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PostGIS + k-NN

KaK HAUTU 61M»Xanumm 6ap,
M nNpaBaa Nnun, uUtTo 3eMneq He NJIOCKasnA

Anekcen @apgees, CTapLUnM pa3padboTumk .NET



O cebe

Anecen ®apees, cTapwmm pa3pabotuuk .NET
KoMnaHwua sibedge, r.-ToMck

Cdepa pedarenbHOCTH
Backend-pa3paboTKa

PaboTta c CYB[, onTnMm3auma n
Ncnonb3syeMm: PostgreSQL, \§
Microsoft SQL Server {

KoHTaKTbI

Email: fadeevas@sibedge.com
https://vk.com/fadeev
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https://vk.com/fadeev

Mano poknagoB no PostGlsS...
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O yeMm Ha caMOM oersne gaoxknaa

HenpgamMo-
yrosibHble
KoopAMHATDI

MHOEKCHbIU
NOUCK

v KaK HE 3alyTaTbCA
OT NPON3BOJIBHOWMN TOYKHU
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[Monck B oAHOMEPHOM MNpoCcTpPaHCTBEe

Bcé npocTo
[TpuMep: NCTOpMA MOKA3aHMM AaTYMKa 33 DONbLION NEPUOa BPEMEHM

Hantu k 6amkanwmx 3HavyeHn (8 obe cTopoHbl)
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[MouncK B ogHOMEepPHOM MpOoCTpPaHCTBe

_id|datetime ___________value |
B1 2020-05-01 13:26:33 19.36
B2 2020-05-01 13:26:34 19.35

Hantu k 6amkanwmx 3HaveHn (B obe cTopoHbl)

Y
) .. .-.ﬁ . .
L '
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[MouncK B ogHOMEepPHOM MpOoCTpPaHCTBe

_id|datetime ___________value |
B1 2020-05-01 13:26:33 19.36
B2 2020-05-01 13:26:34 19.35

Hantu k 6amkanwmx 3HaveHn (B obe cTopoHbl)

SELECT * FROM data
ORDER BY ABS(:myvalue - value)
LIMIT

He byaeT ncnonb3oBaH MHAEKC
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[MouncK B ogHOMEepPHOM MpOoCTpPaHCTBe

_id|datetime ___________value |
B1 2020-05-01 13:26:33 19.36
B2 2020-05-01 13:26:34 19.35

Hantu k 6amkanwmx 3HavyeHn (8 obe cTopoHbl)

SELECT * FROM
(SELECT * FROM data WHERE value >= :myvalue
ORDER BY value LIMIT ) sl

UNION ALL
SELECT * FROM

(SELECT * FROM data WHERE value < :myvalue
ORDER BY value DESC LIMIT ) s2
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[Tounck B 2D-NpocCcTpaHCcTBE

3a4a4a: HanTtu 6ankanwmm bap

MosKeT ObITb TaK Ke?
B-tree MHAEKC MO KaxkaoM KoopamnHaTe

Bepém k bankanmx ToueK No Kaxaom KoopanHaTe B o6e CTOPOHbI

Profit?
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[Tounck B 2D-NpocCcTpaHCcTBE

& sibedge

10



[Tounck B 2D-NpocCcTpaHCcTBE
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[Tounck B 2D-NpocCcTpaHCcTBE

OrpaHU4YMTb NPAMOYToNbHY 061acTb?
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MHOEeKCHbIWN
NOUCK

HenpgamMo-
yrosibHble
KoOoOpAMHATDI
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[MTonckK B npocTtpaHcTBe (k-NN)

SELECT point(3, 9) <-> point (9, 4);

5 5
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[MTonckK B npocTtpaHcTBe (k-NN)
| |id |amenity |coordinates |

B1 shop (64.2, 88.3)
B2 bar (50.5, 87.4)

SELECT * FROM building
ORDER BY coordinates <-> point ( , )
LIMIT K

& sibedge
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[MTonckK B npocTtpaHcTBe (k-NN)
| |id |amenity |coordinates |

B1 shop (64.2, 88.3)
B2 bar (50.5, 87.4)

