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o)l PROFESSIONAL

Pos gres [MpaBunbHbIN BbIbOP CYB/ — Ba*KHO |

* ApXUTEKTYpa CUCTEMbI A0NKHA ObITb pacLlLMpPAEMON
* PacwmpsaemocTb KOMNOHEHTOB CUCTEMDbI
* KocTbinn — cpeacTso paclMpaemMocCTu

* KocTbinib — cpeactso nobasneHus HepocTatowen GyHKLUMOHANIbHOCTH
MNN UCNPABNEHUA CePbE3HBIX Ablp 6e3 AOoMKHOro peansanHa cMcTeMbl

* Cuctem 6e3 «KocTblnem»
He bbiBaeT

* KocTbli UMeoT TeHAEHLUMIO
HaKanamBaTbCA



o)l PROFESSIONAL

Pos gres Cucrtema Bce-Taku paboraer ...




o)l PROFESSIONAL

Pos gres NNomeHATb CYB/[] oueHb Taxeno |

* Frontend-cache-backend-application-cache-pannosoe xpaHunumuie-6asa
OAHHbIX

* CmeHa CYB/l — myuynTtenbHbIX NpoLecc, HUKaKou aBToMarmm

* Boibop CYB/] Ha cTaanun pa3paboTkm — BaXHeuwaa tema ! 99.99%
NPOEKTOB He TpebyeT pa3paboTkn cesoen CYB/.



Pos ' gres Buibop CYB/

* Apxutektop — PYHKLUMNOHANbHOCTb, NPON3BOAUTENbHOCTb, AOCTYNMHOCTb
* Xakep-gb6a — ygobcTBO, NPUBbIYKA, PEUTUSA
* BU3Hec-mapKeTUHT — CTOPOHHME PaKTopbI



pogzgres Buibop CYB/

* Pacwmnpaemoctb CYB/l — BaxKHeULW NN paKTOpP BaLlero
Pa3BUTMA U HE3ABUCUMOCTH |
* PacwmnpaemocTsb:
* HoBasa PYHKLUMOHANbHOCTb (TUMbI AaHHbIX, onepauumn)
* CBOMMM PyKamu
* be3 0CTaHOBKM cepBepa
*be3 ywepba npon3BoaANTENBHOCTU N HAAEKHOCTH
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Posygres UTt0o Takoe PostgreSQL

PostgreSQL - 3T0 cBOOOAHO pacripocTpaHsieMasi
obbekTHO-pensitronHas CYB/l (ORDBMYS)

PacimvpsiemMass — TUIIbI JaHHBIX, OTIePaTOpPbl, (DYHKILIWMHW, UHAEKChI

ITognep>kka ANSI SQL (1992, 1999, 2003, 2011),
NoSQL (key-value, JSON, JSONB)

Pa3pabarbiBaeTcs He3aBUCMMbIM MUPOBbLIM
COOOLECTBOM C CYLLIECTBEHHbIM POCCUIACKAM yYacTMeM

ITponsHomeHnue: post-gress-Q-L, post-gres, moct-rpec, pgsql (m3->K3-3C-Ky-3/1b)

Web: http://www.postgresql.org, nuiiensus: BSD, MIT - like

Poccuincknii BeHAop - komnaHus Postgres Professional


http://www.postgresql.org/docs/current/static/features.html
http://www.postgresql.org/
http://www.postgresql.org/about/licence/
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Pospygres PostgreSQL History

CODD 1969,1970

Relational model
1974-1975

1973 QUEL

Py

l

Michael Stonebreaker
Turing Award, 2015

1993 v4.2

"""" 1994 VE

Postgres9s
SQL

1997-04-03
Agatha Christe 2005 VS8

2017 10
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Posggres Original design of Postgres

1) provide better support for complex objects,

6) make as few changes as possible (preferably none) to the relational model. *

* Stonebraker M., Rowe L. A. The design of Postgres. — ACM, 1986. —T.
15. — No. 2. — C. 340-355.



Pogzgoreoé Extendability of PostgreSQL

"It is imperative that a user be able to construct new access
methods to provide efficient access to instances of
nontraditional base types”

Michael Stonebraker, Jeff Anton, Michael Hirohama.

Extendability in POSTGRES , TEEE Data Eng. Bull. 10 (2) pp.16-23, 1987
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Posygres

PostgreSQL Forks (we love forks!)

P> TelegraphCQ P TruCQ P> PipelineDB
Cisco
P> ParAccel » P Red Shift
Amazon
P> Vertica
HP P> GresCube
> Gree%ﬁ//V P> Greenplum
i i
Rawe e P CitusDB P CitusDB
P> EnterpriseDB ‘;
RecDB
> gidtezza P Yahoo! Everest &€
P> Aster Data
Terradata P> Postgres-X2
P HadoopDB—— » P Hadapt
& radata P> Postgres Pro
P PowerGres P Postgres-XC P> Enterprise
P> Postgres-XL P> 2ndQPostgres
2ndQuadrant
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 —
2002 2006 2008 2010 2012 2014 2016 2017

P Commercial

P Open Source

https://wiki.postgresql.org/wiki/PostgreSQL _derived_databases
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PostgreSQL is #4 !

DBMS

Oracle [} wr

MySQL E3 v

Microsoft SQL Server 3 v
PostgreSQL (2 =r
MongoDB 3 wer

DB2 E2

Microsoft Access
Cassandra 3

Redis 3

Elasticsearch 2

https://db-engines.com/en/ranking

334 systems in ranking, September 2017

Score

Database Model Sep Aug

2017 2017
Relational DBMS 1359.09 -8.78
Relational DBMS 1312.61 -27.69
Relational DBMS 1212.54 -12.93
Relational DBMS 372.36 +2.60
Document store 332.73 +2.24
Relational DBMS 198.34 +0.87
Relational DBMS 128.81 +1.78
Wide column store 126.20 -0.52
Key-value store 120.41 -1.49
Search engine 120.00 +2.35

Sep
2016

-66.47
-41.41
+0.99
+56.01
+16.74
+17.15
+5.50
-4.29
+12.61
+23.52



Poddgias

Hape)xxHoCcTb M ycTonYuBOoCTb PostgreSQL

HapexHocts PostgreSQL siBsieTCst U3BECTHBIM U JOKa3aHHBIM (PaKTOM Ha
TIpYMepe MHOTHX TPOeKTOB, B KOTOPhIX PostgreSQL paboTaet 6e3 equHOTO
c6osi 1 Tipy OOMBIIMX HArpy3Kax Ha MPOTS’KEHUU HeCKOJTbKUX JIeT.

