@ SRA0SS,INC.

PostgreSQL 12
FTHSREfAFEN

2019-08-02
0SC 2019 Kyoto
SRA 0SS, Inc. BAS#t
TR THEX

Copyright © 2019 SRA OSS, Inc. Japan i



HmEE L AEBEDT— @

SRADSS,INC.

[FEE]
2 Hl
VT TR
FirlE
SRA OSS, Inc. BAX #t
B P
PostgreSQLM 2+ &AM, HiR—b, ALY ILTAU T FIZHKSE,
T [EPostgreSQLEAR—X([ZL =T —2R—X & FPowerGres M
FE)—F—%HEDD5
[REDEEARR]

= PostgreSQL MO #ER
= N—23212 DFHEREREER

Copyright © 2019 SRA OSS, Inc. Japan All rights reserved. 2



PostgreSQLD#E5 (1) @

= ZHEEE. = '|§EFII:.~ MDA —T)—ZAD

JL—aF I T—EIR—XEEBL X7 L (RDBMS)
= INGRES('70). POSTGRES('80) H¥E DR
» FIA. B EIE. BEMIEEIM/EU X
" BEA—F—EEHEL

« LLERAIFRIB S o1 BASR R e E
55 HOOSSHRAM T i //,/_ o
g el
L : " PostgreSQL

PostgreSQLEFE{&

Copyright © 2019 SRA OSS, Inc. Japan All rights reserved. 3



PostgreSQLMD#L:R (2) @

" REMTEESNZVI—R
o KA CTERICERARBICTYyYTFT YT ¥

FLTI12~A -

PostgreSQLFZ/\—3> D W

3,500,000 TH#EY))—X B, THEMNHEEE
2018.10
3,000,000 el 2014_122016-12016 5017.10
[ 2013.9 :
2010.9 2012.9
2,500,000 2006.12 2009.7 I

2005.11  2008.2
2,000,000 —pp5

Parallel comp|I
Repli-
hot (fast) cation
1,500,000 Bitmap UPDATE
Scan A o
, logical
1,000,000 Repli.
; 4core
scale

500,000

el Sl el 8 de 8d 0.0 9 O 08 S LD O 5L OIS L0 B L

Copyright © 2019 SRA OSS, Inc. Japan All rights reserved. 4



PostgreSQL M #%;5% (3) @

= [4RE = 1HEE

)+ BHOCPUATIZES .
OLTPH:AEZMHEERT—IL
(BN FI—O5H)

) e SSLLELEDHE A IT
(Xt (OLAPEFIZ)

SQL SQL:2011 #%gE
(FEAEETHYR—F
JSONI It TDZ#%
PostGIS [2& 4 GISx s

00 0

RTEA—ERNEHGE
o HIHTWALKRMLARYIE 552K

RmE-MEOLT)5— 3y
TIOTAT=RZINA &K
SHBARE yy—Ta40T
mARREL TYr—ay

= & FAHERE

). PITRIAyHT YT

- EEExNOY

- D7kIC&D7YRr—T DB

X Q000

‘ o HBEXR—TUFRV-
X I5vyvanyy /BR3 FOF4T =TT 1T ER
(LK HRACE!)

Copyright © 2019 SRA OSS, Inc. Japan All rights reserved. 5




PostgreSQL 12 D #riHE @

= JSON path

= £ (X ZEFE-TEIRSNSF)
" AXFINXFERXF LR

7IIUr—<3>0dn
SQLREEM

7S5 AR ITNED
E&*’i’ﬁbt\ ERITID

= N—T4qaz=y ODE&§
» S5 FOWITHA D &

s AT YO RADMEEEEN - ERERE }

v,

= MCViLakifat Rk

s R—TFwhH LI E & IS DFHETER L
RE%ET L DERIREIAS

- BENEOLT ey

» T—JI)LAMA 27— XIEN —  J@3kdDPostgreSQLILE
= [ OMDEHRER e

Copyright © 2019 SRA OSS, Inc. Japan All rights reserved. 6



@

SRADSS,INC.

JSON Path (1)

= JSON Path ... JSON W EBERZFZHMH T S AKXD—D
e SQL:2016 Laiﬁ’bé / PostgreSQLEZXE IV LEGS
o jsonbE DA (jsonBFIEXT )

dbl=# SELECT family FROM t family WHERE id = 1;

family
[{"age": 40, "att": "head", "name": '"Tarou'"},
{"age": 35, "att": "spouse", '"name": "Hanako"},
{"age": 10, "att": "child", '"name": "Shou"}]

(1 row)

dbl=# SELECT family name,
jsonb path query(family,
'S[*]?(@.att == "head") .name')
FROM t_ family WHERE id = 1;

B (att) A
family name | jsonb path query 883 (head)
————————————— Oy THHAD
Satou | "Tarou" £ Al (name)

(1 row)
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= JSON Path=® (& jsonpathT—4E D {E

