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Introduction to web development

Part 1 - Introduction to JS

Part 2 - Introduction to React

Collaborating since 2005
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e

Javascript is standardised by the ECMAScript standard https://tc39.es/ecma262/

First created by Brendan Eich at Netscape in 1995

Is dynamically and weakly typed language with prototype based object orientation

The runtime is single threaded
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Javascript

Two simple examples

class Rectangle { function factorial (n)
constructor (height, width) { i (n ===
this.height = height;

this.width width; } else {

return n * factorial (n -

)i

get area () {

return this.calcArea ();

calcArea () |

return this.height * this.width;

const square = new Rectangle (

console .log (square.area);
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. Javascript explained (simply)

How does this code run ?

Let’s have a look at the runtime environment !
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Overview

MxCuBE-Web Proposal: idtest0 - Google Chrome

<« MxCuBE-Web Proposal x +

<« C @ localhost Q % O @ mncognito (U

MXCuBE-Web (osc) ple Data collection Equipment em lo (2]

Energy: 12.4000 keV' i 0.740 A issit 10.0% Cryo: 200.00 k [ Detector M sample Changer [ Fast shutter [ Ring Current
Beamline Actions ~
Wavelength:  1.00 A Detector:  10.amm  Flux: 2.306+12 phis (Reapy | | resoy | [[CGOSEBT| [TELOSEDI | 1s3smA

Ph; Control:

c:‘;n:" ro JAVASCRIPT RUNTIME

Beam size: Sample: Sample-1:

10 v

WEB APIs

Omegs: JS ENGINE
Kappa:

g - - FETCH APTf{ .-+ |
Kappa Phi: .

22000 - o1

. MICROTASKS QUEUE
alignment: _
~ L] [ ] CALLBACK QUEUE
< & > | TIMER DATA
v HEAP CALL STACK

€2 Show motors
© Log messages:

Web API’s standardised by W3C

Well documented at:
https://developer.mozilla.ora/en-US/docs/\Web/API
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. Javascript explained (simply)

JAVASCRIPT RUNTIME

WEB APIs

oM

JS ENGINE

MICROTASKS QUEUE

CALLBACK QUEUE

TIMER DATA vl

HEAP CALL STACK

e Fairly simple architecture, heap, call stack and two queues

e For areal deep dive: https://github.com/v8/v8

Page 7 Marcus Oskarsson (marcus.oscarsson@esrf.fr) The European Synchrotron \



. Javascript explained (simply)
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JAVASCRIPT RUNTIME

WEB APIs

~oon

JS ENGINE

D MICROTASKS QUEUE
CALLBACK QUEUE
- TIMER  DATA o
HEAP CALL STACK

Each engine runs in a single thread and has one eventloop (one per origin)

The browser decides internally which source to pick events from, user input, requests
and so on

Callback queue is processed when call stack is empty, new tasks executes at next
iteration

Microtask queue is processed between tasks (but new tasks are executed immediately)
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Javascript explained (simply)

Developer Tools — MXCuBE ttp://localhost:3000/

Console [ Debugger N Network {} Style Editor () Performance {3 Memory [ Storage T Accessibility 882 Application 02 ]

® O inspector

Sources Outline Search @ & Motorinput.jsx X

PassControlDialog.jsx general.js SampleViewContainer.js jsmpeg.min.js »b@e D> ¥ 2 720 3

b index.js queue.js serverlO.js

~ B Main Thread this.props.decimalPoints,
v @ localhost:3000

}
~ B h /oscarssol| ts/mxcub b/ui } » Watch expressions +

/proj

(@ Paused on debugger statement

» [ ignored|/home/oscarsso/projects/mxcu * eslint-e ~ Breakpoints w

» de_modul
B3 node_modules/.pnpm S Beathaga(

[ Pause on exceptions

v [ src 60 const { value,
» B3 actions 61 « Call stack
v B3 components render Motorinput.jsx:73
» & React 9

» B3 BeamlineActions

» B3 BeamlineCamera this.props.save(name, newValue); unstable_runWithPriority
» [ DeviceState ¥ schedule ul s
BE » & React 4
» quipment stopM ame
Ui 6 stopMotor(name) { » & Redux 7

» B3 GenericContextMenu this.props.stop(name);

getinitialState

» B3 GenericDialog = ¥ -
» B3 InOutswitch render() { getinitialState general.js
» [ LabeledValue 3
. , step, suffix, decimalPoints } = this.
» Lims
B ropped = value.toFixed(decimalPoints); Expand rows

» [ LoadingScreen cx{"form-control rw-input', {
» B3 Login "input-bg-edited': this.state.edited, ¥ Scopes OMap®@

*input-bg-moving' :
» B3 Machinf
03 Machinfo this.props.state === MOTOR STATE.BUSY ||

