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Pogzgres Oner bapTtyHoB::Teodor Sigaev

* Locale support

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

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

* Full Text Search (FTS)

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


https://www.facebook.com/oleg.bartunov
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Pos)gres Alexander Korotkov

* Indexed regexp search

* GIN compression & fast scan
* Fast GiST build

* Range types indexing

* Split for GiST

* Indexing for jsonb

* jsquery
* Generic WAL + create am (WIP)

aekorotkov@gmail.com



ol PROFESSIONAL I-ple 6bIBaI-OT Hy)'KHbI
Pogzgres NPOCTPaHCTBEHHbIe AaHHble ([11)7

* TNC

* ACTpOHOMMUA

* CAIP

* PekomeHaaQUMOHHbIE CUCTEMDI
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Pos).gres [Toyemy HyXHO XpaHuTb 11 8 CYB/?

* 1oCTYNHOCTb
* TpaH3aKUMOHHOCTb
* [lpocToTa 06CNYHKMBAHUA



Yoo 11OYEMY HYXKHA CNeumnanbHaA
Posgares  nonnepska N s CYBA?

° Hy)KHbI crneunaszibHbie TUlMbl AdHHDbIX

* Hy»XHbl cneunanbHble onepaunm (PpyHKLUN,
onepaTtopbl)

* Hy»XHbl cneunanbHble MHAOEKCHI
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Pos}gres Cnocobbl pabotbl ¢ 11, 8 PostgreSQL

* BcTpoeHHble TUMNbl AAaHHbIX
* PostGlIS

* pg sphere

* cube

* Q3C



Pogzgres BcTpoeHHble Tunbl

* OTaenbHble TUNbI ANA Pa3HbIX reOMETPUYECKUX 0O BbEKTOB:
point, box, polygon, circle n T.A4.

* [eomeTpUA Ha NJIOCKOCTMU

* GIST nHgekceol, noaaepKka KNN ana Touek u
NPAMOYro/IbHUKOB

http://www.postgresql.org/docs/9.4/static/datatype-geometric.html


http://www.postgresql.org/docs/9.4/static/datatype-geometric.html

Pos}gres PostGIS

* TUNbl-KOHTENHEPDI

— geometry —reomeTtpua B 2D-4D eBKAMA0BOM NPOCTPAHCTBE

— geography — reomeTpusa Ha cpepe
* CooTtBeTtcTBue cneuyndukaum Simple Features ona SQL ot OGS
* GIST nHpekcebl, noaaep*kka KNN

— Onepatop "<->" — paccroaHue oo ueHTpa MBR
— Onepatop "<#>" — paccroaHmne no Kpas MBR
http://postgis.net/


http://postgis.net/
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Pos)gres PgSphere

* [eomeTpuna Ha chepe
* OTaenbHble TUMNbI ANA Pa3HbIX TEOMETPUYECKNX ODBEKTOB:
spoint, sbox, sline, spath, spolygon un 1. A.
* GIST nHaeKcsl
* dPopk: https://github.com/akorotkov/pgsphere
— Bug fixes
— KNN
— Experimental spatial join


https://github.com/akorotkov/pgsphere

* He BBOAATCA HOBbIE TUMbI AAHHbIX, PaboTa TO/IbKO C TOYKaMU
Ha chepe

* OyHKUMOHANbHbIN btree nHaeKc

* [lpocTpaHCTBEHHbIN NOUCK NO btree, spatial join

https://code.google.com/p/q3c/


https://code.google.com/p/q3c/

Pos) gres PaananbHbIK 3anpoc

HanTtn BCce TOUKMU,

PACNO/IOXKEHHbIE He .
aAanbwe yem X ot

3a1aHHOMN TOYKM

(pacnonoXeHHble BHYTpU
33JaHHON OKPYXKHOCTH).



