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基于Rust构建WebAssembly

本文试验系统：Windows 10 64位
安装rust
前往https://www.rust-lang.org/install.html并按照说明安装 Rust。在安装过程的某个步骤，你会收到一个信息说明为什么需要安装 Visual Studio 2013 或更新版本的 C++ build tools。获取这些 build tools 最方便的方法是安装Build Tools for Visual Studio 2019。当被问及需要安装什么的时候请确保选择 ”C++ build tools“，并确保包括了 Windows 10 SDK 和英文语言包（English language pack）组件。

在rust官网安装页面下载rustup-init.exe 64位安装包
[image: image1.png]Install Learn Playground Tools Governance Commu

Using rustup (Recommended)

It looks like you're running Windows. To start using Rust, download the installer, then run the program and follow the onscreen
instructions. You may need to install the Visual Studio C++ Build tools when prompted to do so. If you are not on Windows see "Other
Installation Methods".

DOWNLOAD RUSTUP-INIT.EXE (32-BIT) DOWNLOAD RUSTUP-INIT.EXE (64-BIT)

Windows Subsystem for Linux

If you're a Windows Subsystem for Linux user run the following in your terminal, then follow the on-screen instructions to install Rust.





运行rustup-init.exe

默认安装rust在本地用户相关目录比如c:\user\qqing，也可使用环境变量改变安装路径，这里安装在d:\rust根目录(包含.rustup和.cargo两个子目录)，设置环境变量RUSTUP_HOME为d:\rust\.rustup，环境变量CARGO_HOME为d:\rust\.cargo
[image: image2.png][PS D2V . \rustupinit

Welcone to Rust!

[This will download and install the official compiler for the Rust
forogranning language, and its package manager, Cargo.

[Rustup metadata and toolchains will be installed into the Rustup
fhome directory, located at:

Dilrustl. rustup

IThis can be modified with the RUSTUP_HOME environment variable.

[The Carzo home directory located at:

Di\rust). cargo

[This can be modified with the CARGO_HOME environment variable.

[The cargo, ruste, rustup and other commands will be added to
Carzo’ s bin directory, located at:

Di\rustl. cargo\bin

[This path will then be added to your PATH environment variable by
Inodifying the HKEY_CURRENT_USER/Enviromment/PATH registry key.

[Tou can uninstall at any tine with rustup self wninstall and
these changes will be reverted.

Current installation options:

default host triple:
default toolchain: stable (default)
profile: default
modify PATH variable: yes

x86_64-pc-windowsnsve

1) Proceed with installation (default)
2) Custonize installation
3) Cancel installation

2




为了方便可控，这里选择自定义安装完全包及改变PATH环境变量
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ruste 1.56.1]
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ITo get started you may need to restart yowr current shell.
IThis would reload its PATH environment varisble to include

[Cargo’ s bin directory (D:\rust\. cargo\bin).
[Fress the Enter key to contime.
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安装wasm-pack

wasm-pack用于将rust程序编译成WebAssembly包，运行cargo install wasm-pack
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从Rust程序构建WebAssembly包

新建一个库工程

这里以hello-wasm为例

[image: image5.png]PS £\ 1s hello-vasn
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编辑cargo.toml文件，增加如下内容

[lib]

crate-type = ["cdylib"]

[dependencies]

wasm-bindgen = "0.2"

[profile.release]

lto=true

opt-level="z"

cdylib指示构建动态库，对应Linux上输出为*.so文件，Windows输出为*.dll文件，MacOS输出为*.dylib文件。
wasm-bindgen被wasm-pack使用，在JavaScript类型和Rust之间架起一座桥梁。它允许JavaScript使用字符串调用Rust API，或者使用Rust函数来捕获JavaScript异常。

lto和opt-level用于优化wasm包的大小。
修改src\lib.rs，替换为如下内容

extern crate wasm_bindgen;

use wasm_bindgen::prelude::*;

#[wasm_bindgen]

extern {

    pub fn alert(s: &str);

}

#[wasm_bindgen]

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

}

#[wasm_bindgen]

pub fn fib(i: u32) -> u32 {

    match i {

        0 => 0,

        1 => 1,

        _ => fib(i-1) + fib(i-2)

    }

}

开头两行表示使用外部库wasm_bindgen的prelude模块，后面的#[wasm_bindgen]表示将下面的pub函数转成wasm字节码，及生成对应的js包装代码。alert为Web js API。
构建适用于Web的wasm包
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PS E:\hello-wasn> wasm—pack build| —tarzet web —out—dir webpkg
[INFO]: Checking for the Wasm target...
[I8FO] : Compiling to Wasm...

