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Goal

* Understand the architecture of the web
— Main (software) components
— Main network protocols
— Main (programming | declarative) languages

e Standard vs. programmable components
* Interaction and communication across components
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Outline

* Architecture and definitions

e Server-side layers

e Client-side programming

e Current architectural patterns
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Web Architecture

ARCHITECTURE AND DEFINITIONS



N-tier (N-level) architecture

. ‘ * Each level/tier has a well defined
¢
role
* One or more servers implement
each tier/layer
 More servers can share the same
hardware or can run on
dedicated devices
tiers/levels is achieved through
- e neer
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General Architecture

Seer(s) -

e Historically, a web browser
e Also:
* Mobile app
e Desktop app
e Other server application

(& )
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General Architecture

Server(s) -

 Web Server(s)
* Application Server(s)
» Database Server(s)

e Authentication, encryption,
streaming, ... server(s)
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General Architecture

Server(s)

/° Web Server(s)
* Application Server(s)
» Database Server(s)

e Authentication, encryption,
\ streaming, ... server(s)

)

Applicazioni Web | - Web Applications | - 2019/2020



Definition

* “Server’may be defined as:

— Logical definition:
A process that runs on a host that relays information to a client upon the client
sending it a request.

— Physical definition:
A host computer on a network that holds information (e.g., Web sites) and
responds to requests for information
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Web Architecture

SERVER-SIDE LAYERS

Applicazioni Web | - Web Applications | - 2019/2020



Web server

 Manages the HTTP protocol (handles requests and provides responses)
— Receives client requests
— Reads static pages from the filesystem
— Activates the application server for dynamic pages (server-side)
— Provides an HTML file back to the client

* One HTTP connection for each request
* Multi-process, Multi-threaded or Process pool
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Web server

Web Server
Client

URL HTTP request

— path =R
disol HTML
Isplay HTTP response send
pPage
browser TCP/IP server file system
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Adopted standards

* URL (uniform resource locator) for finding web pages

e HTML (hyper text markup language) for writing web pages

e GIF (graphics interchange format) for images

 HTTP (hyper text transfer protocol) for client-server interaction

* TCP/IP (transmission control protocol over internet protocol) for data
transfer

Applicazioni Web | - Web Applications | - 2019/2020



RFC 2396
http://www.w3.org/Addressing/

URL: Example

DNS URI Rewriting
130-191-27-201 /var/www/html/elite/courses/01txyov-WAl
TCP File system
! !
Contact server HTML file contents

\\> HTTP Request
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Getting started with HTML...

s mozilla
ign in

MOZILLA
n MDN REYWORK " WEB TECHNOLOGIES ¥ MOZILLA DOCS ¥ DEVELOPER TOOLS FEEDBACK ~

Learn web development

MDN > Learn web development> HTML>  Introduction to HTML LANGUAGES (B o
.
Introduction to HTML oo
SEE ALSO
Atits heart, HTML is a fairly simple language made up of elements, which can be applied to IN THIS ARTICLE

Complete beginners start here!

pieces of text to give them different meaning in a document (is it a paragraph?isita i
» Getting started with the Web i R ~ 2 . Prerequisites
= bulleted list? is it part of a table?), structure a document into logical sections (does it have a
HTML — Structuring the Web header? three columns of content? a navigation menu?) and embed content such as images G
v Introduction to HTML and videos into a page. This module will introduce the first two of these, and introduce Assessments
fundamental concepts and syntax you need to know to understand HTML. See also

Introduction to HTML overview

Getting started with HTML

What's in the head? Metadata in HTML Prereq u isites

HTML text fundamentals
Before starting this module, you don't need any previous HTML knowledge, but you should have at

Creating liypetlinks least basic familiarity with using computers, and using the Web passively (i.e. just looking atit,
Advanced text formatting consuming the content) You should have a basic work environment set up as detailed in Installing
basic software, and understand how to create and manage files, as detailed in Dealing with files —
both are parts of our Getting started with the web complete beginner's module.

