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MLENR - GraalVMEBH4

GraalVM i85 F 2011 & Oracle SEIWEM—NMARIIE, 1ZU B SECIZE— N UK MEETZMEIZIES
BOEITRES, WMNTErR, EZROEESRKMI GraalVM 4iF2E, GraalVM RiF22 0] B{E Java BN EYEPat
(JIT) 4wiE23, WEED GraalVMAEMIZGIE IR JavaF P 4RiF AR A 2385

GraalVMBMIVMARBREC2 JITHEREHR OB Graal JITIEE

Application Application

| EmEA
AppServer/Framework AppServer/Framework
(Tomcat, WebLogic, Spring, etc.) (Tomcat, WebLogic, Spring, etc.)
C2IIT Graal JIT
Compiler Compiler
Java SE ’- . b= ‘ GraalVM ’

HotSpot HotSpot
JVM
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MLENR - GraalVMEBH4
BIR, FiZ. EEREF

Execution Time [ms] Maximum memory [MB]
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C GraalVM Native Go Java HotSpot VM 5 .
Image (JDK 11) ; — 1
C GraalVM Native Go Java HotSpot VM
0.1 Image (JIDK 11)
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MLENR - GraalVMEBH4

Bd Graaldmi¥2s 5 TruffleiE = LEEZSMSulongtB%E &, HREMME, UE#MEEIzTTIavaScript. Python. R

« Ruby UNLLVMZFMEMEFIES
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L 8
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GraalVM JIT Compiler
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GraalVM
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MLEAN 43 - MLEERH4
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BN —InThaetefd, {XABFIiz1T JavaScript FE
o 23cHBET RET . HAMMLE Modulef®iR, MSQLILPL/SQL¥REBIRIRTE

AVFRIERTEARRIR, TRARR

| EIRI{SHMLE JavaScript, #RGraalVMFRAESISEEIEES, BARMEER |

11 Copyright © 2023, Oracle and/or its affiliates %%gi@;ﬂl\,éﬁ . 400-699-8888




MLE/+48 - MLEEf+4

MLEZ2ME]: EFGraalVM

Database Session SQL
MLE Runtime

MLE SQL Driver iIZ{TECMAScript
GraalVM

Polyglot Conversion Engine
API|

RERERF NIRRT

DBMS_MLE Polyglot Context E’\JE [E_l IJ—'_l}EH
PL/SQL package DBMS_MLE

Polyglot Engine

o BIEXHihiR
A *_7k N ~

GraalVM Native Image ~Database OS Integration RMLE

runtime Layer - ITHIRESOFLIE

Database OS Abstraction Layer
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MLE JavaScript ¥R ERMsciR

Hello World

ctx DBMS_MLE.context_handle_t := DBMS_MLE.create_context();

DBMS MLE.eval(ctx,
DBMS_MLE.drop_context(ctx);

w
’

1. BIBISHITLETX
2. EHEI ETXH, HITISHH
3. BRRISETX
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MLE JavaScript ¥R ERMsciR
WA RS He?

B DBMS_MLEZ) & $#4TJavaScript

ctx DBMS_MLE.context_handle_t := DBMS_MLE.create_context;
= 0;
PL/SQL5JavaScriptz f2 554 [N £PL/SQLH

dbms_output.put_line('PL/SQL res: '||res); DBMS_MLE.export_to_mle(ctx, 'val', 42);
PL/SQL DBMS_MLE.export_to_mle(ctx, 'val', 42); 7‘ : (L
DBMS_MLE.eval(ctx, 'JAVASCRIPT', '~ DBMS_MLE.import_from_mle(ctx, 'res’, res);

let bindings = require(“mle-js—bindings");

-

let val = bindings.importValue("val"); // 42
JS bindings.exportValue("res", val + 7);
console.log("js val: "+val); %EJSEP
~');

PL/SQL 7 DBMS_MLE. import_from_mle(ctx, ‘res’, res);} bindings.exportValue("res", val + 7);
db output.put_line('PL/SQL res: '|| res);

bindings.importValue("val");

DBMS_MLE.drop_context(ctx);