KpoccmiargopMmeHHOCTh

PostgreSQL nogaep>xuBaet Bce BUAbI Unix, Bkatodas Linux, FreeBSD, Solaris,
HPUX, Mac OS X, a Takxke MS Windows.

KoHKypeHTHast padoTa npu 00,/1b1110# Harpy3Ke

PostgreSQL ucnonb3yet MHOroBepcoHHOCTH (MVCC) asist o6ecrieueHust
Ha/le)KHOM U ObICTPOY PabOThl B KOHKYPEHTHBIX YCIOBUSIX 110, 00/IBIIIOMN
Harpy3Komu.

MacmTadupyemMocThb

PostgreSQL oT/IMYHO KUCI0/1b3YeT COBPEMEHHYIO apXUTEKTYPy MHOTOsIZJepHbIX
TPOLIECCOPOB - €ro MPOU3BOAUTETLHOCTh PacTeT JIMHEHWHO /10 64-X sijep.
KnactepHble perieHust Ha 6a3e Postgres XL o6ecrieunBaioT TOPU30HTATBHYHO
MaciuTabupyemMocCTb.

BaxHeuwmne ceoncrtea PostgreSQL

PacuiupsiemocThb

Pacimmpsiemocthb PostgreSQL mo3BosisieT 00aBaSITh HOBYIO (DYyHKIIMOHA/ILHOCTD, B

TOM 4HKCJ/ie 1 HOBbI€ THUIIbI JdHHBIX, 0e3 0CTaHOBKU cepBepa U CBOMMHA CHUJ/IaMMU.
JOCTynmHOCTD

PostgreSQL pacrnipoctpansieTcs nof, avueH3uerd BSD, koTopasi He HaK/1a/IbIBaeT
HUKAKHX OrpaHUUYeHHI Ha KOMMepueCKoe MCII0/Ib30BaHKe U He TpedyeT
JIMLIEH3WOHHBIX BBITLIAT. Bbl MOXXeTe gaxke ripogaBaTh PostgreSQL oz cBoum
rMeHeM !

He3aBuCcuUMOCTDH

PostgreSQL He niprHa1€)KUT HU OJJHOW KOMITAaHWH, OH pa3BUBAETCs
MeXXAyHapOAHbIM CO00I1IeCTBOM, B TOM UHCJ/Ie ¥ POCCUHMCKUMU pa3paboTurKamH.

He3aBucumoctsb PostgreSQL o3HauaeT He3aBUCUMOCTD Balllero Or3Heca OT BeHa0pa

M COXPaHHOCTDb HHBECTHHHﬁ.
IIpeBocxoaHas mojjepKKa

CoobiectBo PostgreSQL mpegocTap/iseT KBaTU(PHUIMPOBAHHYIO U OBICTPYIO
rnomoub. KoMmMepueckre KOMITaHUM MPeJiaraloT CBOU YCJIYTH 110 BCEMY MUPY.
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Posygres PostgreSQL users
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Our passion is your peace of rmired™ SONY ONLINE
ENTERTAINMENT

+BIG RUSSIAN Enterprise !
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Posggres Poccuiickoe coo6LecTBO

« CaMoe opraHn3oBaHHOE — HECKOJIbKO ThICSY Ye/I0BEK
* MuTanbl Npy NOAAEPXKKN KPYMHbIX KOMNAaHWI

» KpynHeiiwme B Mupe KoOHdepeHLun no nocTrpecy:

 netom PGDay.ru B CaHkr-lNetepbypre (2014, 2015, 2016)
 3umonn PGConf.ru B Mockse (2015, 2016, 2017)

¢ CeKLI,I/II/I N KBAPTUPHUNKN Ha prﬂHeVIUJMX KOHCbepeHLI,I/IFIX
* Highload++, RIT, Codefest, Stachka

* YyacTByeM B MeXayHapoaHbIX KOH(pepeHUNAX
« PGConf.EU, PGCon.org

* CB0OOOAHbIE Kypcbl DBAL, DBA2, «Hacking Postgres» ot Postgres Professional
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Posggres 20 years of PostgreSQL

4 Pluggable Table engines
XTM, SQL for non-atomic ODKA
— parallel exec, FDW pushdown RUM_
= Create AM Generic WAL
= 3 Logical decoding RLS. Upsert
= S JSONB
§=) =0 = Cascading rep  Lateral
| E — 5 %2 .
L oD S5 S Streaming rep FDW
SRS SSI
= 82 F Exclusion constraints _CTE JSON -
Qa0 ETS SP-GIST
KNN GIiST
PITR XML
WInCIOWS Hstore
GiST GIN
LO
@ MVCC
internationalization "
£ [lst russian patch iy
o o o = < S
T I =

| | |
1995 2000 2005 2010 201
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Posygres Postgres Professional

Poccuimnckum seHagop PostgreSQL B Poccumn

* [Mopaepxkka, paspaboTka, KOHCa/ITUHT, 0ByYeHne

* Temy TexHonorndyeckon Hezasncnmoctn CYB/[ nponaraHgupyem ¢ 2011 .

* YneHbl MexayHapoaHoro coobuiecrtsa

* Y4aCTHUMKM N CNOHCOPbI MeXayHapoaHbIx KoHdepeHuun (KaHaga, ABcTpud, bpasnnms)
PgConf.Russia - kpynHenwmne B mmpe KoHepeHuma no PostgreSQL

B HanpaBneHusax, raoe Mol Beaem paspabortky, PostgreSQL asngetca nmaepom*

cpean PCYb/

° I'eOI/IHCbOpMaLI,I/IOHHbIe CnctemMbl, Cﬂa6OCprKTypI/IpOBaHHbIe AdaHHble, NOJSIHOTEKCTOBBLIN MOUCK,
paclmpAaAeMoOCTb

Bce pOCCI/II7ICKI/I€ K/iloyeBble MeXAyHapOoaHO NPpU3HaHHbIE pa3pa6OTl—II/IKI/I
PostgreSQL paboTatoT B HalLen KoMMnaHum

B Hawen komaHae 4 kaHanaata HayK: 3 — no PostgreSQL u texHonornam B/,
CotpygHuyaem ¢ MI'Y u Criery.
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Posggres NoSQL (npeanocbliKku)

