ner bapTtyHoB, AnekcaHap KOpoTKOB
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Pacwupsaemoctb PostgreSQE

ANA XaKepPpoOB N apXUTeKTopoOo
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| T-UMKN NpoeKTa

* [IlpOoeKTUpoBaHME apXNTEKTYpPhI
« Pa3paboTkKa

» [lopanepxkKa

 PasButume

- YBennmyeHmne Harpysku, HoBas
8 PYHKLUNOHA/IbHOCTb "
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| T-UMKN NpoeKTa

 ApXNUTEKTYpa CUCTEMbI O0J1I)KHa ObITb
pacLunpsaemMon

 PaclumnpaemMoCTb KOMMNOHEHTOB
CUCTEeMBbI

 KOCTbIJIN — CpenCcTBO pacllnMpaeMoCTH




—

« KoCcTbllb — CcpeacTtBo gobaBsieHNS
HepocTawwen PyHKUNOHANBbHOCTH
NN NCNPaB/IEHNA CEPbE3HbLIX ObIP
6e3 0o/1XKHOro peamnsanHa CUCcTemsbl

e Cuctem 0e3 «KOCThbIlen» He bbiBaeT

|~
) Poccuiickue .
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KOCTbIT MMET TeHOAEHUMUIO
HakannmBaTbCH




Cucrtema Bce-Takm paboraer ...




[TomeHaTb CYB/[ o4yeHb TsXeno !

* Frontend-cache-backend-application-cache-
dannoBoe xpaHunnuwe-6asa AaHHbIX

« CMeHa CYb[] — Mmy4yuTenbHbIN NpoLiecc,
HNKAKOWN aBTOMarumm

« Bbibop CYB/[l Ha cTaounn pa3paboTkn —
Ba)KHeunwaa tema ! 99.99% npoeKToB He
— TpebyeT pa3paboTkn ceoen CYB/. ~

Poccuiickue
MHTEpHeT-
TEXHONOIrMu"




Buibop CYB[

o APDXUTEKTOP — PYHKLMOHANbHOCTD,
NPON3BOONTENIbHOCTb, OOCTYMNHOCTb

« Xakep-oba — ynobcTBO, NpUBLIYKA,
pennruns

* bsHeCc-MapKeTUHr — CTOPOHHUe

< dhaKTOop.LI 7
} .\
RN

Poccuiickue
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Bbi6op CYB/]

 Pacuupaemoctb CYB][l — Ba>kHenLwnn pakTop Ballero
Pa3BUTUA N HE3aBUCUMOCTM !

* PaclumMpaemMocCTb:
-HoBasa pyHKUMOHANBLHOCTb (TUMNbI AaHHbIX, onepauun)
- CBOUMU pyKamMu
- be3 ocTaHOBKW cepBepa
-be3 yuwepba nponsBoaNTENBHOCTU U HAAEXHOCTH

7%
. y Poccuiickue
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S TEXHONOrM"
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PostgreSQL

« AbcontoTHO gocTtynHasa (BSD, HeT KoMnaHMnN-BnaaensLa)
« XOpOLININ Hay4YHbIN 63KrpayHa N ncTtopus

« MHOro ycnewHbIX KoMmMep4yecknx popkos (Greenplum, AsterData,
JustOneDB, Hadapt...)

 OTNNYHa4 (DyHKLI,VIOHaJ'IbHOCTb N NponsBoanNTesIbHOCTb
* XopOLuee cooTBeTCTBME CTaHOapTaM ISO/ANSI SQL 92,99,2003

 bonblloe n gpyxectBeHHoe coobLecTBo pa3paboTHNKOB U
noJib30BaTesien

—* Poccnnckume paspaboTtymkm (paclumpsaemMocThb) 7
- \ / -
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PostgreSQL

e Skype - WwkKanupyeTtcs A0 MUAMapOa NoJb3.

e Hi5.com — 60 MmnH. nonb3oBaTenen, #8 Alexa traffic
rank

 MyYearBook.com — 18,000 reqg/sec, 300 Gb database
« NASA — obpaboTka cnyTHMUKOBbLIX AaHHbIX (MODIS)
 |nstagram — x100 MNIH KapTUHOK

—— * Sony (Free Realms) — 10 msH urpokos >

Heroku , EngineYard, Saleforce ?

