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Back in the days...




1991

| The World Wide Web prc x
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World Wide Web

The WorldWideWeb (W3) 1s a wide-area hypermedia information retrieval mitiative aiming to give universal access to a large universe of documents.

Everything there is online about W3 1s linked directly or indirectly to this document. including an executive summary of the project, Mailing lists . Policy |
November's W3 news | Frequently Asked Questions .

What's out there?
Pointers to the world's online information, subjects | W3 servers, etc.
Help
on the browser vou are using
Software Products
A list of W3 project components and their current state. (e.g. Line Mode X11 Viola , NeXTStep , Servers . Tools , Mail robot , Library )
Technical
Details of protocols, formats, program internals ete
Bibliography
Paper documentation on W3 and references.
People
A list of some people involved in the project.
History
A summary of the history of the project.
How can I help ?
If yvou would like to support the web..
Getting code
Getting the code by_anonymous FTP | etc.




Hypertext, HTML, HTTP

Hypertext documents are P
interconnected by hyperlinks, A
which are activated by a

mouseClick, keypress set or by

touching the screen s




JavaScript JS

created in 10 days in May 1995, by Brendan Eich for Netscape

Adding interactivity to HTML pages

1995



JavaScript

1995
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Other plugins

Java Applets [1997]

ActiveX [1996]
Flash [1996]

Silverlight [2007]

1996+




Other plugins

Java Applets [1997]

ActiveX [1996]
Flash [1996]

Silverlight [2007]

1996+

All of them are deprecated

or will be deprecated soon
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Browser performance wars (2008+)
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Browser performance wars (2008+)
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Browser performance wars (2008+)
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Browser performance wars (2008 +)

Parse Compile and organize Run / Execute
¥
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Todays JavaScript

Different way the same language
there i1s a LOT of JavaScript
JavaScript is the language of the Web

But it's not very good Assembly Language
(still human readable simple language)

JS



Todays JavaScript JS
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WebAssembly What? Why?

A new low-level binary format for the web (WASM)

It’s a bytecode for web / compilation target = maximized performance

decode Execute
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WebAssembly What? Why?

A new low-level binary format for the web (VWASM)

It’s a bytecode for web / compilation target = maximized performance

decode Execute

y
[ [ 1

T

compile + optimize

WebAssembly is not designed to replace |S, but to coexist
Sandboxed runtime in JS virtual machine
Security it runs locally in JSVM




WebAssembly What? Why?

A new low-level binary format for the web (WASM)

decode Execute
It’s a bytecode for web / compilation target => maximized performance == —
compile + optimize

WebAssembly is not designed to replace JS, but to coexist

Sandboxed runtime in S virtual machine
Security it runs locally in JSVM

Supported in all big browsers oar————
—W3C open specification g
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WebAssembly What? Why? i

A new low-level binary format for the web (WASM)

It’s a bytecode for web / compilation target ) maximized performance

decode Execute

g—

compile + optimize

WebAssembly is not designed to replace JS, but to coexist

Sandboxed runtime in S virtual machine
Security it runs locally in JSVM

Supported in all big browsers —W3C open specification

Compiled from other languages o




WASM opens possibilities for other languages
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WASM opens possibilities for other languages
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WASM opens possibilities for other languages

JavaScript
HTML/CSS
SQL
Python
Java

Bash/Shell/PowerShell

69.7%

63.1% Tl

56.5% [

39.4% “#“@TWS “"ff@#‘%%o
39.2% 6%,53 C e C++

37.9% T C_+ +CytRurt

C# 31.9% I 9"C+&+ XC#%%U
PHP 25.8% I ro‘f;_"" c# chm
TypeScript  23.5% N s C"amgm
C++ 20.4% [ Mgmsu?f
C 17.3% Scala 4.2% [ Cjo ”zsmauf §o§0
Ruby 8.9% [N Rust 30% m
Go 8.8% [ Dart 1.8% [




WebAssembly current state: MVP

900100
11000001
0\0-(#0/

* Compilation target

Binary so compact * Linear memory

* 4 types, 67 instructions, * Fast execution .

stack machine



WebAssembly current state: MVP

900100
11000001

) e+ Linear memory

* Compilation target

Binary so compact

* 4 types, 67 instructions, * Fast execution .

stack machine or not so fast
not so fast load

I\I\/:jz_ﬁ»/ W _ﬂ : ;

* No Web APIs, DOM
access/manipulation

* no lhreads




WebAssembly How?