* Relational DBMS - integrational
* All APPs communicaties through RDBMS
* SQL — universal language to work with data
* All changes in RDBMS are available to all
* Changes of the scheme are difficult, so - slow releases

* Mostly for interactive work
* Aggregates are mostly interested, not the data itself, SQL is needed
* SQL takes cares about transactions, consistency ... instead of human



o)l PROFESSIONAL

POS gres The prOblem

* The world of data and applications is changing
* BIG DATA (Volume of data,Velocity of data in-out, Variety of data)
* Web applications are service-oriented (SQL - HTTP)

* No need for the monolithic database
* Service itself can aggregate data and check consistency of data
* High concurrency, simple queries

* Simple database (key-value) is ok
* Eventual consistency is ok, no ACID overhead (ACID - BASE)

* Application needs faster releases, «on-fly» schema change

* NoSQL databases match all of these — scalable, efficient, fault-tolerant,
no rigid schema, ready to accept any data.



o)l PROFESSIONAL

Pos}{gres NosQl databases (wikipedia) ...+++

Key/value store on disk

* Tuple space

* Memcachedb
* Redis

* SimpleDB

* flare

* Tokyo Cabinet
* BigTable

Key/value cache in RAM
* memcached

* Velocity
* Redis




Pogzgres The problem

* What if NoSQL functionality is not enough ?
* What if application needs ACID and flexibility of NoSQL ?

* Relational databases work with data with schema known in advance
* One of the major compaints to relational databases is rigid schema.
It's not easy to change schema online (ALTER TABLE ... ADD COLUMN...)
* Application should wait for schema changing, infrequent releases
* NoSQL uses json format, why not have it in relational database ?



Pogzgres Challenge to PostgreSQL !

* Full support of semi-stuctured data in PostgreSQL
* Storage
* Operators and functions
* Efficiency (fast access to storage, indexes)
* Integration with CORE (planner, optimiser)

* Actually, PostgreSQL is schema-less database since 2003 — hstore, one
of the most popular extension ! %
I"“‘ = /



Pos) gres Introduction to Hstore

id coll col2 co cold co5 Hstore

keyl=>vall, key2=>val2,

* Easy to add key=>value pair
* No need change schema, just change hstore.

* Schema-less PostgreSQL in 2003 |



Pos) gres NoSQL Postgres briefly

* 2003 — hstore (sparse columns, schema-less)

* 2006 — hstore as demo of GIN indexing, 8.2 release
* 2012 (sep) — JSON in 9.2 (verify and store)

* 2012 (dec) — nested hstore proposal ‘ 4

* 2013 — PGCon, Ottawa: nested hstore ¢ |

* 2013 — PGCon.eu: binary storage for nested data jsonb vs hstore
* 2013 (nov) — nested hstore & jsonb (better/binary)
* 2014 (feb-mar) — forget nested hstore for jsonb

* Mar 23, 2014 — jsonb committed for 9.4

* Autumn, 2018 — SQL/JSON for 10.X or 11 ?
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Pos{gres

-

Ordered Key-Value

Big Table

Time Value
stamp

Column
Family

: “"Mohana Pilla
: “Delivery |}
“projects” : [

{

.................................................

JSONB - 2014
* Binary storage
* Nesting objects & arrays

* Indexing

*

JSON - 2012
* Textual storage
* JSON verification

*

HSTORE - 2003

* Perl-like hash storage
* No nesting

* Indexing




pogzgres Two JSON data types !!!
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Pos gres Jsonb vs Json

SELECT j::json AS json, j::jsonb AS jsonb FROM
(SELECT '{"cc":0, "aa": 2, "aa":1,"b":1}' AS j) AS foo;
json jsonb

(1 row)
* json: textual storage «asis»

* jsonb: no whitespaces

* jsonb: no duplicate keys, last key win

* jsonb: keys are sorted by (length, key)

* jsonb has a binary storage: no need to parse, has index support



Pos) gres Very detailed talk about JSON|[B]

A
-

3 4: 1 Ly M ;

PostgreSQL and"JSON;
2015 |

Christophe Pettus
PostgreSQL Experts, Inc.

http://thebuild.com/presentations/json2015-pgconfus.pdf




POQEFFSSeOg

JSONB is great, BUT there is
No good query language —
jsonb is a «black box» for SQL
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POS gres Find SOmethlng «red»

. Table "public.js test”
Column | Type | Modifiers

id | integer | not null
value | jsonb |

select * from js test;

[1, "a", true, {"b": "c", "f": false}]

{"a": "blue", "t": [{"color": "red", "width": 100}]}

[{"color": "red", "width": 100}]

{"color": "red", "width": 100}

{"a": "blue", "t": [{"color": "red", "width": 100}], "color": "red"}
{"a": "blue", "t": [{"color": "blue", "width": 100}], "color": "red"}
{"a": "blue", "t": [{"color": "blue", "width": 100}], "colr": "red"}
{"a":
{"cC
S

"a": "blue", "t": [{"color": "green", "width": 100}]}
olor": "green", "value": "red", "width": 100}



Pos{gres

o)l PROFESSIONAL

VERY COMPLEX SQL QUERY

WITH RECURSIVE t(id, value) AS ( SELECT * FROM

js_test
UNION ALL
(
SELECT
t.id,
COALESCE(kv.value, e.value) AS value
FROM
t
LEFT JOIN LATERAL
jsonb_each(
CASE WHEN jsonb_typeof(t.value) =
'object' THEN t.value
ELSE NULL END) kv ON true
LEFT JOIN LATERAL
jsonb _array elements(
CASE WHEN
jsonb_typeof(t.value) = '"array' THEN t.value
ELSE NULL END) e ON true
WHERE
kv.value IS NOT NULL OR e.value IS
NOT NULL

)
)

Find something «red»

SELECT

js_test.*
FROM

(SELECT 1id FROM t WHERE value @> '{"color":
"red"}' GROUP BY 1id) x

JOIN js test ON js test.id = x.id;

2 | {"a": "blue", "t": [{"color": "red", "width": 100}]}

3 | [{"color": "red", "width": 100}]

4 | {"color": "red", "width": 100}

51 {"a": "blue", "t": [{"color": "red", "width": 100}], "color": "red"}

6 | {"a": "blue", "t": [{"color": "blue", "width": 100}], "color": "red"}
(5 rows)