Poccuiickue
MHTEpHeT-
TEXHONOIrMu"

—



PostgreSQL

« Pambnep

« 1C:lMpepnpunaTtue

 MirTesen, MoiKrug.ru (Yandex)

« Avito.ru — 2000 req/sec

 |RR.ru ( «M3 pyk B pyku»)

* rabota.ru, price.ru, PBbK, MactepXocT

« BoeHHble — Bepcuda 7.X exogunt B MCBC, 9.0 - 3ap4 —

V.
e HauwumoHanbHasa CYB/ ? /

Poccuiickue
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Pacwmnpsemoctb PostgreSQL

° CDyHKLI,I/II/I, onepaTtopsbl, TUMblI AaHHbLIX

« d3bikK (sql,pl/pgsal,pl/perl,pl/python, pl/tcl, pl/R, pl/java
...,pl/v8). Pl/psql oT EnterpriseDB!

 NHpekcHbin aocTtyn (Btree, Hash, GIST, GIN, SP-GIST)

 BHewHne Tabnunusbl (oracle, mysqgl, informix, couchdb,
redis, mongodb, twitter, www ...)




MHOeKCHble MeTodbl AocTyna

 NHOeKc — 3TO NMOMCKOBOE AepeBO, B IMCTbAX KOTOPOro COAEp)XaTCsa yKa3aTenu
Ha 3anucum B Tabnunue

 lHoeKkc He cooep>XUT nHdopmaunm o suammocTum 3anmcu (MVCC!)
* IHOEeKCbl TOJIbKO YCKOPAIOT BbIMNOJIHEHME 3anpoca (onepaTopbl,onepaHabl)

e Pe3ynbTaThl BbIOOPKM C UCMOJSIb30BAHNEM UHAEKCA A0JIXKHbI COBNAaAaTh C
nocnenoBaTesibHbIM CKAHOM U huUbTpaLnen

 NHpekcol moryT 6bITh partial (where price > 0.0), functional (to_tsvector(text)),
multicolumn (timestamp, tsvector)

 NHpoekcHble meToabl focTyna (pg_catalog.pg_am) - btree,hash, gist, gin, spgist

4
. X Poccuiickue
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~ TeXHONOrMu
—




MHOeKCHble MeTodbl AocTyna
 Btree — onepauunnm cpaBHeHUS

« Hash — paBeHCTBO

* GIST, GIN, SP-GIST — npoun3BoJibHble
onepaunn (MoxXoxecTb, nepecevyeHme
MHO>XeCTB, BKJIlOYeHue,....)

.

e
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MHOeKCHble MeTodbl AocTyna
« +MeTOoObl HaBUraLnm No gepesy
« +JlobaBneHne n BCTaBKa B OepeBO

e +KOHKYPEHTHOCTB,
BOCCTaHaB/IMBaeMOCTb

« ?NIHTepdencobl gns onncaHnga paboTbl C
< OAaHHbIMW (MONCK N BCTAaBKaA) 7

Poccuiickue
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Pacwmnpsemoctb PostgreSQL

« HoBas dyHKLMOHaNIbHOCTb A0b6aBnseTcss 6e3 oCTaHOBKM
cepBepa

« He TpebytoTcsa «Marmyeckme» 3HaHUSA core-aeBesionepos

« HoBble Tunbl AaHHbIX - «first class citizens». Bce cBoncTBa
BCTPOEHHbIX TUMOB AaHHbIX — KOHKYPEHTHOCTb,
BOCCTAHaBJ/IMBAEMOCTb, MHAEKCHbIVN OOCTYM, BEPCUOHHOCTb

« [lpumepsl: Itree — nepapxmdeckmne gaHHble, hstore — cnabo-
~_ CTPYKTYpUpOBaHHbIE AaHHble, pg_trgm — 04enaTKMy, postgis
>~ — GIS, N0ONTHOTEeKCTOBbIN MOUCK, ..... ‘¢

|~
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Pacwmnpsiemoctb PostgreSQL

Kak aTo paboTaeTt ?




