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Performance Vs. Conversion

—— Desktop —— Mobile
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The State of Online Retail Performance. Akamai. Spring 2017.



An Example of Performant Website

hknog.net/




Measuring Site Performance

Rendering @ Construction 6]@
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Rendering Metrics

Os 2.8s 3.2s 6.2s

http://www.webpagetest.ora/result/180807 RK_18dfd5939697a7ee26884b5906ech19f/



http://www.webpagetest.org/result/180807_RK_18dfd5939697a7ee26884b5906ecb19f/

Construction Metrics &§[@

Requests

css

@ font

@ html
@ image

js

MIME Type Requests

is 25
css 11
image 6
font 3
html 1
flash 0
other 0
video 0

Bytes

MIME Type Bytes
image 191,902

is 141,553
font 80,369
css 43,648
html 6,594

flash 0
other 0
video 0

css

@ font
@ htm!

@ image
js

Uncompressed
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384,147
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0

0

0

Processing Categories

Category Time (ms)
4,573
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Scripting
Layout
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Web Page Performance Test for
https://hknog.net/
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W3C Navigation & Resource Timings

startTime \

https://www.w3.org/TR/navigation-timing-2/

Resource Timing

i domainLookupStart ! — -
i r (redirectStart) P pr—— : ominteractive
! (redirectEnd) - : domContentLoadedEventStart
' connectStar i
i fetch . ' domContentLoadedEventEnd
i etchStart secureConnectionStart '
i IconnectEnd ! [domComplete
' i
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Navigation Timing
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Example: Navigating https.//hknog.net/

& 4l Elements Console  Sources  Network  Performance  Memory  Application  Security  Audits  Piez

<1—[if 1t IE 7 J><htnl class=

ie 1t-ied lt-ie lt-ie7 ie6" lang="en-US"><! [endif]
t-ie9 1t-ieB ie7" lang="en-Us"><! [endif]-->
Ut-ie9 ieg" lang="en-Us"><! [endif]
e 169" lan
<i—(if (gt TE 9)|!(E)I><t——>
htnl lang="en-Us" class=" js flexbox flexboxlegacy canvas canvastext webgl no-touch geolocation postmessage websqldatabase
indexeddb hashchange history draganddrop websockets rgba hsla multiplebgs backgroundsize borderinage borderradius boxshadow
textshadow opacity csscolumns essreflections csst sstrans esstransitions fontface
generatedcontent video audio localstorage sessionstorage webworkers applicationcache svg inlinesvg snil svoclippaths
<t—<! [endifl—>
» <head>..</head
v <body class="hone page-template-default page page-id-10
<i— Begin Header ~ One Page —>
»<div i6="top" class="header~type">.</div
<t— // End Header -
<t Begin Home Section —>

en-Us"><! [endif]-—>

vesection id="hone-header" class="home-type parallax-type" style="height: 1236px;
v<div class="overlay
v<div class="container

vediv class="span24 text-center
v<div class="overlay-content

»<div class="big-logo">.</div
»<div class="elenent-fader
/div
Jdiv
after
/div
::after
/div

/div

<i— End Overlay —>

<t— Parallax - Place your parallax inage as a background-inage —->

div class="parallax two" style="background~image: url("http://hknog.net/wp-content/uploads/2014/08/bg. ipg"); height:

1236px; background-position: 50% 27px; '></div

Hong Kong Netuiork Operators’ Group S1==End Parallax e

/section
<i— // End Home Section —
<i— Begin Page Section —>

» <section id="hone" class="page-type post-10 page type-page status-publish hentry">.</section
<i— // End Page Section —>
<i— Begin Page Section —> L
» <section id="news" class="page-type grey-bg blog-page post-12 page type-page status-publish hentry's..</section:

<i— // End Page Section —>

<t— Begin Page Section -—->
»<section id="about" class="page-type post-2 page type-page status-publish hentry">.</section
<i— // End Page Section —> n

