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Oner baptyHos::Teodor Sigaev

* Locale support

* Extensions:
* intarray
* pg_trgm
* ltree
* hstore, hstore v2.0 = jsonb
* plantuner

* Full Text Search (FTS)

* Extendability (indexing)
* GiST, GIN, SP-GIST

https://www.facebook.com/oleg.bartunov
obartunov@gmail.com


https://www.facebook.com/oleg.bartunov

I T-UMKN NpOeKTa

* [poeKTMpPOBaHNE apPXUTEKTYPbI
* Pa3paboTka
* [foppeprKKa

* Pazsutme
* YBennyeHue Harpysku, HoBaa PyHKLUMOHANbHOCTb



I T-UMKN NpOeKTa

*"ApXUTEKTYpPa CUCTEMDI JONKHA ObITb pacLIMpAEMOn
* Pacwumpaemoctb KOMNOHEHTOB CUCTEMDbI

* KocTblNIM — cpeacTBo paclinpAaemMoCcT



* KocTbl/ib — cpeacTBo AobaBneHmsa Hegoctaroleit GyHKLMOHaNbHOCTY
NN UCNpaB/ieHns cepbEsHbIX Ablp 6e3 Ao/MKHOro peamsaHa CUCTEMD

* Cuctem b6e3 «KocTtblzien» He bbiBaeT



KocTbi/I UMeloT TeHAEeHUUIO
HaKanaMBaTbCA




Cucrtema Bce-Taku paboTtaer ...



[lNomeHATb CYB/l oueHb TaxKeno |

* Frontend-cache-backend-application-cache-¢pannosoe xpannnuuwe-6a3a
NAHHbIX

* CmeHa CYBl — myuyunTtenbHbIM NpoLecc, HUKAaKoOM aBToMarmu

* Boibop CYB/[ Ha cTaamm pa3paboTkm — BarkHeuLwaa tema ! 99.99%
NPOeKToB He TpebyeT pa3paboTkm ceoen CYB/.



Boibop CYB/]

* ApXnTEeKTop — PYHKLMOHA/IbHOCTb, NPON3BOAUNTE/IBHOCTb, AOCTYNMHOCTb
* Xakep-gb6a — ynobcTBO, NPUBDBIYKA, PENUTUA
* BU3Hec-MmapKeTUHr — CTOPOHHUE paKTopbI



Boibop CYB/]

* Pacwmnpaemoctb CYB/]l — BarkHenWwnUM paKTop BaLllero
Pa3BUTUA N HE3ABUNCUMOCTHU |
* PacwmnpaemocTsb:
* HoBasa PYHKLMOHANBHOCTL (TMMNbI AAaHHbIX, onepauun)
* CBOMMM PYyKamMmi
* be3 oCcTaHOBKU cepBepa
*be3 ywepba npom3BoaAUTENBHOCTU U HAOEXKHOCTU



PostgreSQL

* AbcontoTHo goctynHasa (BSD, HeT KomnaHun-BnaaenbLa)
* XOpOoLUnA Hay4YHbIK BIKrpayHa n UcTopus

* MHoro ycnewHbix Kommep4yecknx popKos (Greenplum, AsterData,
JustOneDB, Hadapt...)

* OT/IMYHAA PYHKLUMOHANIbHOCTb U MPOU3BOANTENBHOCTb
* Xopollee cooTBeTCTBME CTaHAapTam ISO/ANSI SQL 92,99,2003

* bonbLoe u ApyKecTBEeHHOE coobLEecTBO Pa3pPaboTYMKOB U
noJsib3oBaTteneu

* Poccnimckmne paspaboTtumkm (pacimpaemocTb)



PostgreSQL

Skype - WwKanupyetca 4o Muanmapga nosbs.

Hi5.com — 60 mnH. nonb3osatenen, #8 Alexa traffic rank
MyYearBook.com — 18,000 req/sec, 300 Gb database
NASA — ob6paboTKa cnyTHMKOBbIX AaHHbIX (MODIS)
Instagram — x100 maH KapTUHOK

Sony (Free Realms) — 10 mAaH nrpokos

Heroku , EngineYard, Saleforce ?



PostgreSQL

* Pambnep

* 1C:.MpegnpuaTtme

* MirTesen, MoiKrug.ru (Yandex)

* Avito.ru — 2000 req/sec

* IRR.ru ( «M3 pyK B pyKku»)

* rabota.ru, price.ru, PBEK, MacTtepXoct

* BoeHHble — Bepcua 7.X exoaut B MCBC, 9.0 - 3ap+

* HaumoHanbHas CYB/ ?



PacwmnpaemocTtb PostgreSQL

° cDyHI-(LI,l/Il/I, onepartopsbl, TUMbl AadHHbIX

* A3bikK (sql,pl/pgsal,pl/perl,pl/python, pl/tcl, pl/R, pl/java ...,pl/v8).
Pl/psql ot EnterpriseDB!

* MHpeKcHbIn goctyn (Btree, Hash, GiST, GIN, SP-GiST)

* BHewHue Tabanubi (oracle, mysgl, informix, couchdb, redis, mongodb,
twitter, www ...)



MHOeKCHble meToAdbl AOCTYNA

* NHOEeKCc — 3TO NOUCKoBoe AepeBo, B TINCTbAX KOTOPOTo coaep*KatCA
YKa3adTeJ/1In Ha 3alnCH B Ta6n|/1u,e

* NHpeKc He coaepKUT MHPopmaumnm o sBuammocTtun 3anmcm (MVCC !)
* NHAEKCbl TONbKO YCKOPAIOT BbINO/IHEHUE 3anpoca (onepaTopbl,onepaHabl)

* Pe3ynbTaTbl BbIOOPKM C UCMONb30BAHNEM UHAEKCA A0NXKHbI COBNAAaTh C
nocnenoBaTesibHbIM CKaHOM U dunbTpaLmen

* NHpekebl moryT 6biThb partial (where price > 0.0), functional
(to_tsvector(text)), multicolumn (timestamp, tsvector)

* NHpekcHble meToabl gocTyna (pg_catalog.pg am) - btree,hash, gist, gin,
spgist



MHOeKCHble meToAdbl AOCTYNA

* Btree — onepauyumn cpaBHeHUA
* Hash — paBeHCcTBO

* GiST, GIN, SP-GiST — npoun3Bo/ibHble onepaLunm (MOXoKecTb,
nepeceyeHne MHOXKECTB, BKOUYEHME,....)



MHOeKCHble meToAdbl AOCTYNA

* +MeToabl HaBMUraumm No gepesy
* +lobaBneHMne 1 BCTaBKa B AepeBOo
* +KOHKYpPEHTHOCTb, BOCCTaHAaB/MBAEMOCTb

* ?NUHTepdencbl ana onnucaHmna paboTtbl ¢ AaHHbIMM (MOUCK M BCTaBKa)



PacwmnpaemocTtb PostgreSQL

oBaa GYHKUMOHaNbHOCTb AobaBnaeTca 6e3 ocTaHOBKU cepBepa

* He TpebyloTca «marnyeckme» 3HaHUS core-aAeBesionepos

* Hosble TMNbl AaHHbIX - «first class citizens». Bce cBolicTBa BCTPOEHHbIX TUNOB AAHHbIX —
KOHKYPEHTHOCTb, BOCCTAaHaB/IMBAaEMOCTb, MHAEKCHbIM AOCTYMN, BEPCUOHHOCTb

* Mpumepbl: ltree — nepapxmyeckue gaHHble, hstore — cnabo-cTpyKTYypMpOBaHHbIE AaHHblE, Pg_trgm
— oy4yenATKK, postgis — GIS, NONIHOTEKCTOBbLIN MOWUCK, .....



2.

PacwmnpaemocTtb PostgreSQL

Kak 3Tto paboraer ?




Pa3obsiaueHne marmm




[1naH

CUCTEMHbIN KaTanor
buHapHoe npeacrasneHune Tuna Ha npumepe HSTORE mn JSON

OYyHKUUU

1.
2.
3.
4.

OnepaTopbl



[1naH

Cast’bl
OUueHKM cenekTMBHOCTU
NHAaeKcbl

5.
6.
7.
8.

Extension'nl



CucteMHbIN KaTanor

ce meTagaHHble 06beKkToB 6a3bl (TabaunLbl, TUNbI AaHHbBIX, UHOEKCDI,
onepaTopbl, PYHKUUN, paCLUMPEHMA...) XPAHATCA B CACTEMHOM KaTasiore

(pg catalog.*)
* 2 utepdeiica - SQL (psql -E), pyHKUMOHANbHbBIN

* Syscache — Kaw KaTanora, ucnosblyetca executor, planner, optimizer

* Bootstrap — cneumnanbHbin pexxum initdb, co3paet cuctemHbIN KaTanor
n3 *.bki pannos



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

CucteMHbIN 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

pg catalog
(51 rows)

pg_user _mapping

postgres

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

Column | Type | Modifiers
_____________ e
castsource | oid | not null
casttarget | oid | not null
castfunc | oid | not null
castcontext | "char" | not null
castmethod | "char" | not null

Indexes:

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



CucteMHbIN KaTanor

no3sonseT 4o6aB/ATb HOBble OO BHEKTDI:
® TUNbl AaHHbIX
* onepaTopbl
* KJ1lacCbl ONepaTopoB

OHJ1aUH



JSON

* 9.2: native -> json

array_to_json(), row_to_json()
* 9.3:json -> native
->, ->>, >, #>>, etc



buHapHoe npeactasaeHne 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 npencrtaBneHne = TekcToBoe!



HSTORE

* 3dpdeKkTnBHOE DMHApPHOE nNpeacTaBaeHUe
* BnoxkeHHoCTb, nogaepxKa maccmsos (WIP)
* JSON — KaK npeactasneHue: hstore to_json()



buHapHoe npeactasneHmne HSTORE

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

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

dppekTMBHOE OWMHapHOEe npepcTtaBneHune!



CpaBHeHuUe

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

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



CpaBHeHuUe

LECT sum((v->'a')::text::1int)
FROM json test;
1291,060 ms

SELECT sum((v->'a')::1int)
FROM hstore test;
303,267 ms



CpaBHeHuUe

a"'=>{"9840", "8818", "1613", "2793", "6633", "1356",
"3578", "e939", "8870", "8848", "8150", "9889", "5905",
"1023", "e154", "6/08", "1430", "9521", "4566", "6001",
"7807", "9140"}




CpaBHeHuUe

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

SELECT SUM((j->"'a'->>0)::int)
FROM j7;
7462 .802 ms



Kak 3To paboraer?




- CREATE TYPE

CREATE TYPE hstore ( pg_type

_______________ Fo e e e e - -
INTERNALLENGTH = -1, typname | hstore
INPUT = hstore in, typnamespace | 2200
OUTPUT = hstore out, Egggzger I %?384
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)



hstore in

CREATE FUNCTION ... iSon NN

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

RETURNS hstore proowner | 16384

AS '$libdir/hstore’, prolang | 13

| C procost | 1

hstore 1in prorows | ©

LANGUAGE C STRICT IMMUTABLE; provariadic | 0
prorettype | 16385
proargtypes | 2275
prosrc | hstore in
probin | $libdir/hstore(hstore)

(cstring)



Type input

nstore 1n(PG FUNCTION ARGS)
{

HSParser State;

int4 buflen;
HStore *out;



Type input

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

Ilall=>II1II’ Ilbll=>II2II

Kak ato paboTaer?