Document and website structure
Debugging HTML

Assessment: Marking up a letter
D Note: If you are working on a computer/tablet/other device where you don't have the ability to create your
Assessment: Structuring a page of content own files, you could try out (most of) the code examples in an online coding program such as = JSBin or =

» Muitimedia and embedding Thimble.

» HTML tables

https://developer.mozilla.org/docs/Learn/HTML/

Introduction to HTML
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HTML in 5 minutes

|| Q python web framework

w3schools.com

the world’s largest web development site

educate yourself!

beginners and experts

HTML/CSS

» Learn HTML

» Learn HTMLS HTMI— % CSS
» Learn CSS

» Learn CSS3

» Learn Bootstrap HTML Tutorial €SS Tutorial

JavaScript

» Learn JavaScript HTML Tag Reference CSS Reference

» Learn jQuery

» Learn jQueryMobile
» Learn AppML

» Learn Angular]S

» Learn AJAX w3 SQL

» Learn JSON

HTML Graphics
» Learn Canvas
» Learn SVG

» Learn Google Maps SQL Reference PHP Reference

SQL Tutorial PHP Tutorial

Server Side

» Learn SQL
» Learn PHP

» Learn ASP Learn Web Building

sve ¢ A a4 Po

Search w3schools.com:

°°3 JavaScript

JavaScript Tutorial

JavaScript Reference

w3 JQuery

schools
JQuery Tutorial

JQuery Reference

References

Lo o

http://www.w3schools.com/

' » Learn XML DOM
» Learn XPath

» Learn XSLT
? A Certifi g

» JavaScript

» HTML DOM

» jQuery
i

Mohil
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URI Basics

Scheme Hostnalme Pa:h
| 11 1
* http://www.sadev.co.za/users/1/contact
Scheme Hostname Query
l_'_l f A \ ! 1 i
e http://www.sadev.co.za?user=1&action=contact
Scheme Hostname Path Fragment

l_'_l f A \ 1 i l_l_\
* https://bbd.co.za/index.html#tabout
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e)
RFC 2616, RFC 2617

H _l__l_ P p O tO CO | http://www.w3.0org/Protocols

GET / HTTP/1.1 ‘

Host: elite.polito.it

User-Agent: Mozilla/5.¢ HTTP/1.0 200 OK

Accept: text/html,app) Cache-Control: no-store, no-cache, must-revalidate,

Accept-Language: it-T Connection: Keep-Alive

Accept-Encoding: gzi Content-Encoding: gzip
Cookie: _ utma=1885 Content-Type: text/html; charset=utf-8
Connection: keep-a Date: Wed, 08 Apr 2016 13:36:24 GMT

Expires: Mon, 1 Jan 2020 00:00:00 GMT

Keep-Alive: timeout=15, max=100

Last-Modified: Wed, 08 Apr 2016 13:36:24 GMT

Pragma: no-cache

Server: Apache/2.4.6 (Linux/SUSE)

Transfer-Encoding: chunked

X-Powered-By: PHP/5.6.30

p3p: CP="NOI ADM DEV PSAi COM NAV OUR OTRo STP IND DEM«

<IDOCTYPE html>
<html>
<head>
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HTTP/0.9
[1991]; one-
line protocol

used to
transfer
plain HTML
files

C

HTTP evolution

HTTPS
[1994];
Netscape
created https
to be used
with SSL for
its browser

HTTP/1.0
[1996];
concept of
headers,
version
information,
status codes
were
introduced

. «

HTTP/1.1
[1997];
Introduced
persistent
connection,
pipelining,
cache-
control and
many other
features

HTTP/2
[2015];
based on
Google’s
SPDY allows
multiplexing
and server
push
« «
HTTP/3
[2019];
based on
Google's
QUIC that
uses UDP
instead of
TCP
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Browser developer tools

e-Lite: Intelligent and Inte. x YLy
<« C' fi [ elitepolito.it %% SE =

(57
‘ \\\ Z L. search...
o= e-Lite \
\
HOME NEWS PEOPLE v RESEARCH v TEACHING v THESIS v

o,
< elite Tntelligent and Inter.. x| +

€ @ citepoitot @ || COcCerca

[ SEMINARIO: INDICATORI PUBLICATION: DESIGN PRESENTATIONS AT ACM CHI
N /é L [ QUANTITATIVI PER LA RECOMMENDATIONS FOR 2015
@‘ e- |te ‘ VALUTAZIONE DEI PROCESSI SMART ENERGY MONITORING