= JSON Path #% T GINA Ty AHMF AR
o KYMREIZEN-EREFE TSR jsonb_path_ops
o HEEXMSHB jsonb DT IAILNEEFHISX jsonb_ops HLEIE

dbl=# CREATE INDEX t family family idx ON t family

USING gin (family jsonb path ops); ’
155]"5&;%0)
dbl=# explain SELECT id FROM t family RIRZHDOA

WHERE family QQ@ 'S$[*].age < 15';
QUERY PLAN

Bitmap Heap Scan on t family (cost=56.00..60.01 rows=1l width=4)
Recheck Cond: (family @@ '(S[*]."age" < 15)'::jsonpath)
-> Bitmap Index Scan on t family family idx (cost=0.00..56.(
Index Cond: (family @@ '($[*]."age" < 15)'::jsonpath)
(4 rows)
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» XZxFOTETESNDS
o £FEADINDVNTHLEMKRLKIMEIND
=# CREATE TABLE t people (id int primary key,

height cm float4,
height in float4 GENERATED ALWAYS AS (height cm / 2.54) STORED);

=# INSERT INTO t people (id, height cm)
VALUES (1, 156), (2, 168), (3, 172), (4, 185), (5, 191);

=# SELECT * FROM t people ;

id | height cm | height in height_in [Z[&
——— - e iy .
1 | 156 | 61.417324 E%%ﬁ‘ﬁﬂgﬁ%
2 | 168 | 66.14173
3 | 172 | 67.71654
4 | 185 | 72.83465 EEEE(
5 | 191 | 75.19685 I5—IZ%4%
(5 rows)

=# UPDATE t people SET height in = 61.4 WHERE id = 1;
ERROR: column "height in" can only be updated to DEFAULT
DETAIL: Column "height in" is a generated column.
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s REENSHAE A —THUUF-ZEMTES

CREATE TABLE t people base (
id int primary key, height cm float4);

CREATE VIEW v _people AS

SELECT id, height cm,
FROM t people base;

(height cm/2.54) ::float4 AS height in

— DD EDIEL
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» COLLATE(X=FHH)#HeeDHhk
o ICUZA4T3ZY) ZFE>T(--with-icu) EJLRLT-EE
o ICUSATZUMXLTLNSR—HRLLLENTES
o« FILWICUSATSUN—230FETD
o RKXF/INKF.TOEUNEEDEE. FRE/FIRE/FA

db=# CREATE COLLATION ja case insensitive (provider = icu,
locale = 'ja-u-ks-level2',K deterministic = false);
db=# SELECT * FROM t_case WHERE txt = '’ N
COLLATE ja case insensitive; ;t-t5A T,
id | txt false [ZHEEL T,
s F—Rat 5,
1 true 2 EHESEAY D
2 : ;’;’ B TR E — LB,
(3 rows) \ /
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BEEEZZ{EFEDOBtree /1VTYIAND Y AR
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vll v12

CREATE TABLE t_idxtestl
(id int primary key, code bigint);
CREATE INDEX t idxtestl code idx
ON t idxtestl (code);
INSERT INTO t_idxtestl SELECT g,
(random() * 100) : :bigint
FROM generate series(l, 100000) as g;
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HE Btree /U TYIADHYAX
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vil v12

CREATE TABLE t_idxtestZ

(k1 text, k2 text, k3 text, k4 text);
CREATE INDEX ON t_idxtestZ

(k1, k2, k3, k4);

INSERT INTO t idxtest2 SELECT
(BYHEFZI—T—4)
FROM generate series(l, 500000) as g;
(x 2[a])
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ZI\—T 1232 COPY T—4#F% A
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« 3,000/ =T avEFHFIN—T42aT—T)L
(281049 D 30,000 T —42%E A

CREATE TABLE oya (id int primary key, v text) PARTITION BY RANGE (id) ;

CREATE TABLE kol PARTITION OF oya FOR VALUES FROM (0) TO (10);
CREATE TABLE ko2 PARTITION OF oya FOR VALUES FROM (10) TO (20);
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\
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3000/ \—T4q2avm, 3/\—T42a  DHLY,

SELECT * FROM oya
WHERE id IN (100, 1000, 10000);

100 | £899139df5e1059396431415e770c6dd

1000 | a%9b7ba70783b617e9998dc4dd82eb3c5

10000 | b7a782741£f667201b54880c925faec4b
(3 rows)
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» WITHAEIDEI(CTE, £BT—DJ LX) tmlifbansd

WEDTZ2: WITHAIZEWRY [THIL TRESID

EXPLAIN
WITH cte AS (SELECT * FROM t customer)
SELECT * FROM t sales JOIN cte USING (customer id)

WHERE cte.info ~ '“abcde’; infoB [ZA T VIR

QUERY PLAN ME>TH, LIS

—————————————————————————————————————————————————————————— LTALRYRLE,
Hash Join (cost=42470.00..53695.48 rows=5123 width=73) E{(i;L\jﬁal/

Hash Cond: (cte.customer id = t sales.customer id)
CTE cte

-> Seq Scan on t customer (cost=0.00..1834.00 rows=100000 width=37)
-> CTE Scan on cte (cost=0.00..2250.00 rows=500 width=36)
Filter: (info ~ '“abcde'::text)
-> Hash (cost=19346.00..19346.00 rows=1000000 width=41)

