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Projected Database Release and Support Timeline

» Innovation Release - 2 years of Premier Support, and no Extended Support
* Long Term Release - 5 years of Premier Support, and 3 years of Extended Support
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JSON #4iEz<8y
L3I A RNREISONSEEY

[E4 JSON —iits) 289 5 oracle & FEERK
- [EITSZ451E SQL, PLSQLAR{EFE - FTEH
- 0Cl, JDBC ORI~ H5 « RAC
« EF OSON - i3 {iiv I IR « Golden Gate
* Self-contained format .

- REEK Leverage Advanced Security features

* %%BE%E . « VPD, Encryption, ..
) }’ﬁ?&\@}‘ﬁh}lﬁx LJ\J: Manage JSON together with other data
- EFTRERTT10x BAE - Operational simplicity from converged
database

CREATE TABLE J_PURCHASEORDER (
id INTEGER PRIMARY KEY,

po_document JSON
);
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JSON #4iEz<8y
L3I A RNREISONSEEY

"id":"CDEG4" ,"items": [{"name":"TV"}, {"name":"PC"}]}

{"id":"CDEG52","items": [{"name" :"TV"},{"name" :"PC"}]1}

@ 1 2 3 4 5 6 ... 12 13 14 15 16 17 18 19 20 @ 1 2 3 4 5 6 ... 12 13 14 15 16 17 18 19 28

OBJ| 2 | 1| 2|12| 6 |STR| CDEG4 |ARR| 2 (16|24 |OBJ| 1 | @ |28 STR-._‘_ ol 2| 1|2 il coces |arrl 2 |16 124 logl 1 | o |20 IsTRI. ..

(&5 XU T S =

dictionary dictionary extended tree segment

@=name,l=items,2=1id @=name, l=items,2=1d STR|CDEGS52/. ..

NS e SEFTATRIZS
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{ "title":"mybook", "author":"ROGER" }

BIE— 1 EREES|

create index authindex1
on mytable m
(m.jsontext.author.string())
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{
"title":"mybook",
"author": [ "ROGER", "JOHN" ]
}
FIRZ(E%SI...
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ZER5IHIPIF

EllfEES Hif]

create table mytable (jsoncol json);
insert into mytable values (
{ "title":"mybook", "author": [ "ROGER", "JOHN" 1}');

T kEIZE multivalue index

select * from mytable m
where json_exists(jsoncol, '$?(@.author == "JOHN")");

create multivalue index authindex2
on mytable m(m.jsoncol.author.string());

- EEREREREYIS BIiMERE—E]
« X x7¥EF string(), number(), stringOnly() 8, numberOnly()
e Automatic conversion on first two, not on second two
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ZER5IHIPIF

| Id | Operation | Name | Rows | Bytes | Cost (%CPU)| Time |
| @ | SELECT STATEMENT | | 1| 6104 | 2 (0)] 00:00:01 |
| 1| TABLE ACCESS BY INDEX ROWID BATCHED| MYTABLE | 1| 6104 | 2 (0)] 00:00:01 |
| 2| HASH UNIQUE | | 1| 6104 | | |
|* 3 | INDEX RANGE SCAN (MULTI VALUE) | AUTHINDEX2 | 1 | | 1 ()| 00:00:01 |
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SQL/JSON jusg
JSON-like 1BE1E58

LAAFREEMAYSTUEIEISON £EIR9Z5

SELECT JSON {
'‘empno’ : empno,
'name’' : ename,
'salary' : sal,
'department’ : (

SELECT JSON {
'name' : dname,
loc' : loc
}
FROM dept d
WHERE d.deptno = e.deptno

)

}
FROM emp e

WHERE e.empno = 7839;
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"empno"” : 7839,
"name" : "KING",
"salary" : 5000,

"department"” : {
"name" : "ACCOUNTING",
“loc" : "NEW YORK"

}
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JSON TRANSFORM
JSON _TRANSFORM #8{fE