emscripten

executes the Emscripten compiler name our output file

Semcc —-s WASM=1l -o example.js example.cpp

Emscripten outputs WebAssembly - switch input file



WebAssembly studio C/Rust/TypeScript

J B8 viebasemby stuio 2

gé‘-WehAssemblySh.ldju ¥ Fork  [2] CreateGist 3] Download C @ nhitps;//webassembly.studio w1 e @D 2 & .
buildis ® &’wammhlysmdm = ¥ Fork [ CreateGist [} Download L Build £ Run [} Build&Run (D GitHub Issues
README.md * a5 gulp "gulp”; @ Help& Privacy
build.ts { Service, project } "@wasm/studio-util) ¥ READMEmd ' : : -
{} packagejson ¥ Preview README.md TS main.ts
prcessd gulp. task("build", 0= { e S .
4 51C : _ . TS mainits @external("env", "sayHello")
options = { lto: s opt_level: 's', deb . -
= i i B} : . declare function sayHello(): void;
main.html data = Seryice.compileFile(project.ge {} tsconfig json
mainjs outWasm = project.newFile("out/main.wasm", s gulpfilejs S e roeiln
= e outWasm.setData(data); {} packagejson function legi(value: i32): void;
s 15 setupjs function logf(value: f64): void;
}
gulp.task("default”, ["build"], 4 s1C
<> main.html sayHello():
IS mainjs

export function add(x: i32, y: i32): i32 {
return x + y;

}

console.logi(add(1l, 2));

= = Output (2) Problems (0)

Loading AssemblyScript compiler ...

https://hacks.mozilla.org/2018/04/sneak-peek-at-webassembly-studi



Demo

http://mbebenita.github.io/VVasmExplorer/
https://wasdk.github.io/VVasmFiddle/
https://webassembly.studio/



http://mbebenita.github.io/WasmExplorer/
https://wasdk.github.io/WasmFiddle/
https://webassembly.studio/

WasmExplorer

COMPILE

1 (module
2 table @ anyfunc
I~ float add(float a, float b){ Bl e Csany )
| 2 return a+b; 4 (export "memory"” (memory $%©))
3 } 5 (export " Z3addff" (func $ Z3addff))
o (func $ Z3addff (; @ ;) (param %@ f32) (param
$1 f32) (result f32)
Firefox x86 Assembly g (Eé‘f‘fﬂcal 50)
9 (get local $1)
: 16 )
~ wasm-function[8]: 11 )
sub rsp, 8 ; Bx8ga008 48 B3 ec B8 12 )

addss xmm8, xmml

6x000064 f3 6f 58 c1 | 13

L T

nop Bx080088 66 98
add rsp, 8 Bx00008a 48 83 c4 88
ret 8xe0eg8e 3

https://bit.ly/2JkgFYt



WasmExplorer

Firefox x86 Assembly

= wasm-function[@]:

sub rsp, B . BxBepeas 48 83 ec 08
addss xmm@, xmml ; Oxpepead f3 8f 58 1
nop , BxPegees 66 98

add rsp, B ; Ox00808a 48 82 c4d a8
ret . Bxeaeaede c3

https://bit.ly/2JkgFYt



Qév. WebAssembly Studio = ¥ Fork Create Gist (¥ Download L Build £ Run [} Build&Run ® Help & Privacy (@ GitHub Issues

C JS main.js C mai
¥ README.md 1 fetch('../out/main.wasm').then(response => | #include <stdio.h>
TS build.ts . response.arrayBuffer() 2  #include <sys/uio.h>
: ) 3 #include <math.h>
{} package.json ] : . gL »
.then(bytes => WebAssembly.instantiate(bytes)).then(result=> { 4 fdefine WASM_EXPORT __attribute__((visibility("default")))
A
SNk : instance= result.instance; :
C mainc 6 document.getElementById("container").textContent = "Result: 6 WASM_EXPORT
<> main.html 7 + instance.exports.add(19.19, 23.23); / int main() {
IS mainjs 8  }).catch(console.error); f return 42;
9 } -
4 out 10
M mainwasm T 11 WASM_EXPORT

double add(float a, float b){
float f=a+b;
float num = floor(100*f)/100;

return f;

18

Output (50) =

[info]: Task build is completed Result: 42.419908]1689453]

[info]: Task build is running...

[info]: Task build is completed

[info]: Task build is running...
a5 [info]: Task build is completed

Downloading Project ...

Project Zip CREATED

[info]: Task build is running...

[info]: Task build is completed




Qé‘» WebAssembly Studio = ¥ Fork Create Gist (¥ Download L Build £ Run [} Build&Run ® Help & Privacy (@ GitHub Issues
¥ README.md C man
TS build.ts
{} package.json | #include <stdio.h>
) bility("default")))
=5 2 #include <sys/uio.h>
C main.c ) .
¢> main.html 3 #include <math.h>
S main.js 4 fdefine WASM_EXPORT __ attribute_ ((visibility("default")))
4 out
¥ main.wasm T
&  WASM_EXPORT
int main() {
8 return 42;

11 WASM_EXPORT
12 double add(float a, float b){

13 float f=a+b;
14 float num = floor(100*f)/100;
15 return f;

—w L=tinwr e 1M MM A e e I ke e




Qév. WebAssembly Studio = ¥ Fork Create Gist (3] Download L Build £ Run [} Build & Run ® Help & Privacy | (O GitHub Issues

C main.js C
¥ README.md ) = -
S Bt ‘ fetch('../out/main.wasm’').then(response =>
{} packagejson . response.arrayBuffer() efault")))
4 src .
C mainc 2 )
<> main.html 4 .then(bytes => WebAssembly.instantiate(bytes)).then(result=> {
:”“m” instance= result.instance;
4 ou
i ; 6 document.getElementById("container”).textContent = "Result: =

+ instance.exports.add(19.19, 23.23);
}).catch(console.error);

Result: 42 4199981689453 ]

= = Output (50) =

[info]: Task build i

[info]: Task build i

[info]: Task build i

[info]: Task build i
a5 [info]: Task build i

Downloading Project ...

