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AEREFEPOISINE—K (—ZiE%k, a—FABE)
o] 20 Eruba: ERIMEAY (116.3660, 39.9615)

F RN BN LR B &IV IOREIE, IREIERZTRFES

CREATE TABLE pois

1d CHAR(10) PRIMARY KEY,

name VARCHAR(100),

position GEOMETRY, —— PostGIS ST Point
longitude FLOAT, —— Float64

latitude FLOAT, —— Floaté4

category INTEGER — type of POI

ZSIENT W HF1F /9 WHERE category BETWEEN 50000 AND 51000
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PrIViE S, IKEFEE, SKESE, BREImES......

PRkEEERE, BAAXK

CREATE OR REPLACE FUNCTION sphere_distance(lon_a FLOAT, lat_a FLOAT, lon_b FLOAT, lat_b FLOAT)
RETURNS FLOAT AS $$%
SELECT asin(
sqrt(
sin(0.5 x radians(lat b - lat_ a)) ™ 2 +
sin(0.5 * radians(lon b — lon a)) ™ 2 % cos(radians(lat a)) * cos(radians(lat b))
)
) % 127561999.961088 AS distance;

$$
LANGUAGE SQL IMMUTABLE COST 100;

HBKIEEK, JOARINMEEK, N TEE, IRENIK,
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| EVEL-1 | H1EFE

SELECT
id,
name,

sphere_distance(longitude, latitude,
39.9615 ) AS d

FROM pois

WHERE category BETWEEN 50000 AND 51000

ORDER BY d
LIMIT 10;

FAR 307D

H1THEHEE 1770

L \'H_/: BE %B/E{

116.30660

name
BaJEF =
& =3 0NHEE
MR Tk X R
ZARIRANE

Far KR

J6Im AL TARSETE
maF—mAEE
AR

EMEFS

4

distance +

85.75879644790173
87.16563082548538
88.08752121954461
89.78654594030888
91.93697623792761
112.6598116413272
125.35558711224876
125.35558711224876
148.79288130811864
152.9514879867107

PostgreSCOL
LIMIT <1ms | 0%
|
cost: 0
under estimated rows by 1x
SORT 1.86s | 10 %

by ((asin(sqgrt(((sin(('0.5"::double precision
* radians(('39.9615000000000009"::double
precision - pois.latitude)))) A '2'::double pr
ecision) + (((sin(('0.5"::double precision * r
adians(('116.366"::double precision - pois.|
ongitude)))) A '2'::double precision) * cos
(radians(pois.latitude))) * '0.766476192411
537305"::double precision)))) * '12756199
9.961088002"::double precision))

bad estimate

cost: 258,842.05

over estimated rows by 1,073,604x

SEQ SCAN 17.28s | 90 %
on public.pois (pois)

slowest | costliest | largest

cost: 3,001,958.39

under estimated rows by 1x

[T Zcin

ETEITTY

lll
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CREATE INDEX ON poisl USING btree(category);

M TEs], |
EZ=E SN =]

nd

HIXAIERS

NFIOTFEALIO

B AR BRG]

How To Hlirr With Weaern Waillace

Too Young
Too Simple!

Somerimes Naive

bl
LIMIT <1lms | 0%
SORT 2.11s | 7 %

by ((asin(sqrt(((sin(('0.5"::double precision
* radians(('39.9615000000000009"::double
precision - pois1.latitude)))) A '2"::double p
recision) + (((sin(('0.5"::double precision *

radians(('116.366"::double precision - pois
1.longitude)))) A '2"::double precision) * co
s(radians(pois1.latitude))) * '0.7664761924
11537305"::double precision)))) * '1275619
99.961088002"::double precision))

BITMAP HEAP SCAN 28.14s | 88 %
on public.pois1 (pois1)

) D D

BITMAP INDEX SCAN 1.61s | 5%
using pois1_category_idx

A5

HindEES



PostgraSOL

= o
| EVEL-2 245
CREATE INDEX ON poisl USING btree(longitude);
CREATE INDEX ON poisl USING btree(latitude);
30 o ERRSE LRSI RETFXE—F B
‘ = MERNE—MIK—ARNESF (EE—ARHE)
[ ZTREETE, RTRETT, —BRBPETLE.

