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A IS a set of devices (often referred to as )
connected by communication . A node can be a

computer, printer, or any other device capable of sending

and/or receiving data generated by other nodes on the
network.
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- Business Applications

- Home Applications
- Mobile Users
- Social Issues
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Business Applications.of Networks=
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The client-server model involves requests and replies.

Client machine

Request

Server machine
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Client process

T————  Reply

Server process




"Home Netwﬁltﬁrpplicatimfs/

Access to remote information
Person-to-person communication
Interactive entertainment

Electronic commerce



ome Network Applications (2)




jome Network Applications (3)

Some forms of e-commerce.

Tag

Full name

Example

Business-to-consumer

Ordering books on-line

Business-to-business

Car manufacturer ordering tires from supplier

Government-to-consumer

Government distributing tax forms electronically

Consumer-to-consumer

Auctioning second-hand products on-line

Peer-to-peer

File sharing




“Network Hardware

Local Area Networks
Metropolitan Area Networks
Wide Area Networks
Wireless Networks

Home Networks

Internetworks
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Local Area Networks
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Computer

Two broadcast networks
(a) Bus
(b) Ring




"Metropolitan Area Networks

& 737 T3 7317 B 737 737 S
Junction T T T T
box ~—a
EQTEE EETQE EETEE EETQE
Head end
73173 B S B B &

Internet\ % T El o T T T

TR

Antenna




Wide Area W

Subnet

el




Router Subnet

Sending host

Sendi Packet Router C makes a Receivi
ending process RSO —— eceiving process

packets to E and
not to D




“Wireless Networks

Categories of wireless networks:

System interconnection
Wireless LANs
Wireless WANSs
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Wireless Networks

* (a) Bluetooth configuration
* (b) Wireless LAN




P Lypes of conﬂeeﬁgns;point-to-pomLand/

multipoint

Station

a. Point-to-point

Station Station

Mainframe Station

b. Multipoint
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= Categories of topology
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A fully connected mesh topology (five devices)
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Station Station

Station Station i
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“Astar topology connecting four stations

Hub

)

Station | Station Station Station |
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‘A bus topology connecting three station

Station Station Station

Drop line Drop line Drop line

Cable end Cable end

Tap Tap Tap



Repeater

Station

Repeater

Repeater

Station

Repeater

Repeater

Repeater

Station l




_Ahybrid topology:

e

/V

a star backbone with three bus networks

Hub

Station

Station

Station

Station

Station

Station

Station

Station

Station



~Aniisolated LAN-— pei—
connecting 12 computers to a hub
In a closet

; Hub
a

N
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'WANSs: a switched WAN and-a point-to-point WAN

C l End system

e
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End system

End system

cl

a. Switched WAN

r I\ Point-to-point
. WAN
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Modem Modem
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Computer

b. Point-to-point WAN
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THE INTERNET
The has revolutionized many aspects of our daily

lives. It has affected the way we do business as well as the
way we spend our leisure time. The Internet IS a
communication system that has brought a wealth of
Information to our fingertips and organized it for our use.



a. Structure of a national ISP
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b. Interconnection of national ISPs




Network Models




LAYERED TASKS

We use the concept of In our daily life. As an
example, let us consider two friends who
communicate through postal mail. The process of

sending a letter to a friend would be complex if there
were no services available from the post office.



ved in sending a Iﬂ@r\/

Receiver
a
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The letter is written, The letter is picked up,
put in an envelope, and Higher layers removed from the
dropped in a mailbox. envelope, and read.

N I

The letter is carried The letter is carried
from the mailbox Middle layers from the post office
to a post office. to the mailbox.

The letter is delivered The letter is delivered
to a carrier by the post Lower layers from the carrier
office. to the post office.

ﬁ

The parcel is carried from
the source to the destination.