Conpiling proc—macro2 v1.0.32

Conpiling unicode—xid v0.2.2

Conpiling log v0.4.14

Conpiling syn v1.0.81

Conpiling wasn—bindgen—shared v0.2.78

Conpiling cfg-if v1.0.0
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Compiling hello—wasm v0.1.0 (E:thello-wasn)

Finiched release [optimized] target(s) in T.76s
[ViRN]: =) origin crate has no READIE
[INF0] : Installing wasnbindgen... N
[INFO]: Optimizing wasm binaries with ~wasm—opt
[I8FO] : Opticnal fields missing from Cargo. toml:
t recommended
[INF0]: :-) Done in 8.12
[INFO]: :=) Your wasm pkg is ready to publish at E:\hello-—wasm\webpke.
PS E:\hello-wasn,
PS E:\hello-wasn>|ls webpkg

Bl : E:\hello-wasniwebpkg

lode LastliriteTine Length Nane
= 202/11/17 1 . gitigore

= 2021/11/17 916 hello_wasn.d. ts

= 2021/11/17 3968 hello_wasn. js

= 2021/11/17 11691 hello_wasn_bg. wasn

= 2021/11/17 303 hello_wasn_bg. wasn. d. ts
= 202L/11/17 218 package. json.

PS E:\hello—wasnd

deseription’, 'repository’, and ’license’.

These are not necessary, b




为了和后面npm环境区别，这里输出到webpgk子目录。--target选项值的不同主要影响生成结果js文件内的代码，具体含义参考如下

	Option
	Usage
	Description

	not specified or

 bundler
	Bundler
	Outputs JS that is suitable for interoperation with a Bundler like Webpack. You'll import the JS and the module key is specified in package.json. sideEffects: false is by default.

	nodejs
	Node.js
	Outputs JS that uses CommonJS modules, for use with a require statement. main key in package.json.

	web
	Native in browser
	Outputs JS that can be natively imported as an ES module in a browser, but the WebAssembly must be manually instantiated and loaded.

	no-modules
	Native in browser
	Same as web, except the JS is included on a page and modifies global state, and doesn't support as many wasm-bindgen features as web


在Web上使用wasm包

新建主页文件
在hello-wasm当前目录下创建index.html文件，输入内容如下

<!DOCTYPE html>

<html>

  <head>

    <meta charset="utf-8">

    <title>hello-wasm example</title>

  </head>

  <body>

    <script type="module">

      function fib(i) {

        if (i === 0)  return 0;

        if (i === 1)  return 1;

        return fib(i - 1) + fib(i - 2);

      }

      var n = 40;

      import init, {say,fib as wasm_fib} from "./webpkg/hello_wasm.js";

      init()
        .then(() => {

          console.time('wasm');

          console.log(wasm_fib(n));

          console.timeEnd('wasm');

         console.time('js');

         console.log(fib(n));

         console.timeEnd('js');

         say("WebAssembly");

        });

      </script>

  </body>

</html>

生成的js代码分析
webpkg子目录下的hello_wasm.js文件包含了装载hello_wasm_bg.wasm的代码，封装在load和init函数中
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rust say和fib接口包装如下
[image: image8.png][& Exhello-wasm\webpkg\hello_wasmjs - Notepad++
TP REE ZRS) WAV RBN)

JHHER LA Jah|oe sy x| EE|

Bello_naan. jsE3

=L BEM THO) EM) EER) EHE)

1E2E

s0w) 2
Nu®| @EdB@E H

=
C

| | ———

B e

74 B/

... ... ..

z

o s

z

83 [H/**

... ... .

e

C

87 lexport function fib(i)| {

oo

92 lasync function load(module, imports) {

93 if (typeof Response ‘function' && module instanceof Response) {

94 if (typeof WebAssembly.instantiateStreaming 'function') {

B o

5 L
=

98 } cateh (e) {

99 [ if (module.headers.get('Content-Type') ‘application/wasm') {
104 1

JavaScript file

3968 lines : 149

Unix (LF)

UTF-8.

