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Internet = Web?

The World-Wide Web (WWW or simply the Web) is
certainly what most people think of when they see the

word “internet.”

Internet

Online

gaming H
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The answer is no




Internet

is a vast, international network of computers.

Consists of computers around the world and the
communication links that connect them.

the physical connections between computers vary, but the
overall effect is that computers around the world can
communicate and share resources
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The World Wide Web

World Wide Web (WWW)
Software consists of web pages,
images, sound files,..etc and the
software that stores and retrieves
these files
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Checkpoint

e Could the web exist without the internet?

e Could the internet exist without the web?

Internet could exist without the Web

Web couldn't exist without the Internet
Internet is the hardware that stores and executes the Web software
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Short History of the Internet

Perhaps not short enough

The early ARPANET network was funded and
controlled by the United States government, and was
used exclusively for academic and scientific purposes.

The early network started small with just a handful of
connected campuses in 1969 and grew to a few
hundred by the early 1980s.

g
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The Birth of the Web

Sr. Tim Berners-Lee publishes the main features of the web
we know today on 1992.

A Uniform Resource Locator (URL) to uniquely identify a
resource on the WWW.

The Hypertext Transfer Protocol (HTTP) to describe how
requests and responses operate

A software program (web server software) that can
respond to HTTP requests.

Hypertext Markup Language (HTML) to publish
documents.

A program (a browser) that can make HTTP requests to
URLs and that can display the HTML it receives.
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W3C

The World Wide Web Consortium (W3C) is an international
organization committed to improving the web

W3C sets standards for the World Wide Web (WWW)

Standards developed by the Consortium include:

CSS
DOM
HTML
HTTP
XHTML
XML
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Web Applications in Comparison to
Desktop Applications (1 of 2)

Advantages

They can be accessed from any Internet-enabled
computer.

They can be used with different operating systems and
browser applications.

They are easier to roll out program updates since only
software on the server needs to be updated as
opposed to every computer in the organization using
the software.

They have a centralized storage on the server, which
means fewer security concerns about local storage
(which is important for sensitive information such as
health care data).
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Web Applications in Comparison to
Desktop Applications (2 of 2)

Disadvantages

Requirement to have an active Internet connection
Security concerns about sensitive private data being
transmitted over the Internet.

Concerns over the storage, licensing, and use of
uploaded data.

Problems with certain websites not having an
identical appearance across all browsers.
Restrictions on software from being installed and
hardware from being accessed (like Adobe Flash on
iO0S).

additional plugins might interfere with JavaScript,
cookies, or advertisements.
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W3C

The World Wide Web Consortium (W3C) is an international
organization committed to improving the web

W3C sets standards for the World Wide Web (WWW)

Standards developed by the Consortium include:

CSS
DOM
HTML
HTTP
XHTML
XML
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What is an “‘Intranet”?

One of the more common terms you might encounter
in web development is the term “intranet” which
refers to an internet network that is local to an
organization or business.

Intranet resources are often private, meaning that only
employees (or authorized external parties such as
customers or suppliers) have access to those
resources.

Thus Internet is a broader term that encompasses
both private (intranet) and public networked
resources.
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What is an “‘Intranet”?

Internet

Intranets are typically
protected from

unauthorized external Intranet
access via security [ ,;5 & };3, —

features such as firewalls.

Protected Network

Firewall
l Server

- - Server

—

(_/"_i;nemet \'.\.._\
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From Static to Dynamic

Server retrieves file
from its disk storage.

request | want to see

| n t 1 e ea rI ieSt d ays oﬁmade"' vacation html Requested file content is

/ (I) sent back as its response.

of the web, users = i —

o Additional requests (such as images) might =~ =e————
| BN

CO u d re a d t h e K.--.-f)e v |
i | [ @
pages of a static o R

° Browser displays page
We S I te A based on HTML content
and any additional files.
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From Static to Dynamic

Later, programs
running on web
servers let websites
generate content
dynamically. This
type of website is
called a dynamic
server-side website

o A request is made. /\

| want to see

e The server recognizes
——
vacation.php

that the request
necessitates running a
program on the server.

cwee==" PHP ..

