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Fast and Efficient Java 
Microservices



High Performance  🚀
Optimize application performance 
with GraalVM compiler

Fast Startup  ☁

Compile your application AOT 
and start instantly

Open Source  👥

See what’s inside, track features 
progress, contribute

Polyglot  🏗
Mix & match languages with 
seamless interop

Java Innovations
with GraalVM



standalone
database
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GraalVM for Java 
Microservices



native-image MyMainClass
./mymainclass 

JIT AOT
java MyMainClass
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Accelerated performance in JIT mode

Renaissance benchmark suite: renaissance.dev
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Startup performance



GraalVM Native Image

• Allows to compile Java programs into standalone native executables;

• Instant startup;

• Low memory footprint;

• works well with Java microservices frameworks.
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Native Image Build Process

Ahead-of-Time
Compilation

Application

Libraries

JDK

Substrate VM

Input: 
All classes from application, 

libraries, and VM

Iterative analysis until 
fixed point is reached

Code in 
Text Section

Image Heap in 
Data SectionImage Heap 

Writing

Output: 
Native executable



AOT vs JIT: Startup Time

JIT

▪ Load JVM executable

▪ Load classes from file system

▪ Verify bytecodes

▪ Start interpreting

▪ Run static initializers

▪ First tier compilation (C1)

▪ Gather profiling feedback

▪ Second tier compilation (GraalVM or C2)

▪ Finally run with best machine code

AOT

▪ Load executable with prepared heap

▪ Immediately start with optimized machine code
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AOT vs JIT:  Memory Footprint

JIT

▪ Loaded JVM executable

▪ Application data

▪ Loaded bytecodes

▪ Reflection meta-data

▪ Code cache

▪ Profiling data

▪ JIT compiler data structures

AOT

▪ Loaded application executable

▪ Application data
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Startup Speed Peak Throughput

Low Memory
Footprint

Reduced Max 
Latency

Small Packaging

AOT JIT
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Create your first 
GraalVM application



Try sample apps!

github.com/graalvm/graalvm-demos
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https://github.com/graalvm/graalvm-demos


Micronaut: how to

A modern, JVM-based, full-stack framework for building 
modular, easily testable Microservice and Serverless 
applications.

Features a Java annotation processor that hooks into your 
compiler and computes your framework infrastructure at 
compilation time eliminating reflection, runtime proxies and 
runtime code generation.

• Website: micronaut.io/
• Documentation: micronaut.io/documentation.html
• Micronaut Launch (Project Generator): 

micronaut.io/launch/
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https://micronaut.io/
https://micronaut.io/documentation.html
https://micronaut.io/launch/


Helidon & GraalVM: how to

Quick example of using Helidon and GraalVM: 

https://helidon.io/docs/latest/#/guides/36_graalnat

ive

Video tutorial: Helidon MP and GraalVM:

https://www.youtube.com/watch?v=-y_MUgGyiW4
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https://helidon.io/docs/latest/
https://www.youtube.com/watch?v=-y_MUgGyiW4


Helidon & GraalVM: results

Startup time improvement

REPOSITORY TAG IMAGE ID CREATED SIZE 
quickstart-se-native latest 1227ac82d199 5 days ago 21.4MB

Helidon SE Quickstart on the JVM 0.921 seconds

Helidon SE Quickstart as GraalVM 
Native image 0.026 seconds
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Quarkus and GraalVM: how to and results

How to get started:

https://quarkus.io/get-started/

Build a native image:

quarkus.io/guides/building-native-image

Quickstarts:

https://github.com/quarkusio/quarkus-
quickstarts
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https://quarkus.io/get-started/
https://quarkus.io/guides/building-native-image
https://github.com/quarkusio/quarkus-quickstarts


Spring Boot & GraalVM: how to

State of the Spring GraalVM Native project: 

github.com/spring-projects-
experimental/spring-graalvm-native

https://www.youtube.com/watch?v=Um9djPTtPe0
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https://github.com/spring-projects-experimental/spring-graalvm-native
https://www.youtube.com/watch?v=Um9djPTtPe0


Spring Boot & GraalVM: how to

“Spring Graal Native” project: https://github.com/spring-projects-
experimental/spring-graal-native
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https://github.com/spring-projects-experimental/spring-graal-native


GraalVM native image 
for real-world projects



Simplify native image configuration
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medium.com/graalvm/introducing-the-tracing-agent-simplifying-graalvm-native-image-configuration-c3b56c486271



Profile-Guided Optimizations (PGO)

native-image 
--pgo-instrument Instrumented Binary

native-image --pgo optimized binary 🚀

Profiles (.iprof)

Relevant 
Workloads
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Optimizing the binary size even further

medium.com/graalvm/compressed-graalvm-native-images-
4d233766a214

upx --best -k mynativeimage
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https://medium.com/graalvm/compressed-graalvm-native-images-4d233766a214


twitter.com/juliendubois/status/1337005381436977152 twitter.com/ghillert/status/1341582440523939840

Optimizing the binary size even further

https://twitter.com/juliendubois/status/1337005381436977152
https://twitter.com/ghillert/status/1341582440523939840


• How to configure native image generation

• Native image Maven plugin

• Memory & GC configuration

• Understand class initialization in native Image

• Isolates in native image
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Resources for working with native image

https://www.graalvm.org/docs/reference-manual/native-image/
https://search.maven.org/artifact/org.graalvm.nativeimage/native-image-maven-plugin
https://www.graalvm.org/docs/reference-manual/native-image/
https://medium.com/graalvm/updates-on-class-initialization-in-graalvm-native-image-generation-c61faca461f7
https://medium.com/graalvm/isolates-and-compressed-references-more-flexible-and-efficient-memory-management-for-graalvm-a044cc50b67e


