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WebAssembly (Wasm) in a nutshell
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Overview Getting Started Specs Docs Feature Status Community News

R o
D e S] g n e d a S a p O rt a b] e WebAssembly (abbreviated Wasm) is a binary instruction format for a stack-based virtual machine.
1 1 Wasm is designed as a portable compilation target for programming languages, enabling deployment
CO m pl ] at] O n ta rget fo r on the web for client and server applications.
programming languages

Developer reference documentation for Wasm can be found on MDN's WebAssembly pages . The open standards for WebAssembly

) R u n S i n m O d e r n W e b b rOWS e r S are developed in a W3C Community Group 2 (that includes representatives from all major browsers) as well as a W3C Working Group
and in server-side environments

Efficient and fast Safe

The Wasm stack machine (4 is designed to be encoded in a size- and WebAssembly describes a memory-safe, sandboxed execution

 Canruninsandboxed
- load-time-efficient binary format 7. WebAssembly aims to execute at environment 4 that may even be implemented inside existing
e nV] rO n m e nts fO r u nt r u Ste d native speed by taking advantage of common hardware capabilities JavaScript virtual machines. When embedded in the web,

. available on a wide range of platforms. WebAssembly will enforce the same-origin and permissions security
C O d e exe C u t] O n policies of the browser.
Open and debuggable Part of the open web platform
WebAssembly is designed to be pretty-printed in a textual format 3 WebAssembly is designed to maintain the versionless, feature-tested,
for debugging, testing, experimenting, optimizing, learning, teaching, and backwards-compatible nature of the web. WebAssembly
and writing programs by hand. The textual format will be used when modules will be able to call into and out of the JavaScript context and
viewing the source of Wasm modules on the web. access browser functionality through the same Web APIs accessible

from JavaScript. WebAssembly also supports non-web embeddings.
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WebAssembly in Action

Live Demo



Why WebAssembly is interesting for us

e 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, ...

e Wasm in the browser

* Run JVM applications on the client, including mobile devices



GraalWasm in Action

Live Demo /N




Introducing GraalWasm

Wasm for the JVM

Load and use WebAssembly
modules and functions

>,

JavaScript Integration

Simplifies use of WebAssembly modules
with JavaScript wrappers via GraalJS
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WebAssembly 2.0 Support

Full WebAssembly 2.0
compatibility and
WASI feature extensions

Vo2

Fastest Wasm on the JVM

Graal JIT compiles WebAssembly
for native code speed

*»

Portable Native Extensions
Integrate C, C++, Rust, and Go libraries

using platform-independent Wasm
(as an alternative to JNI and Panama)

100% Java

Written in pure Java with
zero native dependencies



How to embed GraalWasm and other Graal Languages on JDK 21+

Just add to your build

[ ) O pom.xml

1 <dependency>

<groupId>org.graalvm.polyglot</groupId>
<artifactId>polyglot</artifactId>
<version>25.0.2</version>

5 </dependency>
6 <dependency>

<groupId>org.graalvm.polyglot</groupId>
<artifactIdbwasmsesmtferetrit>
<version>25.0. 2Z2</version>
<type>pom</type>

11 </dependency>

build.gradle kts

ion("org.graalvm.polyglot:polyglg#:25.0.2")
'tation("org.graalvm.polyglotjwasm3Z5.0.2")

et

Just specify
the language




GraalWasm at a glance P A/U\k

« Stable and ready for production

. Qa0 .