)......... Kpocc-oToxaecrsneHue
Posgares (spatial join)

[
M3 ABYX MHOXECTB TOYeK /\,v
HaWUTW BCe napbl ¢ \ .
p J -*(_/
PACMNOJIOXKEHHbIE He \
Aanblle yem X Apyr oT ‘o
npyra.
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Pos{gres
* haversine
* Q3C
* pgSphere
* PostGlIS

CpaBHeHMe meToa0B
NMOMUCKA Ha chepe



Pogzgres Haversine




Pos ' gres CTpYKTYypa g3cC

* Kyb BnucaH B chepy

* LleHTpanbHaa npoeKkuma Kyba Ha cpepy

* Quad-tree Ha rpaHAax Kyba cBs3biBaeT KOOPAMHATbLI Ha chepe ¢
uenbim ymcaom (IP1X)




Pogzgres NHaekc g3c¢

[To Homepam KBaapaHTOB B 3¢ cTponTCAa 0bblyHbIN btree
NHAOEKC




Pogggres Ob6paboTKa 3anpocos q3c

[TpoCTpaHCTBEHHbIN 3aNpoC
npeobpas3yeTca B o6beguHeHue
MANa30HHbIX 3aMNpPOCOB K HOMepY
KBaApaHTa.
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Pos)gres R-tree:npumep




Pos) gres Generalized search tree (GiST)

* ObobuweHune Hag R-tree n ero Bapmaumamm
* EAMHCTBEHHaA nonHoueHHaAa peanansaumna — B PostgreSQL

* MHoXecTBO peanmn3saumnsa (operator class) ana pelwieHums
Pa3/INYHbIX 33434



Pogzgres Bepcuun pgSphere

* pgSphere 1.1.1 — nocneaHee BepcmAa Ha Ha4vyano
nccnenoBaHUA

* pgSphere 1.1.2 —ucnpasneHbl OWIMNOKN, UBMEHEH
aNroOpmuTM pasaeneHumns y3na

* pgSphere 1.1.5 — gob6asneH opclass spoint2,
NO3BO/IAIOLWMMN XPAaHNTb TOYKU B IMCTOBLIX Y31axX (He
Hy»*eH recheck)
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Pos})gres cube contrib

* Tun cube — «Ky6» (Ha camom gene n-mepHbIN
NPAMOYIOJIbHUK)

* GIST nHaeKcsl

* Crac KenbBuy GSoC 2013 — KoOMnNaKTHOE XpaHeHue
Toyek(committed), KNN, Tunebl, ynydwenme GiST.

http://www.postgresql.org/docs/9.4/static/cube.html


http://www.postgresql.org/docs/9.4/static/cube.html

PoggEF*é“é pgSphere
Ctapbiu split Hosbin split




Jeroressona. KPOCC-OTOXKAECTBNAEHUEe

Pos gres No ABYM MHAEKCAM

* Bbibop nap /7 7
nepecekatowmxca MBR B ) X /
KOpHEBOW cTpaHuue R-tree v VAEGN

* PekypcrBHOE NOBTOPEHUE \ F\/ SN
onepauuun anaa cCTpaHuu, \ \ ﬂ
COOTBETCTBYHOLLUX . N\, /

BblOpaHHbIM Nnapam MBR
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Pos gres PostGIS

Pacwunpenue ana pabotbl c T’MC gaHHbIMWY,
peanusyrouwee ctaHaapt OpenGlIS

* O4yeHb NnonynapHo, ncnonbisyetca B Takux M1C
nnatdopmax, Kak ArcGIS n QGIS

* PacnpocTtpaHaeTca no amueHsnm GNU GPL 2

* Coaoep*uT B cebe peanmsaumo N—MepHOro
R—aepeBa Ha ocHoBe GiIST.



o] PROFESSIONAL B eMmi,. 3dToadnmMBaemoe Had BCTAdBK
Posjgres °P="7" 3P Y

* Q3C
Q3C / chunk=100000

* pgSphere
] —— pgSphere 1.1.1/ chunk=100000

— 1 1 1 ] — pgSphere 1.1.2/ chunk=100000
. N pgSphere 1.1.5+spoint2 [ chunk=100000
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Pos{gres

