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The growing epidemic of page
bloat

The growth of the average web page

2010 702 KB

2012 1042 KB

2015
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How do you optimize
for performance?



Optimization

Techniques

Concatenate/bundle
Minify
Transpile/pre-process
Code splitting

Tree shaking



Why do these
optimizations exist?






DNS lookup

TCP connection (slow start)
TLS handshake

Server processing

Content transfer

The Network
Blocks Everything

GET /index.html




github.com/davecheney/httpstat

» httpstat https://www.facebook.com
Connected to 31.13.71.36:443

HTTP/2.0 200 OK

Content-Type: text/html

Max-Age=7776000; path=/; domain=.facebook.com; httponly
Strict-Transport-Security: max-age=15552000; preload

Body discarded

DNS Lookup TCP Connection TLS Handshake Server Processing Content Transfer
[ 34ms | 13ms | 118ms | 146ms | l4ms |
| | | | |
namelookup:34ms | | | |
connect:48ms | | |
pretransfer:166ms | |

starttransfer:306ms
total:321ms




DNS Lookup

» httpstat https://www.facebook.com
Connected to 31.13.71.36:443

HTTP/2.0 200 OK

Content-Type: text/html

Max-Age=7776000; path=/; domain=.facebook.com; httponly
Strict-Transport-Security: max-age=15552000; preload

Body discarded

DNS Lookup TCP Connection TLS Handshake Server Processing Content Transfer
[ 34ms | 13ms | 118ms | 140ms | l4ms ]
| | | | |
namelookup:34ms | | | |
connect:48ms | | |
pretransfer:166ms | |

starttransfer:306ms |
total:321ms




TCP Connection

» httpstat https://www.facebook.com
Connected to 31.13.71.36:443

HTTP/2.0 200 OK

Content-Type: text/html

Max-Age=7776000; path=/; domain=.facebook.com; httponly
Strict-Transport-Security: max-age=15552000; preload

Body discarded

DNS Lookup TCP Connection TLS Handshake Server Processing Content Transfer
[ 34ms | 13ms | 118ms | 140ms | l4ms ]
| | | | |
namelookup:34ms | | | |
connect:48ms | | |
pretransfer:166ms | |

starttransfer:306ms |
total:321ms




TLS Handshake

» httpstat https://www.facebook.com
Connected to 31.13.71.36:443

HTTP/2.0 200 OK

Content-Type: text/html

Max-Age=7776000; path=/; domain=.facebook.com; httponly
Strict-Transport-Security: max-age=15552000; preload

Body discarded

DNS Lookup TCP Connection TLS Handshake Server Processing Content Transfer
[ 34ms | 13ms | 118ms | 140ms | l4ms ]
| | | | |
namelookup:34ms | | | |
connect:48ms | | |
pretransfer:166ms | |

starttransfer:306ms |
total:321ms




Server Processing

» httpstat https://www.facebook.com
Connected to 31.13.71.36:443

HTTP/2.0 200 OK

Content-Type: text/html

Max-Age=7776000; path=/; domain=.facebook.com; httponly
Strict-Transport-Security: max-age=15552000; preload

Body discarded

DNS Lookup TCP Connection TLS Handshake Server Processing Content Transfer
[ 34ms | 13ms | 118ms | 146ms | l4ms ]
| | | | |
namelookup:34ms | | | |
connect:48ms | | |
pretransfer:166ms | |

starttransfer:306ms |
total:321ms




Content Transfer

» httpstat https://www.facebook.com
Connected to 31.13.71.36:443

HTTP/2.0 200 OK

Content-Type: text/html

Max-Age=7776000; path=/; domain=.facebook.com; httponly
Strict-Transport-Security: max-age=15552000; preload

Body discarded

DNS Lookup TCP Connection TLS Handshake Server Processing Content Transfer
[ 34ms | 13ms | 118ms | 140ms | l4ms ]
| | | | |
namelookup:34ms | | | |
connect:48ms | | |
pretransfer:166ms | |

starttransfer:306ms |
total:321ms




The Network is Expensive

» httpstat https://www.facebook.com
Connected to 31.13.71.36:443

HTTP/2.0 200 OK

Content-Type: text/html

Max-Age=7776000; path=/; domain=.facebook.com; httponly
Strict-Transport-Security: max-age=15552000; preload

