CI=EIVYE

GraalVM in a Nutshell

Alina Yurenko
Shaun Smith

Jfokus 2024




\ /ﬂ VM.
/,/

An advanced JDK with ahead-of-time
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GraalVM and Open]DK

Open)DK

Galahad

Galahad's primary goal is to contribute Java-related GraalVM technologies to the
Open)DK Community and prepare them for possible incubation in a DK main-line
release.

This Project is sponsored by the HotSpot Group.

Community

= Members
= Mailing list

= galahad-dev (archives)
= Links

= Repository

Project Leyden

The primary goal of this Project is to improve the startup
time, time to peak performance, and footprint of Java
programs.

This Project is sponsored by the HotSpot and Core
Libraries Groups.

Design notes

Project Leyden: Beginnings
Selectively Shifting and Constraining
Computation

Toward Condensers

Condensing Indy Bootstraps
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GraalVM Editions

GraalVM Community Edition (CE)

5

Built on OpenJDK and follows its release

model

Open-source on GitHub

Copyright © 2024, Oracle and/or its affiliates
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Oracle GraalVM

* Built on Oracle JDK and follows its release model
* Additional compiler optimizations

* G171 GCtailored for AOT compiled applications

* Profile guided optimization

* ML profile-based optimization
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GraalVM Native Image



GraalVM Native Image AOT Compilation

Input:
All classes from application,
libraries, and VM

Application \

v

Points-to Analysis

Libraries \> ¢
Run Initializations
JDK —> ‘L

Substrate VM /

Heap Snapshotting

VM.
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Output:

Native executable

Ahead-of-Time

Compilation > ol in
Text Section
Image Heap in
Image Heap Data Section
Writing
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Demo — Build Your First App



Demo — AOT at the speed of JIT 5#



Spring PetClinic on Oracle GraalVM for JDK 21

GraalVM CE with C2 JIT

Oracle GraalVM Native Image

Memory Usage (max RSS) {1,029 MB 641 MB

Peak throughput 11,066 req/s 11,902 req/s
Throughput per memory |12,488 req/(GB*s) 18,569 req/(GB*s)
Tail latency (P99) 7.2ms 5.15ms

Startup 7,090ms 210ms
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GraalVM Native Image—Ideal for Cloud Native Applications y I/U\‘
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Fast Start Lower Resource Predictable
& Scale Usage Performance

i#: MICRONAUT

¥ @sprinq Azure
AV
é%é () QUARKUS  GCP

>& helidon.io | O]

Improved Compact
Security Packaging Supported
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JDK’s Simple Web Server Container Size (MB) PV
95.5% container image size reduction
10[0)
¢ JVM
% 405 . GraalVM Native Image
37 —
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Compact
= 199
Packaging e
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Debian 12-slim Distroless Java 21 Distroless Java Base Distroless Java Base Distroless Base Distroless Static
+JDK 21 + jlink + Native Image + Native Image + Native Image
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Native Linking and Containerization Options

Fully Dynamic Mostly Static

OS must include all OS only need provide libc.

dynamically linked libs

Application Code Application Code

stdc++ y4

14 Copyright © 2024, Oracle and/or its affiliates
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Fully Static

No libs provided by OS

Application Code

stdc++ Z

musl libc

¥

~0 MB
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Cross-Platform Builds on GitHub Actions O
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Linux
Executable

Windows
Executable

macOS
Executable

R a >

GraalVM GitHub

Action I



Reduced Attack Surface @

Improved
Security

16

Reduced attack surface area
due to dead code removal—
unused classes, methods, and
fields not included in
executable

SBOM supporting industry
standards

Embedded in executables
CycloneDX format

Not vulnerable to
deserialization attacks via
class loading—executable
includes only required and
specified classes

Not vulnerable to JIT
compiler attacks
all code is AOT compiled



Framework Support Out of the Box &
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& spring
B QUARKUS
>i& helidon.io

Supported

&

Helidon

=

initializr

GraalVM Native Supp

Micronaut Quarkus

b

QUARKUS & GRAALVM
booting Hibernate at supersonic speed,
subatomic size
RENSX
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Native Image—Cloud Platform SDK Support

= p & Microsoft aws Q

p—
Azure SDKs % Theme

AWS Blog Home Blogs ¥  Editions ~

Announcing GraalVM support

in Azure SDK for Java and AWS Developer Tools Blog
Spring Cloud Azure libraries GraalVM Native Image Support in the
AWS SDK for Java 2.x
‘_-5‘_ by Zoe Wang | on 23 FEB 2021 | in AWS Java Development, AWS SDK For
R Java, Developer Tools, Java, Open Source | Permalink | @ Comments |
- ~ Share
Microsoft Azure Jonathan Giles
- We are excited to announce that AWS SDK for Java 2.x (version 2.16.1 or

Amazon Web Se rV]CeS March 16th, 2023 | (=] | D a later) now has out-of-the-box support for GraalVM Native Image

compilation.