15  Copyright © 2023, Oracle and/or its affiliates %%Qi@ﬂéﬁ . 400-699-8888




MLE JavaScript ¥R ERMsciR

DBMS_MLE - 88 JavaScript SQL Driver

£/ JavaScriptiG#hiEFE R PV E R EN H 3K

ctx DBMS_MLE.context_handle_t;
user_code =q'~
const oracledb = require("mle-js-oracledb");

const conn = oracledb.defaultConnection();

// execute query with bind, fetch result rows
const query = "select empno, ename, sal from emp where sal < :1 order by sal desc";

const res = conn.execute(query, [3000]);
for (let row of res.rows) {
console.log("empno: " + row[0] + ", and the name: " + row[1]+", sal: "+row[2])
i
ctx := DBMS_MLE.create_context();
DBMS_MLE.eval(ctx, 'JAVASCRIPT', user_code);
DBMS_MLE.drop_context(ctx);

’
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APEX

APEXE W

© KARE
.« (RACES

T APEXEI R

Gartner Peer Insights

Gartner
peerinsights

customers’

choice
2022

4.8 SHESH
R1F 5% IANEREREEFNRARBTE
HHET0%UESERRRI &

HERSESR:

Microsoft PowerApps
Salesforce
ServiceNow
OutSystems

Mendix

Appian

Pega

Application Express (APEX) Ratings Overview

Review weighting ) (JReviewed in Last 12 Months & Email Page

| 8

View ( H 3 i IF
K)

HTTPS

ALL IN ONE

JDBC

Oracle REST Data Services

(Jetty, Tomcat, WebLogic)

AR
FFHTTPH Ay E A HERIAPIE

FUFSC G Bl P R

REST, SOAP

/

«—— Schemas

«—— APEX Engine

«— SQL & PL/SQL

Oracle Database

(Pluggable or Dedicated, 11g, 12c,
18c, ...)

5t AR A0 1]
WP HIFE e R B & AT

4.8 Yok Aok 207 Ratings (All Time)

Rating Distribution Customer Experience

5 Star I—— 76% Evaluation & Contracting 4.6
4 Star [—— 21% Integration & Deployment 4.7
3star i 2% Service & Support

2 Star 0%

1Star 0% Product Capabilities

Distribution based on 207 ratings @

v Dec 22,2021

Oracle APEX, a low-code great tool

Reviewer Role: Enterprise Architecture and

Technology Innovation 10B USD

Company Size: 3B -

Q) 95% Would Recommend

Review Source: @

Industry: Services
Industry

Several low-code platforms are in the market nowadays, our company explored some of them and,
decided for Oracle APEX, basically because it is a very mature platform that has been evolving with a
very clear vision and purpose over the years and, is close to our data infrastructure, thus, ...
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https://apex.oracle.com/zh-cn/

MLERRAPEXBAXR?

APEXFHEIZIRE 71 JavaScript! !

ORACLE’

Database

20 Copyright © 2023, Oracle and/or its affiliates




MLE JavaScriptBIJJAPEX - SQL Commands#J{&ie

fEBIMLE, APEXEZNZIES

() APEX  AppBuider ©  SQLWorkshop
ORI
PL/SQL

Environment  Default

Language | BARLLES LN | (%)

1 let i = 2, j= 3;
2 console. log("hello, sum result is: ", i+j)

Results Describe Saved SQL

Explain History

hello, sum result is: 5

Statement processed.

0.00 seconds

Team}

ISERIEEE 9RYIR O]

O APEX App Builder v SQL Workshop Team Development Gallery
@ SQL Commands
Language  JavaScript (MLE) Vv Environment  Default v Rows 10

1 var result = apex.conn.execute("select 1 id, '[Bf' name from dual").rows[0].NAME;
2 console.log(result);

Results Describe Saved SQL

Explain History

oy )Es

Statement processed.

0.64 seconds
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MLE JavaScriptBIJJAPEX - SQL Commands#J{&ie

O APEX App Builder SQL Workshop Team Development Gallery

@ SQL Commands

Language JavaScript(MLE) v  (°)  Environment Default v () Rows 10

C Q Az

var data="hello apex world";
var result = apex.conn.execute("select 1 id, :1 name from dual", [datal).rows[@].NAME;

console. log(result);

SNEEMLERBYISHYE
(VA5 (VRS

B W (_5

Results Explain Describe Saved SQL History

hello apex world

Statement processed.

