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WebAssembly (Wasm) in a nutshell

• Binary instruction format for a 
stack-based virtual machine

• Designed as a portable 
compilation target for 
programming languages

• Runs in modern web browsers 
and in server-side environments

• Can run in sandboxed 
environments for untrusted 
code execution



WebAssembly in Action

Live Demo
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Why WebAssembly is interesting for us

• Portable native extensions and libraries
• Integrate C, C++, Rust, and Go libraries using Wasm as an alternative to JNI or FFM API

• Bringing JVM languages into WebAssembly ecosystem
• Turn JVM code into Wasm components that can interoperate with others from other languages

• Server-side Wasm
• Cost-effective deployments on managed, Wasm-enabled clouds

• Fast startup, low resource usage, compact packaging, minimize attack surface, …

• Wasm in the browser
• Run JVM applications on the client, including mobile devices
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Introducing GraalWasm
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WebAssembly 2.0 Support

Full WebAssembly 2.0
compatibility and 

WASI feature extensions

JavaScript Integration

Simplifies use of WebAssembly modules
 with JavaScript wrappers via GraalJS

Fastest Wasm on the JVM

Graal JIT compiles WebAssembly
for native code speed

Wasm for the JVM

Load and use WebAssembly
modules and functions

100% Java

Written in pure Java with
zero native dependencies

Portable Native Extensions

Integrate C, C++, Rust, and Go libraries 
using platform-independent Wasm

(as an alternative to JNI and Panama)



Just add to your build
How to embed GraalWasm and other Graal Languages on JDK 21+
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Just specify
the language



• Stable and ready for production
 

• Embeddable in JVM applications,
Wasm, JS+Wasm, and Node 
standalone distributions available

 

• WebAssembly/ES module integration 
simplifies Java ↔ Wasm interop 

 

• SIMD proposal and Dwarf debugging 
landed in latest 25.0 release

 

• WasmGC proposal soon in EA builds

GraalWasm at a glance
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webassembly.org/features/



Debugging Rust compiled to Wasm embedded in Spring Boot

using VS Code via Debug Adapter Protocol using IntelliJ IDEA via Chrome Inspector Protocol
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Web Image in Action

Live Demo
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From CLI tool to client-side web application
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GraalVM Native Image Compilation
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Ahead-of-Time
Compilation

Application

Libraries

JDK

Substrate VM

Points-to Analysis

Run Initializations

Heap Snapshotting

Input: 
All classes from application, 

libraries, and VM

Code in 
Text Section

Image Heap in 
Data SectionImage Heap 

Writing

Output: 
Native executable

Iterative analysis until 
fixed point is reached



GraalVM Native Web Image Compilation
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Ahead-of-Time
Compilation

Application

Libraries

JDK

Substrate VM

Points-to Analysis

Run Initializations

Heap Snapshotting

Input: 
All classes from application, 

libraries, and VM

Code in 
Text Section

Image Heap in 
Data SectionImage Heap 

Writing

Output: 
Native executable

Wasm module

Iterative analysis until 
fixed point is reached
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GraalVM Web Image at a glance

• Graal compiler targets WasmGC in a JavaScript embedding

• helloworld program ~1MB in size, before wasm-opt or compression

• Programs can include arbitrary JDK code, which is substituted appropriately 

where necessary (for example for filesystem access)

• Support for threading, networking, graphics, and others are still missing

• Not targeting the Component Model and System Interface (WASI) yet

• Developed as part of the open-source GraalVM Community Edition
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Web Image API Preview for JavaScript Interoperability

<dependency>
    <groupId>org.graalvm.sdk</groupId>
    <artifactId>webimage-preview</artifactId>
    <version>25.0.2</version>
</dependency>
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How to try it out today

1. Install the Oracle GraalVM 25 release
For example, using SDKMAN!: sdk install java 25.0.2-graal

2. Make sure the Binaryen toolchain is on the system path
For example, using Homebrew: brew install binaryen

3. Compile JVM bytecode to Wasm using the --tool:svm-wasm option:

$ native-image --tool:svm-wasm HelloWasm
===============================================================
GraalVM Native Image: Generating 'hellowasm' (executable)...
===============================================================
...
Build artifacts:
/Users/janedoe/dev/hellowasm.js (executable)
/Users/janedoe/dev/hellowasm.js.wasm (executable)
/Users/janedoe/dev/hellowasm.js.wat (build_info)
===============================================================
Finished generating 'hellowasm' in 5.3s.



Conclusion



The GraalWasm runtime and GraalVM Web Image

• GraalWasm makes it easy to extend 
JVM applications with portable Wasm 
modules

• GraalJS allows use of JavaScript 
bindings for Java ↔ Wasm interactions

• Oracle GraalVM 25 can generate 
WasmGC now!
(experimental but already useful)

• Give them a try, provide feedback, and 
contribute!
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The GraalWasm runtime and GraalVM Web Image

GraalWasm, GraalJS, GraalPy demos on GitHub: javac on WebAssembly demo:
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