Resources for working with native image



GraalVM 
Languages Ecosystem



standalone
database



• ECMAScript 2020 complaint JavaScript engine;

• Access to GraalVM language interoperability and common tooling;

• Constantly tested against 90,000+ npm modules, including express, react, 

async, request

JavaScript & Node.js
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Many ways to use GraalVM JavaScript

Stock JVM

ü You already have the JVM

ü Our JARs are on Maven

- More variability

native-image of App+JS

ü No JVM required

ü No dependencies

- Additional configuration

- Less flexibility
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GraalVM as VM

ü Best integrated

ü Best tested

ü Supports Node.js

- Extra download

+



Find out about your packages compatibility
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Nashorn Migration Guide

https://github.com/graalvm/graaljs/blob/master/docs/user/NashornMigrationGuide.md
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https://github.com/graalvm/graaljs/blob/master/docs/user/NashornMigrationGuide.md


React.js Server Side Rendering

medium.com/graalvm/improve-react-js-server-
side-rendering-by-150-with-graalvm-
58a06ccb45df

• Example app: Talkyard.io

• Server-side part written in Scala, client 

side: React.js;

• Nashorn: ~800 renders per second;

• GraalVM: ~2000 renders per second.
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https://medium.com/graalvm/improve-react-js-server-side-rendering-by-150-with-graalvm-58a06ccb45df


GraalVM Python

• Python 3 implementation;
• High performance;
• Focus on supporting SciPy and its constituent libraries;
• Easy interop with Java and the rest of GraalVM languages.

$ graalpython [options] [-c cmd | filename]
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Recommender system POC at Oracle NetSuite

blogs.oracle.com/graalvm/optimizing-machine-learning-performance-at-netsuite-
with-graalvm-and-nvidia-gpus-v2
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https://blogs.oracle.com/graalvm/optimizing-machine-learning-performance-at-netsuite-with-graalvm-and-nvidia-gpus-v2


Polyglot data science application with GraalVM
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medium.com/@nelvadas/polyglot-micro-service-for-visualizing-covid-19-trends-
with-graalvm-helidon-java-r-python-c-a3dce4262eb3

mailto:medium.com/@nelvadas/polyglot-micro-service-for-visualizing-covid-19-trends-with-graalvm-helidon-java-r-python-c-a3dce4262eb3


GraalVM 
Use Cases



Multilingual Engine: Executing JavaScript in Oracle Database

Starting with 21c, Oracle Database can

now execute JavaScript, powered by

GraalVM:

Executing JavaScript in Oracle Database

Oracle Database
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https://blogs.oracle.com/graalvm/mle%3a-executing-javascript-in-oracle-database


Migrated Monitoring Services to GraalVM

Peak performance:  +10%

Garbage collection time: -25%

Easy migration

Oracle Cloud Infrastructure

https://blogs.oracle.com/cloud-infrastructure/graalvm-powers-oracle-cloud-
infrastructure
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https://blogs.oracle.com/cloud-infrastructure/graalvm-powers-oracle-cloud-infrastructure


Moved Scala Microservices to GraalVM

Improved peak performance by 12% by 

just switching to GraalVM compiler, and up 

to 18.2% with additional configuration

Reduced P99 latency by 19.9%

Twitter

https://www.youtube.com/watch?v=W-5kUG8_mbk
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https://www.youtube.com/watch?v=W-5kUG8_mbk


Scala Microservices with R for Data Science

GraalVM enables easy collaboration between 

data scientists, who build statistical analysis 

functions in R, and developers, working with 

Scala and Java

Dutch National Police

https://vimeo.com/360837119
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https://vimeo.com/360837119


Using GraalVM native image to improve startup performance

SOFABoot app: startup time decreased from 

60 sec to 3 sec;

Micronaut app: startup time decreased from 

454.33 ms to 4.27 ms, with memory cost of 

1/6 from original.

Alibaba

https://medium.com/graalvm/static-compilation-of-java-
applications-at-alibaba-at-scale-2944163c92e
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https://medium.com/graalvm/static-compilation-of-java-applications-at-alibaba-at-scale-2944163c92e


Project Roadmap and 
Community



Version Roadmap
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• Latest release: 21.0;

• Available for Java 8 and Java 11;

• Predictable release schedule;

• LTS releases: last major release of the year.



What’s new in GraalVM 21.0: Java on Truffle
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get both: graalvm.org
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http://graalvm.org/
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High Performance  🚀
Optimize application performance 
with GraalVM compiler

Fast Startup  ☁

Compile your application AOT 
and start instantly

Open Source  👥

See what’s inside, track features 
progress, contribute

Polyglot  🏗
Mix & match languages with 
seamless interop

Java Innovations
with GraalVM
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Download:
graalvm.org/downloads

Get help:
graalvm.org/slack-invitation/ 
graalvm-users 
@oss.oracle.com

Follow updates:
@GraalVM / #GraalVM

Get started with GraalVM!

https://www.graalvm.org/downloads/
https://www.graalvm.org/slack-invitation/
mailto:graalvm-users-request@oss.oracle.com
https://twitter.com/graalvm
https://twitter.com/hashtag/graalvm


Thank you!

@alina_yurenko

Alina Yurenko

https://twitter.com/alina_yurenko
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Q&A