THE OS1 MODEL

=

Established in 1947, the International Standards
Organization (/=77) I1s a multinational body
dedicated to worldwide agreement on international
standards. An |ISO standard that covers all
aspects of network communications is the Open

Systems Interconnection (') model. It was first
iIntroduced in the late 1970s.




Seven-ayers of the OSI model
=

7 Application |
6 Presentation |
5 Session |
4 Transport |
3 Network |
2 Data link |
1 Physical |




Device

Intermediate
node
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The int tion between layersin-the-OSl.model
//eﬁae

Intermediate
node
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Device

Application

7-6 interface

Presentation

6-5 interface

Transport

4-3 interface

Session
5-4 interface

Network

3-2 interface

Data link

2-1 interface

Physical

Peer-to-peer protocol (7th layer)

Application

—
~

7-6 interface

Presentation 6

6-5 interface

Session 5

5-4 interface

Transport 4

4-3 interface

3rd
Network I<- — =

Network 3

3-2 interface

i

2nd
Data link I<- — 3

Data link 2

2-1 interface
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— 1 Network I<- —
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Physical communication
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Transmission medium
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From data link layer

l

Physical

layer | [0 10101000000010111

To data link layer
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- 10101000000010111

Physical
layer

Transmission medium
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The physical layer is responsible for movements of
Individual bits from one hop (node) to the next. The
physical layer is concerned with transmitting raw bits over
a communication channel. It deals with the mechanical &
electrical specifications of the interface and transmission
medium.

2.35



_Responsibilities’of-Physical—==

layer

Physical characteristics of interfaces & medium.
Representation of bits.

Data rate.

Synchronization of bits.

Line configuration.

Physical topology.

Transmission mode.



~ " Data link |ayer\/
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From network layer To network layer

Data link layer Data link layer

To physical layer From physical layer




The data Ilink layer is responsible for moving
frames from one hop (node) to the next. The main task of
this layer is to transform a raw transmission facility into a
line that appears free of undetected transmission errors to
the network layer. It accomplishes this task by breaking
the input data into frames and transmit the frames
sequentially. The receiver confirms correct receipt of each
frame by sending back an ACK frame.
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* Framing.

* Physical addressing.

* Flow control.
e Error control.

® Access control.




End
Intermediate system

Hop-to-hop delivery

A B E
Data link Data link Data link

Physical Physical Physical

Hop-to-hop delivery  Hop-to-hop delivery Hop-to-hop delivery




From transport layer To transport layer

Packet Packet

Network Network
layer layer
To data link layer From data link layer




The network layer is responsible for the
delivery of individual packets from the source host to the
destination host. This layer controls the operation of
subnet and responsible for the source-to-destination
delivery of a packet across multiple networks. A key
design issue is determining how packets are routed from
source to destination. Routes can be based on static
tables.

2.42



Responsibilities of Ne
layer

* Logical addressing.
* Routing (Router/Switch).




Intermediate
system

Intermediate
system

Hop-to-hop delivery | Hop-to-hop delivery | Hop-to-hop delivery
- - > >
Source-to-destination delivery
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I Network
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Source-to-destination delivery




From session layer To session layer
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. Data . Data

Segments Segments
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Transport Transport
layer To network layer From network layer layer
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The transport layer Is responsible for the delivery
of a message from one process to another (process to
process). The basic function of transport layer is to accept
data from above, split it up into smaller units if needed,
pass these to the network layer, & ensure that the pieces
all arrive correctly at the other end.
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layer

Service-Point addressing.
Segmentation & reassembly.
Connection control.

Flow control.

Error control.




Reliable process-to-process-delivery of a message R

Processes Processes

|

\ /

Network layer
Host-to-host delivery

Transport layer
Process-to-process delivery
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From presentation layer To presentation layer

Session Session
layer layer

To transport layer From transport layer




The session layer allows users on different machines to
establish sessions between them. This layer Is the
network dialog controller. It establishes, maintains, and
synchronizes the interaction among communication
system and also responsible for dialog control and
synchronization.

2.50



Responsibilitie
layer

* Dialog control.