® =
m NEWS PEOPLE + RESEARCH v TEACHING ~ THESIS v e T
CHI2015
| e = = G

SEOUL-KOREA

= —
| @ [J Elements | Network| Sources Timeline Profiles Resources Audits Console

| @ O ¥ := == [preservelog [ Disable cache
SEMINARIO: INDICATORI PUBLICATION: DESIGN PH| X | Headers | Preview Response Cookies Timing
QUANTITATIVI PER LA RECOMMENDATIONS FOR 2 ~ | Y General =
£ Anclisipogina | 3 Console @ Debugger | [ Edtorstili | @ Prestarioni | Remote Address: 130.192.5.26:82
Request URL: http://elite.polito.it/
Metodo File Dorminio Tipo  Dimensione Request Method: GET
@ elite politoit htmi 6173 kB Status Code: @ 200 0K
® 20 GET {5] smart-systems-banner-small.png @ eliteppolito.it png 13368kB 3 Metododiric = moceless ¥ Response Headers  view source |
® 20  GET _ utm.giffutmun=5. @ om | gif 0aks L4 SEwscod e = Cache-Control: no-store, no-cache, must-revalidate, post-check=0, pre-check=0
S| shlecss Connection: Keep-Alive
 Header | odules/mod face/cs Content-Encoding: gzip
Cache-Con| | [=] mootools-corejs Content-Type: text/html; charset=utf-8
Coaneciis ‘ J R nfis Date: Wied, @8 Apr 2015 13:47:35 GMT =
Content En ires: Mon, 1 Jan 2001 00:00:00 GHT
Content-Th J RO : timeout=15, max=100
Dates Wed | Last-Modified: Wed, 08 Apr 2015 13:47:35 GHT
Expires: "M| | j query-noconfiictjs P3P: C I0I ADM DEV PSAi COM NAV OUR OTRo STP IND DEM"
Keep-Alive] | = /mediafjuis Pragma: no-cache )
LasMod| (5] jaery-migrtemins i ?erve;. AEach:{Z.jlvﬁh (Linux/SUSE)
Pragma: 'nl | 66 requests 1 1.7 MB transferred | 336 s (load: 3385, DOMContentloaded: 2.74s) Sy —— Y
v A AT . X-Powered-Bv: PHP/5.4.20
Transfer-Encoding: “chunked"
X-Powered-By: "PHP/5.4.20"
p3p: "CP="NOI ADM DEV PSAi COM NAY OUR OTRo STPIND DEM™"
 Header richiesta (1,600 kB)

Host: "elte polito.ft”
User-Agent: "Mozilla/5.0 (Windows NT 6.1; WOWSH; :37.0) Gecko/20100101 Firefox/37.0"
Accept: "text/htm|,application/’ I, appli b 41q=08
Accept-Language: 't IT,it:q=08,en-USia=05,enq=03"
Accept-Encoding: "grip, deflate’
Coskie: "_utra=18858605.1512105054 1382561222.1 110.1428499850; _trnt=1"L)
Connection: "keeo-alive” =)

T HML €SS 5 XHR  Carttei  Immegini Media | Flash Ak @ 3richieste, 19546 k8, 1305 Cancella
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Performance measures

* Latency: time required for providing a O byte http page. Includes the
server activation time, the request decoding time, the file access time,
the transmission time and the time for closing the connection.

