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Definition
§ Web Information System (WIS)

w Communication between computers and 
hosts takes place in the Internet or 
through a Virtual Private Network (VPN) 
based on the internet standards

w Access to information and services is 
supported by a program that manage the 
user interface, known as browser
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Collaboration models
§ B2B  (business to business ): 

collaboration  among companies
§ B2C  (business to consumer ): on-line 

shops
§ C2C  (consumer to consumer ): 

auctions,  buy-sell notices
§ Government to business : on-line 

taxes,  services to companies
§ Government to citizens : on-line taxes
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Levels of complexity
§ Informative sites

w Who we are / Products / Services / Contacts
w Newsletter, Journal, Blog, …

§ Ordering sites
w Selection, configuration, purchase

§ Management systems
w CRM, SCM, ERP, MRP, …

§ Autonomous systems
w Negotiation, transaction, monitoring

§ Portals, marketplace, marketspace
w Aggregate many related companies/products
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WEB ARCHITECTURE
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Evolution of web architectures
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http://www.evolutionoftheweb.com



N-tier (N-level) architecture

Browser

Internet 
infrastructure

Web Server

Application Server

Database Server

§ 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

§ Communication between 
tiers/levels is achieved 
through the network
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3rd party services

Client

General base architecture
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Components
§ One or more connections to the Internet 

by means of an Internet Service Provider 
(ISP).

§ One or more servers implementing each 
tier/level of the architecture.

§ One or more physical networks for 
interconnecting the servers.

§ One or more network devices (router, 
firewall, switch) which implement 
communication and security policies.
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Communication Protocol
§ Set of rules to transfer information 

between two (or +) parties
w Syntax and format
w Semantics
w General procedure (steps)
w Synchronization mechanisms
w Error recovery methods
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Network Protocols Stack
§ HTTP, HTTPS

w Transfer of content
§ TCP

w Reliable transfer of variable length data
§ IP

w Allow transfer of data though a network
§ WiFi, Ethernet, Bluetooth, 4G, 5G

w Local networking (logical access, medium 
access, physical details)
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Server
§ Logical

w A process that runs on a host that relays  
information to a client upon the client  
sending it a request.

§ Physical
w A host computer on a network that holds  

information (e.g., web sites) and 
responds  to requests for information
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BASIC HTTP SERVER

17

Web server
§ Manages the HTTP protocol

w Receives client requests
w Reads static pages from the file system
w Activates the application server for dynamic 

pages (server-side)
w Sends an HTML file back to the client

§ One HTTP connection for each request
§ Multi-process, Multi-threaded or Process 

pool
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General Architecture
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Example
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Adopted standards
§ URL (uniform resource locator) for 

finding web pages
§ HTTP (hyper text transfer protocol) for 

client-server interaction
§ HTML (hyper text markup language) 

for writing web pages
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URL
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http://softeng.polito.it/VIQ/index.html

DNS

130.192.5.173

TCP

Contact server

File system

URI Rewriting

HTML file contents

/var/www/html/index.html

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



URI Basics

§ http://www.sadev.co.za/users/1/contact

§ http://www.sadev.co.za?user=1&action=contact

§ http://rob:pass@bbd.co.za:8044

§ https://bbd.co.za/index.html#about

23

Scheme

Scheme

Scheme

Scheme

Hostname

Hostname

Hostname
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Query

Query

Port
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HTTP protocol
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GET /VIQ/index.html HTTP/1.0
Accept: text/html
Accept: image/gif
User-Agent: FireChrome SuperBrowser 9.45

HTTP/1.0 200 OK
Date: Monday, 01-Jan-2001 00:00:00 GMT
Server: Apache 1.3.0
MIME-Version: 1.0
Last-Modified: 31-Dec-2000
Content-type: text/html
Content-length: 3021

<HTML> . . .

RFC 2616, RFC 2617
http://www.w3.org/Protocols



Browser developer tools

25

Performance measures
§ Latency: time required for providing a 0 

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.
w Unit of measure: http/s or s/http

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

§ RPS: max( #Requests / s )
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Delay time

w Valid if all components are not overloaded
§ Example:

w Latency: 100ms
w Size: 100kBytes
w Throughput: 800kBytes/s
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Delay = Latency +
Size