ONG NETWORK OPERATORS' GROUP » ranter ehasserfooter-type"necfooer

<1— // End Footer
script type="text/javascript

var templateDir /hknog.net/wp-content/thenes/Omni/omni"
/script

script type="text/javascript

var profileCarousellds = "*

/script

script type="text/javascript

var tiledItensRows = 3

/script:
script type="text/javascript’ src="https://hkn " ‘themes/Onni/omni/assets/js/bootst rap.nin. js?ve
Jscript

script type="text/javascript” src="https://nknog.net/wp-content/thenes/Onni/onni/assets/js/rodernizr=2.7. 1.min. js?
vers2.7.1"></script

script type="text/javascript” src="https://hknog.net/wp-content/thenes/Onni/onni/assets/js/plugins,
uery.scrollTo.min. js?ver=1.0"></script




[w ﬂ Elements Console Sources Network Performance Memory Application Security Audits Piez Overrides 0542 X
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HKNOG Summary Bottom-Up CallTree EventlLog

Hong Kong Network Operators’ Group
Range:311s-737s
66.7 ms [ Loading
316.9 ms Scripting
214.3ms [ Rendering DOM Images
78.5ms [ Painting
586.0 ms Other
3004.6 ms Idle

4267 ms

i Console What'sNew X Network conditions JavaSeript RTe_;?edeef Layout Paint

Highlights from the Chrome 68 update
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HTML Page Render Process Flow



é

C | @ https://hknog.net

HKNG

Hong Kong Network Opei

Bytes

NETWORK OPERATORS' GROUP

w ﬂ Elements Console Sources Network Performance Memory Application Audits Security
® 0O mM Y Q | View: Group by frame Preserve log Disable cache Offline Online v
Fiiter Hide data URLs [} XHR JS CSS Img Media Font Doc WS Manifest Other
Name Status  Protocol Sche... Type Size Time Waterfall
hknog.net 200 http/1.1  https document 6.4 KB 1.53 s s
gglcpteh.... 200 http/1.1  https stylesheet 773B 23ms
Queued at 0
| | bootstrap... 200 http/1.1  https stylesheet 16.1 KB 38 ms

Started at 0.36 ms

style.css?... 200 http/1.1  https  stylesheet 8.3KB 35ms
| | multipage... 200 http/1.1  https stylesheet 982 B 47 ms
entypo.cs... 200 http/1.1  https  stylesheet 3.8KB 50ms  Queueing
t magnific-... 200 http/1.1  https stylesheet 24KB 58 ms
r flexslider.... 200 http/1.1  https stylesheet 1.8 KB 63 ms
' |customc... 200  hitp/1.1 https  stylesheet 1.7KB soms Stalled
dummy.js... 200 http/1.1  https  script 460 B 73ms DNS Lookup i}
.| iquery, 200 http/1.1  https  script 33.4KB 104 ms  Initial connection
jquery-mi... 200 http/1.1  https script 4.4 KB 83ms SSL 1
| |logo.png 307 http/1.1  http 0B  153ms
logot.png 200 http/1.1 https  png 2.7KB 37ms
| css?famil...  (bloc.. http stylesheet 0B Oms Request sent
L css?famil...  (bloc.. http stylesheet 0B oms \Waiting (TTFB) ]
-| logo.png 200 http/1.1 https  png 21.4KB 13ms Content Download
bootstrap... 200 http/1.1  https  script 4.8 KB 15ms Explanation
modernizr... 200 http/1.1  https script 6.6 KB 15ms
| | jquery.scr... 200 http/1.1  https script 1.7KB 25ms
jquery.nav... 200 http/1.1  https  script 23 KB 27ms
I: jquery.par... 200 http/1.1  https script 1.2KB 20 ms
jquery.hov... 200 http/1.1  https script 1.9KB 25ms
l: jquery.isot... 200 http/1.1  https script 54 KB 24 ms
iquery.stic... 200 http/1.1  https  script 1.9KB 20ms
' | bg.jpg 307 http/1.1  http 0B 378 ms
I» entypo.woff 200 http/1.1  https font 445 KB 38 ms
.| jquery.ma... 200 http/1.1  https script 7.0KB 28 ms
jquery.flex... 200 http/1.1  https script 6.6 KB 23ms
| jquerydile... 200 http/1.1  https  script 1.7KB 16ms
L jquery.twe... 200 http/1.1  https script 3.2KB 23 ms
_| iqueryfitvi... 200 http/1.1  https script 1.6 KB 14 ms
I_ jquery.su... 200 http/1.1  https script 27KB 31ms
jquery.mo... 200 http/1.1 https  script 1.4 KB 20ms
contact-f... 200 http/1.1  https script 1.4 KB 13ms
newsletter... 200 http/1.1  https script 1.3 KB 24ms
| | gmap3.mi... 200 http/1.1  https script 9.9 KB 32ms
omnijs?v... 200 http/1.1  https script 52 KB 24 ms
wp-embe... 200 http/1.1  https script 1.2KB 16 ms
wp-emoji-... 200 http/1.1  https script 47 KB 17ms
[~ tan harin 200 hHni4 4 httne  nnn 14wn 1R me

