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Introduction — Data and Signals

Five combinations of data and signals

Data

Analog

Digital

Digital

Analog

Analog or Digital

Signal
Analog

Digital

Analog

Digital

Analog

Common Conversion Technigue

Amplitude modulation
Frequency modulation

NRZ-L

NRZI

Manchester

Differential Manchester
Bipolar-AMI

4B/58B

Amplitude shift keying
Frequency shift keying
Phase shift keying

Pulse code modulation
Delta modulation

Spread spectrum technology

Common Devices

Radio tuner
TV tuner

Digital encoder

Modem

Codec

Spread spectrum
encoder

Common Systems

Telephone

Cable TV
Broadcast TV

AM and FM Radio

Local area networks
Telephone systems
HDTV

Dial-up Internet access
DSL
Cable modems

Telephone systems
Music systems

Cordless telephones
Wireless LANs



Analog versus Digital

o Analog - continuous waveform

1 Examples: (naturally occurring) music and voice

Figure 2-1
A simple example of an

analog waveform
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Analog versus Digital
N

o Harder to separate noise from an analog signal
than from a digital signal

Figure 2-2
The waveform of a
symphonic overture \ﬂ
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Analog versus Digital
N

0 Digital - discrete or non-continuous waveform

1 Examples: computer 1s and Os

Figure 2-3
A simple example of a
digital waveform
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Analog versus Digital

6
-1 Despite noise in this digital signal

71 You can still differentiate a high voltage from a low

voltage
A digital signal with
some noise introduced v
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Analog versus Digital

1 If there is too much noise

0 Hard to identify a high voltage and a low voltage

Figure 2-5
A digital waveform

with noise so great that

you can no longer Y= VV‘M\M;
recognize the original \ «
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Signal distortion and bit error
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Quantization

s
IR R
P SERERE O B
A Sampled signal (discrete signal): discrete
‘h\ ] TT/] Y T time, continuous values.
t}

Quantized signal: continuous time,
discrete values.

Digital signal (sampled, quantized):
discrete time, discrete values.



http://en.wikipedia.org/wiki/Discrete_signal

Open Systems Interconnect (OSl) Vs

TCP/IP model

Physical

OSI 7 layer model
Application o
Presentation Application
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Transport

Network | Data Flow

Data Link Layers

Application
Protocols
Transport
Internet
Network | Networks
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ISO basic model

Computer A

Application-oriented

/ functions \

Computer B

—
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—— Network-dependant —— |
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Data Network

Network Environment

OSI environment

Real systems environment




ISO 7 layer model

Comp B

Comp A G| ~
Application [ > App (7)
Presentation [¢ > Pres. (6)
Session < > Sess. (5)
Transport [¢ > Trans. (4)
Network < > < » Net. (3)
Link ” > « » Link. (2)
Physical < > « » Phys. (1)

Data Network

Network Environment

OSI environment

Real systems environment




The OSI| Reference Model

Name of Unit Exchanged

Application

!

Presentation

!

Session

!

Transport

!

Network

!

Layer
7 Application Application protocol
Interface !
6 Presentation Presentation protocol
D e e e e e e e T
Interface !
5 Session Session protocol
I S R il
4 Transport Transport protocol
$ * "Communication subnet boundary
3 Network Network | <-*» Network }
2 Data link <-1-» Data link | «-» Data link | «
1 Physical PN Phys|ca| <P Physical T
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Data link

!

Physical
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APDU

PPDU
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TPDU

Packet

Frame

Bit



Encapsulation

Host A

Data

Host B

Application

Presentation

Data

Application

Presentation

Session

Data

Transport

segments

Transport

Network

Fackets

Network

Data Link

Frames

Datalink |

A

Physical

Bits

Physical




Protocol layer overview

Application (7)

Presentation (6)

Session (5)

Transport (4)

Network (3)
Link (2)
Physical (1)

End user application process

I Distributed information services I

File transfer, access & management, Document & message
interchange,job transfer & manipulation