Pa3zobsniadyeHne marumm




[1naH

. CncrtemMHbIn KaTanor

. bHapHoe npencTaB/ieHMe TUna Ha
npumepe HSTORE n JSON

. DYyHKL NN
. OnepaTopsbl

N

N W




[1naH

5. Cast'bl

6. OueHKN ceneKTUBHOCTMU
/. "HOeKcbl

8. Extension'nl




CncteMHbIN KaTanor

Bce meTagaHHble 06bekToB Ha3bl (Tabanubl, TUNDbI
OaHHbIX, UHOEKCbI, onepaTopbl, PYyHKLUWN,
PACLLUNPEHUNSA...) XPAHATCH B CUCTEMHOM KaTaJsiore
(pg_catalog.*)

2 nHtepdgenca - SQL (psql -E), dyHKLMOHANBbHbIW

Syscache — K3wWw KaTasora, ncnonb3yertcsa executor,
planner, optimizer

» Bootstrap — cneumnanbHbIM pexum initdb, cosgaeT
> CUCTeMHbIN KaTanor mns *.bki dhannos 74

|~
. Poccuiickue .
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N TeXHONOrMu s
. > 3




e

-

»

Schema

pg catalog
pg catalog
pg catalog
pg catalog
pg catalog
pg catalog
pg catalog
pg catalog
pg catalog
pg catalog
pg catalog
pg catalog
pg catalog
pg catalog
pg catalog

CncteMHbIN KaTanor

postgres=# \dt pg catalog.*

List of relations

Name

pg_aggregate
pg_am

pg_amop
pg_amproc
pg_attrdef

pg attribute
pg_auth members
pg _authid

pg cast
pg_class

pg _collation
pg_constraint
pg_conversion
pg database

pg db role setting

postgres
postgres
postgres
postgres
postgres
postgres
postgres
postgres
postgres
postgres
postgres
postgres
postgres
postgres
postgres

(51 rows)

\ pg catalog |

pg_user _mapping

T 4_————‘/

=

postgres

Poccuiickue
MHTEpPHEeT-

TEXHONOrMn

postgres=# \d pg cast
Table "pg catalog.pg cast"

Column

castsource
casttarget
castfunc

castcontext

castmethod
Indexes:

Type |

— — —— —— — + —
(@)
- - '—l.
o
_

"pg cast oid index"
"pg cast source target index" UNIQUE,
btree (castsource, casttarget)

\_\__‘_‘_;7

Modifiers

UNIQUE, btree (o0id)

—
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CncteMHbIN KaTanor

no3posissieT 0o6aBNATb HOBble OOBEKTDI:

TUMbl OAdHHbIX

ornepaTopbl

KJ1aCCbl OMNnepaTtopoB

- OHNaVH

!

A=

" \
» Poccuiickue
MHTepHeT-
TeXHONOrMum
Bl I— /




JSON

* 9.2: native -> json
array to json(), row to json()
* 9.3: json -> native
->, ->>, #>, #>>, etc




bHapHoe npeactaBieHmne
JSON
SELECT '{"a":1,"b":2}'::json;

0000: 7B 22 61 22 | 3A 31 2C 22 {"a":1,"
0008: 62 22 3A 32 | 7D b":2}

buHapHoe npepcTaBieHMe = TeKCcToBoe!

~

A=

' 4
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HSTORE

* 9dbdhekTnBHOE BHApHoOe nNpeacTaBaeHne
* Bylo)>xeHHOCTb, noaoaep>xka maccusos (WIP)

* JSON - KakK npencrtaBieHue:
hstore to json()




bnHapHoe npencTaBsieHne
HSTORE

SELECT 'a=>1, b=>2'::hstore;

0000: 02 0O 00 80 | 01 00 OO0 80 ® A® A
0008: 02 00 00 00 | 03 00 00 0O ® @
0010: 04 00 00 00 [ 61 31 62 32 ¢ alb2

_IppekTuBHOE OMHapHOe npepcTasfiieHne!
) = j/""