45 requests | 389 KB transferred | Finish: 2.59 s | DOMContentLoaded: 2.28 s | Load: 2.59 s

0.36 ms

236 ms
241.93 ms
32,55 ms
26.87 ms

39 ps
1.24s
6.09 ms

1.53s

Page Load Time

- . S S S S S S . s .




But...

PLT != Bytes / BW


#

Deep-diving into the Problem...

Os 3.2s 6.2s



Latency 101

Queueing - Buffer & Processing
Transmission - Bandwidth
Propagation - Distance




Example: Browser Timing

https://hknog.net/

s mmmmmy [ [ ]

Queued at 0
Started at 0.36 ms

S Queueing 0.36 ms

S

s

g Stalled 236 ms

1s  DNS Lookup 241,93 ms

1§ Initial connection 32.55 ms

s SSL 26.87 ms

15

15

. Request sent 39 ps

s Waiting (TTFB) 124
Content Download 6.09ms

Browser queue

Queueing & Stalled

TTFB




Queueing vs. Stalled

Official definition:-

¢ Queueing. The browser queues requests when:

e There are higher priority requests.

https://hknog.net/

s e—

Queued at 0
Started at 0.36 ms

S Queueing 0.36 ms

S

S

s Stalled 236 ms

7s DNS Lookup 24193 ms

1§ Initial connection 32.55 ms

s SSL 26.87 ms

15

s

- | Request sent 39 us

1g  Waiting (TTFB) I 1245
Content Download 6.09 ms

¢ There are already six TCP connections open for this origin, which is the limit. Applies to HTTP/1.0 and

HTTP/1.1 only.

e The browser is briefly allocating space in the disk cache

¢ Stalled. The request could be stalled for any of the reasons described in Queueing.

https://developers.google.com/web/tools/chrome-devtools/network-performance/reference#timing-breakdown




https://hknog.net/ s = E—

Queued at 0
Started at 0.36 ms

Queueing vs. Stalled .

|‘5 Queueing 0.36 ms
18
) ) ﬁ: Stalled | 236 ms
Which one is the 1s DNS Lookup = 241,93 ms
Stalled time in this 18 Initial connection i 32.55ms
s SSL 1 26.87 ms
18
s
- | Request sent 39 ps
i . g Waiting (TTFB) | ] 1.24s
Queueing Stalled (blocking) s Content Dowrlosd L
(c)

(b)

