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This Course

e Code: https://aithub.com/jkup/mastering-devtools-static
e Slides: https://tinyurl.com/mastering-devtools-4
e Deployed Code: https://masteringdevtools.com/



https://github.com/jkup/mastering-devtools-static
https://tinyurl.com/mastering-devtools-4
https://masteringdevtools.com/

What we do

Building a C++/JS Browser for the Financial Markets



https://www.youtube.com/watch?v=ElUM28ECjy8

Why master Chrome DevTools?

e Become a web performance expert!
e Be the one on your team to fix complicated bugs
e Prototype quickly with live editing



Google Performance Studies
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Largest Contentful Paint (LCP)

eb.dev/case-studies/renault
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https://web.dev/case-studies/renault

A 0.1 second improvement of mobile site speed
iIncreases conversion rates by:

1 A

8.4% 10.1%

for retail sites for travel sites

https://web.dev/case-studies/milliseconds-make-millions



https://web.dev/case-studies/milliseconds-make-millions

The Speed Update

@ Googlg Search Central Documentation Support Blog What's new Events More ~ Q Search / @ English ~ :
~ 2018
, December Home > Search Central > Google Search Central Blog Was this helpful? (7 Gl
» November o 3 e %
» october Using page speed in mobile search ranking @ - Send feedback
» September
August
» Augus Wednesday, January 17, 2018
» July
» June
» May * Update July 9, 2018: The Speed Update is now rolling out for all users.
» April
» March People want to be able to find answers to their questions as fast as possible — studies show that people really care about the speed of a
» February page. Although speed has been used in ranking for some time, that signal was focused on desktop searches. Today we're announcing that
~ January starting in July 2018, page speed will be a ranking factor for mobile searches.
Using page speed in mobile
search ranking The "Speed Update’, as we're calling it, will only affect pages that deliver the slowest experience to users and will only affect a small
Feal':ofld data in PageSpeed percentage of queries. It applies the same standard to all pages, regardless of the technology used to build the page. The intent of the
nsights

search query is still a very strong signal, so a slow page may still rank highly if it has great, relevant content.
Introducing the new Search

C I
onsole We encourage developers to think broadly about how performance affects a user's experience of their page and to consider a variety of user
A reminder about sponsored i 5 P 2 T ik § 2 :
posts experience metrics. Although there is no tool that directly indicates whether a page is affected by this new ranking factor, here are some
» 2017 resources that can be used to evaluate a page's performance.
2016
' S5 « Chrome User Experience Report, a public dataset of key user experience metrics for popular destinations on the web, as experienced
' 2014 by Chrome users under real-world conditions
» 201
» 2013 « Lighthouse, an automated tool and a part of Chrome Developer Tools for auditing the quality (performance, accessibility, and more) of
» 2012 web pages
2011
' o « PageSpeed Insights, a tool that indicates how well a page performs on the Chrome UX Report and suggests performance
2010
K optimizations
» 2009
< As always, if you have any questions or feedback, please visit our webmaster forums.
L 4

https://developers.google.com/search/blog/2018/01/using-page-speed-in-mobile-search



https://developers.google.com/search/blog/2018/01/using-page-speed-in-mobile-search

How do we measure performance?



Introducing Core Web Vitals

(Loading) (Interactivity) (Visual Stability)
Largest Contentful Paint Interaction to Next Paint Cumulative Layout Shift

e

2.5 sec 4.0 sec 200 ms 500 ms 0.1 0.25



Bloomberg contributes to Core Vitals!

A WebPerfWG
"’ @webperfwg.org

In our meeting yesterday, we decided to adopt Element Timing
(and the followup Container Timing work) into the working group.
CfC coming up!!

We also discussed some upcoming improvements to the crash
reporting API (still in incubation).

Minutes:

Crash reports are sent

Out of memory (OOM)

Unresponsive

" (Other)

https://w3c.github.io/web-performance/meetings/2024/2024-11-
21/index.html
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Where is everyone coming from with
devtools?



To cover in this course

Essential Chrome DevTools
Network Optimization
Lighthouse Audits
Step-through debugging
Performance Profiling
Memory Management



Course Structure

e Slides / lecture style
e Interactive Lessons (using the DevTools together)
e Exercises



Lesson 1: What can Chrome DevTools Do?



Before Chrome DevTools
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A brief history of DevTools for the web

e 1993: The web launched with View Source and alert().
1999: console.log is introduced in Netscape's JavaScript Console.

e 2006: Firefox releases Firebug with DOM inspection, console output, and network
monitoring.
2008: Google Chrome launches with built-in Chrome DevTools.

e 2011: Source maps are introduced, allowing developers to debug minified or
transpiled code.

e 2013: Performance panel debuts in Chrome DevTools, enabling detailed profiling
of rendering and JavaScript execution.

e 2017: Firefox Quantum reimagines its developer tools with modern features like
grid layout inspection and performance analysis.

e 2020: Microsoft Edge adopts Chromium, aligning its developer tools with
Chrome's and consolidating devtools standards across browsers.