Type input

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

hstore 1n



Type input

est=# SELECT prolang, prosrc, probin
FROM pg proc
WHERE proname = ‘'hstore in' AND
Proargtypes = '227/5"';

-
prolang | prosrc | probfﬁ ring)



CREATE OPERATOR

pg operator

CREATE OPERATOR -> ( . __._.__. oo oo
LEFTARG = hstore, oprname ke
RIGHTARG = text oprnamespace | 2200
’ oprowner 16384
PROCEDURE = fetchval oprkind b
) ; oprleft 16385
oprright 25
oprresult 25 (hstore)
oprcom 0 (text)
oprnegate 0)
oprcode fetchval




CREATE FUNCTION
fetchval (hstore, text)

RETURNS text

AS '$libdir/hstore’,

‘hstore fetchval'

LANGUAGE C STRICT IMMUTABLE;

CREATE FUNCTION

proname
pronamespace
proowner
prolang
procost
prosrc
probin
proconfig
proacl

P8 _Proc

________________ .

fetchval

2200

16384

13

1

hstore fetchval
$libdir/hstore



Operator

Datum
hstore fetchval (PG_FUNCTION_ ARGS)
{
HStore *hs = PG _GETARG_HS(9);
text *key = PG_GETARG_TEXT _PP(1);



Operator

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

Kak 3aTo paboTaet?



Operator

est # SELECT oprcode FROM pg operator WHERE oprname =
'->' AND oprleft = 16385 AND oprright = 25 ;
oprcode

fetchval (text)

(1 row)

(hstore)



CREATE CAST

pg cast
CREATE CAST o ...C PR
(hstore AS json) castsource 16385
casttarget 114
WITH FUNCTION castfunc 16425
hstore to json(hstore); castcontext | e
castmethod f

(hstore)
(json)

(hstore to json)



Cast

Datum
hstore to json(PG_FUNCTION_ ARGS)

{

HStore *in = PG_GETARG HS(9);
int buflen,
i;

int count = HS COUNT(in);



Cast

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

Kak aTo paboTtaert?



Cast

est=# SELECT castfunc

FROM pg cast

WHERE castsource = 16385

AND casttarget = 114; (hstore)
castfunc (json)




Cast

est=# SELECT prolang, prosrc, probin

FROM pg proc

WHERE oid = 16425; (castfunc)
prolang | prosrc | probin
_________ e

13 | hstore to json | $libdir/hstore
(1 row)



OueHKn ceneKTUBHOCTMU

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

QUERY PLAN

Seq Scan on hstore test (cost=0.00..22810.00006wsedth=55)
Filter: (v @ '"a"=>"1"'::hstore)

OTKyaa 3TO B3A10Cb?



OueHKn ceneKTUBHOCTMU

est=# SELECT oprrest FROM pg operator WHERE
oprname = '@>' AND oprleft = 16385 AND oprright =
16385;

oprrest

contsel

(1 row)

(hstore) (hstore)



2.

contsel

Datum
contsel (PG FUNCTION ARGS)
{

PG RETURN FLOAT8(0.001);
}



CREATE OPERATOR CLASS

CRE&®WE 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;



pg_opfamily

_____________ O

oid
opfmethod
opfname
opfnamespace
opfowner

2742

gin hstore 6%
2200

16384

CREATE OPERATOR CLASS

pg_opclass

_____________ o e e e e e e m - -

oid
opcmethod
opcname
opchamespace
opcowner
opcfamily
opcintype
opcdefault
opckeytype

2742 |
gin hstorl@i8ps
2200

10

16494

16385

t

25 (hstore)

(text)



CREATE OPERATOR CLASS

PE_amproc
amproclefttype | amprocrighttype | amprocnum | amproc
---------------- T T R
16385 | 16385 | 1 | bttextcmp
16385 | 16385 | 2 | gin _extract hstore
16385 | 16385 | 3 | gin extract hstore query
16385 | 16385 | 4 | gin consistent hstore



CREATE OPERATOR CLASS

Pg amop
--------------- T e . =
amopfamily 16494 16494 16494 16494
amoplefttype 16494 16494 16494 16494
amoprighttype 25 1009 1009 16494
amopstrategy 9 10 11 7
amoppurpose S S S S
amopopr 16417 16399 16401 16403
amopmethod 2742 2742 2742 2742
amopsortfamily | O 0 0 0

(@>) (?) (7]) (7&)



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
Lloops=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
Lloops=1)

Index Cond: (v @> '"a"=>"10"'::hstore)
Total runtime: 81.522 ms



HSTORE index

sst=# SELECT i.indexrelid

FROM pg index I

JOIN pg opclass opc ON opc.oid = 1.1indclass[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 = '@>'

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

16536 (hstore)

(hstore)



Expression index

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

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

---------------------------------------------------------- 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
Total runtime: 327.470 ms



Expression index

test=# CREATE INDEX hstore a 1idx
ON hstore test (((v->'a')::1int));

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



Expression index

test=# CREATE INDEX hstore a 1idx
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
Total runtime: 231.077 ms
(4 rows)



Extension

Pewaer
* Mpobnemy pg _dump/pg_restore
* MMpobnemy Bepcui



CREATE EXTENSION

pg _extension

_______________ i
oid 316474

CREATE EXTENSION et name ctore

hstore ; extowner 16384
extnamespace 2200
extrelocatable t
extversion 1.0
extconfig
extcondition




CREATE EXTENSION

pg_depend

classid | objid | objsubid | refclassid | refobjid | refobjsubid | deptype

--------- m mmmmmm e mm e e e e e e e e e e b e e e e e oo m oo
1247 | 316475 | 0 | 3079 | 316474 | 0| e

( type) (hstore) -

PI_YPEes | S12476 | o | (PI_§KIENS10D)gs74 | (NSTOTE) o

(pg proey> | ta&totd iny O 1 (pg BeehsicHP474 | (hstore) O | ©

1255 | 316478 | 0 | 3079 | 316474 | 0] e
(pg_proc) (hstore out) (pg_extension) (hstore)

(pg_proc) (hstore recv) (pg_extension) (hstore)

(extension)

(extension)

(extension)

(extension)



hstore.control

# hstore extension

comment = 'data type for storing sets of (key, value) pairs'
default_version='1.1"

module_pathname = 'Slibdir/hstore'
relocatable = true



hstore--1.1.sql

/* 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;



Agenda

* Pacwunpaemoctb b/l
* Y10 Takoe PostgreSQL

* Pacwmnpaemoctb PostgreSQL
* Btree
e GiST — 0b60b6LIEHHOE NONCKOBOE AEPEBO
* GIN — 0606uWeHHbIN 06paTHLIN MHAEKC
e SP-GIST — HebasnaHcupoBaHHbIe 0epeasbs

* [lpunoxKeHunAa
* [TonHOTeKcTOBbIM NOUCK B PostgreSQL

* High-performance in-memory database



PacwunpaemocTtb b/]

* |[T-UMKN }KNU3HeaeATeIbHOCTU NPOeKTa:
* [lpoeKTnpoBaHune
* Pa3paboTKa
* [logaepKKa

* CneanTb 3a NPOU3BOAUTENBHOCTbIO CUCTEMbI — MPABMIO HECKO/IbKUX CEKYHA,
(KOHKYpeHTbI !)

e ABTOMAaTUYECKME areHThbl
* YBenunyeHue nHpopmaumm, NoceL,aemocTm

e PasButme
* HoBble naeun, HoBble NPOEKTbl, yBe/INYeHNEe Harpy3Ku



PacwunpaemocTtb b/]

* Pacwmnpsemoctb B/l (be3 octaHOBKM cepBepa) — BaKHenwnim daxkrop !

 HoBaA PYHKUMOHANBHOCTD:
* Hosbie Tunbl gaHHbIX (IP, ISSN...)
* HoBble 3anpocbl (moxoxune n3obpakeHms)
e CoxpaHeHue Npon3BoANTENBHOCTU N HAAEHKHOCTU

* MacwTabupyemoctb
* BepTUKanbHaA, rOpM30HTAIbHAA

* HoBasa pYHKLMOHANBbHOCTb 1 MacLUTabupyemocTb CBA3aHbI



PacwunpaemocTtb b/]

* [Tpumep:
{®oT0o}, {Monb3oBaTenb}, {Taru}
 CoeanHeHUa Tabnnuy, He maclTabupytoTca ropmM3oHTaIbHO
* icnonb3ytoT wapAabl (shards)

* MoX»HOo AEHOPMA/IN30BATb CXeMY U UCMOJ/1Ib30BATb MaCCUBDI
* Tpebyetca nHAEKcHas noaaepKKa ans apdekTuBHom paboTsl

* A BCe 3TO Haao caenatb «HA XOA4Y»!



Y10 TaKoe PostgreSQL ?

PostgreSQL - sto ceoboaHo pacnpoctpaHaeman o6bekTHO-
penauMoHHas cuctema ynpasneHmna 6asamum gaHHoix (ORDBMS),
Hanbonee pa3suTada U3 oTkpbITbiXx CYB/l B mupe n asnatowascsa
peasibHOW anbTePHATUBOM KOMMEPYECKMM Da3am AaHHbIX.

[MponsHoweHue: post-gress-Q-L, post-gres, nocr-rpecc, pgsql (na-»ka-
3C-KYy-3/1b)

Web: http://www.postgresqgl.org

JlnueHsuna: BSD


http://www.postgresql.org/

Some forks:

PostgresPlus (EnterpriseDB)
Bisgres (GreenPlum)
Everest (Yahoo)

AsterData (Teradata)
JustOneDB,

HadoopDB (Hadapt)
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YTo Takoe PostgreSQL: Architecture

. / SharedMem \\{Jnix System
Client Processes Server Processes or
Y / \
Postmaster Kernel
. N .
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Y1o Takoe PostgreSQL: OcobeHHOCTH

* BbiCOKaA cTeneHb napannennsma - MVCC

* PacwmpsemocTb Ha xoay (6be3 mopa,. aapa) !
* Tnbl AaHHbIX, PYHKLUMMN, arperaTbl, oNepaTopsbl

* A3bikuM (sql,pl/pgsal,pl/perl,pl/tcl, pl/R, pl/java, pl/python, pl/vs, ...)
* NHpekceol ( Btree, GiST, GIN, SP-GiST)

e Cost-based ontummnsartop
» Xopouee cooTtsetcteue ISO/ANSI SQL 92,99,2003

e OTKpbITbIM KOA, (BSD), oTKpbITas modenb pa3sBUTUA — HeT BAagensla !



HaszsaHwe ASE |DBZ2 |FireBird |InterBase|MS SQL| MySQL |Oracle PostgreSQL
DERICLERE! $5% | 5% | 1pL? 55 S5 GPL/'$$% | $4$% BSD
SCID es | Wes es es es Dependsl es es
FReferential integrity Yes | Yes Yes Yes Yes Dependsl Yes Yes
Transaction es | Wes es res res Dependsl es Ves
Unicode Wes | Yes es Wes Wes Wes es Ves
Schema Yes | Wes es Tes Mo Mo es Yes
Temporary tabhle Mo | ves Mo es es Yes Es Yes
Wi w Yes | Wes es es es Mo es es
Materialized view Mo | Wes Mo Mo Mo Mo Yes Ma-
Expression index Mo Mo Mo Mo Mo Mo Yes Yes
Partial index Mo | Mo Mo Mo Mo Mo Yes Yes
Inverted index Mo | Mo Mo Mo Mo Yes Yes vagD
Bitmap index Mo | Yes Mo Mo Mo Mo Yes Mo
Carmain Mo Mo es es Mo Mo es YVes
Cursor es | Wes es res res Mo es Ves
User Defined Functions| ¥es | Ves fes Ves Ves Mot fes Tes
Trigger Yes | Wes es es es Mot es es
Stored procedure Yes | Mes es Wes Wes Mo es Yes
Tablespace Yes | res Mo ? Mo Mol Yes Yes

HazepaHwe ASFE |DB2 FireBird [InterBase |MS SQL| MySQL |Oracle|PostgresSQL

H4aHHA .

