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Ten years ago, the OpenJDK JVM codebase was open-sourced. Now you have a choice of more than
ten different JVM implementations.

But which should you choose? And what about JVM implementations that do not have their origin
as the OpenJDK codebase?

In this guide, we examine the history, similarities, and differences between OpenJDK, OpenJ9
and GraalVM. This includes looking at those many different JVM implementations that come from
OpenJDK.

You should study the strengths of each of these three groups of implementations to make the best
choice for your environment.
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OpenJDK History

The ability to choose between so many JVM implementations can be traced back to 2011, which
was the start of the process to make the codebase of the JVM open source. This was when Oracle
launched Java SE 7, as a full reference implementation, OpenJDK 7.

Legal processes took some time, but by the OpenJDK 10 release in March 2018, the Oracle OpenJDK
codebase was simply the upstream version, with many JVM releases based on it.

The OpenJDK Community leads the open source development of Java within Oracle, whilst you can
still get commercial Java licenses, enterprise features and suppport from many places.

The Java Community Process (JCP) defines the future direction of the platform's evolution. The
JCP allows interested parties to develop standard technical specifications for the Java technology.
Anyone can become a JCP Member by filling out a form available at the JCP website. JCP mem-
bership for organizations and commercial entities requires annual fees — but is free for individuals.
Change is brought about through JSRs, Java Specification Requests (JSRs): formal documents that
describe proposed specifications and are voted on by all JCP members, to decide if they are or are
not implemented.

Besides the actual codebase from which the implementations are created, there is also a large test
suite. The Technology Compatibility Kit (TCK) is a suite of tests that at least nominally checks a par-
ticular alleged implementation of a JSR or the entire JVM for compliance. It allows any interested
party to verify if the JVM implementation they have created is correct. It also ensures that if you
download a JVM implementation, it will work as expected, and that there are no major differences
between the different implementations.

It is one of the three parts that each JSR provides; the document that describes the functionality; a
reference implementation that proves that the proposed functionality in the JSR can be implemented;
and the TCK that tests if it works as described.


https://blogs.oracle.com/javamagazine/post/java-se-open-source-license
https://en.wikipedia.org/wiki/Upstream_(software_development)
https://www.jcp.org/en/home/index
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OpenJDK

As mentioned, the OpenJDK release base was the first open source version of the JVM.

Today, there are many implementations that are based on the OpenJDK code base includingAzul
Zulu, Eclipse Adoptium, IBM Semeru, Oracle OpenJDK, RedHat OpenJDK, Amazon Coretto, Alibaba
Dragonwell, Microsoft OpenJDK and Jetbrains Runtime.

What unites all the above JVM distributions is that they are built based on the OpenJDK codebase.
As aresult, they share the same functionality and of course, have all the required functionality that
you expect for your Java runtime.

The reason that most vendors have their own version of the Java runtime is that they have made some
additions. The above list of JVMs are all free to use, even in production, but most vendors also have
commercial versions of the JVM. If some of their customers have specific requests, or the vendor
wants to offer some additional functionality on top of that available within the OpenJDK code base,
they can add it to the codebase.

As they know how to build a runtime out of the source code for their paid customers, they also
produce a free version. Even in the free version of their product, there are additions on top of the
codebase of OpenJDK.

Let us briefly go over some of the JVM implementations and their specific features.

Eclipse Adoptium / AdoptOpenJDK

The AdoptOpenJDK releases were just the binary builds of the OpenJDK codebase. They were not
TCK tested so there was always the possibility that some functionality would not work as expected.
The alternative at that time was the Oracle build of the OpenJDK, but as it was released under the
Oracle Binary Code License Agreement, use could lead to discussions around if you were able to
use it for free or not.

AdoptOpendDK is now tested against the TCK. Eclipse Foundation took on stewardship of
AdoptOpendDK. It, along with vendors in the Adoptium Working Group, provides infrastructure where
the OpenJDK source code is built and the TCK tests are performed. These builds are released under
the name Eclipse Adoptium and are a free to use and a tested JVM implementation.

