTBO A3blka JavaScript,
onucbiBaroLLLee 0OBLEKT, COCTOALLNIA U3 Nap «K/OY: 3HAYEHME>, UM MaCCUB
3HaYEeHUn. 3Ha4YEHNA MOTyT ObITb CNeayoLWNX TUNOB: TEKCTOBbIE,
4yncnosble, AaTbl U nornyeckre (a Takke MoryT ObITb 06bEKTaMN 1N
MaccuBamu, T. €. IOKYMEHT MMEET nepapxnyeckyto CTpyKTypy).

HecmoTps Ha To, 4to JSON — «pogHoin» hopmat ansa JavaScript, oH
Mosly4ynn orpoMHOe pacnpocTpaHeHne bnarogaps CBoer NpocToTe n
yA006CTBY, U NOBCEMECTHO UCMO/Ib3YETCHA B COBPEMEHHOM NHTEPHETE.

N3HavyanbHO PostgreSQL npeaocTtaB/isizi COGCTBEHHbIE onepaunu ans
pab6oTbl ¢ JSON; npu HeobxoANMOCTN 60/1Iee Cepbe3HOro MHCTPYMEHTapUA
MOXHO Obl/10 BOCNO/Mb30BaTbLCA paclumpeHem jsQuery. B HacToswee
Bpems B PostgreSQL peanusoBaHa yacTtb ctaHgapta SQL/JSON:2016,
BK/IoHaA A3bIk 3anpocos JSONPath.

imeeTca n nipekcmposaHne aokymeHToB JSON. 310 no3Bonder
KOMOVHMPOBAaTh pPesisuMOHHbIE BO3MOXHOCTU PostgreSQL
C BO3MOXHOCTAMU, npegoctasndgemMbimu NoSQL-6a3zamu.

https://postgrespro.ru/docs/postgresqgl/12/datatype-json

https://postgrespro.ru/docs/postgresgl/12/functions-json

https://github.com/postgrespro/jsquery




o)) PROFESSIONAL

Tunbl gaHHbIX ansa JSON Pos{gres

Json

XpaHeHue B BU/ie 0ObIYHOTO TeKCTa + CUHTaKCHYecKast IpoBepKa
COXpaHsieTcs UcxoHoe hopMaThpOBaHUe
HeoOX0[MMOCTb TIOBTOPHOTO pa3bopa Mpy KaXKjoM 3arpoce

Jsonb

BHYTpPeHHHUH (hopMaT, MCK/TFOUArOIIWA TIOBTOPHBINA pa3bop
noagep>kka SQL/JSON (s13bik 3aripocoB JSONPath)
NoJiiep>KKa WHAEeKCUPOBaHUs

imetloTca ABa Tvna faHHbIX AN npeacraBneHms gokymeHtos JSON: json u
jsonb.

MepBbli NOSABU/ICA paHbLUe 1, NO CYTWU, MPOCTO XPaHUT AOKYMEHT B BUAE
TEKCTOBOW CTPOKK (MPpY 3TOM, KOHEYHO, NPOBEPSETCH, YTO CTPOKA AB/SETCA
KOoppekTHbIM AokymeHTOoM JSON). Ho npu nto6om obpatleHumn K yactum
nokymeHta JSON, ero npuxogurtcsa 3aHOBO pa3dupartb. ITO Bbi3biBaeT
6osbLINe HaknagHble pacxodbl. Kpome Toro, as1s oopmara json He
peann3osaH A3blk JSONPath 1 He paboTaeT nHgekcnposaHue. Noatomy
json npuMeHsAeTca peako.

O6bI4HO ucnonb3yetca Tvn jsonb (b — binary). 3T0T chopmaT coxpaHseT
ofHaxAbl pazobpaHHyO nepapxuio 3/1IEMEHTOB, YTO NO3BONAET 3PIEKTUBHO
paboTatb C IOKyMeHTOM. CrieyeT yunTbiBaTb, YTO UCXOAHbI BUA
[OKYMEHTa Mnpu 3TOM He COXPaHAEeTCS: HapyLlaeTcs Nopsaaok crieqoBaHns
3/1IEMEHTOB, nponagatT OTCTYMbl N AYONUPYIOLLNECH KITHOUMN.