INS




rust调用的js API alert包装如下
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运行Web服务

这里使用basic-http-server，若没有安装，则先运行cargo install basic-http-server。
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指定0.0.0.0通用地址是为了通过127.0.0.1、localhost和本地IP皆可访问。

浏览器访问

地址栏输入localhost:8000，回车或刷新后结果如下
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可以看到浏览器页面有弹框，及控制台输出了调用wasm fib函数的耗时。
在Web中使用npm包

构建适用于npm的wasm包
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PS E:\hello-vasn
PS Er\hello-vasn ls pks

Bl : E:\hello-wasnipkg
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= 202L/11/17 242 package. json.

PS E:lhello-wasn>





不指定选项参数，则默认目标为bundler，且输出在pkg子目录。

生成的js代码分析
查看pkg目录下的hello_wasm_bg.js和hello_wasm.js文件
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可以发现与原生Web环境不同的是使用了import语句来导入wasm字节码。 rust 接口say和fib，及调用的js API alert包装如下
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安装nodejs和npm
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下载这个msi软件包，然后按向导逐步安装

创建站点
创建site子目录
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进入site并创建package.json文件，输入内容如下

{

  "scripts": {

    "serve": "webpack-dev-server"

  },

  "dependencies": {

    "hello_wasm": "file:../pkg"

  },

  "devDependencies": {

    "webpack": "^4.25.1",

    "webpack-cli": "^3.1.2",

    "webpack-dev-server": "^3.1.10"

  }

}

这里使用webpack工具，file:../pkg表示使用相对位置，dependencies表示生产环境依赖包，devDependencies表示开发依赖包。

新建webpack.config.js文件，输入内容如下

const path = require('path');

module.exports = {

  entry: "./index.js",

  output: {

    path: path.resolve(__dirname, "dist"),

    filename: "index.js",

  },

  mode: "development"

};

新建index.html文件，输入内容如下

<!DOCTYPE html>

<html>

  <head>

    <meta charset="utf-8">

    <title>hello-wasm example</title>

  </head>

  <body>

    <script src="./index.js"></script>

  </body>

</html>

新建index.js文件，输入内容如下

function fib(i) {

   if (i === 0)  return 0;

   if (i === 1)  return 1;

   return fib(i - 1) + fib(i - 2);

}

var n = 40;

const js = import("../pkg/hello_wasm.js");

js.then(js => {

 console.time('wasm');

 console.log(js.fib(n));

 console.timeEnd('wasm');

 console.time('js');

 console.log(fib(n));

 console.timeEnd('js');

 js.say("WebAssembly with npm");

});

所有文件创建完后如下
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安装依赖包

运行npm install 
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s E:\hellawasm\s)te
foom. ur TR
AR

= chokidax@2. 1.8: Chokidar 2 vill break on node vLi+. Upgrade to chokidar 3 with 15x less dependencies
= chokidax@2. 1.8: Chokidar 2 will bresk on node vLt+, Upgrade to chokidar 3 with 15x less dependencies
= resolve-url®. 2. 1: https://ei thub. con/lydel] /resolveurlfdeprecated

e (R auerystring@0. 2.0¢ The querystring #PT is considered Legacy. new code should use the URLSearchParans
e wiiddd. 4.0 Please upgrade to version 7 or higher. Older versions may use Math.randon() in certain

circunstances, vhich is know to be problematic. See https://vB.dev/blog/nath—randon for details.
2dded 594 packages, and audited 596 packages in 5s

20 packages are looking for funding
run npn fund for details

| vulnerabilities (7 moderate, 6 )

[To address issues that do mot require attention, run:
npm audit fix

[To address all issues (including breaking changes), run:
npm audit fix —force

[Fun “npn audit’ for details.
PS Ex\hello-wasnisite>

PS Ex\hellomwasnisite> 1s
\hello-wasnlsite
LastliriteTine Length Nane

202/11/17 node_nodules
2021/11/17 15T index. htn!
2021/11/17 380 index. js
2021/11/17 430228 package-Lock. json
2021/11/17 244 package. json.
202L/11/17 192 webpack. config. js

hello-wasnlsite>




可以看到创建了一个node_modules目录，该目录下存放所有依赖包
运行Web with npm服务

指定通用IP和8080端口
[image: image19.png]IPS E:\hello-wasnisite> npm run serve —[—host 0.0.0.0 —port 8080

