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The Application Layer’s topics

7.1. DNS – The Domain Name System

7.2. Electronic Mail

7.3. The World Wide Web

7.4. Multimedia

7.5. Summary
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7.3. The World Wide Web

• Architectural Overview

• Static Web Documents

• Dynamic Web Documents

• HTTP – The HyperText Transfer 

Protocol

• Performance Ehnancements

• The Wireless Web
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7.3. The World Wide Web

• The World Wide Web is an architectural

framework for accessing linked

documents spread out over millions of 

machines all over the Internet.

• Web or WWW is a system for linking

hypertext documents
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7.3. The World Wide Web

• Originally, each document was a 

page writtin in HTML with

hyperlinks to other documents.

• Nowadays, XML is gradually

starting to take over from HTML.
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7.3. 1. Architectural Overview

• From users’ point of view, Web 

consists of a vast, worldwide

collection of documents or Web 

pages, often just called pages for

short. 

• Each page may contain links to other

pages anywhere in the world.
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7.3. 1. Architectural Overview

• The idea of having one page point to

another, now called hypertext.

• Pages are viewed with a program 

called a browser, of which Internet 

Explorer and Netscape Navigator are

two popular ones.
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Architectural 

Overview

(a) A Web page  (b) The page reached by clicking on 

Department of Animal Psychology.
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7.3. 1. Architectural Overview

• Strings of text that are links to other

pages, called hyperlinks, are often

highlighted, by underlining, 

displaying them in a special color, or

both.

• The basic model of how the Web 

works is shown in next slide.
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Architectural Overview

The parts of the Web model.
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7.3. 1. Architectural Overview

The Client Side
• When an item is selected, browser 
follows the hyperlink and fetches the
page selected.

• Therefore, the embedded hyperlink
needs a way to name any other page
on the Web.

• Pages are named using URLs
(Uniform Resource Locators) 
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7.3. 1. Architectural Overview

The Client Side

• A typical URL is

• http://www.abcd.com/products.html

• URL has three parts: the name of the

protocol (http), the DNS name of the

machine where the page is located

(www.abcd.com), and (usually) the

name of the file containing the page

(products.html)
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7.3. 1. Architectural Overview

The Client Side
• When a user clicks on a hyperlink, 
the browser carries out a series of 
steps in order to fetch the page
pointed to.

• Suppose that a user is browsing the
Web and finds a link on Internet 
telephony that points to ITU’s home
page, which is 
http://www.itu.org/home/index.html
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7.3. 1. Architectural Overview

The Client Side
• Let us trace the steps that occur when
this link is selected.

a)Browser determines the URL 

b)Browser asks DNS for IP address of 
www.itu.org

c)DNS replies with 156.106.192.32

d)Browser makes a TCP connection to
port 80 on 156.106.192.32
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7.3. 1. Architectural Overview

The Client Side
e) It then sends over a request asking for
file /home/index.html

f) www.itu.org server sends the file 
/home/index.html

h) TCP connection is released

g) Browser displays all the text in 
/home/index.html

i) Browser fetches and displays all images
in this file
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7.3. 1. Architectural Overview

The Client Side

•To allow all browsers to understand all

Web pages, they are written in a 

standardized language called HTML.

•Not all pages contain HTML. A page

may consist of a formatted document in 

PDF format, an icon in GIF format, a 

photograph in JPEG format, a song in 

MP3 format, a video in MPEG format, or

any one of hundreds of other file types.
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7.3. 1. Architectural Overview

The Client Side

•Since standard HTML pages may link to

any of these, the browser has a problem 

when it encounters a page it cannot

interpret.

•There are two possibilities : plug-ins and

helper applications.
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7.3. 1. Architectural Overview

The Client Side

•Plug-in is a code module that the

browser fetches from a special directory

on the disk and installs as an extension to

itself.

•Because plug-ins run inside the browser, 

they have access to the current page and

can modify its appearence.
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7.3. 1. Architectural Overview

The Client Side

•After the plug-in has done its job

(usually after the user has moved to a 

different Web page), the plug-in removed

from the browser’s memory.