RtTt,Itzls://postqrespro.ru/docs/postqresqI/l2/datatype-json#DATATYPE-JSONP




JSON: TunEI JAHHEIX json H jsonb

JIIOKyMEHT, OTIMCEIBAIOIIMI KOMIOHEHTHI KOMITBIOTePa, MOXKeT BRITIsIAeTh B JSON Tak:

=> SELECT $js$
{ "motherboard": {
: "Intel® Core™ i7-7567U",

“ram": [
{ "type":
"size

1
}
"disks":
{ ssd",
: 512,
"Intel 760p Series"
h
{ hdd",
3000,
: "Toshiba Canvio"
}
1

}
$js$ AS json \gset
dopmar json XpaHUT JOKYMEHT KakK OGBIYHBIA TEKCT:

=> SELECT :'json'::json;

json

+

{ "motherboard": { +

"cpu": "Intel® Core™ i7-7567U", +

"ram": [ +

{ "type": "dimm", +

"size gb": 32, +

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

} +

1 +

, +

"disks": [ +

{ "type": "ssd", +

"size gb": 512, +

"model": "Intel 760p Series" +

} +

{ "type": "hdd", +

"size gb": 3000, +

"model": "Toshiba Canvio" +

} +

] +

} +
(1 row)

B jsonb mokymeHT pa36upaeTCs U 3aIHCHIBAETCS BO BHYTPeHHEM (opMaTe, COXpaHsIomeM CTPYKTypy pa3bopa. H3-3a 9TOT0 mpH BEIBOE JOKYMEHT COCTABIISIETCS 3aHOBO B 9KBUBAJIEHTHOM, HO HHOM BHJIE:

=> SELECT :'json'::jsonb;

{"disks":
(1 row)

[{"type": "ssd", "mode "Intel 760p Series", "size gb": 512}, {"type": "hdd", "mode Toshiba Canvio", "size gb": 3000}], "motherboard": {"cpi "Intel® Core™ i7-7567U",

YTOOGE! BEIBECTH MOKYMEHT B YeJIOBEKOYHTAeMOM BHIIE, MOKHO UCIIONTb30BaTh CIIENHaTbHYI0 QYHKIHIO:

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

jsonb_pretty

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

Masbiie Mbl GyiemM paboTaTh C THIIOM jsonb, KOTOPkIA IPeAOCTaBIsieT GOMbIIe BO3MOKHOCTEH.

JSON: Beipaxenusi JSONPath u npyrue cpeacrea

Inst monyyenus: vactu JSON-fokymenTa crafgapT SQL:2016 onpenenun s3bK 3anpocos JSONPath. BoT HEKOTOPEIE IPUMEDHL.
Tak xe, kak u XPath, JSONPath no3ponser cnyckaThCs 110 iepeBy a7ileMeHTOB. JacTh IOKyMeHTa, COOTBETCTBYIOIIas IIyTH OT KOPHA:
=> SELECT jsonb_pretty(jsonb_path_query(:'json', '$.motherboard.ram'));

jsonb_pretty

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

OJleMeHTHl MacCHBa yKa3blBalOTCA 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)

MO3KHO TIONYYHUTD U BCE AIEMEHTHI CPasy:
=> SELECT jsonb_pretty(jsonb_path_query(:'json', '$.disks[*]'));

jsonb_pretty

{ +
+

+

"size gb": 512 +

}

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

(2 rows)

VcnoBus GUIbTPalMH 3aMUCHIBAIOTCSA B CKOGKAX MOCIIe BONPOCHTETBHOT0 3HaKa. CHMBON @ 0603HaYaeT TeKyIIHil Iy Th.
HaiineM nucky, 06beM MaMATH KOTOPEIX HaunHaeTcsi oT 1000 rurabaiT:

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

jsonb_pretty

{ +
“type": “hdd", .
"model": "Toshiba Canvio",+
"size _gb": 3000 +

(1 row)

YcroBust SIBISIOTCS YaCThIO My TH, KOTOPHIA MOXKHO IMPOJOJIKHUTH fjaibiie. BeiGepeM TOIbKO MOJeb:

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

jsonb_pretty

"Toshiba Canvio"
(1 row)

B yTH MOXKeT OBITh ¥ HECKOJIBKO YCIIOBHIi:

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

jsonb_pretty

"Intel 760p Series"
(1 row)

Kpowme cpencts JSONPath, MOXKHO IPUMEHATh U «TPAAMUIIMOHHYIO» CTPEJIOYHYIO HOTAIHIO.
TlepexoauMm K Kimody motherboard, 3aTeM K Kifo4y ram, 3aTeM GepeM NepBhIi (HyIeBOi) aJIeMEeHT MacCHBa:
=> SELECT jsonb_pretty( (:'json'::jsonb)->'motherboard'->'ram'->0 );

jsonb_pretty

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

(1 row)

JIBojiHas CTPeJsKa BO3BpaIaeT He jsonb, a TEKCTOBOE IPeMCTaB/IeHHE:
=> SELECT (:'json'::jsonb)->'motherboard'->'ram’->0->>"'model"’;

?column?

