@ SRA 0SS

IZ%E HTHINY—VABRETSD
/\'9—/.5?‘3.,\5‘&)4 %PostgreSQLIC
EHELLD]

2023/11/24
JPUG PostgreSQL
AN A VR

SRA OSSERRH
A X
BB




@ SRA 0SS

s AFEX
* SRA OSSERI&*tEAM
* PostgreSQLOIvY—

- PostgreSQLDEFE1E
- pgbench, pgstattuple, pgrowlocks, Pgpool-Il

-+ B
* SRA OSSERSHT —IR—ABEMIT I —TE
¢« HRT—IR—RTTYXA T F I AEEIEY
« IRTEIEPostgreSQLEAFICHIF Thisg

Copyright(c) 2023 SRAOSS LLC




@ SRA 0SS

AHORSE

* Row Pattern RecoghitionM#&X

» Row Pattern Recognition(D =%

® J

Copyright(c) 2023 SRAOSS LLC

Row Pattern Recognition(17/39—> 5838 &1

SO



@ SRA 0SS

Row Pattern Recognition& (&

* SQUEETEZINTUVWARED— D, TOUM U (FFRINT —F7E) IS
HIDIN\I—V | ZHELTRERTDIIENTED
« NY—VIIFMEBENTREICEEIRTES
* LOWPRICE AS price < 100
* UP AS price > PREV(price)
* DOWN AS price < PREV(price)
« Y=V DMV ZIEFRFKIR TR TIS
 LOWPRICE UP+ DOWN-+
* IMEDZEEN/NSY—2VDRR ERBEORBELREREWVIGANEZLNS
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Y A O
T/INY—

tdate price
____________ +_______
2023-07-01 100
2023-07-02 200
2023-07-03 150
2023-07-04 140
2023-07-05 150
2023-07-06 90
2023-07-07 110
2023-07-08 130
2023-07-09 120
2023-07-10 130

Y EREE S WHERER) D L 8%

WHERE price = 150

tdate | price
____________ +_______
2023-07-03 ‘ 150
2023-07-05 | 150

LOWPRICE UP+ DOWN+

tdate
— o o e o .|.___
2023-07-06
1TINY—> 2023-07-07
EEE 2023-07-08
2023-07-09

| price | first value | last value

____.l. _____________ .l. ____________

90 | 2023-07-06 2023-07-09
110
130
120
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Row Pattern RecognitionD#R#§ & 2%

* SQL:2016ICEAICE G LI b BB ET L UM EE
 “SQL/RPR” &ML,

. 5)1}55 RDBI\/IS\'C“LEL Hf—OraclelCDHZEZ, JNFHOSS RDBMSTI&
FEREHID L
« JLNAARDBMSTIZAWAY, Analytics DHFLTIX " Trino” A E AR EF A

- https://trino.io/

« JRFARDBMSTWindowB TMRPRMDEZFI(F A

« LI#%Row Pattern Recognition. SQL/RPRAZE&L T “RPR” && X
4 RTIEXMEFRT S
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LEFRLTHETET B/ -V DR

priceM1OLAE EFL,EDE1LOLLE
T 2L TDHE U (sequence) %

BDl13%

L e—vnBoES

START AS TRUE,

UP AS price > PREV(price),
DOWN AS price < PREV(price)

company tdate price

Companyl | 2023-07-01 100 START
Companyl | 2023-07-02 200 UP
Companyl | 2023-07-03 150 DOWN
Company1 2023-07-04 140 DOWN
companyl | 2023-07-05 150

Companyl | 2023-07-06 90 START
Companyl | 2023-07-07 110 UP
Companyl | 2023-07-08 130 UP
Companyl | 2023-07-09 120 DOWN
companyl | 2023-07-10 130
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ERD7 ) DA

SELECT company, tdate, price,

first value(price) OVER w, —- 7L —LDRYIDITAIRTE
last value(price) OVER w - 7L —ALDZxFEDITAEIRTEA
FROM stock

WINDOW w AS (

PARTITION BY company

ORDER BY tdate

ROWS BETWEEN CURRENT ROW AND UNBOUNDED FOLLOWING

AFTER MATCH SKIP PAST LAST ROW

INITIAL
PATTERN (START UP+ DOWN+) —— /R4 —YDESH
DEFINE — NY—VEHDES

START AS TRUE,
UP AS price > PREV(price),
DOWN AS price < PREV(price)