SELECT * FROM building
ORDER BY coordinates <-> point ( , )
LIMIT K

MHaekc GiST: MHAEKCHbIWM NOUCK OT NMPOM3BOJIBHOM TOYKMU

& sibedge
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MHOEeKCHbIWN
NOMUCK

HenpgamMo-
yrosibHble
KoOoOpAMHATDI
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MHpekc GIST
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MHpekc GIST




MHpoekc GIST
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MHpoekc GIST
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MHpoekc GIST
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MHpoekc GIST
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MHpoekc GIST
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MHpekc GIST
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[MTonckK B npocTtpaHcTBe (k-NN)
| |id |amenity |coordinates |

B1 shop (64.2, 88.3)
B2 bar (50.5, 87.4)

SELECT * FROM building
ORDER BY coordinates <-> point ( , )
LIMIT K

MHaekc GiST: MHAEKCHbIWM NOUCK OT NMPOM3BOJIBHOM TOYKMU

& sibedge
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[MTonckK B npocTtpaHcTBe (k-NN)
| |id |amenity |coordinates |

B1 shop (64.2, 88.3)
B2 bar (50.5, 87.4)

SELECT * FROM building

ORDER BY coordinates <-> point (
LIMIT 10;

MHaekc GiST: MHAEKCHbIWM NOUCK OT NMPOM3BOJIBHOM TOYKMU

OnepaTtop <-> He noagepmaetca mHorMmm ORM

& sibedge
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MHOEeKCHbIWN
NOUCK
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KoOoOpAMHATDI
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LINQ to DB - pacwunpaemaa ORM

[Sql.Expression("{@} <-> {1}", ServerSideOnly = true)]
public static double Distance(NpgsqlPoint , NpgsqlPoint ) =>
throw new NotImplementedException();

& sibedge
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ling2db.EntityFrameworkCore

[1o3BO1IAET BbINONHATL 3anpockl LINQ to DB

Knaccol DbContext u Entities — ona EF Core

& sibedge

33



[MTonckK B npocTtpaHcTBe (k-NN)

[Sql.Expression("{@} <-> {1}", ServerSideOnly = true)]

public static double Distance(NpgsqlPoint , NpgsqlPoint ) =

throw new NotImplementedException();

var myPoint = new NpgsqlPoint { X = 48, Y = 46 };

var = await context.Buildings
.Select(x => new

{
Data = X,
Distance = PgExt.Distance(myPoint, x.Coordinates)
})
.OrderBy(x => x.Distance)
.Take(10)
.ToListAsync();

& sibedge
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k-NN + ORM

| |id |amenity |coordinates

B1 shop (64.2, 88.3)
B2 bar (50.5, 87.4)

SELECT x.id, x.amenity, x.coordinates
FROM building x

ORDER BY :myPoint <-> x.coordinates
LIMIT 10;

& sibedge
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[MTonckK B npocTtpaHcTBe (k-NN)

[TOMCK OT NPON3BOIBHOM TOYKM C NOAAEPKKON MHAEKCOB

LINQ to DB: nouck B npoctpaHcTee Yyepes ORM

BCé, yto Hy)KHO! ... nan HeT?

& sibedge
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PGCONF.RUSSIA 2021

Bnagumup CypauH
MrY

OOUEHT

17:45 26 OKTA6pS

Mudbl 1 3abnyxaeHna o BceneHHom

Mbl XMUBEM B OKPYXEHWUK MI.—'I[I]DBZ NOCTOAHHO BHGHYH{AEEMCH B OTHOLUEHUW NONMTUKMN, SKOHOMKWKKW, MCTOPUK CBOEKH
CTpaHbl K ... KOCMOCA. ﬂc}rlpc}fi}fem BEMECTE DEEO&DETIJCH B Hanbonee OCTpbIX BONpocax, CBA3aHHbIX C aCTPOHOMWEN
W KOCMUYECKWMW uccneoBaHnAMK. BOaMOXHO, Mbl Nyylle HayHemM NOHUMMATE OKPYXaHLKWA HAC MUp, naberatb

NYTbIX CeHCcalWii U YBUAUM AeACTBUTENbHO UHTEPECHbIE M NPUBNEeKaTeNbHble CTOPOHbI HayYHbIX UCCNefoBaHUA.