+ 1 - onA Nogoep¥KKM TRAHIAKUWA W cCcelNoYdHOA wenocTHocoTH TpebyeTcA InnoDB (He ABNASETCA THNOM

Tabnruel 0o YMoNYaHKMH)

3 -

+ 4 & &+ @b
= I,

2 - Interbase Public License

- Toneko B MySQL 5.0, koTopaA ABMNASTCA IKCNEpMMEHTANEBHOA BEpCHEd
- Toneko B MS SQL Server Z005% (Yulon)
SIM (Generalized Inverted Index) c Bepciin 8.2




Y10 TaKoe PostgreSQL: Limitations

* MakcnmanbHbin pasmep B[] — unlimited
 MaKcMmanbHbIM pasmep Tabaumupl — 32T6

* MakcnmanbHaa gnnHa 3anucn — 1.6 Tb
 MaKkcmmanbHaa annHa atpubyrta — 1 Gb

* MaKcmmanbHOe Kon-Bo 3anmncen — unlimited

* MaKkcnmanbHoe Kon-so atpmnbytos — 250-1600

* MaKcMmanbHOe KON-BO MHAEKCOB - unlimited



Y10 TaKoe PostgreSQL

* [loaaepKkKa:
* CoobwecTBO — M3IUAUHI IUCT
* EnterpriseDB
e 2ndQuadrant
* MIHOro MeNKUX KOMNaHUM

* bonee noapobHO 0 PostgreSQL mo*KHO NpoYnTaThb B
http://www.sai.msu.su/~megera/postgres/talks/what_is_postgresql.html



Y10 TaKoe PostgreSQL: Nonbsosatenn

e Skype - WKanupyeTca 40 MUAIMapaa Nosib3.

* Hi5.com — 60 maH. nonb3oBaTenen, #8 Alexa traffic rank
* NyYearBook.com — 18,000 req/sec, 300 Gb database

* NASA — 06paboTka cnyTHMKOBbLIX AaHHbIX (MODIS)

* Instagram — x100 mnH KapTUHOK

* Sony (Free Realms) — 10 mnH nrpokos



Y10 TaKoe PostgreSQL: Nonbsosatenn

* Pambnep

* 1C:lMpegnpuartume

* MirTesen, MoiKrug.ru (Yandex)

* Avito.ru — 2000 req/sec

* IRR.ru ( «M3 pyK B pyKu»)

* rabota.ru, price.ru, PBK, MactepXoct

* BoeHHble — Bepcua 7.X sxoamnt 8 MCBC
 HaunoHanbHaa CYB/1 B coctase HIM1 |7

* ACTPOHOMbI — MHOro-TepabanT



PacwmnpaemocTtb PostgreSQL

* HoBble TMNbl AaHHbIX TpebyeT nHaeKkcHbie AM (access methods).
Pa3paboTKa HOBbiXx AM, TecTupoBaHue — TPYAHO U YTOMUTENBHO

* icnonb3oBaTtb Btree, Rtree BmecTo pa3paboTku HoBbix AM (access
methods)
Michael Stonebraker, «Inclusion of new types in relational database
systems», 1985

* [ToBbICUTb YPOBEHb abCTPaKUMM npoueayp A0CTyna n obHOBAEHUSA
3anucen

* ToNbKO PUKCMPOBAHHbIN Habop onepauunm (onepaumm cpaBHEHUA
ana Btree)



PacwmnpaemocTtb PostgreSQL

 Co31aHMe HOBOTO TUMA AaHHbIX

* Onpegenntb TN ( CREATE TYPE)
HanucaTb ¢pyHKUMM BBOAA/BbIBOAA
Co3patb onepatopbl (CREATE OPERATOR)
HanuncaTtb GyHKUNM CpaBHEHMUA

OnepaTop nNo-ymonyaHuto ana ndaekca no primary key (CREATE OPERATOR
CLASS)

* N1NA MHAEKcaumMm HoBbIX TUNoB ncnonb3osatb GiST,GIN) nan HanucaTb
HOBbIN =» SP-GIiST in 9.2



GiST
O60buWeHHOE NONCKOBOE AepeBO
Generalized Search Tree ( GiST)

J. M. Hellerstein, J. F. Naughton, and Avi Pfeffer. "Generalized search trees for database systems.",
VLDB 21, 1995



Pacwmnpaemoctb PostgreSQL: GIST

e Generalized Search Tree ( GiST)

* AM paccmaTpumBaeTca Kak Mepapxusa npeamnKaTos, B KOTOPOM KaxKabli
npeAuKaT BbINOJHAETCA ANA BCeX NOAY3/10B 3TON nepapxmu

* UlabnoH (template) ans peanmsaumm HoBbix AM

* GIST npepocTasnaeT meToAb!
* HaBurauuu no aepesy, 9.1 — adbdeKTUBHLIN knn (Monck 6ank. cocenen)
 ObHOBNEHMA AepeBa



Pacwmnpaemoctb PostgreSQL: GIST

* KOHKYPEHTHOCTb M BOCCTAHOB/IEHME Nocne cboeBs
* MNopaepXmnBaeT pacwmnpaembin Habop 3anpocos ( B oTinyme ot Btree)
e GiST no3BonsaeT peanm3oBaTb HOBbIM AM 3KcnepTy B 061aCTU AaHHbIX

* HoBble TMMNbl AaHHbIX 06/13a4310T NPOM3BOANTE/IBHOCTbLIO (MHAEKCHbIN
NOCTYN, KOHKYPEHTHOCTb) N HaAEXHOCTbIO (MPOTOKO/ JIOrMPOBAHUA),
KaK U BCTPOEHHbIe TUMbI



Pacwmnpaemoctb PostgreSQL: GIST

* [lporpammHubIn nHTEepdenc GiST:
* GISTENTRY * compress( GISTENTRY *in )
GISTENTRY * decompress( GISTENTRY * in )
bool equal( Datum a, Datum b)
float * penalty( GISTENTRY *origentry, GISTENTRY *newentry, float *result)
Datum union(GistEntryVector *entryvec, int *size)
bool consistent( GISTENTRY *entry, Datum query, StrategyNumber strategy )
e GIST_SPLITVEC * split(GistEntryVector *entryvec, GIST_SPLITVEC *v)

* http://www.sai.msu.su/~megera/postgres/talks/gist_tutorial.html



Pacwunpaemo

* Mpumep — Rtree (GiST) ana
Hace/leHHbIX NYHKTOB [peunu
* ManeHbKkune NPAMOYroNbHUKU —

ncxoaHble AaHHblie (MBR
HaCeNeHHbIX MYHKTOB)

* Bonblune NPAMOYronbHUKKU — 1-i1
YPOBEHb AepeBa

* MoapobHocTu:
http://www.sai.msu.su/~megera/wiki/Rtr
ee_Index




Pacwunpaemoctb PostgreSQL: GIST

* Intarray - AM gna uenovyncineHHbIXx MacCcuBOB
* OnepaTtopbl overlap, contains

S$1=1{1,2,3,5,6,9}
S2 =1{1,2,5}
$3=10,5,6,9}

S4 ={1,4,5,8}

Q=1{2,9}

S5 ={0,9}
S6 =1{3,5,6,7,8}
S7=1{4,7,9}

"THE RD-TREE: AN INDEX STRUCTURE FOR SETS", Joseph M. Hellerstein



Pacwunpaemoctb PostgreSQL: GIST

{0,1,2,3,5,6,9} {1,3,4,5,6,7,8,9}
{01516;9} {1;21315)619} {1131415161718} {4)719}
{0,9} {0,5,6,9} {1,2,3,5,6,9} {1,2,5} {1,4,5,8} {1,3,5,6,7,8} {4,7,9}

S5 S3 S1 S2 S4 S6 S7



RD-Tree

{2,9}

{0,1,2,3,5,6,9}

{0,5,6,9}

{1,2,3,5,6,9}

{0,9}

{0,5,6,9}

{1,2,3,5,6,9}

{1,2,5}

S5

S3

S1

S2

{1I3I4I5I6I7I819}
{1’3I4’516’7I8} {4’7’9}
{1,4,5,8) {1,3,5,6,7,8) {4,7,9}
S4 S6 S7




RD-Tree

{0,1,2,3,5,6,9}

{2,9}
{0,5,6,9} {1,2,3,5,6,9}
{0,9} {0,5,6,9) {1,2,3,5,6,9} {1,2,5}
S5 S3 S1 S2

{1I3I4I5I6I7I819}
{1’3’41516’7I8} {4’7’9}
{1,4,5,8) {1,3,5,6,7,8) {4,7,9}
S4 S6 S7




RD-Tree

{0,1,2,3,5,6,9}

{2,9}
{0,5,6,9} {1,2,3,5,6,9}
{0,9} {0,5,6,9} {1,2,3,5,6,9} {1,2,5}
I
S5 S3 S1 S2

{1I3I4I5I6I7I819}
{1,3,4,5,6,7,8} {4,7,9}
{1,4,5,8) {1,3,5,6,7,8) {4,7,9}
S4 S6 S7




RD-Tree

{0,1,2,3,5,6,9} {1,3,4,5,6,7,8,9}
o
{0,5,6,9} {1,2,3,5,6,9} {1,3,4,5,6,7,8} {4,7,9}
{0,9} {0,5,6,9} {1,2,3,5,6,9} {1,2,5} {1,4,5,8} {1,3,5,6,7,8} {4,7,9}
. ]
S5 s3 51 S2 sS4 S6 57




RD-Tree (GiST)

CurHaTypa c/10Ba — CN0BO X3WKMpyeTcs B no3unumio '1'

wl ->S1: 01000000 Document: wl w2 w3

w2 ->52: 00010000
w3 ->S53: 10000000

e CurHaTtypa goKymeHTa (3anpoca) — cynepno3unuus (bit-wise OR) nHnansuayanbHbIX
CUrHaTyp

S: 11010000

e dunbtp batoma (Bloom filter)

Q1: 00000001 — exact not
Q2: 01010000 - may be contained in the document, false drop

e CurHatypa — HeTo4Hoe (lossy) npeactaBneHmne AoOK-Ta
 + fixed length, compact, + fast bit operations
* -|ossy (false drops), - saturation with #words grows



RD-Tree (GiST)

* [Mpnmep — NaTUHCKMUE NOTOBOPKMU

1d | proverb

1 | Ars longa, vita brevis
2 Ars vitae

3 Jus vitae ac nhecils

4 Jus generis humani

5 Vita nostra brevis




RD-Tree (GiST)

word | signature
......... .
ac | 00000011
ars | 11000000
brevis | 00001010
generis | 01000100
humani | 00110000
jus | 00010001
longa | 00100100
necis | 01001000
nostra | 10000001
vita | 01000001
id vitae | BQPVELPH signhature
A e e e e e - - -

Ars longa, vita brevis 111601111
Ars vitae 11011000

Jus generis humani 01110101 -

1
2
3 Jus vitae ac neci1s 01011011
4
5

False drop

Vita nostra brevis 11001011 =




RD-Tree (GiST)

Juery Root
11011000 11011011
A T
11011001 10010011
1101000 11010001 11011000 10010010

10010001

<t Internal nodes

<« Leaf nodes



RD-Tree (GiST)

* [Ipobnembl

* [110X0 LWKaNNPYETCH C POCTOM KOJIMYECTBA YHMKAIbHbIX 9/1EMEHTOB
(cardinality) n Konnyectsom 3anucen

