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Oracle CloudWorld 2023 T®D MySQL BdiEHR
MySQL HeatWave T® JSON F—AEINtE&FEFR

JSON query acceleration in MySQL HeatWave

ORDER OF MAGNITUDE FASTER WITHOUT INDEXES

ORACLE

C]OUd Wor]d ‘ Application Scripting

> JSON queries get order of magnitude
. . i MySQL Connectors MySQL Shell
acceleration without indexes

The Future of Scale-out i A S : (
Data PI‘OCGS Sing With > Real-time analytics on JSON documents [ CRU% S i ]
HeatWave Lakehouse » JSON documents are compressed, partitioned [P |

MySQL HeatWave

Edward Screven Announcing JSON acceleration in HeatWave

Chief Corporate Architect

September 20 2023 QUERY PROCESSINGAND REAL-TIME ANALYTICSON JSON DOCUMENTS

+ Data compressed up to 3X

» Scales across nodes

JSON Queries (512 GB)

Simple Filter Queries

Aggregation Queries

Large Join Queries

Copyright © 2024, Oracle and/or its affiliates. All rights reserved.




Oracle GraalViv

HIGH PERFORMANCE JDK

The advanced optimizing Graal compiler provides ahead of time compilation, and polyglot language execution

> =)
LS

Java Java Java
JS

Announcing i e N GraalVm GraalVV GraalVm
. . 3 ._. Mfﬁ- )
JavaScript in = = R

MySQL HeatWave (LA) . @ L9, M
JavaScript Stored Programs (LA)

- Seamless MySQL # JavaScript \OT) “Native Multi-language support

{ : srator
type conversion for input /
output arguments

« Can be used anywhere a SQL
stored function can be used —
e.g. SELECT, WHERE, ORDER BY

« Support for DML, DDL, Views

« Existing XDevAPI used to
execute SQL inside JavaScript

JavaScript stored
programs are first-dass
objectsin

MySQL HeatWave —
simplify the execution of
complex operations
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1. MySQL HeatWave T® JSON 7 —4ZIXH)E




1-1. 2 MySQL T JSON ?
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DL—23FIWERF—VAEDELE ?

UL—237F)

SOL > SELECT * FROM pizza;

| CLA | Classic Pizza

| MAR | Margherita Pizza | 500

t-m—— fom e e it +
SQL |> SELECT * FROM toppings;

tom—————— fomm +

| p_code | name

Pepperoni
Parmesan
Basil
Mozzarella

| CLA
| MAR

0 7\-‘4: NOBEANE

R NIL T

3% REANR 7 VOEEERICEHA
o TACEIDAEIE - REDTHIFIZERE TED
: IE%EA LTT—YEEOHIR

- BI2Y723>: ACIDEFIE

- NIJITEREEINZ SQL E5E

AF—NLR (FFaxXTH)

"name": "Classic Pizza",
"price": 400,
"toppings": [

"Pepperoni", "Parmesan" ]

"name" :
"price":
"toppings":
"options": [

"Margherita Pizza",
500,

[ "Basil",
{ "name":

"Mozzarella" ],

"Olive", "price": 100 } ]

BIHEORYOILI23>

o RARESNBBEIIICATS I ROYVI—4EE ([1, {3)

o AF—NLA: AF—VE%ET. IERME. BEFINEFOETAE
o UL=23FILETITIEETIUEULIKWT —5% ZERICERIR

. MRTESREET-TOMAESY

«  ORMZAARII(C. AT>1IbDKEALH BT E




H—F—IN—-ATEEISI., 87— IN—-ATEHEHITHH ?

« EH—F-AHIR-X . EBEOT—HIN-X
o DZLDAVN-HHIBAF) TEIE D] EE BINDOAF IR EERD, BIR-FEFEOEML
- BEIXMMIFEIENS - EIEQXMOMEND
e IDEVSATSYTRIRTIEE . BEFESATSVOELRFENDITINE
e IDBLW—)L TEIBTEE - BEY-IOEHREVDINDE
. BELRF-_HEE o FTHEIECTE-IAMNDIND
e EBARUDHFE—EIC o BREDIZRIS AT LATIUIE

« SQLALE, CRUDALIEH(CP]HE
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1-2. JSON 7—4EIDH[0ONZD
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JSON F7—4%8
MySQL 5.79. 20154E108 ~

o XAT4JISONTF—4E! (J\1FURER)

o InsertlFDISONFES/\UF — 3> #EE

o #HAHAHISONBEE(RTF. 18R, FF. 121F)

o RFIAXDMNIATYIREETE USRI A

« SQLEDEREZEBZICTD. FTLWLA> T8

o utf8mb4NXZFty heutf8mb4_binDIEE [ P |

« B4 X(Emax_allowed_packetDMETHIPE (Default:4MB)

SQL > select feature from mapdata.features where json_extract(feature,'$.properties.STREET')

limit 1¥G
*hkkkkkkkkkkkkk ] . row *kkkkkkkkkkkkx

feature: {"type": "Feature", "geometry": {"type": "Polygon", "coordinates": [[[-122.39836263491878,

37.79189388899312, 0], [-122.39845248797837, 37.79233030084018, 0], [-122.39768507706792,

37.7924280850133, 0], [-122.39836263491878, 37.79189388899312, 0]]]}, "properties": {"TO_ST": "388", "BLKLOT":
"0265003", "STREET": "MARKET", "FROM ST": "388", "LOT NUM": "003", "ST TYPE": "ST", "ODD EVEN": "E",

"BLOCK NUM": "0265", "MAPBLKLOT": "0265003"}}
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JSON 5F—4%8Y: YRk— NI BE

