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DCN - Error Detection & CorrectionDCN - Error Detection & Correction

There are many reasons such as noise, cross-talk etc., which may help data to get corrupted duringThere are many reasons such as noise, cross-talk etc., which may help data to get corrupted during
transmission. transmission. The upper layers work on some generalized view of network architecture and are not awareThe upper layers work on some generalized view of network architecture and are not aware
of actual hardware data processing.Hence, the upper layers expect error-free transmission between theof actual hardware data processing.Hence, the upper layers expect error-free transmission between the
systems. systems. Most of the applications would not function expectedly if they receive erroneous data.Most of the applications would not function expectedly if they receive erroneous data.
Applications such as voice and video may not be that affected and with some errors they may still functionApplications such as voice and video may not be that affected and with some errors they may still function
well.well.

Data-link layer uses some error control mechanism to ensure that frames (data bit streams) areData-link layer uses some error control mechanism to ensure that frames (data bit streams) are
transmitted with certain level of accuracy. transmitted with certain level of accuracy. But to understand how errors is controlled, it is essential toBut to understand how errors is controlled, it is essential to
know what types of errors may occur.know what types of errors may occur.

Types of ErrorsTypes of Errors

There may be three types of errors:There may be three types of errors:

Single bit errorSingle bit error

In a frame, there is only one bit, anywhere though, which is corrupt.In a frame, there is only one bit, anywhere though, which is corrupt.

Multiple bits errorMultiple bits error

Frame is received with more than one bits in corrupted state.Frame is received with more than one bits in corrupted state.

Burst errorBurst error

Frame contains more than1 consecutive bits corrupted.Frame contains more than1 consecutive bits corrupted.

Error control mechanism may involve two possible ways:Error control mechanism may involve two possible ways:

Error detectionError detection

Error correctionError correction



3/10/2020 DCN - Error Detection & Correction - Tutorialspoint

https://www.tutorialspoint.com/data_communication_computer_network/error_detection_and_correction.htm 2/3

Error DetectionError Detection

Errors in the received frames are detected by means of Parity Check and Cyclic Redundancy CheckErrors in the received frames are detected by means of Parity Check and Cyclic Redundancy Check
(CRC). In both cases, few extra bits are sent along with actual data to confirm that bits received at other(CRC). In both cases, few extra bits are sent along with actual data to confirm that bits received at other
end are same as they were sent. end are same as they were sent. If the If the counter-check at receiver’ end fails, the bits are consideredcounter-check at receiver’ end fails, the bits are considered
corrupted.corrupted.

Parity CheckParity Check

One extra bit is sent along with the original bits to make number of 1s either even in case of even parity,One extra bit is sent along with the original bits to make number of 1s either even in case of even parity,
or odd in case of odd parity.or odd in case of odd parity.

The sender while creating a frame counts the number of 1s in it. For example, if even parity is used andThe sender while creating a frame counts the number of 1s in it. For example, if even parity is used and
number of 1s is even then one bit with value 0 is added. number of 1s is even then one bit with value 0 is added. This way number of 1s remains even.If theThis way number of 1s remains even.If the
number of 1s is odd, to make it even a bit with value 1 is added.number of 1s is odd, to make it even a bit with value 1 is added.

The receiver simply counts the number of 1s in a frame. The receiver simply counts the number of 1s in a frame. If the count of 1s is even and even parity is used,If the count of 1s is even and even parity is used,
the frame is considered to be not-corrupted and is accepted. the frame is considered to be not-corrupted and is accepted. If the count of 1s is odd and odd parity isIf the count of 1s is odd and odd parity is
used, the frame is still not corrupted.used, the frame is still not corrupted.

If a single bit flips in transit, the receiver can detect it by counting the number of 1s. If a single bit flips in transit, the receiver can detect it by counting the number of 1s. But when more thanBut when more than
one bits are erro neous, then it is very hard for the receiver to detect the error.one bits are erro neous, then it is very hard for the receiver to detect the error.