JSON Transform
- BEMBSQL / SSONIEEFNHE XASHSQL / JSONIZERF
- RBEMEEREH— MR (G170, B3, A0, MIER)
-« XFSREREET
- JSON_Transform {&3TF R4 JSON ERIfL, MmBEEEEAN
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JSON TRANSFORM

JSON_TRANSFORM 75=f5l — IIGAHE B2

select id,
json_serialize(json_data pretty) as data
from tl;

select json_transform(json_data,
set '$.quantity' = 20
returning clob pretty)

1{
“fruit" : "apple",
"quantity” : 10
}
2,{
"produce" : [ {
“fruit" : "apple",
"quantity” : 10
h{
“fruit" : "orange",
"quantity” : 15
b

}

as data
From tl where 1id = 1;
14
“fruit” : "apple",
"quantity" : 20
}
2,{
"produce" : [ {
“fruit" : "apple",
"quantity” : 10
5 {
“fruit" : "orange",
"quantity" : 15
3]
}
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JSON #EsEFh

JSON_TRANSFORM 745l — IGATIENNEIRE
select
json_transform(json_data, “fruit - "apple”
insert '$.updated_date' = systimestamp "quant-ity“p'pmy
rom 11 returning clob pretty) as data "updated_date" : "2021-03-05T10:41:40.867246Z"
where id = 1;
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JSON #EsEFh

JSON_TRANSFORM 7Rf5l - {8 (E&IRIE)

UPDATE employees e

SET e.jcol = JSONTRANSFORM (e.jcol,

APPEND '$.children' =
WHERE e.jcol.id = 123;

'"Fiona’)

SET '$.job' = 'Surfing Instructor',
SET '$.salary' = (e.jcol.salary / 3),
REMOVE '$.phones[*]?(@.type == "work")',

{
"id”: 123,
"name” : "John Smith",
"age” : 25,
"job” : "Programmer"”,

"salary” : 60000,
"phones” :
[ {"type” : "mobile",

"number” : "555-123-4567"},
{"type” : "work",
"number” : "5655-999-1111"} ],
"children” :["Sydney","Sierra"]
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"id” 1123,
"name" : "John Smith",
"age " :25,
"job " : "Surfing Instructor",
"salary” : 20000,
"phones” :

[ {"type”: "mobile",

"number” : "555-123-4567"} ],

“children” : ["Sydney","Sierra","Fiona"]




Database 11T Javascript
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Oracle DB H#1fT Javascript

Multilingual Engine (MLE) runs data processing logic in JavaScript

17

TEHUEFTERY Oracle Database FIEBH{TJavascript
JavaScriptEiEsE B B oiiRETEOracle Database#dERE, RZTFA
EPL / SQLFRJavaScriptZ (BT 4E 3 145 iR
JavaScript{REA ST LUEIT R & JavaScriptEERH177PL / SQLFISQL
EHR AR EARAREES TIF
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Oracle DB H#1fT Javascript
gn{aJ{sEJavascript

AMRIEPL/SQL R4 TIavascript

DECLARE

ctx DBMS_MLE.context_handle_t := DBMS_MLE.create_context(); 1. IEISHIT ETX
BEGIN

DBMS_MLE.eval(ctx, 'JAVASCRIPT', g'~console.log("Hello, World!");~"); 2. £ ETXHPIITIS KB
DBMS_MLE.drop_context(ctx);

END: 3. BEISETX
/

BARY, Javascript HYBEZES console.log() £18HRE BN PL/SQL package B9 DBMS_OUTPUT £ /fX
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Oracle DB H#1fT Javascript

Javascript iiT ETX
« FI)FH DBMS_MLE Package HY create_context() €lJ52
o WFERIEZM ETOKERT
« B ETEMR RS BEIEIZIANE TR
- ETFYEBRNMH (81 LT XE<iBfESRIsessionFRINTF)