Oracle have also adjusted their licenses on the Oracle build of the OpenJDK to make it less ambitious.
You can now use that build for free, but note that the Oracle JDK is the commercial version and you
need some agreement in place before you should use it.


https://adoptopenjdk.net/
https://adoptium.net/

£ payara®

Azul Zulu OpenJDK Builds and Platform Core

No Nonsense Guide to JVM Implementations: OpendDK, Opend9, GraalVM

For JDK 8, Azul added a few tools and functionalities that were not available at that time. Azul Zulu
provides the integration of Flight Recorder and the tool Mission Control. It also made an implemen-
tation of TLS 1.3 available on JDK 8 before it was added officially into the OpenJDK codebase.

Azul is also working hard on performance and startup. Their supported JVM, Azul Platform Prime
(previously Zing), can handle large heap sizes very efficiently. Regarding the startup of a classic JVM,
they have solutions like ReadyNow! and the recently announced Cloud Native Compiler that improves
the startup time greatly, without the need to rewrite your application to allow native compilation.

They also have the broadest support for operating systems and JDK versions.It bundles the OpenJFX
binaries, the open source version of the JavaFX client-side platform.

Liberica

The Liberica implementation focuses on some client-side aspects of the Java Platform. It also bundles
OpenJFX binaries. It maintains the OpenWebStart framework since that is no longer part of the
JDK offering.

Dragonwell

Dragonwell is the name of the JVM build created by Alibaba, one of the large Cloud providers in the
world. They have added some functionality to improve the performance, stability, and functionality
for their Cloud platform. One of the remarkable features is 'WISP', an implementation of the Virtual
Threads proposal that is also the goal of Project Loom within the OpenJDK. When activated, the
JVM switches to an implementation that uses Virtual Threads managed by a Thread Manager in
Dragonwell,and does not only rely on the Threading management of the Operating System. This way
you can achieve some great performance improvements without the need to adapt your application.

Another surprising element is that they don't run the TCK tests on their product. Although their
implementation is used on 100,000+ installations without any issues, this means you can never be
sure of functionality.

Amazon Coretto Microsoft OpenJDK

Another Cloud provider that produces its own
JDK implication is Amazon. Amazon Coretto has
a few performance and security fixes on top of
the standard OpenJDK version, mainly for JDK 8.

You can use it within their cloud environment but
also outside it, as it is completely free to use.

Microsoft has a build available of the OpenJDK
that can be used on their Cloud Platform Azure,
but also outside of it - for running Minecraft, for
example! They also support the Eclipse Adoptium
initiative. This is a remarkable change since in the
past Oracle and Microsoft had a dispute about
licenses that ended up in court.


https://www.azul.com/products/prime/
https://www.infoq.com/news/2022/02/azul-cloud-compiler/
https://bell-sw.com/
https://dragonwell-jdk.io/
https://aws.amazon.com/corretto/?filtered-posts.sort-by=item.additionalFields.createdDate&filtered-posts.sort-order=desc
https://www.microsoft.com/openjdk
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Other JVM implementations

As you can see in the previous section, there are many JVM implementations available that build
upon the OpenJDK codebase. But there are also other implementations that do not have their roots
in the OpenJDK codebase.

Opend9

The Opend9 JVM implementation started out of the K8 Virtual Machine for the Smalltalk programming
language in the late 1990s. The VM code was adapted so it could also read the Java byte code and
execute it, largely keeping the memory management functionality of Smalltalk. It was developed by
IBM and later on open sourced and made available through the Eclipse Foundation.

Opend9 has some impressive statistics for performance, memory usage, and startup times. Many
tests provide evidence that the startup time is up to 50% faster. The ramp-up time to achieve
maximum throughput is much smaller and also memory usage is 10% or more lower compared to
OpenJDK-based solutions.

The OpenJ9 implementation also supported creating the Startup Archive for the Class Data Sharing
option from a running instance. Before the Dynamic Archive functionality was introduced into the
OpendDK, the creation of the Archive file was a two-step process. First, you needed to startup your
process to get a good idea of the Java classes that were used. In the second step, the Archive file
was created based on this classes list and the classpath.

Opend9 implemented a much easier solution that allowed the creation of the Archive when the
JVM was shut down, the same principle as Dynamic Archive. This allowed a much easier and faster
creation of the Archive, to improve the start-up time of the JVM process next time.

