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The Critical Rendering 2ath is the
saquence 07 steps the browser goes
through to convert the HTML, G5, and
JavaSieript into pixels on the screen.
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CRITICAL RENDERING
PATH

Critical rendering
rath

1. O0OM
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The ML response is parsed jrom
byies 1o characiers then into tokens
which create nodes that becomre the

Jocument Obiect Model Tree.

CHS 1s urned into a tree of obiects
called the OS5 Obhiect Model, which
maps ¢ss rules 1o the styles jor all
clerrents. This process is very Jast.

The DOM and CEHSOM are combined
into the render tree. zack DOM node is
mapped 1o a ratching CGHOM rule.
Only visible nodes are included.
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2. CHHOM

. render ree

S Layour
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Compute the geometry o each node
against the size oF the vieaport.
Size and position on the screen are
determinad.

in the painting or rasterization
phase, the browser converis each
box calculated in the layout phase o
actual pixels on the screen.

Moves elements on 1o a separate
layer. This improves paint and repaint
persormance but Costs more menmory.

Compositing may occur.,
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1. PAQunt

5. Compositing

'Nell rormed BiyMLU
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UTML syntax errors do not throw
arrors, the browser will Jix the syntax
and move on.

The obiect presentation of the HiML
docurrent and the interjace of BiML
clemrenis 1o the outside world by
JavaSceript.

Think 0F it as an APL and not ust the
clements on the page.

N\s the HTML is being parsead, the
ereload Scanner will look Jor seripy,
link and immage tags o doanload to

optirrize speed and perjormrance.
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Jocument Obiact
Model

°reload Scanning

Maebnork Connections
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'N'bhen requesting resources, the
browser is conjigured 1o allon a max
numher 0F simulianeous connections

that lives on a separate thread jor
increased perjormance.

Most bronsers allow jor 5 concurrent
conecclions,

Seript tags Will pause parsing, ‘waiting
Jor the script 1o be executed or i
aexternal, Jetched and executed.
carsing 'Will then continue.

Use async or defer on the seript tag o
prevent this.

CHS render 3locking
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Javascript render
3locking

Seript tags Will pause parsing, '‘waiting
Jor tha script 1o be executed or i
external, Jetched and executed.
sarsing Wwill then continue.

\Ise async or dejer on the seript tag o
prevent this.

CSS is render blocking, The browser
blocks page rendering until it receives
and processes all of the CO4.

CHS is render blocking because rules
can be overaritien, so the content
can’t be rendered until the CGHOOM is
complete.
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Javascript
Corrpilation

3uilding the
Accessibility ree

rejlon
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'N'hile the G5 is being parsed and
the CASOM created, other assets,
including JavaSceript jiles, are
doanloaded (thanks 1o the preload
scanner).

JavaSceript is interpreted, compiled,
parsed and executaed.

The bronser also builds an
accessibility tree that assistive
daevices use 1o parse and interpret
conens.

The accessibility obiect rodel (NOM)
is like a semrantic version of the DOM,
Until the AOM is buily, the content is
nOL accessible 10 sereen readers.

reTlon is any subsequent size and
location recalculations o any part of
the page or the entire document. This

Will require re-layout and repaint.

N raTlon will cause a reflon oF the
parent and children.
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Jaevice rejrash rate

rrame ferjormance

raquest Animration
rrame
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Most devices today rejresh their
screens 9T times a second. The
browser needs 1o matceh the device's
rajrash rate and put up 1 new picuure,

or jramg, jor each of those sereen
rajrashes.

zach o7 those jrames has a budget
07 ust over 15976 (1 second / 5T
15.55ms). in reality, honever, the
browser has housekeeping work to
do, so all o7 your work needs o be
completad inside 1Cms.

'N'ben visual changes are happening
on screen you 'want 1o do your work at
the right tlimre Jor the browser, which is

right at the start oF the jrame. don't
USE SATTIMEOUT Or seting

waerval, instead
use requestAninrationrrame.
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reduce CG5H
Corrplexity

Avold Layout
Thrashing

Animaiions and
ainting
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raeduce complexity by using less
salectors Jor a given siyling rule,

Use 3=M Sor a class-centric approach.

reading and writing in close
succession 1o the DOM will cause
rajlows bejore the next jrame, causing
“Sorced synchronous layout” and
decreasing perjormance.

Group DOM read and writes together
0 avoid jorced rejlons. Checkout
rasDOOM,

Changing any properiy apart jrom
Trans;ormMs or opacity abrays riggers
paint.

\Ise transjorms and opacity jor your
animrations.