Project Zip CREATED

[info]: Task build is running...

[info]: Task build is completed

Result: 42.41999816894531




Qév. WebAssembly Studio = ¥ Fork Create Gist (¥ Download L Build £ Run [} Build&Run ® Help & Privacy (@ GitHub Issues

c :
¥ README.md 1 fetch #include <stdio.h>
TS build.ts 2 res| #include <sys/uio.h>
. 3 #include <math.h>
. ¥ README.md e e e
4 .then < ffdefine WASM_EXPORT __ attribute_ ((visibility("default")))
4 src i
5 ins

WASM_EXPORT

C main.c doc —_— .
<> main.html + i O bUlld.tS int main() {

Js main.js 9 }).ca : return 42;
“out {} package.json i
main.wasm T p g .J WASM_EXPORT
double add(float a, float b){
A float f=a+b;
Src float num = floor(100*f)/100;
= return f;
C mainc :
<> main.html|
= £ Outpr
[info J5 maln_JS Result: 42.4199981689453
[info
[info
[info . Out
a5 [info
Downli - .
Proge 1 main.wasm !

[info




Qév. WebAssembly Studio = ¥ Fork Create Gist (¥ Download L Build £ Run [} Build&Run ® Help & Privacy (@ GitHub Issues

C JS main.js C mai
¥ README.md 1 fetch('../out/main.wasm').then(response => | #include <stdio.h>
TS build.ts . response.arrayBuffer() 2  #include <sys/uio.h>
: ) 3 #include <math.h>
{} package.json ] : . gL »
.then(bytes => WebAssembly.instantiate(bytes)).then(result=> { 4 fdefine WASM_EXPORT __attribute__((visibility("default")))
A
SNk : instance= result.instance; :
C mainc 6 document.getElementById("container").textContent = "Result: 6 WASM_EXPORT
<> main.html 7 + instance.exports.add(19.19, 23.23); / int main() {
IS mainjs 8  }).catch(console.error); f return 42;
9 } -
4 out 10
M mainwasm T 11 WASM_EXPORT

double add(float a, float b){
float f=a+b;
float num = floor(100*f)/100;

return f;

18

Output (50) =

[info]: Task build is completed Result: 42.419908]1689453]

[info]: Task build is running...

[info]: Task build is completed

[info]: Task build is running...
a5 [info]: Task build is completed

Downloading Project ...

Project Zip CREATED

[info]: Task build is running...

[info]: Task build is completed




WASM in real world
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https://www.youtube.com/watch?v=Kf1gILChfks

WASM in real world

L N N A AutoCAD x
< C D htps;//web.autocad.com/#/canvas.htmi?name=Mount%20View320Sample.dwg O ﬂ
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LAYERS i
Views
O ~
LANDING
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LAYER PROPERTIES
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Default
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D3wasm - An experimental port of id Tech 4 engine to WebAssembly
Online demonstration running Doom 3 Demo

> e 60fps

Q NEW BAME . LODAD GAME N\ MULTIPLAYER

OPTIONS
http://www.continuation-labs.com/projects/d3wasm/ ?fbclid=IwAR2V90qEDgu3bu-vMNIchCUOmOHQAIy6ys-]cZGSI‘58¢5‘252E%FYerVx Ex R AME




JSLinux x
_
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¥ solitaire

Game  Help

D+ Browser
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Windows Update
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Search
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Run...
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https://bellard.org/jslinux/vm.html?url=https://bellard.org/jslinux/win2k.cfg&mem=192&graphic=1&w=1024&h=768
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« WASM In real world

AUTODESK’

Figma AUTOCAD’

https://www.figma.com/

https://www.youtube.com/watch?v=KfI gILChfks

WASM

games/ZenGarden/EpicZenGarden.html?fbclid=IwARO_uAensGfTjI Mzp4wXgVoxZjquxRo_uu2YD8yDuleTpPohaXyilDd82X8

https://s3.amazonaws.com/mozilla-

https://bellard.org/jslinux/vm.html?url=https://bellard.org/jslinux/win2k.cfg&mem= | 92&graphic= 1 &w=1024&h=768
https://aesalazar.github.io/AsteroidsVVasm/

http://sqliteefcore-wasm.platform.uno/

https://raytracer-mono-aot.platform.uno/
http://www.continuation-labs.com/projects/d3wasm/?fbclid=IwAR2V90OgEDgu3bu-vMNIxcZCUOmMOHQAIv6ys-
jcZGSMQY56saD8FYrHdVx_s

http://assets.metacade.com/emulators/win3 | | vrhtml?fbclid=IwAR || _ewC5o0lgxnF8esrmigDCTnn99jQZVLIk
VdQyGQhFZePgRalH-X4ef4g