* lHaeKc HeTouHbIN (lossy), TpebyeT npoBepku false drops




KNN-GIiST
3bPEKTUBHBLIN NOUCK BAMMKANLLNX coceaen



Knn-search: The Problem

knn=# select 1id, date, event from events
order by date <-> '1957-10-04'::date asc limit 10;

id | date | event

________ o e e e e e e e e e e e e m m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e a2
58137 | 1957-10-04 | U.S.S.R. launches Sputnik I, 1st artificial Earth satellite
58136 | 1957-10-04 | "Leave It to Beaver," debuts on CBS

117062 | 1957-10-04 | Gregory T Linteris, Demarest, New Jersey, astronaut, sk: STS 83
117061 | 1957-10-04 | Christina Smith, born in Miami, Florida, playmate, Mar, 1978
102670 | 1957-10-05 | Larry Saumell, jockey
31456 | 1957-10-03 | Willy Brandt elected mayor of West Berlin
58291 | 1957-10-05 | 12th Ryder Cup: Britain-Ireland, 7 -4 at Lindrick GC, England
58290 | 1957-10-05 | 11th NHL All-Star Game: All-Stars beat Montreal 5-3 at Montreal
58292 | 1957-10-05 | Yugoslav dissident Milovan Djilos sentenced to 7 years

102669 | 1957-10-05 | Jeanne Evert, tennis player, Chris' sister

(10 rows)

Time: 115.548 ms * Very inefficient:

e Full table scan, btree index on date won't help.
 Sort full table



Knn-search: Existing solutions
* Traditional way to speedup query

* Use indexes - very inefficient (no search query !)
e Scan full index
e Full table scan, but in random order !
» Sort full table
e Better not to use index at all !

e Constrain data space (range search)
* Incremental search - to many queries

* Need to know in advance the size of neighbourhood, how ? 1 Km is ok for Paris, but too
small for Siberia

* Maintain 'density map' ?



Knn-search: What do we want |

 We want to avoid full table scan — read only right tuples
* So, we need index

* We want to avoid sorting — read right tuples in right order
* So, we need special strategy to traverse index

* We want to support tuples visibility
* So, we should be able to resume index traverse



Knn-search: Index traverse

e Depth First Search (stack, LIFO) (33
R-tree search GY &)
ONE
* Breadth First Search (queue, FIFO) 53
) &
9) ao

e Both strategies are not good — full index scan



Knn-search: Index traverse

Best First Search (PQ, priority queue). Maintain order of items in PQ according their
distance from given point

* We traverse index by visiting only interesting nodes !



Knn-search: Performance

 SEQ (no index) — base performance
e Sequentually read full table + Sort full table (can be very bad, sort._ mem !)

* DFS—very bad !
e Full index scan + Random read full table + Sort full table

e BFS —the best for small k !

e Partial index scan + Random read k-records
T(index scan) ~ Height of Search tree ~ log(n)

e Performance win BFS/SEQ ~ Nrelpages/k, for small k. The more rows, the more
benefit !

e Can still win even for k=n (for large tables) - no sort !




Knn-search: What do we want |

* + We want to avoid full table scan — read only right tuples
* So, we need index

* + We want to avoid sorting — read right tuples in right order
* So, we need special strategy to traverse index

* + We want to support tuples visibility
* So, we should be able to resume index traverse

* We want to support many data types
* So, we need to modify GiST



Knn-search: modify GiST

 GiST — Generalized Search Tree

* GiST is widely used in GIS (PostGIS), text search, astro,bio,...

e Current strategy of search tree traverse is DFS
 Change to BFS (Best First Search) strategy
e Retain APl compatibility



GiST: Technical details

Depth First Search Best First Search
push Stack, Root; push PQ, Root;
While Stack { While PQ {
If p is heap { If p is heap {
output p; output p;
else { else {
children = get_children(p); Children = get children(p);
push Stack, children; push PQ, children;
} ki
} }

* For non-knn search all distances are zero, so
PQ => Stack and BFS => DFS

* We can use only one strategy (BFS) for both — normal search and knn-
search !



Knn-search: What do we want |

* + We want to avoid full table scan — read only <right> tuples
* So, we need index

* + We want to avoid sorting — read <right> tuples in <right> order
* So, we need special strategy to traverse index

* + We want to support tuples visibility
* So, we should be able to resume index traverse

* + We want to support many data types
e So, we need to modify GiST



Knn-search: syntax

 Knn-query uses ORDER BY clause

SELECT .. FROM .. WHERE ..
ORDER BY p <-> '(0.,0.) " '::point

LIMIT k;

<-> - distance operator, should be
for data type

provided



Knn-search: Examples
e Synthetic data — 1,000,000 randomly distributed points

e Query - find k-closest points to (0,0)

select * from qq order by (p <-> '(0,0)') asc limit 10;



Knn-search: Examples

* postgresql.conf:

shared_buffers =512MB #32MB
work_mem =32MB #1MB
maintenance_work_mem = 256MB #16MB

checkpoint_segments = 16
effective_cache size = 1GB #128MB

* Index statistics (n=1000,000)

Number of levels: 3

Number of pages: 8787

Number of leaf pages: 8704

Number of tuples: 1008786

Number of invalid tuples: 0

Number of leaf tuples: 1000000

Total size of tuples: 44492028 bytes

Total size of leaf tuples: 44104448 bytes
Total size of index: 71983104 bytes



Knn-search: Examples

k=1, n=1,000,000
Limit (cost=24853.00..24853.00 rows=1 width=24) (actual time=469.129..469.130
rows=1 loops=1)
Buffers: shared hit=7353
-> Sort (cost=24853.00..27353.00 rows=1000000 width=24) (actual
time=469.128..469.128 rows=1 loops=1)
Sort Key: ((p <-> '"(0,0)'::point))
Sort Method: top-N heapsort Memory: 25kB
Buffers: shared hit=7353
-> Seq Scan on gqq (cost=0.00..19853.00 rows=1000000 width=24)
(actual time=0.007..241.539 rows=1000000 loops=1)
Buffers: shared hit=7353
Total runtime: 469.150 ms
Limit (cost=0.00..0.08 rows=1 width=24) (actual time=0.104..0.104
rows=1 loops=1)
Buffers: shared hit=4
-> Index Scan using qg_p_idx on gq (cost=0.00..82060.60 rows=1000000
width=24) (actual time=0.104..0.104 rows=1 loops=1)
Sort Cond: (p <-> '"(0,0)'::point)
Buffers: shared hit=4

Total runtime: ©.117 ms 4000 times faster |




Knn-search: Examples

N=1,000,000
k hit :knn :seq  :sortmem (seq)
1 4 :0.117 :469.150: 25

10 17 :0.289 :471.735:25

100 :118 :0.872 :468.244 : 32
1000 :1099 :7.107 :473.840:127
10000 :10234 :31.629 :525.557 :1550
100000 :101159 :321.182 :994.925: 13957



Knn-search: The Problem

knn=# select 1id, date, event from events
order by date <-> '1957-10-04'::date asc limit 10;

id | date | event

________ o e e e e e e e e e e e e m m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e a2
58137 | 1957-10-04 | U.S.S.R. launches Sputnik I, 1st artificial Earth satellite
58136 | 1957-10-04 | "Leave It to Beaver," debuts on CBS

117062 | 1957-10-04 | Gregory T Linteris, Demarest, New Jersey, astronaut, sk: STS 83
117061 | 1957-10-04 | Christina Smith, born in Miami, Florida, playmate, Mar, 1978
102670 | 1957-10-05 | Larry Saumell, jockey
31456 | 1957-10-03 | Willy Brandt elected mayor of West Berlin
58291 | 1957-10-05 | 12th Ryder Cup: Britain-Ireland, 7 -4 at Lindrick GC, England
58290 | 1957-10-05 | 11th NHL All-Star Game: All-Stars beat Montreal 5-3 at Montreal
58292 | 1957-10-05 | Yugoslav dissident Milovan Djilos sentenced to 7 years

102669 | 1957-10-05 | Jeanne Evert, tennis player, Chris' sister

(10 rows)

Time: 115.548 ms * Very inefficient:

e Full table scan, btree index on date won't help.
 Sort full table



Knn-search: The Problem

contrib/btree_gist

knn=# select 1id, date, event from events
order by date <-> '1957-10-04'::date asc limit 10;

id | date | event
________ o e e e e e e e e e e e e m m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e a2
58137 | 1957-10-04 | U.S.S.R. launches Sputnik I, 1st artificial Earth satellite
58136 | 1957-10-04 | "Leave It to Beaver," debuts on CBS
117062 | 1957-10-04 | Gregory T Linteris, Demarest, New Jersey, astronaut, sk: STS 83
117061 | 1957-10-04 | Christina Smith, born in Miami, Florida, playmate, Mar, 1978
102670 | 1957-10-05 | Larry Saumell, jockey
31456 | 1957-10-03 | Willy Brandt elected mayor of West Berlin
58291 | 1957-10-05 | 12th Ryder Cup: Britain-Ireland, 7 -4 at Lindrick GC, England
58290 | 1957-10-05 | 11th NHL All-Star Game: All-Stars beat Montreal 5-3 at Montreal
58292 | 1957-10-05 | Yugoslav dissident Milovan Djilos sentenced to 7 years
102669 | 1957-10-05 | Jeanne Evert, tennis player, Chris' sister
(10 rows)

C : | . .
Time: 0.590 ms 200 times faster ! . Very irefficient:

e 8 index pages read + 10 tuples read
* No sorting



GIN
O606WeHHbIM 06pPaTHbIN MHAEKC



O6paTHbIN MHAOEKC

Report Index
A

abrasives, 27

acceleration measurement, 58

accelerometers, 5, 10, 25, 28, 30, 36, 58, 59, 61,
73, 74

actuators, 4, 37, 46, 49

adaptive Kalman fikers, 60, 61

adhesion, 63, 64

adhesive bonding, 15

adsorption, <44

asrodynamics, 29

asrospace instrumentation, 61

asrospace propulsion, 52

asrospace robotics, 68

aluminium, 17

amorphous state, 67

angular velocity measurement, 58

antenna phased arrays, 41, 46, 66

argon, 21

assembling, 22

atomic force microscopy, 13, 27, 35

atomic layer deposition, 15

attibude control, 60, 61

attitude measurement, 59, 61

automatic test equipment, 71

automatic testing, 24

backward wawve oscillators, 45

compensation, 30, 68

compressive strength, 54
compressors, 29

computational fluid dynamics, 23, 29
computer games, 56

concurrent engineering, 14

contact resistance, 47, 66
convertors, 22

coplanar waveguide components, 40
Couette flow, 21

creep, 17

crystallisation, 64

current density, 13, 16

design for manufacture, 25
design for testability, 25
diamond, 3, 27, 43, 54, &7
dielectric losses, 31, 42
dielectric polarisation, 31
dielectric relaxation, &4
dielectric thin films, 16
differential amplifiers, 28
diffraction gratings, 68
discrete wavelet transforms, 72
displacement measurement, 11
display devices, 56

distributed feedback lasers, 38



Inverted Index

Report Index

compensation, 30, 68

A compressive strength, 54
. compressors, 29
abrasiwves, 27 computational fluid dynamics, 23, 29
acceleration measurement, 58 computer games, 56
accelerometers, 5, 10, 25, 28, 30, 36, 58, 59, 61, ' concurrent engineering, 14
73, 74 contact resistance, 47, 66
actuators, 4, 37, 46, 49 convertors, 22
adaptive Kalman filters, 60, 61 coplanar waveguide components, 40
adhesion, 63, 64 Couette flow, 21
adhesive bonding, 15 creep, 17
adsorption, 44 crystallisation, &4
aerudvnaijE: 29 o current density, 13, 16

P

QUERY: compensation accelerometers

INDEX: accelerometers compensation
5,10,25,28,30,36,58,59,61,73,74 30,68

RESULT: 30
dLlIUOE TeEdsurerrent, o9, ol discrete wavelet trEr'!EFDr'ITIS, 72
auturnah:c test.equiprnent, 71 displacement measurement, 11
automatic testing, 24 display devices, 56

distributed feedback lasers, 38
B

backward wawve oscillators, 45



No positions in index !