);

Copyright(c) 2023 SRAOSS LLC



@ SRA 0SS

MFRiER DI

company tdate price | first value | last value
______________________ +_______+_____________ ———— e
companyl | 2023-07-01 100 100 140
companyl | 2023-07-02 200

companyl | 2023-07-03 150

companyl | 2023-07-04 140

company 2023-07-05 150

companyl | 2023-07-06 90 90 120
companyl | 2023-07-07 110

companyl | 2023-07-08 130

companyl | 2023-07-09 120

company 2023-07-10 130

(10 rows)
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RPRTTEHZEDHI2:E KT DI EFRDMRE

alert time | alert msg | first alert | last alert

2023-11-24 09:00:00 | Warning: device is not ready
2023-11-24 09:01:00 | Log: device is busy
2023-11-24 09:02:00 | Log: device is busy
2023-11-24 09:03:00 | Warning: device is not ready
2023-11-24 09:04:00 | Warning: device is not ready
2023-11-24 09:05:00 | Warning: device is not ready
2023-11-24 09:10:00 | Log: device is busy
2023-11-24 09:20:00 | Log: device is busy

2023-11-24 09:21:00 | Warning: device is not ready | 2023-11-24 09:21:00 | 2023-11-24 09:21:20
2023-11-24 09:21:10 | Warning: device is not ready
2023-11-24 09:21:20 | Warning: device is not ready

2023-11-24 09:22:00 | Log: device is busy f

30 LARIC “Warning” Xvt—IH
3ELLEERL TSR R AR
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RPRTCMD*RIR

alert_time | alert_msg Xyt—IM "Warning” TiEY, BID
--------------------- b Ly — U NS 30RARIC3EILL L
2023-11-24 09:00:00 | Warning: device is not ready | JE#E( TL\%

2023-11-24 09:01:00 | Log: device is busy
2023-11-24 09:02:00 | Log: device is busy 0 R
2023-11-24 09:03:00 | Warning: device is not ready @ NY—VBHDER

2023-11-24 09:04:00 | Warning: device is not ready ; : .
2023-11-24 09:05:00 | Warning: device is not ready | START AS alert_msg LIKE "Warning%',

2023-11-24 09:10:00 | Log: device is busy WARNING AS alert_msg LIKE
2023-11-24 09:20:00 | Log: device is busy ‘Warning%' AND (alert_time - PREV
2023-11-24 09:21:00 | Warning: device is not ready (alert_time) < interval ‘30 seconds’

2023-11-24 09:21:10 | Warning: device is not ready
2023-11-24 09:21:20 | Warning: device is not ready JVL
2023-11-24 09:22:00 | Log: device is busy

START INY—2 DA VA
WARNING PRI CES
WARNING+
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ESENOR IR

SELECT alert time, alert msg,

first value(alert time) OVER w AS first alert,
last value(alert time) OVER w AS last alert

FROM alerts

WINDOW w AS (

PARTITION BY device id

ORDER BY alert time

ROWS BETWEEN CURRENT ROW AND UNBOUNDED FOLLOWING
INITIAL

PATTERN (START WARNING WARNING+)

DEFINE

START AS alert msg LIKE ’Warning¥% ,

WARNING AS alert msg LIKE Warning% AND
(alert_time - PREV(alert _time)) < interval ’30 seconds’

)l
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alert time

MRER TG R DB

alert msg

first alert

last alert
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2023-11-24 09:00:00 | Warning: device is not ready
2023-11-24 09:01:00 | Log: device is busy
2023-11-24 09:02:00 | Log: device is busy
2023-11-24 09:03:00 | Warning: device is not ready
2023-11-24 09:04:00 | Warning: device is not ready
2023-11-24 09:05:00 | Warning: device is not ready
2023-11-24 09:10:00 | Log: device is busy
2023-11-24 09:20:00 | Log: device is busy
2023-11-24 09:21:00 | Warning: device is not ready | 2023-11-24 09:21:00 | 2023-11-24 09:21:20
2023-11-24 09:21:10 | Warning: device is not ready
2023-11-24 09:21:20 | Warning: device is not ready
2023-11-24 09:22:00 | Log: device 1s busy

14



@ SRA 0SS

TH'Windows] ?

