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About me

git log

● GraalVM native image support
● Observability
● Docker Compose & Testcontainers support
● Virtual threads
● SSL hot reload
● CDS, SBOM
● Structured Logging
● JSpecify Nullability
● …



What’s the problem?

Started Application in 10.492 seconds (process running for 10.677)

● CPU time spent on startup costs money
● Long startup time limits scalability

Why do we want scalability?

● Handle traffic spikes
● Ensure responsiveness
● Rapid recovery
● Saves money and energy

○ Think about scale to zero



Goals

Understand how Project Leyden boosts Java startup 
and performance.

Demonstrate how to use Leyden-related optimizations
available in JDK 25 with Spring Boot.

Learn techniques you can apply today along with 
insights into what’s ahead.



Project Leyden

Improve the startup time and warmup time of Java applications by 
shifting computation earlier or later in time. 



General idea

Build time
Production

Copy cache 
file

Use cache 
file

Compile to 
bytecode

Create 
cache file



Static Analysis
Dynamic Observation



Training Runs

What Constitutes a Training?

● Best training run is observing the 
application in production.

● Usually needs writing a small 
driver program (like an integration 
test).

● Runs at build time (similar to an 
integration test).

Why Do They Work?

● Effective for the same reason 
dynamic compilation is.

● Analysis is driven by what the 
program actually does.

Purpose

● Exercise the startup and warmup 
code paths, under observation.

● Discover ahead-of-time what 
you’d otherwise find early at 
runtime.
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JDK 24’s Three-Phase Workflow

# Training Run

> java -XX:AOTMode=record -XX:AOTConfiguration=app.aotconf \

       -cp app.jar com.example.App ...

# Assembly Phase

> java -XX:AOTMode=create -XX:AOTConfiguration=app.aotconf \

       -XX:AOTCache=app.aot -cp app.jar

# Deployment Run

> java -XX:AOTCache=app.aot -cp app.jar com.example.App ...



JDK 24: What’s in the cache?

Parsed class metadata

Loaded and linked 
classes

Resolved Constant Pools
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JDK 25’s Two-Phase Workflow

# Training Run + Assembly Phase

> java -XX:AOTCacheOutput=app.aot -cp app.jar com.example.App ...

# Deployment Run

> java -XX:AOTCache=app.aot -cp app.jar com.example.App ...
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JDK 25: What’s in the cache?

Parsed class metadata

Loaded and linked 
classes

Resolved Constant Pools

Method Execution Profiles

Needs a real 
training run!
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AOT Cache with Spring Boot



java -jar spring-petclinic-4.0.0-SNAPSHOT.jar

https://docs.google.com/file/d/1-b_n1J79zefCbZoFah-1V8ABbx6emqWp/preview


JVM

The same JVM must be used.

AOT Cache Requirements

Classpath

Must be specified as a list of jars.

No directories, no wildcards, no
nested jar.

Deployment classpath must be a
superset of the training one.

Files

The timestamp of the jars
must be preserved.



> java -Djarmode=tools -jar application.jar extract --destination extracted

Extract Uber Jar

> tree extracted
extracted
├── application.jar
└── lib
     ├── commons-logging-1.3.5.jar
     ├── jackson-annotations-2.20.jar
     ├── jackson-core-3.0.0-rc9.jar
     ├── jackson-databind-3.0.0-rc9.jar
     ├── jakarta.annotation-api-3.0.0.jar
     ├── jspecify-1.0.0.jar
     ├── jul-to-slf4j-2.0.17.jar
     ├── ...



java -jar extracted/spring-petclinic-4.0.0-SNAPSHOT.jar

https://docs.google.com/file/d/12rCdy9IpVXWjA_zrdII8jsAlLcNvIYRL/preview


Exit the Application Before Context Refresh

Start
Exit on 
Refresh

non-lazy 
singletons 

instantiated

afterPropertiesSet 
invoked

Lifecycle 
start invoked

ContextRefreshedEvent 
published

Running

# Poor man’s training run
> java -Dspring.context.exit=onRefresh -jar extracted/application.jar

Idea: Capture class loading of most important classes



Create and use the AOT Cache

# Create the AOT cache
> java -XX:AOTCacheOutput=app.aot -Dspring.context.exit=onRefresh \
       -jar extracted/application.jar