Inverted Index in PostgreSQL

E Report Index
compensation, 30, 68
\ A compressive strength, 54
N \ mpressors, 29
abrasives, 27 . computational fluid dynamics, 23, 26
acceleration measurement, 58 computer games, 56
accelerometers, 5, 10,25, 28, 36 5%51, concurrent engineering, 14
T 73, 74 PoS hg Tis contact resistance, 47, 66
actuators, 4, 37, 46, 49 . convertors, 22
adaptive Kalman ﬁﬂ&fpagh ng tree coplanar waveguide components, 40
R adhesion, 63, 64 it B 1
“ adhesive bonding, 15
/ adsorption, 44 Entry page, level N: keywords
// aerodynamics, 29 G I N B b f
Y — aerospace instrument Stru cture abc ar oo
\ aerospace propulsion I I [

aerospace robotics, 6 /
aluminium, 17 Entry page, level 0 (leaf)

amorphous state, 67
angular velocity meas aaa abc Entry page, level O

antenna phased array
argon, 21
assembling, 22
atomic force microsce
atomic layer depositic
attitude contral, 60, €
attitude measuremen
automatic test equipr
automatic testing, 24

bar

m m 0 —

backward wave oscill;

i i . Right bound | ... . . Right bound
14:17 14-17 123:1 158:18 518-1




Inverted Index

* CTPYKTYpa AaHHbIX, KOTOpas AN KaXK40ro Karo4a XpaHUT CNUCOK
NIOKYMEHTOB, CoAepKaLLMX STOT KNtoY

* TpaTl/IM BpeMA Ha npenpoueccmHr h SKOHOMUM Mpumt NnOUCKe

* CuHOHMMbI: posting list, posting file, inverted file, nHBepTMpPOBaHHbIN
CMUCOK

* GIN (Generalized Inverted Index) - Abcmpazaupyemca om onepauuu — TUN
NAHHbIX Cam onpeaenaeT KaKyk onepauunto YCKopATb



GIN

= [logaeprKMBaeT pasHble TUMNbl AaHHbIX

® OyeHb ObICTPbLIN MOUCK MO KAtoyam — Btree

= [loppaeprkKa partial match

" MHOroaTpmbyTHbIN MHOEKC

= Xopolaa macwtabmnpyemocTb (Kon-BO KAtoYe, KON-BO JOKYMEHTOB)
" bbICTpOe co3haHne MHAOEKCa

® HaneXXHOCTb U XOPOLLUUIA Napanienmsm



Generalized Inverted Index:API

Pa3paboTumnk npenocrasngeT 4 (5) pyHKUNK:

* Datum™ extractValue(Datum inputValue, uint32* nentries)
* int compareEntry(Datum a, Datum b)

* Datum™ extractQuery(Datum query, uint32* nentries,
StrategyNumber n, bool* pmatch(])

* bool consistent(bool check[], StrategyNumber n, Datum query, bool
*needRecheck)

* int (Datum query_key,
Datum indexed_key, StrategyNumber n )



GIN

1 2

m M SNaoo
122111......
............245
W NNONONHAN




GIN

= [logaeprKMBaeT pasHble TUMNbl AaHHbIX

® OyeHb ObICTPbLIN MOUCK MO KAtoyam — Btree

= [loppaeprkKa partial match

" MHOroaTpmbyTHbIN MHOEKC

= Xopolaa macwtabmnpyemocTb (Kon-BO KAtoYe, KON-BO JOKYMEHTOB)
" bbICTpOe co3haHne MHAOEKCa

® HaneXXHOCTb U XOPOLLUUIA Napanienmsm



GIN: Update problem

3

1: 1,4
2:2,3,4
3:2,4
5:1,3,4
6:1,4
7:1,2
12: 2,4
14: 3
25:3

1 new object - 6 inserts into index




GIN: The Problem

CREATE TABLE CREATE TABLE
INSERT 10,000 int[ ] CREATE INDEX
CREATE INDEX INSERT 10,000 int[ ]
3.1 s + 11 s ~0 s + 100 s
13.1 s 100 s

BULK index insert ~ 10 times faster!



GIN: bbicTpoe obHOBNEHME

* [TocTUHr AncT AnAa 60abLLIOro KONMYEeCcTBa 3HAaYEHUM 3aMEHAETCA Ha
Btree — ycKkopAaeT nouUcCK

 O6bHOBNEHUNA B UHOEKC OMKA0bIBAKOMCA — UCMO/b3YeTCA TEXHUKA
bulk insert, Kak 1 npu co3gaHnmn MHAEKCA



GIN: bbicTpoe obHOBNEHME

CREATE TABLE CREATE TABLE
CREATE INDEX CREATE INDEX
INSERT 10,000 int[] INSERT 10,000 int[]

VACUUM TABLE
~0 s + 100 s
100 s ~0 s + 18 s + 12 s
30 s
BULK INSERT OLD GIN NEW_GIN
10 s 100 s 30s



[lpnnoXXeHunA

* LlenouncneHHbie maccussbl (GiST, GIN)

* [lonHoTekcToBbIN Monck (GiST, GIN)

e [laHHblE C ApeBOBUAHOMN CTPYKTYpoun (GiST)
* [Monck noxoxux cnos (GiST, GIN)

* Rtree (GiST)

* PostGIS (postgis.org) (GiST) — spatial index
* BLASTgres (GiST) — buonHpopmaTmnka

* MHoromepHbIi1 Kyb (GiST)



[MTonHoTeKcToBbiM NouncK: GTSE

GTSE — Generalized Text Search Engine

* [loNHOTEKCTOBbIE TUMDI AAdHHbIX
e Tsvector - NONHOTEKCTOBOE NnpeacTaBaeHne AoOKYyMeHTa (NMpAaMon nHaekKc)
* /lIeKCcemMbl C KOOPAMHATHOM MHbOPMALMEN U BAXKHOCTbIO

e Tsquery — NOJIHOTEKCTOBbIM 3anpoc
* JlekcemMbl C NOTMYECKMMM ONepaTopamm

* [ToNHOTEKCTOBbLIM ONepaTop  tsvector @@ tsquery

‘a fat cat sat on a mat and ate a fat rat'::tsvector @@ 'cat & rat':: tsquery;



[MTonHoTeKcToBbiM NouncK: GTSE

GTSE — Generalized Text Search Engine
* [lonHaa noaaepxka ACID

* Online index — GiST, GIN

* Mo*HO ncnonb3oBaTb ANA peain3daumnm NnONCKOBbIX ABUKKOB:

* OpenFTS (openfts.sourceforge.net) — BHewHMIM nounck, PostgreSQL
MCMOb3YeTCA KaK XPaHUANLE U NCMONHUTENb 3aNpPOCOB

e BcTpoeHHbIN nouck B PostgreSQL




[TonHoTeKcToBbIM NOUCK PostgreSQL

* [lporpammHan «obBA3Ka» NpeaocTaBNAeT
* APl pna chosapen, APl ana napcepos

* SQL nHTepdpenc ana HaCTPOUKMN NOUCKA

* BcTpoeHHaa nogaeprkka ANa BCeX eBPOMNENCKUX A3bIKOB

* BctpoeHHble cnoBapu — simple, ispell, stemming, thesaurus, synonym
* BcTpoeHHbIM napcep — 23 TUNa NeKCeMm

* PaHXMpPOBaHME pe3ynbTaToB NOUCKA



BblK Nouck PostgreSQ

DOCUMENT to_tsvecto r(cfg,dOCl

L

>  PARSER =

i (token, token_type) /
dicts(token_type)
% YES NO
i=0 YES
ask DICT[i] . . .
- — i=i+1 — i<N
NO f
y YES NO
— IS STOP ? — tsvector
YES NO




JIHOTEKCTOBbIV NOUOKBpstgreSQL
v

|

Supernovae & stars

QUERYTREE — &
— Foreach leaf node Supernovae/ stars
v -
> PARSER =
% (token, token_type) \/ \/
dicts (token_type) > {supernova,sn} star
NO
Y YES YES &
? DICT] > i=ivl > i<N e | star
v YES NO | o
—IISSTOPT QUER[TREE P ! supernova sn
YES NO /

> TSQUERY (supernova | sn) & star




FTS Iin PostgreSQL

=# select * from ts_token_ type('default');

tokid | alias | description
* [Mapcep pa3buBaeT TEKCT Ha TOKEHbl ~ ------- ORI e

1 | asciiword | Word, all ASCII

2 | word | Word, all letters

3 | numword | Word, letters and digits

4 | email | Email address

51 url | URL

6 | host | Host

7 | sfloat | Scientific notation

8 | version | Version number

9 | hword_numpart | Hyphenated word part, letters and digits
10 | hword_ part | Hyphenated word part, all letters
11 | hword _asciipart | Hyphenated word part, all ASCII

12 | blank | Space symbols

13 | tag | XML tag

14 | protocol | Protocol head

15 | numhword | Hyphenated word, letters and digits
16 | asciihword | Hyphenated word, all ASCII

17 | hword | Hyphenated word, all letters

18 | url_path | URL path

19 | file | File or path name
20 | float | Decimal notation
21 | int | Signed integer
22 | uint | Unsigned integer
23 | entity | XML entity

(23 rows)



FTS in PostgreSQL

=# \dF+ russian
Text search configuration "pg catalog.russian"

 Kaxablll TOkeH obpabaTbiBaeTca cnoBapamm "arser: 'pg_catatog.default”

Token | Dictionaries
_________________ Fom e e e e e e - -
asciihword | english stem
asciiword | english stem
email | simple
file | simple
_ _ float | simple
select ts_lexize('english_stem’,'stars') host | simple
------------------------------------------------ hword | russian stem
star hword asciipart | english stem
hword numpart | simple
hword part | russian stem
int | simple
numhword | simple
numword | simple
sfloat | simple
uint | simple
url | simple
url path | simple
version | simple
|

word russian_stem



FTS Iin PostgreSQL

* ChoBo nepenaeTca oT C/ioBapA K C10BapPHO NOKa OHO He PACNno3HAETCA.

* Ecnu cnhoBo He pPaCno3HaHO BCemMu caoBapAmMmn, TO OHO HEe NHAOEKCUPYETCA.