Cyclic Redundancy Check (CRC)Cyclic Redundancy Check (CRC)

CRC is a different approach to detect if the received frame contains valid data. CRC is a different approach to detect if the received frame contains valid data. This technique involvesThis technique involves
binary division of the data bits being sent. binary division of the data bits being sent. The divisor is generated using polynomials. The divisor is generated using polynomials. The senderThe sender
performs a division operation on the bits being sent and calculates the remainder. performs a division operation on the bits being sent and calculates the remainder. Before sending theBefore sending the
actual bits, the sender adds the remainder at the end of the actual bits. actual bits, the sender adds the remainder at the end of the actual bits. Actual data bits plus the remainderActual data bits plus the remainder
is called a codeword. is called a codeword. The sender transmits data bits as codewords.The sender transmits data bits as codewords.
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At the other end, the receiver performs division operation on codewords using the same CRC divisor. At the other end, the receiver performs division operation on codewords using the same CRC divisor. IfIf
the remainder contains all zeros the data bits are accepted, otherwise it is considered as there the remainder contains all zeros the data bits are accepted, otherwise it is considered as there some datasome data
corruption occurred in transit.corruption occurred in transit.

Error CorrectionError Correction

In the digital world, error correction can be done in two ways:In the digital world, error correction can be done in two ways:

Backward Error CorrectionBackward Error Correction  When the receiver detects an error in the data received, it requests  When the receiver detects an error in the data received, it requests
back the sender to retransmit the data unit.back the sender to retransmit the data unit.

Forward Error CorrectionForward Error Correction    When the receiver detects some error in the data received, itWhen the receiver detects some error in the data received, it
executes error-correcting code, which helps it to auto-recover and to correct some kinds ofexecutes error-correcting code, which helps it to auto-recover and to correct some kinds of
errors.errors.

The first one, Backward Error Correction, is simple and can only be efficiently used where retransmitting isThe first one, Backward Error Correction, is simple and can only be efficiently used where retransmitting is
not expensive. For example, fiber optics. not expensive. For example, fiber optics. But in case of wireless transmission retransmitting may cost tooBut in case of wireless transmission retransmitting may cost too
much. much. In the latter case, Forward Error Correction is used.In the latter case, Forward Error Correction is used.

To correct the error in data frame, the receiver must know To correct the error in data frame, the receiver must know exactly which bit in the frame is corrupted. exactly which bit in the frame is corrupted. ToTo
locate the bit in error, redundant bits are used as parity bits for error detection.For example, we take ASCIIlocate the bit in error, redundant bits are used as parity bits for error detection.For example, we take ASCII
words (7 bits data), then there could be 8 kind of information we need: first seven bits to tell us which bit iswords (7 bits data), then there could be 8 kind of information we need: first seven bits to tell us which bit is
error and one more error and one more bit to tell that there is no error.bit to tell that there is no error.

For m data bits, r redundant bits are used. For m data bits, r redundant bits are used. r bits can provide 2r combinations of information. r bits can provide 2r combinations of information. In m+r bitIn m+r bit
codeword, there is possibility that the r bits themselves may get corrupted. codeword, there is possibility that the r bits themselves may get corrupted. So the number of r bits usedSo the number of r bits used
must inform about m+r bit locations plus no-error information, i.e. m+r+1.must inform about m+r bit locations plus no-error information, i.e. m+r+1.
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DCN - Data-link Control & ProtocolsDCN - Data-link Control & Protocols

Data-link layer is responsible for implementation of point-to-point flow and error control mechanism.Data-link layer is responsible for implementation of point-to-point flow and error control mechanism.