~ [ Motorinput this.props.state MOTOR_STATE.MOVING,

(‘ES Motorinput.jsx ‘input-bg-ready': this.props.state MOTOR_STATE.READY,

input-bg-fault’
OneAxisTranslationControl.jsx
& A siar § this.props. STATE.FAULT ||

&b TwoAxisTranslationControl.jsx this.props.s LOFF ||
» B3 MXNavbar this.props.s LALARM ||
> O3 Nty e e “unoonn ||
» [ PeriodicTable this.props STATE.INVALID,
» B3 Popinput input-bg-onlimit':
» E] RemoteAccess 1 (From bundle.js) (63, 80) » =jsx
W v Errors Warnings Logs Info Debug CSS XHR Requests ¥ X
| next state » Object { {.}, sampleGrid: {.}, sampleCh. {~}, sampleChang ntenance: {..} {u} Y% redux-logger.is:335
¥ action UPDATE_SHAPES @ 12 redux-logger.js:313
» Object { login: {.}, queue: {.}, {.}, sampleGrid: {.}, sampleChanger: {.}, sampleChangerMaintenance: {.}, taskForm: {..}, sampleview: {.}, logger: { 1l -« redux-logger.js:323
action » Object { type: "UPDATE SHAPES", redux-logger. js:327
next state b Object { login: {.}, qu {.}. uiproperties: {.}, sampleGrid sampleChanger: {.}, sampleChangerMaintenance: {.}, taskForm: {.}, {-}. logger: {.} £Fioait redux-logger.is:335
© Firefox can’t establish a connection to the server at ws://localhost:3000/socket.io/?EI0=4&transport=websocket&sid=Zpzq664VmRZCSOCKAAAS . websocket.j5:35

@

Browser provide good tools for debugging and seeing what’s going on
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. Javascript explained (simply)

MDN web docs I’'m personally using MDN as reference:

'moz://al https://developer.mozilla.org/en-US/docs/Web/Jav
aScript

< b If you would like to try example while we are

speaking, you can try on https://playcode.io/javascript
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. A few interesting language features

e Weakly typed
e thiskeyword
® Promises

e Prototypal inheritance
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Weakly typed

Weakly typed
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. Weakly typed

Weakly typed, the interpreter makes sometimes difficult (and perhaps
unexpected) decisions regarding types.

This process is referred to as type coercion (implicit type conversion)

For instance:

“mxcube” + 48; // => “mxcubed8”
"b" + nan + _|_nan + nan; // -> 'baNaNa'
true + true; /] => 2

Luckily the linter will warn us about likely unwanted coercion

Javascript == operator performs coercion while the === (strict equality
does not), always use ===

There is very nice project that goes through details like this:
https://github.com/denysdovhan/wtfis#-examples
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Weakly typed

This keyword
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. This keyword

The value of this is bound at runtime and depends on how a function is
called (not to which object it belongs)

We can override the somewhat odd behaviour of this so that it always
refers to a class instance using the bind method.

You will encounter the bind function in the mxcubeweb code base.

Let’s have a look at an example
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This keyword

import React from "react";

class SimpleExample extends React.Component ({
constructor (props) {
super (props) ;

this.handleClick = this.handleClick.bind(this); SimpleExample

handleClick(e) {

console.log (this);

render () {

return (

<div>
<button onClick={this.handleClick}>Click here</button>

</div>

Use bind

Avoid using this outside of classes
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Promises
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Provides an abstraction on low level asynchronous code, based on callbacks

A promise is an object returned by an asynchronous function, like a future or greenlet in
Python, it contains the current state of the execution (Pending, Fulfiled, Rejected)

A promise takes two callbacks, a success (resolve) and a failure (rejected) and can be
chained with then

const fetchPromise = fetch("https://mxcube.esrf.fr/);

fetchPromise

.then((response) => { // Promise call backs are put in the micro task queue

if (!response.ok) {
throw new Error ( HTTP error: ${response.status} );

}
return response.json();

1)

.then((data) => {
console.log(data) ;

})

.catch((error) => {

console.error( Could not get mxcube ${error}’);

1)
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Today however we can use async and await instead (like in Python), when writing
new code prefer async and await

const fetchPromise =
fetchPromise
.then ( (response) => {

if (!response.ok) {

throw new Error ( HTTP erro

}
return response.json();
})
.then ((data) => {
console .log (data) ;
})

.catch ((error) => {

console .error ( Could not get

)

async function aFetch () {

try {

const result = await fetch ("https://mxcube.esrf.fr/ ”); // The statements after await are put on the microtask queue

} catch (error) {
result = “7;

console.log (error) ;

console .log (result) ;

}

fetch ("ht

tps:/

r: ${response.status});

mxcube ${error} );
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Prototype based inheritance
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. Prototypes

Page 21

You might already have heard about prototype based inheritance, and you will
probably encounter the [ [prototype] ] or  proto  attributes when
debugging Javascript code.