MpaBuno: ot «y3KOro» cnoBaps K «LWMPOKomy» !
—# \dF+ pg lowercase
Configuration "public.pg"
Parser name: "pg catalog.default"
Locale: 'ru RU.UTF-8' (default)

Token | Dictionaries—
______________ e P~ oo ocobemoo e
file | pg_catalog.simple B Cremmepbl pacno3sHatoT Bce !
host | pg catalog.simple — B
hword | pg catalog.simple Y /
int | pg catalog.simple S
Lhword | public.pg dict,public.en ispell,pg catalog.en stem
lpart hword | public.pg dict,public.en ispell,pg catalog. en_stem
Lword | ,public.en_ispell,pg catalog.en stem
nlhword | pg catalog.simple

nlpart hword | pg catalog.simple



FTS Iin PostgreSQL

¢ CI'IOBapb — 3TO NporpamMmma, Kotopaa NPUHMMaeT Ha BXOA4 TOKEH U BblAaeT MacCuB
nexkcem nam NULL, ecnm pacno3HaHHO CTOMN-C/10BO

* APl no3sonaeT nmncaTb C/1I0BapM No4 pa3Hble 3a4a4m
* YKopaumBaTb ANMHHbIE UUPPbI
* [lpnBoanTb BCe 0603Ha4YeHUs UBETOB B OAMNH BUA,
* Mpneoantb URL-M K KAHOHUYECKOMY BUAY

e BcTpoeHHble c/10Bapun-3arotoBku (templates) ana
» cnosapem ispell, myspell, hunspell

snowball stemmer

thesaurus

* synonym

simple



CnoBapwu

* ChoBapb — 3TO Nporpamma |

=# select ts_lexize('intdict’, 11234567890);
ts_lexize

{112345)
=# select ts_lexize('roman’, 'XIX');
ts_lexize

{19}
=# select ts_lexize('colours','#FFFFFF’);
ts_lexize



ACTPOHOMMYECKUM cnoBapb (arxiv)
Dictionary with regexp support (pcre library)

# Messier objects

(M|Messier)(\s|-)?((\d){1,3}) M$3

# catalogs

(NGC|Abell MKN|IC|H[DHR]|UGC|SAO|MWC)(\s|-)?((\d){1,6}JABC]?) $1$3
(PSRIPKS)(\s|-)?([JB]?)(\d\d\d\d)\s?([+-]\d\d)\d? $1$43$5
# Surveys

OGLE(\s|-)?((1){1,3}) ogle

2MASS twomass

# Spectral lines

H(\s|-)?(alphalbetaj]gamma) h$2
(Fe|Mg|SilHe|Ni)(\s[-)2((\d)I([IXV])+) $183

# GRBs

gamma\s?ray\s?burst(s?) GRB
GRB\s?(\d\d\d\d\d\d)([abcd]?) GRB$1$2




Dictionaries - interface

void* dictInit(List *dictoptions)
- list of dictoptions actually contains list of
DefElem structures (see headers)
- returns pointer to the palloc'ed dictionary
structure
- Can be expensive (ispell)

TSLexeme* dictLexize(

vold* dictData, //returned by dictlnit()
char* lexeme, // not zero-terminated
int lenlexeme,

DictSubState *substate //optional

);



Dictionaries — output

typedef struct {

uintlé6 nvariant; // optional
uint16 flags; // optional
char *Llexeme;
} TSLexeme;
dictLexize returns NULL - dictionary doesn't recognize the
lexeme

dictLexize returns array of TSLexeme
(last element TSLexeme->lexeme is NULL)

dictLexize returns empty array - dictionary recognizes the
lexeme, but it's a stop-word



Agglutinative Languages

German, norwegian, ...
http://en.wikipedia.org/wiki/Agglutinative language

Concatenation of words without space

Query - Fotballklubber
Document - Klubb on fotballfield

How to find document ?
Split words and build search query

'‘fotbalklubber' =>
' ( fotball & klubb ) | ( fot & ball & klubb ) °



Filter dictionary — unaccent

contrib/unaccent - unaccent text search dictionary and function to
remove accents (suffix tree, ~ 25x faster translate() solution)

1. Unaccent dictionary does nothing and returns NULL.
(lexeme 'Hotels' will be passed to the next dictionary if any)

=# select ts lexize('unaccent', 'Hotels') is NULL;
?7column?

2. Unaccent dictionary removes accent and returns 'Hotel'.
(lexeme 'Hotel' will be passed to the next dictionary if any)

=# select ts lexize('unaccent', 'Hétel');
ts lexize



Filter dictionary - unaccent

REATE TEXT SEARCH CONFIGURATION fr ( COPY = french );
ALTER TEXT SEARCH CONFIGURATION fr ALTER MAPPING FOR hword, hword part, word
WITH unaccent, french stem;

=# select to tsvector('fr',6 'Hoétel de la Mer') @@ to tsquery('fr', 'Hotels');
?column?

Finally, unaccent dictionary solves the known problem with headline !
( to tsvector(remove accent(document)) works with search, but
has problem with highlighting )

=# select ts headline('fr', 'Hotel de la Mer',to tsquery('fr', 'Hotels'));
ts headline

<b>Hotel</b> de la Mer



Synonym dictionary with prefix search

support
cat SSHAREDIR/tsearch _data/synonym_sample.syn
postgres pgsql
postgresgl  pgsql
postgre pgsql
gogle googl
indices index*

=# create text search dictionary syn

( template=synonym,synonyms='synonym_sample');
=# select ts_lexize('syn','indices');

ts_lexize



Synonym dictionary with prefix search
support

=# create text search configuration tst ( copy=simple);
=# alter text search configuration tst alter mapping
for asciiword with syn;

=# select to_tsquery('tst','indices');

to_tsquery

'index':*

=# select 'indexes are very useful'::tsvector @@ to_tsquery('tst','indices’);
?column?



dict xsyn

* How to search for 'William' and any synonyms "Will', 'Bill’, 'Billy' ? We
can:
* Index only synonyms
* Index synonyms and original name

* Index only original name - replace all synonyms. Index size is minimal, but search
for specific name is impossible.



dict xsyn

e Old version of dict_xsyn can return only list of synonymes. It's possible to
prepare synonym file to support other options:

William Will Bill Billy
Will William Bill Billy
Bill William Will Billy
Billy William Will Bill

* New dict_xsyn (Sergey Karpov) allows better control:

CREATE TEXT SEARCH DICTIONARY xsyn (RULES='xsyn sample',
KEEPORIG=false|true, mode='SIMPLE|SYMMETRIC|MAP"'),;



dict xsyn

* Mode SIMPLE - accepts the original word and returns all synonyms as
OR-ed list. This is default mode.

* Mode SYMMETRIC - accepts the original word or any of its synonyms,
and return all others as OR-ed list.

* Mode MAP - accepts any synonym and returns the original word.



dict xsyn

EXAMPLES:

=# ALTER TEXT SEARCH DICTIONARY xsyn (RULES='xsyn sample',
KEEPORIG=false, mode='SYMMETRIC');

=# select ts lexize('xsyn',6'Will') as Will,
ts lexize('xsyn','Bill') as Bill,
ts lexize('xsyn','Billy') as Billy;

{william,biltl,billy} | {william,will,billy} | {william,will,bill}

Mode="'MAP'

{william} | {william} | {william}



FTS Iin PostgreSQL

*~Habop PyHKUMW ANnAa nonyyeHua tsvector m tsquery
e to_tsvector(ftscfg, text)

C CTON-CN0BO
e to_tsquery(ftscfg, text) S
=# select to_tsvector('english’, 'as supernovae stars');
to_tsvector

position

'star':3 'supernova':2

=# select * from ts_debug('english', 'a supernovae stars');
alias | description | token | dictionaries | dictionary | lexemes

----------- e
asciiword | Word, all ASCII | a | {english_stem} | english_stem | {}

blank | Space symbols | | {} | |

asciiword | Word, all ASCII | supernovae | {english_stem} | english_stem | {supernova}

blank | Space symbols | | {} | |

I I I

asciiword | Word, all ASCII
(5 rows)

{english_stem} english_stem | {star}



FTS configuration

FTS KoHdUrypauma onpeaenaet
* KaKoM napcep ncnonb3yetca ana pasburBaHMA TEKCTA HA TOKEHbI
* KaKMe TOKEeHbl, KAKMMM CNOBAPAMMU N B KAKOM nopAaake obpabaTtbiBatoTca

KoHdurypauma sagaetcsa ¢ nomoubio SQL KomaHpa,

{CREATE | ALTER | DROP} TEXT SEARCH {CONFIGURATION | DICTIONARY | PARSER}

FTS KoHbUrypaumimm moKeTt 6bITb MHOTO, NOAAEPHKNBAKOTCSA CXEMbI

NHpopmauma o KoHdUrypaumum AocTynHa B psql

\dF{,d,p}[+] [PATTERN]



FTS conﬁg%; ation

=# \dF

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
pg_catalog
(16 rows)

16 KoHdurypaumia gna 15 a3bikos

List of text search configurations
Description

Name

danish
dutch
english
finnish
french
german
hungarian
italian
norwegian
portuguese
romanian
russian
simple
spanish
swedish
turkish

configuration
configuration
configuration
configuration
configuration
configuration
configuration
configuration
configuration
configuration
configuration
configuration

for

danish language
dutch language
english language
finnish language
french language
german language
hungarian language
italian language
norwegian language
portuguese language
romanian language
russian language

simple configuration

configuration for spanish language
configuration for swedish language
configuration for turkish language



Full-text search tips

 Stable to_tsquery

* Find documents with specific token type

* Getting words from tsvector

* Confuse with text search

* Antimat constraint

 APOD example (ts_headline, query rewriting)

* FTS without tsvector column
* Strip tsvector
* Fast approximated statistics



Stable to tsquery

Result of to_tsquery() can't be used as a cache key,
since to_tsquery() does preserve an order,
which isn't good for cacheing.

Little function helps:

CREATE OR REPLACE FUNCTION stable ts query(tsquery)
RETURNS tsquery AS

$$
SELECT ts rewrite( $1 , 'dummy word', ‘'dummy word');

$$
LANGUAGE SQL RETURNS NULL ON NULL INPUT IMMUTABLE;

Note: Remember about text search
configuraton to have really good cache key !



Find documents with specific token type

How to find documents, which contain emails ?

CREATE OR REPLACE FUNCTION document token types(text)
RETURNS text AS

$$

SELECT ARRAY (
SELECT
DISTINCT alias
FROM
ts token type('default') AS tt,
ts parse('default', $1) AS tp
WHERE
tt.tokid = tp.tokid
) ;
$$ LANGUAGE SQL immutable;



Find documents with specific token type

ELECT document token types(title) FROM papers
LIMIT 10;

document token types
{asciihword,asciiword,blank,hword asciipart}
{asciiword,blank}
{asciiword,blank}
{asciiword,blank}
{asciiword,blank}
{asciiword,blank, float,host}
{asciiword,blank}
{asciihword,asciiword,blank,hword asciipart,int,numword,uint}
{asciiword,blank}
{asciiword,blank}
(10 rows)

CREATE INDEX fts types idx ON papers USING
gin( document token types (title) );



Find documents with specific token type

How to find documents, which contain emails ?

SELECT comment FROM papers
WHERE document token types(title) && '{email}’;

The list of available token types:

SELECT * FROM ts token type('default');



Getting words from tsvector

REATE OR REPLACE FUNCTION ts stat(tsvector, OUT word text,
OUT ndoc integer, OUT nentry integer)
RETURNS SETOF record AS $%
SELECT ts stat('SELECT ' || quote literal( $1::text )
|| '::tsvector');
$$ LANGUAGE SQL RETURNS NULL ON NULL INPUT IMMUTABLE;

SELECT 1id, (ts stat(fts)).* FROM apod WHERE id=1;
id | word | ndoc | nentry

two



Confuse with text search

One expected true here, but result is disappointing false

=# select to_tsquery('ob_1','inferences') @ @
to_tsvector('ob_1','inference’);

?column?

f

Use ts debug() to understand the problem
‘inferences':

{french ispell,french stem} | french_stem | {inferent}
‘inference’:

{french ispell, french stem} | french_ispell | {inference}



Confuse with text search

e Use synonym dictionary as a first dictionary
{synonym,french_ispell,french_stem}

with rule '1nferences inference'
* Don't forget to reindex !

e Use ts_rewrite()
 Don't need to reindex



Antimat constraint

CREATE TABLE nomat (i int, t text,
CHECK (NOT (to_tsvector(t) @@ 'f.ck'::tsquery))
)

=# INSERT INTO nomat(i,t) VALUES(1l,'f.ck him');

ERROR: new row for relation "nomat" violates check constraint
"nomat_t check”
DETAIL: Failing row contains (1, f.ck him).