I j,-_j

v W BARIINTRET —EFEXMEER

| Mol BATAPEXTIEIEIMY S AR STHEERIENE?
AL L longitude BETWEEN <left> AND <right> AND
e O et A e bR A CL D LR R

e mi@iﬁ

WAT ~.~c=’r~—- A +‘

[T 2

EEEXTN

lll.



| EVEL-2 K% ZFET]

EZRNARNEM L,

SELECT

id, name,

//J\\ jJ I]

HEIDFF T

sphere_distance(longitude, latitude, 116.3660, 39.9615) as d

FROM poisl
WHERE

longitude BETWEEN 116.3660 — 0.5 / 85 AND 116.3660 +
latitude BETWEEN 39.9615 - 0.5 / 111 AND 39.9615 +

category BETWEEN 50000

ORDER BY d LIMIT 10;

FAR35=#)
T ERFHA, TF

XA ZE NS

ally, 1B EE

X =],

N

AND 51000

==

TGN/

7’

?

85 AND
111 AND

S O
Ul Ul
i

reSCL
LIMIT An e
|
cost: @
under estimated rows by 1x
SORT <ims | 0%

by ((asin(sqrt(((sin({('0.5"::double precision
* radians(('39.9615000000000009"::double
precision - paisi.latitude)))) A '2"::double p
recision) + (((sin(('0.5"::double precision *

radians(('116.366"::double precision - pois

1.longitude)))) A '2"::double precision) * co
s(radians(pois1.latitude))) * '0.7664761924
11537305"::double precision)))) * 1275619
99.961088002"::double precision))

|
cost: 0.21

over estimated rows by 1x

BITMAP HEAP SCAN 107.94ms | 87 %
on public.pois1 (poisi1)

cost: 91.56

under estimated rows by 32x

BITMAPAND 3.46ms | 2 %

cost: 0.25

BITMAP INDEX SCAN
using pois1_latitude_idx

cost: 8004

under estimated rows by 2x

over estimated rows by Ox

17.52ms | 11 %

costliest |largest

cost: 1,470.45

[T Zcy

under estimated rows by 1x

ETEITTY

.l:

lll

BITMAP INDEXSCAN 31.56ms | 20 %
using pois1_longitude_idx



C—NBEINEER, 3004 5—3R, ¥

® B
Sk oA [T Zdniss
/4
\
ICA/LN o s IMI|3YEHE AN N
PR TR RET T BN B 4 ~ 1z - 1 e S ; .Y
: e < L { !‘\‘- . e - ‘ *3'
o BETCES A E) Q X W - ‘zt R #ow W Guwr Swr Pawe [lwm o .
d &  LDEER = X -
EELEDLISR N mHEEs : gg?;‘ 2 B ERNEE
 — # 4 A ! g td
. ; L S —] ' : = )
} : I _ e TERE ooy ! f —— = )INE
i et X | ReMLE S
TISTINC (EsehMET s, e
- RS MR OEER ) 3 ARER
' il;?rfu‘. i - : ""\.‘ 4 e e
B”‘:ds.ﬁmut!x.gl ‘/-Hfif'.lfﬁll-f'; e o o ﬁmﬂ'“ E . __\\ ; St mEs i = n
*ik®k v5 DA TR . =T+ i, T e s N " .
(JE— HErm ' ey | s REHR PR A
p 9 ISETREE/GOHIANETER T ¥ e mery - q (O QEEMF\ -
% RIS Ry, ESRE  FERRERS
. ' b w__ eI 210w BN | LRI
z W i 9 emn ) mBeuEL 35 ; =
BBF o) =il i
i = =Ry