https://pgconf.ru/talk/1589284
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MHOEeKCHbIWN
NOUCK

HenpamMo-
yrosibHble
KoopAMHaATDLI
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HenpamMoyronbHble KOOpAOAMUHATDI




HenpamMoyronbHble KOOpAOAMUHATDI




PostGIS - reonokauuna, Kaptorpadpus

PacwunpeHnne ana PostgreSQL

OTKPbITbIN MCXOAHbIN KO/,

Tunsl NMPOCTPaHCTBEHHbBIX AdHHbIX

[TpocTpaHCTBEHHbIE GYHKLMM

& sibedge
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dyHKUMa ST_Distance

PaccTtoaHme mexay ABYyMA TOYKaMM
SELECT ST Distance(

ST _Transform( 'SRID=4326;POINT(-72.1235 42.3521)"'::geometry,
ST Transform( 'SRID=4326;POINT(-72.1260 42.45)"::geometry,

& sibedge

) s
) )
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dyHKUMa ST_Distance

PaccTosiHMe mexay ABYMA TOYKaMU

SELECT ST Distance(
ST Transform('SRID=4326;POINT(-72.1235 42.3521)"'::geometry,
ST _Transform('SRID=4326;POINT(-72.1260 42.45)"'::geometry,

TekctoBblt popmat WKT (Well-known text) / OGC (Open Geospatial Consortium)

& sibedge

) s
) )
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dyHKUMa ST_Distance

PaccTtoaHme mexay ABYMA TOYKaMM
SELECT ST Distance(

ST Transform( 'SRID=4326;POINT(-72.1235 42.3521)"'::geometry, 3857),
ST Transform( 'SRID=4326;POINT(-72.1260 42.45)"'::geometry, 3857) );

TekctoBbln dopmaTt WKT (Well-known text) / OGC (Open Geospatial Consortium)

Magic numbers

& sibedge

44



dyHKUMa ST_Distance

PaccTtoaHne mexay ABYMS TOYKaMM

SELECT ST Distance(
ST Transform('SRID=4326;POINT(-72.1235 42.3521)"::geometry,
ST Transform('SRID=4326;POINT(-72.1260 42.45)"'::geometry,
TekctoBbln dopmaTt WKT (Well-known text) / OGC (Open Geospatial Consortium)

Magic numbers

[ne 3aecb kK-NN?

& sibedge

) s
) )
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dyHKUMa ST_Distance

PaccTosiHMe mexay ABYMA TOYKaMU

SELECT ST Distance(
ST _Transform(ST_SetSRID(ST_MakePoint(
ST _Transform(ST_SetSRID(ST_MakePoint(

TekcroBbHA-GOPMaT QYHKL NN
Magic numbers

[ne 3aecb kK-NN?

& sibedge

)

)

)

)

) s
) )
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dyHKUMa ST_Distance

PaccTosiHMe mexay ABYMA TOYKaMU

SELECT
ST Transform(ST_SetSRID(ST MakePoint(
<-> ST _Transform(ST_SetSRID(ST_ MakePoint(

PYyHKUMM
Magic numbers

OnepaTop k-NN

& sibedge
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)>

)>
)>

) )
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yrosibHble
KoOoOpAMHATDI
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[TpoCcTpaHCTBEHHDbIE NMPUBA3KA

SRID (Spatial Reference System Identifiers)
SRID 4326

EPSG registry (European Petroleum Survey Group)
EPSG:3857

https://epsg.io/?q=4326

& sibedge
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https://epsg.io/?q=4326

dyHKUMa ST_Distance

PaccTosiHMe mexay ABYMA TOYKaMU

SELECT
ST Transform(ST_SetSRID(ST MakePoint(
<-> ST _Transform(ST_SetSRID(ST_ MakePoint(

& sibedge

), 4326),
), 4326),

)
) )
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[eoge3nyecKue annmncomaanbHble c/K

EPSG:4326 - WGS 84, World Geodetic System 1984, used in GPS
EPSG:4923 —T113-90, MNMapameTpbl 3emam 1990

EPSG:7678 —113-90.02, MNapameTpbl 3emam 1990.02, 2007
EPSG: 7680 —113-90.11, lMapameTpbl 3emnm 1990.11, 2014