Ee

» Poccuiickue
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CpaBHeHMe

CREATE TABLE hstore test AS (SELECT
‘a=>1, b=>2, c=>3, d=>4, e=>5'::hstore AS v
FROM generate series(1l,1000000));

CREATE TABLE json test AS (SELECT
I{Ilall:l’ Ilbll:z’ ”C”:3’ Ildll:4’ IIeII:S}I::json
AS v FROM generate series(1l,1000000));




CpaBHeHMe

SELECT sum((v->'a')::text::int)
FROM json test;
1291,060 ms

SELECT sum((v->'a')::int)
FROM hstore test;
303,267 ms

» \
R Poccuitickue
MHTEpPHEeT-
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CpaBHeHMe

"a"=>{"9840", "8818", "1613", "2793",
"6633", "1356", "3578", "6939", "8876",
"8848", "8150", "9889", "5905", "1023",
"6154", "6708", "1430", "9521", "4566",
"6001", "7807", "9140"}




CpaBHeHMe

SELECT SUM((h%>'a'->0)::int)
FROM aa;
457 .706 ms

SELECT SUM((j->'a'->>0)::int)
FROM jj;
7462 .802 ms

-
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Kak 310 paboTaeT?




CREATE TYPE

CREATE TYPE hstore ( f’?fy_rf ___________
INTERNALLENGTH = -1, typname | hstore
INPUT = hstore in, typnamespace | 2200
OUTPUT = hstore out, gg‘{‘gzer I %‘15384
RECEIVE = hstore recv, typbyval | f
SEND = hstore send, typinput | hstore in
STORAGE = extended typoutput | hstore_out

typreceive | hstore recv

) typsend | hstore send

typstorage | X (extended)

/
) /
o p Poccuiickue
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hstore In

CREATE FUNCTION .. .. ... oSN

hstore in(cstring) proname | hstore in
pronamespace | 2200

RETURNS hstore broowner | 16384

AS '$libdir/hstore’, prolang | 13

. C procost | 1

hstore 1n prorows | ©
provariadic | ©

LANGUAGE C STRICT prorettype | 16385 (hstore)

IMMUTABLE; proargtypes | 2275 (cstring)
prosrc | hstore in

N probin | $libdir/hstore Z—

-

y \ llllll / [
I Poccuitickue = 5
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Type input

Datum
hstore in(PG FUNCTION ARGS)
{
HSParser state;
int4 buflen:
HStore *out;




Type Input

test=# SELECT 'a == 1, b => 2'::hstore;
hstore

Ilall=>lllll’ Ilbll=>II2II

Kak 3To paboTaeT?




Type Input

test=# SELECT typinput FROM pg type
WHERE typname = 'hstore';
typinput




Type input

test=# SELECT prolang, prosrc, probin
FROM pg proc
WHERE proname = 'hstore in' AND
Proargtypes = '22/5"';

(cstring)

prolang | prosrc | probin
_________ e
< 13 | hstore in | $libdir/hstore




CREATE OPERATOR

pg operator

CREATE OPERATOR -> ( 7~ e
LEFTARG = hstore, oprname ->
RIGHTARG = text, oprnamespace | 2200

_ oprowner 16384
PROCEDURE = fetchval oprkind b
) ; oprleft 16385 (hstore)

oprright 25  (text)
oprresult 25
oprcom 0
oprnegate 0
oprcode fetchval

/
...... /
Poccuiickue
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CREATE FUNCTION

CREATE FUNCTION pg_proc
fetchval(hstore, text) proname | fetchval
RETURNS text pronamespace | 2200

_ . proowner | 16384
AS '$libdir/hstore', prolang | 13
| | procost 1
hstore_fetchval prosrc } hstore fetchval
LANGUAGE C STRICT probin | $libdir/hstore

. proconfig |

IMMUTABLE; P roact |

,.__f\

A

2
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Operator

Datum
hstore fetchval (PG FUNCTION ARGS)

{
HStore *hs

text *key

PG GETARG HS(0);
PG GETARG TEXT PP(1);




Operator

test=# SELECT ('a == 1, b == 2'::hstore)
_>Ial;
2column?




