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Performance + UX =

http://beartato.net/





That article is 1.7MB...





How do you optimize 
for performance?



Optimization
Techniques

● Concatenate/bundle
● Minify
● Transpile/pre-process
● Code splitting
● Tree shaking 



Why do these 
optimizations exist?





The Network 
Blocks Everything

GET /index.html 

● DNS lookup
● TCP connection (slow start)
● TLS handshake
● Server processing
● Content transfer



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  |            140ms  |            14ms  ]
            |                |               |                   |                  |
   namelookup:34ms           |               |                   |                  |
                       connect:48ms          |                   |                  |
                                   pretransfer:166ms             |                  |
                                                     starttransfer:306ms            |
                                                                                total:321ms
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TCP Connection

▶ httpstat https://www.facebook.com

Connected to 31.13.71.36:443

HTTP/2.0 200 OK
Content-Type: text/html
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TLS Handshake

▶ httpstat https://www.facebook.com
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Server Processing
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[     34ms  |          13ms  |        118ms  |            140ms  |            14ms  ]
            |                |               |                   |                  |
   namelookup:34ms           |               |                   |                  |
                       connect:48ms          |                   |                  |
                                   pretransfer:166ms             |                  |
                                                     starttransfer:306ms            |
                                                                                total:321ms



Content Transfer

▶ httpstat https://www.facebook.com
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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
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            |                |               |                   |                  |
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                                   pretransfer:166ms             |                  |
                                                     starttransfer:306ms            |
                                                                                total:321ms





DOM

Parse HTML

CSSOM

Parse CSS styles

Render Tree

Merge DOM & CSSOM

Layout

Calculate size & position 
of visible elements

Paint

Draw pixels

Critical Rendering Path



DOM

GET /index.html

CSSOM Render Tree Layout Paint

Document Object Model



Parsing HTML is incremental

<html>
  <head>
    <link …>
    <script …>
  </head>
  <body>
    <div>
    … 

Document Object Model



DOM

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

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

CSSOM Render Tree Layout Paint

CSS Object Model



Problem:

● CSS blocks rendering
● External CSS files require 

another network round trip

CSS Object Model



Inline critical CSS:

<html>
  <head>
    <style>
      /* critical styles */
    </style>
  </head>
  <body>
    … 

https://github.com/addyosmani/critical

CSS Object Model



DOM CSSOM Render Tree Layout Paint

Render Tree

● Contains elements that need to be rendered

● DOM and CSSOM trees are combined

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



DOM CSSOM Render Tree Layout Paint

Layout

● Computes the size and position of visible elements

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

● Layout occurs whenever the render tree or the viewport changes



DOM CSSOM Render Tree Layout Paint

Paint



Hello, it's me…
I was wondering
if after all these years, 
you'd like to
run some JavaScript?



JavaScript is...



Critical Rendering Path

Network

HTML

CSS

JS

DOM

CSSOM

Render 
Tree Layout Paint



JS blocks DOM construction
Browser assumes the worst, unless declared otherwise

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

When in doubt, use defer.

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





<html>
  <head>
    …
  </head>
  <body>
    <div id="  "></div>
    <script src="app.js"> 
  </body>
</html>







Server sends
bare HTML

Browser 
fetches JS

Browser 
executes JS

DOM is 
inflated

Rendered & 
interactive

Client Side Rendering



Server sends
pre-rendered HTML

Browser renders 
HTML & fetches JS

Browser 
executes JS

 App is 
interactive

Server Side Rendering



Should you SSR?



Code Splitting

● Small bites are easier to swallow
● webpack support

○ entrypoints
○ CommonsChunkPlugin
○ import()

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



Lazy Loading



Service Worker

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

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

https://github.com/w3c/ServiceWorker





Server Push

GET /index.html

index.html
style.css

app.js 



If you don't measure it,
    you can't improve it.



Metrics
● DOMContentLoaded
● Load Event
● Time to First Paint
● First Contentful Paint
● First Meaningful Paint
● Time to Interactive
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Time to First Paint

The time it takes to show the user anything.

Is 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.

Is it useable?
https://github.com/GoogleChromeLabs/tti-polyfill 



Audits
● WebPageTest.org
● Developer Tools
● Lighthouse
● Performance Timing APIs

















https://github.com/GoogleChrome/lighthouse









Using System Fonts

body {
  font-family: -apple-system, 
               BlinkMacSystemFont,
               "Segoe UI", Roboto,
               Oxygen-Sans, Ubuntu,
               Cantarell, "Helvetica Neue",
               sans-serif;
}





Web Performance Timing APIs

High-resolution timestamps for measuring performance

● performance.timing
● performance.getEntriesByType("resource")

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



Web Performance Timing APIs

User Timings

● performance.mark
● performance.measure

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





Maintaining Performance

● Set performance budgets
● Make everyone aware of the performance 

cost of adding and removing features
● Automate measurement



github.com/voxmedia/lightbike



github.com/siddharthkp/bundlesize







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