PostGIS: 4326 (WGS 84) n 7678 (I13-90.02) aKBMBaANEHTHbI

& sibedge
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dyHKUMa ST_Distance

PaccTosiHMe mexay ABYMA TOYKaMU

SELECT
ST Transform(ST_SetSRID(ST MakePoint(
<-> ST _Transform(ST_SetSRID(ST_ MakePoint(

& sibedge

), 4326),
), 4326),

)
) )
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dyHKUMa ST_Distance

PaccTosiHMe mexay ABYMA TOYKaMU

SELECT
ST Transform(ST_SetSRID(ST MakePoint(
<-> ST _Transform(ST_SetSRID(ST_ MakePoint(

& sibedge

)>
)>

), 3857)
) 3857) );
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MeTpuueckue c/K

EPSG:3857 — WGS 84 / Pseudo-Mercator (Spherical Mercator)
EPSG:3395 — WGS 84 / World Mercator

EPSG:26986 — NAD83 / Massachusetts Mainland

EPSG:2163 Deprecated — US National Atlas Equal Area
EPSG:2100 — GGRS87 / Greek Grid (Transverse Mercator)
EPSG:2463 — Pulkovo 1995 / Gauss-Kruger

& sibedge
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PaccTtoaHume LLlepeMeTbeBO-I1ynKoBO

[1o paHHbIM U3 MIHTepHeTa: ~ 600Km

EPSG:3857 — WGS 84 / Pseudo-Mercator (Spherical Mercator)
EPSG:3395 — WGS 84 / World Mercator

EPSG:26986 — NAD83 / Massachusetts Mainland

EPSG:2163 Deprecated — US National Atlas Equal Area
EPSG:2100 — GGRS87 / Greek Grid (Transverse Mercator)
EPSG:2463 — Pulkovo 1995 / Gauss-Kruger

& sibedge
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PaccTtoaHume LLlepeMeTbeBO-I1ynKoBO

[1o paHHbIM M3 VIHTepHeTa: ~ 600KMm

EPSG:3857 1130.4
EPSG:3395 1129.3
EPSG:26986 626.8
EPSG:2163 503.1
EPSG:2100 603.3
EPSG:2463 605.3

& sibedge
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PaccTtoaHume LLlepeMeTbeBO-I1ynKoBO

[1o paHHbIM M3 VIHTepHeTa: ~ 600KMm

EPSG:26986 626.8
EPSG:2163 503.1
EPSG:2100 603.3
EPSG:2463 605.3

& sibedge
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PaccTtoaHume LLlepeMeTbeBO-I1ynKoBO

[1o paHHbIM M3 VIHTepHeTa: ~ 600KMm

EPSG:2100 603.3 YHUMBEpCanbHaa nonepevyHaa npoekumna Mepkatopa

EPSG:2463 605.3 [Tpoekuma aycca — Kptrorepa

& sibedge
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Tun geography

PaccTosiHMe mexay ABYMA TOYKaMU

SELECT ST Distance(
ST _SetSRID(ST_MakePoint(
ST _SetSRID(ST_MakePoint(

& sibedge

)
)

) : :geography,
) ::geography, true);
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Tun geography

PaccTosiHMe mexay ABYMA TOYKaMU

SELECT ST Distance(
ST _SetSRID(ST_MakePoint(
ST _SetSRID(ST_MakePoint(

aamncouna 600.8
Chepa 599.3

& sibedge

)
)

) : :geography,
) : :geography, :spheroid );
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Tun geography

PaccTosiHMe mexay ABYMA TOYKaMU

SELECT (ST_SetSRID(ST_MakePoint( s
<-> (ST _SetSRID(ST MakePoint( s

aamncouna 600.8

Cohepa 599.3 TlloagepKa k-NN

& sibedge

)
)>

) : :geography)
)::geography);
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PaccTtoaHume LLlepeMeTbeBO-I1ynKoBO

Tun geometry:

EPSG:2100 603.3 YHUMBepCcaibHaA nonepevHaa npoekuma Mepkatopa
EPSG:2463 605.3 [TpoeKuma aycca — Kptorepa
Tun geography:
2amncouns 600.8
Cohepa 599.3

& sibedge
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PaccTtoaHume LLlepeMeTbeBO-I1ynKoBO

Tun geometry:

EPSG:2100 603.3 YHMBepcaibHaAa nonepeyvHaa npoekuma MepkaTtopa
EPSG:2463 605.3 [Tpoekuma [aycca — Kptorepa

Tun geography:
Cohepa 599.3

& sibedge
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Bce cucremMbl HETOYHbIE?

