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OTKyga ObICTb Nowuna...

Ra...er 2000 r.
Postgres 6.5

. int[]
News_sections News
SELECT * FROM news
JOIN news sections —> Sections
ON news.id = news sections.news 1id
WHERE news sections.section id = ?

SELECT * FROM news
WHERE section ids && ARRAY[?]

Ncnonb3oBaHMe MaccrBOB OKa3aroch ObicTpee Yem
Posygres knaccuyeckun JOIN bnarogaps co3gaHuio GiST-MHOEKCOoB.



XpaHeHne nonMMopdHbIX OaHHbIX...

EAV? Opyrue cnocoodbl HarpomMoXxaeHua tTaonuuy?

2003 (Pg 8.2) — paclwuupeHune Hstore
— TUN JaHHbIX ANs Habopa nap "kKno4-3HayvyeHne" (CTpoka-cTpoKa)
'a=>1, b=>2"'::hstore
Google trends:
OnepaTtopsil: jsonb vs hstore
* I3aBneyeHme: hstore -> text
 ECTb N KNtoY: hstore ? text
» Contains: hstore @ hstore
NHpoekcHas nogaepxka GIST, GIN (c 20006)
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JSON(B) cnewmnTt Ha NnoMoLLb

JSON: ] HStore:
« CTaHOapTHbIN « BbICTPbI
* MHoroyposHeBbIn - MHoroypoBHeBebiii Hstore (proposal)

« JSONB (ObICTpbIit)

« 2011: Joseph Adams npeanoxunn JSON-pacwmpeHune ana 9.1

(He BOLUNO)
https://postarespro.ru/list/id/BANLKkTik1k6bdafEzi7xvnB8vy+hcv4iD10Q@mail.gmail.com

« 2012: 9.2: TMN gaHHbIX jSON (XpaHeHne n Bepudnkaums)

« 2012: Nested HStore proposal

« 2014: 9.4 JSONB (bapTtyHoB, KopoTkoB, Curaes)

« 2016: CtaHgapt SQL:2016 nogaepxka JSON (Technical Report)
2019: 12 SQL/JSON (bapTtyHoB, KopoTkoBs, [TyxoB)

OOOOOOOOOOOO https://commitfest.postaresal.ora/17/1471/
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https://postgrespro.ru/list/id/BANLkTik1k6bdafEzi7xvnB8vy+hcv4iD1Q@mail.gmail.com
http://standards.iso.org/ittf/PubliclyAvailableStandards/c067367_ISO_IEC_TR_19075-6_2017.zi
https://postgrespro.ru/docs/postgresql/12/functions-json
https://commitfest.postgresql.org/17/1471/

JSON mnnmn JISONB ?

JSON:

e TeKCToBbLIN

* [lopsagok Kroyen coxpaHsaeTcs
 [lybnupytowmecsa Kro4m

* [1pobensl

« 3aHMMaEeT MEeHbLLE MecTa

(M.6. Daxe BOBOe, OJ11 KOPOTKUX MOSIEN.
[Ona gnuHHbIX pasHuya — 0 )

» bbiCcTpee BCcTaBka

* HeT onepatopa @> (contains)

Pos}

JSONB:

* bbICTpbIN NpK BLIGOPKE

no kntouy (B 1000 pas!)

» Kntoun He aybnupytoTca u
OTCOPTUPOBaHbI NO AJIMHE U KITHo4y
* [logoepxmnBaetcs
NHOEKCMPOBaHUE



lepBbIN «MHTEPECHbLIN» Crny4vaW

CREATE TABLE data (
fields jsonb

) ;

Pos)



lepBbIN «MHTEPECHbLIN» Crny4vaW

CREATE TABLE data (
fields jsonb

) ;

CREATE INDEX data pk ON data (fields->>'1id'");

Pos)



lepBbIN «MHTEPECHbLIN» Crny4vaW

CREATE TABLE foo (
fields Jsonb

) ;
CREATE UNIQUE INDEX data pk ON foo((fields->>'id'));
CREATE UNIQUE INDEX data pki ON foo (((fields->>'id') :int)),
INSERT INTO foo