* Q3C
* pgSphere
- 1.1.1
— 1.1.2
— 1.1.5 spoint2

* haversine
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). Yucno cumTaHHbIX 610KOB MHAEKCa
Pos{gres npu shared_buffers =512 Mb

* Q3C
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Posggres Yncno cuymtaHHbIX 610K0B Tabaunubl
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Pos{gres

Q3C
pgSphere
— 1.1.5 spoint2

— 1.1.5 spoint2
idx

haversine

Query time, ms

Bpemsa BbinoONHEHUA

'KPOCC-OTOXAECTBNEHUA

Q3c

— pgSphere 1.1.5 + spoint2

— pgSphere 1.1.5 + spoint2 + idx
h =

— naversine

PostGIS 2.1

III|
10°

Number of points matched against 17 table




Pos) gres Y10 He TaK c PostGIS?

* AAropuTm pasaeneHua ysna

* OWwnbKM Npm peannsaumm Knacca onepatopos (?)



Posjigres KNN-GIST

* KNN — Hantu K 6amkanwmnx cocegen (K- nearest neighbourhood)

* O4yeHb TPYAHAA ANA TPAAULMOHHbBIX aATOPUTMOB NOMUCKA
* IHAEeKC He NoMoraeT, TaK KaK HeT npeaunKaTa
* Tpebyetca full table scan, coptnposKa
* Micnonb3yloTcAa pa3Hble «KOCTbIAM» - range search, KaK 3a4aTb HYXXHbIN pagnyc ?

* Unpea KNN-GIST
* icnonb30oBaTb HOBYIO cTpaTermio obxoaa nonckosoro aepesa (GiST) -
Priority Queue Bmecto DFS (BFS)
* Cpa3y nonyyaem Heobxoamumblie K-3anmcen B Hy»KHOM nopsake
* Yem b6onbue Tabnunua, tem 6onbuie sbinrpbitl KNN-GIiST
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Pos}gres Knn:History of development

* Hayano npoekta - Sep 8, 2007 at 7:54 PM

date Sat, Sep 8, 2007 at 7:54 PM
subject Chat with Sergey V. Karpov

/:36 PM me: a 1yT knn-search 3aHumMalCb, mMacca UHTepecHoro. Bce aymaio,
Kak B MNoCTrpece >TO MNOUMETH

Sergey:. a UTO 3TO Takoe?
7:37 PM me: k-nearest coceaen - cynep BaxHas 3ajaya

HanTn 5 6numxanwmx Touyek
7:38 PM Sergey: Onuxanwunmx K uemy?

me:. K 3aJdaHHOW Touke
7:39 PM Sergey: B KaKOW cucteme KOOpPAWHAT?

me: B nMwbon, B N-MepHOM MNPOCTPAHCTBe. B npocTom BapuaHTe - XOTS Obl
Ha 3emne/Hebe
/:40 PM >TO HYXHO AN NOUCKA MOXOXUX KAPTUHOK, Hanpumep.

HaBWHbLIN BAapWaHT MOBTOPSATb 3aMpPoChbl - He KaAaTuUT



Pogzgres Knn: History of development

* TODO (http://www.sai.msu.su/~megera/wiki/TODO)
Ha4dano 2008 roaa, yXe eCcTb NOHUMAHUE YTO AenaTb

* 25 nona 2009 roga — nucbmo Paul Ramsey (POSTGIS)
* 10 nrona 2009 roaa — KoHTpaKT Open Planning Project Inc.
* 20 HOABpA 2009 roga — naty KNNGIST v.0.1 (moaynb paciu)

* Commitfest nightmare
* 22 ntona 2010 — KNNGIST (v.0.8), commitfest
* 13 ceHTabpa 2010 — KNNGIST (v.0.9)
* 03 pekabpa 2010 — Tom Lane committed for 9.1 |
* 21 aHBapa 2011 — contrib/btree_gist committed !


http://www.sai.msu.su/~megera/wiki/TODO
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Pos}gres KNN-search: Examples
* Synthetic data — 1,000,000 randomly distributed points

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

SELECT * FROM qq ORDER BY (p <-> '(0,0)"') ASC LIMIT 10;
<-> - distance operator, provided by data type
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Pos}gres KNN-search: Examples

