
Module 1  Introduction

•Data Communications
•Networks
•Network Types
•Internet History
•Standards and Administration
•Networks Models: Protocol Layering,
•TCP/IP Protocol suite
•The OSI model
• Introduction to Physical Layer-1: Data and Signals, Digital 
Signals, Transmission Impairment, Data Rate limits, 
Performance, Digital Transmission: Digital to digital conversion 
(Only Line coding: Polar, Bipolar and Manchester coding). 



1) What is data communication. List and explain five components of 
data communication system  and characteristics with examples.

2) Explain different forms of data representation and data flow 
between the two devices(modes of communication) with neat 
diagram.

3) List and explain criteria's of network and types of connection.
4) What is network topology(physical topology)?Explain four basic 

topologies.
5) Explain categories of network(Network types) and differentiate 

between them(LAN,WAN,MAN).
6) Explain OSI reference model for computer networks or Discuss 

ISO-OSI layered model , bring out the functionalities of each layer 
or With a neat diagram explain the interaction between layers in 
the OSI model.

7) What is protocol? Explain the key elements of protocol and 
standards of organization.

8) Explain TCP/IP protocol suite and differentiate with OSI model. 



9) Explain the following 
i)Bandwith ii)Throughput iii) Transmission time iv)Latency v) Jitter.
10) Explain with block diagram, the causes of transmission 

impairment.
11)Discuss nyquist bit rate(noiseless channel) and shannons channel 

capacity(Noisy channel).
12) Explain polar,bipolar and Manchester encoding schemes with 

examples. or write short note on line coding shcemes



• Data communication
Components 
Data representation
Data flow



1.1 Data Communication
• When we communicate , we are sharing information.
• This sharing can be local or remote.
• The term telecommunication which includes telephony, telegraphy 

and television means communicate at the distance .
• Data communication are the exchange of data between two devices 

via some form of transmission medium such as wire cable 
• The effectiveness of data communication depends on four 

fundamental characteristics 
• Delivery:  The system must deliver the data to correct destination.
• Accuracy: The system must deliver the  data accurately.
• Timeliness: The system must deliver the data in timely manner.
• Jitter: Jitter means variations in the packet arrival time 



Components
• A data communication system have components.
1. Message : The message is the information to be communicated.
2. Sender : The sender is the device that sends the data message.
3. Receiver: The receiver is the device that receives the message.
4. Transmission medium : It is a physical path by which message 

travels from sender to receiver. 
5. Protocol : It is a set rules that governs the data communication. 

Without protocol two devices may be connected but may not be 
communicated.

Protocol Protocol

Medium

Message



Data representation
Information today comes in different forms such as text, numbers , 

images , audio and video.
• Text
 Text is represented as bit patterns, a sequence of bits.
 Different set of bit patterns have been designed to represent text 

symbols. Each set is called a code and process of representing 
symbols is called coding.

• Numbers
 Numbers are also represented by bit patterns.
 Here ASCII is not used to represent the numbers, number is directly 

converted to binary number.
• Images
 Images are also represented by bit patterns.
 Image is composed of matrix of pixels, each pixel is a small dot.
 The size of pixel depends on resolution.



 After image is divided into pixel, each pixel is assigned bit pattern.
 Image is made up of black and white dots(1 bit pattern).
 If image is made up of pure white and pure black pixels, you can 

increase the size of bit pattern to include gray scale( 2 bit pattern).
 There are several method to represent color image. One method is 

called RGB(red , green, blue)
 Another method is called YCM(yellow, cyan, magenta).
• Audio
 Audio refers to recording or broadcasting of sound or music.
 Audio is continuous, not discrete.
• Video
 Video refers to recording or broadcasting of picture or movie.
 Video is either continuous or discrete.



Data flow



Figure 2-12

Simplex



Figure 2-13

Half-Duplex



Figure 2-14

Full-Duplex



• Networks
Distributed processing.
Network criteria.
Physical structures.
Network models.
Categories of Networks.
Internet Work.



Network criteria.
.• A network is a set of devices (often referred to as nodes)

connected by communication links.
• 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.



Performance

• Performance can be measured in many ways, including transit time

and response time. Transit time is the amount of time required for a

message to travel from one device to another.

• Performance is often evaluated by two networking metrics:

throughput and delay.

• We often need more throughput and less delay.
Reliability
• In addition to accuracy of delivery, network reliability is measured

by the frequency of failure, the time it takes a link to recover from a
failure

Security
• It includes protecting data from unauthorized access, protecting data

from damage



Physical structures.

