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HTTP://STANFORD.IO/22WYP7M

http://stanford.io/22WYP7m


AVERAGE CONNECTION SPEED

Source: http://bit.ly/1WRjumM

http://bit.ly/1WRjumM
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16MS



16ms



24ms



48ms



ping 54.193.201.148



48ms



Source: http://chimera.labs.oreilly.com/books/1230000000545/



traceroute 54.239.108.215
tracert 54.239.108.215
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TCP Connection Content Download
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www.velocityconf.com

http://velocityconf.com
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CHROME://HISTOGRAMS/DNS

chrome://histograms/dns




80%+ 
20-100MS
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SYN, GET /file



TCP SLOW-START
Make sure we’ve got the bandwidth before trying to use it



Request

4x TCP Segments  
(5840 bytes)



Request 4x ACK
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8x TCP Segments  
(11680 bytes)
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9x TCP Segments  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16x TCP Segments  
(23360 bytes)
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20x ACK
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GET /file-2



Request

20x TCP Segments  
(23360 bytes)



KeepAlive On

<ifModule mod_headers.c>
Header set Connection keep-alive
</ifModule>



RESOURCE HINTS3
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header('Link: <path/to/critical.css>; 
rel=preload; as=stylesheet');



<link rel="preload" href=“/path/to/styles.css”>



function preload(url) {
    var hint = document.createElement("link");
    hint.rel = "preload";
    hint.href = url;
    document.head.appendChild(hint);
}





<link rel="dns-prefetch" href="//
host_name_to_prefetch.com">
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<link rel="preconnect" href="//
host_name_to_prefetch.com">
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<link rel="dns-prefetch" href=“//
host_name_to_prefetch.com">

<link rel="preconnect" href="//
host_name_to_prefetch.com">





<link rel="preload" href="/style/other.css" 
as="style">
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<link rel="prefetch" href="/style/other.css" 
as="style">
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<link rel="prerender" href="//example.com/next-
page.html">

http://example.com/next-page.html
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dns-prefetch
Resolve DNS ahead of time
Ex: Third party content where you know the domain, but not the full URL



dns-prefetch
preconnect
TCP Handshake/SSL negotiation ahead of time
Ex: Third party content where you know the domain, but not the full URL



dns-prefetch
preconnect
preload
Fetch a resource ahead of time
Ex: Image or script you know you will need for current page



dns-prefetch
preconnect
preload

prefetch
Fetch a resource that will be needed for next navigation
Ex: Image or script that will likely be needed on the next page



dns-prefetch
preconnect
preload

prefetch
prerender
Prerender a page in the background for future navigation
Ex: Marketing funnel where next navigation is predictable
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preconnect
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prerender
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<html>
<head>
<meta charset="UTF-8">
<title>Hey there</title>

</head>
<body>

BODY



<html>
<head>
<meta charset="UTF-8">
<title>Hey there</title>

</head>
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<html>
<head>
<meta charset="UTF-8">
<title>Hey there</title>
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<html>
<head>
<meta charset="UTF-8">
<title>Hey there</title>

</head>
<body>
<h1>Super awesome site</h1>
<div id="main">
<p>Super interesting stuff, I'm 

sure.</p>
</div>

</body>
</html>
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<link rel="stylesheet" href="style.css" />

<html>
<head>
<meta charset="UTF-8">
<title>Hey there</title>
<link rel="stylesheet" href="style.css" />

</head>
<body>
<h1>Super awesome site</h1>
<div id=“main">
<p>Super interesting stuff, I'm sure.</p>

</div>
</body>
</html>



#main{
color: green;
}
h1 {
font-size: 2em;
}
p{
color: orange;
}



#main{
color: green;
}
h1 {
font-size: 2em;
}
p{
color: orange;
}

BODYROOT

h1#main
p







CSS IS RENDER 
BLOCKING



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

<link rel="stylesheet" href="print.css" media="print" />

<link rel="stylesheet" href="large.css" media="(min-width: 
30em)" />
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document.write(“We got a safe in the trunk with 
money in a stack, with dice in the front and 
Brooklyn’s in the back.”);

document.getElementById(‘#main').style.height = 
"100px";