« JSONTZEKRIRIZELTHT—HE%Z K-k
- FUBE. X5, Boolean (true / false)
o ATTION{"F-":"E"}, BEFl [123456, "SXFFH" ...
* null
- L3R
- Bft (date). K&, B1d (datetime). 51 LRXY>T . 7O

SQL > show create table T JSON_SUPPORT ¥G
kkhkkkkkkhkkkhkkhkhkkhkkhkkhkkkhkkkkhkkkkkk 1_ YOW *kkkkkkkkkkhkhkhkhkhkhkhkhkhkhkkkkkkk

Table: T_JSON_ SUPPORT
Create Table: CREATE TABLE T _JSON SUPPORT  (
"id® int NOT NULL AUTO_INCREMENT,
"body” json DEFAULT NULL,
"type’ varchar (20) GENERATED ALWAYS AS (json_type ( body’))

VIRTUAL,
PRIMARY KEY (°id’)
) ENGINE=InnoDB AUTO_INCREMENT=8 DEFAULT CHARSET=utf8mb4
COLLATE=utf8mb4_ 0900_ai ci
1l row in set (0.0011 sec)

SELECT * FROM T JSON_SUPPORT;

1234567890

NULL

true

"abcde"

{"id": 5, "name": "Object"}

[-122.4220035, 37.80848009]

"2023-12-13"

"2023-12-13 04:08:01.000000"

INTEGER
NULL
BOOLEAN
STRING
OBJECT
ARRAY
DATE
DATETIME




JSON 7—45B1D{ERK

- 21BDOEDT

SQLY> SET Qa = JSON OBJECT('pl', 1, 'p2', JSON OBJECT('p3', 'val’));
Query OK, 0 rows affected (0.0009 sec)
SQOL > SET @b = CAST('{"p2": {"p3": "wval"}, "pl": 1}' AS JSON);

Query OK, 0 rows affected (0.0008 sec)

SOIN> SELECT Qa, @b, Qa

{np3n < "yral” } } I { "pl" . ,

1l row in set (0.0009 sec)

JSON_OBJECTEI#A T [®IELMEZ5ZU TR

JSONELTValida X =57z, CASTRE#R TISONT —~BI (A MU TYERK
BHEOLUVIEE, EXRFOIEFICRFRRIERIEEND
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JSON 7—A8IHS5AMD CREATE / INSERT

+ JSON h3LZEELT—IIVOIER. T—HDHEA

SOL"> CREATE TABLE jsontable ("ID' int PRIMARY KEY, “jdoc  JSON) ;
Query OK, 0 rows affected (0.0538 sec)

SQL > INSERT INTO "jsontable  ('id , "jdoc’) VALUES (1, JSON OBJECT('pl', 1, 'p2', JSON OBJECT('p3', 'vall')));
Query OK, 1 row affected (0.0094 sec)

SOL > INSERT INTO " jsontable ('id’, "jdoc’) VALUES (2, '{"p2": {"p3": "val2"}, "pl": 2}');
Query OK, 1 row affected (0.0102

SOL > SELECT * FROM " jsontable ;

et +
| ID | jdoc
et +
, "p2": {"p3": "vall"}}
: {"p3": "val2"}}

2 rows in set (0.0010 sec)

o TAEATTEF2:ED
« JSON_OBIJECTRIEXT. BIHLlEZY 2L TIEE
« JSONEULCValidRX A zaE (FrANMIBEEATITOND)




JSON F—%8: Bk

 JSON A3 NS0T —9DiH

SQL > SELECT ] ] ' FROM jsontable;

2 rows in set (0.0007 sec)

SQL > SELECT Qa->'$.pl';
ERROR: 1064: You have an error in your SQL syntax; check the manual that corresponds to your My
SQL server version for the right syntax to use near '->'$.pl'' at line 1

- JSON_EXTRACTRE§#XCISONADIE HB7Z
- BHEOEERIN-—MSELT XUIDWTEMZIEE (Bd05S(E[EEF])
- BBREJEHELT, >TEEFTEEUIR (L. ZEICHUTHMER W)
o XFFMBICHUTIE. ATNIA-NTHERENEELTHENENS
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JSON 7—58: ElEofit: (SXFINEDER)

* JSON A5 LnB0T—A0%E (XFFUBENSYTIVIA— MU TRER)

SQL > SELECT j , j 'S.p2.p3' FROM jsontable;

2 rows in set (0.0009 sec)

« JSON_EXTRACT + JSON _UNQUOTERIEDMEHENE TXFFHENSH INI A — Nt g
« BIBREZTHELT, >>HEEFTERIVHIR (22U, ZEUTTUTIHEZ L)
o WXFHUELNDIZBED. ISONATS 1Y NMISLFEFIRIRERDRERZENHDT — BN DD
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JSON 7—4%8: BIHICLBIRFR

« WHERE XI(C JSON_EXTRACT E&X. ->"EEF. ->>TEEFREEIEEL (FRMATE

SQL > SELECT * FROM jsontable WHERE jdoc->>'$.p2.p3' = 'vall';

{ "p3|l 0 "vallll } }

1l row in set (0.0011 sec)
SQL > SELECT * FROM jsontable WHERE jdoc->>'$.p2' = '{"p3": "vall"}';

{ "P3" : "vallll } }
1l row in set (0.0011 sec)
SQL > SELECT * FROM jsontable WHERE jdoc->'$.p2' = '{"p3": "vall"}';

Empty set (0.0011 sec)
SQL |> SELECT * FROM jsontable WHERE jdoc->'$.p2' = JSON_OBJECT('p3', 'vall');

{"p3" : "vallll} }

1l row in set (0.0034 sec)