1) Type of Connection
• A network is two or more devices connected through links
• For communication to occur, two devices must be connected in

some way.
• There are two possible types of connections



Figure 2-2

Point-to-Point Line Configuration



Figure 2-3

Multipoint Line Configuration



Figure 2-4

2) Physical topology



Mesh topology
• Mesh In a mesh topology, every device has a dedicated point-to-

point link to every other device.

• The term dedicated means that the link carries traffic only between

the two devices it connects.

• To find the number of physical links in a fully connected mesh

network with n nodes, we need

n(n - 1) / 2 duplex – mode links.

Example: Connection of telephone regional office in which each

regional office needs to be connected to every other regional office.



Figure 2-5

Mesh Topology



Advantages of mesh topology

1) The use of dedicated links guarantees that each connection can carry
its own data load, thus eliminating the traffic problems.

2) A mesh topology is robust. If one link becomes unusable, it does not
incapacitate the entire system.

3) There is the advantage of privacy or security. Physical boundaries
prevent other users from gaining access to messages.

4) Point-to-point links make fault identification and fault isolation easy.
Disadvantages of mesh topology

1) Because every device must be connected to every other device,
installation and reconnection are difficult.

2) The sheer bulk of the wiring can be greater than the available space
(in walls, ceilings, or floors) can accommodate.

3) The hardware required to connect each link (I/O ports and cable)
can be prohibitively expensive.



Star topology
• In a star topology, each device has a dedicated point-to-point

link only to a central controller, usually called a hub.

• The devices are not directly linked to one another.

• The controller acts as an exchange: If one device wants to send

data to another, it sends the data to the controller, which then

relays the data to the other connected device.

• Example: It is used in Local Area Network(LAN),High speed

LANs



Figure 2-6

Star Topology



Advantages of star topology

1) A star topology is less expensive than a mesh topology. In a star,

each device needs only one link and one I/O port to connect it to

any number of others.

2) Other advantages include robustness. If one link fails, only that

link is affected. All other links remain active.

3) This factor also lends itself to easy fault identification and fault

isolation.



Disadvantages of star topology  

1) One big disadvantage of a star topology is the dependency of the
whole topology on one single point, the hub. If the hub goes
down, the whole system is dead.

2) Although a star requires far less cable than a mesh, each node
must be linked to a central hub. For this reason, often more
cabling is required in a star than in some other topologies.



Bus topology
• A bus topology, on the other hand, is multipoint. One long cable

acts as a backbone to link all the devices in a network.

• Nodes are connected to the bus cable by drop lines and taps.

• A drop line is a connection running between the device and the

main cable.

• A tap is a connector. As a signal travels along the backbone, some

of its energy is transformed into heat.

• Therefore, it becomes weaker and weaker as it travels farther and

farther. For this reason there is a limit on the number of taps a bus

can support and on the distance between those taps

• Example: It is used in early LAN, Ethernet LAN can use bus

topology But they are less popular.



Figure 2-8

Bus Topology



Advantages 
• Advantages of a bus topology include ease of installation.

Backbone cable can be laid along the most efficient path, then
connected to the nodes by drop lines of various lengths. In this way,
a bus uses less cabling than mesh or star topologies.

• In a bus, redundancy is eliminated. Only the backbone cable
stretches through the entire facility. Each drop line has to reach only
as far as the nearest point on the backbone.



Disadvantages 
• Disadvantages include difficult reconnection and fault isolation. A

bus is usually designed to be optimally efficient at installation. It

can therefore be difficult to add new devices.

• Signal reflection at the taps can cause degradation in quality.

Adding new devices may therefore require modification or

replacement of the backbone.

• a fault or break in the bus cable stops all transmission. The

damaged area reflects signals back in the direction of origin,

creating noise in both directions.



Ring topology
• In a ring topology, each device has a dedicated point-to-point

connection with only the two devices on either side of it.
• A signal is passed along the ring in one direction, from device to

device, until it reaches its destination.
• Each device in the ring incorporates a repeater.
• When a device receives a signal intended for another device, its

repeater regenerates the bits and passes them along.



Figure 2-9

Ring Topology



Advantages 
• A ring is relatively easy to install and reconfigure. Each device is

linked to only its immediate neighbours.
• To add or delete a device requires changing only two connections.
• In addition, fault isolation is simplified.
• Generally in a ring, a signal is circulating at all times. If one device

does not receive a signal within a specified period, it can issue an
alarm.

• The alarm alerts the network operator to the problem and its
location.