Google Cloud Platform
Oracle Cloud Infrastructure

Su ppo rted Go gle Cloud Oracle Cloud Infrastructure ... Q =

= Blog
Oracle Cloud Infrastructure Blog

Developers & Practitioners

Announcing native image
support for Java Client Libraries
— Optimize your short lived
workloads

Developer Tools and Solutions, Product News
Announcing the general
availability of OCI SDK v3 for

Java

December 8, 2022 | 5 minute read

July 7, 2022

3 Kartik Hegde
Ww=# Senior Product Manager
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GraalVM at Disney Streaming P I/U\k

* The Messaging team at Disney Streaming is
responsible for engaging our customers through
messaging such as email or push notifications.
They send millions of messages to the
customers for a variety of use cases including
password recovery, account changes and
purchase confirmations.

* They moved to GraalVM Native Image to solve
cold start issues of their serverless Java
workloads: the same Java function with 3008
MB of memory that took 3.6 seconds to start =
with the JVM, started in under 100 milliseconds ' 2 .
once compiled to a native executable using
GraalVM Native Image.

full story: aws.amazon.com/blogs/opensource/improving-developer-productivity-at-
disney-with-serverless-and-open-source/
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GraalVM at Alibaba

* Alibaba moved a number of their production
microservices and serverless workloads to
GraalVM Native Image for performance gains:

* The startup time decreased from 60
seconds to 3 seconds, i.e., 20X speedup in
the starting up time comparing to the JVM.
In addition, the GC pause time was
controlled to under 100 milliseconds. 100x
faster

* A serverless function was at startup with
1/6 memory cost, which can help
customers save 80% of the cost ("billed
duration").

full story: https://www.alibabacloud.com/blog/static-compilation-of-java-
applications-at-alibaba-at-scale_596246
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Time(senconds)

Hotspot VM

100X Faster

Native Image




What’s next for GraalVM



Layered Native Images

Development: fast recompilation 4#
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Deployment: resources sharing &
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GraalOS—Advanced cloud native application deployment platform / ,/U\’

Runs applications as small, fast GraalVM Native Image compiled machine executables

Fast Start

GraalOS applications
start fast with
virtually no cold start
cost

Run On Demand

GraalOS applications
are automatically
suspended and
resumed on demand
—with no idle cost

Low Latency

Excellent 99th
percentile latency
makes GraalOS
applications highly
responsive

Applications, not
Containers

GraalOS uses the latest
advances in x86 and
AArch64 processor
architectures for hardware
enforced application
isolation without containers

Reduced Memory

GraalOS applications
require significantly
less memory
resulting in reduced
operating costs

Cloud Native

With support for
stateful and stateless
services and
functions, GraalOS is
ideal for cloud native
applications



OCI Functions powered by GraalOS
Announced at Oracle Cloud World 2023

OCl

: Ultra fast startup time
Functions ===

powered by GraalOS

Total Time

Application Time 2.05 seconds

Startup Time

Memory
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S?ve costs
Improved productivity
Functions powered
Function (Fn) by GraalOS
3.88 seconds 193 seconds
191 seconds
1.8 seconds 100x faster 0.018 seconds
512MB 2x smaller 256MB
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GraalVM Native Image—Ideal for Cloud Native Applications y I/U\‘
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Fast Start Lower Resource Predictable
& Scale Usage Performance
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Improved Compact
Security Packaging Supported
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Get started with GraalVM ;¢ P ,/U\k

E (\3 docker pull container-
graalvm.org ‘ registry.oracle.com/

graalvm/jdk:21

‘ sdk install java ‘ ’ github.com/graalvm/
L= 21.0.2-graal graalvm-demos



Thank you!

@alina_yurenko
@shaunmsmith




ORACLE



