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“The internet is the first
thing that humanity has
built that humanity
doesn't understand.”

, Some guy working at GOOGLE
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HOW I THINK OF THE
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IT ALL STARTS WITH THE USER
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USER USES A BROWSER

Browser @
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THE BROWSER IS FOUND ON A DEVICE

Browser @

@RoxanaStingu | m B E N C H M 7‘ R K



A DEVICE IS CONNECTED TO AROUTER

ROUGer
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ROUTER COMMUNICATES WITH ISP

ROUGer
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ISP ENABLES ACCESS TO THE INTERNET

THE
INGEernec
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INTERNET CONNECTS TO WEBSERVERS
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WEBSERVER HOSTS WEBPAGES

weBpages
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@
. — Servers
Browser w
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WHY AM | DOING THIS TALK?
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THE SEO PERSPECTIVE
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THE PERSPECTIVE

ik ISP > DNS LOOKUP > IP S _
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SAME THING UNDER THE HOOD
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Browser
(CLIENT) servel
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SAME THING UNDER THE HOOD

user
Browser
(cLienc)
REQUEST /l\ REQUEST
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NETWORKACTIVITY

user
Browser
(cLIenc) Server
REQUEST
<
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RESPONSE
G00GLE
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BROWSER ACTIVITY

user

Browser

(cLienc servel
G00GLE
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CLIENT-SIDE v. SERVER-SIDE

user

Browser
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5006LE CLlENT SIDE SERVER SlDE
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INTERNET HARDWARE
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BANDWIDTH AND LATENCY
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B ISP| ETHERNET &
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BANDWIDTH AND LATENCY

BANDWIDTH
(Mbps)

BENCHMARK



BANDWIDTH AND LATENCY
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HOW LATENCY HAPPENS
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LATENCY CAN BE REDUCED WITH A CDN




INTERNET SOFTWARE
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THE TCP/IP MODEL

APPLICATION

HTTP, TLS, DNS

TRANSPORT

INTERNET

NETWORK INTERFACE
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THE TCP/IP MODEL

APPLICATION

HTTP, TLS, DNS

TRANSPORT @@ @ @
TCP, UDP

INTERNET

NETWORK INTERFACE
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THE TCP/IP MODEL

APPLICATION

HTTP, TLS, DNS

TRANSPORT
PPPP
INTERNET
172.217.14.206
P (v4, vo6)
NETWORK INTERFACE
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THE TCP/IP MODEL

APPLICATION

HTTP, TLS, DNS

TRANSPORT
PPPP
INTERNET
172.217.14.206
P (v4, vo6)
NETWORK INTERFACE

ETHERNET, WIRELESS LAN e & b
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THE TCP/IP MODEL

SENDER RECEIVER
A
APPLICATION —e e— APPLICATION
TRANSPORT —e PIPT PPIP e— TRANSPORT
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NETWORK —e 0010001000010010 *— NETWORK
INTERFACE v : INTERFACE
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THE HTTP PROTOCOL won —+ @@
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HTTP PROTOCOL VERSION 1

HTTP 1.1
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HTTP PROTOCOL VERSION 2 o — @
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IPv4

Example:

No. of octets:
No. of addresses:

192.168.2.33

~4,294,367,296
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CLIENT TO SERVER COMMUNICATION
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WHAT IS A REQUEST?

p a
Browser w = Servers
REQUEST o ¢ o
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THE REQUEST LINE

GET /software/htp/cics/index.html HTTP/1.1

i i i
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DIFFERENT TYPES OF METHODS

- - -
TRACE OPTIONS CONNECT PATCH

GET
@RoxanaStingu | m B E N C H M K R K



THE HEADERS
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HOW TO QUICKLY CHECK

x a] Elements Console Recorder & Sour NETWORK mance
® © | ¥ Q (O Preservelog | (J Disable cache N + 3

Filter J Invert Hide data URLs

e All = Fetch/XHR JS CSS Img Media Font Doc WS Wasm Manifest] Other [J Has blocked cookies Blocked Requests
] 3rd-party requests