SELECT jsonb build object('q', random(), 'id', x)

FROM generate series (10000000,20000000) ;

Kakon nHgekc nydyiie?
KakoBbl n3gepXkm atoro nogxona?

o] PROFESSIONAL

Posggres



N3pepkn xpaHeHna scex nonen B JSSON

Y 1. Uspepxkn xpaHeHUs nepBuyHoro kntova B JSON
CREATE TABLE data smth (
data i1d 1nt4 REFERENCES ... P77 WTFE
) ;

He 3a0biTh:
CHECK (fields->>'id' IS NOT NULL) ;

OTO0 BOOOLLE He nepBuYHbIN Kntod. Hanpumep, IDENTITY npu normyeckon
pennukaumu. ..

o] PROFESSIONAL

Posggres



N3pepkn xpaHeHna scex nonen B JSSON

Y 2. VI3gepXkn xpaHeHUa gaHHbIX B JSON

« bonblwe mecTta (XpaHum kntouun + oepxeg JSONB) He Bcergal!

* W3Bnekaetcsa gosnblue (ocobeHHo npu TOAST)

* index scan ~ Takou e, Seq scan 2-3 pa3a measieHHee, gaxe 6e3 TOAST
« Ho: Het cTtatuctuku. Noatomy nnaHMpoBLUKMK OyaeT owmnbaTbeA.

* HeT Bcero pasHoobpa3uns Tunos. [axe aar.

* MeHblue YntTaemocTb (MHOraa)

Xopouwas ctated Dan Robinson.

o] PROFESSIONAL

Posggres


https://heap.io/blog/engineering/when-to-avoid-jsonb-in-a-postgresql-schema

Kak akoHOMUTb mecto ¢ JSON ?

« ObbeanHNTbL HECKOSbLKO 3anncen B OOHY.

o Kaknx?
* Bnusknx Nno cMmbIcry, NO BPEMEHU, NO NMPOCTPAHCTBEHHOMY
PaCMONOXXEHUIO

* Hanpumep: 4acTb BpEMEHHOro psiaa

o] PROFESSIONAL

Posggres



Kakne nonga xpaHnte B JSON ?

* PeanbHO NonMMop@HbIe
Ho onuncaHmne CTpyKTypbl HAOO BCE Xe rae-To XpaHuTb
W/ 4em-TO rapaHTUpOBaThL OTCYTCTBME Dapaaka (Yem brmxe K JaHHbIM,
TEM nyyLue)
* MmMelowme BHYTPEHHIOK CTPYKTYPY
OcobeHHo, ecnn cobupaetech ncnonbdoatb JSQuery nnm JSON Path
« Ecnun Hago xpaHnTb UCTOPUIKD, HECMOTPS Ha USMEHEHUS B CTPYKTYpE

o] PROFESSIONAL

Posggres



[Tpmep BEPCMOHHO-MONUMOPJHOU CTPYKTYPSI

MeTagaHHble

CREATE TABLE foo (
id int primary key,
subclass .. ,
schema version ..

/* SUPERCLASS FIELDS */
subclass filelds Jjsonb

) 7

CREATE TRIGGER .. subclasses

| gy
o] PROFESSIONAL L SUbCIaSS_ﬁeIdS
Posygres




[Tpumep nons, MetoLLEro

BHYTPEHHIOKO CTPYKTYPY
 Image
{ file name: '...',
file path: '..."',
width:
height:

 Plan
(pasBsecuctoe gepeso, nonydaemoe n3 EXPLAIN (FORMAT JSON)
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woaaacies Kak nonydutbs nnaH B JSON

M MOMECTUTb ero B Tabnumuy

« K coxaneHuto, Henb3sd caenate SELECT FROM (EXPLAIN ...)
 Wnun EXPLAIN INTO ....
* HyXHOo Hanucatb PyHKLUUIO, HanpuMep Takyto:

CREATE FUNCTION explailin (query text) RETURNS jsonb
LANGUAGE plperl TRANSFORM FOR TYPE jsonb AS $S
my ($sql) = @_;
my Sres = spil exec query (

"EXPLAIN (FORMAT JSON) S$sqgl", 1);
return Sres->{rows}[0]->{"QUERY PLAN"};

$S;

Pos)



BTOpOou MHTEpECHLIN crny4vau:
Arperartsbl

 3apava:
[Tofy4nTb CAMCOK KHUI C aBTOpaMu, No Nopsaky

person

authorship
pos int

Teopwus nonga.// Jllangay J1.4., Jincpwmy E.M.
A3blk nporpammupoBaHus C.// Kepuuran b.B., Putum [1.M.



https://nsu.ru/xmlui/bitstream/handle/nsu/9058/kr.pdf

JSON-arperartbl

Teopusa nong.
Nanpay J1.4.,
v

KepHuran B.B., ﬂ Putun .M.
\\\ PN\

N Vi

Nndowny E.M.

o] PROFESSIONAL

Posygres


http://alexandr4784.narod.ru/landau_02.html
https://nsu.ru/xmlui/bitstream/handle/nsu/9058/kr.pdf

JSON-arperartbl

SELECT book.~*,
( SELECT json agg(row to json(x))

FROM (
SELECT person.*
FROM person
JOIN authorship ON person.id = person id
WHERE book i1d = book.id
ORDER BY pos
) X
) authors
FROM book;

o] PROFESSIONAL

Posggres



[pyroe ncnonsb3osaHna JSON-arperatoBs

* W3BneveHune anVI6yTOB MO CCbIfIKaM U3 BHELLUHMX Tabnuu,

publisher

—

SELECT book.¥*,

row to json(series) AS S$series,
row to json(publisher) AS Spublisher
FROM book

LEFT JOIN publisher ON published.id = book.publisher

Pos'gres LEFT JOIN seriles ON seriles.1d = book.series



3agada: gocTtatb KHUTY ¢ pybpukauuen

CREATE TABLE sections ( /* PyOpuxkarop */
id int PRIMARY KEY,

parent int REFERENCES sections (id),
title text

) ;

CREATE TABLE book ( /* Kumurm */
gections[] int
) ;
XOoTuM: { sections: [ /* IIyTu OT KOPHS OO BCexX PYyOpMK KHUTU */
[ {id:..., title:...}, {id:....} .. ] —-- 1la pyOpuka
[ {id:... == 2

02 PROFESSIONAL
Posggres



3agada: TecToBble AaHHbIE

INSERT INTO section VALUES
(1, NULL, 'CYBIO'),
(2, 1, 'PostgreSQL'),
(3, NULL, 'oC"),
(4, 3, 'Solaris');
INSERT INTO book VALUES (
'"Postgres for Solaris 0OS',
ARRAY[2, 4]
) ;

o] PROFESSIONAL

Posggres



LLlar 1: nyTb Ao y3na B Aepese

WITH RECURSIVE path AS (
SELECT s.id, s.title, s.parent , 0 AS level
FROM section s WHERE s.1d = 4
UNION ALL
SELECT s.id, s.title, s.parent, path.level+l AS level
FROM section s JOIN path ON s.id = path.parent

)
SELECT id,title FROM path ORDER BY level DESC;

id |  title
_____|_ _________
3 | OC
4 | Solaris

o] PROFESSIONAL

Posygres (2 rows)



LLlar 2: arpernpyem nyTtb

SELECT json agg(row to json(path)) AS path
FROM (

WITH RECURSIVE path AS (
SELECT s.id, s.title, s.parent , 0 AS level

FROM section s WHERE s.id = 4

UNION ALL

SELECT s.id, s.title, s.parent, path.level+l AS level
FROM section s JOIN path ON s.id = path.parent

)

SELECT id,title FROM path ORDER BY level DESC
) path;