— Unit of measure: http/s or s/http

* Throughput: maximum speed at which infinite-sized pages can be sent.
— Unit of measure: Bytes (Mbytes)/s

* HRequests /s
e #Pages /s
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Stat I C We b t ra ﬂ S a Ct I O ﬂ T = Latency + HttpResponseSize / Throughput

: o | L®
Browser -
t, t t
Web G &
server tz t7
Disk
access t, t.
server response time user think time
network transfer time
total response time
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General web architecture

&
<@ Web server
(,OQ (Apache, 11S)

Mouse/

SCreen Keyboard

Browser

Image files
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Web Server

Web server developers: Market share of all sites

] —— Apach

LIETCRAFT pache
M

80%

— Microsoft

~—— 5un

60%
— nginx

—— Google
—— NCSA
—— QOther

40%

20% A? Mo ﬁ‘ﬁ"

0% =

00 00 00 00 A0 OV O O AP O A0 WA AT MK WD WD WD WD
AQ®” AQP" AQYT AR AQNT AQPT AQNT AQY AQV™ AQV AQY™ A0 90N 90N A0Y 20N QY 70N A0
@(}0 6\0 GQ‘ 'ago G\G T '39( v @go T 6\5‘1 @Q‘ q'.agoqﬁ @,C:q’ 99‘( v ,a.go G\CJ‘-L @Q‘ q’@gﬁq’ 6\0'?’ @Q‘ q"agoq’

Source: http://news.netcraft.com/
https://news.netcraft.com/archives/2020/01/21/january-2020-web-server-survey.htmil
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Web Server

Web server developers: Market share of active sites

0, —
7 [IETCRAFT Apache
— Microsoft
60% —— Sun
— nginx
— Google
40% —— QOther
20% ' s
-l
e "-ﬂ
i “M
~\ P2 =S _
e ——
0%
o o oo cﬁ QO 1o o o Lo LN N NV N N AN MO N N D
PR d\&g@@ éomf@& 5 (@g@ B gof?, 0 0@ A

Source: http://news.netcraft.com/
https://news.netcraft.com/archives/2020/01/21/january-2020-web-server-survey.htmil
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Web Server

Web server developers: Market share of the top million busiest sites

0, —
**  FIETCRAFT —
—— Microsoft
60% —— QOther
— nginx
— Google
40% — LiteSpeed

20% ——

0% —
Q {2 L 9 © g L] L] 9 Q
'LGQ P @0" a8 a9 g9 oo '?55“ 10" o ) > N OIS S S S
SREPN 297 07 e S S e’ 29 .}
o @@ @O @ @R @ @0 @ PR et

Source: http://news.netcraft.com/
https://news.netcraft.com/archives/2020/01/21/january-2020-web-server-survey.htmil
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Application server

* Dynamic page generation
* Manages the site business logic

* It’s the middle tier between the client browser and the data residing on
a database

* Implements the session mechanisms
e Different technologies and architectures are available
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Dynamic web transaction

Web Server
Client
URL
- HTTP request . COMM— arameters
with data and \@ |
logic
display HTTP response send _ /
Page HTML

browser TCP/IP server application
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Adopted standards

e HTTP: POST or GET with query, for sending user-specified data

* Integration of a programming language accessible to the Web Server
— ASP, PHP, PERL, JS, ... as new languages for application development
— Python, Java, C#, ... as adaptations of existing languages

e Cookies for storing the state of a session
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Dynamic web transaction

Browser

Web
server

Application
server

aﬁplication time
total server time
total response time
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General web architecture

Web server

XX

&

NP4 (Apache, nginx,
S

Mouse/

SCreen Keyboard

Browser

Image files
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HTML file

Application
Server

Application




Application Servers

Percentages of websites using various
server-side programming languages

PHP 78.9%
ASP.NET
Java
Ruby
static files
Scala

Python

JavaScript
ColdFusion | 0.5%
Perl |0.3%
Erlang |0.1%

W3Techs.com, 28 November 2019

https://w3techs.com/technologies/overview/programming_language/all Q
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Application Servers

/ App Server most often used”
HTML } —

_ — 50%
Java I —

M Share
ASP.NET - Y [A JBoss’

Jetty
ore

0% 20% 40% 60% 80% 100%

Tomcat

GlassFish?

WebLogic
WebSphere®
TomEE

Another 22 tools...

https://en.wikipedia.org/wiki/Website#{Dynamic_website

.
L. REBELLABS * The results were normalized to exclude non-users
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Database server

e Stores the data on which the application server works.

