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Prerequirements

§ OOP + Java: essential! (Must have passed Linguaggi di 
Programmazione!)

§ Network fundamentals
§ Database
§ No need to already know HTML/HTTP etc.
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Topics

§ HTTP + HTML + CSS
§ Server side programming: PHP – Java, parameter passing, state 

problem…
§ Data access (DB)
§ Javascript – EcmaScript – Typescript
§ Patterns: MV* + …
§ AJAX/XML/JSON
§ JS frameworks/libraries: JQuery, (brief remarks on React, 

Angular…)
§ General considerations (accessibility, security…)
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We’ll use Piazza 

As soon as the dept buys the licence 

For now we go with moodle (sigh)
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Exam

§ Similar to “Linguaggi di Programmazione – mod.1”

§ 1st part: output prediction of 8 brief code fragments + 8 true/fase
questions (40 minutes)

§ 2nd part: small project development (4 hours)

If possible, in presence. 
Else, Responsus+Moodle+VDI
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What is the difference between the 
Web and the Internet?
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What is the difference between the 
Web and the Internet?
§ "The Internet is a global system of interconnected computer 

networks that interchange data by packet switching using the 
standardized Internet Protocol Suite (TCP/IP).”

§ Thus, the Internet is a network of networks, defined by the TPC/IP 
standards (such as FTP, Telnet, SMTP…).
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What is the web

The Wold Wide Web is an information system where documents 
and other web resources are identified by Uniform Resource 
Locators (URLs, such as https://www.example.com/), which may be 
interlinked by hypertext, and are accessible over the Internet. 

The resources of the WWW are 
§ described via the Hypertext Markup Language (HTML) 
§ transferred via the Hypertext Transfer Protocol (HTTP) 
§ accessed by users by a software app called a web browser 
§ published by a software app called a web server.
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History of the web
§ 1989-1990 – Tim Berners-Lee invents World Wide Web at CERN.

§ On 30 April 1993, CERN put the World Wide Web software in the public 
domain. Later, CERN made a release available with an open license, a 
more sure way to maximize its dissemination.

§ TB-L moved from CERN to the Massachusetts Institute of Technology. in 
1994 to found the World Wide Web Consortium (W3C), an 
international community devoted to developing open web standards.

10 Introduzione alla programmazione web – Marco Ronchetti 2021 – Università di Trento



Important references: IETF
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The Internet Engineering Task Force (IETF) is a large open international community of 
network designers, operators, vendors, and researchers concerned with the evolution of 
the Internet architecture and the smooth operation of the Internet.

https://www.ietf.org/standards/rfcs/

https://www.ietf.org/standards/rfcs/


Important references: W3C
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The World Wide Web Consortium (W3C) is an international community where Member 
organizations, a full-time staff, and the public work together to develop Web standards. .

https://www.w3.org/

https://www.w3.org/


Important references: W3C Standards

Introduzione alla programmazione web – Marco Ronchetti 2021– Università di Trento13



W3C Standards - 1
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W3C Standards - 2
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W3C Standards - 3
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W3C Standards - 4
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Introduction
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Basic concepts



Protocol
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§ Synonymous of Etiquette
a code of behavior that delineates expectations for social 
behavior according to contemporary conventional norms 
within a society, social class, or group. 

Communications protocol, a set of rules and regulations 
that determine how data is transmitted in 
telecommunications and computer networking



Protocol

§A protocol defines:
1. the format and 
2. the order of messages exchanged 

between two or more communicating 
entities, as well as 

3. the actions taken on the transmission 
and/or receipt of a message or other 
event. 
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Port
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Mistranslated into Italian as “Porta” (door) 

A port is an endpoint of communication 
in an operating system.

