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Workshop Outline
Requirements

= Github Account
= Google Chrome ~131.0.0
= NodeJS ~20.0




Workshop Outline
Sample Application

bit.ly/fund-web-perf
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Todd H. Gardner

= Software Engineer since 2002
= Frontend Master since 2017

= Consultant and Training
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Debugging and Fixing Bookmark
Common JavaScript Errors
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3 hours, 39 minutes

Todd Gardner
Request Metrics

Course Description

Stomp out bugs and clean up JavaScript apps! In this course, Todd Gardner
(Co-founder of TrackJS), walks through common JavaScript bugs and how
to isolate and fix the source of the problems. By coding along, you'll learn the
four stages of a debugging cycle needed to fix bugs. Use Chrome Dev Tools,
debugger, network profile and more to fix memory leaks, performance
problems, network failures and more! This course is for any JavaScript
developer that builds, maintains, or tests an application that uses JavaScript.
With the knowledge you gain, you'll be armed to find and squash those bugs
faster and for good!
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Debugging JavaScript Course

bit.ly/debug-javascript
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Introducing Web Performance

Definition

The speed and efficiency with which a
website loads, renders, and responds
to interactions from the visitors.

Todd H. Gardner



Introducing Web Performance

What does Slow feel like?

= Waiting for the page to load

= Elements jJump around

= Delays to click responses

= Slow Images and video

= Laggy scrolling and animations

Todd H. Gardner



Introducing Web Performance

What does Slow feel like?

Developer Stickers Online
http://eu.devstickers.shop:3000/

—_
.4"’ aat

Todd H. Gardner

Demonstration


http://eu.devstickers.shop:3000/
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Workshop Outline
Importance

= User Experience
= SEO
= Online Advertising




Why is Web Performance
Important?
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Why is Web Performance Important

User Experience

How well your website
meets or exceeds
user expectations

Todd H. Gardner



Why is Web Performance Important

User Experience

The key to happiness is
low expectations




Why is Web Performance Important

User Experience

websites would be so much easier
without these needy users

Todd H. Gardner



Why is Web Performance Important / UX
User Expectations

“for effective communication, some response is
needed within two seconds of a request.

A walt longer than two seconds

breaks concentration
and affects productivity.”

Source: |IEEE Response Times, Miller Todd H. Gardner



https://www.computer.org/csdl/proceedings-article/afips/1968/50720267/12OmNyQYtlZ

Why is Web Performance Important / UX
User Expectations

= Auser feels a response is instant at
.01 second.

= A user experiences uninterrupted flow at
1 second.

= Users break flow and feel frustration at
10 seconds.

Source: Usability Engineering, Neilse Todd H. Gardner



https://www.nngroup.com/books/usability-engineering/

Why is Web Performance Important / UX
User Expectations

= 40% of users abandon a site at
3 seconds

= /5% of users that experience a
“slow” site will not return

Source: Time is Money, Everts Todd H. Gardner



https://www.goodreads.com/book/show/23581186-time-is-money

Why is Web Performance Important

SEO

Search Engine Optimization

FUNDAMENTALS of
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Why is Web Performance Important / SEO
Search Engine Optimization

Helping search engines understand
and rank your content

Todd H. Gardner



Why is Web Performance Important / SEO

Page Rank

Related

website.com/
bsite

Aggregator
https://aggre

Aggregato

Todd H. Gardner



Why is Web Performance Important / SEO

Rank Traffic

The #1 Result In Google Has The
Highest Organic CTR

Source: backlink.io Todd H. Gardner



https://backlinko.com/google-ctr-stats

Why is Web Performance Important / SEO
SEO and Performance

Great, what does this have to do
with web performance?

Todd H. Gardner



Why is Web Performance Important / SEO
SEO and Performance

“Search ranking change that incorporates

page experience metrics. We will introduce a
new signal that combines Core Web Vitals
with our existing signals”

Source: Google Search Central Blog Todd H. Gardner



https://developers.google.com/search/blog/2020/05/evaluating-page-experience

Why is Web Performance Important / SEO
SEO and Performance

TL:DR
You need to be fast
to rank well.

Todd H. Gardner



Why is Web Performance Important / SEO
Page Rank and Performance

Source: Advanced Web Ranking, 2022 Todd H. Gardner



https://www.advancedwebranking.com/blog/core-web-vitals-study

Why is Web Performance Important

N

Online Advertising

FUNDAMENTALS of

Web Performance Todd H. Gardner



Why is Web Performance Important / Online Ads

Some website
We’re awesome because of content

Flash Sale!!
Fast Sloth Sticker

The content you actually came here for. Good
content is the foundation of any successful
website or marketing strategy.

©
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Why is Web Performance Important / Online Ads
An example

= $1,000
= 160,000 impressio
= 1% click through

Source: Varos Todd H. Gardner


https://www.varos.com/benchmarks/google-cpm-for-b2c-saas

Why is Web Performance Important / Online Ads
An example

= $1,000
= 1,600 Users e
= 60% Bounce Rate W

<> REQU
) METYEST

= 640 Shoppers
= $1.56 per shopper
= 960 Lost

Source: Varos Todd H. Gardner


https://www.varos.com/benchmarks/google-cpm-for-b2c-saas

Why is Web Performance Important / Online Ads
Performance and Bounce

65% Performance improvement
reduced bounce rate 20% and

200% time on page.