* Executes the queries issued by the application server:
— Updates the stored data
— Inserts new data
— Provides back query results

* The most frequent/complex queries can be implemented internally as
stored procedures (pre-compiled queries with parameters)
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DB-backed web transaction

Web Server Database Server
Client

URL HTTP request comm— query
and data X parameters
with data and \@I / l
ogic
display _ HTTP response o / o
Pase T~ HTMmL

browser TCP/IP server application database
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Adopted standards

* SQL (structured query language)
 NoSQL (document-oriented) databases
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Database server

* Queries are almost always in SQL
— SELECT * FROM table;

e Often adopts the relational database model

— Other models can be used
e Object model
* Triple model

* The most advanced/complete solutions are called Transaction servers
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Example (PHP)

The application composes the guery
(<?php )

$query = “SELECT doc_id FROM key doc_index, keywords WHERE
key_doc_index.key_id = keywords.id AND keywords.key =

\§_REQUE§T[“quePy”T;”; )

The query is sent to the db-server and a rowset containing the results is returned

[$Powset = mysqgl_query($query); ]

while($row = mysql fetch row($rowset) )
{
//elaborate data

J y
2>

The application elaborates the data
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Database-driven transaction

Browser

Web
server

Application
server

Database
server

L

ap..'i"'icaation time f:f"""--~-------data Béi'é;'e......time

total server time
total response time
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General web architecture

N Web server
2
X
S
S

) o)

Mouse/

SCreen Keyboard

Browser

Image files
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HTML file
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Server
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Web Architecture

CLIENT-SIDE PROGRAMMING



Client-side programming

 Making a web page dynamic
— Able to change the page content after is was loaded by the server
— Able to interact with the user, on the browser
— Able to “augment” the default interactions offered by the browser

e Examples:
— Animations on the page

* e.g. menus, accordions, slideshows, hide/show, ...

— Form validation
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Client-side programming

* Requires:
— A programming language accepted by all browsers
— A program embedded in the web page
— An execution engine in the browser

* Limitations:

— All data needed by the program must be known beforehand (when the page is
loaded)

— The program must have a restricted access to the execution environment
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Rich-client web transaction

Web Server Database Server

Client-side
application

URL
HTTP requeSt - comnr— parameters query
and data >
@ A with data and \‘@ /
DOM logic l
@ display __ HTTP response cend / e
page T~ HTML

runtime  browser TCP/IP server application database
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DOcument ObJeCt MOde‘ (DOM) "The W3C Document Object Model (DOM)

e Standard data structure for
representing the web page content

e Supported by all browsers

e Javascript programs can read &
modify the DOM

e Abstracts
— Browser

is a platform and language-neutral
interface that allows programs and scripts
to dynamically access and update the
content, structure, and style of a
document.”

Document

Foot element:
<html=

— HTML

Element:

<head:=

Elerment:

<hody=

Elerment:

<titlez

Attribute:
*hiref”

Elerment:
3

Elerment:
<hl=

e The HTML DOM is a standard for

how to get, change, add, or delete

Text:

“ My title”

HTML elements

Applicazioni Web | - Web Applications | -

2019/2020

Text:
My link®

Text:
“My header”




Adopted standards

* DOM, JavaScript, CSS

— JavaScript to handle a runtime environment on the browser

— DOM (Document Object Model) to allow access and on-the fly modification of the
web page

— CSS to modify attributes and handle objects
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General web architecture

Web server

XX

&

NP4 (Apache, nginx,
S

Mouse/
Keyboard

Screen

Browser

Image files Javascript

DGQ e

e
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Separating layout from content

* Goals:
— Allow the definition of complex layouts
— Adapt web pages to different resolutions
— Adapt web pages to different devices (e.g., mobile)
— Adapt web pages to different preferences (e.g., color schemes)
— Adapt web pages to different media (e.g., text vs video)
— |n a standard way ©

 ‘Adapt’ means:

— Resize, Reflow, Show/Hide, Substitute, Animate, Highlight, Move, ...

e Solution: Cascading Style Sheets (CSS)
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CSS

* A set of “Declarations” applied to some “Selector”
— Selectors identify portions of the web page DOM
— Declarations set the value of some “properties”

— Properties control everything: color, size, font, alignment, border, shadow,
position, selection status, transitions, links, buttons, cursors, ...