Crucial DDR4-2400 SODIMM
(1 row)

HeoGxonuMeie GpUIbTPALMH B TAKOM CJly4yae IIPUETCS BHIIONHSATE yKe Ha ypoBHe SQL.

JSON: npeoGpa3oBaHue B pe/IsIIMOHHBLIN BHI H 06paTHO

CraHpapT onpepenseT GyHKIuio jsontable, Ho 0Ha IoKa He peanu3oBaHa B PostgreSQL. PasyMeeTcst, MOKHO BEIATH U3 IIOJIOXKEHHS X TEMH CPEICTBaMHM, KOTOPhIe CyIIeCTBYIOT. CHaJasla BEIIETIAM BCE TUCKH:
=> TRUNCATE TABLE disks;
TRUNCATE TABLE

=> WITH dsk(d) AS (
SELECT jsonb_path_query(:'json', '$.disks[*]')

)
SELECT d FROM dsk;

"Intel 760p Series",  gb": 512}
"Toshiba Canvio", "size gb": 3000}
(2 rows)

Ha ocHOBe 3TOT0 3ampoca HeCJIOXKHO CHeaTh BCTaBKy B TaGIuIly:

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

INSERT 0 2



st o6paTHOTO TTPeoGpa3oBaHust yHOOHO BOCIIONL30BaThCA ByHKIHEH row_to_json:

=> SELECT row_to_json(disks) FROM disks;

row_to_json

{"drive_type":"ssd", e":"Intel 760p Series","capacity":512}
{"drive_type":"hdd", "name":"Toshiba Canvio","capacity":3000}

(2 rows)

CoenuHUTL CTPOKHM B 00mmuit JSON-MaccuB MOXKHO, HAaPUMep, TaK:

=> SELECT json_agg(disks) FROM disks;

json_agg

[{"drive_type
{"drive_type":
(1 row)

Intel 760p Series","capacity":512}, +
Toshiba Canvio","capacity":3000}]

3pech OTHebHEIE CTPOKH IPeoGpa3yioTcs B 06beKThl JSON aBTOMaTHYEeCKH.



o)) PROFESSIONAL

MeTtog goctyna GIN Pos{gres

VIHBepTUPOBaHHBIN UH/IEKC

MeTO/, IPUMEHUM [i/1s1 CJIOXKHOCOCTABHBIX 3HaUeHUH (MacCUB, TEKCT)
API meToga mocTyIia orpefesisieT, Kak BbIJe/SITh IeMEHThbI 3HaUeHUsT

Y
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Npes metoga goctyna GIN (general inverted index) ocHoBaHa Ha TOM, 4TO
[AN151 CNOXHOCOCTaBHbIX 3HAYEHWI UMEET CMbIC/T UHAEKCUPOBATb 3/IEMEHTDI
3Ha4YeHuin, a He BCE 3HAYEHME LIENTUKOM.

MpeacTaBbTe NPeAMETHbIN yKazaTtesb B KOHLUE KHUMM. CTpaHuLbl KHATY —
C/TI0XHOCOCTaBHble 3HaYeHus (TEKCT), a yka3aTteslb No3BO/IET OTBETUTbL Ha
BOMPOC «Ha KakKnX CTpaHuLLax BCTPeYaeTCsl TaKo-TO TEPMUH?>.

[ns xpaHeHus anemeHTOB B GIN ncnonb3yercs obbluHOe B-aepeso,
NO3TOMY 3/1IEMEHTbI AO/DKHbI NPUHAAIEXAaTb K COPTUPYEMOMY TUMY AAHHbIX.
OcCHOBHbIe 0TNIMYKA OT B-gepeBa COCTOAT B cefyoLem:

- Korga Hy>HO NponHaeKcnpoBaTb HOBOE 3HaYeHne, 3TO 3Ha4YeHne
pa3brBaeTcsa Ha 3/IeMEHTbI U UHOEKCUPYIOTCA cpasy BCE 3/IEMEHTHI.
Mo3ToMy B MHAEKC [,06ABNSAETCA HEe OOUH 3/IEMEHT, a cpasy HeCKO/IbKO
(06bIYHO MHOTO).