Pos{gres

WITH RECURSIVE t(id, value) AS ( SELECT * FROM

o)l PROFESSIONAL

js_test
UNION ALL
(
SELECT
t.id,
COALESCE(kv.value, e.value) AS value
FROM
t
LEFT JOIN LATERAL
jsonb_each(
CASE WHEN jsonb typeof(t.value) =
'object' THEN t.value
ELSE NULL END) kv ON true
LEFT JOIN LATERAL
jsonb _array elements(

CASE WHEN
jsonb_typeof(t.value) = '"array' THEN t.value
ELSE NULL END) e ON true
WHERE

kv.value IS NOT NULL OR e.value IS
NOT NULL

)
)

Find something «red»

SELECT
js_test.*
FROM

(SELECT 1id FROM t WHERE value @> '{"color":

"red"}' GROUP BY 1id) x
JOIN js test ON js test.id = x.id;

Jdsquery

SELECT * FROM js_test

WHERE

value @@ '*.color = "red"';

https://github.com/postgrespro/jsquery
A language to query jsonb data type
Search in nested objects and arrays

More comparison operators with indexes support



POS . SFFSSeIONg JSON In SQL-ZO].G

4.46 JSON data handling in SQL. . .. ... ... 174
4.46.1 INtrodUCtION. . . .. e e e 174
4.46.2 Implied JSON datamodel. . . ... ... . 175
4463  SQL/ISON data model. . . .. ... ... . 176
4464  SQL/ISON funcCtions. . . ... ... ... e e e e e 177
4.46.5  Overview of SQL/JSON path language. . ... ... ... ... . . . e 178
5 Lexical elements. ... .. ... . ittt iitieeeeeeaecasceaasccaonasacaasacnannns 181
5.1 <SQL terminal character>. . ... ... .. ... .. 181
52 <token> and <SePATALOT>. . . ... ... ... ...ttt e e 185

viii Foundation (SQL/Foundation) ©ISO/IEC 2016 — All rights reserved



Posigres JSON insalL-2016

* ISO/IEC 9075-2:2016(E) - https://www.iso.org/standard/63556.html

* BNF
https://github.com/elliotchance/sqltest/blob/master/standards/2016/bnf
Ixt

* Discussed at Developers meeting Jan 28, 2017 in Brussels
* Post -hackers, Feb 28, 2017 (March commitfest)
«Attached patch is an implementation of SQL/JSON data model from

SQL-2016 standard (ISO/IEC 9075-2:2016(E)), which was published 2016-
12-15...»

* Patch was too big (hnow about 16,000 loc) and too late for Postgres 10 :(



Pos) gres SQL/JSON in PostgreSQL

* It's not a new data type, it's a JSON data model for SQL

* PostgreSQL implementation is a subset of standard:
* JSONB - ORDERED and UNIQUE KEYS
* jsonpath data type for SQL/JSON path language
* nine functions, implemented as SQL CLAUSEs


https://github.com/postgrespro/jsquery

Pos) gres SQL/JSON in PostgreSQL

° Jsonpath provides an ability to operate (in standard specified way)
with json structure at SQL-language level
* Dot notation — S.a.b.c
* Array - [*]
* Filter ? - S.a.b.c? (@.x > 10)
* Methods - S.a.b.c.x.type()

SELECT * FROM js WHERE JSON_EXISTS(js, 'strict S.tags[*] ? (@.term ==
"NYC")');

SELECT * FROM js WHERE js @> '{"tags": [{"term": "NYC"}]}’;
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Pos gres Visual guide on jsonpath

"address": {
"city": "Moscow",
"street": "Ulyanova, 7A"
3
"1ift": false,
"floor": [
{
"level": 1,
llaptll ' [
{"no": : 40,
{"no": : 80,
{"no": : 50,

"level": 2,

llaptll ' [
{"no": : 100,
{"no": : 60,

"rooms": 13},
"rooms": 3},
"rooms": 2}

"rooms": 3},
"rooms": 2}



https://github.com/elliotchance/sqltest/blob/master/standards/2016/bnf.txt
https://github.com/elliotchance/sqltest/blob/master/standards/2016/bnf.txt
https://www.postgresql.org/message-id/flat/CAF4Au4yia97zgzX8UWbfG373GO6gNKR0tdea5eEBaULxGipLHg%40mail.gmail.com#CAF4Au4yia97zgzX8UWbfG373GO6gNKR0tdea5eEBaULxGipLHg@mail.gmail.com

poggres 2-floors house

y ]
.darea i.fOOmS i.r‘lO .areai.ruﬂms '\|...n0 ; rea i.l‘OOI’I’IS N0 / .darea .rooms ;.no i.area iif()()ms no
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Pos gres Everything

{

lift  |floor .address

{

Lcity .street

"Moscow" "Ulyanova, 7A"

Jevel

0]

{ & { & &

.area /.roomsh\.no .area /.rooms\.no Adrea \.rooms Adrea |L.rooms drea \rooms no
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Posygres [Floors]

dift  |floor .Aaddress

1] .Ci .street

{ "Ulyanova, 7A"

.apt level

0]

{ { { & ¢

.area /.rooms\.no .area /.rooms\.no Adrea \.rooms Adrea |L.rooms drea \rooms no
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Pos)ares

$.floor[*]

dift  |floor .Aaddress

1] .Ci .street
{ "Ulyanova, 7A"

.apt level

0]

{ { { & ¢

.area /.rooms\.no .area /.rooms\.no Adrea \.rooms Adrea |L.rooms \.no drea \rooms no
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Pos)ares

$.floor[0, 1].apt[1 to last]

.Aaddress

.Street

"Ulyanova, 7A"

.area /.rooms\.no .area /.rooms\.no Adrea \.rooms Adrea |L.rooms \.no




POSEFFSSe'ONg $.floor[0, 1].apt[1l to last]

SELECT JSON_QUERY(js, '$.floor[®, 1].apt[1 to last]' WITH WRAPPER) FROM house;

SELECT apt->generate_series(1l, jsonb_array_length(apt) - 1)
FROM (SELECT js->'floor'->unnest(array[0, 1])->"'apt' FROM house) apts(apt);

SELECT jsonb_agg(apt)
FROM (SELECT apt->generate_series(1, jsonb_array_length(apt) - 1)
FROM (SELECT js->'floor'->unnest(array[0, 1])->"'apt' FROM house) apts(apt)) apts(apt);
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Pos)ares

