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Why JavaScript?

3 VISCON 2023 | Copyright © 2023, Oracle and/or its affiliates 10/21/23




Why JavaScript?

Popular Eco System

« Common purpose » Testing
P@\q « Widely used * Deployment
@ » Debugging

* Monitoring

Open-Source Fast time to market

* 1,000,000+ libraries on
) (73
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Why JavaScript in the Database?

Server-side development (“Smart-DB”’) offers many advantages
* Client systems are often constrained by lack of memory and CPU
* Processing and memory intensive operations are not completed at peak performance
* A single, central location simplifies code maintenance
 Processing data where they are stored eliminates costly network round-trips
« Adding set-based logic to JavaScript stored code should improve performance

Throughout its history Oracle has constantly improved the developer experience
« Adding JavaScript support to the core engine continues this tradition
« Enabling access to a huge ecosystem of existing module simplifies project delivery
* An additional talent pool becomes available
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GraalVM
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GraalVM: Multi-Lingual, Embeddable Virtual Machine

@ python C®® Multi-Lingual

= Java

gcn Sby | IS droy (2

Automatic transform of interpreters to compiler

GraalViVi.

Engine integration native and managed

standalone

ORACLE' '
Open|DK ﬂ‘@de ‘ MHSQRL

DATABASE

Embeddable
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GraalVM is Open-source and Free to use

https:/

GraalVM Guides Videos Community

Build faster, smaller, leaner \ 7S

applications U\;
© Download | GetStarted //J

GraalVM for JDK 21 is here! s

This release takes AOT performance to the next level and ships G1 GC for AArch64 as well as new
Java 21 features such as virtual threads.

10/21/23
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GraalVM in Oracle Database
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Oracle Database Multilingual Engine: GraalVM in the Database

 Started as an Oracle Labs research project some time in 2013.
« Was released on December 8, 2020 as part of the Oracle Database 21c in the Oracle Cloud
« MLE comes with many new features in latest Oracle Database 23c. [1]

create mle module validator
language javascript as

function isEmail(email, options) {

et 2 CORACLE

Database

/’ -— 1 A4
export { isEmail } a peks
/ ” (#orclapex)
APEX
create function is email (p_name varchar2) Graal

return boolean
as mle module validator
signature 'default.isEmail(string)';

/

select ename, email, is_Email(email) as valid from emp;

[1] Oracle Database 23c FREE, check it out on oracle.com/database/free
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https://www.oracle.com/database/free/

Native Image/Substrate VM: AOT Compilation & Application Snapshotting

Native Image is the key to embedding GraalVM into Oracle Database.

AOT Compilation: compile Java code to native executable
Application Snapshotting: Perform initialization at build time

Application code
Java code (*.jar)

+ Native Image Runtime

Initialize Once, Start Fast: Application Initialization
at Build Time

CHRISTIAN WIMMER, Oracle Labs, USA
CODRUT STANCU, Oracle Labs, USA

PETER HOFER, Oracle Labs, Austria

VOJIN JOVANOVIC, Oracle Labs, Switzerland
PAUL WOGERER, Oracle Labs, Austria

PETER B. KESSLER, Oracle Labs, USA

OLEG PLISS, Oracle Labs, USA

THOMAS WURTHINGER, Oracle Labs, Switzerland

Native image: executable native code
No JVM required at run time

Native image at runtime: fast startup, low memory footprint (compared to JVM)

Embeddable: shared library can be loaded in native applications
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Native Image and Truffle Languages

How can JavaScript code be executed by a Native Image?

JavaScript
Code
Build-Time ‘ Runtime

graal-compiler.jar AOT-compiled JavaScript engine

truffle.jar (JavaScript, Truffle, Graal compiler)
graal-javascript.jar + Native Image Runtime

Host code (i is AOT-compiled and runs as machine code (no JVM).
Guest code [ (JavaScript code) is interpreted and JIT-compiled at runtime.
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Native Image and Truffle Languages in the Database

JavaScript stored
How can JavaScript code be executed by a Native Image? procedures

JavaScript
Code
Build-Time ‘ Runtime
graal-compiler.jar

truffle.jar AOT-compiled JavaScript engine

graal-javascript.jar (JavaScript, Truffle, Graal compiler)

mle-runtime.jar + Native Image Runtime (VOS Platform)
mle-vos. jar

MLE components
implemented in Java Build MLE as part of Shared library
Oracle Database libmle.so (loaded in
build Oracle processes)
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MLE Architecture

MLE runs a part of Oracle Database Server Process.