HTML

This program will often
interact with other
resources on the server,
such as a database or
services on other
computers.

Server program
generates HTML
that will be sent

e Browser displays page based back to client.

on HTML and other resources
requested within it.

Front End Back End
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Why are programs needed?

If HTML can be used to describe content on the web, why
then are programs necessary?
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Why are programs needed? (1 of 2)

photo1.htm]

photo2.htm]

photo36217.html

Having separate HTML pages for
each photo would be impractical
and very time-consuming to
maintain or update the design.
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Why are programs needed? (2 of 2)

Instead, using a single program, we

can display any of our photos. We

will only need to update a single

program when we want to revise [ eeo

the design. photo.php?id=1

I !

I T Y

/ - photo.php?id=2
\_II]

hoto.php?id=36217
photo.php P PPt
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Web 2.0

Web 2.0 referred to an interactive
experience where users could contribute
and consume web content, thus creating a
more user-driven web experience.

For software developers, Web 2.0 also
referred to a change in the paradigm.
Programming logic, which previously existed
only on the server, began to migrate more
and more to the browser, which required
learning JavaScript
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The evolution continues

Web development today is thus more complicated than it was a decade
before.

e HTML and CSS to create layout and structural foundations.

e JavaScript focuses on user interaction and the fundamentals of the
language and its usage within the browser.

e While back-ends are thinner than they once were, server-side
technologies are still essential.

e Databases, state management, and authentication are all covered.

e Management, security and configuration round out the advanced topics.

e The one constant in the history of web development has been change
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Evolving complexity example. File
upload

2006

TR File is posted to server File is saved in folder on the server
handler using HTTP. ... Using about 12 lines of PHP.

\e/
||III. , = - b -

User uploads image

using upload button
on HTML form.
2013 - -
- File is posted to server PHP handler verifies user token
handler using HTTP. by checking against database.

R LN

= A mEn w
User uploads image JavaScript provides — ‘—/\-:/
Linaltpioadiaticn content dnecking File is saved within
d iew.
on HTML form. digiprevica I . T database and associated
ra with user record.
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Evolving complexity example (cont.)

2020

File is posted to server
handler using HTTP.

[______eee [ )
ad o

JavaScript handles the

user event and provides |

OO
\e/
= — L

User drags-and-drops
image onto HTML

A 4
[ ]

Verifies user’s token using
Authentication API.

o P
4__/

canvas. preview.

Node handler saves file in

v

P 5aN

cloud file store (such as AWS S3).

Cloud listener triggers the

execution of several cloud
functions within job queue or
message pipeline (such as
RabbitMQ or AWS SQS).

5 :

7o)
i..c
A

Cloud listener is triggered when
new file is added to file store.

Thumbnails are stored

: - within cloud-based no-SQL

ot e database (such as DynamoDB
Compress and == or FireBase).
generate thumb- T |
nails for different

Image recognition
APls are invoked
o to categorize image
contents (Python).

2%

device sizes (C++).

The results are also stored in cloud DB.

Finally, a record of each
stage is saved in
transaction log which
later will be analyzed
using MapReduce-based

tools like Hadoop. PubNub).

Push notifications are
sent to subscribers of
user’s image feed
(using WebSockets and
push service such as

Thumbnails are
sent to CDN
(Content Delivery
Network) for
improved latency.

|
@
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The Client-Server Model

Client machines are the Server machines host web
desktops, laptops, smart applications, store user and
phones, and tablets you program data, and perform
see everywhere. security authorization tasks
Powerful machines to handle
Broad range of high traffic and bandwidth.
specifications regarding The essential characteristic of a
server is that it is listening for
e oOperating system, requests, and
e processing speed, upon getting one, responds with
e SCreen size, a message.
e available memory, and
o storage
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Server Types

Requests The functionality of a given website

is often split across several different
Web servers. L» =

types of server.