A history of DevTools for the web

1993: The web launched with View Source and alert().

1999: console.log is introduced in Netscape's JavaScript Console.

2002: Venkman debugger launches with Firefox support.

2002: Charles Proxy launches allowing you to debug HTTP traffic.

2003: DOMi (DOM Inspector) launches as part of the Mozilla Application Suite.

2006: Firebug launches with support for Firefox. It offers DOM inspection, console output,
and network monitoring.

2008: Google Chrome launches with built-in Chrome DevTools.

2011: Source maps are introduced, allowing developers to debug minified or transpiled code.
2013: Performance panel debuts in Chrome DevTools, enabling detailed profiling of rendering
and JavaScript execution.

2017: Firefox Quantum reimagines its developer tools with modern features like grid layout
inspection and performance analysis.

2020: Microsoft Edge adopts Chromium, aligning its developer tools with Chrome's and
consolidating devtools standards across browsers.



A robust history of DevTools for the web

1990: The web launches with View Source.

1995: JavaScript launches with window.alert.

1998: Microsoft launches Microsoft Script Debugger

1999: console.log is introduced in Netscape's JavaScript Console.

2002: Venkman debugger launches with Firefox support.

2002: Charles Proxy launches allowing you to debug HTTP traffic.

2003: DOMi (DOM Inspector) launches as part of the Mozilla Application Suite.
2003: The Web Developer Toolbar is launched for Firefox.

2006: Firebug launches with support for Firefox. It offers DOM inspection, console output,
and network monitoring.

2006: YSlow launches the first page performance analyzer.

e 2006: Webkit releases their Web Inspector.



A robust history of DevTools for the web

2008: Google Chrome launches with built-in Chrome DevTools.

2009: Dynatrace launches Dynatrace Ajax Edition.

2009: Google introduces it's Pagespeed performance analyzer.

2011: Source maps are introduced, allowing developers to debug minified or transpiled code.
2013: Performance panel debuts in Chrome DevTools, enabling detailed profiling of rendering
and JavaScript execution.

2016: Google launches Lighthouse for validating Progressive Web Apps.

2017: Firefox Quantum reimagines its developer tools with modern features like grid layout
inspection and performance analysis.

2018: Visibug launches as “Firebug for web design”.

2018: Developer browsers like Sizzy and Polypane launch.

2020: Microsoft Edge adopts Chromium, aligning its developer tools with Chrome's and
consolidating devtools standards across browsers.
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& Today, the legendary web debugging tool FIREBUG would
have celebrated an 18th bday today. &

If you're super curious, there's footage of the 1.0 launch at a
Yahoo Eng meetup on YouTube, but you an also read the blog
post from Jan 24th, 2007. Enjoy!




