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An FFI Story



FFI: Foreign Function Interface



FFI: Foreign Function Interface
A mechanism by which a program written in 
one programming language can call routines 

or make use of services written in another.



Rust -> JavaScript
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Rust -> WebAssembly -> JavaScript



What is Rust?



Rust is a programming language 
designed to empower everyone to 

build  reliable and efficient software. 



Statically Typed, with Type 
Inference



Guaranteed Memory Safety without 
a Garbage Collector



If Cloudbleed had been written in 
Rust it wouldn’t have compiled.



What is WebAssembly?



A binary instruction format for a 
stack-based virtual machine.



A compilation target for running 
byte code on the web.





WHY??????







WebAssembly is a technology that 
invites new types of applications 

written in multiple different 
languages to be discovered and 

distributed on the web





Speed and Size











WebAssembly is not a replacement 
for JavaScript.



To be successful, WebAssembly 
needs to interoperate with JavaScript



- Be able to store and work with 
JavaScript Objects 

- Integrate into the JS Ecosystem via 
modules and workflows, like npm



https://rustwasm.github.io

RustWasm Working Group



DEMO TIME!



Design Principles



Rust -> WebAssembly -> JavaScript



Wasm should be  
an implementation detail 









To be successful, WebAssembly 
needs to interoperate with JavaScript





There are around 9M* JavaScript 
developers in the world. 

That’s ~2.5M* more next most 
popular language 



To be successful, WebAssembly 
needs to interoperate with JavaScript



Wasm support should be  
unobtrusive

#[wasm_bindgen] 
pub fn greet(name: &str) -> String { 
    // ... 
}

pub fn greet(name: &str) -> String { 
    // ... 
}



We need to work with and pass JS 
Objects in Wasm 

But current Wasm doesn’t support that



Current Wasm only supports 
integers and floats







We need to “enhance” the ABI of 
Wasm modules



“How do we shoehorn JS objects 
into a u32 for Wasm to use?”



Linear Memory 
AKA “One Big Array”



A Polyfill for  
“JavaScript Objects in Wasm”

// foo.rs 
#[wasm_bindgen] 
pub fn foo(a: &JsValue) { 
    // ... 
} 

// foo.rs 
#[wasm_bindgen] 
pub fn foo(a: JsValue) { 
    // ... 
} 



Linear Memory 
AKA “One Big Array”



const heap = new Array(32);



Short-lived JavaScript Objects
// foo.rs 
#[wasm_bindgen] 
pub fn foo(a: &JsValue) { 
    // ... 
} 



JS Objects in Wasm

Short-lived JS 
Objects on the Stack
The Rust we write:

The TS interface we want:

// foo.js 
import * as wasm from ‘./foo_bg'; 

const heap = new Array(32); 
heap.push(undefined, null, true, false); 
let stack_pointer = 32; 

function addBorrowedObject(obj) { 
  stack_pointer -= 1; 
  heap[stack_pointer] = obj; 
  return stack_pointer; 
} 

export function foo(arg0) { 
  const idx0 = addBorrowedObject(arg0); 
  try { 
    wasm.foo(idx0); 
  } finally { 
    heap[stack_pointer++] = undefined; 
  }

// foo.rs 
#[wasm_bindgen] 
pub fn foo(a: &JsValue) { 
    // ... 
}

// foo.d.ts 
export function foo(a: any); 

// Generated Rust 
// Original function is unmodified 
pub fn foo(a: &JsValue) { 
    // ... 
} 

// Wrapper function, unique name, actually exported 
// from the Wasm 
#[export_name = "foo"] 
pub extern "C" fn 
__wasm_bindgen_generated_foo(arg0: u32) { 
    let arg0 = unsafe { 
        
ManuallyDrop::new(JsValue::__from_idx(arg0)) 
    }; 
    let arg0 = &*arg0; 
    foo(arg0); 
}
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Long-lived JavaScript Objects
// foo.rs 
#[wasm_bindgen] 
pub fn foo(a: JsValue) { 
    // ... 
} 



JS Objects in Wasm

Long-lived JS 
Objects on the Stack
The Rust we write:

The TS interface we want:

import * as wasm from './foo_bg'; // imports from 
wasm file 

const heap = new Array(32); 
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let heap_next = 36; 

function addHeapObject(obj) { 
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Exporting to JavaScript
#[wasm_bindgen] 
pub fn greet(a: &str) -> String { 
    format!("Hello, {}!", a) 
}



export function greet(name) {
    alert(`Hello, ${name}!`);
}

const rust = import("./wasm_greet");
rust.then(m => m.greet("World!"));

#[wasm_bindgen]
extern {
    fn alert(s: &str);
}

#[wasm_bindgen]
pub fn greet(name: &str) {
    alert(&format!("Hello, {}!", name));
}

I want a Wasm function that works like this…

…so I write Rust like this…

…so I can use it in JS like this!