FERIVE

« AREGIEII ZHcontext
« EARRIETR, S R Rcontext
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Oracle DB H#1fT Javascript

Javascript #1175 |22ZR1[E]

Polyglot Context Polyglot Context

Polyglot Engine
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Oracle DB H#1fT Javascript

Javascript #1175 |22ZR1[E]

MLE Runtime

MLE SQL Driver

GraalVM :
Polyglot Conversion Engine
API

DBMS_MLE ]FJ':Il'y'E]DT_ Context
PL/SQL package DBMS_MLE

Polyglot Engine

GraalVM Native Image Database OS5 Integration
runtime Layer

Database OS5 Abstraction Layer
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Oracle DB H#1fT Javascript
Javascript 5 PL/SQL BY{E{&1E

DECLARE
ctx dbms_mle.context_handle_t;

source CLOB;
greeting VARCHAR2(100); ( SHPL/SQLARYE

BEGIN ‘ \
ctx := dbms_mle.create_context(); -

dbms_mle.export_to_mle(ctx, 'person’, 'World'); -- Export value from PL/SQL

) : -
G ) fEJavascriptf S A
var bindings = require("mle-js-bindings"); ) PL/SQLFHIE
var person = bindings.importValue("person"ﬁlmport value previously exported from PL/SQL
var greeting = "Hello, " + person + "I";
bindings.exportValue("greeting", greeting); // E=— <
- 8S.eXp ("s g,8 g)// L '{%{E |':|:|' UPL/SQL J

dbms_mle.eval(ctx, 'JAVASCRIPT', source); -- Eval
dbms_mle.import_from_mle(ctx, 'greeting’, greet'
dbms_output.put_line('Greetings-from MLE | g
dbms_mle.drop_context(ctx); --D

g T e ]
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JDBC % JSON #iEEBIpI IS
S 1EER4ISON

M Java iZBY. SAF{ECY JSON RBHEMTH
JDBC & oracle.sql.json
i
- TR/ FISIEE
- BT iRRREreStNERKES
- B4 FEAY SQL/ISON %81 (TIMESTAMP, DATE )
« 5 JSON-P #1 JSON-B £EpR)
* W{AISRENE=FhIREN?
JAR:objdbc8.jar or ojdbc11.jar from database installation, OTN, or Maven Central Repository
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JDBC A oracle.sql.json®

Description

Classes/interfaces

Tree model

Event model

Factory

OracleJsonObject
OracleJsonArray
OracleJsonString
OracleJlsonDecimal
OracleJsonDouble
OraclelsonTimestamp
OracleJsonBinary
OracleJsonIntervalDS
OracleJsonIntervalYM

OraclelsonParser
OracleJlsonGenerator

OraclelsonFactory
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OracleJsonFactory TE%

Description Methods

3 createlsonBinaryGenerator(QutputStream)
Read/wrlte OSON createJsonBinaryValue(ByteBuffer)

createJsonBinaryValue(InputStream)
createJsonBinaryParser(ByteBuffer)
createJsonBinaryParser(InputStream)

3 createlsonTextGenerator (QutputStream)
Read/wnte JSONtext createlsonTextGenerator(Writer)

createlsonTextValue(InputStream)
createlsonTextValue(Reader)
createlsonTextParser(InputStream)
createlsonTextParser(Reader)

n createObject(), createObject(OraclelsonObject)
In memory’mUt_ab]e’ createArray(), createArray(OracleJsonArray)
tree model creation createString(String)
createDecimal (BigDecimal), createDecimal(int), createDecimal(long)
createDouble(double)

createTimestamp(Instant)
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{

"name" : "Smith",
"created" : "2019-01-21721:25:05.610718",
"phone" : ["314-555-5555","650-555-5555"]

}
\ object {}
C\(\a\‘\e‘3 get(,, .
9e* get("created") e
Smith | ~ 2019-01-21T21:25:05.610718 array []
') 9o
g& ‘e,
314-555-5555 650-555-5555
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IlF: €U JSON IR