Graal VM

The term GraalVM may cause confusion, as it can indicate several things. The earliest experimen-
tations, which later on become the Graal JIT compiler, started in around 2005. The idea was to
create an entire JVM within Java and no longer be dependent on C++. It proved a huge undertaking
and at first, only the C1/C2 compilers (that turn the Java Byte code into native code as part of the
optimizations carried out by the JVM) were written in Java.

This GraalVM Compiler was also added as part of the OpenJDK between JDK 10 and JDK 16. It was
removed from the OpenJDK because it was not used much by end-users and imposed a too large
maintenance overhead. But it is still part of the GraalVM JVM distribution as it plays a crucial role in
the native compilation I will touch onin a moment.
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The term GraalVM is nowadays used for the entire JDK distribution product that can run multiple
languages on the JVM and can perform native compilation. The basic idea is that the JVM is capa-
ble of running applications in many computer language, including non-JVM-based languages, and
integrating them. The JVM-based languages like Groovy, Scala, and Kotlin are compiled to JVM byte
code so they can be run easily by the JVM. But GraalVM has an integration with an LLVM Runtime to
integrate with C++ code amongst others. And through the Truffle project, it is possible to turn any
code written in any language into a structure that can be understood and executed by the JVM. This
makes it possible to execute a Python, R, and Ruby program on the JVM and share the same address
space as your Java program, making it possible to have a seamless integration between all those
languages. Also, JavaScript and Node.js are supported since the GraalVM contains a runtime for them.

With the GraalVM it becomes possible to write and execute a polyglot application. You can reuse
some libraries in non-Java languages and combine them with other code snippets written in other
languages. Then, you can run it all on the JVM.

But of course, you can also use it to run your Java-only programs, just as with the OpenJDK-based
implementations or OpenJ9. And GraalVM contains another nice piece of engineering, the native
compilation. Since the Graal JIT compiler is written in Java and creates native Operating System
code, it can be used to compile Java applications to native code also. This is done with the Graal JIT
compiler, so that the performance of the JVM is comparable with other JDK implementations that
have the C1/C2 compilers written in C++ and natively compiled. But it can also be used to compile
your application to native code. There is no JVM needed anymore at runtime as your Java application
is now a native application for your OS. This means that it starts faster (no more the overhead of
the JVM startup) and lowers memory consumption since the JVM itself doesn't need any memory.

There are however a few drawbacks, such as the slow compilation to native code and the lower peak
performance of your application. Our CEO Steve Millidge wrote about them here. Since the ahead-
of-time compilation cannot use the information around how your code is used within the application
at runtime, it can make fewer optimisations. This means that after a short while, the JIT-compiled
code in Java performs better than the natively compiled code since it can make more optimisations.


https://blog.payara.fish/java-ahead-of-time-native-compilation-on-cloud-economic-myths
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About Payara Platform

Payara Platform Enterprise is stable, supported software for enterprise designed for mission-critical
production systems and containerized Jakarta EE (Java EE) and MicroProfile applications.

Payara Server

Payara Server is a cloud-native middleware application platform that supports reliable and secure
deployments of Jakarta EE applications on-premise, in the cloud or in hybrid environments. A stable
platform with monthly releases, bug fixes, and a 10-year software lifecycle, Payara Server is aggres-
sively compatible with the ecosystem, cloud vendors, Docker, and Kubernetes. An official Jakarta EE
compatible implementation, Payara Server is developed in collaboration with an industry-leading
DevOps team and the global Payara community to ensure Payara Server is the best option for the
production of Jakarta EE applications today and in the future. Find out more here.

Payara Micro

Payara Micro is the lightweight middleware platform of choice for containerized Jakarta EE application
deployments. Less than 80Mb, Payara Micro requires no installation, configuration, or code rewrites
- so you can build and deploy a working app within minutes. Compatible with Eclipse MicroProfile,
Payara Micro is the microservices-ready version of Payara Server. It comes with a Java API to embed
and launch from your own Java applications and offers the ability to run war files from the command
line without any application server installation. Automatic and elastic clustering makes Payara Micro
the platform of choice for running Jakarta EE applications in a modern virtualized infrastructure.
Find out more here.

Payara Enterprise You will benefit from Payara’s partnership with
Azul, providing you with access to use Azul

If you are looking to run your deployment in Platform Core for Distribution (previously Zulu
production, we offer Payara Platform Enterprise Embedded) with Payara Server.