(@)

x w 1] w T

issueTime startTime dnsStart connectStart sendStart sendEnd receiveHeadersEnd
(requestTime)

if (issueTime < startTime)

addRange (WebInspector.RequestTimeRangeNames.Queueing, issueTime, startTime);

var blocking = firstPositive([timing.dnsStart, timing.connectStart, timing.sendStart]) || 0;

addOf fsetRange (WebInspector.RequestTimeRangeNames.Blocking, 0, blocking);

https://src.chromium.org/viewvc/blink/trunk/Source/devtools/front_end/network/RequestTimingView.js
https://chromedevtools.github.io/devtools-protocol/1-2/Network/



Hong Kong Netuiork Openators’ Group

u
ueuel ng VS. la e [® (] | Elements Console Sources Network Performance  Memory  Application ~ Security Audits  Piez 0342 >

® O ™ ¥ Q Vew ) Group by frame Preservelog @ Disable cache | [ Offine Online v
— Filter ) Hide data URLs ()| XHR JS CSS Img Media Font Doc WS Manifest Other

[ wome woms  soms  aoms  swoms  ooms  Toms  0ms  soms  woms  tooms  i200ms

Name Protocol  Time  Priority Connecti... Waterfall i
[ ] magnific-popup.css?... http/1.1 58ms Highest 460 Queued at 732.00 ms
0 http/.1 66ms Highest 455 Started at 931.23 ms
[ ] custom.css?ver=4.8.7  http/1 70ms Highest 460

A
)
dummyjs?ver=4.87  http/1.1 76ms High 455
= Queueing 19923 ms
0 [] iqueryjs?ver=1.12.4  http/1.1 102ms High 460

|| flexsiider.css?ver=

] Jquery-migrate.minjs... http/1.1 91ms High 455
__| logo.png http/1.1 156 ms Low 0 | Stalled | 8.71ms |
[] logo1.png http/1.1 50ms Low 455
] css?family=Robotod.. Oms Highest 0
[] css?family=Montserr... Oms Highest 0 Request sent G
. [] logo.png http/1.1 26ms Low 455 Waiting (TTFB) ] 958 ms
Q u e u e I n g | bootstrap.min.js?ver... http/1.1 21ms Medium 460 Content Download | 1.22ms
modernizr-2.7.1.min.j... http/1. 29ms Medium 460
- Explanation 218.83ms

[] jquery.scrollTo.minjs... http/1. 22ms Medium 455
[ ] jquery.navjs?ver=1.0  http/1. 20ms Medium 535
[_| jquery.parallax.js?ver... http/1.1 27ms Medium 534
[ ] juery.hoverdirjs?ver... http/1 27ms Medium 533

L ]

L |

% a

> minjs... http/1. 31ms Medium 536 Para"el 8

1
O . o .
[ ] jquery.sticky.js?ver=1.0 http/1.1 18 ms Medium 455 0
[] jquery.magnific-popu... http/1.1 19ms Medium 534 ConneCtlonS ' ]
[] baipg http/1.1 72ms High 0 =
[ entypo.woff http/1.1 44ms Highest 533 =
. . . jquery.flexslidermin.j... http/1.1 17 ms Medium 460 1
issueTime startTime sendStart  giueytosemsn, nons | t6ms vedim | 525 1
. iquery.tweet.min.js?v... http/1.1 23ms Medium 536 a
(requestTime) T T T '
[ ] jquery.superfish.js?v... http/1.1 16 ms Medium 534 1
|| jquery.mobilemenujs... http/1.1 18 ms Medium 460 (]
|| contact-form.js?ver=... http/1.1 17ms Medium 535 |
|_| newsletterjs?ver=1.0  http/1.1 20ms Medium 534 |
|_| gmap3.min.js?ver=1.0 http/1.1 28 ms Medium 455 n
|_| omni,js?ver=2.0 http/1.1 27 ms Medium 536 E
= = = = < . o - wp-embed.min.js?ve... http/1.1 20ms Medium 460 (]|
* There are already six TCP connections open for this origin, which is the limit. Applies to HTTP/1.0 and Sy g1 2518 Low &5 o
[ linkedin.png http/1 21ms Low 533 7
HTTP/1.1 only. = top-bordere png P
=] ggroup.png |