£ - SRR / iy ¢ Sl S | HE: RN SRR > 2008
. el 'n. -
\ 353 Aot §
\ L0 : . ~ o W o g
f , e DL L= RS | '\‘. = 2% * LR t] wEAEN,
: o . S 1 s
- RirE-)d st T & ol —— -
IR \ o '
IR < Ul
(3 ™ | — » -

s “eaN
\ ok e e Tt e i : \
o= =R T %if "f LR | \'.\
TENAE  WEBER EROD¥ WEXERH qémin LB N ; : )
3 = —
T p——— | e —— i | & =
R TP 2% pumeE wm | 8 e Lt ok [ ¢
At -2 i l-m':-';-k' Sy = k.mdm
E‘lﬁ"rﬂ}ﬁ' : Wt s - - i £ S - g -~
IJ-;E ¥ __,’,é K i Q = — | A W AR RN A i ]
= A SO o ? B2 i O
oo s i & ki A7 ST i ’—.'sz a
(et e T 9 U = o IEEE
R - X SFE L o q
LA o ) e+ TTIERS o
- — .
el o B S e | “
BTSN N (T H [ FEARE
= = Fit e i M e !
» ! =1 O il # "'
i o | S ? . 20 5o % REITIE .
. Jo kg - : : : = 1 [E® 1 J
= NMZART — ' S '.- - — S , “‘ | . ‘ v VKRR J
L S up=fEe,  TETATL e L ¢
e AT L e T ’ . Egs =1 o] ) ERMTE AF 3 iR FET
MREREFERTE e f] \ o
& 4
# 1 >
il AR - ity =ik y-
- N - > (=hi *Fal < Aoy 23T R e ST 0 o 7 M
. T & hintd S e
E}g‘h ' Sl & DR % : f - _:\\ i BV 3 b e s 2 :. im’:m: ) 7
. b I —xigmER A U2 7 R g2
. N T e ZA0SHR PR | /
1B, 2] = N ETe 9 SUE VB ERRE
5 (YACH - PR £ L Oy N
SRS M T8z T [l L
- T - i B 1P %)
j‘:, ‘_‘.-‘. 23 Gl ) :gl_lli, e J_AT' WP
W . -:.-':.‘,.a o
m:ﬁgqqgnm * 3 WETE "‘-,____* . - '__,-”' L: : R £ &
R - T A FE o FERRR g
el bk =R T naERE i =
) HREE 0 COERER +
a DEEETHN 0 Eagmes X
SESF A R { & Z -
e\ G018 B CS(20175a208 | FESRRK | FEE | Wtk | RGO | SR B | 4oL - > b - \

F12 K 7 IE8E

TS N VST S AN i il e, WS IR LU S SR TV S X el s e i Sl R PR et e B AR I e S AL N SR TN .. B e taa ey AT . LR VA Cae Ll i TR WL B SR SN Y Sl e R o 00 T e e L e e D e e WS W T B N o el W SRy o R TR S SRS L S TN SV e T Y Sl NV, SR AR Sr R SN G




| EVEL-3 Z3Zmg| 58R5%

CREATE INDEX ON pois4 USING btree(longitude, latitude, category);

CLUSTER pois4 USING pois4 longitude latitude category 1idx;

id | index_id = 1 | root_page
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PostgreSOL

LIMIT <Ims | 0%

|
cost: 0

under estimated rows by 1x

SORT <Ims | 1%

by ((asin(sqrt(((sin(('0.5"::double precision
* radians(('39.9615000000000009"::double
precision - pois4.latitude)))) A '2"::double p
recision) + (((sin(('0.5"::double precision *

radians(('116.366"::double precision - pois
4.longitude)))) A '2'::double precision) * co
s(radians(pois4.latitude))) * '0.7664761924
11537305"::double precision)))) * '1275619
99.961088002'::double precision))

cost: 0.49

over estimated rows by 2x

INDEX SCAN 7.37ms | 98 %

on public.pois4 (pois4)
using pois4_longitude_latitude_category_i

dx
slowest | costliest | largest

cost: 3,191.03

under estimated rows by 17x
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CREATE TABLE po1is5