#[wasm_bindgen]
extern {
    fn alert(s: &str);
}

#[wasm_bindgen]
pub fn greet(name: &str) {
    alert(&format!("Hello, {}!", name));
}

fn alert(s: &str) {
    #[wasm_import_module = "__wbindgen_placeholder__"]
    extern {
        fn __wbg_f_alert_alert_n(s_ptr: *const u8, s_len: usize);
    }
    unsafe {
        let s_ptr = s.as_ptr();
        let s_len = s.len();
        __wbg_f_alert_alert_n(s_ptr, s_len);
    }
}

pub fn greet(name: &str) {
    alert(&format!("Hello, {}!", name));
}

#[export_name = "greet"]
pub extern fn __wasm_bindgen_generated_greet(arg0_ptr: *mut u8, arg0_len: usize) {
    let arg0 = unsafe { ::std::slice::from_raw_parts(arg0_ptr as *const u8, arg0_len) }
    let arg0 = unsafe { ::std::str::from_utf8_unchecked(arg0) };
    greet(arg0);
}

I write this…

…and it becomes this!



I write this…

…and it calls this!

const rust = import("./wasm_greet");
rust.then(m => m.greet("World!"));

import * as wasm from './wasm_greet_bg';

// ...

export function greet(arg0) {
    const [ptr0, len0] = passStringToWasm(arg0);
    try {
        const ret = wasm.greet(ptr0, len0);
        return ret;
    } finally {
        wasm.__wbindgen_free(ptr0, len0);
    }
}

export function __wbg_f_alert_alert_n(ptr0, len0) 
{
    // ...
}



Exporting to JavaScript

Exporting a function 
to JavaScript
The Rust we write:

The TS interface we want:

import * as wasm from './foo_bg'; 

function passStringToWasm(arg) { 
  const buf = new TextEncoder('utf-8').encode(arg); 
  const len = buf.length; 
  const ptr = wasm.__wbindgen_malloc(len); 
  let array = new Uint8Array(wasm.memory.buffer); 
  array.set(buf, ptr); 
  return [ptr, len]; 
} 

function getStringFromWasm(ptr, len) { 
  const mem = new Uint8Array(wasm.memory.buffer); 
  const slice = mem.slice(ptr, ptr + len); 
  const ret = new 
TextDecoder('utf-8').decode(slice); 
  return ret; 
} 

export function greet(arg0) { 
  const [ptr0, len0] = passStringToWasm(arg0); 
  try { 
    const ret = wasm.greet(ptr0, len0); 
    const ptr = wasm.__wbindgen_boxed_str_ptr(ret); 
    const len = wasm.__wbindgen_boxed_str_len(ret); 
    const realRet = getStringFromWasm(ptr, len); 
    wasm.__wbindgen_boxed_str_free(ret); 
    return realRet; 
  } finally { 
    wasm.__wbindgen_free(ptr0, len0); 
  } 
}

// foo.rs 
#[wasm_bindgen] 
pub fn greet(a: &str) -> String { 
    format!("Hello, {}!", a) 
} 

// foo.d.ts 
export function greet(a: string): string;



Exporting to JavaScript

Exporting a function 
to JavaScript
The Rust we write:

The TS interface we want:

// foo.rs 
#[wasm_bindgen] 
pub fn greet(a: &str) -> String { 
    format!("Hello, {}!", a) 
} 