OraclelsonFactory factory = M@ OraclelsonFactory();

OraclelsonObject emp = factory.createObject();
emp.put("name", "Smith");

emp.put('salary", 40000);

emp.put('created"”, Instant.now());

System.of€.printin(emp.get("name™));
System.QfE.printin(emp.toString());

Smith
{"name" :"Smith","salary":40000, "created":"2019-01-21721:25:05.610718"}
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BFRHREE

{
"name" : "Smith",
"created" : "2019-01-21T721:25:05.610718",
"phone" : ["314-555-5555","650-555-5555"]
}
{ Key: name \ Smith \Key:created 2019-01-21T... Key: phone [ \650—55...
oracleJsonParser

« Produces a sequence of events

« parser.next()

« Events can come from text or OSON
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30

OracleJsonFactory factory = M@ OraclelsonFactory();

FileOutputStream out = M@ FileOutputStream(“emp.oson™);
OraclelsonGenerator generator = factory.createlJsonBinaryGenerator(out);
generator.writeStartobject();

generator.write("name", "smith");

generator.write("salary", 40000);

generator.write("created", Instant.now());

generator.writeend();

generator.close();

Copyright © 2021, Oracle and/or its affiliates. All rights reserved.




fi#tr JSON

31

FileInputStream in =
OracleJlsonParser parser =
(parser.hasNext()) {
(parser.next()) {

FileInputStream("emp.oson");
factory.createJsonBinaryParser(in);

System.@@@.printIn("Start object.");

(-]
System -'pr1nt1n("End object.");

-uzu&

system.@@.printin("Key: " + parser.getstring());

(-] :
system.@@.printIn(""Number: " + parser.getInt());

Case .
System @B.printIn('string: " + parser.getString());

uuﬁ

System @B.printIn("Timestamp: " + parser.getInstant());

Copyright © 2021, Oracle and/or its affiliates. All rights reserved.

Start object.

Key: name

String: smith

Key: salary

Number: 40000

Key: created

Timestamp: 2019-01-21T721:53:39.833976Z
End object.
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%345 JSON-P

RIFIIERFEZSTHL T javaxjson M, FEEREIREEREN]
RIFRRRFFERASEHN javaxjson BUSS=T5RE, FHEGBERIREERERTI ISR LM
N PR 7 F Oracle FUEREISER AP| # FEEAY

- HE{EA JSON-B

ResultSet rs = stmt.executeQuery("SELECT data FROM emp ");
rs.next();

JsonObject smith = rs.getobject(1l, javax.json.JsonObject.cClass) ;

32 Copyright © 2021, Oracle and/or its affiliates. All rights reserved. E



33

35 JSON-B

public class Emp {
String name;
String job;
BigDecimal salary;

}

YassonJsonb jsonb = (YassonJsonb) JsonbBuilder.create()
stmt = con.prepareStatement("SELECT e.data FROM emp");

ResultSet rs = stmt.executeQuery();
rs.next();

JsonParser parser = rs.getObject(l, JsonParser.Class);
Emp e = jsonb.fromJson(parser, Emp.Class) ;

Copyright © 2021, Oracle and/or its affiliates. All rights reserved.
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sQL &
SQL AT — BT EHEERSQL FARAE

o  ZFFSQL FLbE . XFF SQL Engine 2RI WAY
- BEMGIERTERMNBERNEE

- BEENSQLFIATRIEA

- TEBERLETNH

create function total paid(

quantity integer,unit price number
)

return varchar?

sgl macro (scalar) as
begin

return ‘' quantity * unit price ’;
end total paid;

35 Copyright © 2021, Oracle and/or its affiliates. All rights reserved.




SQL &=
PL/SQL R - 2928504

KRS SQLIEGIRIMEZ E

select *

from order items
Where quantity * unit price * 0.8 >
:total

JREASOL wiE—B TR BARE

...............................................................................