Throughput

<latexit sha1_base64="Q+ybMwy79VMGmqeKN9+y0WV+sCQ=">AAACEnicbVC7SgNBFJ2Nrxhfq5Y2g0FQhLArAW2EoBYWFhHzgmQJs5O7yZDZBzOzwrrsN9j4KzYWitha2fk3Th6FJh4YOJxzL3fOcSPOpLKsbyO3sLi0vJJfLaytb2xumds7DRnGgkKdhjwULZdI4CyAumKKQysSQHyXQ9MdXo785j0IycKgppIIHJ/0A+YxSpSWuubRFXCS4HN8QxQENMHHuOMJQtM79gBZWhuIMO4PolhlXbNolawx8Dyxp6SIpqh2za9OL6SxD4GinEjZtq1IOSkRilEOWaETS4gIHZI+tDUNiA/SSceRMnyglR72QqFfoPBY/b2REl/KxHf1pE/UQM56I/E/rx0r78xJWaAj6byTQ17MsQrxqB/cYwKo4okmhAqm/4rpgOhGlG6xoEuwZyPPk8ZJyS6XyrflYuViWkce7aF9dIhsdIoq6BpVUR1R9Iie0St6M56MF+Pd+JiM5ozpzi76A+PzB+monbA=</latexit>

Delay = 0.1s+
100kB

800kB
s

= 0.225s

<latexit sha1_base64="x3Gep0F1qx3tLS/3isy5gxdCCeY=">AAACH3icbVDLSgMxFM3UV62vUZdugkUQhCFTqnYjlOrCZQX7gLaUTJppQzOZIckIwzB/4sZfceNCEXHXvzF9LLT1QODcc+7l5h4v4kxphCZWbm19Y3Mrv13Y2d3bP7APj5oqjCWhDRLyULY9rChngjY005y2I0lx4HHa8sa3U7/1RKVioXjUSUR7AR4K5jOCtZH69tUd5TiBNxA5roIXsOtLTFIXoXEtSysIzetpobJs1lYqXULVt4vIQTPAVeIuSBEsUO/b391BSOKACk04Vqrjokj3Uiw1I5xmhW6saITJGA9px1CBA6p66ey+DJ4ZZQD9UJonNJypvydSHCiVBJ7pDLAeqWVvKv7ndWLtV3opE1GsqSDzRX7MoQ7hNCw4YJISzRNDMJHM/BWSETaJaBNpwYTgLp+8Spolxy075YdysVpbxJEHJ+AUnAMXXIMquAd10AAEPINX8A4+rBfrzfq0vuatOWsxcwz+wJr8AFIrn3Q=</latexit>

Static web transaction

28

Browser

Web
server
Disk
access

t0

t1

t2

t3

t4

t6
t7

t8
t9

t5

t’0

t’1

total response time

server response time user think time
network transfer time



Basic web architecture
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Source: https://news.netcraft.com/archives/2020/10/21/october-2020-web-server-survey.html



HTML in 5 minutes
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http://www.w3schools.com/

APPLICATION SERVER
Web Information Systems – Part 2
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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
§ Different technologies and 

architectures are available
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Dynamic web transaction
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Adopted standards
§ HTTP-POST for sending user-specified 

data
§ CGI (common gateway interface), ISAPI 

(internet  information server application 
programming interface), server-side 
script, java servlet for integrating 
application logic into web servers

§ ASP (active server pages), PHP, Ruby as 
languages for application development

§ Cookies for storing the state of a session
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Sessions
§ A session is a set of related HTTP 

transactions performed by the same 
user

§ They allow a continuous (state-full) 
interaction with the web application 
upon a state-less protocol (HTTP/S)
w Each HTTP exchange is independent

§ They are usually based on cookies
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Cookies
§ A cookie is a pair name and value
§ Cookies are sent by the web server 

w Usually upon the first interaction
§ The browser keep a list of

w Host – Cookie ( name + value )
§ When a browser sends an request to a 

host is sends along all the cookies 
previously received from that host
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Session cookies
§ When the web server receives a request, 

it looks for a session cookie
§ If none is received, then a new session 

must be started
w A new unique session cookie is generated to 

identify the session
w The cookie is sent back to the browser with 

the response
§ If one is present, it means a session is 

already in progress
w All the operations are linked to the current 

session
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Session cookies
§ When the user is identified (e.g. 

through a login) then the session is 
linked to the user
w All following operations will be relative to 

the user linked to the session
§ Cookies have an expiration time

w After expiration they are not sent back to 
the server anymore

w Thus sessions have a time limit
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URL (HTTP GET)
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http://www.cad.polito.it/pap/pap.pl?author=Corno
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Dynamic web transaction
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Application Servers
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https://w3techs.com/technologies/overview/programming_language/all

Percentages of websites using various server-side 
programming languages

Application Servers
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§ Several different 
technologies
§ PHP
§ .Net
§ Java EE
§ Python
§ Ruby
§ Node.js



DATABASE SERVER
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Database server
§ Stores the data on which the application 

server works.
§ Executes the queries issued by the 

application server:
w Updates stored data
w Inserts new data
w Provides back query results

§ The most frequent/complex queries can 
be implemented internally as stored 
procedures
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Example
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Adopted standards
§ SQL (structured query language), 

ODBC (open database connectivity) to 
access data bases

§ No-SQL for non-relational databases
w SPARQL for triple-based knowledge bases
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Database server
§ Queries are often in SQL

w SELECT * FROM table;
w ....