I Syntax-independent message interchange service I

Transfer syntax negotiation, data representation transformations

Dialog & synchronisation control for application entities

I Network-independent message interchange service I

End-to-end message transfer (connection management, error control,
fragmentation, flow control)

Network routing, addressing, call set-up and clearing

Data link control (framing, data transparency, error control)

Mech. & elec. Network interface definitions

I Physical connection to network termination equipment I

Data Communication Network




/ Layer model summary

Application | FTP, TFTP, HTTP, SMTP, DNS, TELNET, SNMP
Presentation
Session
Transport TCP (the internet)
Network IP (the internet)
Data Link
_ Ethernet (common LAN technology)
Physical




The OS| Model

Application layer - where the application using the
network resides

Common network applications include remote login, file
transfer, e-mail, and web page browsing

Presentation layer - performs series of
miscellaneous functions necessary for presenting the
data package properly to the sender or receiver



The OS| Model

Session layer - responsible for establishing sessions
between users

Transport layer - provides end-to-end error-free
network connection

Makes sure data arrives at destination exactly as it left
the source

Network layer - responsible for creating,
maintaining and ending network connections

Transfers a data packet from node to node within the
network



The OS| Model

Data link layer - responsible for taking data and
transforming it into a frame with header, control
and address information, as well as error detection
code

Physical layer - handles the transmission of bits over
a communications channe

Includes voltage levels, connectors, media
choice, modulation techniques



The OS| Model

Figure 1-13
Network workers
perform their job
duties at each layer g —_— §
in the model
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/ Layer protocol




/ layer operation
7. APPLICATION LAYER

§. PRESENTATION I.A‘I'EH“
5. SESSION LAYER

4. TRANSPORT LAYER
3. NETWORK LAYER
2. DATA LINK LAYER

1. PHY3ICAL LAYER



What is TCP/IP?

Industry standard suite of Protocols
Routable enterprise networking protocol
Technology for connecting dissimilar systems

Robust, scaleable, cross-platform client /server
framework

Method for gaining access to the internet



Transmission Control Protocol (TCP)

Service

Guarantees end to end delivery of packets, re-sends
anything not received

Controls the flow of data from host to host and host into
the network

Multiplexing, the TCP header has a port number which
is used to determine which application should receive
the packet

Connection-orientated, reliable

Divides outgoing messages into segments, reassembles
at destination



IP network

The Internet protocol (IP) is not dependent on any
particular hardware and is ideally suvited to
integrate LANs and WAN:s into 1 network

IP Router IP Router IP Router

transmitted on Token-Ring

LAN | | Router forwards IP packets Router forwards
Router fragments packet onto frame-relay IP packets
and forwards on Ethernet onto Ethernet —
segment Final destination

re-assembles IP
packet fragments



IP (Internet Protocol)

Service

responsible for moving packets from source to
destination across the network

fragmentation and re-assembly of packets across small
packet sub-nets

IP is a Datagram protocol, it does not
guarantee delivery
guarantee sequence of delivery

control flow of packets into network



MAC Addressing

Without a name computers cannot be accessed

At the data link layer, a header, and possibly o
trailer, is added to upper layer data.

Header and trailer contain control information
intended for the data link layer entity in the
destination system.

Data from upper layer entities is encapsulated in
the data link layer header and trailer.



MAC Address

Organisational
Unique
Identifier
OUI

Vendor assigned
(NIC Cards,
Interfaces)

H 24 bits H<—‘ 24 bits H

HooesozF\
,

== 6 hex digits HH 6 hex digits H

3A 07 BC \—»‘

Particular device }N




Flat structure

MAC addresses provide a way for computers to
identify themselves.

They give hosts a permanent, unique name.

The number of possible addresses is extremely large
1612 (over 2 trillion!) possible MAC addresses.

One major disadvantage, they have no structure, and
are considered flat address spaces.

Different vendors have different OUIs, but they're like
personal identification numbers.

As your network grows to more than a few computers,
this disadvantage becomes a real problem.