« RIIRPRICIF2FEFEH D
* RO10: Row pattern recognition: FROM clause
- FROM®D1&ICMATCH_RECOGNIZEEWS A ZIENN, EZICRPRO EFZELS
* RO20: Row pattern recognition: WINDOW clause
- WindowfICRPRZZE<
« HBEA DL L EEIBESITKRER L
« RPRZWindowa TR&E LB H
* RPRIG\ ANTTOEREZAELAXFv U TEIMNEDHD
- FROMADEBDAF+ > TIIEELWL
. gindow’lﬂ’éti\?Tt:Window’@@)\jJﬁ@%ﬁ’éﬁ@f%l:\:'\"“/'@?%’f‘/757?%%%'5%’(\,\
« SNFARDBMSTOERZEMAELZWN(—FBREYLWI])
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RO10ICKD I T DA

SELECT company, tdate, price, m.first val, m. last val
FROM stock

?ATCH_RECOGNIZE
PARTITION BY company
ORDER BY tdate
MEASURES
FIRST(price) AS first val,
LAST(price) AS last val,
AFTER MATCH SKIP PAST LAST ROW
PATTERN (START UP+ DOWN+) - /X4 —> D
DEFINE — NY—VEHDEE
START AS TRUE,
UP AS price > PREV(price),
DOWN AS price < PREV(price)
) AS m:

Copyright(c) 2023 SRAOSS LLC
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RPR(RO20)D#E T34

WINDOW window name AS (

[ PARTITION BY ... ]

[ ORDER BY... ]

[ MEASURES ... ]

ROWS BETWEEN CURRENT ROW AND ...
[ AFTER MATCH SKIP ... ]

[ INITIAL|SEEK ]

PATTERN (...)

[ SUBSET ... ]

DEFINE ...

)

* PARTITION BY, ORDER BY|&RPRA L DWindow B ER LD T
* MEASURES&SUBSETIZ R EEE LD TR A RS
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ROWS BETWEEN
CURRENT ROW...

* RPROZZWWindowaERIUT. 7L—LDRB. R TAZIEETS

* JL—LDRIAIRFRET(ROWS BETWEEN CURRENT ROW) T72
R A= AN SYA A

* JL—LDTIFZTL—LD#EH(UNBOUNDED FOLLOWING)
M IRIETHS5NTT(n FOLLOWING) DA HEFIND

« H£HERPRTIZLLTD2DDHANEINTLS

* ROWS BETWEEN CURRENT ROW AND UNBOUNDED
FOLLOWING

* ROWS BETWEEN CURRENT ROW AND n FOLLOWING
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ROWS BETWEEN CURRENT ROW
AND UNBOUNDED FOLLOWING

IN—F1aveik

‘ company tdate price

companyl | 07-01-2023 100 < FADIL—LFIDITHORBEET
| companyl | 07-02-2023 | 200 < RDIL—LEIDFNSREET

| companyl | 07-03-2023 150 < TDIL—LIEZDITHOREBRET

| companyl | 07-04-2023 140
-~ » companyl | 07-05-2023 150
companyl | 07-06-2023 90
companyl | 07-07-2023 110
companyl | 07-08-2023 130
companyl | 07-09-2023 120
companyl | 07-10-2023 130

2
1%
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RPR(RO20) D& &

L

WINDOW window name AS (

[ PARTITION BY ... ]

[ ORDER BY... ]

[ MEASURES ... ]

ROWS BETWEEN CURRENT ROW AND UNBOUNDED FOLLOWING
[ AFTER MATCH SKIP ... ]

[ INITIAL|SEEK ]

PATTERN (...)

[ SUBSET ... ]

DEFINE ...