Body discarded

DNS Lookup TCP Connection TLS Handshake Server Processing Content Transfer
[ 34ms | 13ms | 118ms | 140ms | l4ms ]
| | | | |
namelookup:34ms | | | |
connect:48ms | | |
pretransfer:166ms | |

starttransfer:306ms |
total:321ms
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Critical Rendering Path

Parse HTML Merge DOM & CSSOM Draw pixels
IIIIIiEiIIIIIiiiIIIHai?HIIIIiiHIIHHHEQiiH%iiiilIII!EIHIIIIIEHIIII&EIIIIII"
Parse CSS styles Calculate size & position

of visible elements



Document Object Model

mn

GET /index.html




Document Object Model

Parsing HTML is incremental

<html>
<head>
| <o | <link ..>
<script ..>
== A e </head>
<body>

<div>




CSS Object Model

Ep»r IDEDED

<style type="text/css'">
body { color:red; }
</style>

<link rel="stylesheet" type="text/css" href="style.css'">



CSS Object Model

body Problem:

e CSS blocks rendering

p i hl e External CSS files require

img [P another network round trip




CSS Object Model

https://github.com/addyosmani/critical

Inline critical CSS:

<html>
<head>
<style>

</style>
</head>
<body>



Render Tree

mn

e C(Contains elements that need to be rendered
e DOM and CSSOM trees are combined

e Elements with display: none would not be in the render tree



Layout

mn

e Computes the size and position of visible elements

e width:50% must evaluate to pixels on the screen

e Layout occurs whenever the render tree or the viewport changes



Paint

mn

=y
» clipRectlD, 0, 375, 3207, "kintersect_Op"*, false)
» drawTextBlob{9.84375, 203, paint) ‘. L= ¥ w2 ’
» drawTextBlob{9.84375, 223, paint)
» drawTextBlob{23,609375, 223, paint) . Chris Nguyen
» drawTextBlob{8.84375, 252, paint) a ios ar
» drawTextBlob{8.84375, 280, paint) DCt
» drawTextBlob{126.28125, 280, paint) mashup meetup
» drawTextBlob{138.203125, 280, paint)
» drawTextBlob{9.84375, 309, paint)
» drawTextBlob{40.6875, 309, paint)
» drawTextBlob{44,84375, 309, paint)
» drawTextBlob{140.734375, 309, pant)
» drawTexiBlob{171.108375, 309, paint)
» drawTextBlob{175.265625, 309, paint)
» drawRect(0, 0, 375, 125, paint)

saved)
» clipRect(B, 92, 92, 176, "kintersect_Op®, true)
» drawRRectimect, paint)
» drawRRectimect, paint)

restore()
ceawuad

n kicking o“ lhc
and




Hello, it's m‘
[ was wonde

if after all these years,
you'd like to
run some JavaScript?






Critical Rendering Path

oo
Tree




JS blocks DOM construction

Browser assumes the worst, unless declared otherwise

e async attribute executes JS asynchronously, as soon as it is available
e defer attribute executes JS when the HTML has finished parsing

When in doubt, use defer.

https://calendar.perfplanet.com/2016/prefer-defer-over-async/







<div id="E"></div>
<script src="app.js">



Episode VI

THE HTML AWAKEWS

A Jong time ago, In a galaxy \ax,

far away....

web applications shipped YWIN\_
and when users interacted witn
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Client Side Rendering

—] N N N
</> :
l _ | v .\s/
Server sends Browser Browser DOM is Rendered &
bare HTML fetches JS executes JS inflated interactive




Server Side Rendering

Server sends Browser renders Browser App is

pre-rendered HTML HTML & fetches JS executes JS interactive




Should you SSR?