It is indeed a bit awkward if one have never seen it before,

Classes define a predefined structure/taxonomy while prototypes define from which
objects to inherit behaviour from via its prototype chain.

An objects prototype can be changed runtime and there is not necessarily well
defined taxonomy.

Javascript has Class based inheritance built on top of the prototype based one.
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. Prototypes

We are using classes in mxcubeweb code base so you will encounter them.

React is phasing out the class based components favoring what's called functional
components (more about that later). Axel will make a tutorial about this

Classes are still very useful and we will keep using them for other things

ass InOutSwitch extends React.Component {

or (props)
(props) ;
ff .bind (this) ;
ind (this) ;
Click .bind (this) ;

ck .bind (this) ;

setOn () {
}

render () {

Page 22 Marcus Oskarsson (marcus.oscarsson@esrf.fr) The European Synchrotron | ESRF



. Other often used features

Other often used features
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. Other often used features

Page 24

Import/export statement:
import { objectOne } from "module-name";

It’s possible like in Python to perform * imports and that it should be avoided.

Spread operator (...) - yes three dots :
Allows for collections to be expanded like pythons * and ** operators

const numbers = [1, 2, 31;
console.log(sum(...numbers)); // -> 6

“standard/expected” language constructs for iteration, conditionals and so on.

Oh yes, and the linter does a good job of telling you when you did something you
probably didn't mean to ;)
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. Part Il - Introduction to React

Javascript library for building user interfaces

Created at Meta (Facebook)
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Part Il - Introduction to React

<!DOCTYPE html>
<html itemscope="" itemtype="http://schema.org/vlebPage" lang="en-FR"> levent

P <head>[=l</head
v <body jsmodel="hspDDf" jsaction="xjhTIf:.CLIENT;02vyse:.CLIENT;IVKTfe: .CLIENT;Ez7VMc:.CLIENT;..ENT;Ycf):.CLIENT;szjOR: .CLIENT;JL9QDc: .CLIENT;kWlxhc:.CLIENT"> levent
westyle 1695977902624
style
w<div class="L3eUgb" data-hveid="1"> levent (flex

b <div class="03j99 nlxJcf Ne6bnSd"> = </div> [flex
w<div class="03j99 LLD4me yrl9Zb LS801"> (29

P <style 1695977902636" > == </style
w<ediv class="k1zIA rSk4se">
P <style 1695977902636" > (=) </style

<img class="1nXdpd" alt="Google" height="92" src="/images/branding/googlelogo/2x/googlelogo_color 272x92dp.png" srcset="/images/branding/googlelogo
/1x/googlelogo color 272x92dp.png..ages/branding/googlelogo/2x/googlelogo color 272x92dp.png 2x" width="272" data-atf="1" data-frt="0">
</div>
</div>

w<div class="03i99 ikrT4e om7nvf">

Provides a framework that make it possible to write interfaces in a
declarative way (without directly interfacing with the DOM)

Done by writing components (widgets) that express what will be
rendered for a certain state

React manages state for components, decides when to render
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Part Il - Introduction to React

; ; import ".
Js indexjs %X

import { StrictMode } from

export default function App() {
import { createRoot } from

return (
<div className="App">
<h1>Hello froﬂ MXCuBE</h1>
</div>

);

import App from ".

const rootElement = docu const rootElement: HTMLElement
const root = createRoot(rootElement);

root.render(
<StrictMode>
<App />
</StrictMode>
);

index.html x

These three parts, all the libraries and
resources are built into a bundle via a
build chain.

<title>React App</title>
</head>

React creates single page interfaces -
<b2:z:cript> the DOM is updated instead of

You need to enable JavaScript to run this app. Changing page
</noscript>

<div id="root"></div>
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. Part Il - Introduction to React

You can try this out by typing react.new in your browser

You can use the create-react-app to get the tool chain installed locally
(https://create-react-app.dev/docs/getting-started)

You need node.js (Javascript runtime) to run the tool chain
(https://nodejs.org/en)
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. Part Il - Introduction to React

import ".

export default function App() {
return (

<div className="App">
<h1>Hello fron| MXCuBE</h1>

</div>

);

The browser only understands Javascript and HTML so we need to
build/compile/transpile the code into a Javascript.