Selector Declaration Declaration

@ { color:blue; font-size:12px;

Property Value Property Value

Applicazioni Web | - Web Applications | - 2019/2020



General web architecture

&
x$
N
@)

Mouse/

SCreen Keyboard

Browser

Image files

sheets

§ Javascript

CSS Style

Web server
(Apache, nginx,
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Conceptual Browser architecture

* The user interface: this includes the address bar, back/forward
button, bookmarking menu, etc. Every part of the browser
display except the window where you see the requested page.

. * The browser engine: marshals actions between the Ul and the
User Interface rendering engine.
L J * The rendering engine : responsible for displaying requested
U content. For example if the requested content is HTML, the
rendering engine parses HTML and CSS, and displays the
parsed content on the screen.

* Networking: for network calls such as HTTP requests, using
different implementations for different platform behind a
platform-independent interface.

* Ul backend: used for drawing basic widgets like combo boxes
and windows. This backend exposes a generic interface that is

. not platform specific. Underneath it uses operating system

ﬂ ﬂ h user interface methods.

e JavaScript interpreter. Used to parse and execute JavaScript

Metworking St | Ul Backend code.
| Interpreter J * Data storage. This is a persistence layer. The browser may

need to save all sorts of data locally, such as cookies. Browsers
also support storage mechanisms such as localStorage,

Browser engine . N

!

Rendering engine

23U3)51S1a4 B1B(]

-

IndexedDB, WebSQL and FileSystem.
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Rendering Engine

Parsing HTML
to construct
the DOM tree

Render tree
construction

Applicazioni Web | - Web Applications | - 2019/2020

Layout of the
render tree

—

Painting the
render tree




Rendering process in WebKit

HTML [~

HTML
Parser

_7/

DOM Layout
Tree

| !

Attachment _7 Render /—)
Tree

Style
Sheets

CcSs
Parser

)

=/

Style
Rules
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Chrome’s multi-process architecture

Browser Process

000 —

€« 3 ¢

GPU Process

B
AR

Browser

Controls "chrome" part of the application
including address bar, bookmarks, back and
forward buttons.

Also handles the invisible, privileged parts of
a web browser such as network requests
and file access.

Renderer

Controls anything inside of the tab where a
website is displayed.

Plugin Process

Plugin

Controls any plugins used by the website, for
example, flash.

Source: Inside look at modern web browser (Google)

Applicazioni Web | - Web Applications | - 2019/2020

GPU

Handles GPU tasks in isolation from other
processes. It is separated into different
process because GPUs handles requests
from multiple apps and draw them in the
same surface.




Parsing HTML and building a DOM tree

000/ — —. K, —— x| — A\ WY meow
€ 3 & |8 wwwmysite.com ]
Renderer Process N
document ¢ - f}g L)
<!DOCTYPE html> tes, 9 .
<html> "y .+ Main thread
<head=> »>'
_‘.---'"“'"‘ <link href="zzz.(cs5"> de}r’
N </head>
.i"‘ ‘..",...-al--...‘ . qbﬂd}r} +
»* ‘% <img src="horse.png”>
L lun...'. <p=
.. Who is HorselS DOM Tree
Network "4, _ /o>
Request ‘@ <script src="zzz.js">
</scripts> text
l </body=
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Parsing CSS: add computed style to each node

ﬂﬂﬂ/( o — 1 HY\ b — x‘ —_— “\u meow
€ & @ |@ wwwmysite.com | .