Essential Chrome DevTools

e Elements
e Console
e Sources
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function ha(a,b,c,d,e){var h=e(a),k=h.left+(c?0:window.pageX0ffset),m=h.top+(c?@:window.pageYOffset),n=h.width, f=h.height,g=0;if(!b&&f<=0&&n<=0)return g;b=window.innerHeight||docu
a!==null?a==="1":b| |this.g.complete);this.A=b;x||this.A||this.i| |D(this);w&&!c&SB()&SE(this)},D=function(a){google.rll(a.g,!@,function(){F(a,Date.now())})},E=function(a){if(a.C===
function I(a){for(var b=document.getElementsByTagName("img"),c=0,d=b.length;c<d;++c)a(H(b[c]))};function ta(a){if(a&&(a=a.target,a.tagName==="IMG")){var b=Date.now();F(H(a,void 0,
window.performance&&performance.mark&&performance.mark("SearchAFTStart",{startTime:K.wsrt});google.c.b("xe","load");var N;if((N=google.stvsc)==null?@:N.start)google.timers.load.t.
function T(a){var b=google.timers.load,c=b.m;if(!c||!c.prs){c=window._csc==="agsa"&Swindow._cshid;var d=R()||c?0:S("qsubts");d>0&&(c=S("fbts"),c>0&&(b.t.start=Math.max(d,c)));var
p._cshid) ; (g=window.google&&window.google.kOPI| |null)&&(f+="&opi="+g);a+=f; (f=google.stvsc)&&(a+="&ssr=1");if (f?f.isBF:R()===2)a+="6&bb=1";R()===1&&(a+="6&r=1") ;"gsasrt"in c&&(c=S("
"function"?navigator.sendBeacon(c,""):google. log("","",c)}}; function U(a){a&&google tick("load","cbs",a);google.tick("load","cbt"); T(“cap“)} var ya= functlon(a){var b=xa;b.g=a;b.g
"function"?0bject.assign: functlon(a b){for(var c=1; c<arguments length;c++){var d=arguments(c]; 1f(d)for(var e in d)Object.prototype.hasOwnProperty.call(d,e)&&(ale] d[e])}return a},
var t=this||self;var u="click focusin focusout auxcllck change copy dblclick beforeinput input keyup keydown keypress mousedown mouseenter mouseleave mouseout mouseover mouseup pa
var v=["focus","blur","error","load","toggle"]; function w(a){return a==="mouseenter"?"mouseover":a==="mouseleave"?"mouseout":a==="pointerenter"?"pointerover": 'pointerleave"?"p
function I(a,b){if(a===b)return!l;for(;a!==b&&b.parentNode;)b=b.parentNode;return a===b};var x=new D;a:{for(var E=x,B=window.document.documentElement,J=0;J<E.g.length;J++)if(B===E
var g=this||self;var k,l=(k=g.mei) !=null?k:1,n,p=(n=g.sdo) !=null?n:!0,q=0,r, t=google.erd,v=t.jsr;google.ml=function(a,b,d,m,e){e=e===void 072:e;b&&(r=a&&a.message);d===void 0&&(d=
"&bzer="+b(t.bv);t.dpf&&(c+=“&dpf="+b(t.dpf));var f=a.lineNumber; f!==void 0&&(c+="&line="+f);var h=a.fileName;h&&(h.index0f("-extension:/")>0&&(e=3),c+="&script="+b(h), f&&h===wind
try
_._F_toggles_initialize=function(a){(typeof globalThis!=="undefined"?globalThis:typeof self!=="undefined"?self:this)._F_toggles=a||[]1};(@,_._F_toggles_initialize)([]);
/*

Copyright The Closure Library Authors.

SPDX-License-Identifier: Apache-2.0
*/
var ca,ja,ka,o0a,qa,ra,Aa,Ba,Da,Ea,Fa,Ia,Ya,Xa,ab,cb,bb,db,eb,hb,ib, mb,pb,jb,ob,nb,1b,kb,qb, rb,yb,Cb,Db,Eb,Fb;_.aa=function(a,b){if (Error.captureStackTrace)Error.captureStackTrace(
_.da=function(a){_.t.setTimeout(()=>{throw a;},0)};_.fa=function(){var a=_.t.navigator;return a&&(a=a.userAgent)?a:""};ja=function(a){return ha?ia?ia.brands.some(({brand:b})=>b&&b

_.pa=function(){return _. u("Safarl")&&'(oa()lI(ka()?o .u("Coast"))||_.la()||(ka()?@0:_.u("Edge"))||(ka()?ja("Microsoft Edge"):_.u("Edg/"))||(ka()?ja("Opera™):_.u("OPR"))||_.na() ||