Head-of-Line Blocking

A HTTP/1.x

Request #1 Response #1 Request #2 Response #2 Request #3 Response #3 Request #4 Response #4




Multiple Connections

A HTTP/1.x

Request #1 Response #1 Request #2 Response #2 Request #3 Response #3 Request #4 Response #4

Request #1 Response #1 Request #2 Response #2 Request #3 Response #3 Request #4 Response #4
M Request #1 Response #1 Request #2 Response #2 Request #3 Response #3 Request #4 Response #4

Request #1 Response #1 Request #2 Response #2 Request #3 Response #3 Request #4 Response #4



How Many Connections Are Enough?

—— Bytes/BW
1 = BW ~—>
R ) S
5 . () i s ()
55 = =
0.8 / Delay
0.7

Bandwidth Delay Product (BPD):
e 7.2Mbps’ x 50ms? ~ 44KB

g 05
Median = 3528 :
0.4 For a Chrome user (6 persistent conns for

03 one HTTP/1.x domain):
e 6x352B=2KB

0.6

0.2
01 For my customer’s app (8 persistent conns):
0 e 8x352B=3KB
100 1000 10000 100000 1000000 10000000

HTTP File Sizes in Bytes (Log Scale)

"Global Average and Average Peak Connection Speeds. Akamai’s State of the Internet, Q1 2017.
2Latency between Hong Kong and Tokyo with Akamai’s Route Optimization. https://www.akamai.com/us/en/solutions/intelligent-platform/visualizing-akamai/network-performance-comparison.jsp



Better Approaches

A HTTP/1.x
Request #1 Response #1 Request #2 Response #2 Request #3 Response #3 Request #4 Response #4

T T T N I >
A

Request #4 HTTP/1.1 + Pipelining

Request #3

M Request #1 Response #1 Request #2 Response #2 Response #3 Response #4




Server-side Blocking

Name Waterfall 50.00 ms
| wehan-akamaifiowershop-... 378 .|
| stylesheet.css 200 «“ 19KB ..
. icon_category.pog 200 h2 69192 odex) 5888 1.
| jauery-13.2.minjs 200 h2 69192 findex) 195KB ..
i kcon_information.png 200 h2 69192 (ndex) 7638 1.
»| icon_currency.png 200 h2 69192 ndex) 8808 1.
. icon_besteellers png 200 h2 69192 .. (ndex) 8128 1.
o Bloodroot-38x38 jpg 200 h2 69192 |. (inded 31KB 1.
= Epllobium-38x38 jpg 200 h2 69192. . (inde) 26K8 1.
| thickbox-compressed js 200 h2 69192 (index) 29KB ..
| get_fash_playergif 404 h2 69192 t. (indeq) 3928 1.
© WoodAnemone-120120jpg 200  h2 69192 . (aded 178KB 1.
= TwinFlowor-120x120jpg 200 h2  60.192.. |.. (nded 162KB 1.
» Trilium-120x120,jpg 200 h2  69192. ). (index) 15.9KB 1.
| thickbox.css 200 h2 69192 (odex) 11KB ..
w Toadshade-120<120jpg 200 h2  69192. |. (index] 16.6KB 1.
1/ Searocket-120x120.jpg 200 h2  69192. j. (inded 76K8 1.
u) PurpleClematis-120x120jog 200 h2 69192 j. (index) 18.3KB 1.
= PinkPurslane-120x120jpg 200 h2 60192 . fnded 17.0KB 1.
| tabjs 200 h2  69192.. .. (ndex) 4238 ..
w FiroPink-120x120 jpg 200 h2 69192 ). (inded T1.5KB 1.
| University_Header pig 200 h2 69192 {index) 237KB 1..
| pavment.ona 200 h2  69192. .. (inded  S2KB 1.