(

name
position GEOGRAPHY(Point, 4326),
category INTEGER

CHAR(10),
VARCHAR(100),
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CREATE INDEX ON pois5 USING GIST(position);
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SELECT
1d,
name,
position <-—>
ST Point(116.3660, 39.9615)::GEOGRAPHY AS d
FROM pois5
WHERE category BETWEEN 50000 AND 51000
ORDER BY d
LIMIT 10;

342, thERRAIVRES F =(51%EE

T Zaif

.
PostgreSOL i

LIMIT <1ms | 0 %

cost: 0

under estimated rows by 1x

INDEX SCAN 2.46ms | 99 %

on public.pois5 (pois5)
using pois5_position_idx

Slowest ] costilest ] largest

cost: 72,893,260.17

over estimated rows by 1,133,159x
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CREATE EXTENSION btree gist; TR BRI S LB EX S R S|

CREATE INDEX ON pois6 USING GIST(position, category);
CLUSTER VERBOSE poi1s6 USING 1dx _pois6_position_category_gist;

LIMIT <Ims | 0 %

/ A largest
.f i I — *’ \ | I A
| % / INDEX SCAN <1ms | 96 %

on public.pois6 (pois6)
using pois6_position_category_idx

S = (EitaE T Slowest |costliest  largest
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/.. adcode * province : city county
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CREATE TABLE counties
(

adcode  INTEGER PRIMARY KEY, INDEX SCAN <ims
name 32§g:ﬁgﬁgjg, on public.counties (counties)
province ; using counties_fence_idx

city VARCHAR(64),
county VARCHAR(64),
center GEOMETRY,
fence GEOMETRY

) ; cost: 5.35

CREATE INDEX ON counties USING GIST(fence): under estimated rows by 1x
SELECT adcode, province, city, county FROM counties = I\
WHERE ST WithIn(ST Point(100, 28),fence); *%H{l'()é%*/l

SELECT adcode, province, city, county FROM counties — K 7k
WHERE ST Contains(fence, ST Point(100, 28)); EEL:I:JEF kl&
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PostgreSOL

MRl 201TICHRSSCIILBS N A Sim

CREATE FUNCTION locate(lon FLOAT, lat FLOAT) RETURNS JSON @E‘Z@ﬁ%ﬁ*%

AS $$ SELECT row_to_json(1l) FROM (

SELECT adcode, province, city, county FROM counties

=
WHERE ST Contains(fence, ST Point(lon, lat)) 4’[TSQL
) 1; $$ LANGUAGE SQL PARALLEL SAFE;

import http, json, http.server, psycopg?

class GetHandler(http.server.BaseHTTPRequestHandler):
conn = psycopg2.connect("postgres://localhost:5432/geo")

HTTPRRSS
def do_GET(self): ;
args = [float(f) for f in self.path.lstrip('/"').split('/")] =
self.send_response(http.HTTPStatus.OK) | STTP)’thOH

self.send _header('Content-type', 'application/json')

with GetHandler.conn.cursor() as cursor:
cursor.callproc('locate’, args)
result = print(json.dumps(cursor.fetchone()[@], ensure_ascii=False))
self.wfile.write(result.encode('utf-8"'))

with http.server.HTTPServer(("localhost"™, 3001), GetHandler) as httpd: httpd.serve forever()

(RE 2 A BB X B2 = B plpython3uBY1Zi# I F2, hfEPostgreSQLA#A1T, HTTP Server in Database ! (Bad idea)

T2 ieF
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$ curl localhost:3001/100/28

{"adcode": 533401, "province":

$ curl localhost:3001/100/24

{"adcode": 530902, "province": "

$ curl localhost:3001/100/29

{“adcode": 513336, "province":

$ curl localhost:3001/111/22

{"adcode": 440981, "province":
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ﬁrﬂﬁ/l II’ Ilcityll:

II)L}H/' II’ IICltyII:
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"wRERREEM, "county": “EHERM"}

Illlﬁ\—]%@ﬁi"’ Ilcountyll : Illlﬁ\_]igg ZII}

THBGEREAM", "county": "ZIEE")

Ilﬁ%ﬁill Icountyll: "_‘%_I)\l\lﬁi"}
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