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Critical Pendering
°ath



The Critical Rendering ?ath is the
saquence o5 sieps the browser goes
through to convert the HTML, (G5, and
JavaSceript into pixels on the sereen.



1. OOM



The HTML response is parsed srom
byies 1o characiers then into tokens
which create nodes that hecome the

docurrent Obiect Model Tree.



2. CHHOM



CHS is Wurned into a tree o obiects
called the CG5 Obiect Model, ‘which
maps ¢ss rules 1o the styles jor all
clermrenis. This process is very jast.



2. rander ree



The DOM and CASOM are combined
INto the render tree. zack DOM node is
mrapped 1o a ratching CGHOM rule.
Only visible nodes are included.



. Layout



Comrpute the geometry o each node
against the size o7 the vieaport.
HSize and position on the sereen are
determined.



1. PAint



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



5. Comrpositing



Moves elemrents on 1o a separase
layer. This improves paint and repaint
perjormance but cosis more memory.

Compositing may occeur.,



'Nell rormed HiML



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



Jdocunrent Obhiact
Model



The obiect presentation o the HyML
docurrent and the interjace of HiMU
clements 1o the outside world by
JavaSeript.

Think 0F it as an APL and not iust the
clerrents on the page.



°reload HScanning



N\s the HTML s being parsed, the
ereload Scanner will look Jor seripy,
link and irage tags 1o donnload o

optirize speed and perjormance.



Maetbnork Connections



'N'bhen requesting resources, the
browser is conjiguraed to allon a max
numrbher 07 simulianeous connections

that lives on a separate thread jor
increased perjormance.

Most browsers allow Jor 5 concurrent
conecciions.,



Javascript render
3locking



Script tags will pause parsing, ‘waiting
Jor the script 1o be executed or i
external, Jetched and executed.
sarsing Wwill then continue.

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



CHS render 3locking



CHS is render blocking. The browser
blocks page rendering until it receives
and processes all of the G5,

CHS is render blocking because rules
can be ovenaritien, so the content
can’t be rendered until the CGSOM is
complate.



Javascript
Corrpilation



'N'hile the €4S is being parsed and
the CAHOM created, other assets,
including JavaSceript jiles, are
doanloaded (thanks Lo the preload
scanner).

JavaSeript is interpreted, compiled,
parsed and executad.



3uilding the
Accessibility ree



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

The accessibility obiect rodel (NOM)
is like a semranitic version of the JOM,
Until the AOM is buily, the content is
not accessible 1o screen readers.



reslon



reTlon is any subsequent size and
location recalculations 05 any part o5
the page or the entire document. This

Will require re-layout and repaint.

N raflow will cause a rejlown of the
parent and children.



Javice Paejrash rate



Most devices today resresh their
screens 9T tlimes a second. The
browser needs 1o mateh the device's
rajrash rate and put up 1 new piclure,
or jramg, jor each oF those screen
rajrashes.



rrame sarj
Q Parjormance



zach oF those jramres has a budge
07 ust over 15ms (1 second / 5T
= 15.59ms). in reality, honever, the
browser bas housekeeping work 1o
do, so all o5 your work needs 1o be
completed inside 1Tms.

LS
-



raquest Animation
rrame



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

right at the start oF the jrame. Don't
use setiimeout or setinterval, instead

use requestAninrationrrame.



reduce CG5H
Complexity



raeduce complexity by using less
selectors jor a given syling rule.

Use 3=M Sor a class-centric approach.



Avold Layout
Lhrashing



raeading and ‘writing in close
succession 1o the JOM will cause
raflows bejore the next jramre, causing
“Jorcad synchronous layout” and
decreasing perjormance.

Group DOM read and writes together
0 avoid jorced reflons. Checkout
rastOM,



Animrations and
Painting



Changing any property apart jrom
Trans;orms or opacity abaays riggers
paint.

\Ise transiormes and opacity jor your
animAtions.



Use Compositor 1o
Avoild Painting



Changing any properiy apart jrom
ransyorms or opacity abaays riggers
paint.

Use transjormrs and opacity jor your
animations.