* Boinrpoiw 1700 pa3s ana K=10 |

Limit (actual time=327.674..327.675 rows=10 loops=1)
Buffers: shared hit=7353
-> Sort (actual time=327.673..327.674 rows=10 loops=1)
Sort Key: ((p <-> '(0,0)"'::point))
Sort Method: top-N heapsort Memory: 25kB
Buffers: shared hit=7353
-> Seq Scan on gq (actual time=0.009..180.513 rows=1000000 loops=1)
Buffers: shared hit=7353
Execution time: 327.698 ms
Limit (actual time=0.116..0.160 rows=10 loops=1)
Buffers: shared hit=14
-> Index Scan using gqq_p_s_idx on qq (actual time=0.116..0.156 rows=10 loops=1)
Order By: (p <-> '(0,0)'::point)
Buffers: shared hit=14
Execution time: 0.183 ms
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Pos}gres KNN-search: Examples

* Boinrpeoiw 220 pa3 ana K=1000 |

Limit (actual time=314.262..314.471 rows=1000 loops=1)
Buffers: shared hit=7353
-> Sort (actual time=314.261..314.365 rows=1000 loops=1)
Sort Key: ((p <-> '(0,0)"'::point))
Sort Method: top-N heapsort Memory: 127kB
Buffers: shared hit=7353
-> Seq Scan on gq (actual time=0.008..172.222 rows=1000000 loops=1)
Buffers: shared hit=7353
Execution time: 314.599 ms
Limit (actual time=0.073..1.334 rows=1000 loops=1)
Buffers: shared hit=1016
-> Index Scan using gqq_p_s_idx on qq (actual time=0.072..1.225 rows=1000 loops=1)
Order By: (p <-> '(0,0)'::point)
Buffers: shared hit=1016
Execution time: 1.429 msl
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Pos}gres KNN-search: Examples

* Boinrpbiw 15600 pa3 ana K=10 n N=10,000,000 !

Limit (actual time=3212.470..3212.473 rows=10 loops=1)
Buffers: shared hit=96 read=73434
-> Sort (actual time=3212.469..3212.470 rows=10 loops=1)
Sort Key: ((p <-> '(0,0)"'::point))
Sort Method: top-N heapsort Memory: 25kB
Buffers: shared hit=96 read=73434
-> Seq Scan on gg (actual time=0.009..1827.449 rows=10000000 loops=1)
Buffers: shared hit=96 read=73434
Execution time: 3212.492 ms
Limit (actual time=0.143..0.184 rows=10 loops=1)
Buffers: shared read=14
-> Index Scan using gqq_p_s_idx on qq (actual time=0.143..0.182 rows=10 loops=1)
Order By: (p <-> '(0,0)'::point)
Buffers: shared read=14
Execution time: 0.205 ms
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Pos gres KNN-search: OuenaTtku

* Tourpammol ( nonata:' _na',' no', 'non', 'ona’, 'nat’, 'ata’)
. MeTpMKa (noxorkecTb) S (W1, W2)

. /max(N N.)

unlon
e 2*N /(N +N) CREATE EXTENSION pg trgm;

union

. /(N *‘N -N ) =# \d words

unlon union

Table "public.words”
* PacctosHme D (W1,W2): Column | Type | Modifiers
*1-s T o T
W | text |

*1/S Indexes:

"words w_idx" gist (w gist _trgm ops)
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Pos gres KNN-search: OuenaTtku

select w from words order by w <-> 'risource' 1limit 5;

resource
rice

rivets

ridden

rivalled

(5 rows)
Limit (actual time=0.333..0.345 rows=5 loops=1)

-> Index Scan using words w_idx on words (actual time=0.333..0.344 rows=5 loops=1)
Order By: (w <-> 'risource'::text)
Execution time: 0.366 ms



). KNN-search: OyenaTtku (Lateral
Posgares Qquery)

SELECT w.w, s.w as similar FROM words w CROSS JOIN LATERAL (SELECT w FROM words
ORDER BY w.w <-> w 1imit 2) s WHERE w.w LIKE 'ar%' AND w.w <> s.w;