<script type="text/javascript" 
src=“jquereactgular.js"></script>



<script>



<script>



<script>



JS IS PARSER 
BLOCKING



<script type="text/javascript" 
src=“jquereactgular.js"></script>



<link rel="stylesheet" href=“/styles.css“ />

<script type="text/javascript" 
src=“jquereactgular.js”></script>
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CSS BLOCKS JS EXECUTION 

JS EXECUTION BLOCKS DOM





<script type="text/javascript" async 
src="blah.js.php"></script>



<script async>



<script async>



<script async>





<script type="text/javascript" defer 
src="blah.js.php"></script>



<script defer>



<script defer>



<script defer>X



LET’S HAVE A CHAT 
ABOUT SPA’S



ANDY & BILL’S LAW



– Jeff Veen

“…as bandwidth grows, and as 
processing power grows, and 
as browsers get better we just 
keep filling everything up.”

















– Jen Fitzpatrick
VP of product management for Google Maps

“…25% of new Android phones 
have only 512MB of RAM.”









“…allowed us to drop our initial 
page load times to 1/5th of what 

they were previously….”
https://blog.twitter.com/2012/improving-performance-on-twittercom

https://blog.twitter.com/2012/improving-performance-on-twittercom


“…and reduce differences in 
performance across browsers.”

https://blog.twitter.com/2012/improving-performance-on-twittercom

https://blog.twitter.com/2012/improving-performance-on-twittercom


JS



Server Response

Download Assets

Client Init

Client Data

Paint



JS



JS



Server Response

Download Assets
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Paint

Server View Displayed Client takes over



http://techblog.netflix.com/2015/08/making-netflixcom-faster.html

70% FASTER 
STARTUP TIMES

http://techblog.netflix.com/2015/08/making-netflixcom-faster.html
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#main{
color: green;
}
h1 {
font-size: 2em;
}
p{
color: orange;
}



#main{
color: green;
}
h1 {
font-size: 2em;
}
p{
display: none;
}
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THE CRITICAL PATH



<html>
<head>
<meta charset="UTF-8">
<title>Hey there</title>
<link rel="stylesheet" href="style.css" />

 <script type=“text/javascript” src=“jquereactugular.js“>
 </script>
</head>
<body>
<h1>Super awesome site</h1>
<div id=“main">
<p>Super interesting stuff, I'm sure.</p>

</div>
</body>
</html>

1



<html>
<head>
<meta charset="UTF-8">
<title>Hey there</title>
<link rel="stylesheet" href="style.css" />

 <script type=“text/javascript” src=“jquereactugular.js“>
 </script>
</head>
<body>
<h1>Super awesome site</h1>
<div id=“main">
<p>Super interesting stuff, I'm sure.</p>

</div>
</body>
</html>

2



<html>
<head>
<meta charset="UTF-8">
<title>Hey there</title>
<link rel="stylesheet" href="style.css" />

 <script type=“text/javascript” src=“jquereactugular.js“>
 </script>
</head>
<body>
<h1>Super awesome site</h1>
<div id=“main">
<p>Super interesting stuff, I'm sure.</p>

</div>
</body>
</html>

3



<html>
<head>
<meta charset="UTF-8">
<title>Hey there</title>
<link rel="stylesheet" href="style.css" />

 <script type=“text/javascript” async 
src=“jquereactugular.js“ ></script>
</head>
<body>
<h1>Super awesome site</h1>
<div id=“main">
<p>Super interesting stuff, I'm sure.</p>

</div>
</body>
</html>



<html>
<head>
<meta charset="UTF-8">
<title>Hey there</title>
<link rel="stylesheet" href="style.css" />

 <script type=“text/javascript” async 
src=“jquereactugular.js“ ></script>
</head>
<body>
<h1>Super awesome site</h1>
<div id=“main">
<p>Super interesting stuff, I'm sure.</p>