Edition as stable, supported software for mis-
sion critical systems in production.

You will receive all these benefits and more
with a Payara Enterprise subscription — find
With Payara Enterprise Edition, you are able to:  full list here. With Payara Enterprise, you will
join the list of global companies who trust our
solution to deliver their mission critical environ-
ments, including some from the Fortune 500
list. For example, Rakuten Card moved to an
100% cloud-native architecture using Payara
Enterprise, and BMW successfully migrated from
GlassFish to Payara Server in 2016 —and never
looked back!

« Get support directly from engineers

- Enjoy a 10-year software lifecycle

« Monthly releases, bug fixes and patches
» Security alerts and fixes

- Stability

e OpenJDK support


https://www.payara.fish/
https://www.payara.fish/products/payara-micro/
https://www.payara.fish/enterprise/migration-project/
https://www.payara.fish/enterprise/migration-project/
https://www.payara.fish/enterprise/migration-project/
https://info.payara.fish/hubfs/Case studies/Rakuten Case Study.pdf?hsCtaTracking=31578cc0-12c4-4389-988f-d578c71e4a0d%7Caaf2ffa9-ad2d-459f-ad3f-e442d75e5976
https://info.payara.fish/hubfs/Case studies/BMW-Case-Study.pdf?hsCtaTracking=84264a17-917d-40f6-a06a-5675f0a2476d%7C9a6c1c80-27e4-458d-b622-5a3e3373973c
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Payara and JVM Implementations

You can use any supported JDK with Payara Server.

Payara Platform Community currently runs with the JDK 8, 11 and 17 iterations of the following:

« Azul Zulu OpenJDK

« Oracle OpendDK: 8, 11, 17

» Amazon Corretto

« Adoptium

» Adopt OpendDK with Eclipse OpenJ9

This extends to any JDK based on OpenJDK 8ul62+ or 11.0.5+ or 17.0.2

Payara Platform Enterprise will run with JDK 8 and 11 iterations of the above, JDK 17 support
will follow.

If you do decide to move to Payara Enterprise for mission-critical projects, you can benefit from
our partnership with Azul. With Payara Enterprise, support for Azul Platform Core OpenJDK, the
Enterprise build of Zulu, is included.
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Conclusion

There are many implementations based on the OpenJDK codebase, which goes back to the first
releases of Java by Sun Microsystems. Since the code was open sourced 10 years ago, many compa-
nies have created their own build and some have additions for performance or client-side applications.

OpenJ9 also has very good runtime specifications for performance and memory usage.

The GraalVM has large parts of the OpenJDK in it, the JIT Compiler and the possible integration of
other languages at runtime, including non-JVM-based languages like Python, Ruby, and C++. The
Graal JIT compiler also makes it possible to have the ahead-of-time compilation functionality.

As you can see, there are pros and cons to all JVM implementations. Your decision will be guided by
what other technologies you want to integrate with - for example, if you are using Azure, you may
want the Microsoft OpenJDK, or Dragonwell with Alibaba Cloud. A need for lower memory usage may
lead you to OpenJ9 - or maybe you were using it before Dynamic Archive was in the OpenJDK and see
no reason to change. If polyglot programming is important to you, perhaps GraalVM is your solution.

There is no single right answer. Make sure to have a good look around to choose the optimal JVM
installation for your use case.

Further reading:

OpenJDK Support Payara Server Information Page

VIDEQ: 7 Reasons to Switch to OpenJDK 17 as a Jakarta EE Developer
FREE EBOOK: Dismiss the Java Myths

Comprehensive Getting Started Guide — Payara Server

sales@payara.fish +44 207 754 0481 www.payara.fish

Payara Services Ltd 2022 All Rights Reserved. Registered in England and Wales; Registration Number 09998946
Registered Office: Malvern Hills Science Park, Geraldine Road, Malvern, United Kingdom, WR14 3SZ
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https://blog.payara.fish/switch-to-open-jdk-as-a-jakarta-ee-developer
https://blog.payara.fish/switch-to-open-jdk-as-a-jakarta-ee-developer
https://www.payara.fish/resource/comprehensive-getting-started-guide-payara-server/
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