Use Comrpositor 1o
Avoild Painting

USER-CENTRIC
PERFORMANCE
METRICS

User tnteraclivity
sarcepiion rimes
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Changing any property apars jrom
Trans;orms Or opacity abrays riggers
paint.

\Ise transjormes and opacity jor your
animaions.

USER-CENTRIC
PERFORMANCE
METRICS

N _ 2 N\

CT-1CCT ms — Instant jeel, constant Jlow
1CC-2CC ms —Slight percetible delay
2CTCT-1TCTC ms — Loss 0F task Jocus,

perceptible delay
1 5+ — Mental context swaieh;
1Cos+ — \ser leaves
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rirat PQunt

rirat Contentjul
Paint

rirat Meaningjul
Paint
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The point when the browser renders
anything that is visually dijjerent
srom o ahat was on the screen prior 1o
navigasion.

The metric that angners the question:
“is it happening?”

The point when the hrowser renders
the Jirst bit o content jrom the DOM.

The meatric that anaswers the question:
“is it happening?”

'N'hile subiective, this usually means
when a meaior block o contentis
visible on the sereen.

The metric that anawers the question:
“is 1t usejul?”
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T1Me 10 1nteracivity

rirst tnput delay

PALL Performance
Model
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The point at whick your application is
both visually rendered and capable of
reliably responding Lo user inpus.

The metric that anaswers the question:
“1s 1t usable?”

Measures the tirre jrom when a user
Jirstinteracis Wwith your site (i.e.when
thay click, tap, scroll) o the tirme
when the browser is actually able o
raspond o that interaction.

raprasenis user pain attenmpiing to
intereact with site.

raspoONse
Animation
idle

Load
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ResSPONSGA

Nnimation

1dle
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response timre regjlects how rapidly
YOUr 'Website reacts 1o inpuss.
N\ response time under 1CCmg
seels immrediate; anything slower is
noticeable o the user.

Animation speaed applies 1o any visual
animations you have on the page as
well as user scrolling and dragging.

The ideal goal is 5C5ps, or one jrame
Qvery 19ms.

idle work refers 1o what is happening
in the hackground oF your webhsite
ajer itintially loads.

idle work should be divided into HTrrs
blocks 5o that it doesn't drag doan
raspoNGe time,
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Load

PERFORMANCE
CHECKLIST

Parjormance 100ls
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Load, in the context of the RAIL model,
means the Jirgt meaningiul paint,
which should appear less than one
second ajler the user requesis your
page.

PERFORMANCE
CHECKLIST

Google Lighthouse in Chrome
'NebPageiest.org



14A

Minit  J Nasets

Concatlentation

'N'ebh ront Hirategy
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removes whitespace, cormmenis and
raduces jile length,

Minijy HTML, S5 and Javascript.

Cormrbine Tiles into one Jor €GOS and
Javascript.

Use compraession (NOrr2 Sormray).
Subset jonis o reduce file size.
°raload jor jaster doanload.
UIse jont-display: snvap 1o prevent

Jlashing issues.
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magaes

Javascript Loading

Javascript Projiling
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Auvtomate image compression.
Serve the right Jormaxl.
Use a Lazy Loading strategy.
1IMAgEeEs are responsive.
rage Hprites reduce requests.

Adding async or dejer are highly
recommended i your seripis are
placed in the top 07 your page but less
valuable if iust bejore your </body>
wag. Use dejer most of the timre 10
prevent himl parser blocking.,

Use browser developer 1ools 1o
measure and view perjormrance
metrics and see hottlenecks.
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rage 'Neight

°age Load vime

Minimize YU P
PeqUests



15B

Total page weight should ideally be
5TCTkh. Median is typically 15CCTkb.

cage should load in three seconds
or less. The jaster your site/app the
lower the bounce rate.

Combine CH5, IS 1o reduce requests.
ramove un-assential jiles.
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Use Commpression

feraeresolve & Preload
RASOUrCQs

Javascript
Hlrategies
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Use 3roth or GZip 1o comrpraess static
assets like BTML RS and Javascript.
ntegrate into avtomation workjlon.

UIse resource hints jor the browser to
load critical resources with:
dns-prejetch, preconnedt, prejetch
and preload.

irplement tree-shaking, scope
boisting and code splitiing. Read up
on current rrethods 1o reduce size jor
your current tech stack.
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Content Delivery
Maetwork

aervice 'Norkear
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Use a OM o delivery your assels.
copular IS and €6 libraries will bave
ojjer this option.,

Cache assets with a service worker,
Many other optimizations and
perjormance gains can be be

implerrented with a service 'worker,



