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– Eric Schmidt, Some guy working at GOOGLE

“The internet is the first 
thing that humanity has 

built that humanity 
doesn't understand.”
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HOW I THINK OF THE INTERNET
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IT ALL STARTS WITH THE USER

user
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USER USES A BROWSER

user

browser
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THE BROWSER IS FOUND ON A DEVICE

user

browser

device



@RoxanaStingu | 

A DEVICE IS CONNECTED TO A ROUTER

user

browser

device

Router
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ROUTER COMMUNICATES WITH ISP

user

browser

device

I.S.P.Router
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ISP ENABLES ACCESS TO THE INTERNET

user

browser

device

I.S.P.

The 
Internet

Router
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INTERNET CONNECTS TO WEBSERVERS

user

browser

device

I.S.P.

The 
Internet

Servers

Router
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WEBSERVER HOSTS WEBPAGES

user

browser

device

I.S.P.

The 
Internet

Servers

Router

webpages
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WHY AM I DOING THIS TALK?
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THE SEO PERSPECTIVE

CRAWL 
QUEUE CRAWLER PROCESSING INDEX

RENDERER

RENDER 
QUEUE
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THE DEV PERSPECTIVE

Isp > dns lOOKUP > ip

SERVER 
172.217.14.206

BROWSER

CSS

HTML

JAVASCRIPT

Request

Asset request

Asset request

Response
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user

Browser
(Client) Server

REQUEST

SAME THING UNDER THE HOOD

REQUEST

Google
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Browser
(Client) Server

REQUEST

SAME THING UNDER THE HOOD

REQUEST

RENDERED 
RESPONSE

RAW
RESPONSE

user

Google
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NetworkBrowser
(Client) Server

REQUEST

NETWORK ACTIVITY

REQUEST

RENDERED 
RESPONSE

RAW
RESPONSE

user

Google
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NetworkBrowser
(Client) Server

REQUEST

BROWSER ACTIVITY

REQUEST

RENDERED 
RESPONSE

RAW
RESPONSE

Browser

user

Google
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NetworkBrowser
(Client) Server

REQUEST

CLIENT-SIDE v. SERVER-SIDE

REQUEST

RENDERED 
RESPONSE

RAW
RESPONSE

Browser

user

Google CLIENT SIDE SERVER SIDE



@RoxanaStingu | 
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THE NETWORK
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browser Servers

Network
Activity

Request

Response

Internet Activity
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INTERNET HARDWARE
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The 
Internet
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BANDWIDTH AND LATENCY

WIFI CABLE ISP ISP ETHERNET...
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BANDWIDTH AND LATENCY

WIFI CABLE ISP ISP ETHERNET...

BANDWIDTH
(Mbps)
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BANDWIDTH AND LATENCY

WIFI CABLE ISP ISP ETHERNET...

LATENCY (MS)

BANDWIDTH
(Mbps)
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HOW LATENCY HAPPENS
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LATENCY CAN BE REDUCED WITH A CDN
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INTERNET SOFTWARE
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THE TCP/IP MODEL

MessageAPPLICATION

INTERNET

TRANSPORT

NETWORK INTERFACE

HTTP, TLS, DNS
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THE TCP/IP MODEL

MessageAPPLICATION

INTERNET

TRANSPORT

NETWORK INTERFACE

TCP, UDP

HTTP, TLS, DNS

172.217.14.206
IP (v4, v6)

ETHERNET, WIRELESS LAN
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THE TCP/IP MODEL

APPLICATION

INTERNET

TRANSPORT

NETWORK 
INTERFACE

APPLICATION

INTERNET

TRANSPORT

NETWORK 
INTERFACE

SENDER RECEIVER

0010001000010010

Message

172.217.14.206 172.217.14.206

Message
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GET layout.css

THE HTTP PROTOCOL

GET image.png

GET page.html

GET video.mp4

GET ads.jpg

The 
Internet

webserver

Video server

Ad server

APPLICATION
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HTTP PROTOCOL VERSION 1

3 TCP Connections

HTTP 1.1

APPLICATION
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HTTP PROTOCOL VERSION 2

1 TCP Connection

HTTP/2

APPLICATION
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IP (v4, v6)

IPv4 Example:  192.168.2.33
No. of octets: 4
No. of addresses: ~4,294,967,296

IPv6 Example: FDEC:BA98:7654:3210:ADFC:BDFF:2990:FFFF
No. of octets: 16
No. of addresses: ~340,282,366,920,938,463,463,374,607,431,768,211,456

Internet
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CLIENT TO SERVER COMMUNICATION
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WHAT IS A REQUEST? 

browser Servers

Hey there mister WebServer, 
can I have this resource, pretty 

please? 