.ta=function(){return qa()?ia.platform==="mac0S": .u("Macintosh")};_.va=function(a,b){return _.ua(a,b)>=0};_.wa=function(a){let b="",c=0;const d=a.length-10240;for(;c<d;)b+=Strin
Ba=function(a,b){b[_.v]l=(a|34)8§-30941};Da= functlon(a){return'('a||typeof a!=="object"||a.i!==Ca)};Ea=function(a){return a!==null&&typeof a==="object"&&!Array.isArray(a)&&a.constru
_.La=function(a,b,c,d){var e;d=(e=d) !=null?e:0;a==null&&(a=Ja) ; Ja=void 0;if(a==null)e=96,c?(a=[c],e|=512):a=[],b&&(e=e&-33521665|(b&1023)<<15);else{if(!Array.isArray(a))throw Erro
e=c&-33521665 | (b&1023)<<15}else e=c}}al_.vl=e;return a};_.Na=function(){const a=Error();Ma(a,"incident");_.da(a)};_.0a=function(a){a=Error(a);Ma(a,"warning");return a};_.Qa=functi
_.Ua=function(a){return a==null| |typeof a==="string"?a:void @};_.Wa=function(a,b,c){if(a!=null&&typeof a==="object"&&a.Gd===_.Va)return a;if(Array.isArray(a)){var d=al_.
Xa=function(a){switch(typeof a){case "number":return isFinite(a)?a:String(a);case "bigint":return(®,_.Za)(a)?Number(a):String(a);case "boolean":return a?1:0;case "object":if(a)if(
cb=function(a,b,c,d,e){if(a!=null){if(Array.isArray(a))a=Fa(a)?void 0:e&&(a[_.v]|@)&27a:bb(a,b,c,d!==void 0,e);else if(Ea(a)){const f={};for(let g in a)flgl=cb(algl,b,c,d,e);a=f}e
eb=function(a,b,c=Ba){if(a!=null){if(a instanceof Uint8Array)return b?a:new Uint8Array(a);if(Array.isArray(a)){var d=al_.v]|0;if(d&2)return a;b&&(b=d===0||!!(d&32)&&! (d&64||! (d&16
_.gb=function(a){const b=a.ha,c=b[_.v];return c&2?_.Ka(a.constructor,_.fb(b,c,!1)):a};hb=function(a){return a};ib=function(a){return a};mb=function(a,b,c,d){return jb(a,b,c,d,kb,l
jb=function(a,b,c,d,e,f){if(!c.length&&!d) return @;var g=0;let h=0,k=0;var 1=0;let m=0;for(var p=c.length-1;p>=0;p--){var r=c(p];d&&p===c.length-1&&r===d| | (1++, r!=nul1&8k++) }if(d)
+D,isNaN(d) | |d>=1024| | (p--, q++,x-=D. length,g=e(d,q)+f(p, r,x),g<1&&(a=1+d, 1=g) ) }return a};ob=function(a,b,c){return c+ax3+(a>1?a-1:0)};nb=function(a,b){return(a>1?a-1:0)+(a-b)*4}; 1
rb=function(a,b,c,d){b=d+(+!!(b&512)-1);if(!(b<@| |b>=a. length||b>=c))return al[b]};_.sb=function(a,b,c,d){const e=b>>15&1023||536870912;if(c>=e){let f,g=b;if(b&256)f=ala.length-1];
_.vb=function(a,b){return a!=null?a:b};
i | yb=function(a){var b=wb?a.ha:bb(a.ha,db,void 0,void @,!1);var c=!wb,d=(c?a.ha:b)[_.v];if(a=b.length){var e=b[a-1],f=Ea(e);f?a——:e=void @;var g=+!!(d&512)-1,h=a-g;d=!!xb&&! (d&512);
((H=r) !=null?H: r={}) [D]=p[D] }else if(1=p[D],Array.isArray(l)&&(Fa(l)||Da(1)&&l.size===0)&&(1=null), l==nul1&&(f=!0),h&&x<k){f=!0; l=x+g; for(g=m. length;q<=1;q++)m.push(void @);m[l]l=p
d}return b};_.zb=function(){const a-class{constructor(){throw Error();}};0bject.setPrototype0f(a,a. prototype) return a};_.w=function(a,b){return a!=null?!!a:!!b};_.y=function(a,b)
Db= functlon(a){a ["object"==typeof globalThis&&globalThis,a,"object"==typeof window&Swindow,"object"==typeof self&&self,“ob]ect" =typeof global&&globall;for(var b=0;b<a. length;++b
Fb("Symbol. dlspose" function(a){return a?a:Symbol("b")});Fb("globalThis", function(a){return a||Eb});Fb("Promise.prototype.finally",function(a){return a?a:function(b){return this.t
Mb=function(a,b,c){return a.call.apply(a.bind,arguments)};_.z=function(a,b,c){_.z=Mb;return _.z.apply(null,arguments)};_.Nb=function(a,b){var c=Array.prototype.slice.call(argument
_.C=function(a,b){function c(){}c.prototype=b.prototype;a.w=b.prototype;a.prototype=new c;a.prototype.constructor=a;a.Bj=function(d,e,f){for(var g=Array(arguments.length-2),h=2;h<
a:{let a="";const b=function(){const c=_.fa();if(_.lc)return/rv:([*\);1+)(\)];)/.exec(c);if(_.kc)return/Edge\/([\d\.]+)/.exec(c);if(_.jc)return/\b(?:MSIE|rv)[: 1([*\);1+)(\)]|;)/.e




i [0 Elements Console Sources Network Performance Memory Application Lighthouse CSS overview XX

<!DOCTYPE html>
<html itemscope itemtype="http://schema.org/WebPage" lang="en"> scroll
» <head> - </head>

Y Filter

o2 @& i X

Styles Computed Layout Event Listeners DOM Breakpoints Properties  Accessibility

thov .cts +, @ [

V¥ <body jsmodel="hspDDf " jsaction="xjhTIf:.CLIENT;02vyse:.CLIENT;IVKTfe:.CLIENT;E27VMc:.CLIENT;R6Slyc:.CLIENT;hWT9Ib:.CLIEN ciepent,style {
T;WCulWe: .CLIENT;VM8bg: . CLIENT; qqf@n: . CLIENT;A8708b: . CLIENT;YcfJ: . CLIENT;szjOR: . CLIENT; JL9QDC: . CLIENT; kWixhc: . CLIENT; qGMTT