A process associates its input or output 
channels, via an Internet socket,
with a transport protocol, a port number, 
and an IP address.

socket: {protocol,  local address, local port,
remote address, remote port}

This process is known as binding.
PID PORT IP Protocol

84 21 193.205.196.130 FTP

78 80 193.205.196.130 HTTP

321 8080 193.205.196.130 HTTP

541 25 193.205.196.130 SMTP

HTTP on port 80
• HTTP with SSL (HTTPS) on port 443
• FTP on port 21
• SMTP on port 25
• POP on port 110
• SSH on port 22



HTTP overview

HTTP: hypertext transfer 
protocol
§ Web’s application layer 

protocol
§ client/server model

§ client: browser that requests, 
receives, (using HTTP 
protocol) and “displays” Web 
objects 

§ server: Web server sends 
(using HTTP protocol) objects 
in response to requests
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PC running
Firefox browser

server 
running

Apache Web
server

iPhone running
Safari browser

HTTP requestHTTP response

HTTP request

HTTP response



HTTP overview (continued)

uses TCP:
§ client initiates TCP connection (creates socket) to server,  port 

80
§ server accepts TCP connection from client
§ HTTP messages (application-layer protocol messages) 

exchanged between browser (HTTP client) and Web server 
(HTTP server)

§ TCP connection closed
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HTTP overview (continued)

HTTP is “stateless”
§ server maintains no information about past client requests

protocols that maintain “state” are complex:
§ past history (state) must be maintained
§ if server/client crashes, their views of “state” may be inconsistent, 

must be reconciled
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URI, URL, URN

§ A web resource, or simply resource, is any identifiable thing, 
whether digital, physical, or abstract.

§ A Uniform Resource Identifier (URI) is a compact sequence of 
characters that identifies an abstract or physical resource. (RFC 
3986)

§ A Uniform Resource Locator (URL) refers to the subset of URI that 
identify resources via a representation of their primary access 
mechanism (e.g., their network "location")

§ Uniform Resource Name (URN) refers to the subset of URI that 
are required to remain globally unique and persistent even when 
the resource ceases to exist or becomes unavailable. 

It is intended to serve as persistent, location-independent, resource 
identifier (RFC 2141).
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RFC (Request for comment)

Memos in the RFC document series contain technical and 
organizational notes about the Internet. 

RFCs cover many aspects of computer networking, including 
protocols, procedures, programs, and concepts, as well as meeting 
notes, opinions, and sometimes humour.

https://ietf.org/standards/rfcs/
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https://ietf.org/standards/rfcs/


RFC
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URI, URL, URN

§ Both URL and URN are URI.

§ A URN identifies a resource 
§ A URL provides a method for finding it.

§ A URN may be compared to a person's name,
§ A URL may be compared to their street address. 

§ A URN can be associated to many URLs
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URN + URL example
§ The ISBN system (namespace) uniquely identifies books.
§ urn:isbn:0-486-27557-4 cites unambiguously a specific edition of 

Shakespeare’s play Romeo and Juliet. 
§ A typical URL for this book might look like the file path 

file:///home/username/RomeoAndJuliet.pdf
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URI Schemes

http:
https:
ftp:
mailto:<address>[?<header1>=<value1>[&<header2>=<value2>]]
geo:<lat>,<lon>
fax:<phone number>
file:[//host]/path
bitcoin:<address>[?[amount=<size>]…
skype:<username|phonenumber>…

https://en.wikipedia.org/wiki/List_of_URI_schemes
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https://en.wikipedia.org/wiki/List_of_URI_schemes


URI structure

URI = scheme:[//authority]path[?query][#fragment]

authority = [userinfo@]host[:port]
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URL structure
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Watch for phishing!
http://www.sitosicuro.it|search=hello@www.phishing.com/

https://en.wikipedia.org/wiki/URL

https://en.wikipedia.org/wiki/URL

http://www.phishing.com/


URL structure
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https://en.wikipedia.org/wiki/URL#Protocol-relative_URLs

https://en.wikipedia.org/wiki/URL

https://en.wikipedia.org/w/index.php?title=URL&action=edit



MIME type

URIs give us info about name and location, but what 
about their  content type? 