100.00 ms 150.00 ms 200.00 ms 250.00 ms
2]
G e e
Queuved at 58.42 ms
Started 81 68.16 ms [ ——i
a
g T
| ——— ]
Stabed m 1969 ms
ne J i Al _
R t l an | S ——|
S — e —
i 506ms
Explanation 192.04ms
| e ) ]
e e ]
B = YS! SIS SIS S (-
L i



Transport-layer Blocking

|
TCP Flows for the 199 Range Responses by Different TCP Congestion Control Algorithms
70000000 | HTTP:2 | | HTTPM.1 + Pipelining | | HTTP/1.1 |
o= e ——
60000000
50000000 ‘
é TCP Flow for the 199 Range Responses via TCP BBR + HTTP/1.1
& 40000000 | | Client can only send the
= 41600000 ! next request after
5 '.'3‘ Edge paces TCP receiving this segment. /
“ annnnnnn s & 41550000 | segments for a single / ‘ L
. 2]
TCP Flows for the 199 Range Responses via FastTCP + < 41500000 | LTTP Response. .
HTTP /1 1 5 \ \ Edge receives next
’ = 41450000 HTTP request and
| . % -‘ll"" sends next response
7 41600000 [ Bursty” TCP : v 8 41400000 - - T after a RTT.
segments for a single L. - | |
5_ 41550000 | P Response : 41350000
= 41500000 . : 15 15.2 15.4 15.6 15.8 16
§ \: Time (seconds)
4 41450000 : + =
& 41400000 . ¢ e - ) 4 ® TCPBBR + HTTP/1.1
41350000 X 82.3ms Time (secondt,
8.8 8.9 9 9.1 9.2 9.3 I
BR + HTTP/1.1 4 FastTCP+ HTTP/1.1 + Pipelining
Time (seconds)
TP+ HTTP/2 * TCPBBR + HTTP/2

+ FastTCP+ HTTP/1.1




Other Browser Timings

E.g., TTFB and Content Download:-

TTFB

Content
Download

A

)
/

A

https://hknog.net/

Request

s
s
s
1S

A

Queued at 0
Started at 0.36 ms

S Queueing 0.36 ms
s
s
1g  Stalled 236 ms
s DNS Lookup [ ] 24193 ms
s Initial connection i 32.55ms
s SSL 1 26.87 ms
s
s
d Request sent 39 us
g Waiting (TTFB) [ ] 1.24s
}s _ Content Download | 6.09 ms

QyT,

Response




Fixing the Bottlenecks by BW and RTT?

1,500

Latency per Bandwidth

3,500

3,000 ]

2,500 _Content Length
£ 2,000 Bandwidth
5 e e [

llllllllxwm

1,000
S ﬁﬁﬁﬁﬁ&&ﬁ
Bandwidth

https://www.igvita.com/2012/07/19/1atency-the-new-web-performance-bottleneck/

4,000
3,500
3,000

Z 2,500

£ 2,000

2 1,500

£ 1,000

500

Page Load Time As RTT Decreases
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Many Ways to Improving Site Performance

Propagation Transmission Queueing
Akamai Cache Hierarchy e  Last Mile Acceleration (GZIP) e  Adaptive Acceleration (e.g., automated
Sureroute ° Resource Optimizer (Brotli & Zopfli) link preconnect, server push)
NetStorage ° Image Manager ° HTTP/2
Cloudlets e  FEO (Inlining, minifying, JIT) e QUIC
Direct Connect ° Large File Optimization (LFO) ° Object and Page Prefetching

Cloud Wrapper
Downstream Cacheability

Script Management % .
API| Gateway - . 100km E
- S W Y v o N oo o Mo E :

Queueing « Transmission =« Propagation




hknog.net/ Akamaized
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Thank youl