JSON F—4~8: BB EH

« JSON_SET. JSON_REPLACE. JSON_INSERT. JSON_REMOVEREDREEZFHWT—8%ZZE Uz JISON #
J21) NeteRk

SQL > SET @c = CAST('{"p2": [10, 20, 30], "pl": "vall"}' AS JSON) ;
SQL > SELECT (e, '$.p2[0]', 1, 'S$S.pl', true);

« JSON_SET: fF1E9 3/ ADEZEEHZ . FEULRVWADIEZIENN

« JSON_INSERT: fFFEULRVWRADIBETENENZN, FEIT D/ ADIBEFESHZ R
« JSON REPLACE: FE I/ ADEZ EZHZ DN, FFELRVVCZADIBE(FIEINUR
- JSON REMOVE: #8EXN/NADBEZHIBRI S
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JSON F—498H5LAD UPDATE

« JTTOAZLD ISON Z JISON_SET BREDREZ -V T—EBZZEL. UPDATE #8XX CEXf

SQL > jsontable SET jdoc = (jdoc, '$.p2.p3', 'replace') WHERE jdoc->'$.pl' < 5;
Query OK, 4 rows affected (0.0274 sec)

Rows matched: 4 Changed: 4 Warnings: O
SQL > SELECT * FROM jsontable WHERE jdoc->'$.pl' < 6;

{"pl": : {"p3": "replace"}}

{"pl": : {"p3": "replace"}}

{"pl": : {"p3": "replace"}}

{"pl": : {"p3": "replace"}}
: : : "val5"}}

5 rows in set (0.0035 sec)




JSON 7 =98 hS LAADEEICE DM OTYIAGE

« JSON DOEMET GENERATED COLUMN ZARKL. EDHTLICA>TYIRZTS

SQL > ALTER TABLE jsontable ADD COLUMN virt pl integer (jdoc->>'$.pl1"')
Query OK, 700 rows affected (0.3825 sec)

Records: 700 Duplicates: 0 Warnings: O
SQL > ALTER TABLE jsontable ADD INDEX virt index pl ( virt pl );
Query OK, 0 rows affected (0.0572 sec)

Records: 0 Duplicates: 0 Warnings: 0

SQL > EXPLAIN SELECT * FROM jsontable WHERE jdoc->>'$.pl' > 10 AND jdoc->>'$.pl' < ;
Rt SEE LR PP e - 4 - e e e e L +-———-- +-————- - - +
| id | select type | table | partitions | type | possible keys | key | key len | ref | rows | filtered | Extra

1 row in set, 1 warning (0.0052 sec)

Note (code 1003): /* select#l */ select  jsontable . jsontable . ID" AS "ID’, jsontable . jsontable . jdoc"™ AS
"jdoc’, jsontable . Jjsontable . virt pl AS 'virt pl' from jsontable . jsontable where (( jsontable . jsonta
ble . virt pl° > 10) and ( jsontable . jsontable . virt pl < 30))




JSON 7—5EIEIER

« JSON F—41ERk « JSON F—H1&ZR - JSON EM7—5EUs
« JSON_ARRAY « JSON_CONTAINS « JSON_DEPTH
- JSON_OBJECT « JSON_CONTAINS_PATH « JSON_LENGTH
.« JSON_QUOTE « JSON_EXTRACT « JSON_TYPE

« JSONF—HZEE . >EET « JSON_VALID
« JSON_ARRAY_APPEND . >>EET e JSON XF—VH&REIE
« JSON_ARRAY_INSERT « JSON_KEYS « JSON_SCHEMA VALID
« JSON_INSERT « JSON_OVERLAPS « JSON_SCHEMA VALIDATION_REPORT
.« JSON_MERGE « JSON_SEARCH « JSON 1—F1)5 182K
« JSON_MERGE_PATCH « JSON_VALUE « JSON_PRETTY
« JSON_MERGE PRESERVE « value MEMBER OF « JSON_STORAGE_FREE
- JSON_REMOVE « JSON 7—7J)LE8%K% - JSON_STORAGE_SIZE
« JSON_REPLACE « JSON_TABLE