f:.CLIENT; ydZCDf:.CLIENT"> == $0
» <style>i </style>
» <div class="L3eUgb" data-hveid="1">(.. </div> flex
» <div class="Fgvgjc"> - </div>
<textarea class="csi" name="csi" style="display:none"></textarea>
<div class="gb_J" ng-non-bindable>Search Labs</div>
<div class="gb_K" ng-non-bindable>Google apps</div>
» <div class="gb_R" ng-non-bindable>:.. </div>
» <script nonce>:-. </script>
» <div id="sZmt3b" class="fp-nh"> . </div>
<script src="/xjs/ /js/k=xjs.hd.en US.nmFgSdm pcA.es5.0/ck=xjs.hd.STkz5TBgTho.L.B1...1ae,sylaf,syl7v,syl7p,syv4,syxl,syx

body, html {

height: 100%;
margin: » 0;

padding: »

html, body {
min-width:

body, input,
font-size:

color: M var(—COEmY);

<link href="/xjs/ /js/k=xjs.hd.en US.nmFgSdm pcA.es5.0/ck=xjs.hd.STkz5TBgTho.L.B1...192,5y199,sy191,sy197,5y193,sy18x,syl }

5b,syl14i,sy14j,syxo0,syxp,epY0x?xjs=s3" rel="preload" as="script" fetchpriority=""1ow">
» <div id="snbc"> - </div>

<script src="/xjs/ /js/k=xjs.hd.en US.nmFgSdm pcA.es5.0/ck=xjs.hd.STkz5TBgTho.L.B1...192,5y199,sy191,sy197,sy193,sy18x,sy }

15b,sy14i,sy14j,syxo0,syxp,epY0x?xjs=s3" nonce></script>
<link href="/xjs/ /js/k=xjs.hd.en US.nmFgSdm pcA.es5.0/am=AAAAAAAAAAAAAAAAAAAAAAAA..100wf, sylam, sylak,gSZvdb, WINQGd, syz8,
syz6,nabPbb, kQvlef,syz7, fX00xe?xjs=s4" rel="preload" as="script" fetchpriority="Tlow">

8,syz6,nabPbb, kQvlef, syz7, fX00xe?xjs=s4" nonce></script>

(index) :65
0;

(index) :65
400px;
button { (index) :65
14px;

font-family: Roboto, Arial, sans-serif;
(index) :65

body {

body {

display: block;
margE—> 8Pt

background: » #T1f;

user agent stylesheet

7

<link href="/xjs/ /js/k=xjs.hd.en US.nmFgSdm pcA.es5.0/am=AAAAAAAAAAAAAAAAAAAAAAAA..Ag/d=0/dg=0/br=1/rs=ACT900EfqFOksM814 Inherited from html

1b8h13kH8P2z3BuVDw/m=aLUfP?xjs=s4" rel="preload" as="script" fetchpriority="1ow">
<script src="/xjs/ /js/k=xjs.hd.en US.nmFgSdm pcA.es5.0/am=AAAAAAAAAAAAAAAAAAAAAAAA..Ag/d=0/dg=0/br=1/rs=ACT900EfqFOksM81
41b8h13kH8Pz3BuVDw/m=aLUfP?xjs=s4" nonce></script>
<link href="/xjs/ /js/k=xjs.hd.en US.nmFgSdm pcA.es5.0/am=AAAAAAAAAAAAAAAAAAAAAAAA.../br=1/rs=ACT90@0EfqFOksM8141b8h13kH8P2z
3BuVDw/m=1000Vd, sy8z,P6sQ0c?xjs=s4" rel="preload" as="script" fetchpriority=""1ow">
<script src="/xjs/ /js/k=xjs.hd.en US.nmFgSdm pcA.es5.0/am=AAAAAAAAAAAAAAAAAAAAAAAA../br=1/rs=ACT900EfqFOksM8141b8h13kH8P
23BuVDw/m=1000Vd, sy8z,P6sQ0c?xjs=s4" nonce></script>

»<iframe id="hfcr" src="https://accounts.google.com/RotateCookiesPage?og_pid=538&rot=3&origin=https%3A%2F%2Fwww.google.co
m&exp id=0" style="display: none;"> . </iframe>

</body>

Lhtml body

1root { <style>
——Yi4Nb: #d2d2d2;
——pEa@Bc: W #474747;
——k10G3: #d2d2d2;
—-YaleMb: #f718f9;
—-Pa8Wlb: M #0b57d0;
--izGsgb: M #0b57d0;
—-todMNcl: #Tff;
—-p9J9c: M #0b57d0;
¥
iroot { <style>
—-KIZPne: #a3coff; P



What do we mean DOM?