Source: Furnspace Todd H. Gardner



https://www.scientiamobile.com/case-studies/imageengine-case-study-furnspace/

Why is Web Performance Important / Online Ads
An example

$1,000
1,600 Users
48% Bounce Rate

832 Shoppers
NET 192 Shoppers
$1.20 per shopper

“ !‘

REQUES
METRlcg

Todd H. Gardner



Why is Web Performance Important

Website Revenue

FUNDAMENTALS of

Web Performance Todd H. Gardner



Why is Web Performance Important / Revenue

Walmart

Key Highlights

“Walmart revenue for the twelve
months ending July 31, 2024
was $665.035B

$6 Billion Dollars

Todd H. Gardner

Source:; Walmart


https://www.slideshare.net/devonauerswald/walmart-pagespeedslide/46

Why is Web Performance Important / Revenue

Skilled.co Job Board

2.4 seconds
1.9% conversion rate
3.3 seconds
1.5% conversion rate

4.2 seconds
<1% conversion rate
5.7+ seconds
<0.6% conversion rate

Source: Cloudflare Todd H. Gardner



https://www.cloudflare.com/learning/performance/more/website-performance-conversion-rates/

Why is Web Performance Important / Revenue

WPOStats

Yahoo! Japan News reduced CLS by .2, decreasing the
Carpe improved Largest Contentful Paint by 52% and number of URLS with poor performance in search console
Cumulative Layout Shift by 41% and saw a 10% increase ir by 98%. As a result, they saw a 15.1% increase in

tra %
o Yelp reduced First Contentful Paint (75th percentile) by
Rakuten 24 ran an A/B test showing impr 45% and Yelp Page Complete (75th percentile) by 25% and

o - . .
brought a 53.4% incrase in revenue per vi saw a 15% improvement in their conversion rate.

. Furniture retailer Zitmaxx Wonen reduced their typical
Swappie reduced load load time to 3 seconds and saw conversion jump 50.2%.
91% and FID by 90% and sa Overall revenue from the mobile site also increased by
revenue and a 10 percentage point in 98.7%.

mobile conversion rate. _
PERMALINK SHARE ON TWITTER

#revenue J #conversion rate J§ #2021

Source: WPOStats Todd H. Gardner



https://wpostats.com/
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Workshop Outline
Measuring

» | egacy Metrics
= Core Web Vitals Waterfall Charts
= More Metrics

= Capturing Metrics
= Browser Support

Flame Charts
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Measuring Web Performance

How do we
measure “fast”?

Todd H. Gardner



Measuring Web Performance

' Reading

Waterfall Charts

FUNDAMENTALS of
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Measuring Web Performance

Waterfall Charts

Aside



Measuring Web Performance

Waterfall Charts
Request Waiting
q. . on Main
Start aitin End
Queue Content

Connecting Downloadin

Aside



Measuring Web Performance

Waterfall Charts

HTML Document
Stylesheets
JavaScript
mages

Fonts
Fetch / Other




Measuring Web Performance

Waterfall Charts




Workshop Outline
Measuring

= |_egacy Metrics
= Core Web Vitals  waterfall-Charts
= More Metrics

= Capturing Metrics
= Browser Support

Flame Charts




Measuring Web Performance

Legacy Metrics

DOMContentLoaded
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Measuring Web Performance / Legacy Metrics

DOMContentlLoaded

The HTML downloaded and deferred
scripts have executed.

Sources: MDN Todd H. Gardner


https://developer.mozilla.org/en-US/docs/Web/API/Document/DOMContentLoaded_event

Measuring Web Performance / Legacy Metrics

DOMContentlLoaded

Todd H. Gardner



Measuring Web Performance / Legacy Metrics

DOMContentLoaded

| [ Meghberhseda | b Mamban’ Aeve | W Shopgeng Conter | D oo | J QN Oeelitie

M #a 1 . o
GeoCities {"f" '
|'|'||'-||'|"- T ”I. ) !_! 1.l|wr| 1l ;

Todd H. Gardner



Measuring Web Performance / Legacy Metrics / DOMContentLoaded

When to Use DOMContentl.oaded

The structure of the page Is done,
but Images may not be displayed.

Todd H. Gardner



Measuring Web Performance / Legacy Metrics

DOMContentLoaded

window.addEventListener( "DOMContentLoaded", (evt) = {
console.log( "DOMContentLoaded at ${evt.timeStamp} ms’);
});

Todd H. Gardner



Measuring Web Performance

Legacy Metrics
Load

FUNDAMENTALS of
Web Performance

Todd H. Gardner



Measuring Web Performance / Legacy Metrics

Load

The HTML and all known
resources have been downloaded
and rendered,

except those that are lazy-loaded.

Sources: MDN Todd H. Gardner


https://developer.mozilla.org/en-US/docs/Web/API/Window/load_event

Measuring Web Performance / Legacy Metrics

Load

Todd H. Gardner



Measuring Web Performance / Legacy Metrics

Load

I eatiniaa :'_l Feaghberheadi | & Masben Aoes | W bhopgeng Lenter | 0 :-mr'i_‘_:

e ) y
'ﬁ‘ GeoCities {”1“. y
‘mll’:ﬂlL'J_'“ | E APLLS NIACT _, T |

Todd H. Gardner



Measuring Web Performance / Legacy Metrics / Load

When to Use Load

The document iIs ready and update
and reporting tasks can begin.

