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Stuff 
happens



React is just JavaScript  
 

Browsers have twenty years of  
optimisations for rendering and JS
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Engineering manager at:

Josh Duck 
@joshduck
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Key metrics, and our guiding model 

Our key architectural decisions 

Fixing performance bottlenecks 

Our take-aways from the journey
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Today 
we’ll cover



Defining the architecture
L E T ’ S  S TA R T  AT  T H E  V E R Y  B E G I N N I N G
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Server Side Rendering 
Components are rendered to markup on the server 

+ 
Data Hydration 

Initial data is included in the HTML payload (fetch-then-render) 
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Client rendering (like create-react-app)

Server render with client hydration (like Next.js)

Server render with progressive hydration

Server render with partial hydration

Server render with no client JS

•    


•    


•    


•    


•    
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@joshduck 13https://twitter.com/dan_abramov/status/1200111677833973760



@joshduck 

Server render  
with CDN and caching
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Static site generation (like Gatsby)

Server rendering with CDN/caching

Server rendering per request (like Express)

•    


•    


•    
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CSS media queries
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(Yes, really)
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Our architecture
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Server side rendering


Client hydration


Caching via CDN


CSS media queries



@joshduck 

Our performance was…
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😭

😶

😃
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Performance matters
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Better user experience  

Better conversions 
 

Better SEO
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Google punishes slow sites

20https://webmasters.googleblog.com/2018/01/using-page-speed-in-mobile-search.html
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🧟
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Really?
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What we wanted
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😭

😶

😃
🙌
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The right architecture and 
right technical solutions 

alone won't make you fast
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Performance comes from 
measuring and improving 

and iterating
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Learning what to measure
H O W  C A N  W E  B E  F A S T ?
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Lighthouse performance
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Standard point-in-time metrics
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First Byte

LCP

FCP

TTI

FMP

First Contentful Paint 
Any DOM paint

First Meaningful Paint  
User defined hero element


Largest Contentful Paint 
Largest node was rendered

Time to Interactive 
Large JS chunks have finished



@joshduck 

Standard point-in-time metrics
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TTIFirst Byte LCP

FCP

TTIFMP
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Speed index score
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Lighthouse performance

32https://web.dev/performance-scoring/

Total Blocking 
Time

Largest 
Contentful Paint

Time to 
Interactive First Meaningful 

Paint

Speed 
Index



@joshduck 

Lighthouse performance
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Total Blocking 
Time

Largest 
Contentful Paint

Time to 
Interactive First Meaningful 

Paint

Speed 
Index

https://web.dev/performance-scoring/
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Lighthouse performance
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Total Blocking 
Time

Largest 
Contentful Paint

Time to 
Interactive First Meaningful 

Paint

Speed 
Index

https://web.dev/performance-scoring/



Choose metrics that  
fit your needs
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ReactNot React Not React
(mostly) (mostly)
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Our page load model

38

Phase 1 Phase 2 Phase 3

Styling complete

Layout complete


Images visible

Not interactive
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Our page load model
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Phase 1 Phase 2 Phase 3

React hydration

Page is interactive

Styling complete

Layout complete


Images visible

Not interactive
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Our page load model
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Phase 1 Phase 2 Phase 3

React hydration

Page is interactive

Styling complete

Layout complete


Images visible

Not interactive

Non-critical JS

Analytics


Ads
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Understanding what’s happening
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Understanding what’s happening
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Phase 1

Phase 2

Phase 3
Whoops!
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Lighthouse  
Score



Improving performance
M E A S U R E  A N D  I M P R O V E
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Phase 1 Phase 2 Phase 3

React hydration

Page is interactive

Styling complete

Layout complete


Images visible

Not interactive

Non-critical JS

Analytics


Ads
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Fix our cache headers
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Font swapping

47



@joshduck 

Font swapping

48Lighthouse with synthetic network and CPU throttling.