500 ms 000 ms 500 ms )00 3 4000 ms 4500 ms

About  Store Gmail Images

HEADERS ﬁssponie Initiator ~ Timing

v General

Google Search I'm Feeling Lucky Request URL: https://dww.google.com/

Request Method: GET
Status Code: @ 200

Remote Address: 142.2§0.179.228:443

ANY Referrer Policy: strictfrigin-when-cross-origin
£

RESOURCE

v Response Headers
United K]HCJ‘GOH] accept-ch: Sec-CH-UA-Platform-Version
accept-ch: Sec-CH-UA-Full-Version
X Carbon neutral since 2007 accept-ch: Sec-CH-UA-Arch
accept-ch: Sec-CH-UA-Model

accept-ch: Sec-CH-UA-Bitness
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HEADERS

¥ General

Request UR

Request Metho
Status Code: @ 2
Remote Addres

Referrer Policy: origin

» Response Headers

¥ Request Headers

:authority: en.

:method: GE

:p:

PROTOCOL
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HEADERS

CACHE CONTROL

v General
Request URL:
Request Method: ¢
Status Code: @
Remote Addr

Referrer Pol




HTTP HEADERS: CANONICALISATION

Link: <http://www.example.com/downloads/white-
paper.pdf>; rel="canonical"
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HTTP HEADERS: HREFLANG

Link:

<http://example.com/file.pdf>; rel="alternate";
hreflang="en",
<http://de-ch.example.com/file.pdf>;
rel="alternate"; hreflang="de-ch",
<http://de.example.com/file.pdf>; rel="alternate";
hreflang="de"
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HTTP HEADERS: ROBOTS

X-Robots-Tag:
X-Robots-Tag:

15:00:00 PST

X-Robots-Tag:
X-Robots-Tag:

noarchive

unavallable after: 25 Jun 2021

googlebot:
otherbot:

nofollow
noindex, nofollow
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REQUEST TIMINGS
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APP CACHE

Ll REQUESL
Browser

&

& Servers

o ¢
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APP CACHE

Ll REQUESL
Browser I

DNS LOOKUP

& Servers
® 6 .
BENCHMARK



APP CACHE — TCP HANDSHAKE

Ll REQUESL
Browser I -

DNS LOOKUP

& Servers
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APP CACHE

DNS LOOKUP

—e TCP HANDSHAKE

REQUESL
( ] |_‘

SSL HANDSHAKE

&
[ -- I Servers
o ¢
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APP CACHE

DNS LOOKUP

—e TCP HANDSHAKE

REQUESE «Q

2 - = Servers
‘ o ¢

SSL HANDSHAKE "— DATA TRANSFER
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APP CACHE

user

Browser

REQUEST

Server
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DOMAIN NAME SYSTEM (DNS)

https://www.website.com/page.html

172.217.14.206
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TCP HANDSHAKE

SYN (synchronization) = X

SYN-ACK (synchronization - acknowledgment) = Y : X+1

ACK(acknowledgment) = Y+1

BENCHMARK



SSL HANDSHAKE - TLS 1.2

2
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SSL HANDSHAKE - TLS 1.3
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REQUEST TIMINGS IN

About  Store Gmail Images

‘|€

Google Search I'm Feeling Lucky

United Kingdom

R Carbon neutral since 2007

Advertising Business How Search works

Elements Console Recorder &

® O V¥ Q | (O Prreservelog | (J Disable ca

Filter ] Invert

All | Fetch/XHR JS CSS Img Media Font Doc WS Wasm Mgnifest Other

] Blocked Requests [ 3rd-party requests

500 ms 1000 ms 1500 ms 2000 ms

Perfo

NETWORK

—
-

] Hide data URLs

2500 ms 3000 ms

Name X Headers Preview

B googlec Queued at 0

Started at 5.25 ms
Resource Scheduling

Queueing

Connection Start

ANY Stalled

Response  Ini TIM

4

rmance

+ 3

(] Has blocked cookies

3500 ms 4000 ms

ING kies

3

RESOURCE

Request/Response
Request sent
Waiting (TTFB)

