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How many of us have never said a #?!-*!!?



What is a browser
Everyone uses it. few know it.
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browser

● the most widely used type of software by far.
● made up of millions of lines of C++ and other tough stuff
● changed a lot over time
● a powerhouse of technology and algorithms, even more 

than the Batmobile! 

It's an application that requests data from web 
servers, sends a network request to the URL, retrieves 
resources, and presents them interactively!

Easy, right?



Users love to see pixels on the screen as quickly 
as possible, which is the reason why the browsing 
experience is enjoyable!

But those who write browsers have a little chaos to manage...
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But you might be thinking...



why should I care?

I’m not a browser code developer!
P.s.If any of you are on the Chromium team... please be merciful!



As web developers, we must understand some of the 
mechanics of browsers to make better decisions and 

make sense of some things that sometimes seem 
absurd.

(quote: ciccio da val demone) 



How is it made
We're all excellent at steering someone else's ship
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architecture

● Multi-process applications
● Each process handles specific logic
● Each process has a main thread and 

possible dedicated special threads

There are no specific standards on how to 
build a web browser. The approach can vary 
significantly from one browser to another.



p

processes & threads

Processes can communicate with each other through IPC (Inter Process Communication). 
Threads can also communicate with each other within the process that contains them, but not directly with threads in other processes. 

Communication between processes is generally slower than communication between threads within a process.

● A process can be described as the running 
program of an application.

● A thread lives within the process and executes 
any part of the process to which it belongs.
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browser processes
a process to seize them and chain them in the dark
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HIGHEST LEAST

Browser Process

Render Process

IFRAME

Lorem ipsum dolor sit amet, consectetur adipiscing elit. Proin tincidunt, nunc nec tincidunt vestibulum, ante metus maximus 
neque, eget fringilla ante diam sed nibh. Nullam nibh libero, consequat eu ligula non, aliquet laoreet sapien. Aenean 
ultricies sed odio quis tempus. Vivamus facilisis tellus eget nunc venenatis malesuada. Phasellus metus metus, tincidunt eu 
libero a, lobortis tempus neque. Donec condimentum leo semper leo malesuada, non pretium neque dictum. Integer sit amet 
augue non neque dapibus pretium. Nullam id dui ac purus mattis suscipit nec ac nisl. Phasellus dignissim a risus quis cursus. 
Curabitur nec lacus faucibus, elementum felis nec, blandit turpis. Duis mollis enim eu tincidunt sagittis. Morbi mauris tellus, 
pellentesque id tellus vitae, lobortis fringilla ex.

Render Process

GPU Process

STORAGE 
Process

UI 
Process

NETWORK 
Process

1 for each tab

LOWERPRIORITY:

Architettura multi-processo



multi-process architectures

● Sand-boxing
● Black Sheep Detection
● Optimal memory footprint
● Private Data 
● Site Isolation 

Pros
● Memory Overhead
● Process Creation Overhead
● IPC overhead

Cons
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how does it works
Sailing seems easy, but steering the Titanic is risky
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You write in the address bar and…
● The input is evaluated

Browser process | UI thread/Process

● Navigation begins!
Browser process | network thread/Process

● The response is read and handled
Browser process | network thread/Process

● A render process is activated
Browser process | UI thread/Process

● Navigation is “taken over”
Render Process

● The document loading phase begins
Render Process < > browser process

https://devmyit

Lorem ipsum dolor sit amet, consectetur adipiscing elit. Proin tincidunt, nunc nec tincidunt vestibulum, ante metus maximus 
neque, eget fringilla ante diam sed nibh. Nullam nibh libero, consequat eu ligula non, aliquet laoreet sapien. Aenean 
ultricies sed odio quis tempus. Vivamus facilisis tellus eget nunc venenatis malesuada. Phasellus metus metus, tincidunt eu 
libero a, lobortis tempus neque. Donec condimentum leo semper leo malesuada, non pretium neque dictum. Integer sit amet 
augue non neque dapibus pretium. Nullam id dui ac purus mattis suscipit nec ac nisl. Phasellus dignissim a risus quis cursus. 
Curabitur nec lacus faucibus, elementum felis nec, blandit turpis. Duis mollis enim eu tincidunt sagittis. Morbi mauris tellus, 
pellentesque id tellus vitae, lobortis fringilla ex.