Operator
test # SELECT oprcode FROM pg operator

WHERE oprname = '->' AND oprleft = 16385
AND oprright = 25 ; (hstore)
oprcode (text)
fetchval
(1 row)

~

A=
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CREATE CAST

t
CREATE CAST ... SN
(hstore AS json) castsource | 16385 EhStO;e)
casttarget 114 json
WITH FUNCTION castfunc 16425 (hstore to json)

hstore to json(hstore); castcontext | e
castmethod f

A=

” \
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Cast

Datum
hstore to json(PG FUNCTION ARGS)
{
HStore *1n = PG GETARG HS(0O);
int buflen,
1;
int count = HS COUNT(in);




Cast

test=# SELECT 'a=>1, b=>2'::hstore::json;
json

{"a": "1", "b": "2"}




Cast

test=# SELECT castfunc
FROM pg cast
WHERE castsource = 16385 (hstore)
AND casttarget = 114;(json)
castfunc




Cast

test=# SELECT prolang, prosrc, probin
FROM pg proc
WHERE oid = 16425; (castfunc)
prolang prosrc probin




OueHKN ceneKTUBHOCTNY

test= # EXPLAIN SELECT * FROM hstore test
WHERE v @> 'a => 1'::hstore;

QUERY PLAN

Seq Scan on hstore test (cost=0.00..22810.00 rows=1000
width=55)
Filter: (v @ '"a"=>"1"'::hstore)

< OTKyda 3TO B34/10Cb? -
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OueHKN cenekKTUBHOCTU

test=# SELECT oprrest FROM
pg operator WHERE oprname = '@>' AND

oprleft = 16385 AND oprright = 16385;
oprrest (hstore) (hstore)




contsel

Datum
contsel (PG FUNCTION ARGS)

{
PG RETURN FLOAT8(0.001);




CREATE OPERATOR CLASS

CREATE OPERATOR CLASS gin hstore ops
DEFAULT FOR TYPE hstore USING gin AS

OPERATOR 7 @>,

OPERATOR 9 ?(hstore, text),

OPERATOR 10 ?| (hstore, text[]),

OPERATOR 11 ?&(hstore, text[]),

FUNCTION 1 bttextcmp(text, text),

FUNCTION 2 gin extract hstore(internal, internal),

FUNCTION 3 gin extract hstore query(internal,
internal, int2, internal, internal),

FUNCTION 4 gin consistent hstore(internal, int2,
internal, int4, internal, internal),
. STORAGE text; V=

|~
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MHTEpHeT-
~ TEXHONOrM"
—



CREATE OPERATOR CLASS

pPg_opfamily Pg_opclass
_____________ F o e e e e e e ea - - o
oid 16494 oid 16495
opfmethod 2742 (gin) opcmethod 2742 (gin)
opfname gin hstore ops opcname gin hstore ops
opfnamespace 2200 opcnamespace 2200
opfowner 16384 opcowner 10
opcfamily 16494
opcintype 16385 (hstore)
opcdefault t
BN opckeytype 25 (text) =

Poccuiickue '
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CREATE OPERATOR CLASS

Pg_amproc
amproclefttype | amprocrighttype | amprocnum | amproc
---------------- T i s
16385 | 16385 | 1 | bttextcmp
16385 | 16385 | 2 | gin _extract hstore
16385 | 16385 | 3 | gin extract hstore query
16385 | 16385 | 4 | gin consistent hstore

Y
Poccuitickue . a -
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CREATE OPERATOR CLASS

Pg amop

--------------- R T e e LT .
amopfamily 16494 16494 16494 16494
amoplefttype 16494 16494 16494 16494
amoprighttype 25 1009 1009 16494
amopstrategy 9 10 11 7
amoppurpose S S S
amopopr 16417 16399 16401
amopmethod 2742 2742 2742
amopsortfamily | © 0 0

N (@) (?) (7])

Poccuiickue
MHTEpHeT-
TEXHONOIrMu"



HSTORE index

test=# CREATE INDEX hstore 1idx ON hstore test
USING gin (v);

test=# SELECT * FROM hstore test
WHERE v @> 'a=>10'::hstore;