• Example: IBMs token ring.



Disadvantage 
• Unidirectional traffic can be a disadvantage.

• In a simple ring, a break in the ring (such as a disabled station) can

disable the entire network. This weakness can be solved by using a

dual ring.



Hybrid topology
• A network can be hybrid.
• A network which has a combination of one or more different

topologies.

• For example, we can have a main star topology with each branch

connecting to several stations with different topology as shown in

figure.



Figure 2-10

Hybrid Topology



Categories of networks or Network Types

Networks

LAN WAN MAN



Figure 2-16 Local Area Network



Local area network
• It is usually privately owned and links the devices in a single office, 

building or campus.
• LAN size is limited to few kilometers.
• LAN are designed to allow resources to be shared between personal 

computers or workstations.
• LANs are distinguished from other types of network by their 

transmission media and topology.
• LAN speed is 100 to 1000Mbps.
• Wireless LAN are the newest evolution in LAN technology
• Examples:
1) Networking in home, office
2) Networking between two computers.
3) Wifi



Wide area network
• It provides long distance transmission of data , image, audio , video 

information over large geographic area that may comprise a country, 
a continent or even whole world.

• Switched WAN connects the end system, which usually comprise a 
router that connects LAN or WAN

• Point to Point WAN is normally line leased from telephone or cable 
tv provider that connects home computer to ISP

• Example
1) Internet
2) X.25
3) ATM(asynchronous transfer mode)



Figure 2-17 Metropolitan Area Network



Metropolitan area network
• It is a network with size between LAN and WAN.
• It normally covers the area inside town or city.
• It is designed for customers who need speed connectivity normally 

internet and have endpoints spread over city or part of city
• Example:
1)Telephone network which provides high speed DSL line to customers
2) Cable Tv network



Differences between LAN,WAN,MAN
LAN MAN WAN

Expands to Local area network Metropolitan area 
network

Wide area network

Media used

Speed A high speed.i.e
100 kbps to 
1000Mbps.

Optimized for large 
geographical area 
than LAN

Long distance

Cost cheaper Costly Expensive

applications College, School,
Hospital

Small,Towns, City Country or 
Continent



Internet
• The Brief history
• The internet today
1)International Internet Service Provider
At the top hierarchy are international service provider that connects 

nations together
2)National Internet Service Provider
These are backbone networks created and maintained by specialized 

companies.
3)Regional Internet Service Provider
These are smaller ISP’s that are connected to one or more national ISP.
4)Local Internet Service Provider
It provides direct service to end users. These are connected to regional 

ISP or directly to national ISP



Network Models
OSI Model (Open Systems Interconnection)



Figure 3-2 OSI Layers



Figure 3-3 An Exchange Using the OSI Model



Figure 3-4

Physical Layer



• Physical layer is responsible for movement of individual bits from
one node to the next.

• It involves the following:
1) Physical characteristics of interface and medium:It defines

characteristics of interface between device and the medium. It
define type of transmission medium.,

2) Representation of bits:Data consist of stream of bits(sequence
of 0s and 1s). Bits must be encoded into signals.

3) Data rate: It defines duration of bit, which is how long it lasts.
4) Synchronization of bits: Sender and receiver not only must use

the same bit rate but also must be synchronized at the bit
level(Clock)

5) Line configuration: It involves connection of devices to
media.(Point-point,Multipoint connection)

6) Physical topology: How devices are connected to make
network(Mesh,Bus,Ring,Star,Hybrid)

7) Transmission mode: It defines direction of transmission
between two devices.(Simplex,Half-duplex,Full-duplex)



Figure 3-5

Data Link Layer



• Data layer is responsible for moving frames from one node to the
next.

• It involves the following:
1) Framing:It divides stream of bits received from network layer

into frames.
2) Physical addressing(locally): If frames are to be distributed to

different systems on the network, data link layer adds header to
the frame to define sender and receiver of the frame.

3) Flow control: If the rate at which the data are absorbed by the
receiver is less than the data produced in the sender,data link
layer imposes overflow of data.

4) Error control: It adds mechanisms to detect and retransmit
damaged or lost frames .This is achieved by trailer.

5) Access control:When two or more device are connected to same
link, data link layer protocol are necessary to determine which
device has control over the link at any given time.



Figure 3-7

Network Layer



• Network layer is responsible for delivery of individual packets
moving from source node to the destination node.

• It involves the following:
1) Logical addressing: If the packet pass through network

boundary,it adds header to the packet coming from upper layer,
includes logical address of sender and receiver.