[{"1d":3,"title":"OC"}, {"id":4,"title":"Solaris"}]
Pos}gres (1 row)

o] PROFESSIONAL




LLlar 3: nony4yaem HeCcKonbKo nyTen cpasy

SELECT * FROM (

SELECT unnest (ARRAY[2,4]) node 1id
) nodes

JOIN LATERAL (

SELECT json agg(row to json(path)) AS path
FROM (
WITH RECURSIVE path AS (
SELECT s.id, s.title, s.parent , (OJAS level

FROM section s WHERE s.id = node id
UNION ALL

SELECT s.id, s.title, s.parent, path.level+l AS level
FROM section s JOIN path ON s.id = path.parent

)
SELECT id,title FROM path ORDER BY level DESC
) path

) AS path ON true;

node 1id | path
_____ :____|___________________________________________________________
) e 2 | [{"id":1,"title":"CYBZ"}, {"id":2,"title":"PostgreSQL"}]
POS gres 4 | [{"id":3,"title":"OC"}, {"id":4,"title":"Solaris"}]




LLlar 4: NMogBoanm mntor

SELECT title, (

SELECT json agg(path.path)
FROM ( -

SELECT unnest (book.sections) node id
) nodes
JOIN LATERAL (

SELECT json agg(row to json(path)) path
FROM (

WITH RECURSIVE path AS (
SELECT s.id, s.title, s.parent , 0 AS level
FROM section s WHERE s.id = node id
UNION ALL
SELECT s.id, s.title, s.parent, path.level+l AS level

FROM section s JOIN path ON s.id = path.parent
)

SELECT id,title FROM path ORDER BY level DESC
) path

);path ON true
) paths FROM book;

o] PROFESSIONAL

Posggres



BoT 1 pesynerar:

—[ RECORD 1 J === oo oo oo oo oo o o
title | Postgres for Solaris OS

paths |
[
[{"id":1,"title":"CYBO"}, {"id":3,"title":"PostgreSQL"}],
[{"id":2,"title":"OC"}, {"id":4,"title":"Solaris"}]
]

[locTaBas nuiiHue
OaHHble, Bbl
yBenuymBaeTe
yrnepoaHbin PyTrnpuHT

Disclaimer:
* [ToMHUTE, YTO YEM CroXKHee
3anpoc, TeM Xyxe onTMMn3aTopy

o] PROFESSIONAL

Posggres



TpeTnm nHTepecHsIN cnyyan. 2 B ogHOM

3ana'~|a: BbIMMOJIHUTb HECKOJ1bKO 3alpOCOB U BEPHYTb pe3yJibTaT BMeECTE.

SELECT
( SELECT json agg(row to json(book)) books
FROM book ) ::jsonb ||
( SELECT json agg(row to json(section)) sections
FROM section) ::jsonb;
Nnn
SELECT json build object (
'books',

(SELECT json agg(row to json (book)) books FROM book ),
'sections',

(SELECT json agg(row to json(section)) sections FROM
section));

o] PROFESSIONAL

Posggres



UeTBepTbi UHTEPECHLIN cnyYvan:. AepeBo

3apada: CobpaTtb 3anucu y3noB gepesa B MHoroypoBHeBoe aepeso JSON.
[{ 1d: 1, title: 'CYBI', nodes: |
{ 1d: 2, title: 'Pemaumonuwele CYBIl', nodes: |
m T.10.
« Xovetca RCTE, HO HEMOHATHO, KaK ero NpuBUHTUTD:
— CTE yMHOXaeT KONMYEeCTBO CTPOK, a HAM Hago yrnybnaTb AepeBo
« OBpuka! HyxeH arperat. OH yMeHbLUAET KONMMYECTBO CTPOK!