° E m be d d a b] e -i n JV M a p p] i Cati O n S’ browser Chrome Firefo Node.js Deno mGraalWasm

Phase 5 - The Feature is Standardized

Wasm, JS+Wasm, and NOde JS Bigint to Wasm i64 Integration v 85 78 5% 150 112
standalone distributions available ) RY gEY e poop

Bulk Memory Operations 75 79 15 125 0.4

Custom Text Format Annotations ! N/ N/A N/A N/A N/A

« WebAssembly/ES module integration

simplifies Java ¢ Wasm interop S

Multi-value

14 112 A 4 1.33
120 : ! 1.38

120 125

85 78 ; d 1.3:2

Import/Export of Mutable Globals 74 61 ! 0.1

 SIMD proposal and Dwarf debugging
landed in latest 25.0 release

Non-trapping float-to-int Conversions

96 79 ; 116
114 = i . 133
75 64

Sign-extension Operators 74 62

« WasmGC proposal soon in EA builds

Tail Call

91 89

112 121
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Typed Function References 19 120
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Debugging Rust compiled to Wasm embedded in Spring Boot

using VS Code via Debug Adapter Protocol using IntelliJ IDEA via Chrome Inspector Protocol

« O graalwasm-spring-boot-photon 8-

&

[ N ) graalwasm-spring-boot-photon ? IF target DI o3 E :

RUN AND DEBUG  [>  Attach to Spring Boot app v | §8% -+ J PhotonPool.java J Photon.java ® transform.rs X

s transform.rs

@ Project ® Photon.java PhotonPool.java

1=

V VARIABLES Users > fiephaus > dev > tmp > photon > crate > src > ® transform.rs

/ Block
globals
v locals
> photon_image
> img = Dynami
width = 640
heig
flipped_img

> iter = ImageIterato

WATCH

 CALL STACK Paused on debugger statement
flipy transform.rs 165:1
__wasm_bindgen_generated_flipv

flipv

\/ LOADED SCRIPTS

> .cargo/registry /src/index.crates.io-1949¢cf8c6b5b...

> dev/tmp/photon/crate/src
v target/classes / photon
photon_bg.js
M photon_bg.wasm
photon.js

v BREAKPOINTS
(JAll Exceptions
{g} (J Uncaught Exceptions
® Mphoton_bg.js target/classes/photon 2605

®0A0 g Attach to Spring Boot app (graalwasm-spring-boot-|

147 /// // For example, to flip an image vertically:
148 /// use photon_rs::native::open_image;

149 /// use photon_rs::transform::flipv;

150 Ve

/// let mut ing = open_image("img.jpg").expect ("File should open

/// flipv(&mut img);

Lhl N

#[cfg_attr(feature = "enable_wasm", wasm_bindgen)]
pub fn flipv(photon_image: &mut Photon e) {

let img = helpers::dyn_image_from_raw(photon_image);

width = img.width();
height = img.height();

mut flipped_img: Rgbal

(x, y) in Imag :new(width, height) {
let px = img.get_pixel(x, y);
flipped_img.put_pixel(x, height -y - 1, pxb:l

let dynimage = ImageRgba8(flipped_img);
let raw_pixels = dynimage.into_bytes();
photon_image. raw_pixels = raw_pixels;

#[cfg_attr(feature = “enable_wasm", wasm_bindgen)]
pub enum SamplingFilter {
Nearest = 1,
Triangle
CatmullRom
Gaussiar
Lanczos3
PROBLEMS Filter (e.g. text,

attached

>
photon)
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new(width, height);

Ln 165, Col 54 Spaces: 4 UTF-8

LF {) Rust (%

-

® &

©w a

®

O src

test
[ java
(51 com.example.demo

Debug 5 ws://127.0.0.1:9229/...

> ARV

@ Main Thread

O flipv(), transform.rs:165
O _wasm_bindgen_generated_flipv(), transform.|
O flipv(), photon_bg.js:2605

anywhere

0 graalwasm-spring-boot-photon > src > main

Threads & Variables

#[cfg_attr(feature = "enable_wasm", wasm_bindgen)]
pub fn flipv(photon_image: &mut PhotonImage) {
let img = helpers::dyn_image_from_raw(photon_image);

width = img.width();
height = img.height();

mut flipped_img: Rgbalmage = ImageBuffer::new(width, height);

(x, y) in ImageIterator::new(width, height) {
img.get_pixel(x, y)
ixel(x, height

Debugger Console Process Console s Scripts

mple

demo

jate ession (

globals = Object
locals
photon_image
img =D
width = 640
¢ height = 423
g flipped_img = Ima
iter = Ima
2x=0