> sexve
> vebpack-dev—server “—host” 70.0.0.0” “—port

“8080”

fwdsi: Project is zumning at
fuds) i webpack output is served fron
fudsi: Content not from webpack is served from
fwdn ; Hash: a5cab8975082d1a40750

[Version: webpack 4.46.0

Tine: 709ms
Built at: 2021/11/17 T%F5:33:23
hsset Size Chunks Churk Nanes
0.index.js 7.12 KiB 0 [enitted]
1048946 caeddc0aB8. nodule. vasn 11,5 KiB 0 [enitted] [innutable]
index.js 378 KiB  main [emitted] main

[Entrypoint main = index. js

[0] multi (webpack)—dev—server /client?http://0.0.0.0:8080 . findex. js 40 bytes [nain] [built]
[.. /pkg/hello_wasn. js] 81 bytes [0} [built]

P /pke/hello_wasn_be. js] 2.51 KiB {0} [built]

L

/pke/hello_vasn_bg. wasn] 11.4 KiB {0} [built]

/index. js] 380 bytes {nain} [built]

[. /node_nodules/ansi-htnl-conmumni ty/index. js] 4.16 KiB [nain] [built]

[. /node_nodules/strip-ansi findex. js] 161 bytes [nain] [built]

[. /node_nodules /webpack-dev—server /client findex. js?http://0.0.0.0:8080] (webpack)~dev—server/client?http://0.0.0.0:8080
4.29 KiB {nain} [built]

[. /node_nodules fwebpack-dev—server /client foverlay. js] (vebpack)—dev—server/client/overlay. js 3.52 KiB Inain] [built]

[. /node_nodules fwebpack-dev—server /client /socket. js] (vebpack)—dev—server /client/socket. js 1.53 KiB [nain] [built]

[. /node_nodules/webpack-dev-server /client /utils/createSacketlrl. js] (vebpack)—dev—server/client/utils/createSacketlzl. js
2.91 KiB {nain} [built]

[. /node_nodules fwebpack-dev—server /client futils/log. js] (webpack)-dev—server/client/utils/log. js 964 bytes {nain} [built

L. /?a%:,mid?les/webpz.ck—aewsemx/chem/uuls/xelaz.dApp.Js] (webpack) ~dev—server /client futils/reloadipp. js 1.59 KiB fn
ain} [built

[. /node_nodules /webpack-dev—server /client futils/sendllessage. js] (webpack)-dev—server/client/utils/sendliessage. js 402 byt
s fnain} [built]

[. /node_nodules fwebpack fhot sync "\.\/log$] (vebpack) /hot sync nomrecursive "\.\/log} 170 bytes [nain} [built]

fudn : Compiled successfully.





浏览器访问

地址栏输入localhost:8080，回车或刷新后结果如下
[image: image20.png]- o x
@ hello-wasm example x 4+ (-]
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st





可以看到浏览器页面有弹框，及控制台输出了调用wasm fib函数的耗时。对比前述原生Web环境的js运行结果，可以发现wasm调用耗时差不多，但js耗时差别比较大。

进一步减少wasm包大小

前文在Cargo.toml配置中使用了opt-level的z优化级别来减少尺寸，进一步可用wasm-strip（可从https://github.com/WebAssembly/wabt.git编译构建）去掉所有section，下面以webpkg下的文件为例

[image: image21.png]PS Etthello-wasm> ls . \webpkel

Bl : E:\hello-wasniwebpkg

1 . gitigore
916 hello_wasm.d. ts

ello_wasn, j=
11679 |hello_wasn_bs. wasn
1lo_wasn_bg. wasn. d. ts

Mode LastliriteTine Length Nane
- 2021/11/18  17:07

- 2021/11/18 17

- 2021/11/18 17

= 2021/11/18 17

= 2021/11/18 17

= 2021/11/18 174 218 packag

PS E:\hello-vasn
PS E:\hello-wasn)

PS E:thello-wasn> 1s . \webpkel

Bl : E:\hello-wasniwebpkg

. json,

1 . gitigore
916 hello_wasm.d. ts
hello_wasm. 35
hello_wasn_be. wasn
hello_wasn_be.wasn. d. ts

Mode LastliriteTine Length Nane
- 2021/11/18  17:07
- 2021/11/18  17:07

2021/11/18  17:07

2021/11/18  17:08

2021/11/18  17:07

202L/11/18  17:07

PS E:\hello—wasm) o

218 package. json.




strip后，相比减少了100+字节