https://www.figma.com/
https://www.youtube.com/watch?v=Kf1gILChfks
https://s3.amazonaws.com/mozilla-games/ZenGarden/EpicZenGarden.html?fbclid=IwAR0_uAensGfTj1Mzp4wXgVoxZjquxRo_uu2YD8yDuleTpPohaXyilDd82X8
https://bellard.org/jslinux/vm.html?url=https://bellard.org/jslinux/win2k.cfg&mem=192&graphic=1&w=1024&h=768
https://aesalazar.github.io/AsteroidsWasm/
http://sqliteefcore-wasm.platform.uno/
https://raytracer-mono-aot.platform.uno/
http://www.continuation-labs.com/projects/d3wasm/?fbclid=IwAR2V9OqEDgu3bu-vMNlxcZCUOm0HQAlv6ys-jcZGSMQY56saD8FYrHdVx_s

JAVASCRIPTA




Why use .NET for browser apps?

Stable, mature, productive:  .NET Standard, MSBuild

Fast, scalable, reliable: .NET Core for backend services
Modern languages: Innovations in C#, F#, Razor
First-rate dev tools: Visual Studio, IntelliSense

Solid foundation to build on

Leverage existing skills and knowledge

Because We can ”



C#inwasm? Mono!

Mono runtime C library C# assembly <
clang mono load
—target=wasm3Zz —aot=1llvmonly metadata

(runtime)

LLVM bitcode

mono—wasm
(bitcode —-> wasm)

index.wasm

load, compile libc
+ run main() syscalls

index.js <«——>» Browser

https://github.com/migueldeicaza/mono-wasm
https://www.mono-project.com/news/2018/09/11/csharp-jit/
https://twitter.com/migueldeicaza/status/1039639597435641856

mono

Q Miguel de Icaza

@migueldeicaza

L3

Mono now allows the code generation
engine (for JIT and AQT) to be replaced.
Not only replaced, but replaced with C#
or F# code!

No more low-level, error-prone, unsafe C
code!

Details here:

Native / C Interface Managed / C#

BigStep Compiler

-
Mini JIT - + - Mini Compiler


https://github.com/migueldeicaza/mono-wasm
https://www.mono-project.com/news/2018/09/11/csharp-jit/
https://twitter.com/migueldeicaza/status/1039639597435641856

Interpreter mode VS AOT compiled

C# / Razor source files

Dev time C# / Razor source files _
Dev time

YourApp.dll

mono.wasm YourApp.dll

WebAssembly binary netstandard .NET

_ : mono.wasm YourApp.wasm
executed natively assembly files

WebAssembly binary WebAssembly binary
executed natively executed natively

Browser APIs :
visible DOM Runtime EWDUEEL 2 Runtime
: visible DOM,

HTTP requests, etc. (m browse r) HTTP requests, etc. (in browser)




XAML for desktop app

&) XAML

XAML standard is ready



XAML for desktop app

&) XAML

XAML standard is ready and dead



XAML for desktop app « XAML

XAML standard is ready and dead

e Xamarin.Forms
« UWP

. Silverlight }
+ WPF



Ooul

@ +
C# Platform Specific C# Platform Specific

iIOS Renderers Android Renderers Windows Renderers Web Renderers

Shared C# Ul Code
(Xamarin.Forms XAML)

Shared C# App Logic DLLs
(ViewModels, Models etc.) (external packages & libraries)




APPLICATION CODE
XAML + C#

UWP
HTML/CSS UL KIT ANDROID UI
L »
d [ | L

o

[ €9 Xamarin




FrogUI

Q?_, Lesarde | Fogi | Featwes

Frogui

Create native web appshiil ~~44§i[f[lc€ld,nf}i NET

v

Frogui is a revolutionary Ul framework that allows developers familiar with C#, .NET and
Visual Studio to build native client web apps using their existing skills, with no need to learn
or use JavaScript or any other web technology.

The APl is strongly based on WPF and Silverlight so will feel immediately familiar, but has
been modernized to leverage the immense power of modern browsers.

https://www.lesarde.com/
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https://...

blazor

Blazor? Razor components ?

Razor Components

WebAssembly

~ DOM

Blazor

For information about using Blazor, see blazor.net.

Sources moved

X

Almost all the sources for Blazor and the Razor Components programming model have moved here in the central ASP.NET

Core repo. We are also in the process of migrating open issues from here to there.

This is in preparation for shipping Razor Components as a built-in feature of ASP.NET Core 3.0. Note: client-side Blazor
remains experimental while we continue to work on making the WebAssembly runtime complete.



Blazor

— | 0O X

https://...

blazor

Razor Components

WebAssembly

~ DOM

This is in preparation for shipping Razor Components as a built-in feature of ASP.NET Core 3.0. Note: client-side Blazor
remains experimental while we continue to work on making the WebAssembly runtime complete.

https://github.com/aspnet/AspNetCore/issues/8931



https://github.com/aspnet/AspNetCore/issues/8931

Blazor client-side

BROWSER
. Ul thread
. App.dii
€> \ Compile to .NET PP
assemblies
NET
' / (mscorlib.dll, System.Core.dll,...)