Pos)



BbicaxxnBaem gepeBo

[1naH pelleHuns:
1) TlotoBum gepeBo 0Obl4HLIM CTE

2) Arpervpyem cneuunarnbHbIM XUTPbIM arperatom, KOTOpblid CTaBUT
KaXKObln y3en Ha cBoe MeCTO B [iepeBe

Pos)



LLlar 1. Belyncnum nyTb ANg KaXxgoro ysna

WITH RECURSIVE
positioned section AS (
SELECT *,
ROW NUMBER () OVER (PARTITION BY parent ORDER BY id) -1 AS pos
FROM section
) s
t AS (
SELECT id, title,
ARRAY [ 'nodes', pos::text] AS path
FROM positioned section WHERE parent IS NULL

UNION ALL
SELECT s.id, s.title,
t.path || ARRAY|[ 'nodes',pos::text] AS path

FROM positioned section s JOIN t ON s.parent = t.id
)
SELECT row to json(t)::jsonb node FROM t ORDER BY path;

o] PROFESSIONAL

Posggres



LLlar 1: Pesynetar

{"id": 1, "path": ["nodes", "O0"], "title": "CYBIO"}

{"id": 3, "path": ["nodes", "0", "nodes", "0"], "title":
"PostgreSQL"}

{"id": 2, "path": ["nodes", "1"], "title": "OC"}

{"id": 4, "path": ["nodes", "1", "nodes", "0"], "title":
"Solaris"}

(4 rows)

o] PROFESSIONAL

Posggres



LLlar 2. Arperart, ctaBAawWKMN y3nbl HA MecTa

CREATE OR REPLACE FUNCTION tree agg f (state Jsonb, item jsonb)
RETURNS Jjsonb LANGUAGE sgl IMMUTABLE STRICT AS $S
SELECT jsonb set (
state,
(SELECT array agg(x) /*
FROM jsonb array elements text (item->'path') x
) s
jsonb build object (
'id', item->'id',
'title', item—->'title',
'nodes', '[]'::]jsonb
) s

true) ;

$S

CREATE AGGREGATE tree agg (item jsonb) (
Pos gres SFUNC=tree agg f, STYPE=jsonb, INITCOND='{"nodes":[]}"');

o] PROFESSIONAL




Lar 3. ObbegnHaem warn 1+2

SELECT jsonb pretty(tree agg(x.node)) FROM (

WITH RECURSIVE
positioned section AS (
SELECT *,

ROW_NUMBER() OVER (PARTITION BY parent ORDER BY id) -1 AS pos
FROM section

) 14
t AS (
SELECT id, title,
ARRAY | 'nodes', pos::text] AS path
FROM positioned section WHERE parent IS NULL

UNION ALL

SELECT s.id, s.title,
t.path || ARRAY]|['nodes',pos::text] AS path
FROM positioned section s JOIN t ON s.parent = t.id

)
ELECT row to json(t)::jsonb node FROM t ORDER BY pathL///

o
o] PROFESSIONAL X 4

Posygres



UeTBepThbIN MHTEPECHLIX CNy4YaWn: rMcTorpaMmma

 OgHuMm arperartom nonyynTb Uesrtyro rmCtorpammy

« Bo3bmeM ynpolleHHyo Mogens. Hangem 4actoTel NOABNEHUS
pasnuUyHbIX cnydanHbix ymucen ot 0 go 10

« [JlaHHble ona npumepa:

SELECT ( random () *20) : :1int
FROM generate series (1,20);

Pos)



Co3gagum arperat

CREATE OR REPLACE FUNCTION freq agg f (state Jsonb, 1tem
int) RETURNS jsonb LANGUAGE sgl IMMUTABLE STRICT AS S$$

SELECT jsonb set(

state,
ARRAY [item] ::text ][],
to Jsonb (COALESCE ( (state->>(item::text))::1int, 0) +
1)'
Lrue
) ;
$S;

CREATE AGGREGATE freqg agg (int) (
SFUNC=freq agg f, STYPE=jsonb, INITCOND='{}");

o] PROFESSIONAL

Posggres



PesyneraTt

SELECT freq agg ( (random () *20) : :int ) FROM
generate series(1,20);

{"2": 1, "3": 2’ "5": 1, "6": 2’ "10": 2’ "11": 2, "13": 1’
"15": 3, "1e": 3, "17": 1, "18": 2}

(1 row)

o] PROFESSIONAL

Posygres



[1aTbin nHTEpPecHbIN cny4van: JSON BHyTpu PL/*

« SQL u PL/PgSQL ¢ JSON paboTatoT rpomMo3ako, 1 no-euanMmomy,
He3dOPEKTUBHO

A uto PL/Perl, PL/Python, PL/V8 ?