$.floor[*].apt[*] ? (@.area > 40 && @.area < 90)

.Aaddress

.Street

"Ulyanova, 7A"

.area /.rooms\.no .area /.rooms\.no Adrea \.rooms Adrea |L.rooms \.no




oo P.TlOOr[*].apt[*] ?
Posygres (@.area > 40 & @.area < 90)

SELECT JSON_QUERY(js, '$.floor[*].apt[*] ? (@.area > $min && @.area < $max)'
PASSING 40 AS min, 90 AS max WITH WRAPPER) FROM house;

SELECT apt

FROM (SELECT jsonb_array_elements(jsonb_array_elements(js->'floor')->"apt')
FROM house) apts(apt)

WHERE (apt->>'area')::int > 40 AND (apt->>'area')::int < 90;

SELECT jsonb_agg(apt)

FROM (SELECT jsonb_array_elements(jsonb_array_elements(js->'floor')->"apt')
FROM house) apts(apt)

WHERE (apt->>'area')::1int > 40 AND (apt->>'area')::int < 90;
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Pos)ares

$.floor[*] ? (@.level > 1).apt[*] ? (@.area > 40 && @.area < 90).no

flcN‘ress

city .street
1]

"Ulyanova, 7A"

1]
level .apt level
0]

.area i,l‘OOITIS i,r‘lO .area i.l‘OOI‘I‘IS "|..,n0 ;.area i,I‘OOI'I‘IS . No Adrea |L.rooms \.no drea \rooms no




o)l PROFESSIONAL

Pos)ares

$.floor[*].apt[*] ? (@.* == 2)

.Aaddress

.Street

"Ulyanova, 7A"

.area /.rooms\.no .area /.rooms\.no Adrea \.rooms Adrea |L.rooms \.no




oo P.TlOOr[*].apt[*] ?
Posygres (@.* == 2)

SELECT JSON_QUERY(js, '$.floor[*].apt[*] ? (@.* == 2)' WITH WRAPPER) FROM house;

SELECT apt

FROM (SELECT jsonb_array_elements(jsonb_array_elements(js->'floor')->"apt')
FROM house) apts(apt)

WHERE '2' = ANY(SELECT (jsonb_each(apt)).value);




o)l PROFESSIONAL

Pos)ares Extension: wildcard search

$.7* ? (@ =="Moscow")

2]

0]
.area i,l‘OOITIS i,r‘lO .area i.l‘OOI‘I’IS "|..,h0 ;.area i.l‘OOI’I‘IS . No /.drea |rooms ;.HO i.area i rooms no



Pos) gres S.¥*¥? (@ == "Moscow")

SELECT JSON_EXISTS(js, 'S.** ? (@ == "Moscow")') FROM house;

WITH RECURSIVE t(value) AS
(SELECT * FROM house
UNION ALL
( SELECT
COALESCE(kv.value, e.value) AS value
FROM
t
LEFT JOIN LATERAL jsonb_each(CASE WHEN jsonb_typeof(t.value) = 'object' THEN t.value ELSE NULL END) kv ON true
LEFT JOIN LATERAL jsonb_array_elements(CASE WHEN jsonb_typeof(t.value) = 'array' THEN t.value ELSE NULL END) e ON true
WHERE
kv.value IS NOT NULL OR e.value IS NOT NULL)

)
SELECT EXISTS (SELECT 1 FROM t WHERE value = ""Moscow"');




o)l PROFESSIONAL

Pos)ares

$.floor[*] ? (@.apt.size() > 2)

lift flcN‘ress

I

1] city .street
"Ulyanova, 7A"

.apt level
0] 1]

.area /.rooms\.no .area /.rooms\.no Adrea \.rooms Adrea |L.rooms \.no drea \rooms no

{ { {




o)l PROFESSIONAL

$.floor[*] ? (@.apt[*].area >= 100).level
$.floor[*] ? (exists(@.apt[*] ? (@.area >= 100))).level

le&ss

Lcity .street
]

"Ulyanova, 7A"

level apt N.level
0] 1

.darea i.fOOmS i.r‘lO .darea i rooms \|...n0 ; drea i.l‘OOmS N0 Ared L.rooms ».no Area \,rooms no




Pos) gres SQL/JSON in PostgreSQL

SELECT JSON EXISTS(jsonb '"{"a": 1, "b": 2}', '"$.* ?2 (@ > $x && @ < $y)'
PASSING @ AS x, 2 AS y);
?column?

SELECT JSON EXISTS(jsonb '"{"a": 1, "b": 2}', '$.* ?2 (@ > $x && @ < $y)'
PASSING @ AS x, 1 AS y);
?column?



Pos) gres SQL/JSON in PostgreSQL

* The SQL/JSON construction functions:

* JSON_OBIJECT - serialization of an JSON object.
* json[b] build_object()

* JSON_ARRAY - serialization of an JSON array.
* json[b] build_array()

* JSON_ARRAYAGG - serialization of an JSON object from aggregation of SQL data
* json[b]_ags()

* JSON_OBIJECTAGG - serialization of an JSON array from aggregation of SQL data
* json[b] object agg()



Pos) gres SQL/JSON in PostgreSQL

* The SQL/JSON retrieval functions:

* JSON_VALUE - Extract an SQL value of a predefined type from a JSON value.

* JSON_QUERY - Extract a JSON text from a JSON text using an SQL/JSON path
expression.

* JSON_TABLE - Query a JSON text and present it as a relational table.
* IS[NOT] JSON - test whether a string value is a JSON text.
* JSON_EXISTS - test whether a JSON path expression returns any SQL/JSON items



Pos) gres SQL/JSON examples: Constraints

CREATE TABLE test json constraints (
js text,
i int,
X jsonb DEFAULT JSON_QUERY(jsonb '[1,21', '$[*]"'" WITH WRAPPER)
CONSTRAINT test json _constraintl
CHECK (js IS JSON)
CONSTRAINT test json _constraint2
CHECK (JSON_EXISTS(js FORMAT JSONB, '$.a' PASSING i + 5 AS int, i::text AS txt))
CONSTRAINT test json constraint3
CHECK (JSON_VALUE(js::jsonb, '$.a' RETURNING int DEFAULT ('12' |] 1i)::int
ON EMPTY ERROR ON ERROR) > 1)
CONSTRAINT test json constraint4
CHECK (JSON_QUERY(js FORMAT JSONB, '$.a’
WITH CONDITIONAL WRAPPER EMPTY OBJECT ON ERROR) < jsonb '[10]")

)



Pos) gres SQL/JSON examples: JSON_TABLE

* Creates a relational view of JSON data.