Database Session SQL
MLE Runtime

MLE SQL Driver

GraalVM _ _
Polyglot Conversion Engine Truffle Interop API

- [ e

Polyglot Context

provides fast startup and
low memory footprint

DBMS_MLE GraalVM JIT
DBMS_MLE fda
PL/SQL package = Compiler

Polyglot Engine

Native Image Database OS Integration
Runtime Layer

Database OS Abstraction Layer
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Database Integration Deep Dive
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Integration with the Database Virtual OS & Resource Manager

MLE
Memory Diagnostics Statistics CPU
S Consumption
: MLE Control
Session state GraalVM Memory
ASTs MLE language Usage Network
Vg"umte File 10
Database

(VOS) Database Resource

Database
Process
Memory

Error Dynamic

) Performance Control
Handling & e Integration

Diagnostics
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Database Integration: Memory & Threading

Memory
« GraalVM needs to allocate memory for
* Running user application code i.e. JavaScript code.
« Storing ASTs of compiled code.
 Allocations done by user code.
« MLE integrates with the memory management of Oracle Database.

Threading

« JavaScript code is just-in-time (JIT) compiled for better performance characteristics.
« MLE JIT compiles JavaScript code in a background thread.

« Oracle Database offers an internal framework for task-based parallel execution.

« MLE leverages this framework to execute compilation tasks asynchronously while the JS code in the
DB session keeps running.
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Database Integration: Resource Management

« What do you do?
* |f user stop execution by pressing Ctrl+C on SQL console
« When user code starts consuming too much memory —
* When user session exhaust its share of CPU Be Nlce

Or

« MLE implements regular callback mechanisms
| Stop You

« Periodically checks for interrupts
« Communicates with Oracle Database Resource Manager

« Dynamically controls memory footprint by
implementing its own Garbage Collection policy.

« Callbacks implemented using Java safe points
» Inserted by compiler when building MLE.
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Database Integration: Errors and Diagnostics

2 way integration
« Database - Java: When there is an error on Database calls Java Exceptions
« QOut of Memory
« Permission Errors
- Java - Database: When a Java exception is “escaping”
« Java Exceptions that are not caught. Database Errors
« Escaping Java Exception are caught at top level.
« Converted into Database error messages.

Reporting and Diagnostics
« MLE integrates with Oracle Database incident reporting framework.

 This allows Oracle DB incident reporting framework to dump relevant
information about internal errors and exceptions.
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Demo
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Adding a JavaScript module to Oracle 23c¢

APEX App Builder v SQL Workshop - Team Development v Gallery Q search

T | Object Browser Schema LBLIVE

Create Database Objects

Packages

Procedures Create MLE Module - JavaScript

Functions E
Triggers
Table

Database Links A table is a unit of data storage in an Oracle
database, containing rows and columns.

Name

Materialized Views Version

Synonyms

Source Type

SODA Collections bd

=2
MLE Environments URL

MYENV View
A view is a logical representation of another
ombination of tables.

Create MLE Module - JavaScript

Refresh
Expand All

Collapse All
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VALIDATOR

Upload File Source Code = URL

https://cdn.jsdelivr.net/npm/validator@13.11.0/+esm

Create MLE Module




JavaScript in Oracle 23c: JavaScript from SQL and SQL from JavaScript

APEX App Builder v SQL Workshop - Team Development v Gallery Q Search APEX App Builder v SQL Workshop - Team Development v Gallery Q_ Search

T | SQL Commands Schema LBLIVE T | SQL Commands Schema LBLIVE

Language PL/SQL Language JavaScript (MLE) v Environment  Default v

Clear Command  Find Tables Rows 10 Clear Command  Find Tables

O Q A A D Q A=

is_email (p_name varchar2) const query = 'select empno, ename from emp where sal <:1';
boolean const res = session.execute(query, [3000]);
mle validator or (let row of res.rows) {
signature 'default.isEmail(string)'; console.log('empno: ' + row.EMPNO + ' name: ' + row.ENAME);
/

ename, email, is_Email(email) valid

- -

Results Explain Describe Saved SQL History Results Explain Describe Saved SQL History

empno: 7698 : BLAKE
empno: 7782 : CLARK
empno: 7566 : JONES
KING empno: 7369 t SMITH
empno: 7499 : ALLEN
BLAKE®@oracle.com empno: 7521 H )
empno: 7654 : MARTIN
CLARK@oracle.com empno: 7844 : TURNER

ENAME EMAIL
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In-Database JavaScript can be much faster than NodelS in mid Tier
Sentiment Analysis of 10,000 Amazon reviews about musical instruments [1]