Todd H. Gardner



Measuring Web Performance / Legacy Metrics

Load

8

9 window.addEventListener("load", (evt) = {
10 console.log( Load at ${evt.timeStamp} ms);
11 });

12
13
14

Todd H. Gardner



Measuring Web Performance

The Problem with

Legacy Metrics

FUNDAMENTALS of

Web Performance Todd H. Gardner



Measuring Web Performance / Legacy Metrics

The Problem with Legacy Metrics

What Load Originally Meant:
Document Is Ready

Todd H. Gardner



Measuring Web Performance / Legacy Metrics / Problem

What Load Meant

VEZ
* Get the Cart Items and update the item count in the header.
* jQuery Syntax like it's 2008
*/
$(document).ready(function() {
$.ajax("/cart", {
complete: function(data) {
$("#cart-count").val(data.length)
}
});
});

Todd H. Gardner



https://api.jquery.com/ready/

Measuring Web Performance / Legacy Metrics / Problem

Then, 2010 Happened

Client-Side Rendering
Single-Page Applications

5y BACKBONE ]

Todd H. Gardner



Measuring Web Performance / Legacy Metrics / Problem

Single Page Applications

html
body
div id="app" div
script
$(document).ready(function() {
define('application.js', function (app) {

app.initialize("#app");
})
})
script
body
html

Todd H. Gardner



Measuring Web Performance / Legacy Metrics / Problem
Single Page Applications

I eatiniaa :'_l Naghsarheadi | Monben’ heon | W Yhoppeng Contr | O :-mr'i_‘_: i1 Gealitie

GeoCities

Todd H. Gardner



Measuring Web Performance / Legacy Metrics

The Problem with Legacy Metrics

Users are more likely to
stay on a fast website.

Googl

Source: Google Search Central Blog

Todd H. Gardner


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

Measuring Web Performance / Legacy Metrics

The Problem with Legacy Metrics

How do we know If foo.com
IS faster than bar.com?

Google

Source: Google Search Central Blog Todd H. Gardner



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

Workshop Outline
Measuring
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= Browser Support
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Measuring Web Performance

/Goo;le’s\

Core Web Vitals

FUNDAMENTALS of

Web Performance Todd H. Gardner



Measuring Web Performance

Core Web Vitals

1. how fast your site visibly loads
2. how smooth things load
3. how quickly users can interact

Todd H. Gardner



Measuring Web Performance

Core Web Vitals

1. Largest Contentful Paint (LCP)
2. Cumulative Layout Shift (CLS)
3. Interaction to Next Paint (INP)

Todd H. Gardner



Measuring Web Performance / Core Web Vitals

Page Rank

“Search ranking incorporates the
[Core Web Vital] page experience
metrics.”

Source: Google Search Central Blog Todd H. Gardner



https://developers.google.com/search/blog/2020/05/evaluating-page-experience

Measuring Web Performance / Core Web Vitals

m

Largest Contentful Paint

FUNDAMENTALS of

Web Performance Todd H. Gardner



Measuring Web Performance / Core Web Vitals / LCP
Largest Contentful Paint

How fast your site visibly loads
the most important element

Source: Request Metrics Todd H. Gardner



https://requestmetrics.com/web-performance/largest-contentful-paint/

Measuring Web Performance / Core Web Vitals / LCP
Largest vs Important

Google doesn't trust you.

Todd H. Gardner



Measuring Web Performance / Core Web Vitals / LCP
What is the Largest?

= <ImQg>

= <video>

= css:background-image
= Text Elements

Source: Google Chrome Source Todd H. Gardner



https://chromium.googlesource.com/chromium/src/+/refs/heads/main/docs/speed/metrics_changelog/2023_04_lcp.md

Measuring Web Performance / Core Web Vitals / LCP
What is the Largest?

= Opacity >0
= Size < 100%
= | ow Entropy Images < 0.05

Source: Google Chrome Source Todd H. Gardner



https://chromium.googlesource.com/chromium/src/+/refs/heads/main/docs/speed/metrics_changelog/2023_04_lcp.md

Measuring Web Performance / Core Web Vitals / LCP

WTF 1s
Entropy

FUNDAMENTALS of

Web Performance Todd H. Gardner



Measuring Web Performance / Core Web Vitals / LCP / Entropy
Bits per Pixel

Entropy
31M / 3.3M

9.39

Full Size
Unencoded 2800 x 1200
3.9MB 3,360,000 Pi

31,101,368 bytes
Todd H. Gardner



Measuring Web Performance / Core Web Vitals / LCP / Entropy
Bits per Pixel

Entropy
17 /717K

0.001

Unencoded ggg iigg
Sl [EES 17.600 Pix

Todd H. Gardner



Measuring Web Performance / Core Web Vitals / LCP / Entropy
Bits per Pixel

console.table(
[ ...document.images].map((img) = {
const entry = performance.getEntriesByName(img.currentSrc)[0];
const bytes = (entry? encodedBodySize * 8);

const pixels = (img.width * img.height);
return { src: img.currentSrc, bytes, pixels, entropy: (bytes / pixels) };

Todd H. Gardner



Measuring Web Performance / Core Web Vitals / LCP
What is the Largest?

- ONLINET S @

Featured Products

£ (e o
Todd H. Gardner




Measuring Web Performance / Core Web Vitals / LCP
What is the Largest?

— mlgporsﬁcken Y0

Img[src=hero-desktop.png]

1740 x 640.= 1.1M

Featured Products

Todd H. Gardner
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Measuring Web Performance / Core Web Vitals / LCP
Considerations

= Stops after first user interaction

Todd H. Gardner



Measuring Web Performance / Core Web Vitals / LCP
What is a Good Score (to Google)?