* Think about UNNEST — creates a row for each object inside JSON array
and represent JSON values from within that object as SQL columns
values.



poggres 2-floors house

y ]
.darea i.fOOmS i.r‘lO .areai.ruﬂms '\|...n0 ; rea i.l‘OOI’I’IS N0 / .darea .rooms ;.no i.area iif()()ms no



Pos) gres SQL/JSON examples: JSON_TABLE

Floors in relational form

SELECT level | no | area | num_rooms
apt.* —_———- +-e - - - - L —
FROM 1 | 1 | 40 | 1
house, 1 |1 2 | 80 | 3
JSON_TABLE( 1| 3| 50 | 2
js, '$.floor[*]" COLUMNS ( 2 | 4| 100 | 3
level int, 2 | 5 | 60 | 2
NESTED PATH '$.apt[*]' COLUMNS ( (5 rows)
no int,
area int,
num_rooms int PATH '$.rooms'
)
)
) apt;




Pos{gres

o)l PROFESSIONAL

WITH RECURSIVE t(id, value) AS ( SELECT * FROM
js_test
UNION ALL
(
SELECT
t.id,
COALESCE(kv.value, e.value) AS value
FROM
t
LEFT JOIN LATERAL
jsonb_each(
CASE WHEN jsonb typeof(t.value) =
'object' THEN t.value
ELSE NULL END) kv ON true
LEFT JOIN LATERAL
jsonb _array elements(
CASE WHEN
jsonb_typeof(t.value) = '"array' THEN t.value
ELSE NULL END) e ON true
WHERE
kv.value IS NOT NULL OR e.value IS
NOT NULL

)
)

Find something «red»

SELECT

js_test.*
FROM

(SELECT 1id FROM t WHERE value @> '{"color":
"red"}' GROUP BY 1id) x

JOIN js test ON js test.id = x.id;

Jsquery

SELECT * FROM js test
WHERE
value @@

SQL/JSON 2016

SELECT * FROM js_test WHERE
JSON_EXISTS ( value,'$.* *.color ?
(@ i llredll) l);

'* color = "red"';



Pos) gres SQL/JSON availability

* Github Postgres Professional repository
https://github.com/postgrespro/sqljson

* SQL/JSON examples

* WEB-interface to play with SQL/JSON

* Technical Report (SQL/JSON)

* BNF of SQL/JSON

* We need your feedback, bug reports and suggestions
* Help us writing documentation !



o)l PROFESSIONAL

Pos{gres

>
= N

o o3

Key-Value Ordered Key-Value Big Table

-

S

ol E-E | Bl

il—-—l”l—hl|

CLEICE]

[Baamalll : “Mohana Pilla
[BSSMlSRY  Delivery

“projects” : [

{

Time Value

stamp when accessing

Column
Family

¥ sa

L/ISON - 2018
* SQL-2016 standard
* Postgres Pro - 2017

JSONB - 2014
* Binary storage
* Nesting objects & arrays

* Indexing

JSON - 2012

* Textual storage
* JSON verification

*

HSTORE - 2003

* Perl-like hash storage
* No nesting

* Indexing




o)l PROFESSIONAL

Posygres

JSONB COMPRESSION

Transparent compression of jsonb
+ access to the child elements without full decompression



PROFESSIONAL

Pos gres jsonb compression: ideas

* Keys replaced by their ID in the external dictionary

* Delta coding for sorted key ID arrays

* Variable-length encoded entries instead of 4-byte fixed-size entries
* Chunked encoding for entry arrays

* Storing integer numerics falling into int32 range as variable-length
encoded 4-byte integers



o)l PROFESSIONAL

Pos gres jsonb compression: implementation

® Custom column compression methods:
CREATE COMPRESSION METHOD name HANDLER handler_ func

CREATE TABLE table name (
column_name data type
[ COMPRESSED cm _name [ WITH (option 'value' [, ... 1) 1 1

)

ALTER TABLE table name ALTER column_name
SET COMPRESSED cm_name [ WITH (option 'value' [, ... 1) 1

ALTER TYPE data_type SET COMPRESSED cm_name

* attcompression, attcmoptions in pg_catalog.pg_attributes



o)l PROFESSIONAL

Pos gres jsonb compression: results

Two datasets:
* |s - Delicious bookmarks, 1.2 min rows (js.dump.gz)
* Mostly string values
* Relatively short keys
* 2 arrays (tags and links) of 3-field objects
* jr - customer reviews data from Amazon, 3min (jr.dump.gz)
* Rather long keys
* A lot of short integer numbers

Also, jsonbc compared with CFS (Compressed File System) — page level compression
and encryption in Postgres Pro Enterprise 9.6.



Pos

o)l PROFESSIONAL

gres jsonb compression: table size

size by datatype

storage engine

B cfs zstd
M pg
I B wt snappy
S

on jsonb jsonbc bson rel json  jsonb jsonbc bson
datatype

size, MB
=
o
(-]




o)l PROFESSIONAL

jsonb compression (js): performance

SELECT count (*) FROM js WHERE js @> '{"tags": [{"term": "NYC"}]}'

db.js.find({ tags: { $elemMatch: { term: "NYC"} } }).count()

storage engine

W cfs zstd
™ pg
B wt snappy

—
o
o
o

)]
&
mr.
=
—
c
=
| -

[Elelgle} jsonbc
storage




o)l PROFESSIONAL

Pos gres jsonb compression (js): performance

SELECT js—->>'id', js—>>'title', js—>>'updated' FROM js;

1200+

. storage engine
W cfs zstd
™ pg
M wt sna
. I I )

[lelgle} jsonbc
storage

Qo
o
o

)]
&
(Dr.
=
g
c
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o)l PROFESSIONAL

jsonb compression (jr): performance

SELECT js—>>'product_group', avg((js—>>'review_rating')::int) FROM jr GROUP BY 1;

db.jr.aggregate ([{$group: {_id: "$product_group", rating: { Savg: "Sreview_rating"}}}])