Code Splitting

e Small bites are easier to swallow

e webpack support

o entrypoints
o CommonsChunkPlugin
o import()

webpack

MODULE BUNDLER

https://webpack.js.org/guides/code-splitting/




Lazy Loading

Design research at Dropbox

How o win friends and influence product

. owens Bantmede o Uiderge < Ut Copmemed s Oavage

Design research at Dropbox

How to win friends and influence product
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Service Worker

e C(Client-side programmable network proxy
e Registered against a domain and path
e JS runs in a background thread

Once vou load something, don't load it again!

https://github.com/w3c/ServiceWorker




TTF/2:SERVEB-EUSH

2kAST 2PERFORMANT



Server Push

[——  GET /index.html ==
1

« index.html

> = style.css

% app.js




If you don't measure It,
you can't improve 1t.



Metrics

DOMContentLoaded
Load Event
Time to First Paint

First Contentful Paint
First Meaningful Paint
Time to Interactive




Metrics

BoMeEontertoaded
toadtEvent
Time to First Paint

First Contentful Paint
First Meaningful Paint
Time to Interactive




P Technologies References & Guides ~ Feedback ~ Q

< Evont reference W Languages Z]
DOMContentLoaded

See also
e The poMContentLoaded event is fired when the initial HTML document has been In This Article
p completely loaded and parsed, without walting for stylesheets, images, and subframes to Speeding up
HTML DOM aveats finish loading. A very different event load should be used only to detect a fully-loaded SO
DOMCON Lot Loaded page. it is an incredibly popular mistake to use load where DOMContentLoaded would
aboct be much more appropriate, so be cautious. Spee
Example
aftarpriat |
[ Note: Synchronous JavaScript pauses parsing of the DOM. Browser compatibilty
afterncriptexsccte Retated Brents

autoconplete
[J Note: There are also plenty of general-purpose and standalone libraries that offer
cross-browser methods to detect that the DOM is ready.

autocospletesrror
baforeprint

beforescriptexecute =
Speeding u

beforeunload
blur If you want DOM to get parsed as fast as possible after the user had requested the page,

: some things you could do is turn your JavaScript asynchronous and to - optimize loading
— of stylesheets which If used as usual, slow down page load due to being loaded in paraliel,
canplay *stealing” traffic from the maén htm! document.



€ Event reference

load

See also

' DOM events
¥ File AP! events
P HTML DOM events

?  XMLHttpRequest events

Technologles ~ References & Guides «

The icad eventis fired when a resource and its dependent resources have finished

| loading.

General info

Specification
Interface
Bubbles
Cancelable
Target
Default Action

DOM L3
UiEvent
No
No
Window
None.

 tnguges [Z531] o]

In This Article
Ganerd iInfo
Froperties
Example
Relfated Events



Time to First Paint

The time it takes to show the user anything.

[s it happening?!



First Contentful Paint

When the browser starts rendering elements from the DOM.

Is it useful?



First Meaningful Paint

When the user sees what they came for.

Is it useful?



Time to Interactive

When the user can interact and engage.

[s it useable?

https://github.com/GoogleChromeLabs/tti-polyfill




WebPageTest.org

AUditS Developer Tools

Lighthouse
Performance Timing APIs




HOME TEST RESULT TEST HISTORY FORUMS DOCUMENTATION ABOUT

Test a website's performance

START TEST

Browser

Connection Mobile 3G (1.6 Mbos/768 Kbps 300ms RTT)

Number of Tests 1o Run
Upod

Repeat View First View and Repeat View © First View Only
Capture Video
Koop Tost Private

Label




Web Page Performance Test for Nt e

hitps:/www.uncompiled.org A A B A . v

~ Oa Fewe yte Koep ave v o Compress Cache I Mocive
From: Dufes. VA - Nexus 5 - Chrome - 36 Tvme Enabied -,‘,.m, Images SsC use of CON
2420107, 104503 AM

Tester NeowsS 31892 1680172
First View ondy
Test runs: 3

Performance Results (Median Run)

Document Complete Fulty Loaded
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Biot Foll Rosults

Test Results

uncompiled
Oy

Ellmsin View

Algorithms for R

Evervone




Fiest View (Run 1)

Load
Time
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Document Complete Fully Loaded