</div>
</body>
</html>



.branding-bar

a.block-link

#event-
description



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



<style type=“text/css”>
  //critical css inlined and minimized
</style>

<script type=“text/javascript” >
  loadCSS(‘/path/to/full/css’);
  //set a cookie
</script>



<html>
<head>
<meta charset="UTF-8">
<title>Hey there</title>

 <style type=“text/css”>
  //critical css inlined and minimized
 </style>
 <script type=“text/javascript” async 
src=“jquereactugular.js“ ></script>
</head>
<body>
<h1>Super awesome site</h1>
<div id=“main">
<p>Super interesting stuff, I'm sure.</p>

</div>
</body>
</html>



http://bit.ly/1Jw2jj7

http://bit.ly/1Jw2jj7
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DO YOU WANNA BUILD 
A DOM TREE?



FONTS?









SUBSETTING





<link href="http://
fonts.googleapis.com/css?
family=Open+Sans&text=Hello" 
rel="stylesheet">



<link href="http://
fonts.googleapis.com/css?
family=Open+Sans&text=Hello" 
rel="stylesheet">

text=Hello
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USE NOT, WASTE 
NOT



@font-face {
  font-family: "some-font";
}

@media (min-width: 400px) {
  body {
    font-family: "some-font", Georgia, 
serif;
  }
}







FOUT 
Flash of Unstyled Text





FOIT 
Flash of Invisible Text





3s



@font-face {
  font-family: 'League Gothic';
  font-display: auto;
  src: …

…
}



FONT BLOCK 
FONT SWAP 
FONT FAILURE3

2

1



  font-display: auto|fallback|block|swap|optional;



var font = new FontFace("Awesome Font", "url(/fonts/awesome.woff2)", {
  style: 'normal', unicodeRange: 'U+000-5FF', weight: '400'
});

font.load(); // don't wait for render tree, initiate immediate fetch!

font.ready().then(function() {
  // apply the font (which may rerender text and cause a page reflow)
  // once the font has finished downloading
  document.fonts.add(font);
  document.body.style.fontFamily = "Awesome Font, serif";

  // OR... by default content is hidden, and rendered once font is 
available
  var content = document.getElementById("content");
  content.style.visibility = "visible";

  // OR... apply own render strategy here... 
});



var font = new FontFace("Awesome Font", "url(/fonts/awesome.woff2)", {
  style: 'normal', unicodeRange: 'U+000-5FF', weight: '400'
});

font.load(); // don't wait for render tree, initiate immediate fetch!

font.ready().then(function() {
  // apply the font (which may rerender text and cause a page reflow)
  // once the font has finished downloading
  document.fonts.add(font);
  document.body.style.fontFamily = "Awesome Font, serif";

  // OR... by default content is hidden, and rendered once font is 
available
  var content = document.getElementById("content");
  content.style.visibility = "visible";

  // OR... apply own render strategy here... 
});



var font = new FontFace("Awesome Font", "url(/fonts/awesome.woff2)", {
  style: 'normal', unicodeRange: 'U+000-5FF', weight: '400'
});

font.load(); // don't wait for render tree, initiate immediate fetch!

font.ready().then(function() {
  // apply the font (which may rerender text and cause a page reflow)
  // once the font has finished downloading
  document.fonts.add(font);
  document.body.style.fontFamily = "Awesome Font, serif";

  // OR... by default content is hidden, and rendered once font is 
available
  var content = document.getElementById("content");
  content.style.visibility = "visible";

  // OR... apply own render strategy here... 
});



var font = new FontFace("Awesome Font", "url(/fonts/awesome.woff2)", {
  style: 'normal', unicodeRange: 'U+000-5FF', weight: '400'
});

font.load(); // don't wait for render tree, initiate immediate fetch!

font.ready().then(function() {
  // apply the font (which may rerender text and cause a page reflow)
  // once the font has finished downloading
  document.fonts.add(font);
  document.body.style.fontFamily = "Awesome Font, serif";

  // OR... by default content is hidden, and rendered once font is 
available
  var content = document.getElementById("content");
  content.style.visibility = "visible";

  // OR... apply own render strategy here... 
});