Renderer Process e Vo)

o &yt

document =———pp I Computed Style

* § b)b Main thread

font-size: 12px

_______..' I Computed Style font-family: serif
body }

/ I Computed Style || p: {
p color: blue;
/ I Computed Style }

margin: 1@px;
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Produce Layout Tree from DOM+Computed Styles

nnn/( — .. g\ —— — u‘ —_— n\D meow
€ 9 & |5 wwwmysite.com ] :
Renderer Process ey
‘.ii- “@

. I Computed Style I

Computed Style I

»),?. Main thread

LayoutBlock Flow

LayoutBlock Flow

Layout Tree

LayoutText
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From Layout decisions to Paint actions

000/ — —.- =\ P o N\ \ meow
&€ 3 & |& wwwmysite.com J :

Renderer Process VR
Draw Rect E: - ‘?}g :3_.'ﬁ'.?

pos: X, y, w, h Tternes

color: red ))).?a Main thread

LayoutBlock Flow +
' | Draw Text

LayoutBlock Flow v Paint Records

Draw Rect
pos: X, ¥, w, h
color: blue

LayoutText
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Suggested reading

https://www.google.com/googlebooks/chrome/

BROWSERS ALSO NEED
FIRST, BROWSERS. THEY NEED TO BE MORE
TO 8€ FASTER. THEY NEED
G m NEED TO BE MORE SECURE. 61VEN WHAT'S
oogle Chrome STABLE. WHEN YOU'RE TOSTARE.MASTER: (OND). KNOWN ABOUT MASS

T WRITING AN IMPORTANT
D EMAIL OR EDITING A
DOCUMENT, A BROWSER
CRASH 15 A 816 DEAL.

BROWSER EXPLOITS,
BROWSERS NEED
ARCHITECTURAL CHANGES
TO DISADVANTAGE

MAL

TODAY, MOST OF WHAT
WE USE THE WES FOR ON A
DAY-TO-DAY BASIS AREN'T
JUST WES PAGES, THEY'RE
APPLICATIONS.

s S22S05T,

Google Chrome

AND WE WANT BROWSERS FINALLY, GOOGLE
TO FIND THAT SWEET SPOT CHROME 15 A FULLY OPEN
BETWEEN TOO MANY SOURCE 8ROWSER.
FEATURES AND TOO FEW,
WITH A CLEAN, SIMPLE.
AND EFFICIENT USER
INTERFACE.

)

Applicazioni Web | - Web Applications | - 2019/2020


https://www.google.com/googlebooks/chrome/

Web 2.0

 Web applications support social interaction models
* Rich, dynamic, interactive user interfaces

e Continuous update
— Client and Server “chatting”

* Integration of contents across web sites (mashups, cloud services)
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Asynchronous Ajax requests

Web Server Database Server

Client-side
application

------------------------------------------------------

URL HTTP request > comm— query
and data [~ parameters
@ _B with data and \‘@ /
DOM logic l

@ display _ HTTP response cend / data

r page o T~ HTML

___________________ JSONdata .~
runtime  browser TCP/IP server application database
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General web architecture

Web server @

Apache, nginx,
(Ap g) HTML file

Screen Mouse/
Keyboard

Application R
Server pplication

’
7’ , '
4 ’ 1
’ ’ ]
e / !
’ ‘ 1
4 1
’ ’
2 ’ !
rowser / '
. 4 ’ 1
e ’ 1
’ ’
’ 1
Q ’ 4 1
- ~ . 4 1
’ ’
’ ’ 1
’ 7 1
i ipt a

G Database server
DBMS

CSS Style
sheets
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Rich-client transaction

Browser

Runtime

Web
server

Application
server

Database
server
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Adopted standards

* AJAX: Asynchronous Javascript and XML

— XMLHttpRequest for asynchronous communication to the server
— Data transfer formats: JSON, XML, RDF, RSS, Atom, FOAF, ...

 More recently: Fetch APl and Promises
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Web Architecture

CURRENT ARCHITECTURAL PATTERNS



Single Page Applications (SPA)

JSON

JavaScript
HTML-5
Single
HTML Web Workers MVC

Page

=t

HTTP
SPDY
Websockets
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Web application architectures

Model 1: classic Web Model 2: AJAX Web Model 3: client-side MV*
application application Web application
Web browser Web browser Web browser

User Interface

MV* engine

User Interface

AJAX engine

HTTP HTML I |
requests + G558
HTTR Ul fragments,
requests  Raw XML/ JSON data HTTP
requests Raw JSONM data

I I
v

sk Web sarver

|

Business services,

Business services,

Data... Data...