Browser Process
ui

You write in the address bar and…

https://devmyit

NETWORK 
Process

Render Process

Lorem ipsum dolor sit amet, consectetur adipiscing elit. Proin tincidunt, nunc nec tincidunt vestibulum, ante metus maximus 
neque, eget fringilla ante diam sed nibh. Nullam nibh libero, consequat eu ligula non, aliquet laoreet sapien. Aenean 
ultricies sed odio quis tempus. Vivamus facilisis tellus eget nunc venenatis malesuada. Phasellus metus metus, tincidunt eu 
libero a, lobortis tempus neque. Donec condimentum leo semper leo malesuada, non pretium neque dictum. Integer sit amet 
augue non neque dapibus pretium. Nullam id dui ac purus mattis suscipit nec ac nisl. Phasellus dignissim a risus quis cursus. 
Curabitur nec lacus faucibus, elementum felis nec, blandit turpis. Duis mollis enim eu tincidunt sagittis. Morbi mauris tellus, 
pellentesque id tellus vitae, lobortis fringilla ex.
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Rendering
Easy, right?
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render a page
The rendering process, which the excellent 
rendering process deals with, is certainly 
the most complex and interesting part and 
is the one in which we have to face the 
much-feared critical rendering path! 

A single process, many threads: main thread, worker 
threads, compositor thread, raster thread, …

Lorem ipsum dolor sit amet, consectetur adipiscing elit. Proin tincidunt, nunc nec tincidunt vestibulum, ante metus maximus 
neque, eget fringilla ante diam sed nibh. Nullam nibh libero, consequat eu ligula non, aliquet laoreet sapien. Aenean 
ultricies sed odio quis tempus. Vivamus facilisis tellus eget nunc venenatis malesuada. Phasellus metus metus, tincidunt eu 
libero a, lobortis tempus neque. Donec condimentum leo semper leo malesuada, non pretium neque dictum. Integer sit amet 
augue non neque dapibus pretium. Nullam id dui ac purus mattis suscipit nec ac nisl. Phasellus dignissim a risus quis cursus. 
Curabitur nec lacus faucibus, elementum felis nec, blandit turpis. Duis mollis enim eu tincidunt sagittis. Morbi mauris tellus, 
pellentesque id tellus vitae, lobortis fringilla ex.
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scared, huh?
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render a page

● Parsing
● Style Calculation
● Layout
● Paint
● Compositing

The rendering process, largely thanks to its 
main thread, follows this path:
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parsing

● Bytes -> characters
● characters -> token
● Token -> nodes
● nodes -> dom (finally!)
● Subresource loading

Data is sent over the Internet as packets, and 
the browser reads the raw bytes of the HTML 
(even from the hard disk).
The main thread has the task of:

00111100 01101000 01110100 01101101 
01101100 00111110 00101110 00101110 
00101110 00111100 00101111 01101000 
01110100 01101101 01101100 00111110 

<html><head>...</head>
<body><p>...</p></body></Html>

Start-tag: html
start-tag: head
…
end-tag: head
start-tag: body
…

bytes characters

tokens

html  head  p span

nodes

html

Head

link

body

span

p…

dom tree



bytes
characters

tokens

nodes

body

span

p…

CSSom tree

style calculation

● css Bytes -> characters
● characters -> token
● Token -> nodes
● nodes -> cssom
● layout (or render) tree!

The main thread parses CSS and determines the 
computed style for each DOM node based on the 
CSS selectors.

background-color: red

font-size: 1.1em
color: blue

color: yellow
margin: 10px



layout
Layout (or reflow) is THE process WHERE THE 
MAIN thread goes through the DOM and 
styles and creates THE LAYOUT TREE (OR RENDER 
TREE), which contains information such as 
the coordinates and dimensions OF THE 
ELEMENTS.

THE LAYOUT PROCESS IS EXTREMELY EXPENSIVE FOR THE 
BROWSER BECAUSE IT MUST CALCULATE THE EXACT POSITION 
AND SIZE OF EVERY ELEMENT ON THE PAGE!

Lorem ipsum dolor sit amet, consectetur adipiscing elit. Proin tincidunt, nunc nec tincidunt vestibulum, ante metus maximus 
neque, eget fringilla ante diam sed nibh. Nullam nibh libero, consequat eu ligula non, aliquet laoreet sapien. Aenean 
ultricies sed odio quis tempus. Vivamus facilisis tellus eget nunc venenatis malesuada. Phasellus metus metus, tincidunt eu 
libero a, lobortis tempus neque. Donec condimentum leo semper leo malesuada, non pretium neque dictum. Integer sit amet 
augue non neque dapibus pretium. Nullam id dui ac purus mattis suscipit nec ac nisl. Phasellus dignissim a risus quis cursus. 
Curabitur nec lacus faucibus, elementum felis nec, blandit turpis. Duis mollis enim eu tincidunt sagittis. Morbi mauris tellus, 
pellentesque id tellus vitae, lobortis fringilla ex.