NEEDS
IMPROVEMENT

Largest Contentful Paint 2.5 sec 4.0 sec

Source: web.dev Todd H. Gardner


https://web.dev/articles/lcp

Measuring Web Performance / Core Web Vitals

CLS
Cumulative Layout Shift

FUNDAMENTALS of

Web Performance Todd H. Gardner



Measuring Web Performance / Core Web Vitals / CLS
Cumulative Layout Shift

How smooth and predictably
elements load into the page

Source: Request Metrics Todd H. Gardner



https://requestmetrics.com/web-performance/cumulative-layout-shift/

Measuring Web Performance / Core Web Vitals / CLS
Cumulative Layout Shift

Layout Instability

Loading

Click To Do Something Awesome

Source: Request Metrics Todd H. Gardner



https://requestmetrics.com/web-performance/cumulative-layout-shift/

Measuring Web Performance / Core Web Vitals / CLS
Cumulative Layout Shift

Play Shifty.site
https://shifty.site/

f
.42’ aat

Todd H. Gardner

Demonstration


https://shifty.site/
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Measuring Web Performance / Core Web Vitals / CLS

Layout Shift Value

Impact Fraction
x Distance Fraction

Layout Shift Value

Source: Request Metrics Todd H. Gardner



https://requestmetrics.com/web-performance/cumulative-layout-shift/

Measuring Web
Performance / C
ore Web Vitals / CLS
[ Value

Impact Fraction
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Featured Products

Viewport Height
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Todd H. Gardner



Measuring Web Performance / Core Web Vitals / CLS / Value
Impact Fraction

- Developer Stickers o ‘

ONLINE

Viewport Height
/68 pXx

Impact Size

/08 px

Todd H. Gardner



Measuring Web Performance / Core Web Vitals / CLS / Value
Impact Fraction

R IR ¢

Viewport Height
/68 pXx

Impact Size

708 DX Impact Fraction
708 + 768

0

Todd H. Gardner
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Measuring Web Performance / Core Web Vitals / CLS / Value

Distance Fraction

Developer Stickers

- ONLINE CanQ

l Distance Moved

L
Level up your sticker Game

y
Gra clusive deelopel st ckers and show O our
b our exvl / »

Featured Products

Viewport Height
/68 pXx

Distance Fraction
180 + 768

0.

Todd H. Gardner



Measuring Web Performance / Core Web Vitals / CLS

Layout Shift Value

Impact Fraction
x Distance Fraction

Layout Shift Value

Source: Request Metrics Todd H. Gardner



https://requestmetrics.com/web-performance/cumulative-layout-shift/

Measuring Web Performance / Core Web Vitals / CLS

Layout Shift Value

0.922
x 0.234

0.215

Source: Request Metrics Todd H. Gardner



https://requestmetrics.com/web-performance/cumulative-layout-shift/

Measuring Web Performance / Core Web Vitals / CLS / Value
Impact Fraction

- ONLINET " = @

4

Viewport Height
844 px

Impact Fraction
/84 + 844

0.

Todd H. Gardner



Measuring Web Performance / Core Web Vitals / CLS / Value
Impact Fraction

= e o] §
Distance Viewport Height
Moved
260 px 344 pX
& ‘ Distance Fraction
. 260 = 844
Level up V°“r St'c Gl
0.308
4

Todd H. Gardner



Measuring Web Performance / Core Web Vitals / CLS

Layout Shift Value _
Mobile

Desktop 0.929

0.922 x__0.3038
x 0.234 ~(0.286

~0.215

Todd H. Gardner



Measuring Web Performance / Core Web Vitals / CLS

Layout Shift Value

This applies to both
height and width

Todd H. Gardner



Measuring Web Performance / Core Web Vitals / CLS
Cumulative?

The sum of all layout shifts

Source: Request Metrics Todd H. Gardner



https://requestmetrics.com/web-performance/cumulative-layout-shift/

Measuring Web Performance / Core Web Vitals / CLS
Considerations

= Not including Shifts from user
actions
< 500ms

Source:; web.dev Todd H. Gardner


https://web.dev/articles/cls

Measuring Web Performance / Core Web Vitals / CLS
What is a Good Score (to Google)?

NEEDS
IMPROVEMENT

Cumulative Layout Shift

Source: web.dev Todd H. Gardner


https://web.dev/articles/cls

Workshop Outline
How to Measure Web Performance

~—ogacy Meldes
= Core Web Vitals e Watertal Chare
= More Metrics . Flame Charts

= Capturing Metrics
= Browser Support

Todd H. Gardner



Measuring Web Performance

' Reading

Flame Charts
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Measuring Web Performance

Flame Charts




Measuring Web Performance

Flame Charts

54
55
56
57
58
59
60
61
62
63
64

function taski() {
task2();

}

function task2() {
task3();

}

function task3() {

}

Todd H. Gardner




Measuring Web Performance

Flame Charts

Browser Tasks
Parse HTML

Layout and Paint

Evaluate and Compile Scripts (passthrough)

JavaScript Execution (working)

& .
& A , Todd H. Gardner

Extensions



Measuring Web Performance

Flame Charts

1

2 html

3 body

4 script

5 window.addEventListener("load", () = {

6 var el = document.createElement("div");
7 el.innerHTML = "<h1>Hey</h1>"

8 document.body.appendChild(el);

9 });

10 script E
11 body

12 html

13

Todd H. Gardner




Measuring Web Performance

Flame Charts

Parse HTML Event: load
Function call

Evaluation script

Compile code

(function)

Aside Todd H. Gardner



Measuring Web Performance / Flame Charts

The Main Thread

The single thread of work the
browser has for handling user
events, layout, paint, and

running JavasScript

Aside



Workshop Outline

Measuring
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= Capturing Metrics
= Browser Support
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Measuring Web Performance / Core Web Vitals

INP
Interaction to Next Paint

FUNDAMENTALS of

Web Performance Todd H. Gardner



Measuring Web Performance / Core Web Vitals / INP
Interaction to Next Paint

How quickly users can interact

Source: Request Metrics Todd H. Gardner



https://requestmetrics.com/web-performance/cumulative-layout-shift/

Measuring Web Performance / Core Web Vitals / INP
What’s an interaction?