 PL/Perl n PL/Python nony4atotr JSON TekcTOM, ecrnu He
ncnosnb3osatb TRANSFORM

* PL/v8 nonyyaet JSON cpa3sy BO BHYTPEHHEM NpeacTaBreHnn

* PL/v8 He BxoguT B koMnnekT PostgreSQL 1 0ObI4HO OTCTAET No
BEpCUAM

Pos)



Arperat Ha PL/v8

Arpervpyer cpasy CyMMy 1 CMNCOK 3HaYEeHUU
CREATE EXTENSION plvS§;
CREATE FUNCTION v8 agg f (state jsonb, 1tem 1nt)
RETURNS jsonb AS $$S
state.list.push(i1tem);
state.sum += 1tem;
return state;

SS

LANGUAGE plv8 IMMUTABLE STRICT;

CREATE AGGREGATE v8 agg (int) (SFUNC=v8 agg f,
STYPE=jsonb,
INITCOND="{"1list":[], "sum": 0}");

o] PROFESSIONAL

Posggres



ToT e arperat Ha PL/Perl

CREATE EXTENSION plperl;
CREATE EXTENSION jsonb plperl; --onpegenser TRANSFORM
CREATE FUNCTION pl agg f (state jsonb, i1tem int) RETURNS
jsonb AS $S
my ($state, S$item) = @ ;
push Q@{S$Sstate->{list}}, Sitem;
Sstate->{sum} += Sitem;
return Sstate;
$S
LANGUAGE plperl TRANSFORM FOR TYPE jsonb IMMUTABLE STRICT;

CREATE AGGREGATE pl agg (int) ( SFUNC=pl agg f, STYPE=jsonb,
INITCOND="'{"1ist":[], "sum": 0}"');

SELECT pl agg ( (random () *20) : :int ) FROM
generate series(1,20);

o] PROFESSIONAL

Posggres



ToT e arperat Ha SQL

CREATE FUNCTION sgl agg f (state Jjsonb, item int)
RETURNS jsonb LANGUAGE sgl IMMUTABLE STRICT AS $S

SELECT jsonb set(

Jjsonb set (state, ARRAY['list', '2000000000'7],
to jsonb(item), true ),

ARRAY [ 'sum'],
to jsonb( (state->>'sum')::int + item ),
Lrue
) ;
$S;

CREATE AGGREGATE sgl agg (int) ( SFUNC=sqgl agg f,
STYPE=]sonb, INITCOND='{"list":[], "sum": 0}"');

o] PROFESSIONAL

Posggres



CBeTroe dbyayulee

 EauHbin TMN paHHbIX ang JSON

*  Ontnmmnsaums xpaHeHus (cneu-TOAST)
« Lazy transform

« bonee ObICTPLIVM MOUCK BHYTPU

Pos)



INuTepartypa

« JSON, JSONB, JSQuery (PgConf.Russia 2017)
« PL/{Perl,Python,V8}
 JSONB B npumepax (PgConf.EU 2019)

Posigras


https://pgconf.ru/2017/93658
https://pgconf.ru/2017/93658
https://pgconf.ru/2017/93658
https://pgconf.ru/2017/93658
https://pgconf.ru/2017/93658
https://pgconf.ru/2017/93658
https://pgconf.ru/2017/93658
https://devconf.ru/ru/archive/devconf2017/offer/287
https://www.postgresql.eu/events/pgconfeu2019/schedule/session/2555-jsonpath-in-examples-and-its-roadmap/
https://www.postgresql.eu/events/pgconfeu2019/schedule/session/2555-jsonpath-in-examples-and-its-roadmap/

Cnacu6o 3a BHuMmMmaHwue!

Cnangbl, BUAEO U cTatbsa Ha Xabpe byayr.

Bonpocel: i.panchenko@postgrespro.ru

Pos)