WebAssembly

(mono.wasm)

.cshtml




Blazor new project

Razor Component razorcomponent Web/ASP.NET
Razor Page page Web/ASP.NET
MVC ViewImports viewimports Web/ASP.NET
MVC ViewStart viewstart Web/ASP.NET

Blazor (server-side) blazorserverside Web/Blazor

Blazor (ASP.NET Core hosted) blazorhosted Web/Blazor/Hosted
Blazor Library blazorlib Web/Blazor/Library
Blazor (client-side) blazor Web/Blazor/Standalone
ASP.NET Core Empty web Web/Empty

ASP.NET Core Web API webapi Web/WebAPI

Razor Class Library razorclasslib Web/Razor/Library/Razor
Class Library




bl Solution 'JLBlazorExample' (1 of 1 project)
4 o7 JLBlazorExample
& Connected Services

Blazor client-side

I o5 Dependencies
I J Properties
4

New ASP.NET Core Web Application - JLBlazorExample i
i . HH wwwroot
NET Core ¥ | ASP.NET Core 2.1 ¥ | Learn more [}
A project template for creating a standalone Blazor CE5
B | E | @ | @ | application that runs on WebAssembly.
Empty API Blazor Blazor Blazor Learn more [} =dim Fl I e- d EtE
(ASP.NET Core (Server-side in
hosted)  ASP.NET Core) ‘D T d EX, I"Itl"l"l |
& B & ©O
4 Pages
Web Web Razor Class Angular React,js

Application  Application Library

(Model-View- _lmports.razor

Controller)
s Counter.razor
& Auth Mi ft
uthor: icroso
Reactjs and Source: ASP.NET Core Blazor Language FEtl: h D Etﬂ 1 rEID r
Redux Services
E
Enable Docker Support Authentication: Mo Authentication . I N d EX.razor
0OS:  Windows ‘Change Authentication F | Sh d rEd
Requires Docker for Windows .
Docker support can also be enabled later Learn more M E I rl Lﬂ'_',"lzl I_Itu rEID r

X MaviMenu.razor
[ o ][ concar | SurveyPrompt.razor
_lmports.razor
App.razor
P C* Program.cs
P €* Startup.cs

C:\Projects> dotnet new blazor -n
JLBlazorExample



Blazor clien

C:\Projects> dotne"

I

B
o

i
o

o

I
o

=dMple-datd

[T index.html
Pages

_Imports.razor
Counter.razor

FetchData.razor
ndex.razor

Shared

—
I

I
o

o

MainLayout.razor
MavMenu.razor
surveyPrompt.razor



JLElazorExample X +

C @ () localhost52112

JLBlazorExample

Hello, world!

Welcome to your new app.

Counter

Fetch data #' How is Blazor working for you? Please take our brief survey and



Blazor: Sample

@page "/counter"
@inject HttpClient

<hl1>Counter</hl>

<input type="number" bind="IncrementAmount"” />
<p>Current count: @currentCount</p>

<button class="btn btn-primary" onclick="@IncrementCount">Click me</button>

@functions {
int currentCount = 9;
int IncrementAmount { get; set; } = 1;

void IncrementCount()

{
}

currentCount += IncrementAmount;



Blazor: Routing

@page "/counter™
@inject HttpClient

<hl1>Counter</hl>

<input type="number" bind="IncrementAmount"” />
<p>Current count: @currentCount</p>

<button class="btn btn-primary" onclick="@IncrementCount">Click me</button>

@functions {
int currentCount = 9;
int IncrementAmount { get; set; } = 1;

void IncrementCount()

{
}

currentCount += IncrementAmount;



Blazor: Razor template

@page "/counter"
@inject HttpClient

<hl>Counter</hl>
<input type="number" bind="IncrementAmount" />

<p>Current count: @currentCount</p>
<button class="btn btn-primary" onclick="@IncrementCount">Click me</button>

@functions {
int currentCount = 0;
int IncrementAmount { get; set; } = 1;

void IncrementCount()

{
}

currentCount += IncrementAmount;



Blazor: C#

@page "/counter"”
@inject HttpClient

<hl1>Counter</hl>

<input type="number" bind="IncrementAmount"” />
<p>Current count: @currentCount</p>

<button class="btn btn-primary" onclick="@IncrementCount"”>Click me</button>

@functions {
int currentCount = 0;

int IncrementAmount { get; set; } = 1;

void IncrementCount()

{

currentCount += IncrementAmount;



Blazor: One way data binding

@page "/counter"
@inject HttpClient

<h1>Counter</hl>
<input type="number" bind="IncrementAmount" />

<p>Current count: @cur'r'entCou nt«/p>
<button class="btn btn-primary" onclick="@IncrementCount">Click me</button>

@functions {
int currentCount = 0;

int IncrementAmount { get; set; } = 1;

void IncrementCount()

{
currentCount += IncrementAmount;