THE CRITICAL PATH + 
PRELOAD





<style>
@font-face {
font-family: LatoSubset;
src: url(“data:application/x-font-

woff;charset=utf-8;base64,d09GRgABAA…
</style>



<link rel="preload" href="lato.woff2" as="font" 
type="font/woff2" crossorigin>



var font = new FontFace("Awesome Font", "url(/fonts/awesome.woff2)", {
  style: 'normal', unicodeRange: 'U+000-5FF', weight: '400'
});

font.load(); // don't wait for render tree, initiate immediate fetch!

font.ready().then(function() {
  // apply the font (which may rerender text and cause a page reflow)
  // once the font has finished downloading
  document.fonts.add(font);
  document.body.style.fontFamily = "Awesome Font, serif";

  // OR... by default content is hidden, and rendered once font is 
available
  var content = document.getElementById("content");
  content.style.visibility = "visible";

  // OR... apply own render strategy here... 
});
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360px x 510px



1300px x 1024px



Request Decode Copy to GPU Display



Request Copy to GPU DisplayDecode
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RGB to YUV Chroma 
Subsampling

DCT /  
Quantization

Huffman 
Encoding



YUV to RGB Chroma 
Upsampling

iDCT /  
Dequantization

Huffman 
Decoding



2GB RAM 
Quad-core 1.5 GHz Krait CPU 
Adreno 320 GPU



Resized: 30.38ms



Resized: 30.38ms 

Double: 102.77ms



Resized: 30.38ms 

Double: 102.77ms 

Large (6x): 1,534.99ms



Resized: 30.38ms 

Double: +238.3% 

Large (6x): +4952.6%





RESIZE 
IMAGES



Request DisplayDecode Copy to GPU



Request Copy to GPU Display

Store in memory

Decode





R: 45 
G: 48 
B: 46 
A: 1

R: 177 
G: 167 
B: 157 
A: 1

R: 190 
G: 187 
B:  181 
A: 1



W x H x 4



1300px x 1024px



1300 x 1024 x 4 



5,324,800
1300 x 1024 x 4 



5.1 MB
1300 x 1024 x 4 



600px x 600px 200px x 200px 



550px x 550px 150px x 150px 



(600 x 600 - 550 x 550) x 4 = 
230,000 wasted bytes



(200 x 200 - 150 x 150) x 4 = 
70,000 wasted bytes

230,000 wasted bytes



70,000 wasted bytes

230,000 wasted bytes



700px 1200px200px



1200px200px 700px



iDCT /  
Dequantization

Huffman 
Decoding

Chroma 
UpsamplingYUV to RGB
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Chroma 
(color)
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4 : a : b









4 : 4 : 4
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4
4
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8 total









4 : 2 : 2
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4
2



2

2

4

4 total 
(50% savings)











4 : 1 : 1



4



4
1



4
1

1
2 total 

(75% savings)











4 : 2 : 0



4



4
2



4
2

0
2 total 

(75% savings)













Request Decode Copy to GPU Display



Request Decode Copy to GPU DisplayDecode



(W x H x 3)  
- 

(W x H x 
SUBSAMPLE_LEVEL x 2)



RGBA   5,324,800 
4:4:4    3,993,600 
4:2:2   2,662,400  
4:2:0    1,996,800

1300px x 1024px



62.5%
memory savings

4:2:0

Source: http://time.com/3445111/#1

http://www.kpcb.com/internet-trends


<meta name="viewport"
     content="width=device-width,
              minimum-scale=1.0"
/>





Resized: 30.38ms



Resized: 5.62ms



Resized: 5.62ms 

Double: 102.77ms



Resized: 5.62ms 

Double: 27.74ms



Resized: 5.62ms 

Double: 27.74ms 

Large (6x): 1534.99ms



Resized: 5.62ms 

Double: 27.74ms 

Large (6x): 462.11ms



Resized: 5.62ms 

Double: +393.6% 

Large (6x): +8122.6%



THANK YOU!

Tim Kadlec (@tkadlec) & Pat Meenan (@patmeenan) 
September 19-20, 2016 at Velocity Conference NY (#velocityconf)