Flow ControlFlow Control

When a data frame (Layer-2 data) is sent from one host to another over a single medium, it is requiredWhen a data frame (Layer-2 data) is sent from one host to another over a single medium, it is required
that the sender and receiver should work at the same speed. that the sender and receiver should work at the same speed. That is, sender sends at a speed on whichThat is, sender sends at a speed on which
the receiver can process and accept the data. the receiver can process and accept the data. What if the speed (hardware/software) of the sender orWhat if the speed (hardware/software) of the sender or
receiver differs? receiver differs? If sender is sending too fast the receiver may be overloaded, (swamped) and data mayIf sender is sending too fast the receiver may be overloaded, (swamped) and data may
be lost.be lost.

Two types of mechanisms can be deployed to control the flow:Two types of mechanisms can be deployed to control the flow:

Stop and WaitStop and Wait

This flow control mechanism forces the sender after transmitting a data frame to stop and wait until theThis flow control mechanism forces the sender after transmitting a data frame to stop and wait until the
acknowledgement of the data-frame sent is received.acknowledgement of the data-frame sent is received.

Sliding WindowSliding Window

In this flow control mechanism, both sender and receiver agree on the number of data-framesIn this flow control mechanism, both sender and receiver agree on the number of data-frames
after which the acknowledgement should be sent. after which the acknowledgement should be sent. As we learnt, stop and wait flow controlAs we learnt, stop and wait flow control
mechanism wastes resources, this protocol tries to make use of underlying resources as muchmechanism wastes resources, this protocol tries to make use of underlying resources as much
as possible.as possible.

Error ControlError Control
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When data-frame is transmitted, there is a probability that data-frame may be lost in the transit or it isWhen data-frame is transmitted, there is a probability that data-frame may be lost in the transit or it is
received corrupted. received corrupted. In both cases, the receiver does not receive the correct data-frame and sender doesIn both cases, the receiver does not receive the correct data-frame and sender does
not know anything about any loss.In such case, both sender and receiver are equipped with somenot know anything about any loss.In such case, both sender and receiver are equipped with some
protocols which helps them to detect transit errors such as loss of data-frame. Hence, either the senderprotocols which helps them to detect transit errors such as loss of data-frame. Hence, either the sender
retransmits the data-frame or the receiver may request to resend the previous data-frame.retransmits the data-frame or the receiver may request to resend the previous data-frame.

Requirements for error control mechanism:Requirements for error control mechanism:

Error detectionError detection  - The sender and receiver, either both or any, must ascertain that there is some  - The sender and receiver, either both or any, must ascertain that there is some
error in the transit.error in the transit.

Positive ACKPositive ACK  - When the receiver receives a correct frame, it should acknowledge it.  - When the receiver receives a correct frame, it should acknowledge it.

Negative ACKNegative ACK  - When the receiver receives a damaged frame or a duplicate frame, it sends a  - When the receiver receives a damaged frame or a duplicate frame, it sends a
NACK back to the sender and the sender must retransmit the correct frame.NACK back to the sender and the sender must retransmit the correct frame.

Retransmission:Retransmission:    The sender maintains a clock and sets a timeout period. The sender maintains a clock and sets a timeout period. If anIf an
acknowledgement of a data-frame previously transmitted does not arrive before the timeout theacknowledgement of a data-frame previously transmitted does not arrive before the timeout the
sender retransmits the frame, thinking that the frame or it’s acknowledgement is lost in transit.sender retransmits the frame, thinking that the frame or it’s acknowledgement is lost in transit.

There are three types of techniques available which Data-link layer may deploy to control the errors byThere are three types of techniques available which Data-link layer may deploy to control the errors by
Automatic Repeat Requests (ARQ):Automatic Repeat Requests (ARQ):

Stop-and-wait ARQStop-and-wait ARQ
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The following transition may occur in Stop-and-Wait ARQ:The following transition may occur in Stop-and-Wait ARQ:

The sender maintains a timeout counter.The sender maintains a timeout counter.

When a frame is sent, the sender starts the timeout counter.When a frame is sent, the sender starts the timeout counter.

