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Why do we use Java?

• Easy to learn 
• JVM 
• IDE support 
• Libraries 
• Tools 
• Write once, run everywhere



New challenges

• Microservices 
• Functions as a service 
• Horizontal scaling 
• Small memory footprints 
• Fast startup times 
• Containers are the new “runs everywhere”



☹



Why not switch 
to another language?



Good reasons to stay…

• Most popular language 
• Rich eco system 
• Broad Know-How in companies 
• Stable and improved over years 
• Risk for a lot of organisations to introduce new 

languages



So what else can we do?



Graal



Graal (compiler)

• Modern JIT Compiler 
• Implements the JVM compiler interface (JEP 243) 
• Written in Java 
• Planned to be integrated into official JVM (http://

openjdk.java.net/projects/metropolis/)

http://openjdk.java.net/projects/metropolis/
http://openjdk.java.net/projects/metropolis/


Before Java 9

Hotspot VM

Java/JVM Languages

JIT Compiler

Black box



Introduced in Java 9

Hotspot VM

Java/JVM Languages

JVMCI Graal



https://chrisseaton.com/truffleruby/jokerconf17/



GraalVM



GraalVM

• Universal virtual machine 
• Full fletched JVM 
• Contains Graal Compiler as JIT 
• Available as CE and EE 
• Bundled with additional tools (e.g. native-image) 
• Current docker images based on custom Java 8 build



GraalVM Setup

Hotspot VM

Java/JVM Languages

Graal

Truffle

Other languages



How does native 
compilation works?



SubstrateVM



“Substrate VM is a framework that allows ahead-of-
time (AOT) compilation of Java applications under 
closed-world assumption into executable images or 

shared objects (ELF-64 or 64-bit Mach-O).”



SubstrateVM

• Low-footprint VM 
• Embeddable 
• Written in and for Java 
• AOT compiled by using Graal



Static Analysis Ahead-of-Time Compilation

Machine Code 
Image Heap 

Own Application 
JDK classes 
Substrate VM

Native image creation



Limitations

https://github.com/oracle/graal/blob/master/substratevm/LIMITATIONS.md



Let’s try with an example 



Most famous TODO app 



Spring Boot



☹



Current Status

• Initial support finished in Spring Framework 5.1 
• Collaborate with GraalVM team 
• Spring Fu as incubator for new features (GraalVM 

support) https://github.com/spring-projects/spring-fu/
tree/master/samples/jafu-reactive-minimal

https://github.com/spring-projects/spring-fu/tree/master/samples/jafu-reactive-minimal
https://github.com/spring-projects/spring-fu/tree/master/samples/jafu-reactive-minimal
https://github.com/spring-projects/spring-fu/tree/master/samples/jafu-reactive-minimal


Micronaut



Micronaut

• Annotation based Microservice Framework 
• Polyglot 
• Fast startup time and small memory footprint through 

annotation processing 
• Graal VM support 
• Own CLI



Create a new project 





MicronautSubstitutions.java





MicronautSubstitutions.java



Usage of Unsafe

• API for low level programming 
• Reads and writes data to memory addresses 
• Intended to be only used by Java core classes



SubstituteVM limitations



Supported Common Pattern



Manually recompute



Dockerfile



reflect.json



Dockerfile



Let’s run some code



TodoController.java



Compile with gradle and run



Compile with gradle and run



Build docker image and run



Build docker image and run



TodoController.java



reflect.json



Rerun



Improvements



Or use latest mn (1.1.0.M2)



Persistence



Candidates

• JAsync 
• Reactive Postgres 
• Hibernate 
• JDBC + jOOQ



build.gradle



reflect.json



application.yml



Configure jOOQ



jOOQ Usage



Docker build



Method Handles



build.gradle



Docker run



Dynamic Proxy



proxy.json



Dockerfile



Unknown Host



🤔



DNS

https://github.com/oracle/graal/issues/571



Dockerfile



Dockerfile



Run



🥳



Result

• Startup 28ms (~30 times faster) 
• Image size ~48MB (~9 times smaller) 
• Memory usage ~15MB (~7 times smaller)



What else?



Kotlin/Native

• LLVM backend for the Kotlin compiler 
• Creates native images 
• Native Implementation of the Kotlin standard library 
• Early stage 
• Rudimentary support in Ktor



Additional resources

• https://github.com/tommy1199/native-jvm-showcase 
• https://royvanrijn.com/blog/2018/09/part-1-java-to-

native-using-graalvm/ 
• https://www.youtube.com/watch?

v=9oHpAhgkNAY&feature=youtu.be 
• https://chrisseaton.com/truffleruby/jokerconf17/

https://www.youtube.com/watch?v=9oHpAhgkNAY&feature=youtu.be
https://www.youtube.com/watch?v=9oHpAhgkNAY&feature=youtu.be
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