•Before a plug-in can be used, it must be 

installed.
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The Client Side

(a) A browser plug-in.   (b) A helper application.
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7.3. 1. Architectural Overview

The Client Side

•The other way to extend a browser is to

use a helper application.

•This is a complete program, running as a 

separate process. 

•Typically, helpers are large programs

that exist independently of the browser, 

such as Adobe’s Acrobat Reader for

displaying PDF files or Microsoft Word.
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7.3. 1. Architectural Overview

The Server Side

• The steps that the server performs are:

a)Accept a TCP connection from a client

(a browser).

b)Get the name of the file requested.

c)Get the file (from disk).

d)Return the file to the client.

e)Release the TCP connection.
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7.3. 1. Architectural Overview

The Server Side

• A problem with this design is that

every request requires making a disk 

access to get the file.

• The result is that the Web server cannot

serve more requests per second than it 

can make disk accesses.
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7.3. 1. Architectural Overview

The Server Side

• One obvious improvement (used by all

Web servers) is to maintain a cache in 

memory of the n most recently used

files.

• Other improvement for building a 

faster server is to make the server 

multithreaded.
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The Server Side

A multithreaded Web server with a front end and 

processing modules.
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7.3. 1. Architectural Overview

The Server Side

• In one design, when a request comes in, 

the front end accept it and builds a 

short record describing it.

• It then hands the record to one of the

processing moduls.

• In another design, the front end is 

eliminated and each processing module

tries to acquire its own requests.
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7.3. 1. Architectural Overview

The Server Side
• If too many requests come in each
second, the CPU will not be able to
handle the processing load, no matter
how many disks are used in parallel.

• The solution is to add more nodes
(computers), possibly with replicated
disks to avoid having the disks become
the next bottleneck.

• This leads to the server farm model.
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The Server Side

A server farm.
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7.3. 1. Architectural Overview

The Server Side
• One problem with server farms is that
there is no longer a shared cache
because each processing node has its
own memory – unless an expensive
shared-memory multiprocessor is used.

• Another problem with server farms is 
that the client’s TCP connection
terminates at the front end, so the reply
must go through the front end.
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The Server Side

(a) Normal request-reply message sequence.

(b) Sequence when TCP handoff is used.
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7.3. 1. Architectural Overview

URLs – Uniform Resource Locaters

• Web pages may contain pointers to

other Web pages.

• How these pointers are implemented.

• When Web was first created, it was

immediately apparent that having one

page point to another Web page

required mechanisms for naming and

locating pages.
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7.3. 1. Architectural Overview

URLs – Uniform Resource Locaters

• In particular, three questions had to be 

answered before a selected page could

be displayed:

a)What is the page called?

b)Where is the page located?

c)How can the page be accessed?
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7.3. 1. Architectural Overview

URLs – Uniform Resource Locaters
• Each page is assigned a URL (Uniform

Resource Locator) that effectively serves as 

the page’s worldwide name.

• URLs have three parts: the protocol (also

known as the scheme), the DNS name of 

the machine on which the page is located, 

and a local name uniquely indicating the

specific page (usually just a file name on 

the machine where it resides).
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URLs – Uniform Resource Locaters

Some common URLs.
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7.3. 1. Architectural Overview

Statelessness and Cookies
• Web is basically stateless. There is no 

concept of a login session.

• The browser sends a request to a server and

gets back a file. 

• When Web was just used for retrieving

publicly available documents, this model 

was perfectly adequate.

• But as Web started to acquire other

functions, it caused problems. 
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7.3. 1. Architectural Overview

Statelessness and Cookies

• For example, some Web sites require

clients to register (and possibly pay 

money) to use them.

• This raises the question of how servers

can distinguish between requests from

registered users and everyone else.

• Other examples are e-commerce, 

customized Web portals such as Yahoo
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7.3. 1. Architectural Overview

Statelessness and Cookies

• Cookies are solve this problem

• When a client requests a Web page, the

server can supply additional

information along with the requested

page.

• This information may include a cookie, 

which is a small (at most 4 KB) file (or

string).
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7.3. 1. Architectural Overview

Statelessness and Cookies

• A cookie may contain up to five fields.

Some examples of cookies.
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7.3.2. Static Web Documents

• The basic of the Web is transferring Web 

pages from server to client.