W | similar
______________ F oo e e e e e e e e e e = -
archiver | anniversary
armadillos | armchairs
artillery | distillery
arithmetized | authorized
armchairs | airspeed

(5 rows)

Nested Loop (actual time=0.727..2.592 rows=5 loops=1)
-> Index Scan using words w_idx on words w (actual time=0.127..0.165 rows=5 loops=1)
Index Cond: (W ~~ 'ar%'::text)
-> Subquery Scan on s (actual time=0.483..0.483 rows=1 loops=5)
Filter: (W.w <> S.W)
Rows Removed by Filter: 1
-> Limit (actual time=0.321..0.481 rows=2 loops=5)
-> Index Scan using words w_idx on words (actual time=0.318..0.477 rows=2 loops=5)
Order By: (W <-> W.W)
Execution time: 2.633 ms
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Pos gres KNN-search: OuenaTtku

=# select w from words order by w <-> '%isourc%' limit 5;

resource
iron
into
idles
injure
(5 rows)
Limit (actual time=0.251..0.261 rows=5 loops=1)
-> Index Scan using words w_idx on words (actual time=0.251..0.260 rows=5 loops=1)
Order By: (w <-> '"%isourck%'::text)
Execution time: 0.282 ms
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Pos}ares KNN-Search: OrpaHuuyeHus

7 Kak HanTu
brvkanume
i YIWLbI, 3HaA
TONBKO UX
MBR?

= m PacctosiHue ao
rpaHuubl MBR
| . MBR paért

LB
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Pos}gres KNN-Search: OrpaHnyeHus

WITH closest_candidates AS ( User-level haCk

SELECT streets.gid, streets.name, streets.geom
FROM nyc_streets streets
ORDER BY streets.geom <->

'SRID=26918;POINT(583571.905921312 4506714.34119218)'::geometry OTKy,D,a
LIMIT 100
) M3BECTHO, YTO
SELECT gid, name
FROM closest_candidates '1CX)
ORDER BY ST_Distance(geom, onTnMmalnbHOe

'SRID=26918; POINT(583571.905921312 4506714.34119218) "' : : geometry)
LIMIT 1; 3Ha4vYeHue?



Pos

ol PROFESSIONAL PeLueHme: ExaCt KNN

gres

R-tree

iptr1;iptr2

(1) -
\ Priority queue

Page 1

1) U3 R-tree nobaengaem iptr BmecTte C
OLIEHKOW pacCTosiHUA B odepenb (Kak n bbIno

B?B3HT 10 U3 O4Yepeamn OLEHKY PacCTOAHUS
nepenpoBepsaem no heap

iptr1; distance1 iptr2; distance?2

3) TouHOEe paccTosiHMe Bo3Bpallaem B heap



Pogzgres Exact KNN: cTatyc

* [laeT npaBUNbHbIN pe3ynbTaT 3a MUHUMAarbHO
BO3MOXHO€E BpeMS.

* BbinoxeH naty Ha commitfest.

* ECTb MHOIO apXMUTEKTYPHbIX BOMPOCOB (A0CTYN K

heap 13 index scan).
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Pos)gres Spaghettiindexing ...
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R-tree fails here — bounding box of each separate spaghetti is the same
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R-tree fails here — bounding box of each separate spaghetti is the same
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Pos}igres BbIBoA

* CYB/ PostgreSQL npeanocTtaBndaert boraTtble
BO3MOXHOCTU AnAa pabotbl c [1/1, B T.4. B chepmnyeckomn
cUcTeme KoopAanHaT, 1 no3sonaeT 3apPeKTUBHO
BbIMNO/IHATb Pa3/INYHbIEe BUAbl MOMUCKA MO HUM.

*[lepcneKkTMBHbIEe HanpaBaeHnAa paboTbl:
* Exact KNN
* Spatial join
* Multiple index tuples per heap tuple (VODKA index)
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Pos)gres

Cnacubo 3a BHMMmaHue!
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