Hacko/ibKO TOYHO onpeaeneHbl 6oNblLIME PACCTOAHMUA?

He yuTéH penbed

KaKyto 3a4a4y pelaem?

& sibedge
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[oe HaxoouTca 6namxanimm 6ap

[Tpumep 1:
- 600.3 KM Ha tor

- 600.8 Km Ha 3amag,
[MTpumep 2:

-32m47 cm Ha tor

-32m 51 cm Ha BOCTOK

& sibedge
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PaccTtogaHue

KoopauHaTsl lat/lon:
EPSG:4923 —T113-90
EPSG:4326 - WGS 84 <>
EPSG:/7678 —T13-90.02
EPSG: 7680 —113-90.11

Bepém ntobyto

& sibedge

Ha 3emne, k-NN

Tun geometry:

EPSG:2100, YHMBepcasibHaA nonepeyHas
npoekuna Mepkatopa

EPSG:2463, lNpoekuna [aycca — Kptorepa
Tun geography (cpepa)

Bepém ntobyto
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Tunbl geometry n geography

SELECT ST _SetSRID(ST MakePoint( s ) )5

0101000020001E000020D26F5F07/B64240789CA223B9FC4B40

& sibedge
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Tunbl geometry n geography

WITH s1 AS
(SELECT ST_SetSRID(ST_MakePoint( s ),
SELECT ST x(p), ST y(p), ST _SRID(p) FROM s1;

37.4221 55.9744 7680

& sibedge

) AS p)
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Tunbl geometry n geography

WITH s1 AS
(SELECT ST _Transform(ST_SetSRID(ST_MakePoint( s

) AS p)
SELECT ST_x(p), ST_y(p), ST _SRID(p) FROM s1;

1334739.9136771765 6284871.696198237 2100

& sibedge
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Tunbl geometry n geography

WITH s1 AS
(SELECT ST_SetSRID(ST MakePoint( , ), ) : :geography AS p)
SELECT p, ST x(p::geometry), ST y(p::geometry), ST _SRID(p) FROM s1;

37.4221 55.9744 7680

& sibedge
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MHpekc ona k-NN

NHAOEeKC Mo BblIparKeHUo

Bbluncnsemolt ctonbel

& sibedge
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MHpekc ona k-NN

icxoaHble KoopamHaTbl: point (Postgres)
Bblumcnaemolt ctonbel: point -> geometry/geography

MNHAEKC NO BbIMMCAAEMOMY CTONDLY

& sibedge
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MHpekc ona k-NN

CREATE TABLE building
(
id serial PRIMARY KEY NOT NULL,
coordinates point NOT NULL,
comment text,
epsg geometry GENERATED ALWAYS AS ST Transform(ST_SetSRID(ST_ MakePoint(

coordinates[©], coordinates[1]), ), ) STORED,
geo geography GENERATED ALWAYS AS (ST_SetSRID(ST_MakePoint(
coordinates[©], coordinates[1]), ))::geography STORED

)s

CREATE INDEX ON building USING GIST (epsg);
CREATE INDEX ON building USING GIST (geo);

& sibedge
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NcxoaHble KoopaMHaTbI: point

SELECT id, comment, coordinates FROM building;

' |id |comment |coordinates

M1 Asponopt (37.4221,55.9744)
M2 e (50.5142,87.4356)

& sibedge
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ORM

NetTopologySuite (NTS) — bubamoteka npocTpaHCTBEHHbIX TUNoB Ans .NET
Npgsql.EntityFrameworkCore.PostgreSQL.NetTopologySuite
LingToDBPostGisNTS