2) Routing: In order to connect network of network or large
networks, the connecting devices (routers or switches) that routes
or switch the packets to their destination.



Figure 3-9 Transport Layer



• It is responsible for delivery of the message from one process to 
another.

• It involves the following:
• `Service point addressing: It includes type of address called service 

point address. The network layer gets each packet to correct 
computer, transport layer gets the entire message to the correct 
process on that computer.

• Segmentation and reassembly: A message is divided into 
segments, with each segment containing sequence number, transport 
layer reassemble the message upon arriving at the destination and 
identify and replace the packets that were lost in transmission. 

• Connection control: connection can be either connectionless or 
connection oriented.

• Flow control: here flow control is done at end to end rather than 
across the link.

• Error control: Here error checking is done at transport layer i.e
process to process.



Figure 3-11

Session Layer



• It is responsible for dialog control and synchronization.
• It involves the following:
• Dialog control: It allows two systems to enter into dialog.
• Synchronization: It adds check points or synchronization points to 

stream of data.



Figure 3-12

Presentation Layer



• It is responsible for translation, compression and encryption.
• It involves the following:
• Translation: The presentation layer at the sender changes the 

information from its sender dependent format into common format. 
The presentation layer at the receiving machine change the common 
format into receiver dependent format.

• Encryption: Sender transforms the original information to another 
form and sends resulting message out over the network.

• Compression: It reduces number of bits contained in the 
information.



Figure 3-13

Application Layer



• Application is responsible for providing services to the user.
• It involves the following:
• Network virtual terminal: It is a software version of physical 

terminal and it allows user to log on to remote host.
• File transfer , access and management: It allows user to access 

files in remote host , to retrieve files from remote computer to local 
computer.

• Mail services: The application provides basis for e mail forwarding 
and storage.

• Directory services : It provides distributed database source and 
access for global information about various object and services.



PROTOCOLS AND STANDARDS
Protocols
• A protocol is a set of rules that govern data communications.
• A protocol defines what is communicated, how k is communicated,

and when it is communicated.
• The key elements of a protocol are syntax, semantics and timing.
• Syntax. The term syntax refers to the structure or format of the

data, meaning the order in which they are presented.
• Semantics. The word semantics refers to the meaning of each

section of bits. EX: Does an address identify the route to be
taken/final destination of the message?

• Timing. The term timing refers to two characteristics: when data
should be sent and how fast they can be sent. For example, if a
sender produces data at 100 Mbps but the receiver can process data
at only 1 Mbps, the transmission will overload the receiver and
some data will be lost.



Standards 
• Standards provide guidelines to manufacturers, vendors,

government agencies, and other service providers to ensure the kind

of interconnectivity necessary in today's marketplace and in

international communications.

• Data communication standards fall into two categories:

• de facto (meaning "by fact" or "by convention") and de jure

(meaning "by law" or "by regulation").



Standards Organizations 
• International Organization for Standardization (ISO).
• International Telecommunication Union Telecommunication

Standards (ITU-T)
• American National Standards Institute (ANSI).
• Institute of Electrical and Electronics Engineers (IEEE).

• Electronic Industries Association (EIA).



TCP/IP PROTOCOL SUITE
• The TCP/IP protocol suite is made of four layers: physical, network,

transport, and application.
• The three topmost layers in the OSI model, are represented in TCP/IP

by a single layer called the application layer.
• The two bottom most layers in the OSI model, are represented in

TCP/IP by a single layer called the physical layer.
Physical and Data Link Layers
• At the physical and data link layers, TCP/IP does not define any

specific protocol. It supports all the standard and proprietary
protocols.



TCP/IP and OSI Model



Network Layer
• At the network layer (more accurately, the internetwork layer),

TCP/IP supports the Internetworking Protocol. IP, in turn, uses four
supporting protocols: ARP, RARP, ICMP, and IGMP.

Internetworking Protocol (IP)
• The Internetworking Protocol (IP) is the transmission mechanism

used by the TCP/IP protocols. It is a connectionless protocol--a best-
effort delivery service.

• IP assumes the unreliability of the underlying layers and does its
best to get a transmission to its destination, but with no guarantees.

• IP transports data in packets called datagrams, each of which is
transported separately.



Address Resolution Protocol
• ARP is used to find the physical address of the node when its Internet

address is known.
Reverse Address Resolution Protocol
• The Reverse Address Resolution Protocol (RARP) allows a host to

discover its Internet address when it knows only its physical address.
Internet Control Message Protocol
• The Internet Control Message Protocol (ICMP) is a mechanism used

by hosts and gateways to send notification of datagram problems
back to the sender. ICMP sends query and error reporting messages.