Y .
e Application servers. e el
Web Server Emum
e Database servers. s naa
® Mail servers. L e Email Server
® Media servers.
e Authentication Media Server

SErvers. J Authentication Server

=
Email Server

In a small site, these different types —_—
of server might be contained within Analytics Server
a single machine.
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Real World Server Installations

Not one server, but a

cluster of multiple

machines working

together.

Server Farm
Load Balancers
Failover
Redundancy
Server Racks
Data Centers
Cloud Services

--------- o Load balancer

EEEEE B

]

Web

——

atEisamatild| Load balancer
ﬁ

—

Data
| |

servers
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Hypothetical data center

) ) Backup generators
e, o UPS (uninterruptible
Many additional e e
Air and water

considerations can be
handled at a data Fire prevention system

center including:

Water-cooled server rack
containing multiple servers

e Fire suppression,
e Biometric security,

o Failover data | | el
e Redundant power a S TeWP 4
e and more! S)_, L P e
A~y

as possible cold water cooling
and leak detection systems

Multi-level security ] € ) Steel and fiber optic
2 Z cabling system (subfloor)
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Cloud Servers

Requests (low load)

Instead of spending
too much or
spending too little to
handle peak loads,
cloud providers offer l s e fad ncrases
elastic provisioning e s
of virtual servers, —_
which scales costs

At low load, the site
owner pays cloud
provider $$ for provision
of two virtual servers.

Requests (high load)

ol

EEN EEN
i
Behind the scenes, the cloud provider
a n d h a rd Wa re to t h e has real physical servers, which use = =
virtualization technology that
d e m a n d enables each physical server to host

multiple virtual servers within it.
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Where Is the Internet?

It is quite common for
the Internet to be
visually represented as
a cloud

Actually implemented
via millions of miles of
copper wires and fiber

optic cables
connecting millions of
server computers and
other networked

devices!
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From the Computer to Outside the
Home

The broadband modem is a bridge between the network hardware
outside the house and the network hardware inside the
house. These devices are often supplied by the ISP.

The wireless router is perhaps the most visible manifestation of the
Internet in one’s home. At its simplest, a router is a hardware device
that forwards data packets from one network to another network.
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From the Home to the Ocean’s Edge

Some newer or more expensive
areas may be connected directly
via fiber optic cable. '

Fiber junction boxes connect
slower and older copper lines to
higher bandwidth fiber optic
cables

Copper cables (DSL or Coaxial)
provide the internet connection
to most residents

Apartment buildings and
condomiums are likely to
have a direct fiber optic
connection.

Higher bandwidth
fiber optic connection

INTERNET
SERVICE
PROVIDER

STlﬂQﬁwégﬂ%lﬂgaﬁgrﬁicardo Hoar

FundamentadgJ Q} Q@Qﬁgegéﬂoﬁﬁgﬂy mo



From the Home to the Ocean’s Edge (2)

INTERNET
SERVICE
PROVIDER

INTERNET
EXCHANGE

Large commerical
concentrations usually DATA CENTERS ;?ANT?(I)'\,‘\‘G
are supplied with fibre optic

connections.

Data centers require very high
bandwidth. For this reason, they
are often directly connected to
Internet Exchange Points

Large under-ocean
fiber optic cable systems
provide connection to
the rest of the world.
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How the Internet Is Organized Today

Tier 2 3
Regional
Network

4

N

Tier 1 networks can reach
any other Tier 1 network on
the planet without paying
for the priviledge.

-4
>

'
Each Tier 1
network has its
own network of
connected ISPs and
regional networks.

'
Tier 1 networks peer with one another,
meaning they interconnect directly with
each other at no additional cost.