DOM view (hide, refresh):
_——) ) ) ——— DOCTYPE: html

<!DOCTYPE html> Tﬂh
<html> | #text:
LS
<head> Qnit:M{ﬂmwaa3mmJ
<Style> - #text:
h1{ e
font-size: 30px; [ #text:
} —H1 class="foo"
L#text: Hello
</Sty-|.e> -#text:
</head>
<body>
<hl class="foo">Hello</h1l>
</body>

</html>




Why am | seeing this CSS applied?



Class,

Style ID psuedo-class, t
_ -class, ements
attribute attribute

._A__.,_..A._..,..../\__.._/\_T

Most Least
specificity specificity
value value






Lesson: Essential Chrome DevTools



Network Optimization



l

Step 1: Initial document |
' G .
, G :
| I 1
' G ! [
I I 1
! Step 2: I m—— }
| Critical static assets | '
. (48, CS8) /.
: | sep¥ | D
' | Ospendencies- | (EEEEEENED
| ) static assets "
(48, C88) G —
I | I
! ! ! Step 4:
! ! I Other static assets
1 1 1 & API calls
1 1 1  essential for
1 '  rendering page
1 . , Wwith meaningful




Network Optimization

Request Response
POST / HTTP/1.1 ¢ Start line —> HTTP/1.1 4083 Forbidden
Host: developer.mozilla.org Server: Apache
User-Agent: curl/8.6.0 Date: Fri, 21 Jun 2024 12:52:39 GMT
Accept: */* ¢——— Headers —— Accept: */*
Content-Type: application/json Content-Type: text/html
Content-Length: 345 Cache-control: no-cache
—— Empty line —

{ <!DOCTYPE html>

“data”: "ABC123" — Body —> <html lang="en"

} (more data)



JavaScript

Render Tree

Composite

[ Display ]




Browser cache

Server

Browser

request

<

response
(content is not cached
or is stale)

Cache

(content is cached
and not stale)

pd &
o5 p



Gzip vs Brotli

Compression Ratio

03~
| I I I I
01~
0.0~
' ' ' '
broth bap2 o= xz (emal)

Compressed ratio (less s better)

Compresson umq (less is better)

Compression Time

Decomprossion time (less is betler)

Decompression Time

algo

W oo

VA vz

W4 oo

P =z 1zma2)




Browser priority

Name

ea8FacM9Wef3EJPWRLr...
ieVI2ZhZI2eCN5jzbEETS...
BBCReithSans_W_Bd.w...
BBCReithSerif W_Md.w...
BBCReithSerif W_Rg.wo...
BBCReithSans_W_Rg.w...
BBCReithSans_W_Rg.w...
bdb6447d-6e06-4b98-87...
e07f1fb2-93c9-407f-b8ff...
fa16d116-7ca3-4afc-83c...

Name A

48177ers=3
?orig=video&taboola_hm...
?orig=video&taboola_hm...
?2url=https%3A%2F%2F...
a05f1579543550f3e2793...
abg_lite_fy2019.js

B N N I +

Status

200
200
200
200
200
200
200
200
200
200

Status

200
200
200
200
200
200

NnNnN

Type
font
font
font
font
font
font
font
font
font

font

Type

script
script
script
script
script

script

-~ b

Initiator A

css?family=Goodg|...

css?family=Robot...

world-asia-587846...
world-asia-587846...
world-asia-587846...
world-asia-587846...

Other
Other
Other
Other

Initiator

pubads impl 202...
getuid

getuid

dotcom-bootstrap...

container.ntml:12

container.ntml:12

I Jomma i aa mmndn

Size
15.2 kB
(disk cache)
60.6 kB
80.0 kB
80.7 kB
(memory ...
(disk cache)
58.1 kB
64.1 kB
75.2 kB

Size
25.6 kB
230B
230B
923 B
11.8 kB
8.1 kB

4N/~ N

Time
11 ms
3 ms
146 ms
167 ms
181 ms
1ms
4 ms
41 ms
33 ms

41 ms

Time
45 ms
64 ms
60 ms

322 ms
59 ms
32 ms

NA mn

Priority
Highest
Highest
Highest
Highest
Highest
Highest
Highest
Highest
Highest
Highest

Priority
Low
High
High
Low
Low
High



reload vs prefetch

Beforelpreloadythelnetworkirequeststartedjhere]

x 0 Elements Performance Application Console Network Sources Memory Security Audits

® C © @ Screenshots Memory W

500ms 1000ms

200 ms 400 ms 600 ms 1000 ms 1200 ms 1400 ms 1600 ms 1800 ms 2000 ms
¥ Network

“localhost/ (localhost) “vendor.bundle.js (localhost) chunk.acee36bce77619e8458e.js (localhost)
“bundle.js (localhost) chunk.dd281f26035de6418fb2.js (localhost)
“info (localhost)