Internet Group Message Protocol
• The Internet Group Message Protocol (IGMP) is used to facilitate the

simultaneous transmission of a message to a group of recipients.



Transport Layer
User Datagram Protocol
• The User Datagram Protocol (UDP) is the simpler of the two

standard TCP/IP transport protocols. It is a process-to-process
protocol that adds only port addresses, checksum error control, and
length information to the data from the upper layer.

Transmission Control Protocol
• The Transmission Control Protocol (TCP) provides full transport-

layer services to applications. TCP is a reliable connection-oriented.
Stream Control Transmission Protocol
• The Stream Control Transmission Protocol (SCTP) provides support

for newer applications such as voice over the Internet. It combines
the best features of UDP and TCP.

Application Layer
• The application layer in TCP/IP is equivalent to the combined

session, presentation, and application layers in the OSI model. Many
protocols are defined at this layer.



Data and Signals
• Analog and digital
Both data and signals that represent them can be either analog or digital form.

Analog and Digital Data
Analog and Digital signals
Periodic and Nonperiodic Signals

 Analog and Digital Data: Data can be either analog or digital
Analog data refers to information that is continuous
Ex: Analog clock that has hour , minute , second hands gives information in 

continuous form; the movement of hands are continuous.
Digital data refers to information that is discrete states
Ex:Digital clock reports the hours and minutes will change suddenly from 8:05 

to 8:06



 Analog and Digital Signals: Signal can be either analog or digital
Analog signal have infinitely number of values 
Digital signal can have limited number of values.

 Periodic and Nonperiodic Signals: both the analog and digital 
signals can take two of the forms(periodic or non periodic)

Periodic signal: completes pattern within measurable time frame called 
period and repeats pattern over identical period . The completion of 
full pattern called cycle.

Non periodic signal: changes without exhibiting pattern or cycle that 
repeats over time.



Digital signal
Bit rate
Bit length
Digital signal as a composite Analog signal
Transmission of digital signals

Bit rate:It is the number of bits sent in 1s, expressed in bits per 
second.

Bit length:It is the distance one bit occupies on the transmission 
medium.

Bit length= propogation speed X  bit duration.



Digital signal as a composite Analog signal
Digital signal is a composite analog signal .The bandwidth is infinite.A

digital signal in time domain comprises connected vertical and 
horizontal segments.

Vertical line time domain means frequency of infinity(sudden change in 
time).

Horizontal line in time domain means frequency of zero(no change in 
time).

Transmission of digital signals
We can transmit digital signal by using one of two different approaches
1) Baseband transmission
2) Broadband transmission



Baseband transmission: sending a digital signal over a channel 
without changing the digital signal to an analog signal.It requires 
low-pass channel , a channel with a bandwidth that starts from zero.

Broadband transmission: Changing digital signal to an analog signal 
for transmission. Modulation uses bandpass channel: a channel with a 
bandwidth that do not start from zero 



Transmission impairment
Signal that travel through transmission media , which are not
perfect. The imperfection causes signal impairment. This means that 

the signal at the beginning of the medium is not the same as signal at 
the end of the medium. What is sent is not what is received.

Impairment 
causes

Attenuation Distortion Noise



Attenuation :
• means loss of energy.
• When a signal , simple or composite travels through medium it 

losses some of energy.
• To compensate the loss , amplifiers are used to amplify the signal.



Decibel
To show that signal has lost or gained strength, engineers use unit 

decibel(dB).It measures relative strength of two signals or one signal 
at two different points(If its negative, signal is attenuated & if its 
positive signal is amplified)

dB=10log10 p2/p1

Distortion
• Means that signal changes its shape or form.
• Each signal component has its own propagation speed through 

medium and therefore its own delay in arriving at the final 
destination.



Noise
1)Thermal noise: random motion of electrons ,creating an extra signal.
2)Induced noise: outside sources such as motors and appliances.
3)crosstalk: affect of one wire on another.
4)Impulse noise: a spike for a short period from power lines and 

lightening.
Signal to Noise ratio(SNR)
SNR=avg signal power/avg noise power.



Data Rate Limits
Noiseless channel
Noisy channel
Using both limits
In data communication how fast we are sending data in terms of bits per sec , it 

depends on three factors
1)The bandwidth available.
2)The level signals we use.
3)The quality of channel.