When someone talks about
the “Internet Backbone” they
are talking about Tier 1
networks.

Tier 1 Networks make use of
very fast fiber optic cable.

Regional networks have
traditionally used less speedy
infrastructure, though this is
rapidly changing as prices of
optical hardware

decreases.
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How the Internet Is Organized Today

Tier 1 Networks don't pay to
access other Tier 1 networks: this

is called a peering relationship.

ISP A ISP B

Tier 1 Networks
Global Network Providers

$
TRANSITS

ISP ¢ ISP d ISP m

Tier 2 Networks

; : Internet Exchange
National or Regional ISPs

Points (IXP)

; By
TRANS'TSf / TRANSITS/ =
Many of the largest content

:\lr:at\?v;?k‘:tbljsisersss 3 ﬁ ‘ l providers, such as Google, FaceBook,
consumer's and ' Al have o pay | ‘ gﬁ 2 and Akami, bypass Tier 1 Network

g : E -E H transit costs by peering directly with
smaller ISPs. their ISPs for access T = | Jxls

(buying transit) to other ISPs within Internet Exchange

rest of internet. Points.
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Where Is the Internet?

Country C

Network A3
Network C1

Network D1

it ' @ Network D2

Country A Country B Country D

National and Regional networks using Internet exchange points (IXP)
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The Inter-network is a big network of networks.

i

. % J
[ - ——] ’

“ . @ r—
P . Regional ISP J

o ===y 10 Mbps
’ "Satelite Links Ethernet LAN

~
N ~~ _ﬁ
N g

- Y
\--h .

Local ISP

/|
7
8
=
H)
3
Z
&

Exchange
Points Backbone ISP
M Backbone ISP u
I.ocal ISP
—— I

100 Mbps
Ethernet LAN

Legend

. '.., Regional ISP
Client - _,
Wireless LAN
\,
- Server i

B BRI B

e Yarious Network Hardware: . . - -
® routers, switches, hubs, etc. w w w w
STUDENTSHUBcom High Yolume Server FarmJploaded By: anonymous
L\.G.J.I.LL_Y \J\JJ.I.J.I.UJ.J._Y alilu v aluuwy Livals i UlilviGliLlcClLrLlQLlD VVCMN LJTV J.Ul.l].l.l.c].l.
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Work
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Roles in Web Development

o Hardware Architect/Network Architect/Systems
Engineer

o System Administrator

e Database Administrator/Data Architect

e Security Specialist/Consultant/Expert

o Developer/Programmer

e Front-End Developer/UX Developer

o Software Engineer

o UX Designer/Ul Designer/Information Architect

o Tester/Quality Assurance

e SEO Specialist

o Content Strategists/Marketing Technologist

e Project Manager/Product Manager

e Business Analyst

e Nontechnical Roles

o Full-stack developer
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Web Development Companies
Hosting Companies "‘ !@

e Design Companies

e Website Solution Companies
e Vertically Integrated Companies
e Start-Up Companies

e Internal Web Development
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Where Is the Internet?

(Simplified) Routing Tables

<

Sender address
142.109.149.46

142.109.149.46 |209.202.161.240 | 1 |Thou map of woe, |

Destination
address

Sender address

Router address

140.239.191.1

Destination address
209.202.161.240

@

Routing table

Address Next Hop
0.0.0.0 127.0.0.1
204.70.198.182 65.47.242.9
209.202.161.240 65.47.242.9
208.68.17.3 90.124.1.2
etc.

Router address

65.47.242.9

Router address

66.37.223.130

Router address

204.70.198.182

Address

Next Hop

208.68.17.3

140.239.191.1

142.109.149.146

140.239.191.1

66.37.223.130

65.47.242.9

209.202.161.240

66.37.223.130

etc.

Address

Next Hop

Address Next Hop

142.109.149.146

65.47.242.9

142.109.149.146 | 66.37.223.130

209.202.161.240

204.70.198.182

etc. etc.
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