0.02 seconds

R R Z1EHLL . 400-699-8888
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MLE JavaScriptBIJAPEX - H-R#EEMLE JavaScript

APEXE X {F FHapex.envR KK &1t 7 5SMLE JavaScript Z [BIF S L EE T1E

R EmIBIEDBMS_MLEE ¥4 17 izfTMLE JSEIHS

DECLARE
ctx dbms_mle.context_handle_t;
user_code varchar2(1024) := q'~

BEGIN
ctx := dbms_mle.create_context();
dbms_mle.export_to_mle(ctx, "P1_INPUT', P1_INPUT);
dbms_mle.eval(ctx, 'JAVASCRIPT', user_code);
dbms_mle.import_from_mle(ctx, 'P2 OUTPUT', P2_OUTPUT);

dbms_mle.drop_context(ctx);

23 Copyright © 2023, Oracle and/or its affiliates
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MLE JavaScriptBiDAPEX - T HEAPEXFREEAIE=75]S Module

B IR IEEREIRHFAMLE Module3k &E1EModule, EAX#4>> 5/ \MLE JavaScript Modules

1. BARENHEEPL /SQLAIMLE Module Lt aYnamed_exports_module

MLE MODULE named_exports_module JAVASCRIPT

sum(a, b) {
return a + b;

difference(a, b) {
return a - b;

}

export {sum, difference};

/

NELIERmModuleEs | A EE&KF HFIModuledy, B LIHimports| N

Eban, sIABInamedExports, BEEEZE2FZPFEXNIFETERISEIANE, EETEFHHZEFR
NMEIBRETIX NS namedExports S EFr3$ N AIMLE Module

MLE module jsmodule JAVASCRIPT

import * as myMath "namedExports";

export mySum(a, b) {return myMath.sum(a,b+10);}
export myDiff(a, b) {return myMath.difference(a,b);}

-
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https://docs.oracle.com/en/database/oracle/oracle-database/23/mlejs/overview-importing-mle-js-modules.html

MLE JavaScriptBiDAPEX - T HEAPEXFREEAIE=75]S Module

E 5 X1 q>> Z/ AMLE JavaScript Modules

2. SIMMLE ModuleBSSF R

i E—FrtlERModuleFIfEISES|I AR ZEIRIRGT R R, — TR EALEEHEZ"Modules

O APEX App Builder v SQL Workshop Team Development v Gallery Q_ search {_Q) @ JQQ S:‘

@ Object Browser

MLE Environments v
Q B

NAMED_EXPORTS ENV \ &5 EMLEIFIEL &

XH_EXPORTS_ENV

]
(import { exportl, export2 } from "utilFunctions"; ) \
EERLL

(const { exportl, export2 } = await import( "utilFunctions" ):J

Schema  XH ~

XH_EXPORTS_ENV

Environment Info Drop w

* Environment Name ~ XH_EXPORTS_ENV

Language Options

Environment Imports

In order for a module to be accessible in user code, a module name to import name mapping must be provided. For example, the module SCOTT. UTIL_FUNCTIONS could be mapped to the
JavaScript friendly import name utilFunctions.

Within another module, this module can be accessed as:

Within a JavaScript (MLE) snippet, the module can be accessed as: /V

imports (

Note that import names must be unique per environment.

Qv Search: All Text Columns Go Edit Add Import ~
MLE Module JSIRKIZ IS
= Module Owner Module Name Import Name
= XH NAMED_EXPORTS_MODULE namedExports
= XH JSMODULE jsModule

25 Copyright © 2023, Oracle and/or its affiliates
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https://docs.oracle.com/en/database/oracle/oracle-database/23/mlejs/overview-importing-mle-js-modules.html

MLE JavaScriptBIJAPEX - T EEAPEXFREEEIE=751S Module

E 5 X >> 5/ AMLE JavaScript Modules

3. JISKBSIAMLE Module, FRERSEAB#25hFRARNAMLE ModuleRSFRER
APEXAISQL CommandsH APEXHAIR FBBYProcess s A B+

O APEX App Builder v SQL Workshop Team Development v GJ O APEX App Builder SQL Workshop v Team Development v Gallery

@ SQL Commands @ Application 105 \ Edit Security Attributes

Definition m Globalization User Interface Progressive Web App
Language  JavaScript (MLE) v @ Environment  XH_EXPORTS_ENV v @ Rows

5 C Q A Application 105
i const {sum, different} = await import("namedExports"); Show All  Authentication ~ Authorization ~ Session Management  Session State Protection ~ Browser Security ~ Database Session
2 console.log(sum(5, 7)); .