// foo.d.ts 
export function greet(a: string): string;

pub extern "C" fn greet(a: &str) -> String { 
    format!("Hello, {}!", a) 
} 

#[export_name = "greet"] 
pub extern "C" fn __wasm_bindgen_generated_greet( 
    arg0_ptr: *const u8, 
    arg0_len: usize, 
) -> *mut String { 
    let arg0 = unsafe { 
        let slice 
= ::std::slice::from_raw_parts(arg0_ptr, arg0_len); 
        ::std::str::from_utf8_unchecked(slice) 
    }; 
    let _ret = greet(arg0); 
    Box::into_raw(Box::new(_ret)) 
}

import * as wasm from './foo_bg'; 

function passStringToWasm(arg) { 
  const buf = new TextEncoder('utf-8').encode(arg); 
  const len = buf.length; 
  const ptr = wasm.__wbindgen_malloc(len); 
  let array = new Uint8Array(wasm.memory.buffer); 
  array.set(buf, ptr); 
  return [ptr, len]; 
} 

function getStringFromWasm(ptr, len) { 
  const mem = new Uint8Array(wasm.memory.buffer); 
  const slice = mem.slice(ptr, ptr + len); 
  const ret = new 
TextDecoder('utf-8').decode(slice); 
  return ret; 
} 

export function greet(arg0) { 
  const [ptr0, len0] = passStringToWasm(arg0); 
  try { 
    const ret = wasm.greet(ptr0, len0); 
    const ptr = wasm.__wbindgen_boxed_str_ptr(ret); 
    const len = wasm.__wbindgen_boxed_str_len(ret); 
    const realRet = getStringFromWasm(ptr, len); 
    wasm.__wbindgen_boxed_str_free(ret); 
    return realRet; 
  } finally { 
    wasm.__wbindgen_free(ptr0, len0); 
  } 
}



Exporting to JavaScript

Exporting a function 
to JavaScript
The Rust we write:

The TS interface we want:

// foo.rs 
#[wasm_bindgen] 
pub fn greet(a: &str) -> String { 
    format!("Hello, {}!", a) 
} 

// foo.d.ts 
export function greet(a: string): string;

pub extern "C" fn greet(a: &str) -> String { 
    format!("Hello, {}!", a) 
} 

#[export_name = "greet"] 
pub extern "C" fn __wasm_bindgen_generated_greet( 
    arg0_ptr: *const u8, 
    arg0_len: usize, 
) -> *mut String { 
    let arg0 = unsafe { 
        let slice 
= ::std::slice::from_raw_parts(arg0_ptr, arg0_len); 
        ::std::str::from_utf8_unchecked(slice) 
    }; 
    let _ret = greet(arg0); 
    Box::into_raw(Box::new(_ret)) 
}

import * as wasm from './foo_bg'; 

function passStringToWasm(arg) { 
  const buf = new TextEncoder('utf-8').encode(arg); 
  const len = buf.length; 
  const ptr = wasm.__wbindgen_malloc(len); 
  let array = new Uint8Array(wasm.memory.buffer); 
  array.set(buf, ptr); 
  return [ptr, len]; 
} 

function getStringFromWasm(ptr, len) { 
  const mem = new Uint8Array(wasm.memory.buffer); 
  const slice = mem.slice(ptr, ptr + len); 
  const ret = new 
TextDecoder('utf-8').decode(slice); 
  return ret; 
} 

export function greet(arg0) { 
  const [ptr0, len0] = passStringToWasm(arg0); 
  try { 
    const ret = wasm.greet(ptr0, len0); 
    const ptr = wasm.__wbindgen_boxed_str_ptr(ret); 
    const len = wasm.__wbindgen_boxed_str_len(ret); 
    const realRet = getStringFromWasm(ptr, len); 
    wasm.__wbindgen_boxed_str_free(ret); 
    return realRet; 
  } finally { 
    wasm.__wbindgen_free(ptr0, len0); 
  } 
}



The best part about all of this is that 
it’s designed so that you Never 

Have to Think About it.





WHY???



WebAssembly isn’t done.  
We’re just getting started!





credit: Lin Clark, WebAssembly’s post-MVP future: A cartoon skill tree



We want to build a WebAssembly for 
everyone.  

So we need people to start using it now- so 
they can get involved in the design process!



https://rustwasm.github.io

RustWasm Working Group







WHY???





“In cases of conflict, consider users over 
authors over implementors over specifiers 

over theoretical purity.”

HTML5 Spec, Design Principles

















Wasm should be  
an implementation detail 



Most people should never know 
they are even using WebAssembly



WebAssembly is a technology that 
invites new types of applications 

written in multiple different 
languages to be discovered and 

distributed on the web



Let’s go forth and make amazing 
things that further expand the web 

platform!



… or go forth and bridge the language 
divide between 2 or even 3 worlds.  

You’ll learn so much.
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