• In the simplest form, Web pages are static, 

that is, are just files sitting on some server 

waiting to be retrieved.

• In this context, even a video is a static

Web page because it is just a file.
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7.3.2. Static Web Documents

• Web pages are currently written in a 

language called HTML (Hyper Text

Markup Language).

• HTML allows users to produce Web pages

that include text, graphics, and pointers to

other Web pages.

• HTML is a markup language, a language

for describing how documents are to be 

formatted.
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7.3.2. Static Web Documents

• Markup languages thus contain explicit

commands for formatting.

• For example, in HTML, <b> means start 

boldface mode, and </b> means leave

boldface mode.

• The advantage: the browser simply has to

understand the markup commands.
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7.3.2. Static Web Documents

• By embedding all the markup commands

within each HTML file and standardizing

them, it becomes possible for any Web 

browser to read and reformat any Web 

page.

• A page may have been produced in a 

1600x1200 window with 24 bit color or

may have to be displayed in a 640x320 

window configured for 8-bit color. 
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HTML – HyperText Markup Language

(a)The HTML for a sample Web page.  

(b) The formatted page.

(b)
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HTML

A selection of common HTML tags.  

some can have additional parameters.
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Forms

(a) An HTML table.   

(b) A possible rendition of this 

table.
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Forms (2)

(a) The HTML for an                          

order form.

(b) The formatted page.

(b)
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Forms (3)

A possible response from the browser to the server with information 

filled in by the user.
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7.3.2. Static Web Documents

• HTML, with or without forms, does not 

provide any structure to Web pages.

• It also mixes the content with the

formatting.

• As e-commerce and other applications

become more common, there is an 

increasing need for structuring Web pages

and separating the content from the

formatting. 
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7.3.2. Static Web Documents

• XML (eXtensible Markup Language) 

• These structures are extremely simple

• It is permitted to have structures with

repeated fields (e.g., multiple authors), 

optional fields (e.g., title of included CD-

ROM), and alternative fields (e.g., URL of 

a bookstore if it is in print or URL of an 

auction site if it is out of print).
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XML

A simple 

Web page 

in XML.
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7.3.2. Static Web Documents
• XSL (eXtensible Style Language)

• Previous slide defines a book list
containing three books.

• It says nothing about how to display the
Web page on the screen.

• To provide the formatting information, we
need a second file, book_list.xsl,
containing the XSL definition.

• This file is a style sheet that tells how to
display the page.
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XML and XSL (2)

A style 

sheet in 

XSL.
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7.3.3. Dynamic Web Documents

• According to client-server model, the client
sends a file name to the server, which then
returns the file.

• In the early days of the Web, all content was, 
in fact, static like this (just files).

• In recent years, more and more content has 
become dynamic, that is, generated on 
demand, rather than stored on disk.

• Content generation can take place either on 
the servere side or on the client side.
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Dynamic Web Documents

Servere-side dynamic Web page generation

Steps in processing the information from an 

HTML form.
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Dynamic Web Documents

Servere-side dynamic Web page generation

A sample HTML page with embedded PHP.
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Dynamic Web 

Documents

Servere-side

dynamic Web

page generation

(a) A Web page containing a form.  (b) A PHP script for handling the 

output of the form.  (c) Output from the PHP script when the inputs 

are "Barbara" and 24 respectively.
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Client-Side Dynamic Web Page Generation

Use of JavaScript 

for processing a 

form.
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Client-Side Dynamic Web Page Generation (2)

(a) Server-side scripting with PHP.

(b) Client-side scripting with JavaScript.
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Client-Side Dynamic Web Page Generation (3)

A JavaScript program for computing and printing factorials.
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Client-Side Dynamic Web Page Generation (4)

An interactive Web page that responds to mouse movement.
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Client-Side Dynamic Web Page Generation (5)

The various ways to generate and display 

content.
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7.3.4. HTTP (1)

• The transfer protocol used throughout the

World Wide Web is HTTP (HypertText

Transfer Protocol)

• It specifies what message client may send

to servers and what responses they get

back in return.