« JSON_UNQUOTE

ZHE: https://dev.mysgl.com/doc/refman/8.2/en/json-functions.html E
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https://dev.mysql.com/doc/refman/8.2/en/json-creation-functions.html#function_json-array
https://dev.mysql.com/doc/refman/8.2/en/json-creation-functions.html#function_json-object
https://dev.mysql.com/doc/refman/8.2/en/json-creation-functions.html#function_json-quote
https://dev.mysql.com/doc/refman/8.2/en/json-modification-functions.html#function_json-array-append
https://dev.mysql.com/doc/refman/8.2/en/json-modification-functions.html#function_json-array-insert
https://dev.mysql.com/doc/refman/8.2/en/json-modification-functions.html#function_json-insert
https://dev.mysql.com/doc/refman/8.2/en/json-modification-functions.html#function_json-merge
https://dev.mysql.com/doc/refman/8.2/en/json-modification-functions.html#function_json-merge-patch
https://dev.mysql.com/doc/refman/8.2/en/json-modification-functions.html#function_json-merge-preserve
https://dev.mysql.com/doc/refman/8.2/en/json-modification-functions.html#function_json-remove
https://dev.mysql.com/doc/refman/8.2/en/json-modification-functions.html#function_json-replace
https://dev.mysql.com/doc/refman/8.2/en/json-modification-functions.html#function_json-unquote
https://dev.mysql.com/doc/refman/8.2/en/json-functions.html
https://dev.mysql.com/doc/refman/8.2/en/json-search-functions.html#function_json-contains
https://dev.mysql.com/doc/refman/8.2/en/json-search-functions.html#function_json-contains-path
https://dev.mysql.com/doc/refman/8.2/en/json-search-functions.html#function_json-extract
https://dev.mysql.com/doc/refman/8.2/en/json-search-functions.html#operator_json-column-path
https://dev.mysql.com/doc/refman/8.2/en/json-search-functions.html#operator_json-inline-path
https://dev.mysql.com/doc/refman/8.2/en/json-search-functions.html#function_json-keys
https://dev.mysql.com/doc/refman/8.2/en/json-search-functions.html#function_json-overlaps
https://dev.mysql.com/doc/refman/8.2/en/json-search-functions.html#function_json-search
https://dev.mysql.com/doc/refman/8.2/en/json-search-functions.html#function_json-value
https://dev.mysql.com/doc/refman/8.2/en/json-search-functions.html#operator_member-of
https://dev.mysql.com/doc/refman/8.2/en/json-table-functions.html#function_json-table
https://dev.mysql.com/doc/refman/8.2/en/json-attribute-functions.html#function_json-depth
https://dev.mysql.com/doc/refman/8.2/en/json-attribute-functions.html#function_json-length
https://dev.mysql.com/doc/refman/8.2/en/json-attribute-functions.html#function_json-type
https://dev.mysql.com/doc/refman/8.2/en/json-attribute-functions.html#function_json-valid
https://dev.mysql.com/doc/refman/8.2/en/json-validation-functions.html#function_json-schema-valid
https://dev.mysql.com/doc/refman/8.2/en/json-validation-functions.html#function_json-schema-validation-report
https://dev.mysql.com/doc/refman/8.2/en/json-utility-functions.html#function_json-pretty
https://dev.mysql.com/doc/refman/8.2/en/json-utility-functions.html#function_json-storage-free
https://dev.mysql.com/doc/refman/8.2/en/json-utility-functions.html#function_json-storage-size

1-3. MySQL RFaX> RARKRY
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RE¥IAD PA NP HEE
MySQL 5712, 2016548 ~

« XZJORIL
e MySQL %ZRFIXRARTELTRWAEDHIC, X T3 2OVTF4>)

74> (mysqlx) (CEDER. T7IAIMERD

« SQL 2LIBE RFIXT NI I3 CRUD 4LIE

- FEFEO MySQL Connectors (CLD3EZE
- MySQL Shell (mysglsh) (20174E48GA)

o IN2RIA12D347>b (Javascript, Python, SQL)
- MySQL Shell for VSCode (2022£E38 LUFELA)

« Visual Studio Code T35 1> ELTEIMET S

MySQL GUI (MySQL Shell. J— I I/F) OLAP /T1)

D7 IVIA LT3 = S5 :
OLTP  ibpimi et T-AN=ZAA ML Autopilot
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X 2'0M3J)L&E X DevAPI

o XTITAUEDERE (TIANNTEIME)
- XJORIL
o JSATI MY —N\—BIOZERIERE
o IR>ROINAT A ALK ISUISERIER AP
« TCPR—bMELT 3306 M—K T3 33060 ihv—bzFAE (FIAILE)
- BIE[FSvTENT protobuf A (CRI e Xy —S%EH
« SQL ERFAADMIXTTBFTULY CRUD API DMy %ZHHR— K
« X DevAPI
« XT3J4> (MySQL) © X JORIJL © X DevAPI (R54/\—) DEHFENDE TENME
o REIADNFT=TILOIALIZAUTHFULTD CRUD ALIE
« NoSQL 54491 APl #3Z T RF21X> MU CRUD 4LIER]EE
- FE5FE®D MySQL Connectors R34 /{—, MySQL Shell. MySQL Shell for VSCode RXETEME
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MySQL Connectors T® X DevAPI

« SQL. CRUD APIsO#IH
o AF—NLARFIAMELWIL—23F )7 =T )UK

REaAY b UL—33F)

Create Collection.add() Table.insert()
Read Collection.find() Table.select()
Update Collection.modify() Table.update()

Delete Collection.remove() Table.delete()

25 Copyright © 2024, Oracle and/or its affiliates. All rights reserved.




MySQL Connectors T® X DevAPI
BIES> T

[opc@test0l node]$ cat sample node X API.js
const mysqlx = require('(@mysqgl/xdevapi') ;
const config = { collection: 'hwCollection', schema: 'hwSchema',6 user: 'root', server: '10.0.X.X', password: 'password'};

const main = async () => {
const session = await mysqglx.getSession({ host: config.server, port: 33060, user: config.user, password: config.password}) ;
let schema = await session.getSchema (config.schema) ;
if (! (await schema.existsInDatabase())) schema = await session.createSchema (config.schema) ;
const collection = await schema.createCollection(config.collection, { reuseExisting: true });
await collection.add([{baz: { foo: "bar"}},{foo: { bar: "baz"}}]) .execute() ;
const res = await collection.find('$.baz.foo = :foo') .bind('foo', 'bar') .execute() ;
const row = res.fetchOne() ;
console.log("Row: %j", row);
console.log("Collection find done!") ;
await collection.remove('S$.foo.bar = :bar') .bind('bar', 'baz') .execute()
console.log("Document deleted") ;
await schema.dropCollection (config.collection) ;
return;

ix

main() ;

[opc@test0l node]$ node sample node X API.Jjs

Row: {"_id":"0000657684930000000000000011","baz":{"foo":"bar"}}
Collection find done!