Blazor: Two way data binding

@page "/counter"
@inject HttpClient

<hl1>Counter</hl>

<input type="number" bind="IncrementAmount"” />
<p>Current count: @currentCount</p>
<button class="btn btn-primary" onclick="@IncrementCount">Click me</button>

@functions {
int currentCount = 9;

int IncrementAmount { get; set;

—’
||
|—\

oo

void IncrementCount()

{
currentCount += IncrementAmount;



Blazor: Event binding

@page "/counter"
@inject HttpClient

<hl1>Counter</hl>

<input type="number" bind="IncrementAmount"” />
<p>Current count: @currentCount</p>

<button class="btn btn-primary" onclick="@IncrementCount">click me</button>

@functions {
int currentCount = 9;
int IncrementAmount { get; set; } = 1;

void IncrementCount()
{

}

currentCount += IncrementAmount;



Blazor: Using

@page "/counter"

@inject HttpClient

<hl1>Counter</hl>

<input type="number" bind="IncrementAmount"” />
<p>Current count: @currentCount</p>

<button class="btn btn-primary" onclick="@IncrementCount">Click me</button>

@functions {
int currentCount = 0;
int IncrementAmount { get; set; } = 1;

void IncrementCount()

{
}

currentCount += IncrementAmount;



JavaScript interop

<button onclick="@CallDoSomething">Do something</button>

<script>
function doSomething(message) {
console.log(message);
return true;

}

Blazor.registerFunction('doSomething', doSomething);
</script>

@functions {
public void CallDoSomething()

{
}

RegisteredFunction.Invoke<bool>("doSomething", "Hello World");

Js
JL



WASM + C#

Blazor Page (.cshtml) JavaScript Runtime!

framework.js
*blazor.js mMono.js v Parser
*ooui.js

!

Compiler

Native Web APIs
(DOM, file storage, ...)

JIT Interpreter

netstandard.dll




Blazor sample In browser

J’_

c @ I B O

localhost:€

JLBlazorExample

Hello, world!

Welcome to your new app.

unter

Y D Inspektar

o

Konsola

Y Filtrowanie adreséw

-~

[ Debuger  {} Edytor stylow (] Wydajnosé L Pamie¢

N siec 8 Dane '*' Dostepnosc

1l HTML €55 J5 XHR Czcionki Obrazy Media WebSocket Inne

[ Trwate dzienniki []Wylacz pamiec podreczng

v

@ - X

Bez ograniczen ¢ HAR ¢

Stan Metoda Domena Plikc Prrycz.. Typ Przestano Rozmiar  ams 320ms  60ms  i%60ms 1285 Tl

384 GET @ localhost:64814 B, document  html o 426 B |5 ms
324 GET @ localhost:64814 bootstrap.min.css stylesheet  css 0 141,49 KB lems
384 GET @ localhost:64814 B sitecss stylesheet 0 20KB 17ms
364 GET B localhost:64814 B blazor.webassembly script 0 0B I6ms
324 GET @ localhost:64814 B open-iconic-bootstrap.min.c sheet 0 4 ms
364 GET B localnost64314 B blazor.boot,jsan fetch json 0 3ms
GET @ localhost:64214 [ favicon.ico img html 0
384 GET @ localhost:64814 B mono,js script js 0 0B 13 ms
384 GET @ localhost:64814 B monc.wasm fetch wasm 0 12 ms
GET e localhost:64814 B JLBlazorExample.dil xhr octet-stream7,18 KB 16 ms
384 GET @ localhost:64814 B JL.Game0fLife.Coredll xhr octet-stream( 12 KB l6ms
GET @ localhost:64814 B Microsoft.AspMetCore Blazor.Browser.dll  xhr octet-stream14,76 KB 28,50 KB I7ms
GET @ localhost:64314 B Microsoft.AspMetCore Blazor.dll xhr octet-streamd0,32 KB 91 KB 110 ms
GET & localhost:64314 B Microsoft.AspNetCare Blazor. TagHelper... xhr octet-stream?,42 KB 5KB | 2ms
GET @ localhost:64314 Microsoft.Extensions.Dependencylnjecti.. xhr octet-stream 11,89 KB 26,50 KB 17 ms
GET e localhost:64814 B Microsoft.Extensions.Dependencylnjecti.. xhr octet-stream20,44 KB 42 KB | 7ms
GET @ localhostp4814 B Systern.Net.Hetp.dll hr octet-stream31,82 KB 65,50 KB l8ms
384 GET @ localhost:64814 B JL.GameOfLife.Core.pdb xhr octet-stream( 3,34 KB

GET @ localhost:64814 JLBlazarExample.pdb xhr octet-stream 1,87 KB 2,36 KB

GET @ localhost:64814 B Microsoft.JSInterop.dil xhr octet-stream20,67 KB 40,50 KB

GET @ localhost:64314 B Mono.WebAssembly.Interop.dil xhr octet-stream2,15 KB 6KB
384 GET B localhost:64814 B mscorlib.dil xhr octet-stream 1,56 MB
GET @ localhost:64214 System. Core.dll xhr octet-stream 137,22 KB 334K