)
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AFTER MATCH SKIP...

e RPREICOMFIET S
. /359—‘/7“/%7&1‘?97‘:?&\ RDINI =Ty FHEDITHOHIBTEINAIEE
5
« AFTER MATCH SKIP PAST LAST ROW
= T4 L ERETITED O/ =y FERIBL. MTIYF LD IRD /NI =y FId51T
BHASEETS
« AFTER MATCH SKIP TO NEXT ROW
- FEATTITEISNNY—V vy FERIELES CRIZ2ITE NS/ —V Ty F A RIAT S
e AFTER MATCH SKIP TO FIRST|LAST /X9 —Y %

- NY—YvTFLIEHENFETBZHRM(FIRST)HDWIHREZ(LAST)DITHS/NI—V v TF &
FIRd %
- WEDO/NYyFTIEFRYR—F
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RPR(RO20) D& &

L

WINDOW window name AS (

[ PARTITION BY ... ]

[ ORDER BY... ]

[ MEASURES ... ]

ROWS BETWEEN CURRENT ROW AND UNBOUNDED FOLLOWING
[ AFTER MATCH SKIP ... ]

[ INITIAL|SEEK ]

PATTERN (...)

[ SUBSET ... ]

DEFINE ...

)
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INITIAL|SEEK
 RPRAAICOAFIET S
* INITIAL
¢ YYFLIITDEEN IL—LDFKIEITHNLIBEDEZIICOATYTFH
KID L& BAd
* T7#Ih
« SEEK
¢« YYFLIZITDEESDKETHAIL—LDFHETHRLLTERYFH RIS
L7z&ERAT

o IRFED/NYFTIEHR—FINLTLIVRW
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RPR(RO20) D& &

L

WINDOW window name AS (

[ PARTITION BY ... ]

[ ORDER BY... ]

[ MEASURES ... ]

ROWS BETWEEN CURRENT ROW AND UNBOUNDED FOLLOWING
[ AFTER MATCH SKIP ... ]

[ INITIAL|SEEK ]

PATTERN (...)

[ SUBSET ... ]

DEFINE ...

)
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DEFINE(1)

 RPRAEICOHFIET S
¢« INY—URVFEHNETEERTD
 DEFINE Z#(#4 AS smIE=, -
s RIEBAIIEEOREBANEITS
- START AS TRUE
- LOWPRICE AS price < 100

- UP AS price > PREV(price)
— UP AS price > 100 AND price PREV(price)

Copyright(c) 2023 SRAOSS LLC
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DEFINE(2)

« DEFINER] Tl row pattern navigation operation& i
IENZEAHREDHIFETES
* FIRST, LAST, PREV, NEXT
o IRTFED/N\YFTIE,.PREV/NEXTDOHHYHR—hK
 UTFIEIRED/ Ny FTIERYHR—F
* CLASSIFIER(/X9—2 <y F LIEH A% FITRY EH)
« £
e BIfIEH

I~V
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RPR(RO20) D& &

L

WINDOW window name AS (

[ PARTITION BY ... ]

[ ORDER BY... ]

[ MEASURES ... ]

ROWS BETWEEN CURRENT ROW AND UNBOUNDED FOLLOWING
[ AFTER MATCH SKIP ... ]

[ INITIAL|SEEK ]

PATTERN (...)

[ SUBSET ... ]

DEFINE ...

)

Copyright(c) 2023 SRAOSS LLC
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PATTERN(1)
* DEFINECEZR LR ZFE > T, —BIE /LY
HN—2 %Rk g 5
« PATTERN (START UP+ DOWN+)
- STARTIC~ v F9 547(117H)
- WPILY v F 9 2T 1TLU LR
- DOWNIC~ v F9 21T7H11TLLEHE <
e DEFINETCEER L TWAWEEHANHIELAS, TA
IS TRUE] & R7ZA79
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PATTERN(2)

cSEIRICIFIERKRIRE(FEZ S
« +: 19700 E
« x: 0f7LALE
e ?7: 0F /21F 14T
« A | B: ORZHH
« (AB): Z)IL—EVY
« {n}: nf7
« {n,}: niTlLL
« {n,m}: nfTLAEMITLLTF
o {,m}: 04T EMITLLTF
s IMEDNRYyFTIE ‘47 & % OIAYR—b
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H—y R N) AN TOEHDIFL