=# INSERT INTO nomat(i,t) VALUES(1l,'f.cking him');

ERROR: new row for relation "nomat" violates check constraint
"nomat_t check”

DETAIL: Failing row contains (1, f.cking him).

=# INSERT INTO nomat(i,t) VALUES(1l, 'kiss him');

INSERT 0 1



APOFexample

http://www.astronet.ru/db/apod.html

 curl -0 http://www.sai.msu.su/~megera/postgres/fts/apod.dump.gz
e zcat apod.dump.gz | psql postgres

* psql postgres
postgres=# \d apod
Table "public.apod”

Column Type Modifiers
__________ F o e e e e e e e e e e e e e e - -
id integer not null
title text
body text
sdate date
keywords text

postgres=# show default text search config,;
default text search config

pg catalog.russian



APOD example: FTS configuration

=# \dF+ russian _ _
Text search configuration "pg catalog.russian"
Parser: "pg catalog.default™

Token | Dictionaries
_________________ F e e e e e m - -
asciihword english stem
asciiword english stem
email simple
file simple
float simple
host simple
hword russian stem
hword asciipart | english stem
hword numpart simple
hword part russian stem
int simple
numhword simple
numwo rd simple
sfloat simple
uint simple
urtl simple
url path simple
version simple
word russian stem




APOD example: FTS index

)stgres=# alter table apod add column fts tsvector;

postgres=# update apod set fts=
setweight
setweight( coalesce
setweight( coalesce

/

if NULL then " NULL | | nonNULL => NULL

to tsvector
to tsvector
to_tsvector

coalesce
keywords "),'’A ]|

title),"), Bé I
body),"),'D");

postgres=# create index apod_fts_idx on apod using gin(fts);
postgres=# vacuum analyze apod;

postgres=# select title from apod where fts @@ plainto_tsquery('supernovae stars') limit 5;
title

Runaway Star

Exploring The Universe With IUE 1978-1996
Tycho Brahe Measures the Sky

Unusual Spiral Galaxy M66

COMPTEL Explores The Radioactive Sky



APOD example: Search

Fstgres=# select title,ts rank_cd(fts, q)as rank from apod,

to tsquery('supernovae & X~ra 'Y
whéreqftsy @@ 8 order by rankicd gesc limit 5;

Supernova Remnant E0102-72 from Radio to X-Ray

1
An X-ray Hot Supernova in M8l 1.
X-ray Hot Supernova Remnant in the SMC 1.34823
Tycho's Supernova Remnant in X-ray 1.
Supernova Remnant and Neutron Star 1
(5 rows)

Time: 1,965 ms
ts_rank_cd He HOpMmupoBaH, TaK Kak ucnonb3yeTca

TONbKO nHpopmauyms !

0 < rank/(rank+1) < 1

ts_rank_cd( fts, q)
D C B A



APOD example: headline

postyrés=# select ts_headline(body,q,'StartSe1=<,StogSel=>,MaxWords=10 MinWords=5") ,
ts ank cd(fts, q) from a%Qd, to tsquery('supernovae & x-ray') g where fts @@
q order by rank cd desc limit 5;

headline | ts rank cd
______________________________________________________________________ i

<supernova> remnant E0102-72, however, is giving astronomers a clue | 1
<supernova> explosion. The picture_was taken in ~<X>-<rays> 1.4
<X>-<ray> glow is produced bK multi-million degree 1.3
<X>-<rays> emitted by this shockwave made by a telescope 1.1
(5<X>-<;ay> glow. Pictured is the <supernova> 1.0
rows

Time: 39.298 ms

MepneHHo ! Hapo ucnonb3osath subselect. 06
3TOM NoApobHee B COBETAX.



APOD example

° MCI'IO.I'Ib3yFI OAUH MHAOEKC MOXHO MMETb Pa3Hble MOUCKHA

* MOWCK TOJIbKO B 3ar0JIOBKax — NMNOMUCK Cpean NeKcem, MapKMPOBaHHbIX
«BayXHocTblo» 'b'.

=# SELECT title,ts rank cd(fts, gq) AS rank FROM apod,
to tsquery('supernovae:b & x-ray') q
WHERE fts @@ g ORDER BT rank cd DESC LIMIT 5;

Supernova Remnant E0102-72 from Radio to X-Ray | 1.59087
An X-ray Hot Supernova in M81 | 1.47733
X-ray Hot Supernova Remnant in the SMC | 1.34823
Tycho's Supernova Remnant in X-ray | 1.14318
Supernova Remnant and Neutron Star | 1.08116
(5 rows)

to_tsquery('supernovae:ab') - nouck cpean 3aroNI0OBKOB U KNHOUYEBbIX CN0B



FTS without tsvector column

* Use functional index (GiST or GiN)
* no ranking, use other ordering

create index gin text idx on test using gin (
( coalesce(to tsvector(title),'') || coalesce(to tsvector(body),'"') )

);

apod=# select title from test where
(coalesce(to tsvector(title),'') || coalesce(to tsvector(body),'') ) @@
to tsquery('supernovae') order by sdate desc limit 10;



FTS tips

select id,ts headline(body,q),ts rank(fts,q) as rank
from apod, to tsquery('stars') g
where fts @@ g order by rank desc limit 10;

10 times !
Time: 723.634 ms

select id,ts headline(body,q),ts rank from (
select id,body,q, rank(fts,q) as rank from apod,
to tsquery('stars') q
where fts @@ g order by rank desc limit 10
) as foo;

Time: 21.846 ms —

=#fselect count(*)from apod where fts @@ to tsquery('stars');
count 790 times

- -~ ¢ ts_headline() pyHKunAa meaneHHas — ncnonb3syiTte subselect



FTS tips — Query rewriting

* I3meHeHune 3anpoca online
* paclmMpeHune 3anpoca
* cMHOHUMbI ( new york => Gottham, Big Apple, ...)
* CyXeHue 3anpoca

* KypcK => noasoAgHaa noaKa Kypck

* [Moxo<e Ha cnoBapb Te3aypyc (CMHOHMMOB), HO He TpebyeT nepenHaeKcaLmu



FTS tips — Query rewriting

ts_rewrite (tsquery, tsquery, tsquery)
ts_rewrite (ARRAY[tsquery,tsquery,tsquery]) from aliases
ts_rewrite (tsquery,'select tsquery,tsquery from aliases')

create table aliases( t tsquery primary key, s tsquery),;

insert into aliases values(to tsquery(' "),
to _tsquery(' "))

apod=# select ts rewrite(to_tsquery('supernovae'),
'select * from aliases');

ts rewrite



FTS tips — Query rewriting

apod=# select title, coalesce(ts rank cd(fts,q,1),2) as rank
from apod, to _tsquery('supernovae') q
where fts @@ q order by rank desc limit 10;

title rank
________________________________________________ Fo e - - -
The Mysterious Rings of Supernova 1987A 0.669633
Tycho's Supernova Remnant in X-ray 0.598556
Tycho's Supernova Remnant in X-ray 0.598556
Vela Supernova Remnant in Optical 0.591655
Vela Supernova Remnant in Optical 0.591655
Galactic Supernova Remnant IC 443 0.590201
Vela Supernova Remnant in X-ray 0.589028
Supernova Remnant: Cooking Elements In The LMC | 0.585033
Cas A Supernova Remnant in X-Rays | 0.583787
Supernova Remnant N132D in | 0.579241

Lower limit




apod=

—select 1d, title, coalesce(ts_rank cd(fts,q,1),2) as rank

from apod, ts_rewrite(to tsquery('supernovae'), 'select * from aliases') ¢
where fts @@ q order by rank desc limit 10;
id | title | rank

_________ g

1162701 | The Mysterious Rings of Supernova 1987A | 0.90054

1162717 | New Shocks For Supernova 1987A | 0.738432

1163673 | Echos of Supernova 1987A | 0.658921

1163593 | Shocked by Supernova 1987a | 0.621575

1163395 | Moving Echoes Around SN 1987A | 0.614411

1161721 | Tycho's Supernova Remnant in X-ray | 0.598556

1163201 | Tycho's Supernova Remnant in X-ray | 0.598556

1163133 | A Supernova Star-Field | 0.595041

1163611 | Vela Supernova Remnant in Optical | 0.591655

1161686 | Vela Supernova Remnant in Optical | 0.591655

apod=# select title, coalesce(rank_cd(fts,q,1),2) as rank

from apod, to_tsquery('supernovae') q |
where fts @@ q and id=1162717;

| new document
title | rank Old rank ‘
________________________________ B

New Shocks For Supernova 1987A | 0.533312



FTS tips — strip tsvector

* EcAn He HyXXHa peneBaHTHOCTb, TO NO3MLMOHHAA MHOOPMaLMA He
HY}XHaQ — MOXHO MMETb MHAEKC CUIbHO MeHbLue !

postgres=# select to_tsvector('wl w3 wl w3'");
to_tsvector

'wl':1,3 'w3':2.,4
(1 row)

Time: 0.268 ms
postgres=# select strip(to_tsvector('wl w3 wl w3'));
strip



Fast approximated statistics

* Gevel extension — GiST/GIN indexes explorer
(http://www.sai.msu.su/~megera/wiki/Gevel)

e Fast — uses only GIN index (no table access)

* Approximated — no table access, which contains visibility information,
approx. for long posting lists

* For mostly read-only data error is small



Fast approximated statistics

* Top-5 most frequent words (463,873 docs)

=# SELECT * FROM gin stat('gin idx') as t(word text, ndoc int) order by
ndoc desc limit 5;

word | ndoc
________ _|_________
page | 340858

figur | 240366

use | 148022

model | 134442

result | 129010
(5 rows)

Time: 520.714 ms



Fast approximated statistics
e gin_stat() vs ts_stat()

=# select * into stat from ts stat('select fts from papers') order by ndoc desc, nentry
desc,word;

..wait.... 68704,182 ms

=# SELECT a.word, b.ndoc as exact, a.estimation as estimation,

round ( (a.estimation-b.ndoc)*100.0/a.estimation,2)||'%' as error
FROM (SELECT * FROM gin stat('gin x idx') as t(word text, estimation int) order by
estimation desc limit 5 ) as a, stat b

WHERE a.word = b.word;

word | exact | estimation | error
———————— e e s Akt e
page | 340430 | 340858 | 0.13%

figur | 240104 | 240366 | 0.11%
use | 147132 | 148022 | 0.60%
model | 133444 | 134442 | 0.74%

result | 128977 | 129010 | 0.03%
(5 rows)

Time: 550.562 ms



GIN Improvements

 Store additional information (compression)(positions for FTS, array length
for arrays...)

MOXXHO BbIYUC/IATb PENEBAHTHOCTb B MHAEKCE
* Output ordered results from index
(no heap scan!)

e Optimize execution of (rare & frequent) query commited 9.4
6bino:
T(freq & rare)=T(rare & freq) ~ T(freq)

CTano:

T(freq & rare)>>T(rare & freq) ~ T(rare)



20 mln descriptions

Without With patch With patch
patch functional index

Table size 18.2 GB 18.2 GB 11.9 GB
Index size 2.28 GB 2.30 GB 2.30 GB
Index build time 258 sec 684 sec 1712 sec
Queries in 8 hours 2.67 min. 38.7 min. 38.7 min.

3.09 GB
481 sec*

26.7 min.