- o = - ar

24 zadania

Przestano: 4,26 MB / 291,75 KB

131s

DOMContentLoaded: 239 ms  load: 244 ms




= bootstrap.min.css

=| site.css

Ey blazor.webassembly.)s

=] open-iconic-bootstrap.min.css
2 blazor.boot.json

:'I favicon.ico

2 mono.js

==.""| MOono.Wasm

B JLBlazorExample.dll
B JL.GameOfLife.Core.dll

B Microsoft.AspMNetCore.Blazor.Browser.dll

B Microsoft.AspNetCore.Blazor.dll

B Microsoft.AspMetCore.Blazor. TagHelper...

stylesheet
stylesheet
script
stylesheet
fetch

Img

script
fetch

xhr

xhr

xhr

xhr

xhr
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55
|5
€55
[E=ly
html
|5

Wasm

octet-stream 7,19 KB

L]

-

i--I
s

octet-streami

octet-stream14, 7o KB

octet-streamdl, 32 KB

octet-streamd, 42 KB

141,45 KE
220 KB
0B

917 KB
590 B
426 E
0B

1,83 MEB
16 KB
12 KE
28,30 KB
91 KE

3 KB



= bootstrap.min.css

;'I cite, C5s

B blazo riwebassembly.s

=| open-iconic-bootstrap.min.css
2 blazor.boot.json

:'I favicon.ico

==.""| MOono.Wasm

B JLBlazorExample.dll
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= bootstrap.min.css

z"l cite, C5s

Ey blazor.webassembly.)s

2 open-iconic-bootstrap.min.css
2 blazor.boot.json

:'I favicon.ico

__:1 Mono.|s

;I MOono.Wasm

B JLBlazorExample.dll

B JL.GameOfLife.Core.dll
B Microsoft.AspMNetCore.Blazor.Browser.dll
B Microsoft.AspNetCore.Blazor.dll

B Microsoft.AspMetCore.Blazor. TagHelper...

stylesheet
stylesheet
script
stylesheet
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Img
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xhr

€55 0 141,49 KE
C55 0 2 20 KB

5 0 OB

C55 0 817 KB
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html 0 426 E

|5 0 0B

Wasm 0 m
octet-stream 7,19 KB 16 KE
octet-stream{ 12 KB
octet-stream 14, 7o KB 28,50 KB
octet-streamdl, 32 KB 91 KE
octet-streamd, 42 KB 3 KE



= bootstrap.min.css stylesheet  css 0 141,45 KE
z"l cite, C5s stylesheet C55 0 2 20 KB
Ey blazor.webassembly.)s script |5 0 0B
2 open-iconic-bootstrap.min.css stylesheet  css 0 917 KB
2 blazor.boot.json fetch [E=ly 0 590 B
™ favicon.ico Img html 0 426 E
cipt s : &
xhr octet-stream7,19 KB 16 KB
E’I JL.GameOfLife.Core.dll xhr octet-stream{ 12 KE
El Microsoft.AspMetCore.Blazor.Erowser.dll  xhr octet-stream 14, 7o KB 28,50 KB
= Microsoft. AspMetCore.Blazor.dll xhr octet-streamdl, 32 KB 91 KE

B Microsoft.AspMetCore.Blazor. TagHelper... xhr octet-stream.2 42 KE 5 KB



= bootstrap.min.css stylesheet  css 0 141,45 KE
z"l cite, C5s stylesheet C55 0 2 20 KB
Ey blazor.webassembly.)s script |5 0 0B
2 open-iconic-bootstrap.min.css stylesheet  css 0 917 KB
2 blazor.boot.json fetch [E=ly 0 590 B
™ favicon.ico Img html 0 426 E
cipt s : &
xhr octet-stream7,19 KB 16 KB
xhr octet-stream{ 12 KB
El Microsoft.AspMetCore.Blazor.Erowser.dll  xhr octet-stream 14, 7o KB 28,50 KB
= Microsoft. AspMetCore.Blazor.dll xhr octet-streamdl, 32 KB 91 KE

B Microsoft.AspMetCore.Blazor. TagHelper... xhr octet-stream.2 42 KE 5 KB



Let's switch elements places

Server Browser
dotnet Ul Thread

Blazor Sa— Blazor
Components el




— 0 X
Blazor server-side https. ..

JavaScript

r
o

r ASP.NET Core

Razor Components

NET

h'““ﬂ-,__l__ _'_._'_,.H'".