-> Seq Scan on t _sales (cost=0.00..19346.00 rows=1000000 width=41)
(8 rows)

BREIED=OICULTOLSICH TV CEZTETHENH-I-
SELECT * FROM t sales JOIN

(SELECT * FROM t customer) c USING (customer id)
WHERE c.info ~ '“abcde'’;
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PostgreSQL12 W75 : WITHAILRBEIEDXIRELS

EXPLAIN
WITH cte AS (SELECT * FROM t customer)
SELECT * FROM t sales JOIN cte USING (customer id) WHERE cte.info ~ '“abcde';
QUERY PLAN

Gather (cost=1008.57..15625.03 rows=100 width=74)
Workers Planned: 2
-> Hash Join (cost=8.56..14615.03 rows=42 width=74)
Hash Cond: (t_sales.customer id = t customer.customer id)
-> Parallel Seq Scan on t _sales
(cost=0.00..13512.67 rows=416667 width=41)
-> Hash (cost=8.44..8.44 rows=10 width=37)
-> Index Scan using t customer info idx on t customer
(cost=0.42..8.44 rows=10 width=37)
Index Cond: ((info >= 'abcde'::text) AND (info < 'abcdf'::t
Filter: (info ~ '“abcde'’'::text)

(9 rows)
WITH cte_name MATERIALIZED AS ( --- ) WERENME S BIMITS
WITH cte_name AS ( --- ) BEltEHT

WITH cte_name NOT MATERIALIZED AS ( --- ) E#EIFEMIT 52=EEILHF9

Copyright © 2019 SRA OSS, Inc. Japan All rights reserved. 20



MCVih3E# 55 4R @

= heRERETIB R &I
e« CREATE STATISTICS av >R TTS st IERIEE 2B
o {ERLT%(% ANALYZEALIE CHEEHIFERAINE SN S
e V1 EFTHHYHKR—IEE
dependencies:  FlIfE DIKFRE %

ndistinct: BEHIDEAEHEIZHTHIEDTELEE
= MCV
o BHEINDMHEDHEIZXT S Most Common Values (Fx4E1E)
%l location D Ex4A{E: 5| age D Ex4E{E:
=AEE EE N AR RAEME 201 3018 40K
HIZE 010 0.09 0.08 HIEE 020 015  0.10

5| location, age MDA & HE DREIEIE:

BSEE  =#, B, Em AR AR .. EAOHEES
407 20#t 30t 20t 30 TIER AT
& 20ft 30ft  20ft 30k 2@ ST
HIFE  0.05 0.02 0.01 0.01 0.01
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» R—=UF Ty LERESIE:
e initdb B¥IZ (-k) —data-checksums 73> CTF vy o5 Lt

o R—UTFOULEABIZCEEEZHRETES
(FzvI S LELDGE. B> TT—20EhHho1=l,
BEWICAELGESETIS—MEHEYT3)

o AVUKNICKAHATRIIGIRELE AT EE

12TDHDHLEE:

» I T —IRN—RISRIZRMTFIVIY LAMIE
pg_checksums -—enable {F—2X—XRHSRXE2T4LY ~Y]

o REEFAa~2k pg_verify_checksums A pg_checksums IZ
RESNT=
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« TSHITNETF—T LIRS P TT—X (=Access Method)
o PREREDA—ITT—TILADAN —VIUOUEEMTES

o EEMDS AT YIRAM (FEEIZTEMBIEE. CNIZHIA T,
T—TJILAM ZEINTE5KLI124-7=

o T—JIEIZTT—TILAMIEETES
SHDECAAFTTI—RADH

» FEEINTVSESE
« zheap: UNDORY%{#>T VACUUML R%ZEXEH
o zedstore: JI$EMIH&HAT OLAPE&E{LZEIR
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= recovery.conf BElE
o YH/NYERTEE postgresql.conf [Z5Ri T 5
o JA/N)FEENEFIETRT HIZIL. recovery.signal 771 ILEEL
o RAVNAFEEIZFETRT HIZIL. standby.signal 774 ILEEL

» T—JI)LDITZED OID FELE
e CREATE TABLE T WITH OIDS s DY H~r—rHfgE

s DXTLT—TILD oid FIM[EESNLELLEoT=
e SELECT * FROM pg_class T oid 5lHHH Hhxh 3,

" T, HRAREMAVEIERRZIE

o ERTE/INTA—RBZEHE (trigger_file — promote_trigger_file)
o« FREMEDTIAILLEE (jit=o0n...)

o VRATLT—TIL/Ea—DERZEE (pgclass.relhasoids | D HIFR...

e etc.
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12 [FSGETDADY—/\—23 (TR T?

» BFHEDMERRLAE

\,

» 12BRTISICERDIRELGREREEM A0
e 06:/\TLJLHTY)
e 10: BEEMI/N—Taa=y
e 11:JITa /1)L

« LHOL. DB ELT--
o T—IJITIEAAIYRA L A—DT—RADELE

= PostgreSQL [EAZET-HTLVS---
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