= Click

= Drag But not
= Touch = Scroll
= Keypress

Source:; web.dev Todd H. Gardner


https://web.dev/articles/inp

Measuring Web Performance / Core Web Vitals / INP
What’s an ?

{/i Input received

Frame presented!

Blocking tasks Render Paint

Input delay Processing time Presentation delay

]

Compositing, GPU, and raster

Source: web.dev Todd H. Gardner


https://web.dev/articles/inp

Measuring Web Performance / Core Web Vitals / INP
What’s an ?

JavaScript
Handlers

Main Is Busy

positing, GPU, and raster

Source: web.dev Todd H. Gardner


https://web.dev/articles/inp

Measuring Web Performance / Core Web Vitals / INP
What’s the “next paint”?

Developer Stick
B Duimepersiceer @

A

Todd H. Gardner



Measuring Web Performance / Core Web Vitals / INP
What’s the “next paint”?

Developer Stick
B Duimepersiceer @

(evt) =>{
[lhandle it

)

Todd H. Gardner



Measuring Web Performance / Core Web Vitals / INP
What’s the “next paint”?

Developer Stickers D .
- om.msp cart@ - omgper Stickers

(evt) =>{

/[lhandle it
}

Todd H. Gardner



Measuring Web Performance / Core Web Vitals / INP
The worst Interaction

4 ms
43 mS

89 ms
2 MS

/ ms
243 ms
79 ms
23 MS

O ms
12 ms
54 ms

5 ms

Todd H. Gardner



Measuring Web Performance / Core Web Vitals / INP
Considerations

= There might not be an interaction
= We don't know the worst until it's over

= Heavily influenced by device capabillity

Source:; web.dev Todd H. Gardner


https://web.dev/articles/inp

Measuring Web Performance / Core Web Vitals / INP
What is a Good Score (to Google)?

NEEDS
IMPROVEMENT

Interaction to Next Paint 200 ms 500 ms

Source: web.dev Todd H. Gardner


https://web.dev/articles/inp

Measuring Web Performance / Core Web Vitals

FID
First Input Delay

In memorial
2020-2024

FUNDAMENTALS of

Web Performance Todd H. Gardner



Measuring Web Performance / Core Web Vitals / FID
First Input Delay

Measured the first INP

Todd H. Gardner



Measuring Web Performance / Core Web Vitals / FID

Problems with FID

= Emphasized Blocking Time over
Processing Time

= Users interact many times

Todd H. Gardner
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Measuring Web Performance

More
Performance Metrics
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Measuring Web Performance / More Metrics

TTFB
Time to First Byte

FUNDAMENTALS of

Web Performance Todd H. Gardner



Measuring Web Performance / More Metrics / TTFB

Time to First Byte

How quickly your host responds.

Todd H. Gardner



Measuring Web Performance / More Metrics / TTFB

Time to First Byte

Todd H. Gardner



Measuring Web Performance / More Metrics / TTFB

Time to First Byte

Resource Timing

domainLookupStart domInt ti
(redirectStart) / X omInteractive

domainLookupEnd
(redirectEnd) nectstant domContentLoadedEventStart
connec @ domContentLoadedEventEnd

workerStart secureConnectionStart

Z/ /fetchstart

. Service :
Service - ]
Redirect Worker Fetch DNS Request i E Processing Load
Init ]
Event 1

requeststart Process \responseEnd
Unload
firstInterimResponseStart Event

connectEnd [domComplete

loadEventEnd
loadEventStart

responseStart

\- (unloadEventEnd)
(unloadEventStart)

Source: web.dev Todd H. Gardner


https://web.dev/articles/ttfb

Measuring Web Performance / More Metrics / TTFB

What is a Good Score (to Google)?

Time To First Byte 800 ms 1800 ms

Source: web.dev Todd H. Gardner


https://web.dev/articles/ttfb

Measuring Web Performance / More Metrics

/F;P\

First Contentful Paint

FUNDAMENTALS of

Web Performance Todd H. Gardner



Measuring Web Performance / More Metrics / FCP

First Contentful Paint

How fast your site visibly loads
the something.

Source: Request Metrics Todd H. Gardner



https://requestmetrics.com/web-performance/first-contentful-paint-fcp/

Measurin
g Web Performance / More Metrics / FCP

Sequence

Developer Stick
e an@ || W Deveioper Stickers
an@ || 15 Developer Stickers
an@ || G Devaloper Stickers
- w0 || 2 Byrrsien
I an@ | | (5 Developer Stickers
@

| evel up your Sticker ’ h
Gam Level up your Sticker c
Game Level up your Sticker
0 Grab our excly Game ‘
</>>
il | PRV R | o |

Level up your Sticker i |
Level up your Sticker | i
Game Level up your Sticker

Game

oxclusive developer

our Sticker

Level up Yy

Level up your Sticker
a

Game

Todd H. Gardner



Measuring Web Performance / More Metrics / FCP

What is a Good Score (to Google)?

F ‘ NEEDS

First Contentful Paint 1.8 sec =0 sec

Source: web.dev Todd H. Gardner


https://web.dev/articles/ttfb

Measuring Web Performance / More Metrics / FCP

Relationship to LCP

Todd H. Gardner
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Measuring Web Performance

Capturing
Metrics

FUNDAMENTALS of
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Capturing Metrics
How to capture performance metrics

/I/| mdn web docs /|/| mdn web docs

[0 Web APIs Performance : [0 Web APIs PerformanceObserver

Performance PerformanceObserver

The Performance interface provides access to performance-related
information for the current page ©® Note: This feature is available in Web Workers.