• Each interaction consists of one ASCII 

request, followed by one RFC 822 MIME-

like response
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7.3.4. HTTP (2)

Connections
• The usual way for a browser to contact a server is to

establish a TCP connection to port 80 on the
server’s machine.

• HTTP 1.0: after the connection was established, a 
single request was sent over and a single response
was sent back. Then the TCP connection was
released.

• HTTP 1.1: supports persistent connections. 
Establishing a TCP connection, sending a request
and getting a response, and then sending additional
requests and getting additional responses. 



BLM431 Computer Networks 

Dr.Refik Samet

64

7.3.4. HTTP Methods

The built-in HTTP request methods.
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7.3.4. HTTP Methods

The status code response groups.
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7.3.4. HTTP Message Headers

Some HTTP message headers.
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Example 

HTTP Usage

The start of the output of 

www.ietf.org/rfc.html.
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7.3.5. Performance Enhancements

Caching

Hierarchical caching with three proxies.
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Content Delivery Networks

(a) Original Web page.    (b) Same page after transformation.
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Content Delivery Networks

Steps in looking up a URL when a CDN is used.
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7.3.6. The Wireless Web

• There is considerable interest in small

portable devices capable of accessing the

Web via a wireless link.

• It is still worth examining some of the

current ideas relating to the wireless Web to

see where we are now and where we might

be heading.

• There are many wide area wireless growing

up, two of them are WAP and i-mode
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7.3.6. The Wireless Web

WAP

• Nokia, Ericsson, Motorola, etc. got the idea

to combine the Internet and mobile phones

into a mobile phone with a built-in screen

for wireless access to e-mail and the Web. 

• The system is called WAP (The Wireless 

Application Protocol)
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7.3.6. The Wireless Web

WAP – The Wireless Application Protocol

The WAP protocol stack.
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WAP

The WAP architecture.
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7.3.6. The Wireless Web 

I-Mode

• A Japanesw woman invented a different

approach to the wireles Web called i-mode

(information-mode) 

• The i-mode system has three major

components: a new transmition system, a 

new handset, and a new language for Web 

page design
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7.3.6. The Wireless Web 

I-Mode

Structure of the i-mode data network showing the transport 
protocols.
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I-Mode (2)

Structure of the i-mode software.
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I-Mode (3)

Lewis Carroll meets a 16 x 16 screen.
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I-Mode (4)

An example of cHTML file.
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Second-Generation Wireless Web

A comparison of first-generation WAP and i-mode.



BLM431 Computer Networks 

Dr.Refik Samet

81

Second-Generation Wireless Web (2)

New features of WAP 2.0.

• Push model as well as pull model.

• Support for integrating telephony into 

apps.

• Multimedia messaging.

• Inclusion of 264 pictograms.

• Interface to a storage device.

• Support for plug-ins in the browser.
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Second-Generation Wireless Web (3)

WAP 2.0 supports two protocol stacks.
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Second-Generation Wireless Web (4)

The XHTML Basic modules and tags.
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7.4. Multimedia

• Multimedia is also a rising star in the
networking firmament.

• It allows audio and video to be digitized
and transported electronically for
display.

• Audio requires less bandwidth, so it is 
further along.

• Streaming audio, Internet radio, and
voice over IP are a reality now.
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7.4. Multimedia

• Video on demand is an up-and-coming

area in which there is great interest.

• Finally, the MBone is an experimental, 

worldwide digital live television service 

sent over the Internet.

• For many people, multimedia is the

holy grail of networking.
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7.4. Multimedia

• Introduction to Audio

• Audio Compression

• Streaming Audio

• Internet Radio

• Voice over IP

• Introduction to Video

• Video Compression

• Video on Demand

• The MBone – The Multicast Backbone
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7.4.1.Introduction to Audio

• An audio (sound) wave is a one-
dimensional acoustic (pressure) wave.

• When an acoustic wave strikes a 
microphone, the microphone generates an 
electrical signal, representing the sound
amplitude as a function of time.

• The representation, processing, storage, 
and transmission of such audio signals are
a major part of the study of multimedia
systems.
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Introduction to Audio

(a) A sine wave.  (b) Sampling the sine wave.  