USER-CENTRIC
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User tnteraciivity
sarception iimes



N _72 NN

T-1CCT ms — Instant jeel, constant Jlow
1CCT-2CC ms —SGlight percetible delay
2TC-1CCTC ms — Loss 0F task jocus,

perceptible delay

s+ — Mental context sniteh;

1Ts+ — \ser leaves

l



r\r.\\. P(‘.\r‘\.



The point wwhen the browser renders
anything thatis visually dijjerent
Trom what was on the screen prior o
navigasion.

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



rirat Contentjul
2Qin:



The point when the browser renders
the Jirst bit o content Srom the DOM,

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



rirst Meaningjul
Paint



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

The mratric that angwers the question:
“is 1t usejul?”



TIe 10 tnteraciivity



The point at which your application is
both visually rendered and capable oF
reliably responding to user input.

The metric thcxt anaaers the question:
“is it usable?”



rirsl tnput delay



Measures the tirre Jrom when a user
sirstinteracis with your site (i.e.when
thay click, tap, scroll) o the tirre
when the browser is actually able o
raspond o that interaction.

RAPrEsens user pain atiempiing 1o
intereact with site.



RAIL FRAMEWORK



RAIL FRAMEWORK



RALL Performance
Model



rasponse
Animration
idle

Load



e
espoOnse



raesponse tiree rejlects bon rapidly

YOUr ‘Website reacts 1o inpuss.

N\ rasponse tirre under 1CCTmg
Jeels immrediate; anything slower is
noticeable o the user.



ANnimation



Animation speed applies o any visual
anirations you have on the page as
well as user scrolling and dragging.

The ideal goal is 3TIps, or one jrame
Qvery 19ms.



wdie



idle work rafers Lo what is happening
in the background oF your webhsite
ajter it inttially loads.

idle work should be divided into BYTrrs
blocks so that it doesn’'t drag doan
rasponse time,



Load



Load, in the context of the RATL model,
means the Jirst reaningiul paing,
which .\\'\m\\c\ appear less than one
second ajler the user requesis your

page.



PERFORMANCE
CHECKLIST



PERFORMANCE
CHECKLIST



Parjormance 100ls



Google Lighthouse in Chrome
'NebPagevest.org



Minijy Aasels



remroves ‘whitespace, corrmenis and
raduces jile length,

Minijy UMY, CSS and Javascript.



Concatlentation



Combine Jiles into one jor CGS and
Javascript.



'N'ebh ront HGirategy



\Ise comrpraession ((NOFr2 Jormast).
Subsetl Jonts o reduce Jile size.
°raload jor Jaster doanload.
Use Jont-display: saap to prevent
slashing issues.



IPQAERS



Autorrate image compraession.,
Serve the right Jormaxl.
\Ise a Lazy Loading strategy.
1IMAEEs are responsive.
rage Sprites reduce requests.



Javascript Loading



Adding async or dejer are highly
racommendead i your scripis are
placed in the top oF your page bhut less
valuable i ust hejore your </body>
wag. Use dejer most of the timre 10
prevent himl parser blocking.,



Javascript Profjiling



Use browser developer tools 1o
measure and view perjormpance
metrics and see bottlenecks.



rage 'Ne
alght



Total page weight should ideally be
5CTCTkh. Median is wypically 15 CTTkh.



°age Load imre



cage should load in three seconds
or laas. The fastaer your site/apn the
)
lower the bounce rake.



Minimize UV P
RACUASTS



Combine CH5, IS5 1o reduce requests.
remove un-assential jiles.



\Ise Compraession



Use 3roth or GIip 1o compress static
assets like HTMLCSS and Javascript.
ntegrate into avtomation workjlon.



erarasolve & Preload
RASOUrces



Use resource hints Jor thae browser 1o
load critical resources with:
dns-prejetch, preconnecs, presaetch
and preload.



Javas »U\p .
Hlrategies



irrplement tree-shaking, scope
boisting and code splitiing. Read up
on current mrethods 1o reduce size jor
your currant tech stack.



Content Delivery
Metnork



Use a OOM Lo delivery your assels.
copular 15 and CSS libraries will have
ojser this option.,



qarvice 'Norker



Cache assets with a service worker.
Many other optlimizations and
perjormance gains can be be

ireplementaed with a service 'worker.,