1 select analyze_sentiment(reviewtext) from amazon_instruments;

exec time: 718.679ms

Query Result Script Output DBMS Output Explain Plan Autotrace SQL History

W @ [Z Download v | Execution time: 0.06 seconds

ANALYZE_SENTIM|

1 5

[1] cseweb.ucsd.edu/~jmcauley/datasets.html#amazon reviews
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https://cseweb.ucsd.edu/~jmcauley/datasets.html

Quick Glimpse: Oracle Labs Zurich
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Oracle Labs’ Four Approaches to a Balanced Research Portfolio

Directed Research

* In collaboration with
product teams

Exploratory Research

 Pursue new ideas within
domains relevant to Oracle

« Difficult, future-looking
problems

* Driven by product
requirements

Product Incubation

« Grow new products from
Oracle Labs research

Consulting
* Provide unique expertise

« Small engagement across
product organizations
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A global research team

Hundreds of researchers worldwide
Zurich: The biggest location with two floors at the Prime Tower (and growing!)

The geographic spread allows Oracle Labs to take advantage of a tremendous pool of scientific and
engineering talent and enables Labs researchers to collaborate with colleagues from a wide range
of industries and universities.

Oracle Labs locations

o Zurich, Switzerland

* Prague & Brno, Czech Republic

e (Casablanca, Morocco

* Linz, Austria

« Redwood Shores, California, USA

Austin, Texas, USA
Belgrade, Serbia
Brisbane, Australia
... and more!
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Selection of projects with involvement of the Zurich Lab

« Parallel Graph AnalytiX (PGX) — High-performance graph toolkit (single machine, distributed, in DB)
- Data Studio (DS) — Notebook technology for visualizing graphs and more

« GraalVM - A universal, polyglot VM environment

- MultiLingual Engine (MLE) - Bringing modern languages into the Oracle DB

« Oracle Labs Apps (Apps) — designing, building and operating apps using the principles of modern
app development

- Application Dependency Management (ADM ) and App Platform - develop an app platform built
around Oracle's opinionated view of how cloud-native apps should be architected

Several other topics across the other offices
« (Generative) ML / Al applications, code analysis and security, concurrent programming, ...

If you are interested in Computer or Data Science, we have a great topic for you!

Check them out on labs.oracle.com/pls/apex/labs/r/labs/internships.
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What former interns say...

| initially joined Oracle Labs for a short internship where | was working
on a distributed graph processing engine. | designed and
implemented major components for the system in collaboration
with well established Oracle Labs members and got the opportunity
to learn from very skilled people. While | did enjoy the task, the
highlight for me were the people. They were very welcoming and
helpful from the beginning to the end of the internship. | ended up
extending my internship and accepting a full time offer afterwards.

Irfan Bunjaku
ETH student, 6-month intern + MSc thesis with Oracle Labs in 2022
Today, regular team member of the MLE team at Oracle Labs
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Further Information

MLE/JavaScript Live Lab

[m] e [m]

Oracle Database JavaScript
Developers Guide

Plenty of nice examples ©
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Try it out, play around with it.
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MLE Architecture Blog

More details about the
architecture we just presented

Oracle Labs Homepage

Find out more about Oracle
Labs and its internship
program.



https://apexapps.oracle.com/pls/apex/r/dbpm/livelabs/view-workshop?wid=3696
https://medium.com/graalvm/mle-executing-javascript-in-oracle-database-c545feb1a010
https://docs.oracle.com/en/database/oracle/oracle-database/23/mlejs/
https://docs.oracle.com/en/database/oracle/oracle-database/23/mlejs/
http://medium.com/graalvm/mle-executing-javascript-in-oracle-database-c545feb1a010

Further Information

MLE/JavaScript Live Lab

Try it out, play around with it.

MLE Architecture Blog
More details about the

architecture we just presented

racle Dat vaScript
Devel I i

Plenty of nice examples ©

racle L Hom

Find out more about Oracle
Labs and its internship

MLE Architecture

piosiait MLE runs a part of Oracle Database Server Process.
Database Session
MLE Runtime
MLE SQL Driver
GraalVM ) )
Polyglot Conversion Engine Truffle Interop API
- o mesap
Wanna know more? DBMS_MLE e e beijgicticantex ST
PL/SQL package = Compiler
IucaS.braUn@OraC]e.COm Polyglot Engine
noman.ahmed.sheikh@oracle.com Native Image Database 05 Integration

Runtime Layer

Database OS Abstraction Layer
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