Content Download

DURATION
5.25ms

DURATION

0.42 ms

DURATION

0

1.86 ms
1.51ms

9.03 ms




REQUEST TIMINGS IN

QUEUEING

STALLED

Initial Connection

Request sent
Waiting TTFB

Py
o
X
Q
>
Q
)]
=
3
Q

Queueing 8.36ms
Stalled 0.73ms
DNS Lookup 12.00 ms
Initial connection 85.60 ms
SSL 4814 ms

Request sent 012 ms

Waiting (TTFB) 32.51ms
Content Download ' 0.7 ms

Explanation 150.60 ms
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Ul DOM CSSOM JS CRP FCP LCP FID TTI TBT CLS UI DOM CSSOM JS CRP FCP LCP FID TTI TBT
CLS UI DOM CSSOM JS CRP FCP LCP FID TTI TBT CLS UI DOM CSSOM JS CRP FCP LCP FID TTI
TBT CLS UI DOM CSSOM JS CRP FCP LCP FID TTI TBT CLS UI DOM CSSOM JS CRP FCP LCP FID
TTI TBT CLS UI DOM CSSOM JS CRP FCP LCP FID TTI TBT CLS UI DOM CSSOM JS CRP FCP LCP
FID TTI TBT CLS UI DOM CSSOM JS CRP FCP LCP FID TTI TBT CLS UI DOM CSSOM JS CRP FCP
LCP FID TTI TBT CLS UI DOM CSSOM JS CRP FCP LCP FID TTI TBT CLS UI DOM CSSOM JS CRP
FCP LCP FID TTI TBT CLS UI DOM CSSOM JS CRP FCP LCP FID TTI TBT CLS UI DOM CSSOM JS
CRP FCP LCP FID TTI TBT CLS UI DOM CSSOM JS CRP FCP LCP FID TTI TBT CLS UI DOM CSSOM
JS CRP FCP LCP FID TTI TBT CLS UI DOM CSSOM JS CRP FCP LCP FID TTI TBT CLSwssl DOM

=  THEBROWSER =

CLS UI DOM CSSOM®JS CRP FCP LCP FID TTI TBT CLS UI DOM CSSEHSSSECRESEECPSEEE FID TTI
TBT CLS UI DOM CSSOM JS CRP FCP LCP FID TTI TEmeCLS UISDOM CSSOM JS CRP FCP LCP FID
#TI TBT CLS UI DOM CSSOM JS CRPJECPFVLEPETD TTI TBT CLS UL DOM CSSOMJS CRP. FCE . L.CP
FID TTIWTBT CLS Ul DOMg@SiSei=Js CRP" FCP LCP SiD. TTI TBT CES L UiRSWOME (5 @i Y6 CRE 'CP
LCP FID TTI TBT CLS#HHESDOM CSSOM®JSECRP ECPULEE FID TTILI 4IEE "CLS: IRSRSDOM, ¢C'S SOM J5 " CRE
FCP LCP FID TTIs TBT CLS UI DOM: CSS®M JS ,CREAECE: LE€P FID TTI BBT. CLS"UI DOM CSSOM JS
CRP FCP LCP FID TTI TBT CLS UI DOM LCSSOM «J5S ,CRP «FCP* LCR EIDIT]1, TBY «GLeS ‘UL ,DOM €CSSOM
JS CRP FCP LCP FID TTI TBT CLS. 6l:DOM €CSSOM. JS . CRB-HCETCP.D 'TTI TBT CLS JUI DOM
CSSOM JS CRP FCP LCP FID TTI-TBT. CLS,UI.-DOM-CSSOM JS.CRP.FCP -LCP FID. TTL TBT CLS 'UTI
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HOW THE TCP/IP MODEL WORKS

user Browser Server

REQUEST @@@@@ §
% H
e PEPD
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BROWSER “HARDWARE”