Blazor server-side

C:\Projects> dotnet new
blazorserverside -n
JLBlazorServerSide



4 ] JLBlazorServerSide
& Connected Services

P @ Dependencies
BlaZOr [ }_" Properties
server-side -1

P C* WeatherForecast.cs
P WeatherForecastService.cs
4 Pages
_Host.cshtml
_Imports.razor
Counter.razor
FetchData.razor
Index.razor
F Shared
MainLayout.razor
Mavienu.razor
_Imports.razor
App.razor
IT appsettings.json
I ©* Program.cs
P C* Startup.cs

=



bl Solution 'JLBlazorExample’ (1 of 1 project) 4 7] JLBlazorServerSide
4 @] JLBlazorExample & Connected Services

Z§ Connected Services P <@ Dependencies
I @ Dependencies b J Properties
b Properties b wwwroot
4 & wwwroot 4 Diata
[+ €55 [+ C* WeatherForecast.cs
[+ sample-data [ c* WeatherForecastService.cs
17 index.htmi F Pages
F Pages _Host.cshtml
_lmports.razor _lmports.razor
Counter.razor Counter.razor
FetchData.razor FetchData.razor
Index.razor Index.razor
4 Shared F Shared
MainLayout.razor MainLayout.razor
MavMenu.razor MNavMenu.razor
SurveyPrompt.razor _Imports.razor
_lmports.razor App.razor
App.razor b IT appsettings.json
B Program.cs B €* Program.cs

b C* Startup.cs [ ©* Startup.cs



public class Program { //Blazor client side
public static IWebAssemblyHostBuilder CreateHostBuilder(string[] args) =>
BlazorWebAssemblyHost.CreateDefaultBuilder().UseBlazorStartup<Startup>();

public class Program { //Blazor server side
public static IHostBuilder CreateHostBuilder(string[] args) =>
Host.CreateDefaultBuilder(args).ConfigureWebHostDefaults(webBuilder =>
{webBuilder.UseStartup<Startup>();1});

public class Startup {
public void ConfigureServices(IServiceCollection services) {
services.AddRazorPages();
services.AddServerSideBlazor();

services.AddSingleton<WeatherForecastService>();



Ul component ecosystem

+ Add Product

LN (<9

Product Name Unit Price Units In Stock
Product30 5$94.20 30 Z Edit [ Delete
Product31 $97.34 31 Z Edit [ Delete
Product32 $100.48 32 Z Edit [ Delete
Product33 103.62 36 [ Update ® Cancel
Product34 $106.76 34 Z Edit [ Delete
Product3s $109.90 35 / Edit 1 Delete © et st it .
Product36 $113.04 36 Z Edit 10 Delete 13,100 52,100 38.7 Itr 50 hr
Calories Eaten & O Steps Taken Water Consumed G* Sleep Duration @;
Product3? $116.18 37 # Edit i Delete A& 2 2
31 - 45 of 10C o e Sunday Activity
3.2 miles
© rovom wresa @) 7
e Dl‘m Goal 9000 Steps
: o
Telenk UT for Blazor e e 1800
- Calories burnt
R 32 miles
from 8 ; ; ‘ DEVEKPI’E‘SS
[developer, perpetual license Tuesday  Wednesday  Thursday Friday Saturday 2869 21 5
e ¥ Steps & Exercise/min % Active

Hours

Sy deivin

d
=== oyncfusion




Blazor: possibilities

~lo|x
https://...

X
blazor o o agmm

Razor Components ‘::- " ASP.NET Core P
SignalR
<l
WebAssembly

NET

macOS —

https://www.youtube.com/watch?v=qrf30rLHeF]
Steve Sanderson - Blazor, a New .NET Single Page Application Framework | @redev 2018



https://www.youtube.com/watch?v=qrf3OrLHeFI

What's the future?




What WebAssembly are next to?

Loadtime improvements Making use
of modern Hardware

« threading ®
« SIMD
« wasm 64bit

« streaming compilation e
 tiered compilation a
* Implicit HTTP caching
« other improvements

= ] 1 [ IREERCE

https://github.com/WebAssembly/design/blob/master/FutureFeatures.md



What WebAssembly are next to?
WA
- fast calls 18
JS <~> wasm . 22

» esy and fast 53  toolchain integration
data exchange \"\wasm like npm or webpack
« ES module  backward compatibility

Integration




What WebAssembly are next to?

Hight level language features
* GC integration

* Exception handling

* Debugging

e Tail cals




WASI — WebAssembly System Interface

Security Portability Z]

Here's a directory you can
work in, with read, write L

gxecute permissions.

clang -target wasm32-unknown-wasi

developer

And here's a file for you
with read permissions

/




CloudFlare

User code
Process overhead
HEEEREEEn
Context switching
H B R
Virtual machine Isolate model Multitasking

Time

https://blog.cloudflare.com/cloud-computing-without-containers/
https://www.youtube.com/watch?v=A9SydP1CcZU



CloudFlare no more cold starts?

Request response time for primary serverless providers

600
500

400

300

Milliseconds

200

100

Cloudflare Lambda Lambda@Edge Lambda Native Google (Firebase)



So WebAssembly?
Possibilities
Flexibility
Diversity

Cross-platform
Promise of bright tomorrow for todays projects

X



-
Questions?: Joanna Lamch

THANK YOU ™™

JLamch.net
ProgramistkalKot.pl




* Ankieta

D ziatanrwe pociogo zo sobo,
koszty v ryzyko, ale o wiele
mwuefsze vz 12, ktdvre wiaza,
M z wygodna, bezezynnoicia,

« Bedzie mi mito moéc ulepszyc¢
mMoj3 prezentacje dzieki Twoim
komentarzom, dlatego prosze Cie
o wypetnienie ankiety, bgdz
kontakt mailowy.
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