In addition to this, Javascript language features are supported to a varying
degree across browsers

Additional libraries and the build chain takes care of this for us and creates a
bundle that is usable by recent browsers.
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. Part Il - Introduction to React

import ".

export default function App() {
return (
<div className="App">

<h1>Hello from| MXCUBE</h1>
</div>

);

A component can be expressed as a function or a Class

We are so far using Classes in mxcube but they are getting phased out

A JSX component gets translated into what’s called a React.Element instance and
added to a virtual DOM

A software called Babel (part of the tool chain) takes care of this
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. Part Il - Introduction to React

You can try it out and test how code is “transpiled” at: https://babeljs.io/repl

: import { jsx as jsx } from "react/jsx-runtime";
export default function App() { export default function App() {

return ( return /*# PURE */ jsx("div", {

<div className="App"> className: "App",
<hl>Hello from MXCuBE</hl> children-./'# P&PE / jsx("h1", {
).</le> children: "Hello from MXCUBE"
; })
J s
}

The return of the _jsx function is a React.Element

All the elements are inserted in what’s called the virtual DOM, a big tree structure

The synchronisation of the actual DOM (seen by the browser) and the virtual
DOM is called reconciliation

It’s an expensive operation to update the entire DOM, something called DOM
diffings is used to optimise the rendering.
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https://babeljs.io/repl

. Part Il - Introduction to React

Page 32

import "

export default function App() {
return (
<div className="App">

o/ <h1>Hello froﬂ MXCuBE</h1>
</div>

);

Each component has a life cycle from when it gets “mounted” in the virtual DOM
until it gets “unmounted” and a state

The component gets re-rendered when the state changes

We can catch life cycle events in what’s called life cycle methods or hooks (for
functional components),

Axel and Mikel will mention more about all this in the practical part
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Part Il - Introduction to React

When we develop we can run the tool chain so that it updates (re builds) on
change, with “pnpm start”

This means that we can quickly see the changes we make and we can add
debugger statements in the code

The browser “developer tools” are very complete and useful to find out what’s
going on.

MXCuB

htt,

Developer To Nocalhost:3000/

F Accessibility £ Application 0>
»E b ¥

] -
» %

Console D Debugger M Network {} Style Editor () Performance {3 Memory [ Storage

R O inspector
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Sources Outline Search [@ & Motorinput.jsx X & index.js queue.js serverlO.js & PassControlDialog.jsx general.js SampleViewContainer.js jsmpeg.min.js
+ B Main T this.props. decinalPoints
3 Main Thread © Paused on debugger statement
~ @ localhost:3000 N
~ B home/oscarssolprojectsimxcube-weblui 55} » Watch expressions. +
» 3 ignoredj/home/oscarsso/projects/mxcu ostint-enable react/no-set-state
© ignorediome/ proj ~ Breakpoints uf
» £ node_modules/.pnpm
= 2 — [ Pause on exceptions
» B actions 1 * operator; ~ Call stack
~ B3 components s value. toFixed( this . props. decinalPoints) Motorlnput sx.73
» £ BeamiineActions » & React 9
» B3 BeamiineCamera 6 unstable_runWithPriority
» [ Devicestate . " cheduler.development js:401
» & React 4
» B3 Equipment stopotor(nane) {
B D » & Redux 7
» £ GenericContextMenu & stop(nane) ;
o getinitiaistate general 5:333
» B GenericDialog .
» B3 InOutswitch getinitiaiState general js:332
» B Labeledvalue 3
» Bl Lims el e Expand rows
» B Loadingscreen S (o sRtrBL T At
» Dson e - scopes e
» © machinfo this MOTOR STATE.BUSY || ~ zrender
~ £ Motorinput this.prop MOTOR_STATE.MOVING, » < {-}
- input-bg-faul
% OneAxisTransiationControl
i One A TaRaIoRCNHaLEx this MOTOR STATE.FAULT ||
& TwoAxisTranslationControLjsx this MOTOR_STATE.0FF ||
» £ MXNavbar this MOTOR STATE . ALARM ||
this MOTOR STATE .OFFLINE |
» B3 Noti
& Notity this MOTOR_STATE .UNKNOWN |
» [ PeriodicTable this.prop: MOTOR_STATE . INVALID,
» B3 Popinput input-ba-ontimit
» £ RemoteAccess 2] (From bundle.js) (63, 80)
o) Errors Wamings Logs Info Debug ~CSS XHR Req % x
| mext state » Object ( login: (). aueue: (.}, ulproperties: (.}, sampleGrid: (.}, sampleChanger: {_}, sampleChangerMointenance: {.}, taskForm: (.}, sampleview (3. general ) redux-loager  15:335
v action UPDATE_SHAPES o 12:15:14.5¢ redux. loager .5:313
» Object in: { }. uiproperties: {.}, sampleGrid: {.}, sampleChanger: {.}, sampleChangerta; taskForm sampleview ogger: {-}, general » redux-logger. i5:323
action b Object { type: "UPDATE SHAPES', shapes: [] } redux. loager.5:327
next state b Object { login: {.}, queue: {.}, uiproperties: {.}, sampleGrid: {.}, sampleChanger: {.}, sampleChange taskForm: {.}, sampleview {-}, general y redux. logger . 5:335

@ Firefox can’t establish a connection to the server at ws://localhost:3980/socket. o/’
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