& sibedge

78



ORM

[Table("building", Schema="public")]
public class Building

{
[Column("id")]
[PrimaryKey]
[Identity]
public int Id { get; set; }
[Column("coordinates™)]
public NpgsqglPoint Coordinates { get; set; }
[Column("epsg")]
public Point EpsgGeometry { get; set; }
[Column(Name = "geo", DbType = "geography")]
public Point Geography { get; set; }

}

& sibedge
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LINQ to DB - nuwem pacwumpeHume

[Sgl.Expression("{0} <-> {1}", ServerSideOnly = true)]
public static double STDistanceKnn([ExprParameter] this Geometry pointil,
[ExprParameter] Geometry point2) =>
throw new NotImplementedException();

[Sgl.Expression("({@}::geography)", ServerSideOnly = true)]
public static Point ToGeography([ExprParameter] this Geometry point) =>
throw new NotImplementedException();

& sibedge
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ORM, k-NN, geometgry

var coordinate = new Coordinate(30.2649, 59.7994);
var pointl = new Point(coordinate);

var buildings = await context.Buildings
.Select(b => new

{
Distance = b.EpsgGeometry.STDistanceKnn(pointl

.STSetSrId(Srid).STTransform(Epsg)),
Building = b
1)
.OrderBy(x => x.Distance)
.Take(10)
.ToListAsync();

& sibedge
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ORM, k-NN, geometgry

SELECT
b.epsg <-> ST _Transform(ST_SetSRID(:pointl,
b.id,
b.coordinates,
b.epsg,
b.geo
FROM

"public”.building b
ORDER BY

b.epsg <-> ST _Transform(ST_SetSRID(:pointl,
LIMIT :take

& sibedge

)

)»

)
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ORM, k-NN, geography

var coordinate = new Coordinate(30.2649, 59.7994);
var pointl = new Point(coordinate);

var buildings = await context.Buildings
.Select(b => new

{

Distance = b.Geography.STDistanceKnn(
pointl.STSetSrId(Srid).ToGeography()),

Building = b

})

.OrderBy(x => x.Distance)

.Take(10)

.ToListAsync();

& sibedge
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ORM, k-NN, geography

SELECT
b.geo <-> (ST_SetSRID(:pointl, ) ::geography),
b.id,
b.coordinates,
b.epsg,
b.geo
FROM
"public”.building b
ORDER BY
b.geo <-> (ST_SetSRID(:pointl, ) : :geography)
LIMIT :take

& sibedge

84



PacctoaHue Ha 3eMne, PostGIS

Moaaepxka k-NN
PaboTtaeT yepe3s ORM (LINQ to DB)

& sibedge
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NTorum

Kak HanTn bamxKanwmin 6bap ¢ nomoulbto Postgres?
Anropntm k-NN (noaaeprka MHAEKCHOTro NOWCKa)

[MTpaBada M, 4TO 3eMA HE N1OCKaA?
[paBaa. Moyt anamncouna (Wap — ToxKe NonaeT)

& sibedge
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[Tone3Hoe

Anropntm k-NN
[TpAMOYronbHble KOOPANHATLI U HE TONbKO

NHpekc GIST, noggepka onepaTtopa <->
PostGIS - PaccTosiHMA Ha 3eMHOM Wape/snannconae

ORM: npocTpaHcTBeHHble TMNbl + k-NN
Ha npumepe LINQ to DB

[MpocTpaHcTBeHHbIe NpuBsA3KM (SRID/EPSG)
Cnang 67

& sibedge
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Docker-o6pasbl PLV8

plv8.com

260K ckaymBaHmM

& sibedge
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https://plv8.com/




CcblNKun

PostGIS Peectp EPSG
https://postgis.net https://epsg.io

bubanotekn ana .NET

https://github.com/ling2db/ling2db
https://github.com/apdevelop/ling2db-postgis-extensions

[okymeHTauma PostgreSQL Ha pycckom
https://postgrespro.ru/docs

MOW KOHTaKTbI
fadeevas@sibedge.com
https://vk.com/fadeev

& sibedge
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https://github.com/linq2db/linq2db
https://postgrespro.ru/docs
mailto:fadeevas@sibedge.com
https://vk.com/fadeev
https://github.com/apdevelop/linq2db-postgis-extensions
https://postgis.net/
https://epsg.io/