icreate or replace function total paid(
quantity number,

, unit price number)

ireturn number as pragma udf;

ibegin

' Return quantity * unit price;

End total paid;
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Select *

From order titems

Where total paid (
quantity, unit price

) > :total

A FPL/SQLERERS
B: XE7T

I2H:

SQL 5 PL/SQL A9ATSIZEA
BRFHRE, #F %t)JT%J:"FSZ
PL/SQL BREFITF SQL it s 2 iR

HERZE—H

T



SQL #
SQL Macros RyZEHY

SQL Macros
table scalar
From 14 select, where, having
19.6 21c

FUNCTION RETURNS STRING
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SQL Z{EATRAINA

SQL Table Macro — £1ZFROM B FRIFRIAT,

- fERE fromEGH
o ZZLITF inline view

- ALURICR (EASE

create or replace function sal by dept create or replace function row count
return varchar?2 sgl macro(table) (p_tab dbms tf.table t)
is return varcharZ2 sgl macro(table)
begin is
return g'{ begin
select deptno, sum(sal) as sal tot return gq'/{
from emp select count (*) as row count from
group by deptno p tab
I I
end; end;
/ /
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SQL Z{EATRAINA

SQL Table Macro — £1ZFROM B FRIFRIAT,

- (EREmE
- THSEHEIVIEW

CREATE OR REPLACE FUNCTION budget
return varchar2 SQL MACRO

Is
BEGIN
RETURN g‘{ select department id, sum(salary)
budget
from hr.employees
group by department id }';
END;
/

SQL> SELECT * FROM budget () WHERE
department id IN (10,50);

39 Copyright © 2021, Oracle and/or its affiliates. All rights reserved.

CREATE OR REPLACE FUNCTION
budget per job(job id varchar2)
return varchar2 SQL MACRO
IS
BEGIN
RETURN g‘{ select department id, sum(salary)

budget

from hr.employees

where job id =
budget per job.job id

group by department id }';
END;

SQL> SELECT * FROM
budget per job ('SH CLERK') WHERE
department id = 50;



SQL Macros for Scalar
SQL FRMT P ZFHEESZSQL FXAXANER

LEITEDEE

create or replace function
sales tax(unit cost number,
unit type varchar)
return varchar2 SQL MACRO (SCALAR) 1is

begin
return gq'{case when unit type = 'FOOD'
then unit cost
else unit cost * 1.2 end}';
end;

© WIRIR[EFRTER
» SQL scalar SQL macro can't have table arguments
- HBTEPL/SQLAA{EA SQL Macro N BE#IREIF &
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SQL> select sales tax (20, '"WINE')

SALES TAX (20, '"WINE')

SQL> select case
when 'WINE'
else 20*%1.2
end
from dual;

'FOOD!

from dual;

then 20



SQL Macros for Scalar
SQL Scalar Macro

{sSEF7E select , where, Having &)
NS ENE TS

create or replace function
show date(p value date)

is

return varchar2 sgl macro(scalar)

begin

return q'{ to char(p value, 'YYYY-MM-

DD') }';
end;

/

41
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select show date (sysdate)
dual;

MY DATE

2020-12-26

as my date from



sQL &
SQL Macro & &7 Package #

SQL Macro BJLMEEMRE—E, B&7EPackage

create or replace package date macros as

function show date(p value date)
return varchar2 sgl macro(scalar);

function show datetime(p value date)
return varchar2 sql macro(scalar);

function show timestamp (p value timestamp)
return varchar2 sql macro(scalar);

end;

/
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select date macros.show date(sysdate) as my date
from dual;

MY DATE

2020-12-26

select date macros.show datetime (sysdate) as
my datetime from dual;

MY DATETIME

2020-12-26 21:06:41

select date macros.show timestamp (systimestamp) as
my timestamp from dual;

MY TIMESTAMP

2020-12-26 21:07:19.438043



Thank you

Guang Xu
Oracle SE HUB Data Management
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