§ Adopts the relational database model
w Other models can be used

– Object model
– Triple model

§ The most advanced/complete solutions 
are called Transaction servers
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Database-driven transaction
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Example (PHP)

<?php

$query = “SELECT doc_id FROM key_doc_index, keywords WHERE 
key_doc_index.key_id = keywords.id AND keywords.key = 
$_REQUEST[“query”];”;

$rowset = mysql_query($query);

while($row = mysql_fetch_row($rowset))

{

//elaborate data

}

?>
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The application composes the query

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

The application processes the data

DB Server diffusion
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Source: https://db-engines.com/en/ranking



General web architecture
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CLIENT-SIDE APPLICATIONS
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Client-side programming
§ Making a web page dynamic

w Able to change the page content after it was 
loaded by the server

w Able to interact with the user, on the browser
w Able to “augment” the default interactions 

provided by the browser
§ Examples:

w Animations on the page 
– e.g. menus, accordions, slideshows, hide/show, …

w Client-side form validation
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Client-side programming
§ Requires:

w A programming language accepted by all 
browsers

w A program embedded in the web page
w An execution engine in the browser

§ Limitations:
w All data needed by the program must be 

known beforehand (when the page is loaded)
w The program must have a restricted access 

to the execution environment
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Document Object Model (DOM)
§ Standard data structure for 

representing the web page 
content

§ Supported by all browsers 
§ Javascript programs can 

read & modify the DOM
§ Abstracts

w Browser
w HTML

§ The HTML DOM is a 
standard for how to get, 
change, add, or delete 
HTML elements
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"The W3C Document Object 
Model (DOM) 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."

Separating layout from content
§ Goals:

w Allow the definition of complex layouts
w Adapt web pages to different resolutions
w Adapt web pages to different devices (e.g., mobile)
w Adapt web pages to different preferences (e.g., color 

schemes)
w Adapt web pages to different media (e.g., text vs 

video)
w In a standard way

§ ‘Adapt’ means:
w Resize, Reflow, Show/Hide, Substitute, Animate, 

Highlight, Move, …
§ Solution: Cascading Style Sheets (CSS)
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CSS
§ “Declarations” applied to some “Selector”

w Selectors identify portions of the web page 
DOM

w Declarations set the value of some 
“properties”

w Properties control aspect, position, layout, 
behavior
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h1  {color:blue;font-size:12px}

Selector Declaration Declaration

Property Value Property Value

General web architecture
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Client-side, server-side, databases
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https://en.wikipedia.org/wiki/Programming_languages_used_in_most_popular_websites

AJAX
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AJAX
§ Asynchronous Javascript And Xml
§ Describes an approach to design web 

applications where JS makes 
asynchronous requests to the server in 
order to update the web page
w Does not have to use XML necessarily

§ Modern AJAX applications use the 
REST approach to interact with servers
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Web 2.0
§ Web applications support social 

interaction models
§ Peer exchange and user-contributed 

content instead of rigid publisher/reader 
pattern
w Online communities

§ Rich, dynamic, interactive user interfaces
§ Integration of contents across web sites 

(mashups)
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Rich-Client Asynchronous Transactions
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General web architecture
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Adopted standards
§ Dynamic HTML: DOM, Javascript, CSS

w JavaScript, Flash to handle a runtime 
environment on the browser

w DOM (XHTML Document Object Model) to allow 
on-the fly modification of the web page

w CSS 2.1 to modify attribute and handle objects
§ AJAX: Asynchronous Javascript and XML

w XMLHttpRequest for asynchronous 
communication to the server

w Data transfer formats: JSON, XML, RDF, RSS, 
Atom, FOAF, ...

§ Mash-up technology
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Rich-client transaction
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Web application architectures
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http://blog.octo.com/en/new-web-application-architectures-and-impacts-for-enterprises-1/



The real word is different...
§ The users
§ Functionality
§ Flexibility
§ Portability
§ Reliability
§ Security
§ Integrity
§ Maintenance
§ Performance
§ Scalability

§ Costs
§ Maintainance
§ Development times
§ Interactions with 

existing systems
§ Interactions with the 

“physical” world
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Ordering site – example
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