Database Session
5 o - * ) — P~y
Results  Explain  Describe  SavedSQL  History Parsing Schema  XH =| @
MLE Environment ~ XH_EXPORTS_ENV 8= i\

12

Statement processed. Initialization PL/SQL Code

0.01seconds
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https://docs.oracle.com/en/database/oracle/oracle-database/23/mlejs/overview-importing-mle-js-modules.html

MLE JavaScriptBIZJAPEX - ST EEAPEX-REEEI=751S Module

E 5 X1 q>> Z/ AMLE JavaScript Modules

4. BERTIMIBEEProcessBMSINT

const {sum, different} = await import(

apex.env.P4_JS_OUTPUT = sum(7, 8);
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https://docs.oracle.com/en/database/oracle/oracle-database/23/mlejs/overview-importing-mle-js-modules.html

Agenda

> MLE Demo ¥

> i, 2865 ERE. Markdown#ZHTML .
HTMLZ 525, EARLEE, 1§ 0T
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APEX + MLE Demo

« https://github.com/stefandobre/apex-mle-de

Examples
Al DY)
Form Validation QR Code Generation o | Markdown to HTML
HTML Sanitization Image Manipulation Sentiment Analysis

« APEX + Server-Side JavaScript hands-on#& #l
BEEARENFAUMLE Module3E 3231
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https://github.com/stefandobre/apex-mle-demo
https://shlayel.github.io/oracle-livelabs-apex/mle-javascript/index.html

MLE Demo#%

APEX + MLE

Q Home
MLE in APEX
Examples
Form Validation

QR Code Gener:

ation

Markdown to HTML

HTML Sanitizati

Image Manipula

on

tion

Sentiment Analysis

Modules

QR Code Generation

apex.oracle.com

Output

QR Code

APEX + MLE

Home

MLE in APEX

Examples

Form Validation

QR Code Generation

Markdown to HTML

HTML Sanitization

Image Manipulation

Sentiment Analysis

Modules

Markdown to HTML

Input Output

Input Output Escaped

## title <h2>title</h2>

### my part <h3>my part</h3>
<p><strong>bold</strong>

*xbold** .
<em>italic</em></p>

‘italicr em>italic</em></p:

Output Unescaped

title

my part

bold italic

APEX + MLE O GitHub R test v

Analyze Content

This example uses Sentiment.js to calculate a "sentiment score” based on the a block of (English) text. Test it out with "I absolutely love cats! They're great!" or "Worst
product ever! Hate it!"

Content
I think APEX + MLE is not good enough

Score

Input Process.
Image Crop More
Base Image * X Flip

Horizontal
Y

Drag and Drop + Vertical
Select a file or drop one here. Width
Height
Watermark

ChooseFile  +

Output

Input Output

¥

Watermark /;ﬂ(ﬂ”ﬁ F#ATKFENEE
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MLE Demo ¥

Procedures

Functions
Triggers

Database Link 3
atabase Hinks ilder SQL Workshop Team Development v Gallery
Materialized Views

Synonyms APEXAYSQL Workshop -> Object Brow

SODA Collections
MLE Environments

r-> LR FHIZEe EAFF

N

Q S Module Info
JSMODULE .