Load First Start  User Visually Speed Eirw Resutt Bytes

Bytes
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| S2an Rerder UM Fost Paet DOM |eteractive DOM Contert Loaded On Loag | | Document Complete
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e gorithms for Everyone

fm writing a senés of articles about commaon compuler science algorithms on
Medum Algorthms are really nothing more than a process used to solve a

problem. but most textDooKs on algonthms assume the reader has a Dackground

N COMPuter sCanca or mathemalics I've spent many hours studying algonthms

21 reading and re-reading) prools by nduction and | don think that this is the best

method for learning how algerithrmes work

How to Use AWS Certificate
Manager with API Gateway
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Fm writing a senos of articles aboy
computer sCence algorithms on Modum

Algorithms am roally nothng

Moy than a process
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Using System Fonts

font-family: -apple-system,
BlinkMacSystemFont,
"Segoe UI", Roboto,
Oxygen-Sans, Ubuntu,
Cantarell, "Helvetica Neue",
sans-serif;
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These encapsulate your app's performance.

Maetrics

Thase metrics ancapsulate your app's porfionmance across a number of dimensions
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Web Performance Timing APIs

High-resolution timestamps for measuring performance

H H ¥ PerformanceResourceTimi 0
e performance.timing connectEnd: 1191,0570000000007
. " " onnectStart: 1191.0570000000007
e performance.getEntriesByType("resource") domsinLookupEnd: 1191.0570000000007

domainLookupStart: 1191.05700000090007
duration: 272.59699999922304
entryType: "resource"
fetchStart: 1191.0570000000007
initiatorType: "“link"
name: “"http://www.w3.0rg/2008/site/css/minimun"
redirectEnd: ©
redirectStart: @
requestStart: 1199.0200000000186
responsekEnd: 1463.6539999992237
responseStart: 1462.1669999996811
secureConnectionStart: @
startTime: 1191.0570000000007

» _proto__: PerformanceResourceTiming

https://w3c.github.io/ perf-timing-primer/




Web Performance Timing APIs

User TlmlngS const marky = {

mark: function mark(name) {
if (performance.mark === undefined) {

° performance_mark console. log("performance.mark Not supported");
return;
e performance.measure }

// Create the performance mark
performance.mark(name);

$.get('/dreams', function(dreams) {
dreams.forEach(function(dream) {
$('<li></1i>").text(dream).appendTo('ul#dreams');
});
marky.mark('dcjs_mark');
console. log('dreams updated');

});

https://w3c.github.io/ perf-timing-primer/
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Maintaining Performance

e Set performance budgets

e Make everyone aware of the performance
cost of adding and removing features

e Automate measurement



github.com/voxmedia/lightbike

Lightbike - an asset budget auditing tool

Example output
~/Projects lightbike ./config-example.json
Testing homepage

Content Type | Total Size

HTML
CSS

JS
FONTS
IMAGES




github.com/siddharthkp/bundlesize

° All checks have passed Hide all checks

2 successful checks

v @ bundlesize — ./dist.js: 3.6Kb < threshold 4Kb (0.2Kb larger than master, careful!)

v i continuous-integration/travis-ci/push — The Travis Cl build passed Details

a This branch has no conflicts with the base branch
Merging can be performed automatically.

Merge pull request >




+ lighthouse

Lighthouse analyzes web apps and web pages, collecting modern performance metrics and
insights on developer best practices.

Using the Node CLI

Lighthouse requires Node & or later.

Installation:

npm install -g lighthouse
# or use yarn:

# yarn global add lighthouse

Runit: Lighthouse https://airhorner.com/

By default, Lighthouse writes the report to an HTML file. You can control the output format by passing
flags.

CLI options

$§ lighthouse --help

Bl T & 2LV AN AT e -



webpagetest

WebPageTest APl Wrapper for NodeJS

WebPageTest APl Wrapper is a NPM package that wraps WebPageTest AP for NodeJS as a module and
a command-line tool.

Getting started

$ npm install webpagetest -g

Basics

Command line

$ webpagetest test https://twitter.com/marcelduran



Navigating the Critical Path

Performance is UX

Measure, improve, measure

Optimize for the network

Optimize for the critical rendering path

Don't chase metrics: optimize for your users

Chris Nguyen
@uncompiled
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