Performance entries are specific to each execution context. You can The PerformanceObserver interface is used to observe performance
access performance information for code running in a window via measurement events and be notified of new performance entries as they

Window.performance , and for code running in a worker via - L
ReCIOMANce . 9 are recorded in the browser's performance timeline.
WorkerGlobalScope.performance .

Constructor

PerformanceObserver().
Instance properties Creates and returns a new PerformanceObserver object.

The Performance interface doesn't inherit any properties.

Static properties

PerformanceObserver.supportedEntryTypes Read only




Capturing Metrics
Performance API

= .now()
= getEntries()
= .mark()

= .measure()

Source: MDN Todd H. Gardner


https://developer.mozilla.org/en-US/docs/Web/API/Performance

Capturing Metrics / Performance API

performance.now()

High-resolution timestamp
relative to start of page

Source: MDN Todd H. Gardner


https://developer.mozilla.org/en-US/docs/Web/API/Performance

Capturing Metrics / Performance API / now

vs Date.now()

Date.now()
performance.now()

performance.timeOrigin

performance.timeOrigin + performance.now()

Todd H. Gardner



Capturing Metrics / Performance API

performance.getEntries()

Timing information for
1. Page Navigation

2. Resource Requests
3. Performance Events
4. Custom Events

Todd H. Gardner



Capturing Metrics / Performance API

Performance API

Developer Stickers Online
http://eu.devstickers.shop:3000/

« performance.getEntries()

Demonstration ’ ' Todd H. Gardner


http://eu.devstickers.shop:3000/

Capturing Metrics / Performance API

Observer Effect

Disturbance of Observed System by
the act of observation

Source: Wikipedia Todd H. Gardner



https://en.wikipedia.org/wiki/Observer_effect_(physics)

Capturing Metrics
Performance Observer

Observe performance entries when idle

Source: MDN Todd H. Gardner


https://developer.mozilla.org/en-US/docs/Web/API/Performance

Capturing Metrics
Performance Observer

80

81 const performanceObserver = new PerformanceObserver((list,
82 list.getEntries().forEach((entry) = {

83 console.log( "Layout shifted by ${entry.value} );

84 P

85| 1);

86| performanceObserver.observe({ type: "layout-shift", buffered: true });
87

Todd H. Gardner



Capturing Metrics
web-vitals.js

import { onLCP, onCLS, onINP } from "web-vitals";

onLCP(console.log);
onCLS(console.log);
onINP(console.log);

Source: Github/web-vitals Todd H. Gardner



https://github.com/GoogleChrome/web-vitals
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Measuring Web Performance / Browser Support

Browser Engines

Blink

Chrome
Edge
Opera
Samsung
Brave
Arc

Webkit

Safari
Mobile Safari

Chrome on
I0S

Gecko

Firefox

Todd H. Gardner



Measuring Web Performance / Browser Support

Compatibility Table

DOMContentLoaded (DCL)
Load (L)
Largest Contentful Paint (LCP)

Cumulative Layout Shift (CLS)
Interaction to Next Paint (INP)
Time to First Byte (TTFB)

First Contentful Paint (FCP)
Custom Metrics

SISEISISISESIES
NENOOORN

Sources: MDN, Web.dev

EENOOHNEE

Todd H. Gardner


https://developer.mozilla.org/en-US/docs/Web/API/LayoutShift
https://web.dev/articles/inp

Measuring Web Performance / Browser Support

Market Share

Chrome

65.18%

Safari Edge Firefox Samsung Internet

18.55%  5.26% 2.74% 2.56%

Opera

2.15%

Chrome

66.17%

Browser Market Share Worldwide - August 2024

Safari Samsung Internet Opera UC Browser

23.28%  4.13% 2.04% hg 7%

Firefox

0.58%

Mobile Browser Market Share Worldwide - August 2024

Source: StatCounter

Todd H. Gardner


https://gs.statcounter.com/browser-market-share

Measuring Web Performance / Browser Support

Market Share

Chrome Safari

65.18% |18.55% | 5.26% 2.74% 2.56% 2.15%
66.17% |23.28% | 4.13% 2.04% hf 7% 0.58%

Mobile Browser Market Share Worldwide - August 2024

Safarli

Source: StatCounter

Todd H. Gardner



https://gs.statcounter.com/browser-market-share

Measuring Web Performance / Browser Support
What do we do about Safari?

| don’t know.
Hope?

Todd H. Gardner
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Workshop Outline
Testing and Tools

= Testing Methods .
= Common Tools Statistics
= Real User Monitoring




/T-esting\

Performance
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Web Performance Todd H. Gardner



Testing Performance

Where do we measure from?

Users

Todd H. Gardner



Testing Performance / Where do we measure

Lab Data

Todd H. Gardner



Testing Performance / Where do we measure

Synthetic Data

CIE.
CIEn
——

Host

Todd H. Gardner



Testing Performance / Where do we measure

Field Data

CIE.
CIEn
——

Host

EEEN :
s Reporting
I Service

Todd H. Gardner



Testing Performance / Where do we measure

Sample Size
Lab Data Field Data

Desktop CLS 0.18 Mobile CLS

(100 )

Performance

nvestigate CLS » nvestigate CLS >

Source: Perf test on DavidWalsh.name Todd H. Gardner



https://davidwalsh.name/fixing-cumulative-layout-shift-problems-on-davidwalshblog