x,y

x,y
w,h



dom cssom

layout (o reflow)

dom + cssom = layout (or REnder) tree

layout tree



layout - Layout tree or render tree
to build the layout (or render) Tree, the browser will 
have to:
● recursively traverse the dom and search for 

visible elements
● build/update the Tree layout node by pointing 

to the DOM node
● derive the Computed Styles for the DOM node, 

and associate them with the layout Tree nodelayout tree



Layout phase

this is actually gecko reflow

http://www.youtube.com/watch?v=ZTnIxIA5KGw


paint
we know the dimensions and positions of 
the elements but not the order in which we 
will draw them on our page.

the main thread traverses the layout tree to 
build a queue of paint records, which allows 
you to manage the drawing order of the 
elements.

background: …

testo

box (x,y …)

,,,



Compositing
Compositing is a technique for layering parts of 
a page, rasterizing them separately, and 
compositing them as a page in a separate thread 
called a composer thread.

If scrolling occurs (one of the most onerous but 
common operations), since the layers are already 
rasterized, he must compose a new frame.
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Compositing
● The main thread traversals the layout tree 

to generate the layer tree
● the main thread sends this information

in the composer thread
● The composer thread rasterizes each layer
● The composer thread divides into panes and 

sends each square (Draw quad) to the raster 
thread

● A composer frame is then sent to the 
browser process via ipc

layout 
tree

layer
 tree



Compositing
● Draw quads

contiene le informazioni, come la 
posizione della tile in memoria e dove 
disegnarla nella pagina.

● Compositor frame
Una raccolta di Draw quads che 
rappresentano il frame di una pagina.

The advantage of compositing is that it is done without 
involving the main thread!

layout 
tree

layer
 tree



Browser Process

Compositing - EVENTS
● Browser process receives a gesture (click) AND sends the 

event type and coordinates to the renderer process
● Renderer process MANAGES THE EVENT IF THERE IS A 

LISTENER
● IF IT IS NOT THERE, THE COMPOSITOR THREAD CREATES A 

FRAME WITHOUT ASKING ANYTHING FROM THE MAIN THREAD!
● THE COMPOSITOR THREAD MARKS AND ASSOCIATES THE EVENT 

HANDLERS TO THE AREAS OF THE PAGE (Non-Fast Scrollable Region)

IF THE EVENT TAKES PLACE OUTSIDE THE REGIONS, THE COMPOSITOR THREAD DOES NOT 
ASK FOR ANYTHING FROM THE MAIN THREAD AGAIN

Render Process

ui

CM



critical rendering path (CRP)
any delay is critical!
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critical rendering path (CRP)
The entire process between receiving HTML, CSS and JS bytes and transforming them into pixels 

rendered on the screen is called critical rendering path (CRP).

network

html

css

dom tree

js

cssom tree

layout tree
paint records

layer tree

layout (reflow)
paint

compositing
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If an animation or transition is running, the user is scrolling pages or zooming; the browser 
must create frames at the device's refresh rate. 

There are 60 frames per second to ensure that an animation is fluid, forcing 
the browser to resolve the rendering pipeline in about 10 ms!

critical rendering path (CRP)



critical!



jank - your worst enemy
When the browser fails to achieve this, the frame rate drops, and the 
content will not appear fluid, and this will have a negative impact on 
the user experience! 
This is often referred to as jank!

0–100 ms — Instant feel, constant flow;
100–300 ms —Slight percetible delay;
300–1000 ms — Loss of task focus, perceptible delay;
1 s+ — Mental context switch;
10s+ — User leaves! Francesco Sciuti
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critical rendering path (CRP)
… > Style > Layout > Paint > compositing
when there are changes on geometries, dimensions, positions, ...

… > Style > Layout > Paint > compositing
when there are changes in what does not affect the layout (background image, text color, …)

… > Style > Layout > Paint > compositing
in short, what does not influence the layout and the Paint (transform, opacity)

Dopo il caricamento, la pagina cambia in risposta a due tipologie di input: 
interazione dell'utente ed aggiornamenti al DOM effettuati da JavaScript.



main thread
some important clarifications
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A quick distinction
Web applications are given a single thread, the 
main thread, to execute most of the application 
and user interface logic.

Web browsers are definitely not a 
single-threaded environment!

Francesco Sciuti
Google Developer Expert / Microsoft MVP / Codemotion devrel



The Browser Event Loop is probably the most important frontend 
performance concept to understand…but we already know it, right?