Document deleted

26 Copyright © 2024, Oracle and/or its affiliates. All rights reserved.




MySQL Shell

27

FESLIUVEEADI LRSS

—RAGEVIRAOUT N A >A—T1—A%Z T U THIARIEE/R MySQLON > RSA>I547 >~
Pythont2JavaScriptREDRAVUT RSB CEETFREMEXTEE I DcHDTERFAFEFAPI
AF YL ARFIAD SBLMIL—23FIIN T =TI IS

[opc@test0l ~]$ mysglsh --help | egrep -i "Start in"
--sql SQL mode, auto-detecting the
--sqlc SQL mode using a classic session.

--sqglx SQL mode using an X protocol
--Jjs, —--javascript JavaScript mode.
--py, --python Python mode.

JVyFALIR(CFI R BT e

[opc@test0l ~]$ mysglsh --file code.js

[opc@test0l ~]$ mysglsh < code.js
[opc@test0l ~]$ echo "show databases" | mysqlsh -sql

Copyright © 2024, Oracle and/or its affiliates. All rights reserved.




MySQL Shell
ST

[opc@test0l ~]$ mysglsh root@1l0.0.X.X
MySQL Shell 8.1.1

Copyright (c¢) 2016, 2023, Oracle and/or its affiliates.

Server version: 8.2.0-ul-cloud MySQL Enterprise - Cloud
No default schema selected; type Yuse <schema> to set one.
10.0.X.X:33060+ ssl > const db = session. "tpch 10g');
MySQL 10.0.X.X:33060+ ssl JS > db. ('CUSTOMER DOC') ;
<Collection:myShCollection>
10.0.X.X:33060+ ssl [JSEJ}> db.CUSTOMER DOC. ({"title":"Hello World", "text":"This is the fir
st post via mysqlx"}) ;
Query OK, 1 item affected (0.0042 sec)
10.0.X.X:33060+ ssl [JSEJ}> db.CUSTOMER DOC. ('$.title = "Hello World"').sort(["title"]);
{
" id": "0000657684930000000000000013",
"text": "This is the first post via mysqlx",
"title": "Hello World"
}

1 document in set (0.0007 sec)
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REIAZ DA M OLiHY
MySQL Shell. JavaScript 15 —J1—2T®) DB A7>17bD—&

10.0.X.X:33060+ ssl | tpch 10g B> db.getTables() ;
[

<Table:CUSTOMER>,

<Table:LINEITEM>,

<Table:NATION>,

<Table :ORDERS>,

<Table:PART>,

<Table: PARTSUPP>,

<Table:REGION>,

<Table: SUPPLIER>,

]

10.0.X.X:33060+ ssl | tpch 10g JJEEJ> db.getCollections () ;
[

<Collection:CUSTOMER DOC>,
<Collection:LINEITEM DOC>,
<Collection:NATION_ DOC>,
<Collection:ORDERS DOC>,
<Collection:PARTSUPP DOC>,
<Collection:PART DOC>,

<Collection:REGION_DOC>,
<Collection:SUPPLIER DOC>
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RFIAS PA MY D{LFEH
MySQL Shell. SQL 1>4—J1—XTO DB A7 17 hD—&

10.0.X.X:33060+ ssl tpch 10g SQL > show tables;

| CUSTOMER |
| CUSTOMER DOC |
| LINEITEM |
| LINEITEM DOC |
| NATION |
| NATION DOC |
| ORDERS I
| ORDERS_DOC |
| PART |
| PARTSUPP |
| PARTSUPP_ DOC |
| PART DOC |
| REGION |
| REGION DOC |
| SUPPLIER |
| SUPPLIER DOC |

16 rows in set (0.0012 sec)

30 Copyright © 2024, Oracle and/or its affiliates. All rights reserved.




REIAS PANP D{LFHH
RE&1X> KA K Collection DIF{ER

10.0.X.X:33060+ ssl | tpch 10g SQL > SHOW CREATE TABLE LINEITEM DOC;

| LINEITEM DOC | CREATE TABLE ‘LINEITEM_DOC‘ (

"doc” json DEFAULT NULL,

" _id’ varbinary(32) GENERATED ALWAYS AS (json_unquote(json extract('doc’, utf8mb4'$§. id'))) STORED NOT NUL
LI

" _json_schema  Jjson GENERATED ALWAYS AS (_utf8mb4'{"type":"object"}') VIRTUAL,

PRIMARY KEY (°_id’),

CONSTRAINT "S$val strict 37756BDA39FEEC09BB17E7305CECE8F5EC904E4D" CHECK (json_schema valid('_Jjson schema’,
‘doc’)) /*!'80016 NOT ENFORCED */
) ENGINE=InnoDB DEFAULT CHARSET=utf8mb4 COLLATE=utf8mb4_0900_ai_ci |c

« CollectionDIEAR(I4FRIRIEEZRFoleT— T
« JSON AT>1/M2{R1EF I3 JSON BUIHS A
« JSON »5 ID DfEzEtkEH Uz STORED Generated Column
« JSON & F1vJ D JSON Schema #l#I%Z2 =0 VIRTUAL Cenerated Column
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MySQL HeatWave
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JSON F—48: JTUD&miE{L

JSON AIBDI\NTA— > AFREEICZLDEFREIES D EOT

JSON RFaXZ N TEEZCTIERASNDT1—=)
MIEH

Virtual generated columns ZFHW\T. J1—Jl
MO (Ekiiifan

NBOIT—ILRCT XS BT TI-DINTA—

N> R%[E EEB3Ic. Th AV TYIR%E
1ER%

A>T ADHEFF DI DICELDIEZELF NN
n%
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1. ERE{EINREIIV-DFFE

SQL > SELECT * FROM features

-> WHERE feature->"$.properties.STREET" =

2. feature->properties.STREET &XJ/ix9 3 Virtual
generated columns Z4ERK

SQL > ALTER TABLE features ADD COLUMN feature street
-> VARCHAR (30) GENERATED ALWAYS AS