3000

storage engine

W cfs zstd
™ pg
B wt snappy

()]
o
o
o

)]
&
qu.
E
—
c
=
| -

—_
o
o
o

[Elelgle} jsonbc
storage



https://github.com/postgrespro/sqljson
https://github.com/postgrespro/sqljson/blob/sqljson/src/test/regress/expected/sql_json.out
http://sqlfiddle.postgrespro.ru/#!21/0/168
http://standards.iso.org/ittf/PubliclyAvailableStandards/c067367_ISO_IEC_TR_19075-6_2017.zip
https://github.com/elliotchance/sqltest/blob/master/standards/2016/bnf.txt#L370

PROFESSIONAL

Pos gres jsonb compression: summary

* jsonbc can reduce jsonb column size to its relational
equivalent size

* jsonbc has a very low CPU overhead over jsonb and
sometimes can be even faster than jsonb

*json
leve
 Avai

DC compression ratio is significantly lower than in page
compression methods

ability:

https://github.com/postgrespro/postgrespro/tree/jsonbc



Pos) gres JSON[B] Text Search

* tsvector(configuration, json[b]) in Postgres 10

select to_tsvector(jb) from (values ('

{
"abstract": "It is a very long story about true and false",
"title": "Peace and War",
"publisher": "Moscow International house"
}

'::Jjson)) foo(jb);
to_tsvector

'fals':10 'hous':18 'intern':17 'long':5 'moscow':16 'peac':12 'stori':6 'true':8 'war':14

select to_tsvector(jb) from (values ('

{
"abstract": "It is a very long story about true and false",
"title": "Peace and War",
"publisher": "Moscow International house"
}

'::jsonb)) foo(jb);
to_tsvector

'fals':14 'hous':18 'intern':17 'long':9 'moscow':16 'peac':1l 'stori':10 'true':12 'war':3




Pos) gres JSON[B] Text Search

* Phrase search is [properly] supported !

select phraseto_tsquery('english', 'war moscow') @@ to_tsvector(jb) from (values ('
{
"abstract": "It is a very long story about true and false",
"title": "Peace and War",
"publisher": "Moscow International house"
}
'::jsonb)) foo(jb);
?column?

select phraseto_tsquery('english', 'moscow international') @@ to_tsvector(jb) from

(values ('

{
"abstract": "It is a very long story about true and false",
"title": "Peace and war",
"publisher": "Moscow International house"

}

'::jsonb)) foo(jb);

?column?

t

* Kudos to Dmitry Dolgov & Andrew Dunstan |



OOOOOOOOOOOO

BENCHMARKS:
How NoSQL Postgres is fast



First (non-scientific) benchmark !

o)l PROFESSIONAL

Pos gres Summary: PostgreSQL 9.4 vs Mongo 2.6.0

* Search key=value (contains @>) *Table size
* json : 10 s seqscan *postgres : 1.3Gb
* jsonb :8.5ms GIN jsonb_ops *mongo :1.8Gb
* jsonb :0.7 ms GIN jsonb_path_ops *|nput performance:
* mongo : 1.0 ms btree index *Text : 34s
* Index size ®Json & 375
: °*Jsonb : 43s
. !sonb_ops - 636 Mb (no compression, 815Mb) mongo : 13 m
jsonb_path_ops - 295 Mb
* jsonb_path_ops (tags) - 44 Mb USING gin((jb->'tags') jsonb_path_ops
* mongo (tags) - 387 Mb
mongo (tags.term) -100 Mb

Engine Yard



Pos \ gres EDB NoSQL Benchmark

MongoDB 2.6 vs PostgreSQL 9.4 Performance
25000
20000 B MongoDB 2.6
M Postgres 9.4 25% less
15000
10000
3X
Faster
5000 22X
Faster 2.8X
L Faster
0
Data Load SELECT INSERT DB Size (MB)
(seconds) (seconds) (seconds)

https://github.com/EnterpriseDB/pg_nosql_benchmark



pogzgres Benchmarking NoSQL Postgres

* Both benchmarks were homemade by postgres people

* People tend to believe independent and «scientific» benchmarks
* Reproducible
* More databases
* Many workloads
* Open source



* Yahoo! Cloud Serving Benchmark -
https://github.com/brianfrankcooper/YCSB/wiki

* De-facto standard benchmark for NoSQL databases

* Scientific paper «Benchmarking Cloud Serving Systems with YCSB»
https://www.cs.duke.edu/courses/fall13/cps296.4/838-CloudPapers/ycsb
pdf

* We run YCBS for Postgres master, Postgres Pro Enterprise 2.0,

MongoDB 3.4.2, Mysql 5.7.17
* 1 server with 24 cores, 48 GB RAM for clients
* 1 server with 24 cores, 48 GB RAM for database
* 10Gbps switch

POSgreS YCSB Benchmark ' | Q)



o)l PROFESSIONAL

Pos gres YCSB Benchmark: Core workloads

* Workload A: Update heavy - a mix of 50/50 reads and writes
* Workload B: Read mostly - a 95/5 reads/write mix
* Workload C: Read only — 100% read

* Workload D: Read latest - new records are inserted, and the most
recently inserted records are the most popular

Workload E: Short ranges - short ranges of records are queried

Workload F: Read-modify-write - the client will read a record, modify it,
and write back the changes

* All (except D) workloads uses Zipfian distribution for record selections




Pos) gres YCSB Benchmark: details (1)

* Postgres (9.6, master), asynchronous commit=on
Mongodb 3.4.2 (w1, j0) — 1 and 5 min. rows

* Postgres (9.6, master), asynchronous commit=off
Mongodb 3.4.2 (w1, j1) — 100K rows

* MySQL 5.7.17 + all optimization (Thanks, Alexey Kopytov)

* We tested:

Functional btree index for jsonb, jsonbc, sqljson, cfs (compressed) storage
Gin index (fastupdate=off) for jsonb, jsonb_build object

Mongodb (wiredtiger with snappy compression)

Return a whole json, just one field, small range

10 fields, 200 fields (TOASTed)



Pos) gres YCSB Benchmark: details (2)

* Client machine load:
* Postgres <= 30%
Mongodb <= 55%
* Server machine load:
* Postgres — 100%
* MySQL — 100%
* MongoDB — 70%



o)l PROFESSIONAL

Posygres

* Postgres is
better in all
R/O workloads

* Postgres isn“t
scaling well for
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workloads (a,f)
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o)l PROFESSIONAL