# Run the application with the AOT cache
> java -XX:AOTCache=app.aot -jar extracted/application.jar

# Let’s see how big it is
> ll app.aot
Permissions Size Name
.rw-r--r--@ 53M app.aot



java -XX:AOTCache=extracted/app.aot -jar extracted/spring-petclinic-4.0.0-SNAPSHOT.jar

https://docs.google.com/file/d/1b906ymWR1fwJTkWnOeamW2uOJEMjR9ky/preview
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2.0x



AOT Cache and Spring AOT

AOT Cache

JVM feature developed via Project Leyden to improve 
the efficiency of the JVM. It supersedes CDS.

Spring AOT

Spring feature mandatory for GraalVM native images
Support.

Can also be used on the JVM to speed up the startup 
process and lower the memory consumption.

Generates code ahead of time for the bean 
arrangement and other features, e.g. Spring Data 
repositories



java -XX:AOTCache=extracted-aot/app.aot -Dspring.aot.enabled=true -jar extracted-aot/spring-petclinic-4.0.0-SNAPSHOT-aot.jar

https://docs.google.com/file/d/1CdgH3gja7gK4xYqKHgr6XGrPgrpqygxT/preview
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2.6x





Ways to Do Training Runs

Stop the application before context refresh
“Poor man’s training run”

● Easy setup
● Can be done while building the image
● Improves start-up time by caching initial class 

loading

● Doesn’t improve warm-up time because it 
doesn’t collect profiling information

Run integration tests / mirror production traffic

● Exercises many/all hot code paths used in 
production

● Improves start-up time
● Improves warm-up time by collecting profiling 

information

● Can’t easily be done while building the image
● More involved setup
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Warm-up run: Load generator against the vets.html page



All of this is already possible 
today using Java 25!



What’s next?
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Project Leyden: What’s in the cache?

Parsed class metadata

Loaded and linked 
classes

Resolved Constant Pools

Method Execution Profiles

Pre-Compiled Native 
Machine Code

…

Needs a real 
training run!



java -XX:AOTCache=extracted-aot/app-leyden.aot -Dspring.aot.enabled=true -jar extracted-aot/spring-petclinic-4.0.0-SNAPSHOT-aot.jar

https://docs.google.com/file/d/1mz--oBOQSiZ5Ro41SbjUJfJl0NPUTKye/preview


5x

Leyden built from git commit 9f2ebf85cbef2011ed7080a3ee445fc63594b85b





6.9x





https://bugs.openjdk.org/browse/JDK-8369735 https://bugs.openjdk.org/browse/JDK-8371086 

https://bugs.openjdk.org/browse/JDK-8369735
https://bugs.openjdk.org/browse/JDK-8371086


Balance of Performance and Portability in Leyden

Portability is a priority!

● Should AOT code use the best possible instructions or compile for a “typical” 
deployment target?

● Also applies to other parts of the system as well (heap sizes, garbage collectors, etc)



Extend AOT capabilities to user-defined classloaders

● Training runs are currently focused on the 3 built-in classloaders (System, Extension, 
and Boot loaders) and the classes loaded by them.

● User classloaders would benefit from the same concept but there a lot of challenges 
to get there.



AOT improvements planned in Spring projects

●  Introduce modular Spring AOT
○ Pick and choose which parts of Spring AOT are used
○ e.g. you may want Spring Data repositories and predefined classes, but you 

don’t want a frozen bean arrangement
● Precompute classpath scanning
● Customized condition evaluation
● Add hook points for bean optimization
● …

Current prototype:

processAot {
  beanRegistration = false
  predefinedClasses = true
  classpathIndexes = true
  reachabilityMetadata = false
}

https://github.com/spring-projects/spring-framework/issues/35471
https://github.com/spring-projects/spring-framework/issues/35497
https://github.com/spring-projects/spring-framework/issues/35499
https://github.com/spring-projects/spring-framework/issues/35500


Actionable right now

Using Java 25, AOT Cache and Spring AOT:

● No prototype JDKs, no preview flags, just java 25 GA

● Improve startup time by 4x 
● CPU consumption during startup and warmup reduced by 2.6x

● And this will only improve with future JDKs!



Thank you
Contact me at moritz.halbritter@broadcom.com

mhalbritter.github.io
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