- Kaxaplli anemMeHT UHAeKca CCbIaeTcs Ha MHOXXEeCTBO TabMNYHbIX CTPOK.

- XOTS1 aneMeHTbl 1 OpraHn3oBaHbl B B-gepeBo, knacchkl onepatopoB GIN He
noaAepXvBatoT onepaLun CpaBHEHUS «BOMbLLE», «MEHbLLE.

Taknm o6pasom, GIN onTumMM3npoBaH As1s1 ApYrmux yCrioBuiA NCNOMb30BaHNUSA,
Hexenn B-aepesBo. (Ho nmeetca pacwnpeHne btree gin, peanusytoulee
knaccol onepatopoB GIN 4/15 06bI4HbIX TUNOB LAHHbIX.)

https://postgrespro.ru/docs/postaresqgl/12/gin
https://postgrespro.ru/docs/postgresqgl/12/datatype-json#JSON-INDEXING




MerTtog gocryna GIN gnss uagekcupoBaHusi JSON

IlycTs Teneps Tabnuiia ¢ 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'6:

=> INSERT INTO disks(disk)
WITH rnd(r) AS (
SELECT (10+random()*990)::integer FROM generate_series(1,100000)

)’

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 812 GB", "plates": 2, "capacity": 812}
2 | {"type": "hdd", "model": "NoName 565 GB", "plates": 5, "capacity": 565}
3 | {"type": "hdd", "model": "NoName 236 GB", "plates": 10, "capacity": 236}

(3 rows)

CKOJIBKO BCEro Mopesnei uMetoT eMKOCTh 10 I'6 ¥ CKOTbKO BpeMeHH 3aiMeT ITOHUCK?
=> \timing on

Timing is on.

OnepaTop @? IPOBepPseT, eCThb iU B fOKyMeHTe JSON 3agaHHbIN Ny Th.

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

Time: 33,412 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, HCIIOJIB3YETCA IIOJIHOE CKaHUPOBaHUE TaGIHUIEI — Y HaC HeT NOoOXOoOdIlIero uHaeKca.



OokyMmeHTH JSONB MOXXHO HHAEKCUPOBATH C IoMolibio MeTona GIN. [I71s 9TOro ecTh ABa OOCTYIIHBIX Klacca OllepaTOpOB:

=> 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, 6oriee yHuBepcasneH, HO MeHee 3bdeKTHBeH. DTOT KJIacC OIIepPaTOPOB 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 (K1ioY plates). 3aTo Takol MHIEKC OONEPXKUBAET U
opyrue 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: 4,708 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 3Ha4eHUSI BMeCTe C IIyTeM, KOTOPHIM K HUM BefieT. 3a cUeT
9TOTO MOUCK CTAHOBUTCS 60jIee TOYHBIM, XOTsI IMTOAOEPIKUBAIOTCS 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: 0,389 ms
=> \timing off
Timing is off.

Tak ropasmo JIydiie.



Emre ogmH BapuaHT — IIOCTPOUTDH MHIOEKC Ha OCHOBe B-mepeBa mo BhIpakKeHuo. 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: 0,430 ms

=> \timing off

Timing is off.

Ho Taxoii crioco6, KOHeYHO, MeHee YHUBepCcalleH — I10f KaXKabli 3anpoc noTpebyeTcs: co3naBaTh OTOEIbHEIN HHIEKC.
CpaBHUM pa3Mep UHOEKCOB (OJIsT CDAaBHEHUS BEIBOIUTCS M pa3sMep TaOJIUIlhI):

=> 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 | 1400 kB
disks btree idx | 2224 kB
disks | 13 MB

(5 rows)



o)) PROFESSIONAL

Toru Posigres

PostgreSQL moaiep>kuBaeT c/1ab0CTPYKTYPHPOBAaHHbBIE THUIIBI

YactuuHas noagepxka XML

¢opmar TepsieT MomnyasipHOCThb

[TomHoueHHas roaaepxka JSON

HalipaB/IeHHE€ aKTUBHO DA3BUBAETCA

NupekcupoBanue Ha 0OCHOBe meToza gocrtyra GIN

13



o)) PROFESSIONAL

Mpaktuka L) Posigras

1. Yacte cBefienunii o kuurax (ISBN, anHoTanus u apyrue)
BBIBOZSITCS PUJIOKEHUEM TOJIBKO Ha OTAE/IbHOU CTPaHULE.
Ceifuac 3TH JlaHHbIe XpaHATCs B Tabuie books, HO He
repearoTCs MPUIOXKEHUIO.