Pos gres 1 miIn rows, 10 fields, select all keys

* Postgres is
better in all
R/O workloads
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http://www.sai.msu.su/~megera/postgres/files/js.dump.gz
http://www.sai.msu.su/~megera/postgres/files/jr.dump.gz

o)l PROFESSIONAL

Pos gres 1mIin rows, 200 fields, select 1 key

* TOASTed json
are really bad

db_config
== mongo-w1

—s— mysql-btree

pg-btree

throughput, kop/s

* Mongo win in

pg-btree_no-pglz
D,E workloads
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Yoo L MIN rows, 10 fields, select 1 key
Posggres BiG 144 cores, 3TB ram, 2 Tb SSD

* Postgres and
MySQL better
use multiple
cores (1.5 min
ops/sec !)

db_config

~e— mongo-w1

—+— mysql-btree

pg-btree

w
—
jo B
=]
-
-
3
Q
L
o
3
o
i
=
=

500 750 1000 0 250 500 750 1000 250 500 750
clients A clienis B clients C

Postgres not .
scaled well in A
R/W workloads IViRam. | -
(huge overheac

in isolations)

—s— mysql-btree

pg-biree

throughput, kop/s

500 750 1000 0 250 500 750 . 500 750
clients D clients E clients F




Yoo, L MIN rows, 200 fields, select 1 key
Posggres BiG 144 cores, 3TB ram, 2 Tb SSD

* MongoDB win
onA,E F
workloads |
One writer is

db_config
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—e— mysql-biree

throughput, kop/s
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o)l PROFESSIONAL

Posygres >ummary

Low durability: synchronous_commit=off, jO
* Postgres and MySQL scales good on R/O workloads

* Postgres has inefficient transactions locking (isolation) on high
contention (zipf distribution and large number of clients)

* PGLZ in TOAST is cpu-hungry, range queries (workload E) suffer.

* MySQL is better than Postgres on R/W (zipf distribution and large
number of clients), especially in workload B (5% update).

* Mongo doesn“t degrades on R/W with high contention, especially on
long json (one writer helps).

* Postgres (synchronous _commit=on) win Mongo with durability enabled
(i1).



Pos) gres 100K rows, 10 fields, journal on disk

* Mongo —j1 200000
Postgres -
async.commit [Ee—G—
IS on

* Postgres is
better in all
workloads !

db
. mongo-w1j1

pg-btree-sync

op/s

throughput

workloada workloadb workloadc Juorkloadd workloade
workloa

workloadf




o)l PROFESSIONAL

Pos gres Optimization of high-contention write

* PostgreSQL 10.0 +

* Deadlock timeout = 60 ( Discussion )

* Use primary key instead of tid for lock tuple until end of transaction
* Primary key as separate column to eliminate HOT patch

CREATE TABLE usertable (
ycsb_key text PRIMARY KEY,
data jsonb

);



o)l PROFESSIONAL

Posygres

* 72 cores
* 3TB RAM
* 2TBSSD
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poggres Big problem solved ? 5% updates

* 72 cores
* 3TB RAM
* 2TBSSD

db_config

—+— mongo-w1_onefield

—+— mysql-btree_onefield
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Yoo BIg Problem on big machine: now better

PosSygres put still exists.

* 72 cores
* 3TB RAM
* 2TBSSD
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o)l PROFESSIONAL

Poslgres Big problem solved ?

* PostgreSQL still degrades on high concurrency (#clients > 250) for
workloads A,B (high contention writes)



Posdgras

PostgreSQL

beats
MongoDB !




as . SFFSSe'ONg Still need mqre 5 ?




o)l PROFESSIONAL

Pos gres Use partitioning

* Upcoming version of pg_pathman supports partitioning by expression

* Delicious bookmarks dataset — 5 partitions

SELECT pathman.create_hash_partitions('jb', 'jb->>''id''', 5);
create_hash_partitions

(1 row)

SELECT * FROM jb
WHERE (jb->>'id') = 'http://delicious.com/url/c91427110al7ad74de35eabaa296fa7a#kikodesign’;

* Vanilla9.6 - 818, 274 (parallel) +pg_pathman - 173, 84 (parallel)

* Delicious bookmarks dataset — 1000 partitions
* Vanilla 9.6 — 505 ms (27 ms) + pg_pathman — 1 ms (0.47 ms) !



https://github.com/brianfrankcooper/YCSB/wiki
https://www.cs.duke.edu/courses/fall13/cps296.4/838-CloudPapers/ycsb.pdf
https://www.cs.duke.edu/courses/fall13/cps296.4/838-CloudPapers/ycsb.pdf

o)l PROFESSIONAL

Pos gres Still need more tps ?




o)l PROFESSIONAL

POS gres Use Sharding!

master
inheritance
partitioned |
table
pg_pathman

partition_fdw1
partition_fdw2

partition_fdwN

postgres_fdw,

pg_pathman

postgres_fdw

shard_1

partition_1

pg_tsdtm

shard_2

partition_2

pg_tsdtm

shard_n

partition_n

pg_tsdtm




o)l PROFESSIONAL

Pos gres Sharding with postgres cluster

* Master: fork postgres cluster
https://github.com/postgrespro/postgres _cluster

* Shards: pg_tsdtm
https://github.com/postgrespro/pg tsdtm



o)l PROFESSIONAL

Posygres >ummary

* Postgres is already a good NoSQL database + clear roadmap
* Move from NoSQL to Postgres to avoid nightmare !

* SQL/JSON will provide better flexibility and interoperability

* Expect it in Postgres 11 (Postgres Pro 10)
* Need community help (testing, documentation)

* JSONB dictionary compression (jsonbc) is really useful
* Expect it in Postgres 11 (Postgres Pro 10)
* Postgres beats Mongodb in one node configuration

* Postgres performance degrades on high-contention write (#clients > 100)
* Next: YCSB benchmarks in distributed mode
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Posygres

KOHTaKThbI:

Oner bapTtyHoB, obartunov@postgrespro.ru
Www.postgrespro.ru - cmotpute ObpasoBaHue
PeecTp 3agay ans paspaboTyunkoB

Hacking Postgres

Developer FAQ

Pecypchbl ansa paspabotumkoB Ha C

Mot XOK: obartunov.livejournal.ru

(nocTtrpec, ropsl, dOTO)

Telegram: @pgsql

pynna B FB: PostgreSQL B Poccum
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