   45%
4.0 sec → 2.2 sec

First Meaningful Paint
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Preloading resources
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Preloading resources
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<link rel="preload" href="/abc-regular.woff2" as="font" type="font/woff2" />
<link rel="preload" href="/abc-bold.woff2" as="font" type="font/woff2" />
<link rel="preload" href=“/abc-black.woff2" as="font" type="font/woff2" />
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Lazy loading images

51



@joshduck 

Intersection observer
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function Image(props) {
    const ref = React.createRef();
    const visible = useIntersectionObserver(ref);

    return (
      <img  
        ref={ref}  
        src={visible ? props.src : undefined}  
      />  
    );
}
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A

B

AA

BB

C
CC

AAA
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A B

AA BB

C

CC

D E

DD EE

AAA
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Bootstrapping images
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@joshduck 56Lighthouse with simulated 4x CPU slowdown and 3G network

    44%
7.8 sec → 4.3 sec

First Image
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Native support…?
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<img src="image.jpg" loading="lazy" alt="..." />
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Native support…?
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Phase 1 Phase 2 Phase 3

React hydration

Page is interactive

Styling complete

Layout complete


Images visible

Not interactive

Non-critical JS

Analytics


Ads
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No module hack for polyfills
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<script src="/polyfill.min.js" nomodule></script>
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No module hack

61Lighthouse with 4x CPU slowdown

   22%
1.8s → 1.4s 

-20kb gzipped

First Contentful Paint
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Avoid transpiling for modern browsers

62
Advancing the web framework ecosystem (Chrome Dev Summit 2019)  
https://www.youtube.com/watch?v=QDljY2I1Pfw 

    7 to 22%
Estimated savings

JavaScript Bytes
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Dynamic imports and 
bundle splitting

63
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Dynamic imports
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// Before
import sum from './sum';
console.log(sum(1, 2));

// After
import('./sum').then(sum => { 
   console.log(sum(1, 2));  
});
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Main.js

Package.a.js

Package.b.js

Dynamic imports
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Webpack analyse
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Execution

Network a.js

a()

b.js

b() main()

main.js
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Execution

Network

main()

a.js

a()

b.js

b()

main.js
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1. Make dynamic import() work on server render


2. Generate a list of packages to preload on the client
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main.js

Execution

Network

main()

a.js

a()

b.js

b()
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main.js

Execution

Network

main()

a.js

a()

b.js

b()
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React Profiling
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React profiling

73



@joshduck 74

Phase 1 Phase 2 Phase 3

React hydration

Page is interactive

Styling complete

Layout complete


Images visible

Not interactive

Non-critical JS

Analytics


Ads
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https://mobile.twitter.com/csswizardry/status/915886339391918083
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JS breakdown
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React app
250KB

Third party
500KB
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Lite YouTube Embed

77https://github.com/paulirish/lite-youtube-embed
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Lighthouse third party report
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Scorecard

79Lighthouse emulated MotoG4 on 3G, and Chrome without throttling

   30%

First Contentful Paint

MotoG4 4.3 sec → 2.0 sec


Desktop 0.56 sec → 0.39 sec

   54%
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Scorecard
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   25%
Visually Complete

Desktop 1.7 sec → 1.2 sec

MotoG4 16.7 sec → 12.6 sec 

   32%

Lighthouse emulated MotoG4 on 3G, and Chrome without throttling
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Scorecard
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   42%

Parse and Compile

MotoG4 6.4 sec → 4.0 sec


Desktop 1.2 sec → 0.7 sec

   37%

Lighthouse emulated MotoG4 on 3G, and Chrome without throttling
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Scorecard
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   45%
Blocking Execution

Desktop 0.79 sec → 0.36 sec

MotoG4 4.9 sec → 2.7 sec 

   55%

Lighthouse emulated MotoG4 on 3G, and Chrome without throttling



What did we learn?
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Lighthouse audit is not a 
silver bullet
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Phase 1 Phase 2 Phase 3

React hydration

Page is interactive

Styling complete

Layout complete


Images visible

Not interactive

Non-critical JS

Analytics


Ads
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Measuring impact of 
changes is hard
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Lighthouse is super noisy
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PWMetrics

89https://github.com/paulirish/pwmetrics
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Performance API
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// Introspection
performance.getEntriesByType("mark");
performance.getEntriesByType("resource");

entry.transferSize;
entry.startTime;  
entry.duration;

// Reporting
performance.mark("render-start");



@joshduck 

Record your wins  
and losses 

 
I always forget this

92
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React complements  
the platform
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😭

😶
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😭

😶

❤



joshduck.com or @joshduck for slides.
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http://joshduck.com