© PhotonPool

@

® 3 @




GraalVM.Web Image in Action

Live Demo




From CLI tool to client-side web application

Graal DeV Klt About Get Started Docs v Graal Projects Vv Create App
for Micronaut

Using the Graal Development Kit for
Micronaut Command Line Interface

This guide describes how to use the Graal Development Kit for Micronaut (GDK) Command Line Interface (CLI) to generate a

project containing an application. (To install the GDK CLI, see Installing the G LL)

The GDK CLI can create the following types of project:

Type Command
Application: a server application C pp NAME
Function: a serverless cloud function create-function NAME

Gateway Function: a serverless cloud gateway function create—¢ v unction NAME

Where NAME is the name of the project to create.

The synopsis to create a server application, a cloud function, or a cloud gateway function is:

gdk create-app [-ehvVx] \
[-—b=BUILD-TOOL] \
[--jdk=<javaVersion>] \

[--1lang=LANG] \

[-—t=TEST] \
[-——clouds=CLOUD[,CLOUD...]]... \
[--features=FEATURE[, FEATURE...]]... \
[--services=SERVICE[,SERVICE...]]... \
[NAME]
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GDK Launcher S

GDK Version: 4.7.3.2

Project Type Project Name Base package

Application ¥ GDK-demo ¥ Generate Project

Clouds Build Tool Java Version

. ocl . AWS D GCP C] Azure @ Gradle O [VEVE @ i/ O pal

Sample Code

@ Yes O No

Cloud Services

Database
Provides a database access toolkit for repository interfaces [i2)

[:] Email

Provides integration with multiple email providers i

D Kubernetes

Provides integration with Kubernetes [}

multiple logging frameworks and various other appenders (including email and databases) [i1)

Provides integration with cloud-specific monitoring services

[ Ohiect Starage




GraalVM Native Image Compilation

All classeslfrrlcl):)r:1J 1;;\-pplication VM Output:
libraries, and VM ’ Native executable
icati \1’ Ahead-of-Time
Application \ Points-to Analysis Compilation oo
> :
ALIEHES — »1/ Text Section

Run Initializations

IDK —

/ \ 4 > IrgatgeSHeeta_p in
' ata Section
Substrate VM Heap Snapshotting Image Heap

Writing
’
[ [ |
oL

lterative analysis until
fixed point is reached
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GraalVM Web Image Compilation

(/
Input: VM : Output:
All classes from application, ™ :
libraries, and VM N Wasm module
oot ‘1' Ahead-of-Time
Application \ Points-to Analysis Compilation Code in
> :
> Run Initializations
JDK —>
/ 4 > Image Heap in
' Data Section
Substrate VM Heap Snapshotting |mav\§rem|;|]egap

T
oL
lterative 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



Web Image API Preview for JavaScript Interoperability

Package org.graalvm.webimage.api

package org.graalvm.webimage.api

This package provides an interface between Java code and the embedding JavaScript code. <de pen denc y>

<groupId>org.graalvm.sdk</groupld>
<artifactId>webimage-preview</artifactId>

Since: <version>25.0.2</version>
25.0 </dependency>

All Classes and Interfaces m Exception Classes

Class Description

This functionality is limited to the WebAssembly backend for Native Image.

Any functionality specified here is experimental, subject to change, and may not fully work yet.

JS Replaces the body of a Java method with JavaScript code.
JS.Code A snippet of JavaScript code that must be included in the image.

JS.Code.Include Designates the path to the JavaScript file with the code that must be included in the image.

JS.Code.Include.Group

JS.Coerce When this annotation is used together with the JS annotation, the arguments and return values of the
respective method undergo implicit Java-to-JavaScript and JavaScript-to-Java conversions.

JS.Export Denotes that the annotated Java class should be exported from the VM class.



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

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

. \

|
GraalVM.
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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!



The GraalWasm runtime and GraalVM Web Image

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