Request Line Headers Body

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

METHOD PATH PROTOCOL VERSION

THE REQUEST LINE
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DIFFERENT TYPES OF METHODS

GET POST PUT DELETE

TRACE OPTIONS CONNECT PATCH



@RoxanaStingu | 

THE HEADERS
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HOW TO QUICKLY CHECK HEADERS
NETWORK

ANY 
RESOURCE

HEADERS
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THE REQUEST HEADERS

PROTOCOL

DOMAIn

METHOD

PATH
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THE RESPONSE HEADERS

CACHE CONTROL

SERVER

VARY
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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: noarchive
X-Robots-Tag: unavailable_after: 25 Jun 2021 
15:00:00 PST
X-Robots-Tag: googlebot: nofollow
X-Robots-Tag: otherbot: noindex, nofollow
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REQUEST TIMINGS
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browser Servers
Request

APP CACHE
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browser Servers
Request

APP CACHE

DNS Lookup
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Request
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browser Servers
Request

TCP HANDSHAKE

SSL HANDSHAKE

APP CACHE

DNS Lookup
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browser Servers
Request

TCP HANDSHAKE

SSL HANDSHAKE DATA TRANSFER

APP CACHE

DNS Lookup
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user browser Server

REQUEST

APP CACHE

CSSJS APP CACHE
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DOMAIN NAME SYSTEM (DNS)

https://www.website.com/page.html 172.217.14.206

DNS
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TCP HANDSHAKE

SYN (synchronization) = X

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

ACK(acknowledgment) = Y+1
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1

2

3

4

5

6

7

SSL HANDSHAKE - TLS 1.2
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1

2

3

4

5

6

7

SSL HANDSHAKE - TLS 1.3
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REQUEST TIMINGS IN DEV TOOLS
NETWORK

ANY 
RESOURCE

TIMING
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REQUEST TIMINGS IN DEV TOOLS

Initial Connection

QUEUEING
STALLED
DNS Lookup

CONNECTION SETUP

SSL

Request/Response

Content Download

Request sent
Waiting TTFB
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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 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 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

THE BROWSER
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user browser Server

REQUEST

HOW THE TCP/IP MODEL WORKS
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BROWSER “HARDWARE”
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WHAT IS A BROWSER?

USER INTERFACE

BROWSER ENGINE

RENDERING ENGINE

NETWORKING JS INTERPRETER UI BACKEND

DA
TA

 P
ER

SI
ST

EN
CE
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THE USER INTERFACE (UI)

Address bar

Back & Forward Bookmark menu
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BROWSER ENGINE

WebKit

Blink

Gecko

Apple - Safari

Google - Chrome, Microsoft Edge, Opera

Mozilla - Firefox, Thunderbird
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THE RENDERING ENGINE
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THE RENDERING ENGINE

browser Server

3c 68 65 61 64 3e 3c 
74 69 74 6c 65 3e 50 
6c 65 61 73 65 20 77 
65 61 72 20 61 20 6d 
61 73 6b 21 21 21 3c 
2f 74 69 74 6c 65 3e 
3c 2f 68 65 61 64 3e
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FROM BYTES OF HTML TO DOM

3c 68 74 6d 6c 3e 3c 
62 6f 64 79 3e 3c 68 
31 3e 57 54 53 46 65 
73 74 20 69 73 20 68 
65 72 65 21 3c 2f 68 
31 3e

<html><body><h1>Hell
o Benchmark!</h1>

StartTag: html
StartTag: body
StartTag: h1
Hello Benchmark!
EndTag: h1

Bytes Characters Tokens
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THE TREE BUILDER

Nodes

DOM

html body h1 Hello Benchmark!

html

body

h1

h1 Hello Benchmark!



@RoxanaStingu | 

THE CSSOM

html

body

h1

font-size:12

color:red
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DOM + CSSOM = RENDER TREE

html

body

h1

font-size:12

color:red

Hello Benchmark!

head meta
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THE JS INTERPRETER
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RESOURCE LOADING PRIORITY

HTML

CSS

JS

Building DOM Building DOMBlocked

Fetch CSS Build CSSOM

Script fetch Execution
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ASYNC JS LOADING

Building DOM Building DOMBlocked

Fetch CSS Build CSSOM

Script fetch Execution

HTML

CSS

JS
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DEFERRED JS LOADING

Building DOM

Fetch CSS Build CSSOM

Script fetch Execution

HTML

CSS

JS
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HOW TO SPOT ASYNC AND DEFER

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

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

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

MORE TOOLS

RENDERING
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PAINT

Hello Benchmark!
H1{

z-index: 1;
position: 

absolute;
}

Div{
z-index: 0;

}
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COMPOSITING
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HOW TO TROUBLESHOOT COMPOSITING
MORE TOOLS

LAYERS
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THE CRITICAL RENDERING PATH (CRP)
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DOM CSSOM
Render 

Tree Layout Paint COMPOSITING
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HOW To SEE THE CRP
PERFORMANCE

CRITICAL RENDERING PATH
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HOW IT ALL FITS IN
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CRAWL BUDGET OPTIMISATION
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CORE WEB VITALS TROUBLESHOOTING

CORE WEB VITALS

PERFORMANCE



@RoxanaStingu | 

CONDUCT BETTER AUDITS
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RESOURCES

Developer.mozilla.org
Web Performance

Developers.google.com
Inside look at modern 
web browser

Web.dev
Measuring performance 
and user experience

High performance 
browser networking 

by Ilya Grigorik
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THANK YOU