Testing Performance / Where do we measure

Sample Size
@ Lab Data

00€00 o o

Field Data

Todd H. Gardner



Testing Performance

Statistics

FUNDAMENTALS of

Web Performance Todd H. Gardner



Performance Testing / Statistics

Average Problems

@ Average Score

Aside



Performance Testing / Statistics

Average Problems

@ Average Score

Aside



Performance Testing / Statistics

Percentiles

Aside Todd H. Gardner



Performance Testing / Statistics

Percentiles

Aside Todd H. Gardner



Performance Testing / Statistics

Percentiles

Aside Todd H. Gardner



Performance Testing / Statistics

Percentiles

P99

s
00000000000

Aside



Performance Testing / Statistics

Percentiles

95
=

Aside Todd H. Gardner



Performance Testing / Statistics

Percentiles
50
AVG
lE Bl

p95

Aside Todd H. Gardner



Performance Testing / Statistics

Percentiles

106
AVG

177
p95

Aside



Testing Performance

Lab Data vs Field Data

Lab Data Is easier

Field Data IS more accurate

Todd H. Gardner



Testing Performance

Lab Data vs Field Data

Lab Data Is diagnhostic

Field Data Is experience

Todd H. Gardner



Testing Performance

Making Lab Data Better

Simulation

= Mobile vs Desktop
= Network Conditions
= Processing Power

Todd H. Gardner
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Web Performance
Tools
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Web Performance Tools

Google Chrome

Developer Stickers Online
http://eu.devstickers.shop:3000/

* Lighthouse . Performance Panel

 Device Toolbar « Waterfall Chart
 Flame Chart
 CPU Throttling

* Network Panel
Network Throttling

Demonstration ’ ' Todd H. Gardner


http://eu.devstickers.shop:3000/

Web Performance Tools

Web Vitals Extension

Web Vitals Extension

« Console Logging
* Field Data Comparison

Demonstration Todd H. Gardner


https://chromewebstore.google.com/detail/web-vitals/ahfhijdlegdabablpippeagghigmibma

Web Performance Tools

Chrome User Experience Report

= Field Data

» Logged in Chrome Users
= Top 1M Public Websites
=  Anonymous and Public

= 28 Day Rolling Average

= Google BigQuery,
. API, PageSpeed Insights, Google Search Console

Source: Request Metrics Todd H. Gardner



https://requestmetrics.com/web-performance/chrome-user-experience-report-crux/

Web Performance Tools

Chrome User Experience Report

Speed Check Tool

Compare Target.com to competitors

Demonstration ' Todd H. Gardner


https://requestmetrics.com/resources/tools/crux/

Web Performance Tools

PageSpeed Insights

PageSpeed Insights

pagespeed.web.dev

Run against Target.com

Run against
http://eu.devstickers.shop:3000/

Demonstration ' Todd H. Gardner


https://pagespeed.web.dev/

Web Performance Tools

WebPageTest.org

WebPageTest
WebPageTest.org

Simulating Real Users

Run against

Waterfall
Opportunities

Demonstration ' Todd H. Gardner


https://www.webpagetest.org/
http://eu.devstickers.shop:3000/

Workshop Outline
Testing and Tools

s—eshno-Mlothoos
. Ctatict;
= Real User Monitoring




Web Performance Tools

RUM

Real User Monitoring

FUNDAMENTALS of

Web Performance Todd H. Gardner



Web Performance Tools / RUM
CrUX vs Real User Monitoring

Crux Real User Monitoring
- Field Data - Field Data

- Logged in Chrome Users = AllUsers

. Top 1M Public Websites =  Private sites

n Anonymous and Public =  Private details

n 28 Day Rolling Average = Realtime

o Google BigQuery, = Custom Dashboardand Alerts

Source: Request Metrics Todd H. Gardner



https://requestmetrics.com/web-performance/chrome-user-experience-report-crux/

Web Performance Tools / RUM
Installing RUM Tools

import { RM } from "@request-metrics/browser-agent";

RM.install({
token: "your-app-token",

1)

Todd H. Gardner



Web Performance Tools / RUM

RUM Tools

Enterprise RUM

= Akamal mPulse
» Dynatrace

= AppDynamics

= DataDog

= Sentry

Project RUM

Reqguest Metrics
SpeedCurve
RUMVision
Pingdom
Raygun

Todd H. Gardner



Web Performance Tools / RUM
Request Metrics

REQUEST Redguest Metrics

METRICS RequestMetrics.com

é

Real Time Data : -
 Core Web Vital Attribution

Filtering Views _
 CrUX Integration

User Information

* Resource Reports
Waterfall

Demonstration il ' Todd H. Gardner


https://app.requestmetrics.com/

Workshop Outline
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Workshop Outline
Setting Goals

= How fast Is enough
= Who gets to decide
= Understanding users




m

Fast Enough?

FUNDAMENTALS of
Web Performance



How Fast is Fast Enough

Fast1s subjective
user perception

FUNDAMENTALS of
Web Performance

Todd H. Gardner



How Fast is Fast Enough

Perceived Performance

20.25

Actual Perceived Remembered

They remember it slower

Source: Velocity 2010, Stoyan Stephanov Todd H. Gardner



https://www.youtube.com/watch?v=e6Pup6sHH2M

How Fast is Fast Enough / Perceived Performance

The Psychology of Waiting

1. People want to start

2. Bored waits feel slower

3. Anxious wailts feel slower

4. Unexplained walits feel slower
5. Uncertain waits feel slower

6. People will walit for value

Source:; Simon Hearne Todd H. Gardner



https://www.youtube.com/watch?v=7i_yQyHdxUo

How Fast is Fast Enough / Perceived Performance

Intentionally Slow

“TurboTax’s ‘Looking over every detail’ loading
animation was fixed.

It didn’t appear to be communicating with the
site’s servers at all once it began playing.”