6.7 min classifieds

Without With patch With patch
patch functional
index
Table size 6.0 GB 6.0 GB 2.87 GB -
Index size 1.29 GB 1.27 GB 1.27 GB 1.12 GB
Index build time 216 sec 303 sec 718sec 180 sec*
Queries in 8 hours 3,0 min. 42.7 min. 42.7 min. 32.0 min.
< W I /



Phrase Search (waiting for support)

e 3anpocobl ‘A & B'::tsquery n 'B & A'::tsquery aayt oaMHaKOBbIU
pe3ynbrat

* MHOrga xo4yeTca UCKaTb C y4EeTOM NopAaKa — NOUCK ppa3bl

* HoBbin onepaTtop $ (A $ B): word 'A' followed by 'B'
- A & B (the same priority)

- exists at least one pair of positions P,P,,so that 0 <
P.—P, = 1 (distance condition)

A$[n]B: 0=P -P =n
A$B=#B9$A



Phrase search - transformation

# select '( A | B)$ (D | C)'::tsquery;

tsquery
A''$'D'" | 'B"$ 'D" | ‘A" $ 'C" | 'B"$ 'C
# select 'A$ (B& (C | ' D) )'::tsquery;
tsquery



Phrase search - example

'PostgreSQL can be extended by the user in many ways' ->

# SELECT phraseto_tsquery('PostgreSQL can be extended
by the user in many ways');
phraseto tsquery

‘postgresql' $[3] ( 'extend' $[3] ( 'user' $[2] ( 'mani' $ 'way' ) ) )

Can be written by hand:
‘postgresgl' $[3] extend $[6] user $[8] mani $[9] way

Difficult to modity, use phraseto tsquery() function !



SP-GiST (9.2)
Space-partitioning trees in PostgreSQL

Challenge: in-memory ADT - page-oriented storage



PostgreSQL extensibility

* There are many interesting data structures not available
* K-D-tree, Quadtree and many variants
* CAD, GIS, multimedia

* Tries, suffix tree and many variants
* Phone routing, ip routing, substring search

e Common features:

 Decompose space into disjoint partitions
* Quadtree — 4 quadrants
» Suffix tree — 26 regions (for english alphabet)

 Unbalanced trees
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SP-GIST

e GiST was inspired by R-tree and doesn't supports unbalanced trees

 We need new indexing framework for
Spatial Partitioning trees:

* Provide internal methods, which are common for whole class of space
partitioning trees
* Provide API for implementation specific features of data type



SP-GIST

* Big Problem — Space Partitioning trees are in-memory structures and not
suitable for page-oriented storage

e Several approaches:

1. Adapt structure for disk storage — difficult and not generalized
2. Introduce non-page oriented storage in Postgres - No way |

3. Add node clustering to utilize page space on disk and preserve locality (path
nodes stored close)



Quadtree implementation

* Prefix and leaf predicate are points, node predicate is short number
* SplitFn() - just form a centroid and 4 nodes (quadrants)

* ChooseFn() - choose a quadrant (no AddNode, no split tuple)

* InnerConsistentFn() - choose quadrant(s)

 LeafConsistentFn — simple equality

e 179 lines of code



Quadtree

* Table geo (points) : 2045446 points from US geonames
Size: 293363712

SeqScan:
knn=# explain (analyze on, buffers on) select point from geo
where point ~= '(34.34898,-92.82934)"';

Seq Scan on geo (cost=0.00..36626.31 rows=10228 width=16)
(actual time=0.027..286.088 rows=1 loops=1)
Filter: (point ~= '(34.34898,-92.82934)"'::.point)
Buffers: shared hit=11057
Total runtime: 286.118 ms
(4 rows)

Time: 286.659 ms



Quadtree

* Table geo (points) : 2045446 points from US geonames
e GiST

kKnn=# create index pt gist idx on geo using gist(point);
CREATE INDEX

Time: 36672.283 ms

Size: 153,124,864

* SP-GIST
knn=# create index pt spgist idx on geo using spgist(point);
CREATE INDEX

Time: 12805.530 ms ~ 3 times faster !
Size: 153,788,416 ~ the same size



Quadtree

* GIST

knn=# explain (analyze on, buffers on) select point from geo where point ~=
'(34.34898,-92.82934) " ;

Bitmap Heap Scan on geo (cost=456.26..11872.18 rows=10227 width=16) (actual
time=0.188..0.188 rows=1 loops=1)
Recheck Cond: (point ~= '(34.34898,-92.82934)"'::point)
Buffers: shared hit=12
-> Bitmap Index Scan on pt _gist idx (cost=0.00..453.70 rows=10227 width=0)
(actual time=0.179..0.179 rows=1 loops=1)
Index Cond: (point ~= '(34.34898,-92.82934)"'::point)
Buffers: shared hit=11
Total runtime: 0.235 ms



Quadtree

* SP-GIST

knn=# explain (analyze on, buffers on) select point from geo where point ~=
' (34.34898,-92.82934) ' ;

Bitmap Heap Scan on geo (cost=576.50..11992.42 rows=10227 width=16) (actual
time=0.041..0.041 rows=1 loops=1)
Recheck Cond: (point ~= '(34.34898,-92.82934)"'::point)
Buffers: shared hit=6
-> Bitmap Index Scan on pt _spgist idx (cost=0.00..573.94 rows=10227 width=0)
(actual time=0.033..0.033 rows=1 loops=1)
Index Cond: (point ~= '(34.34898,-92.82934)"'::point)
Buffers: shared hit=5

Total runtime: 0.083 ms ~ 6 times faster than GIST!
~ 3440 times faster SeQScan !!!



PostgreSQL

e PostgreSQL - 3penasn, pa3sutasa CYB/l, ceoboaHaa nnueH3us, bonbluoe
coobuecTBo nosab3oBaTenen n paspabotymkos (B Tom ymncne n B Poccuum)

* Pacwmnpaemoctb PostgreSQL no3sonaet 4ob6aBaATb HOBbIE TUMbl AAHHbIX,
HOBble onepaunmn «Ha xoay»

* PostgreSQL — peanbHbIM KaHAMAAT HA HaunoHanbHyto CYB/,
ncnonbvsyetca 8 MO.



PostgreSQL

e PostgreSQL - 3penasn, pa3sutasa CYB/l, ceoboaHaa nnueH3us, bonbluoe
coobuecTBo nosab3oBaTenen n paspabotymkos (B Tom ymncne n B Poccuum)

* Pacwmnpaemoctb PostgreSQL no3sonaet 4ob6aBaATb HOBbIE TUMbl AAHHbIX,
HOBble onepaunmn «Ha xoay»

* PostgreSQL — peanbHbIM KaHAMAAT HA HaunoHanbHyto CYB/,
ncnonbvsyetca 8 MO.



OaHakKo

* PenaunoHHble CYB/l bbinn pa3paboTaHbl AN CTAapON apXUTEKTYPbI |

e [loporo cepBep, MaJIOMOLLHbIN NPOLECCOP, Mas0 NaMATH, CPaBHUTENbHO
6onbLwon ANUCK

* CoBpemMeHHble cnucTtemsl
¢ MHOFOH,LI,eprIe AelweBble cepBepa, O6'be,£I,I/IHEHHbIe B CeéTn, MHOTO NaMAaTu

* CTapble 3agauyn — noacyet geHer

* HoBble 334341 — MHPOPMALMOHHbIN MOUCK, 6ONbLUAA KOHKYPEHTHOCTD,
MHOro pPa3Hoo0bpa3HbIX U3MeHALWMXCA AaHHbIX, highload



Bandwidth VS Latency

10Mbit Ethernet 1 MB/s 3000 ps

56Ghit Infiniband ~5000 MB/s (~5000x) 0.7 ps (~4300x)
Cny4yamHbIN 4OCTYN — MeANEHHO
- RAM — 3to HDD
- HDD — o710 tape
CPU — aHanornyHo



TpeboBaHuA K b/l

* CKOpOCTb, CKOPOCTb U CKOPOCTb
* HageHOCTb
* LlenocTtHOCTb, TPAH3aKLMOHHOCTb



B pacrnipedenéHHoOU cucmeme HeEB03MOMXHO obecrie4yums 0OHOBPEMEHHOE 8biMNOMHEHUE
8cex mpéx ycaosuli: KoppekmHocmu, 0ocmyrnHocmu, ycmouyusocmu K cboam y3nos.(Eric
A. Brewer, CAP-theorem)

Visual Guide to NoSQL Systems

Availability:

Each 1ent can W v\ S =

b Data Models | NEy-vValue )

e R Column-Ornented/Tabular
FESS Document-Oriented

AP

Cassandra
t SimpleDB
inet CouchDB
Riak KauscTBeHHD

Pick Two

F)

Consistency: CP lj’”zn'tirion Tolerance:
' o MongoDB
Terrastore




CKopocCTb

* |[n-memory

* Append only write

e Context switch (1000 cycles per switch, 1075 csps in x86)
* Bulk net io operation

* Kqueue, epoll - libev

* Single threaded on non CPU-intensive queries



In memory and append writes

* ba3a uennKom B NamATH
* Ha ancke — egmnHoBpemeHHble cHanwoTbl (Copy-On-Writes)
* NIameHeHnAa — B WAL



Context switch

* [loxoa B AA4pO — A0pOro
- 2 context switch
- cache trashing

* [laKeTHbIV BBOA, BbIBO/, B COKET
- 2 context switch + memcpy(small buffer)
- KonnpoBaHue 8-6amToBbIX cTpoK 300 MB/s

* [lepeynopago4vnmBaHme 3anpocos (write 3anpocbl XAyT AUCK)
* [pynnunposKa 3anucm B WAL



Execution

* leHOpmanmsauma

* [pocTble 3aNpPOCbl — B TEKYLLEM TPpeae/KOHTEKCTe
- trick — conporpammbl (KHyT)

* CnhoxHble 3anpocbl — Tpeabl, GPU



HafneXHOCTb

* Fsync, fdatasync, O_DIRECT
* Slaves

* Multimaster, paxos

e Sharding



TpaH3aKUMOHHOCTb

o
* Oyepeau

* CoxpaHAem aTOMapHOCTb
e Update HeckonbKnx 3anmncen 3a oaHy 3anucob 8 WAL
* UNDO norn — canwikom goporo



CKopocCTb

* HeboraTtbih BUHAPHbIN A3bIK 3aNPOCOB

* OTCcyTCTBME ONTUMM3aTopa/NIaHNPOBLLUKA



Peannsauyunsa sbicokonpounssogutesnbHon CYb/]

* High-performance framework

* In-memory (rapaHTUPOBAHHOE KO/1-BO NaMATH)
* CA (KOpp€eKTHOCTb, AOCTYMNHOCTb)

* Snapshot+WAL

* ACMHXPOHHOCTb

e X*1076 reg/sec - npocTble 3anpochl

* X*10A75 req/sec - «Ta)Kenble» 3anpochl

e X*10”4 req/sec - mogmnduKkauma AaHHbIX



Peannsauyunsa sbicokonpounssogutesnbHon CYb/]

* peanbHoe npumeHeHue

* MOHUTOPUHT — MOBUNbHbIE CUCTEMbI, OTCIEXKNBAHUE NEepeMeELLEHNIN BOoNbLLINX
rpynn ob6beKkToB B pexKMme OHNamH

* PeKoMmeHOaLUuMOHHbIE CUCTEMDI

* BO3MOXHOCTb pa3BUTUA

e Ectb Framework, Tpebyetcsa pa3spaboTatb cneumnduKy 3aga4m (MPOCTPaHCTBEHHbIE
NaHHble, OKYMEHTHI,...)

* ~3 mecAaua Ha NPOTOTUN
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