File extensions are bad… 
(see Unix magic numbers 
https://www.geeksforgeeks.org/working-with-magic-
numbers-in-linux/ )

Metadata?
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MIME type
Multipurpose Internet Mail Extensions (RFC 2045,2046)
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text    -> text/plain, text/html,  text/richtext …

image -> image/jpeg, image/png, image/svg+xml…

audio -> audio/basic, audio/ogg, audio/x-wav…

video -> video/mp4, video/ogg…

application -> application/x-apple-diskimage… …

multipart

MEDIA_TYPE/SUBTYPE

See https://www.freeformatter.com/mime-types-list.html

https://www.freeformatter.com/mime-types-list.html
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Initial idea: get (static) interlinked documents

The web programmer writes
collections of HTML pages 



Client and Server

from “Computer Networking: A Top-Down Approach”, Kurose-Ross:

§ The computers and other devices connected to the Internet are 
often referred to as end systems (hosts). 

§ Hosts are sometimes further divided into two categories: clients
and servers. 

§ Informally, clients tend to be desktop and mobile PCs, 
smartphones, and so on, whereas servers tend to be more 
powerful machines that store and distribute Web pages, stream 
video, relay e-mail, and so on. 
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Servers ?
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Server = Waiter, Client = Customer
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Client and Server
A better definition:

§ A Server is a machine that opens a SocketServer
connection, and waits for incoming calls (in order to 
provide a service)

§ A Client is a machine the starts a connection (opening a 
Socket to the server) and requests a service.

40

Server and client are SOFTWARE roles,
not HARDWARE concept!
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Servers on the web
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Dec 2019 Feb 2021
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Servers on the web

42 Introduzione alla programmazione web – Marco Ronchetti 2021 – Università di Trento



Clients on the Web: Browsers
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Clients on the Web: Browsers
Could also be something else!
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Lynx – text browser
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Clients on the Web: Browsers
Could also be something else!
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WebView in JavaFX
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Initial idea: get (static) interlinked documents

The web programmer writes
collections of HTML pages 



The model

§Mapping 1:1 between URLs and (static) resources

§ The Web server is nothing but a retriever of the content 
associated to an URL (typically HTML page, image…)
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The original web architecture: dynamic pages
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HTTP Get + params

Cgi-bin

pr
oc

es
s

Client

Browser Server

File System

Evolution 1: dynamically create (interlinked) documents

The web programmer also writes
programs, using the programming
language of her/his choice.



The model

§ Certain URLs are associated with actions and carry 
parameters for the action

§ The Web server:
§ understands that certain URLs are dynamic
§ parses the parameters
§ starts a process (or thread) corresponding to the desired 

action
§ obtains from the process some data (for human 

consumption)
§ passed the data to the client 
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Back-end (Server-side) table in most 
popular websites
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87 5
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"Il prof ha la fissa di Java"
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The original web architecture: dynamic pages with DB
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Browser Server

File System

HTTP Get + params

Evolution 2: dynamically create (interlinked) documents
interacting with a persistent data storage

The programs also need to interact
with a (legacy?) database.
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The web architecture with smart browser
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Smart
browser

HTTP Get + params

Evolution 3: execute code also on client! (How ?)

The web programmer also writes
Programs which run on the browser.
Which language? 



Front-end (client-side) table in most 
popular websites

Websites
Popularity (unique 
visitors per month) Front-end Notes

Google.com 1,600,000,000
JavaScript,
TypeScript The most used search engine in the world

Facebook.com 1,100,000,000JavaScript The most visited social networking site
YouTube.com 1,100,000,000JavaScript The most visited video sharing site
Yahoo 750,000,000JavaScript
Amazon.com 500,000,000JavaScript Popular internet shopping site

Wikipedia.org 475,000,000JavaScript
"MediaWiki" is programmed in PHP; free online 
encyclopedia

Twitter.com 290,000,000JavaScript Popular social network.
Bing 285,000,000JavaScript Search engine from Microsoft.
eBay.com 285,000,000JavaScript Online auction house.