Deterministic MAC




Non-Deterministic MAC

1. Host wants to transmit No
2. Is carrier sensed?
3. Assemble frame
4. Start transmitting
5.1s a collision detected? 3
6. Keep transmitting
7. 1s the transmission done? 4
8. Transmission completed
9. Broadcast jam signal
10. attempis = Yes
attempts + 1
11. attempts > No
too many? 6
12. Too many collisions;
abort transmission No
13. Algorithm calculates backoff
14. Wait for t seconds

o 1= ©

e
a2

Yes Yes

—
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TCP/IP development
B

APANET
commissioned TCP/IP
by DOD FTP Protocol Suite
1969 1973 1982
Telnet TCP IP DNS
1972 1974 1981 1984

... A H - -  -Y
1965 1970 1975 1980 1985




TCP/IP Utilities




Protocol Graph

FTP | |HTTP | SMTP | | DNS DNS | | TFTP
TCP UDP
\/

IP
Internet Your Many LANSs

LAN and WANs




TCP/IP protocol suite
B

Application
_______________ NetBIOS_
Transport
ICMP | IGMP Internet
__ARP
LAN Technologies: | WAN Technologies: | Network

Ethernet, Token Ring, Serial Lines, Frame Relay,
FDDI : ATM




TCP Segment Format

Source Port

Destination Port

Sequence number

Acknowldgment number

TCP UA PRSI _ _
header | reserved R/C/S|S Y I Window Size
length G K|{H T|N|N

Checksum Urgent Pointer
Options

Data




Protocols & port numbers
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TCP client ports

Q. If you have a computer running an e-mail
package, 2 web browsers (Netscape and IE) how
does the computer know, when a TCP/IP packet

arrives which application should receive the packet
2

A. Each application sets up its connection using a
different port number, when the replies come back
from the server the port number is used to send the
packet to the correct connection.



TCP ports (cont.)

1 Note : Each application is allocated a different port
number by the TCP software

IE
Request Source port = 1095
Destination.port =80 Web

= Server
NetScape TCP Reply Source port = 80 - ) www.staffs.ac.uk
Destination.port =1095

E-Mail RequestSource port = 1093
Destination.port =80 Web
Client PC - o =il Server
eply Source port = =3
Destination.port =1093 ——=¥ www.bbc.co.uk

Request Source port = 1000 )
Destination.port =110 Mail

=i Server

Reply Source port = 110
Destination.port =1000



TCP server ports

The server must respond to client requests

Q. How does the client know which port to send its
request to ¢

A. “Well known port numbers” are assigned to
particular services.

Port no. | Protocol | Service

80 HTTP Web Access

110 POP3 retrieving
e-mail

25 SMTP e-mail

transfer




TCP Error control

The acknowledgment and sequence number fields are
used to guarantee delivery of packets to the
destination.

For each packet sent out an acknowledgment must be
sent back.

If no acknowledgment is sent back within a certain time
the packet is sent again.

Each new packet to be transmitted is allocated a new
sequence no., the returning acknowledgment no. informs
the sender of the next expected sequence no.

The sequence no. is used to keep the packets in order.



TCP flow control

The window size field is used by the receiver to
control the flow of packets from the sender.

If the receiver sets the window size to 400 the
sender is only allowed to send 400 bytes before
stopping.

The receiver can stop the sender by setting the
window size to 0.



UDP (User Datagram Protocol)

Service
connectionless
provides port allocations the same as TCP
Unreliable, does NOT guarantee delivery
does not guarantee sequencing

useful when speed is more important than reliability e.g.
Internet telephony

Transmits messages called datagrams
Does not reassemble incoming messages
No flow control

uses not acknowledments



UDP segment format

e

# of bits 16 16 16 16 n
Source | Destination| Length Check Data...
Port Port Sum




IP network and host id.

An example with Class A addressing
First digit is network id , last 3 digits host id
Note the routers use the network id to route the

packets across the internet

4.0.0.205 IP Router 50,0112 IP Router IP Router

Hostid = 0.0.112

[ Network id = 5%

Host id = 0.0.195