* Synchronization.




From application layer To application layer

Presentation Presentation

layer layer
To session layer From session layer
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The presentation layer is concerned with the syntax and
semantics of information exchanged between two
systems.




Responsibilities o
Presentation layer

* Translation.
* Compression.

* Encryption.
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User
(human or program) (human or program)

Message Message

Application Application
layer layer

To presentation layer From presentation layer
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The application layer IS responsible for
providing services to the user. This layer contains a variety

of protocols that are commonly needed by users like
HTTP.




Network virtual terminal.

File transfer, access and management.

Mail/Directory services.




Wf layers

To translate, encrypt, and
compress data

Application

Presentation

To allow access to network
resources

To provide reliable process-to-
process message delivery and
error recovery

Session

Transport

To establish, manage, and
terminate sessions

To organize bits into frames;
to provide hop-to-hop delivery

Network

Data link

To move packets from source
to destination; to provide
internetworking

Physical

To transmit bits over a medium;
to provide mechanical and
electrical specifications




TCP/IP PROTOCOL SUITE

/

The layers in the do not exactly
match those in the OSI model. The original TCP/IP
orotocol suite was defined as having four layers:
nost-to-network, internet, transport, and application.
However, when TCP/IP is compared to OSI, we can
say that the TCP/IP protocol suite is made of five
layers: physical, data link, network, transport, and

application.

2.590



Applications

TELNET

Protocols defined by
the underlying networks
(host-to-network)




Four levels of addresses are used In an Internet
employing the TCP/IP protocols:

Addresses

Physical Logical Port Specific
addresses addresses addresses addresses
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,.,-ea of layers andW

Specific
addresses

Application layer Processes

Port

Transport layer addresses

IP and Logical

Network layer other protocols addresses

Data link layer

Underlying
physical —
networks

Physical
addresses

Physical layer




| Physical Address e

In Figure a node with physical address 10 sends a
frame to a node with physical address 87. The two
nodes are connected by a link (bus topology LAN).
As the figure shows, the computer with physical
address Is the sender, and the computer with

physical address © /' is the recelver.

Receiver

Destination

add\ress T/railer Destination address does

‘ § not match; the packet is
87 'I,O | Data | T2

Source

address LAN
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Most local-area networks use a (6-byte)
physical address written as 12 hexadecimal digits;
every byte (2 hexadecimal digits) is separated by a
colon, as shown below:

07:01:02:01:2C:4B

A 6-byte (12 hexadecimal digits) physical address.




W "IP address

A/10

Upper layers

El:l Network layer
|2010[AP [Data]| 72|
Data link layer

To another
network

F/20

|20 10[A[P [Data]|| 12|

Data link layer
|9566|A[ P [Data]| 12|

|95 66[A[ P [Datal]| 12|
AP

Z/66
Physical

addresses

changed To another

network | Y/55

33 99| A[P|Data] | 12|

Physical
addresses
changed

|3399[A[P|Data]| 12|

Al P | DEE|




Figure shows a part of an internet with two routers connecting
three LANs. Each device (computer or router) has a pair of
addresses (logical and physical) for each connection. In this
case, each computer is connected to only one link and
therefore has only one pair of addresses. Each router,
however, Is connected to three networks (only two are shown
In the figure). So each router has three pairs of addresses,
one for each connection.
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M| PortAddress— ==

~igure shows two computers communicating via the
nternet. The sending computer Is running three
processes at this time with port addresses a, b, and
c. The recelving computer is running two processes
at this time with port addresses | and k. Process < In
the sending computer needs to communicate with
process @ In the receiving computer. Note that
although physical addresses change from hop to
hop, logical and port addresses remain the same
from the source to destination.




' | ———— Data link layer ———— A




The physical addresses will change from hop to hop,
but the logical addresses usually remain the same.
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A port address is a 16-bit address represented by
one decimal number as shown.

A 16-bit port address represented
as one single number.
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