-> (JSON_UNQUOTE(feature—>"$.properties.STREET") VIRTUAL) ;

3. Virtual column (C14>7YI 2% VERK

SQL > ALTER TABLE features ADD INDEX (feature street);




H—7—IN—-ATEHII, 88T —IN—-ATEEHITSH ? (FEi8)
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MySQL HeatWave [C&% JSON JIU—-DEE(L
A>TV AU THREWTE

AOVTF4>4

o« A>FTYIZARUT JISON F—=ANDITUNMMTEWNCS
|

o 7IUHT—33NADOZEE(IHERL

e JSON RFaX>MMOUTIVAIA LI

« JSON RFa1X>MIEHME. N—FT133=>J2nT. &
FAXIZhERDEFWVW A FURZ T HeatWave (4RTF

)77 70 > o
OLTP }E{{ﬁlgfiﬁg et TAR-ZXAML Autopilot
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MySQL HeatWave [Cc&% JSON JIU—-DEEE
JSON RFaXD MBI ITVEITEVTINAIA LD

HeatWave /— R

— I I ‘ I

S—)

DML (7 —%121FE58) (JUT I 1 LG I I ‘ I

- BARMEDT—REHE
J/—FREITRY—ILT Ik

S
.,
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MySQL HeatWave [Cc&% JSON JIU—-DEEE
TPCH 512GB OF —4ICHVT. 20f3-144{ED=EA L

. HR—KNF3 JSON B (F1—X1)
« JSON_EXTRACT
JSON_OBJECT

TPCH_JSON_512 MySQL (#) HeatWave ()

JSON_LENGTH BEIAIRZRI T — 5200 240 204
JSON_DEPTH %ET’?IU— 5500 250 224z
JSON_ARRAY *itl*, JJE"N 10 BERILL E 300 14445
JSON_UNQOUTE
_> / JISON_EXTRACT
_>> / JISON_UNQUOTE(JSON_EXTRACT())
n 2025
« U7)LAA4 LT HeatWave (C{G1ET S JSON RFaxX> pe¢- ‘7}7:'3 GhA
hD DML (F—5i/F=3E 737 yation
JSON_INSERT 82\ " 1P
JSON_SET Re

JSON_UPDATE
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MySQL HeatWave [C&% JSON JIU—DFTA MER
8.2 PREVIEWT DRITHER. 8.3TIRRHEH:E

e TPC-H ®5=—7—%10GB #FIFH. &F7—TJILZ2ISONT—4H(CZEH (FECIELINEITEM F—JILTD:ERER)
 LINEITEM O&4T(E 1 DD JSON RE1x> MIZH

« LINEITEM F=JILDOAHZ AL ISON RFIXD DT —)L RCEHE

o« BF—JIERISONT—IILT, D SQL #E1T. HeatWave J—RAT, A> (1. 2. 48) TETIRFRIZLLE

ORDERKEY PARTKEY SUPPKEY LINENUMBER COMMENT

tpch_10g.LINEITEM 7—J)I tpch_10g.LINEITEM_JSON 57—/l
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MySQL HeatWave [C&% JSON JIU—-DFTA MER: BHiE7—J')) SQL

UL—23F)7-=J AT SQL

SQLY> select sum (L EXTENDEDPRICE * L DISCOUNT) as revenue from LINEITEM

-> where L SHIPDATE >= date '1994-01-01' AND L SHIPDATE < date '1994-01-01' + interval 'l' year AND
-> L DISCOUNT between 0.06 - 0.01 AND 0.06 + 0.01 AND L QUANTITY < 24;

JSON F—%[l} SQL

select sum(jdoc->'S$.L EXTENDEDPRICE' * jdoc->'S.L DISCOUNT') as revenue from LINEITEM JSON
where jdoc->'S.L SHIPDATE' >= date '1994-01-01' AND jdoc->'S$.L SHIPDATE' < date '1994-01-01' +
interval 'l' year AND jdoc->'$.L DISCOUNT' between 0.06 - 0.01 AND 0.06 + 0.01 AND

jdoc->"'S$. L QUANTITY' < 24;

UL —>3F)V7—T VA SQL JSON F—4/Ei} SQL
_ 13.0455%% 42.6677% = FI3DOURE

0.0428% 304{EER 11.08447% 3. 85/ EE
2)—Fk 0.0347%  376fEEE 5714435 7A6MEEE
4 J)—K 0.0282%8 463(EER 293878  145(EEE
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MySQL HeatWave [c&3 JSON JTU—-DF A MER: 52817 —7)l JOIN SQL