MSN.com 280,000,000JavaScript

An email client, for simple use. Previously known as 
"messenger", not to be confused with Facebook's 
messaging platform.

Linkedin.com 260,000,000JavaScript World's largest professional network.
Pinterest 250,000,000JavaScript Search engine for ideas.

WordPress.com 240,000,000JavaScript Website manager software.
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JavaScript: History
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Name Edition Date published
Mocha May-95
LiveScript Sep-95
JavaScript Dec-95

Jscript Aug-96 Microsoft
ECMAScript 1 Jun-97
ECMAScript 2 Jun-98 ActionScript 1998 Macromedia/Adobe
ECMAScript 3 Dec-99
ECMAScript 4 Abandoned
ECMAScript 5 Dec-09
ECMAScript 5,1 Jun-11
ECMAScript 2015 (ES2015) 6 Jun-15
ECMAScript 2016 (ES2016) 7 Jun-16
ECMAScript 2017 (ES2017) 8 Jun-17
ECMAScript 2018 (ES2018) 9 Jun-18
ECMAScript 2019 (ES2019) 10 Jun-19
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Evolution 4: augment browser with an ad-hoc engine
to be able to execute a (proprietary) language 

We will

discuss it

in detail

in future



Plug in:  Adobe Flash 
(former Micromedia Flash)

FLV-Video-Media-Content played by the Adobe Flash OCX Plugin.
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Plug in: SIlverlight
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Flash and Silverlight decline
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April 2010: Steve Jobs “Thoughts on Flash”
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The web architecture: web services



The model

§ A web service is a software system designed to support 
interoperable machine-to-machine interaction over a 
network.

§ Certain URLs are associated with actions and carry parameters
for the action

§ The Web server:
§ understands that certain URLs are dynamic
§ parses the parameters
§ starts a process (or thread) corresponding to the desired action
§ obtains from the process some data (for machine consumption)
§ passed the data to the client 
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Variant: Ajax processing and 
Single Page Applications

We will

discuss it

in detail

in future



Logical Web Architecture



Advanced challenges
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Web development challenges
§ Web applications support multiple users with (what appears to 

be) a single server. Developers have to deal with concurrency 
and scalability. Popular web applications must handle 100 − 
1000× the workload of traditional applications. 

§ Web applications must be highly customizable. In the pre-Web 
GUI world a uniform look and feel was encouraged, but web 
applications strive for unique appearance and behaviors. This 
makes it more difficult to create reusable components. 

§ The public accessibility of web applications introduces a variety 
of security and privacy issues. It is easy for unaware developers 
to create security loopholes such as SQL injection attacks. 



Open issues at today’s conferences

Making the Web Human-Centric? New Directions in the Web and AI
12th International ACM Web Science Conference (July 2020)

Fairness, inclusion and diversity of Web and AI: 
the construction of online identities, representation on the Web, access to 
the Web and technology, making ‘smart’ fair; Web culture and Web 
values.

Futures: 
§ the impact of the Web and new technologies on future society and 

social transformation, 
§ work futures and the data economy, 
§ health futures, 
§ political futures
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Open issues: Safety, Security & Trust: 

§ Safeguarding and governance of the Web and/or AI;
§ Anonymity, security and trust for Web access; 
§ False news; 
§Data for the public good; 
§ Crime on the Web; 
§ Ethical challenges of technologies, data, algorithms, 

platforms, and people.
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Open issues: Web & Contemporary Society

§ Arts, culture and humanities on the Web; 

§Web economics, 
§ Social entrepreneurship and innovation; health and 

online; 
§ Knowledge, education, and scholarship on/through the 

Web; 
§ Politics & political activism.
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Open issues: Techno-social Web

§Modeling Web data, users  
§Detecting, preventing and predicting anomalies in Web 

data (e.g., fake content, spam, algorithmic and data ); 
§ Analysis and modelling of human vs. (e.g., bots) and 

their influence on the structure of the Web and 
responding ; 

§ Social machines, crowd computing, collective 
intelligence, and collaborative production on the Web.
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