Atterdpreloadyifhasishiftedliefifdrighfaiparsejtime

lx QO Elements Performance  Application Console Network Sources Memory Security Audits

® C O # Screenshots Memory (]
500ms 1000ms 1500ms 2000ms 3000ms 3500ms

1000 ms 1 3500 ms 4000 ms 4500 ms
¥ Network

"localhost/ (I... |"chunk.acee36bce77619e8458e.js (loca... “info (localh
“chunk.dd281f26035de6418fb2.js (loc.
“vendor.bundle.js (localhost)
“bundle.js (localhost)

link rel="preload" href="/chunk.acee36bce77619e8458e.js" as="script
link rel="preload" href="/chunk.dd281f26035de6418fb2.js" as="script




HTTP/2 vs. HTTP/3

— W

HTTP/2

> Tvansport Layer <

) e |
B } s |

y

-1
.

usev
#

havdware -
determined
® (el &

L Rt

network) Space



Lesson: Network Optimization



Lighthouse web audits



Posts from @yslow

X

YSlow Install YSlow
YSlow analyzes web pages and why they're slow based on loReRen

Yahoo!'s rules for high performance web sites

Feature highlights .
Nothmg to see

here - yet

When they post, their posts will
show up here.

» Grades web page based on one of three predefined ruleset or a user-defined ruleset;
« It offers suggestions for improving the page’s performance;

e Summarizes the page’s components;

» Displays statistics about the page;

Provides tools for performance analysis, including Smush.it™ and JSLint.

Availability m

0' Firefox @ Chrome

|&¥( Mobile/Bookmarkiet O Opera
@ Safari m Command Line (HAR)
.;,\. PhantomJS CS Node.js Server

Source Code

</ul> [» View YSlow Ruleset Limitations]
(ruleset-limitations/) across several
browsers/platforms. ## Web
Performance Best Practices and Rules
Yahoo!'s Exceptional Performance team
has identified 34 rules that affect web




Docs

r~ PageSpeed Insights

Enter a web page URL

Make your web pages fast on all devices :

CHECK OUT

What's new

Documentation v
Learn about Web Performance ‘ ' |




i< [0 Elements Network Performance Console

+ (new report) v O

9 Generate a Lighthouse report

Mode Learn more
@ Navigation (Default)
O Timespan

O Snapshot

Sources  Application

Device
(O Mobile
@ Desktop

Memory

Lighthouse

Categories
Performance
Accessibility
Best practices
SEO

Analyze page load



Lighthouse web audits

Performance
Accessibility
Best Practices
SEO



Performance

e Page load speed and responsiveness.
e Resource usage (e.g., JavaScript, images, fonts).
e Metrics:

o O O O O

First Contentful Paint (FCP): Time to first visible content.

Largest Contentful Paint (LCP): Time to load the largest visible element.
Cumulative Layout Shift (CLS): Visual stability during loading.

Time to Interactive (TTI): Time until the page is fully usable.

Total Blocking Time (TBT): Delays caused by scripts.



Accessibility

Check out the Frontend Masters course (shameless plug!)
Compatibility with assistive technologies (e.g., screen readers).
Semantic HTML structure and correct use of ARIA roles.

Key focus areas:
o Text contrast ratio.
o Keyboard navigation support.
o Alt attributes on images.
o Labels on forms and interactive elements.



Best Practices

e Code quality and security practices.

e Key areas:
o Secure HTTPS connections.
o Avoiding deprecated APlIs.
o Noinline styles or JavaScript (avoids XSS risks).
o Efficient use of browser features (e.g., modern image formats like WebP).



SEO

e Basic search engine optimization for discoverability.

e Key areas:
o Meta tags.
o Page can be crawled by SEO bots.
o Mobile-friendliness.
o Correct use of HTTP status codes.



Lesson: Lighthouse Audit



Step-through Debugging



X : A

> Launch Program g JS app.js

v VARIABLES var msg = 'Hello World';
Vilocl B 2 console.® log(msg)® ;
__dirname: 'c:\\Users\\gregvanl\\deleteMe\\..
__filename: 'c:\\Users\\gregvanl\\deleteMe\..
> exports: {}

> module: Module {id

msg: 'Hello World'

> WATCH
Vv CALL STACK
v {f Launch Program: app.js [2...  PAUSED ON BREAKPOINT

<anonymous> app.Jjs 21

DEBUG CONSOLE ales Filter (e.g. text, lexclude)

C:\Program Files\nodejs\node.exe .\app.js

> LOADED SCRIPTS
Vv BREAKPOINTS
@ Caught Exceptions
B Uncaught Exceptions
¥ app.js
®0A0 g Launch Program (hello) Ln2 Col1 Spaces:4 UTF-8 CRLF JavaScript & 2




Core Concepts

Stop / Start

Step Into

Step Over

Step

Not time traveling!