Application server Application server Application server

—— e — e e o — —

1990 2006 2012

http://blog.octo.com/en/new-web-application-architectures-and-impacts-for-enterprises-1/
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Supporting mobile development

Web Application Web Application Native Application
responsive MV* optimized for mobile MV*  i0S, Android, Windows

Phone, BlackBerry
€@006c €@00®c O

RESTful API
JSON over HTTP

Information
System

http://blog.octo.com/en/new-web-application-architectures-and-impacts-for-enterprises-1/
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Client-side, server-side, databases

Programming languages used in most popular wehsites”

Websites #

Popularity

(unigue visitors per

month)!"!

Front-
end . Back-end
(Client- (Server-side)
side)

Ak

Database

Google.com!]

1,600,000,000

JavaScript | C. C++, Go,Bl Java, Python

BigTable,[*! MariaDB["]

Facebook.com

1,100,000,000

JavaScript
P ¥hp. 'l Haskelll®!

Hack, PHP (HHVM), Python, C++, Java, Erlang, D,[®]

MariaDB, MysaL ¥l HBase
Cassandral!ll

YouTube.com

1,100,000,000

JavaScript | C, C++, Python, Java,["! Gol'2]

BigTable, MariaDBRI3]

Yahoo 750,000,000 JavaScript | PHP MySQL, PostgresaL 4]
Amazon.com 500,000,000 JavaScript | Java, C++, Perll8l Oracle Databasel!7]
N _ . M?SQL[CMMH needed]
Wikipedia.org | 475,000,000 Javascript | PHP, Hack MariaDglie
Twitter.com 290,000,000 JavaScript | C++. Java, Scala, Ruby on Rails["9] MySQL20
Bing 285,000,000 JavaScript | ASPNET Microsoft SQL Server
eBay.com 285,000,000 JavaScript | Java,[*'! JavaScriptl? Oracle Database
MSN.com 280,000,000 JavaScript | ASPNET Microsoft SQL Server
Microsoft 270,000,000 JavaScript | ASPNET Microsoft SQL Server
Linkedin.com | 260,000,000 JavaScript | Java, JavaScript.[?®! Scala Voldemori24]
Pinterest 250,000,000 JavaScript | Django (a Python framework),[23] Erlang MySQL, Redis [28)
WordPress.com | 240,000,000 JavaScript | PHP, JavaScript 27! (Node js) MariaDB, MySql

https://en.wikipedia.org/wiki/Programming_languages_used_in_most_popular_websites
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References

e HTTP/1.x vs. HTTP/2 — The Difference Between the Two Protocols Explained -
https://cheapsslsecurity.com/p/http2-vs-http1/

e How Browsers Work: Behind the scenes of modern web browsers -
https://www.html5rocks.com/en/tutorials/internals/howbrowserswork/

* |nside look at modern web browser
— Part 1: https://developers.google.com/web/updates/2018/09/inside-browser-partl

— Part 2: https://developers.google.com/web/updates/2018/09/inside-browser-part2

— Part 3: https://developers.google.com/web/updates/2018/09/inside-browser-part3

— Part 4: https://developers.google.com/web/updates/2018/09/inside-browser-part4
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License

* These slides are distributed under a Creative Commons license “Attribution-NonCommercial-
ShareAlike 4.0 International (CC BY-NC-SA 4.0)”
* You are free to:
— Share — copy and redistribute the material in any medium or format
— Adapt — remix, transform, and build upon the material
— The licensor cannot revoke these freedoms as long as you follow the license terms.

* Under the following terms:

— Attribution — You must give appropriate credit, provide a link to the license, and indicate if changes were
made. You may do so in any reasonable manner, but not in any way that suggests the licensor endorses you or
your use.

— NonCommercial — You may not use the material for commercial purposes.

— ShareAlike — If you remix, transform, or build upon the material, you must distribute your contributions
under the same license as the original.

— No additional restrictions — You may not apply legal terms or technological measures that legally restrict
others from doing anything the license permits.

* https://creativecommons.org/licenses/by-nc-sa/4.0/

© OA® ®E
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