(?)
HELLOWORLD_MODULE Module Name ~ VALIDATOR (”)

MYMODULE

‘M LE MOd UIe Module Version

NAMED_EXPORTS_MODULE
MOD_OBJECT_IMPORT_MOD

DATOR ());return r.join("@")},toString:toString, isSlug: functi
void 0'!'==arguments([1]?arguments([1]:null;d(t);var r,n,i=
n+=(t.length-t.uniqueChars)*r.pointsPerRepeat, 0<t. lower
pointsForContainingUpper),@<t.numberCount&&(n+=r.points
minLength&&i. lowercaseCount>=e.minLowercase&&i.uppercas
isTaxID:function(t){var e=l<arguments.length&&void 0!==
replace(aele],"")),!'relel.test(t)&&(!(e in ne)||nelel(
(t),d(e),e in je)return jelel.test(t);throw new Error("

return module.exports;
HNO;

O 00 N O
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MLE Demo ¥

Avalidator A, &% REFHIvalidatorBYMLE Module

VALIDATOR + v

Module Info Drop Apply Changes

* Module Name  VALIDATOR

BB E R ENs modulefZ T

O C | Q R

export var validator = (function () {
var exports = {};
var module = {exports: exports};

export validator = ( 0{
exports = {};
module = {exports: exports};

VR W N R

!function(t,e){"object"==typeof exports&&"undefined"!=typeof module?module.exports=e():"function"==typeof define&&define.amd?define(e):t.
validator=e()}(this, function(){"use strict";function i(t){return(i="function"==typeof Symbol&&"symbol"==typeof Symbol.iterator?function(t)
{return typeof t}:function(t){return t&&"function"==typeof Symbol&&t.constructor===Symbol&&t!==Symbol.prototype?"symbol":typeof t})(t)}
function u(t,e){return function(t){if(Array.isArray(t))return t}(t)||function(t,e){if("undefined"==typeof Symbol||!(Symbol.iterator in Object
(t)))return;var r=[1,n=!0,i=!1,a=void 0;try{for(var o,s=t[Symbol.iterator]();!(n=(o=s.next()).done)&&(r.push(o.value),'e||r.length!==e);n=10);}
I’eturn mOd UleexpOFtS, catch(t){i=!0,a=t}finally{try{n||null==s.return||s.return()}finally{if (i) throw a}}return r}(t,e)||c(t,e)||function(){throw new TypeError
("Invalid attempt to destructure non-iterable instance.\nIn order to be iterable, non-array objects must have a [Symbol.iterator]l() method.")}
()}function r(t){return function(t){if(Array.isArray(t))return n(t)}(t)||function(t){if("undefined"!=typeof Symbol&&Symbol.iterator in Object

(t))return Array.from(t)}(t)||c(t)||function(){throw new TypeError("Invalid attempt to spread non-iterable instance.\nIn order to be iterable,
nan rra hi +c muct haua [C€umhal itaratarl() mathad "Y1()\lfunctian [+ aVNLifl+)\Lif(Vetri LL] f +)lraturn nl+ a)lsusr r=Nhi +

HO:
Le£NLY woqne*exborsat

© L 0 @

(£)'q(e)'e TU le)LeLniy 16[6] " £62£(£)  LPLOM UGM ELLOL(,IUASfTQ CONULLA COQ6: ,,*COUCIL(6",,.,))}}})

Lebroce(96[6]",,,,)) i ik6[6]"£62£(£)PP(i(6 TU WE)||UE[6] (£)) £PLOM LM ELLOL(,IUAS(TQ [OCI[6 ,,*COUCIL(E", ,,))}  TeDof6:d} TRAYL: LNUCLTOU(£ 6){TL(q
T219XID: LNUCLTOU(£){ASL 6=T<9LAnwWeuf2" [6UALPPEAOTq §j==9LaAnweus2 [T]39LANWEUL2[T]:,6U-N2, TL(q(£) £=£72[TCE6(Q) 6 TU LE)LELNLU 6 TU 96@@(f=£"
WTUreNdLPPeT" fOMGLCI26CONUL>=6" WTUOMELCI2E6¢ZT  NbbeLcgz6ConuL>=6"WTUNbbELCI260E T UNWPELCONUL>=6" WTUNNWPEL2@ET " 2AWPO [CONUL>=6"WTURAWpor2}*
boTug2LoLCOULITUTUANDDEL) * §<£ * UNWPELCONULPP (U+=L"DOTUL2LOLCOULITUTUANNWPEL) * <f* 2AWPO fCONULEE (U+=L"bOTUL2LOLCOULITUTUARAWPO ) U) i T* feudfy>=6"
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Plvalidator /94l

requireModule('validator').isEmail(apex.env.P15_EMAIL)

(await ("validator")).validator.isEmail(apex.env.P15_EMAIL)
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