 Noiseless channel: Nyquist bit rate
For a noiseless channel, the Nyquist bit rate formula defines the theoretical 

maximum bit rate.
Bit rate=2 X bandwidth X log2L
Where: bandwidth is the bandwidth of channel

L is the number of signal levels used to represent data
Bitrate is the bitrate in bits per second



 Noisy channel: Shannon Capacity
In reality , we cannot have noiseless channel; the channel is always noisy.
In  claude shannon introduced a formula called the shannon capacity, to 

determine the theoretical highest data rate for noisy channel.
Capacity= bandwidth X log2(1+SNR)
Where: bandwidth is bandwidth of the channel

SNR is signal to noise ratio
Capacity is the capacity of the channel in bits per second.

Using both limits
We have to use both the methods to find limits and signal levels 



Performance
• Bandwidth
• Throughput
• Latency(Delay)
• Bandwidth delay product
• Jitter



Bandwidth: Capacity of the system.In networking bandwidth is used in two 
context.

1)Bandwidth in Hertz: It is a range of frequencies contained in a composite 
signal or range of frequencies a channel can pass

2)Bandwidth in Bits per second: A channel can link or even network can 
transmit.

Through: It is a measure of how fast we can actually send data through a 
network.

Latency(Delay): The latency or delay defines how long it takes for an entire 
message to completely arrive at the destination from the time the first bit is 
sent out from the source.

Latency=propagation time+transmission time+queuing time+processing
delay

Propagation time= Distance/propagation speed
Transmission time=Message size/Bandwidth
Queuing time=The time needed for each intermediate or end device to 

hold message before it can be processed



• Bandwidth delay product: Number of bits that can fill the link.
• Jitter: It is defined as a variation in the delay of received packets.



Digital Transmission
• Digital to Digital conversion

It is a process that represent digital data by using digital signal.

Line Coding: 

It is a process of converting digital data to digital signal.

Data is in the form of text,numbers,graphical images,audio,video are stored in computer memory as 
sequence of bits.

Line coding converts a sequence of bits into digital signal.

Characteristics:

Signal element versus data element

Data element: It represents piece of information. Data element are what we need to send.

Signal element:It carries data elements. Signal elements are what we can send.



Data rate versus Signal rate
Data rate(bit rate):It defines the number of data elements sent in 1s,unit 

is bits per second(bps).
Signal rate(pulse rate,modulation rate,baud rate):It is the number of 

signals elements sent in 1s,unit is baud
S=c X N X 1/r
Bandwidth(range of frequencies )is proportional to the signal rate(baud 

rate).Minimum bandwidth can be given as Bmin=c X N X 1/r.
• Baseline wandering: A long string of 0s or 1s can cause drift in the 

baseline and make it difficult for the receiver to decode directly.A
good line coding schemes need to prevent baseline wandering.

• DC components: When the voltage level in a digital signal is 
constant for a while the spectrum creates very low frequencies 
.These frequencies around zero called DC component.

• Self Synchronization:It includes timing information in the data 
being transmitted.



• Built in error detection: It is used to detect some of the errors that 
occurred during transmission

• Immunity to Noise and Interference: It is a code that is immune to 
noise and other interference.

• Complexity: It is more costly to implement than other simple one.
• Polar scheme: The voltage are on the both sides of the time 

axis.Voltage level for 0 can be positive, and voltage level for 1 can 
be negative.

I) Non-Return to zero(NRZ).We have two levels of voltage 
amplitude. Two version of polar NRZ:

1)NRZ-L: It determines value of bit
2)NRZ-I: The change or lack of inversion in the level determines the 

value of bit. If there is no change , bit is 0 ; if there is a change , the 
bit is 1.

II)Return to zero(RZ): It uses three values , positive , negative and 
zero



• Manchester Scheme: The idea of RZ and the idea of NRZ-L are 
combined into manchester scheme. In this coding the duration of bit 
is divided into two halves. The voltage remains at one level during 
the first half and moves to other level in second half.The transition 
at the middle of the bit provides synchronization.

• Bipolar Scheme: There are three voltage levels :positive , negative 
and zero . The voltage for one data element is at zero. While the 
voltage level for another element alternates between positive and 
negative.AMI and pseudoternary.

I) Alternate mark inversion(AMI): The mark word comes from 
telegraphy and means 1. So AMI means alternate 1 inversion.It is 
used for long distance communication.

II) Pseudoternary:The variation of AMI encoding is called 
pseudoternary in which the 1 bit is encoded as zero voltage and 0 bit 
is encoded as alternating positive and negative voltage .