UL—233)7-=J VAT SQL JSON 7—%M[(} SQL

SOL"> SELECT SOL"> SELECT
1 shipmode, 1.jdoc->>"'$.L SHIPMODE',
SUM (CASE SUM (CASE
WHEN WHEN
O_Orderpriority = '"1-URGENT' o.jdoc—>>'$.O_ORDERPRIORITY' = '"1-URGENT'
OR o orderpriority = '2-HIGH' OR o.jdoc—>>'S$.0 ORDERPRIORITY' = '2-HIGH'
THEN THEN
1 1
ELSE O ELSE O
END) AS high line count, END) AS high line count,
SUM (CASE SUM (CASE
WHEN WHEN
o_orderpriority <> '1-URGENT' o0.jdoc—>>'$.0 ORDERPRIORITY' <> '1-URGENT'
AND o orderpriority <> '2-HIGH' AND o.jdoc—>>'S$.0 ORDERPRIORITY' <> '2-HIGH'
THEN THEN
1 1
ELSE O ELSE O
END) AS low line count END) AS low line count
-> FROM -> FROM
-> ORDERS, ORDERS_ JSON o,
-> LINEITEM LINEITEM JSON 1
-> WHERE -> WHERE
o _orderkey = 1 orderkey -> o0.jdoc=>"'$.0 ORDERKEY' = 1l.jdoc->'S$.L ORDERKEY'
AND (1 shipmode = 'MAIL' OR 1 shipmode = 'SHIP') -> AND (l.jdoc->>'$.L SHIPMODE' = 'MAIL' OR l.jdoc->>'S$.L SHIPMODE' = 'SHIP')
AND 1 commitdate < 1 receiptdate =3 AND 1.jdoc—>'$.L COMMITDATE' < 1l.jdoc->'S$S.L RECEIPTDATE'
AND 1 shipdate < 1 commitdate =3 AND 1.jdoc—>'$.L SHIPDATE' < 1l.jdoc->'S$.L COMMITDATE'
AND 1 receiptdate >= DATE '1994-01-01" =3 AND 1.jdoc->'$.L RECEIPTDATE' >= DATE '1994-01-01"
AND 1 receiptdate < DATE '1994-01-01"' + INTERVAL 'l' YEAR -> AND 1.jdoc->'$.L RECEIPTDATE' < DATE '1994-01-01' + INTERVAL 'l' YEAR
-> GROUP BY 1 shipmode -> GROUP BY 1l.jdoc->>'$.L SHIPMODE’
-> ORDER BY 1 shipmode; -> ORDER BY 1l.jdoc->>'$.L SHIPMODE';




MySQL HeatWave [c&3 JSON JTU—-DF A MER: 52817 —7)l JOIN SQL

UL —3aF)7—T VAl SoL JSON F—4El} SQL
_ 20.5435% 82269811 = #I4OUKE

0225478  91IMERER 17971974 4.58155 R
2J)—-K 0.2014% 102.00fSw5R 12.2419%% 6. T21E R
4J)—R 0133178 154.34(5EK 5.8289%) 14IUEER

o JL—2aFN7-JIEEU)-RERBEEDTIE. UL —23FIIL5—TJILEEDOFRILIFEFESNRL
« M J— N&’i’imba_(it MLHALIRDRNR TEEENER

« JSON F—=HAEIT(L, T=APA XIDBEVWEIRILLANILT ) — REEIRETUTE A D L EES

« 51, JSON F—=A(EYR.) — R RBED T ENRENZHE
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MySQL HeatWave [c&3DISON FFIA> bA M OFE(EIFRXTRE ?

CREATE TABLE \LINEITEM;DOC\ (

"doc” json DEFAULT NULL,

" _id’ varbinary(32) GENERATED ALWAYS AS (json_unquote(json extract('doc’, utf8mb4'$. id'))) STORED NOT NUL
L,

"_Json_schema  json GENERATED ALWAYS AS (_utf8mb4'{"type":"object"}') VIRTUAL,

PRIMARY KEY (°_id"),

CONSTRAINT "S$val strict 37756BDA39FEECO09BB17E7305CECE8S8F5EC904E4D" CHECK (json_schema valid( _Jjson_ schema’,
‘doc’)) /*!'80016 NOT ENFORCED */
) ENGINE=InnoDB DEFAULT CHARSET=utf8mb4 COLLATE=utf8mb4 0900 ai ci |c

« Collection ([C&9 27— IUIC HeatWave J— R&EEA. O—RaiKA36...

SQL > ALTER TABLE LINEITEM;DOC SECONDARY_ENGINE = RAPID;
Query OK, 0 rows affected (0.0037 sec)

Records: 0 Duplicates: 0 Warnings: O
SQL > ALTER TABLE LINEITEM DOC SECONDARY LOAD;

« HeatWave /— R(& Virtual Generated 135 AICIREF R TR L DR
o REa XA RIRFZADI ISR G DER
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2. MySQL HeatWave CT® JavaScript
AR7RI0T 3 L33




2-1. 78 JavaScript AN RIOT I A ?




MySQL T® JavaScript ANZRITOIS A

« ANZRIOTSLTT—A4EMm7IVT 23> OtéRe Zzm

o IR NI 1
. - A
7~ SIEE DI S
o tFIUTsiE
. ERRT—FTIF o]
17 =

75 —33>

ame
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PIVRFEROTHA N —RAD

T —AR=ARNTOFT —F4UE

7 IV =232 TOT IR

Al S

Y Ir—2321C
F—AZIEENTBET
FFEHLIPT L)

-—ANR—AANT. FFEH
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F—4A4IE8
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PIVRFEROTHA N —RAD

7 IV =232 TOT IR

Al S
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FFEHLIPT L)

JS
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T —AR=ARNTOFT —F4UE

-—ANR—AANT. FFEH
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MySQL7Z5
FFE(TJavaScript T1To
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2-2. GraalVM
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GraalVM

e Oracle DIN\A5-I3RXT
« BNTA=Y>ANDIDK
- E:53% (JavaScript. R, Python. Ruby. Javai¥) #53
« E17EF (Just-In-Time. JIT) J>/\13, 8] (Ahead-Of-Time. AOT) J>/{135
o BRI HERE
o Y=LY= 2SI NR—ZRVM
« GraalVM Enterprise Edition (& MySQL O JavaScript ¥&gEL RS
«  MySQL HeatWave 217 TR<. MySQL Enterprise Edition T JavaScript A N7 RITOJS LHEEE (SFIFER]

LG
Be

51 Copyright © 2024, Oracle and/or its affiliates. All rights reserved.




GraalVM D% #E
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2-3. MySQL HeatWave @ JavaScript
AN RIOT 5 L3NG