o EEARMICIIWindowaICHIFBEHEE KLY

7171 LRPRAEAHINDE, EMERIIYYF L
Wk@m*hé
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= ZIZE, S = 4=
= BRI D E1THI
SELECT company, tdate, price,
countg*g OVER w1 AS countl,
count (%) OVER w2 AS count2 -
BROI s tock ombany_| | tdate | price | countl | count?
DAL O 8% Somoany companyl | 2023-07-01 | 100 10 4
ORDER 81 tdato [> conpany | 2023-07-02 | 200 9
, company -07-
w2 AS (wl companyl | 2023-07-04 140 7
SﬁgguﬁEEgEEgLEgmﬁgT ROW AND companyl | 2023-07-05 150 6 0
AFTER MATCH SKIP PAST LAST ROW ggmggzﬂ gggg:%:gg 1?8 2 4
INITIAL
PATTERN (START UP+ DOWN+ companyl | 2023-07-08 130 3
DEFINE ( ) companyl | 2023-07-09 120 2
START AS TRUE, companyl | 2023-07-10 130 1 0
UP AS price > PREV(price), (10 rows)
) DOWN AS price < PREV(price)
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RPRMDPostgreSQLE %

* WindowaIZxf L TR

F';ﬁ%EJODPostgreSQL 171239 5/\yFZpgsql-
hackersTIRE

* https://www.postgresql.org/message-id/
20230625.21 0509.1276733411677577841 .t-ishii
%40sranhm.sra.co.jp

s WNyFII N—H TSVF ITTEXF1—-FHITEDEBIEELRST
i‘o‘)b)\ INYTFITETHIZ, 00017 (T AN REFa XV MDY F &R
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— 7~
PATTERN (START UP+ DOWN+) ?flff---fi:ﬁ?ifif:fi?% __________
DEFINE
100 START
START AS TRUE,
UP AS price > PREV(price), | > ?28 §¥QE¥ B(I;WN
DOWN AS price < PREV(price) 149 START DOWN
150 START UP

i AR A S DY A LR ( 18—y FDRERA

START START START START START
START UP START START START
START UP DOWN START START
START UP DOWN START START

START UP DOWN DOWN UP

4

XA L TR,

IERRSRIBMRR

START UP+ DOWN+

L IERKRIRRT D

=
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SEDFE

« CDLARILDELZTPostgreSQLICEY AL A HRETH
* REEDRBEIITLILEHED . I LRERZIEPT /YT
b‘Ekﬂ:?%ﬁ‘ﬁb hH 5
- INyFHAEKRIELTBELELZ—DPREEICARY, BRYVIAATESZ KRS

¢ SOEKLANIITEERAMICIIEZZ2REEL VDT, SOH
BEL NIV TEYH AT PostgreSQL 17HM1 8IZEXYIA A=y
. %@1&6: FEL) DRI ICEY A=W
- MEASUREA R EDERLE
- MATCH RECOGNIZE (RO10)(D =%
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/711

ETDOFED

-
7/55— RE(RPR)IE, SFTOSQLTIAERH
%ﬁbb\jfumiﬁf&jcﬁ%?& DJ ﬁb cLE j_

. S_PR’C“LEL FRRIEANTIT/NY—VZEd LE

. RPLRf%Wlndow’_J’UFU 19255 DEXEEBN
b -

* RPRZPostgreSQLICER T HaAAZHBITLELL
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22 Xk URL

* ISO/IEC 19075-5 “Information technology - Guidance for the use of database language SQL - Part5:
Row Pattern Recognition”

* SQLOE YT TF—4 3t
* https://www.sraoss.co.jp/tech-blog/db-special-lecture/masunaga-db-special-lecture-3/
* Row Pattern Recognition in SQL
* https://sqlperformance.com/2019/04/t-sql-queries/row-pattern-recognition-in-sql
* Specification of Row Pattern Recognition in the SQL Standard and its Implementations
* https://link.springer.com/article/10.1007/s13222-022-00404-3
* Trino 426 Documentation (MATCH_RECOGNIZE)
* https://trino.io/docs/current/sql/match-recognize.html
* Trino 426 Documentation (Row pattern recognition in window structures)
* https://trino.io/docs/current/sql/pattern-recognition-in-window.html
* Oracle12c~¥=a7J)L&Y

* https://docs.oracle.com/cd/F19136_01/dwhsg/sql-pattern-matching-data-warehouses.html#GUID-136DAC89-
DA17-45C6-9E37-C9892723AC79
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5
e FEXAIC/NNYAYFI

i1l
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