(c) Quantizing the samples to 4 bits.
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7.4.1.Introduction to Audio

• Audio waves can be converted to digital

form by an ADC (Analog Digital

Convertor)

• ADC takes an electrical voltage as input

and generates a binary number as output.

• Telephone, audio compact discs are

examples where sound is sampled.

• Music, speech are special cases of general 

audio.
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7.4.2. Audio Compression

• CD-quality audio requires a transmission

bandwidth of 1.411 Mbps.

• Clearly, substantial compression is needed

to make transmission over the Internet 

practical.

• For this reason, various audio compression

algorithms have been developed (MP3 is 

the most powerful and best known).
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7.4.2. Audio Compression

(a) The threshold of audibility as a function of frequency.

(b) The masking effect.
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7.4.3. Streaming Audio

• Streaming Audio is listening to sound over

the Internet.

• This is also called music on demand.

• The Internet is full of music Web sites, 

many of which list song title that users can 

click on to play the songs.
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Streaming Audio

A straightforward way to implement clickable 

music on a Web page.
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7.4.3. Streaming Audio

• The media player has four major jobs to

do:

a) Manage the user interface

b)Handle transmission errors

c) Decompress the music

d) Eliminate jitter
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7.4.3. Streaming Audio

When packets carry alternate samples, the loss of a packet 

reduces the temporal resolution rather than creating a gap in 

time.
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7.4.3. Streaming Audio

The media player buffers input from the media server and 

plays from the buffer rather than directly from the network.
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7.4.3. Streaming Audio

RTSP commands from the player to the server.
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7.4.4 Internet Radio

A student radio station.
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7.4.5. Voice over IP

The H323 architectural model for Internet telephony.



BLM431 Computer Networks 

Dr.Refik Samet

100

7.4.5. Voice over IP (2)

The H323 protocol stack.
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7.4.5. Voice over IP (3)

Logical channels between the caller and callee during a call.
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7.4.5. SIP – The Session Initiation Protocol

The SIP methods defined in the core specification.
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7.4.5. SIP (2)

Use a proxy and redirection servers with SIP.
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7.4.5. Comparison of H.323 and SIP
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7.4.6. Introduction to Video

• The human eye has the property that when

an image appears on the retina, the image

is retained for some number of 

milliseconds before decaying.

• If a sequence of images is drawn line by

line at 50 images/sec, the eye does not 

notice that it is looking at discrete images.

• All video (i.e. television) systems exploit

this principle to produce moving pictures.
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Video Analog Systems

The scanning pattern used for NTSC video and television.
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7.4.7. Video Compression

• All compression systems require two

algorithms: one for compressing the data at 

the source, and another for decompressing

it at the destination.

• In the literature, these algorithms are

referred to as the encoding and decoding

algorithms, respectively.
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7.4.7. Video Compression

The JPEG Standard

• A video is just a sequence of images (plus

sound).

• If we could find a good algorithm for

encoding a single image, this algorithm

could be applied to each image in 

succession to achieve video compression.

• The JPEG – Joint Photographic Experts

Group
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7.4.7. Video Compression

The JPEG Standard

• The JPEG Standard – for compressing

continuous-tone still pictures (e.g., 

photographs).

• JPEG has four modes and many options.
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The JPEG Standard

The operation of JPEG in lossy sequential mode.
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The JPEG Standard (2)

(a) RGB input data.

(b) After block preparation.
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The JPEG Standard (3)

(a) One block of the Y matrix.

(b) The DTC coefficients.

(a) (b)
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The JPEG Standard (4)

Computation of the quantized DTC coefficients.
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The JPEG Standard (5)

The order in which the quantized values are transmitted.
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The MPEG Standard

• MPEG (Motion Picture Experts Group)

standards.

• This are the main algorithms used to

compress videos and have been

international standards since 1993.

• Because movies contain both images and

sound, MPEG can compress both audio

and video.
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The MPEG Standard

Synchronization of the audio and video streams in MPEG-1.
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The MPEG Standard (2)

Three consecutive frames.
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Video on Demand

Overview of a video-on-demand system.
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Video Servers

A video server storage hierarchy.
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Video Servers (2)

The hardware architecture of a typical video server.
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The MBone – The Multicast Backbone

MBone consists of multicast islands connected by tunnels.