All we need to know is that IT lives inside the main thread!

The behavior of the event loop determines the behavior
of web applications at runtime and is used for asynchrony..

Browser Event Loop



The Event Loop is essentially an infinite loop, responsible for:
• Select an available task from the Task queue and place it in the main 
thread to run to completion
• Occasionally selecting a Render Steps task instead of reading from the 
Task queue to generate a frame

Browser Event Loop



while(true) {
tasksLists.pickFullList().pop().execute();

while(microTasks.length) {
microTasks.pop().execute();

}

if(shouldRender()) {
runAnimations();
render();

}
}

microTasks = Promises, Observers, queuemicrotask

Browser Event Loop



tasks are the runtime execution units executed on the main thread.

Browser Event Loop - task

● HTML/CSS Parsing 
● input event management
● JavaScript Compiling/execution
● network data
● render step
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i motori
we're not inside gran turismo but engines matter!
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what do they use?
● Chrome, edge, brave

○ render engine: blink (blinkng)
○ js engine: v8

● firefox
○ render engine: gecko (Quantum)
○ js engine: spider monkey

● safari
○ render engine: webkit
○ js engine: nitro (javascriptcore)
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Maybe it's not what we thought
the poor browser, perhaps, therefore does not have such an easy life
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any ideas?
● requestAnimationFrame  |  REQUESTIDLEFRAME
● WILL-CHANGE (handle with care)
● ASYNC / DEFER tag script ATTRIBUTES 
● WORKERS
● Resources priority (preload)
● Evaluate CSS TRIGGERS
● Evaluate  LAYOUT & PAINT API triggers
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Let's help the tool that makes us travel 
through billions of pages full of things to 

learn (and kittens) every day!
Francesco Sciuti
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I do it my way...
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...I use the batcomputer,
which is powerful and I don't care!



...no...not like that...
but trying to write 

better code!



links
quick references
● https://github.com/GoogleChromeLabs/css-triggers
● https://csstriggers.com/
● https://gist.github.com/paulirish/5d52fb081b3570c81e3a

Inside browser
● https://developer.chrome.com/blog/inside-browser-part1/
● https://developer.chrome.com/blog/inside-browser-part2/
● https://developer.chrome.com/blog/inside-browser-part3/
● https://developer.chrome.com/blog/inside-browser-part4/
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links
Rendering Ng
● https://developer.chrome.com/articles/renderingng/
● https://developer.chrome.com/articles/renderingng-architecture/
● https://developer.chrome.com/articles/renderingng-data-structures/
● https://developer.chrome.com/articles/blinkng/
● https://developer.chrome.com/articles/layoutng/
● https://developer.chrome.com/articles/videong/

Francesco Sciuti
Google Developer Expert / Microsoft MVP / Codemotion devrel



links
articles & sites
● https://web.dev/mainthread-work-breakdown/
● https://web.dev/fast/#prioritize-resources
● https://web.dev/optimize-javascript-execution/
● https://web.dev/simplify-paint-complexity-and-reduce-paint-areas/
● https://web.dev/avoid-large-complex-layouts-and-layout-thrashing
● https://web.dev/stick-to-compositor-only-properties-and-manage-layer-count/
● https://www.iamtk.co/web-performance-roadmap
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links
articles & sites
● https://www.webperf.tips/
● https://www.html5rocks.com/en/tutorials/internals/howbrowserswork
● https://blog.logrocket.com/how-browser-rendering-works-behind-scenes/
● https://www.toptal.com/web/website-performance-critical-rendering-path/
● https://grosskurth.ca/papers/browser-refarch.pdf

Demos
● https://googlechrome.github.io/devtools-samples/jank/
● https://coffee-cart.netlify.app/?ad=1 Francesco Sciuti
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francesco sciuti
Developer by choice and passion,
lover of nerd stuff of all kinds 
and lover of sharing knowledge!
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Software Factory
● Project Management
● Architecture Design
● Team Augmentation
● Code Review
● Mentoring
● Outsourcing

Learning Factory
● Formazione in azienda
● Corsi e Workshop
● Eventi online e offline
● questo talk!
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Thank you!
● https://www.facebook.com/francesco.sciuti
● https://www.linkedin.com/in/francescosciuti/
● https://twitter.com/FrancescoSciuti

● https://www.facebook.com/Devmy.it
● https://www.linkedin.com/company/devmyfactory/
● https://twitter.com/DevmyFactory
● https://www.instagram.com/Devmy.it/
● https://www.youtube.com/c/devmy
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feedback time!
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