HSTORE index

QUERY PLAN
Bitmap Heap Scan on hstore test (cost=39.75..3049.43 rows=1000
width=57) (actual time=81.436..81.459 rows=100 loops=1)
Recheck Cond: (v @ '"a"=>"10"'::hstore)
-> Bitmap Index Scan on hstore idx (cost=0.00..39.50
rows=1000 width=0) (actual time=81.414..81.414 rows=100 loops=1)
Index Cond: (v @ '"a"=>"10"'::hstore)
Total runtime: 81.522 ms

~
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HSTORE index

test=# SELECT 1i.indexrelid
FROM pg index I
JOIN pg opclass opc ON opc.oid = 1i.indclass[0]
JOIN pg amop amop ON opc.opcfamily = amop.amopfamily
JOIN pg operator op ON amop.amopopr = op.oid
WHERE indrelid = 16530 AND op.oprname = '@>'
(hstore test)

AND oprleft = 16385 AND oprright = 16385;
indexrelid (hstore) (hstore)

Poccuiickue
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Expression index

test=# CREATE INDEX hstore idx ON hstore test
USING gin (v);

test=# SELECT * FROM hstore test WHERE (v->'a')::int

Il
[
o

Seq Scan on hstore test (cost=0.00..31354.00 rows=5000
width=57) (actual time=1.284..327.407 rows=100 loops=1)
Filter: (((v -> 'a'::text))::integer = 10)
Rows Removed by Filter: 999900

e

> Total runtime: 327.470 ms
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Expression index

test=# CREATE INDEX hstore a idx
ON hstore test (((v->'a')::int));

test=# SELECT * FROM hstore test WHERE (v->'a')::int = 10;

Index Scan using hstore a idx on hstore test
(cost=0.43..16535.93 rows=5000 width=57) (actual
time=0.018..0.033 rows=100 loops=1)
Index Cond: (((v -> 'a'::text))::integer = 10)
< Total runtime: 0.057 ms
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Expression index

test=# CREATE INDEX hstore a idx
ON hstore test (((v->'a')::int));

test=# SELECT * FROM hstore test WHERE v->'a' = '10"';

Seq Scan on hstore test (cost=0.00..26354.00 rows=5000
width=57) (actual time=0.747..231.017 rows=100 loops=1)
Filter: ((v -> 'a'::text) = '10'::text)
~_ Rows Removed by Filter: 999900
o Total runtime: 231.077 ms

\\A rows)
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Extension

PelwlaeT
 [Ipobnemy pg dump/pg restore
* [Tpobiemy Bepcumn




CREATE EXTENSION

pg_extension

_______________ -

CREATE EXTENSION
hstore:

oid

extname
extowner
extnamespace
extrelocatable
extversion
extconfig
extcondition

316474
hstore
16384
2200

1.0




CREATE EXTENSION

pg_depend
classid | objid | objsubid | refclassid | refobjid | refobjsubid | deptype
--------- T T T R T Ry SRR
1247 | 316475 | 0 | 3079 | 316474 | 0| e
(pg_type) (hstore) (pg_extension) (hstore) (extension)
1255 | 316476 | 0 | 3079 | 316474 | 0| e
(pg_proc) (hstore_in) (pg_extension) (hstore) (extension)
1255 | 316477 | 0 | 3079 | 316474 | 0| e
(pg _proc) (hstore out) (pg_extension) (hstore) (extension)
1255 | 316478 | 0 | 3079 | 316474 | 0| e
(pgzproc) (hstore recv) (pg_extension) (hstore) (extension)
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hstore.control

# hstore extension

comment = 'data type for storing sets of

(key, value) pairs'

default_version ='1.1"

module pathname = '$libdir/hstore’
_relocatable = true




hstore--1.1.sq|

/* contrib/hstore/hstore--1.1.sql */

-- complain if script is sourced in psql, rather than via CREATE
EXTENSION

\echo Use "CREATE EXTENSION hstore" to load this file. \quit
CREATE TYPE hstore;

CREATE FUNCTION hstore in(cstring)

RETURNS hstore

AS 'MODULE PATHNAME'
LANGUAGE C STRICT IMMUTABLE;

» Poccuiickue
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Cnacunbo 3a BHMMaHue !
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