BENCHMARK



WHAT IS ABROWSER?
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THE USER INTERFACE (UI)

Address bar

Back & Forward

Bookmark menu
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BROWSER ENGINE

Google - Chrome, Microsoft Edge, Opera
Mozilla - Firefox, Thunderbird

@RoxanaStingu | m B E N C H M 7‘ R K



THE RENDERING ENGINE
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THE RENDERING ENGINE

Browser Server

3c 68 65 61 64 3e.3c
a 74 69 74 6c 65 3e 50
@ 66 6omclliTENG SN
—o—o 65 61 72 20 61 20 6d
61 @i 36 21 2R 3¢
2f 74 69 74 6c 65 3e
3c 2f 68 65 61 64 3e

®®$® [
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FROM BYTES OF HTML TO DOM

I - I - [

3c
62
31
73
65
G

68
of
3e
74
w2
3e

74
64
57
20
65

od
79
54
69
25

6C
3e
53
73
3c

3e
3c
46
20
2f

3c
68
65
68
68

<html><body><hl>Hell
o Benchmark!</hl>

@RoxanaStingu | m

StartTag: html
StartTag: body
StartTag: hl
Hello Benchmark!
EndTag: hl

I
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THE TREE BUILDER

BT
M 1

@RoxanaStingu
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THE CSSOM

° color:red
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DOM + CSSOM = RENDER TREE

color:red

Hello Benchmark!
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THE JS INTERPRETER
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RESOURCE LOADING PRIORITY

HTML Building DOM Blocked Building DOM
CSS Fetch CSS Build CSSOM

JS Script fetch
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ASYNC JS LOADING

HTML Building DOM Blocked Building DOM
Fetch CSS Build CSSOM

JS Script fetch

CSS
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DEFERRED JS LOADING

HTML Building DOM
CSS Fetch CSS Build CSSOM

JS Script fetch

Execution
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HOW TO SPOT ASYNC AND DEFER

<script src="https://website.com/resource.js"></script>

<!-- Google Analytics 1is usually added like this -->
<script async src="https://google-
analytics.com/analytics.js"></script>

<script defer
src="https://website.com/resource.js"></script>
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About  Store Gmail

Google

Google Search I'm Feeling Lucky

United Kingdom

N Carbon neutral since 2007

Images

@

(x ﬂ Elements Console Recorder & Sources Network ~ »

® O Y Q (3 Preserve log (J Disable cache No throttling ¥ Dock side OQ O

Filter () Invert [J Hide data URLs

All | Fetch/XHR JS CSS Img Media Font Doc WS Wasm Manifest Othe Hide console drawer Esc

= — Searct Ctrl + Shift + F
) Blocked Requests [ 3rd-party requests earen : "

Run command Ctrl + Shift+ P
1000 ms 2000 ms 3000 ms 4000 ms

MORE TOOLS

Shortcuts |
Name Status  Type Initiator ‘ SIZe m.. Help >

37 requests | 72.5 kB transferred | 2.3 MB resour . . @M ContentLoaded: 486 ms = Load: 627 ms

¢ Console Developer Resources Renderil| RENDERING

X

Paint flashing
(J Highlights areas of the page (green) that need to be fepainted. May not be suitable for people prone to
photosensitive epilepsy. \ 4

Layout Shift Regions
Highlights areas of the page (blue) that were shifted. May not be suitable for people prone to photosensitive
epilepsy.

Layer borders
Shows layer borders (orange/olive) and tiles (cyan).

Frame Rendering Stats
Plots frame throughput, dropped frames distribution, and GPU memory.