People want to wait forvalue

Source: The Atlantic Todd H. Gardner



https://www.theatlantic.com/technology/archive/2017/02/why-some-apps-use-fake-progress-bars/517233/

Workshop Outline
Setting Goals

~—Heoytashisonedon
= Who gets to decide
= Understanding users




How Fast is Fast Enough

Who gets to decide?
Not you.

FUNDAMENTALS of

Web Performance Todd H. Gardner



How Fast is Fast Enough

Who Get’s to Decide

1. User Experience
2. Competitors
3. SEO PageRank

Todd H. Gardner



How Fast is Fast Enough

User Experience

Follow Your Business Metrics
= Bounce Rate

= Session Time

= Add-to-Cart Rate

= Cart Abandonment Rate

= Conversion Rate

Todd H. Gardner



How Fast is Fast Enough / UX
Follow Your Business Metrics

m= | CP = CLS mem NP

N
P ——— A Y/ ——

Bounce Rate ™ 'Session Time
Todd H. Gardner



How Fast is Fast Enough / UX
Follow Your Business Metrics

CLS Issue

Bounce Rate ™ Session Time

Todd H. Gardner



How Fast is Fast Enough / UX
Follow Your Business Metrics

2.4 seconds
1.9% conversion rate
3.3 seconds
1.5% conversion rate

4.2 seconds
<1% conversion rate
5.7+ seconds
<0.6% conversion rate

Source: Cloudflare

Todd H. Gardner


https://www.cloudflare.com/learning/performance/more/website-performance-conversion-rates/

How Fast is Fast Enough / UX / Metrics
Correlation !'== Causation

Global Average Temperature Vs. Number of Pirates

)
@
5
=1

D
o
=1 /]
o

=

=

5

Number of Pirates (Approximate)

Source: Wikipedia

Todd H. Gardner


https://commons.wikimedia.org/wiki/File:Pirate_Global_Warming_Graph.gif

How Fast is Fast Enough

Competitors

You need to be 20% Faster

Todd H. Gardner



How Fast is Fast Enough / Competitors

Weber’s Law (the 20% Rule)

= Top and Bottom changed
same amount

= Left changed
proportionally more

Source: Wikipedia Todd H. Gardner



https://en.wikipedia.org/wiki/Weber%E2%80%93Fechner_law

How Fast is Fast Enough / Competitors

Weber’s Law (the 20% Rule)

Discover how fast your site is for real
users.

@© target.com B

Website speed check for target.com based on the
Chrome UX Report.

Discover how fast your site is for real
users.

walmart.com

Website speed check for walmart.com based on the' Ta rg et I S O n | y 4%
Chrome UX Report. F aSte r

2.54 sec
~6%

e

Source: Speed Check Todd H. Gardner



https://requestmetrics.com/resources/tools/crux/?origin=walmart.com

How Fast is Fast Enough / Competitors

Weber’s Law (the 20% Rule)

Discover how fast your site is for real

users.

@© target.com

Website speed check for target.com based on the
Chrome UX Report.

Source: Speed Check

Discover how fast your site is for real
users.

3 kmart.com B

Website speed check for kmart.com based on the
Chrome UX Report.

All

/\__\

Target i1s 57%
Faster

Clearly
Faster

Todd H. Gardner


https://requestmetrics.com/resources/tools/crux/?origin=walmart.com

How Fast is Fast Enough

SEO PageRank

Largest Contentful Paint 2.5 sec 4.0sec

NEEDS
IMPROVEMENT
0.1

Cumulative Layout Shift 025

NEEDS
IMPROVEMENT

Interaction to Next Paint 200 ms 500ms

Source: web.dev Todd H. Gardner


https://web.dev/explore/learn-core-web-vitals
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Who are these Users

Device Share

Mobile Desktop Tablet

62.03% 35.84% 2.13%

Desktop vs Mobile vs Tablet Market Share Worldwide - August 2024

Source: StatCounter

Todd H. Gardner



https://gs.statcounter.com/platform-market-share/desktop-mobile-tablet

Who are these Users

Screen Size

1920x1080 360x800 390x844 1366x768 1536x864 393x873

3.29% 7.6% 4.53% 4.41% 4% Biisiol

Screen Resolution Stats Worldwide - August 2024

Source: StatCounter Todd H. Gardner



https://gs.statcounter.com/platform-market-share/desktop-mobile-tablet

Who are these Users

OS Share

Android Samsung Unknown KaioS Windows

71.67%  27.73%  0.35% 0.11% 0.08% 0.02%

Mobile Operating System Market Share Worldwide - August 2024

Windows 0S X Unknown Linux Chrome OS FreeBSD

71.47% 1545% 6.81% 4.55% 1.73% 0%

Desktop Operating System Market Share Worldwide - August 2024

Source: StatCounter Todd H. Gardner



https://gs.statcounter.com/platform-market-share/desktop-mobile-tablet

Who are these Users

Device Cost

Source: Statistica Todd H. Gardner



https://www.statista.com/statistics/951537/worldwide-average-selling-price-android-smartphones/

Who are these Users

Network Speed

Wl Mobile = Fixed Broadband

Global Performance Global Performance
Download (@ Upload Latency Download @ Upload Latency

580 LR 7 0y  @% 9

Mbps

- TR | [« PP

Source: SpeedTest.net

Todd H. Gardner


https://www.speedtest.net/global-index

Who are these Users

Network Speed

The Future is
not evenly
distributed yet.

Source: SpeedTest.net Todd H. Gardner



https://www.speedtest.net/global-index

Who are these Users

Understand Your Users

el Appleihac Chrome Firefox
389 224 494 a7

Safari

Linux 24

42

Generic_A Mobile Safari
29 29

He
9

Source: Request Metrics Todd H. Gardner



https://requestmetrics.com/

Workshop Outline
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End of Part 1
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