Lesson: Step-through debugging



Performance profiling



[ ION ] DevTools - googlechrome.github.io/devtools-samples/jank/
i [D Elements  Network A Performance  Console  Sources  Lighthouse >> IR
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https://web.dev/articles/rail

Response




https://web.dev/articles/rail

0 to 16 ms Users are exceptionally good at tracking motion, and they dislike it when animations
aren't smooth. They perceive animations as smooth so long as 60 new frames are rendered every
second. That's 16 ms per frame, including the time it takes for the browser to paint the new frame
to the screen, leaving an app about 10 ms to produce a frame.



https://web.dev/articles/rail

0 to 100 ms Respond to user actions within this time window and users feel like the result is
immediate. Any longer, and the connection between action and reaction is broken.



https://web.dev/articles/rail

100 to 1000 ms Within this window, things feel part of a natural and continuous progression of
tasks. For most users on the web, loading pages or changing views represents a task.



https://web.dev/articles/rail

1000 ms or more Beyond 1000 milliseconds (1 second), users lose focus on the task they are
performing.



https: //web.dev/articles/rail

10000 ms or more Beyond 10000 milliseconds (10 seconds), users are frustrated and are likely to
abandon tasks. They may or may not come back later.



https: //web.dev/articles/rail

input response

blocked event handler

input queued

Input

handling

idle task idle task

L up to 5S0ms - up to 50ms |



Performance Profiling

JavaScript bytes == JPEG bytes
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240 photojpg

main-javascript-bundle.js
3.4s

Resource Processing

Flame Chart Bottom-Up Call Tree Event Log
Main Y Filter Group by URL v

Self Time Total Time Activity _ ---I
1997.0ms 44.6 % | 1997.0ms 44.6 % | v [ native V8Runtime 64.90 ms Image Decode (phone.jpg)
608.9ms 13.6% | 937.6ms 209% | » [ Compile I T
303.6ms 6.8 %’ 310.3ms 6.9 % | » [I] Parse

~2s in Parse/Compile 0.064s in Image Decode

=1.58:1n Exesution 0.028s in Rasterize Paint

@addyosmani - 170KB of (compressed) JS vs. JPEG bytes over a slow 3G network on a Moto G4. JS needing parsed is even larger once decompressed



Page Jank

Most devices today refresh their screens 60 times a second. The browser
needs to match the device's refresh rate and put up 1 new picture, or frame,
for each of those screen refreshes.



Page Jank

Each of those frames has a budget of just over 16ms (1 second / 60 =
16.66ms). In reality, however, the browser has housekeeping work to do, so
all of your work needs to be completed inside 10ms.



requestAnimationFrame

function badUpdate() {
const box = document.getElementById( 'box');
box.style.width = box.offsetWidth + 1 + 'px';

box.style.height = box.offsetHeight + 1 + 'px';
¥

setInterval(badUpdate, )3




requestAnimationFrame

function goodUpdate() {
const box = document.getElementById( 'box');

const width = box.offsetWidth;
const height = box.offsetHeight;

requestAnimationFrame(() => {

box.style.width = width + 1 + 'px';

box.style.height = height + 1 + 'px';
3
}

requestAnimationFrame(goodUpdate);




CSS Transforms

const box = document.getElementById( 'box');

document.getElementById( '‘moveButton').onclick = ()

=>{
const currentLeft = box.offsetLeft;
box.style.left = (currentLeft + 100) + 'px'

px";
s




CSS Transforms

const box = document.getElementById( 'box');

let xPosition = 0;

document.getElementById( 'moveButton').onclick = () => {

xPosition += 100;

box.style.transform = translateX(${xPosition}px) ;

s




Lesson: Performance Profiling



Memory



Memory Leak 1- Global Variables

000
window.myData =
[1;

(function() {
let myData = [];

PO




Memory Leak 2 - Closures

function createCounter() {
const hugeArray = new Array( ). FLlLL( ' leaky');

let count = 0;

return function increment() {

neturn ++count;
};
}

const counter = createCounter();




Memory Leak 3 - Zombie event listeners

const button = document.getElementById( 'myButton');
function handleClick() {

console.log( 'clicked');

}
button.addEventListener('click', handleClick);




Memory Leak 4 - Never Cleared Intervals

const timer = setInterval(() => {

}, 1000);




Memory Leak 5 - Detached DOM Nodes

let detachedDiv;

function createDomLeak() {
const div = document.createElement('div');

document.body.appendChild(div);
document.body.removeChild(div);

detachedDiv = div;

}







Lesson: Memory
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Thanks!