MySQL @ JavaScript AM? RO 5 LB IEH1RMETEIED

o 83 IIEDOVI—-ATIRMENZBD(FLL T 18D
« ECMAScript 2021 #E(RAZ(CE DLV JavaScript S5&
« ARNZRIOS—>v, BLURXN7 REFER
- MySQLOFT—4E!
(151: 2224, Z&/)\E = CHAR/VARCHARREETD/\UI—-23)

o NpMREEIFOED 1-IEEIXFTAICE. BRIRRITIE
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https://tc39.es/ecma262/2021/

JavaScriptA NP7 ROV S5 ADES

.« MEROANY REEZR/JOS —SYERD SOL OIRERTER

SQL > CREATE FUNCTION gcd js (a INT, b INT) RETURNS INT
-> LANGUAGE JAVASCRIPT AS $S

->
-> let [x, y] = [Math.abs(a), Math.abs(b)];

-> while(y) [x, y] = [y, X v];
-> return x;
->

—> 855
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JavaScriptA NP7 ROV S5 ADERST

o LIFOFT—TJILT. &RUIE JavaScript A N7 REA#EZEST

SOL > SELECT coll, col2, FROM my table;
t—————- t—————- Fom +

| coll | col2 | gcd js(coll, col2)

SQL~> SELECT coll, col2, gcd Js(coll, col2) FROM my table
+————— +————— o +




JavaScriptANZ ROV SADT IV

o BUFOFERET JavaScript ANZRIOS —Sv2ER

SOL > CREATE PROCEDURE division (IN a INT, IN b INT, OUT result DOUBLE)
-> LANGUAGE JAVASCRIPT AS $$

function validate (num) {
("validating input value: ", num);

i1f (num === 0)
}
validate (b) ;
result = a / b;

-> 55;




JavaScriptANZ ROV SADT IV

« 4RkUTT JavaScript AN RTOS—Sv%Z3EIT => 15— iZ2EL . AT —A%ZHER

SOL > CALL division( 5, 0, Q@Qres);
ERROR: 6000: MLE-JS>
SQL"> SELECT mle session state("stdout");

1 row in set (0.0005 sec)
SQL"> SELECT mle session state("stack trace");

1 row in set (0.0008 sec)




MySQL Enterprise Edition TODXEFEIA

« MySQL Enterprise Edition T® JavaScript B/k—KMMIDWT. The Oracle MySQL Japan Blog @
PTEFELLTED LITFTVET
« MySQL®MDJavaScripthR—MIDWT

- [EEEZEDOPTIL MySQL EE T JavaScript Bih— BT BIEDERRNRENTVEIH.
5% MySQL HeatWave TEZEEI2EEIHDEEA

o IDMR=FKIMMIAM=ILDIzs. SELinux TIE—BFEY(C Enforcing E— REAJICTIAENHDEIT .
MySQL HeatWave (I¥R—> R —EXDEHEEBDONE(EHDEEA

« JavaScript A2 /\1ZEADZHIC. INSTALL COMPONENT "file://component mle"; Z3E{T9d
MHEHANHDEI N, MySQL HeatWave TIEZT IAN N TCBERICHBO>TWET

« JO0-)VLB%EY log bin trust function creators ZAVICTILENGBDEFI N MySQL
HeatWaveT(dTIAINT ON (CEITVEFET
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https://blogs.oracle.com/mysql-jp/
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t¥a1V7+. Btk

e GraalVM Ozt 1UT1RED 7Tl TmELANILOTFIUT(. DB T REZIZME
o VMDY RAWIRICED, BEHDI—R(E MySQL —/{OMOES 1—IUVICARIEFZITATERL)
o IRTOANZRIOT S LK. BRIOI>TFANTEEMT, EITENS
o MOAR7RIOTSLDT—HPI—-REZEETERL
o I1—Y-TJ—-RhBRLYRERMAIEIEIATE]
o J—Y-O-RhMBRYRNIT=D0T7(IV AT AT ICATERN
« ANZRIOYSLZVER TERDIHERZIFOI - -DH
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o« AN =IO INADKIFRU. InnoDB. HeatWave. LakehouseW\WI N THFIFHTIRE
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Aty avnFeEH 1

MySQL HeatWave T® JSON 77—~ B[t

. MySQL M JSON F— 451
o UL—3aFI)WERF LA DT —%FZERIINZD
«  JSON#ES/\UF—23>, #HAHAFHFISONEIE
« Generated H3AICEBR1>TYIR

- MySQL RFaxX>ThARY
- LWL X JORIILD E(CHERT
«  F1LL) Connectors R34 /{—1> MySQL Shell 754 7> b ETENME
e  SQL &ERFIXDMNMIXFT 2HTLLY CRUD API (X DevAPIl) Oig 5 ZHH— b

«  MySQL HeatWave @ JSON F—42Yxt )t
« Dec. 2023, MySQL HeatWave O 8.2 Innovation ReleaselcT GA 1t
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Aty a>nFedH 2

MySQL HeatWave T® JavaScript AN RI’'OJS5 A

« JavaScript AN RTOJ S LAXT s
o TIWERROKN —RAD :
T —ARBEN I 7 TV TOT —IINTH . HEROEREHRT —IN-ZNTOT—FNILH
 JavaScript AN RTOT 3L FEVENRARFLET. T-IN-ANTT—FIILT

 GraalVM
« Oracle J2)\A45- IO RXT A
o EHEIEXIG. T 22435, AOT O2)N15
o RVETRE. BUXEVEE

«  MySQL HeatWave @ JavaScript 287 RTOJS5 L%
« 8.3(CT. MySQL Enterprise Edition TEXI &
«  GraalVM Ottt 1UT1RIEDTCERELANDOEF 1T 1. D, T—51RE
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