N3menuTte QyHKMIO, peanu3yroiyo API npunoxeHusi, Tak,
gyT0OBI CBe/IeHUS TIepe/iaBaliCh B BUie OAHOTO 00bekTa JSSON.
[TIpoBepbTe peanusaiyio B TIPUIOKEHUH.

2. MHorounc/ieHHbIe CTOOL[bI, XpaHSsI[He JOTIO/THUTe/TbHbIe
CBe/IeHHUsI O KHUraxX, HUKAK He HCII0JIb3yIOTCSl B CEPBEPHOM YaCTH
TIPUIOYKeHUsI. 3aMeHHUTe WX Ha OJJUH CTOJI0el], B KOTOPOM
cBezieHus1 OyayT XpaHuThcs B hopmare JSON. Crenaiite 31O
TIPO3pauHoO /[I7Is PUIOXKEHUSI.

14

1. CBefeHnAa fo/mkHbl NnepefaBatbca B 06bekte JSON crieqytoLero
dhopmara:
{ "ISBN": isbn,

"AHHOTauua": abstract,

"M3paTenbcTBO": publisher,

"og Bbinycka": year,

"MapHutypa'": typeface,

"M3pnaHne": edition,

"Cepua": series

}

2. leicTByiiTE B NPEeAnoO/IOXEHNN, YTO BO BPEMS 3aMeHbI CTO/10LI0B
NPUNOXeHNe pabdoTaeT 1 A0/HKHO KOPPEKTHO BbINOMHATL 3anpochl
nonb3oBaTenei. He 3abyabte, UTO BMECTe C 3aMEHOI CTONOL0B Ha OANH
061 HEOBXOAMMO UCNPaBUTb N NHTEPAIENCHYO (PYHKLMIO NPUTOXEHNS.

Kpome Toro, cumTalite, UTo OIHOBPEMEHHO C PabOTOIN NPUNIOXEHNST MOTYT
N3MEHATLCA KaK AaHHbIe O CYLLECTBYHOLLNX KHUrax, Tak 1 A06aBnsTbCA
HOBbIE KHUTW.



student$ psql bookstore2

HomoIHUTEIbHbIE CBEJEeHUsI 0 KHUIax

IIpunoxeHue PacCUUTHIBAET IIOJIyUYUTh OOMOHUTEIbHEIE CBeNeHus 0 KHUrax B cTonb1e additional TaGmuirer,
BO3BpalaeMoii BEI30BoM webapi.get catalog, KoTopEiii, B CBOIO ouepenb, oOpamaeTcs 3a faHHEIME K public.get catalog.
Is1 hopMUPOBaHUS HOMOTHUTEIBHEIX 3Ta QYHKIMS BHI3BIBAET 3aTJIYIIKY, KOTOPAs BCErga BO3BpaIllaeT IMIyCTON JOKYMEHT:

=> \sf get_additional

CREATE OR REPLACE FUNCTION public.get additional(book books)
RETURNS jsonb
LANGUAGE sql
IMMUTABLE
AS $function$
SELECT NULL::jsonb;
$function$

H3MeHUM (YHKIUIO CIIEAYOLUM 00pa3oM:

=> CREATE OR REPLACE FUNCTION public.get_additional(book books)
RETURNS jsonb

AS $$
SELECT jsonb_build_object(

"ISBN', book.isbn,
'AHHOTaUMA ", book.abstract,
'WspaTtenbcTBO', book.publisher,
'Top Bbinycka', book.year,
'TapHutypa’', book. typeface,
'U3paHue’, book.edition,
'Cepus’, book.series

)i
$$ LANGUAGE sql STABLE;

CREATE FUNCTION

3aMeHa HeCKOJIBKHX CT0JIOIOB Ha oauH ¢dopmMara JSON

Iob6aBuM K Tabnuile books HeOOXOOUMEINA CTOJIOEIN:
=> ALTER TABLE books ADD additional jsonb;
ALTER TABLE

Ecnu maHHEIE 0 KHUTAX MOTYT U3MEHSTHCS B IIPOLIECCE HALIUX NEUCTBUM, MBI MOXKEM CO3[IaTh TPUITED, KOTOPHIH OymeT
TIEPEHOCUTDh U3MEHEHUS B HOBHIH CTOJNOEI:

=> CREATE FUNCTION fill_additional() RETURNS trigger

AS $$
BEGIN
NEW.additional := jsonb_build_object(
'ISBN', NEW.isbhn,
'AHHOTauuA', NEW.abstract,
'WzpaTtenbcTtBo', 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

Tenepb mepeHnecem B HOBBIN CTO]'I66LI HUCTOPHUYECKHUE NaHHbIE:



=> UPDATE books
SET additional = get_additional(books)

WHERE additional IS NULL;
UPDATE 96

Hauwunas ¢ aToro MmomMeHTa CTapkeie CTOJ'IGLII:I MEHSTb HeNmb3s1. Eciu OBt Y HacC OBLTa npouenypa 3arpy3kKu HOBBIX
HOCTyHJ’IeHHﬁ, ee cjiegoBajio OBl nepenesiaTek Ha 3alloJIHeHne HOBOT'o CTO.TI6Ha.

HepeKIIIO‘II/IM IIPUJIO2KEHHUEe Ha UCIIOJIb30BaHNU e HOBOT'O CTOJ'I6LIa:

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

CREATE FUNCTION

Tenepb MOXKHO yOaJlIuThb BpeMeHHBIfI TPUITEDP:

=> 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

YoaneHuve cTOIOI0OB IPOUCXOOUT OBICTPO, ITOCKOJIBKY HaHHBIE (PAKTUYECKU HE YAAJISIIOTCS, @ TOJIBKO CTAHOBSITCS
HEBUAUMBIMH. [103TOMY pa3Mep TaGIULIEI HE YMEHBIIUTCS OO0 TEX II0D, II0Ka CTPOKY He OymeT Gu3nudYecKu Iepe3anrcaHsl,
HanpuMep, Ipu 0OHOBIIEHUSX.



[1pakTuka POQSFFS%

1. B 6a3e jaHHBIX UMEIOTCS TAO/IUIIBI TTO/Tb30BaTe el U UX 3aKa30B,
CBsSI3aHHbIE OTHOIIIEHUEM «OJIMH KO MHOTHM».
Harmuinvre GyHKLMIO, 10 UAeHTU(hUKATOPY M0JIb30BaTesIst
BO3Bpaljarollyto fokyMmeHT JSON, cofepykaiiuii Bce CBeJeHuUs
0 MOJIb30BarTesie BMeCTe C MAaCCMBOM €ro 3aKa3o0B.

2. B monb3oBaTenbCcKoM nHTepdetice HeOOX0MMO BBIBOJUTE
Ha3BaHUs TOPOJIOB, XpaHsAIIMecs B 6a3e JaHHBIX, Ha BLIOpaHHOM
s3bike. OZIMH U3 CTTIOCOOOB — XPAHUTD BCe TIePEeBO/IbI Ha3BaHUH
B 00BbekTe JSON B Bu/ie 1Map «Ko/j si3bIKa — Ha3BaHUE».
Peanu3yiiTe Takoi crioco0b. [Iis ymoOcTBa co3maiite
ripe/iCTaB/IeHHe, NTOKa3bIBaloIllee Ha3BaHKe FOPO/IOB Ha SI3bIKe,
33/JaHHOM B KOH()UTypaljMOHHOM 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 BUL

{ "user_id": ..,

"name": ..,

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

[nsa Toro 4to6bl cchopmmpoBaTb 06bEKT JISON M3 HECKONLKNX NOJEN,
BOCNoNb3yiTechb hyHkumen jsonb_build_object.

2. HasBaHune nonb3oBaTe/IbCKOro KOHPUrypawmMoHHOro napamerpa go/mMKHO
cogepxatb TOYKY B CBOEM UMeEHU, Hanpumep, «translation.lang».

Monyuntb TEKyLLIEe 3HaYeHne napameTpa MOXHO (yHKLUMel 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 OIS cO3maHUS MacCHUBa:

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

CREATE FUNCTION
ITpoBepum:

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



jsonb pretty

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

{ +
"amount": 260.64,+
"order id": 1 +
}, +
{ +
"amount": 228.86,+
"order _id": 4 +
}, +
{ +
"amount": 597.45,+
"order id": 7 +
} +
1, +
"user_id": 1 +
}
(1 row)

2. XpaHeHHe NepeBOIOB

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 Pa3HBIMU 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 IIPUJIOKEHHUEe MOZXKET YCTAaHOBUTD sA3BIK OOUH pPa3 B Ha4daJjle CeaHCa, U 3aTeM 3allpOCEI He 6y]1yT 3aBHCETH OT
BBI60pa II0OJIB30BaTEIA.