Scrolling performance issues
Highlights elements (teal) that can slow down scrolling, including touch & wheel event handlers and other
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PAINT

-

~

nchmark!<+—

H1{

 —— z-index: 1;

position:
absolute;

}

z—index: 0;

}
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COMPOSITING

viewport
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HOW TO TROUBLESHOOT

MORE TOOLS

Albirds Men's SyF! )CA Low Gree GUCCI Adidas X Allbirds Men's
Tree Dasher 1 v \ K Gucci Men's. Tree Runners,
£89.00 X £785.00 £105.00

allbirds.co.uk S e 9 GuccClI allbirds.co.uk

»

By Google y Produ y I By Klama

d - hitps:/v
Shoes | Shop Men's, Women's & Kids' Footwear | schuh

Shoes | Shop Men's n's & Kids' schuh. Order online today with fast

for men

online

Ad - https://www.nike.com/sneakers v
Nike: Shop The Col\ecuon Nike Sneakers - The Official Nike Site

The Latest Nike Shoes And Apparel Online
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THE CRITICAL RENDERING PATH (CRP)
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RENDEr
Tree
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HOW To SEE THE

[ G] Elements Console Recorder & Sources PERFORMANCE e D liCation Security

®@ C O ¥ () Screenshots LJ Memory &4 Web Vitals W

< womenintechsX  Q I

141 ms 1441 ms 2

1 - r o

== FLTERS CRITICAL RENDERING PATH

i-l‘i‘s 344 @ms
i i

ot bmSom/ 941 ms 1441 ms

Web Vitals

Task
Parse HTML : Parse HTML ,Lﬁmer Fired
Eva...ipt : Evaluate Script Function Call
) I Compile Script (anonymous) (a...s) (anonymous)
() ol (.) (anon..ous) .ct | ¢$Ba
' a.. y (@.s) | |b
(ano...ous) ! (@anonymous)
(ano...ous) i (anonymous)
(ano...ous) j (anonymous)
(ano...ous) (a... ! (anonymous)
J 1$u
value 1Uza
‘ define 'render...rver_
(an...us) I rende...cord_

[

NS :5:S) ;stamp...rray,
) (@...s) flush...ings_

{ Il (ann  nnic) \
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HOW ITALL FITS IN
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OPTIMISATION

= Google SearchConsole Q

Settings > Crawl stats

[ Total crawl requests

149.5M

[ Total download size (kB) [J Average response time (ms)

206.3M 147
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TROUBLESHOOTING

About  Store Gmail Images 333 2 : _— i:‘tzf :E:i:e PERFORMANCE

v 1
Google Search I'm Feeling Lucky 'ﬂm

CORE WEB VITALS

2 1
Evaluate Scrigt

@RoxanaStingu |




CONDUCT

Header Name Header Value
Cache-Control
Accept
User-Agent
Pragma
Accept-Encoding

text/html,application/xhtml+xml,
Screaming Frog SEO Spider/17.1

application/xml;g=0.9,*/*q

Selected Cells: 0 Total: 5

Header Name
Status
Status Code
pt-ch
accept-ranges
age
cache-control
content-encoding
content-length
content-type
date
etag
last-modified
nel
permissions-policy
report-to
server
server-timing
set-cookie

strict-transport-security
vary
x-cache

Header Value

0K

200
Sec-CH-UA-Arch,Sec-CH-UA-Bitness,Sec-CH-UA-Full-Version-List,Sec-CH
bytes

00, must-revalidate, max-age=3600

text/html

Sun, 11 Sep 2022 05:16:59 GMT
W/"125b5-5e6725e5%beb1"
Wed, 17 Aug 2022 16:29:27 GMT

{ group™ "v
ATS/8.0.8
e;desc="hit-front"
GeolP=GB:ENG:Reading:51.45-1.01:v4;
WMF-Last-Access-Global=11-Sep-202
ess=11-Sep-2022,Path=/;HitpOnly;secure;Expires=Thuy, 1...
; includeSubDomains; preload

62 hit, cp3064 hit/76
hit-front
143.159.179.26

omain=.wikipedia.org;H..

Selected Cells: 0 Total: 25
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memegenerator.net
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RESOURCES

MDN Web Docs

moz://a

Developer.mozilla.org
Web Performance

Developers.google.com
Inside look at modern
web browser

Web.dev
Measuring performance
and user experience

O'REILLY’

High performance
browser networking

by llya Grigorik
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