If acknowledgement of frame comes in time, the sender transmits the next frame in queue.If acknowledgement of frame comes in time, the sender transmits the next frame in queue.

If acknowledgement does not come in time, the sender assumes that either the frame or itsIf acknowledgement does not come in time, the sender assumes that either the frame or its
acknowledgement is lost in transit. acknowledgement is lost in transit. Sender retransmits the frame and starts the timeout counter.Sender retransmits the frame and starts the timeout counter.

If a negative acknowledgement is received, the sender retransmits the frame.If a negative acknowledgement is received, the sender retransmits the frame.

Go-Back-N ARQGo-Back-N ARQ

Stop and wait ARQ mechanism does not utilize the resources at their best.When theStop and wait ARQ mechanism does not utilize the resources at their best.When the
acknowledgement is received, the sender sits idle and does nothing. acknowledgement is received, the sender sits idle and does nothing. In Go-Back-N ARQ method,In Go-Back-N ARQ method,
both sender and receiver maintain a window.both sender and receiver maintain a window.
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The sending-window size enables the sender to send multiple frames without receiving theThe sending-window size enables the sender to send multiple frames without receiving the
acknowledgement of the previous ones. acknowledgement of the previous ones. The receiving-window enables the receiver to receiveThe receiving-window enables the receiver to receive
multiple frames and acknowledge them. multiple frames and acknowledge them. The receiver keeps track of incoming frame’s sequenceThe receiver keeps track of incoming frame’s sequence
number.number.

When the sender sends all the frames in window, it checks up to what sequence number it hasWhen the sender sends all the frames in window, it checks up to what sequence number it has
received positive acknowledgement. If all frames are positively acknowledged, the sender sendsreceived positive acknowledgement. If all frames are positively acknowledged, the sender sends
next set of frames. next set of frames. If sender finds that it has received NACK or has not receive any ACK for aIf sender finds that it has received NACK or has not receive any ACK for a
particular frame, it retransmits all the frames after which it does not receive any positive ACK.particular frame, it retransmits all the frames after which it does not receive any positive ACK.

Selective Repeat ARQSelective Repeat ARQ

In Go-back-N ARQ, it is assumed that the receiver does not have any buffer space for its windowIn Go-back-N ARQ, it is assumed that the receiver does not have any buffer space for its window
size and has to process each frame as it comes. size and has to process each frame as it comes. This enforces the sender to retransmit all theThis enforces the sender to retransmit all the
frames which are not acknowledged.frames which are not acknowledged.
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In Selective-Repeat ARQ, the receiver while keeping track of sequence numbers, buffers theIn Selective-Repeat ARQ, the receiver while keeping track of sequence numbers, buffers the
frames in memory and sends NACK for only frame which is missing or damaged.frames in memory and sends NACK for only frame which is missing or damaged.

The sender in this case, sends only packet for which NACK is received.The sender in this case, sends only packet for which NACK is received.
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DCN - MultiplexingDCN - Multiplexing

Multiplexing is a technique by which different analog and digital streams of transmission can beMultiplexing is a technique by which different analog and digital streams of transmission can be
simultaneously processed over a shared link. simultaneously processed over a shared link. Multiplexing divides the high capacity medium into lowMultiplexing divides the high capacity medium into low
capacity logical medium which is then shared by different streams.capacity logical medium which is then shared by different streams.

Communication is possible over the air (radio frequency), using a physical media (cable), and light (opticalCommunication is possible over the air (radio frequency), using a physical media (cable), and light (optical
fiber). fiber). All mediums are capable of multiplexing.All mediums are capable of multiplexing.

When multiple senders try to send over a single medium, a device called Multiplexer divides the physicalWhen multiple senders try to send over a single medium, a device called Multiplexer divides the physical
channel and allocates one to each. channel and allocates one to each. On the other end of communication, a De-multiplexer receives dataOn the other end of communication, a De-multiplexer receives data
from a single medium, identifies each, and sends to different receivers.from a single medium, identifies each, and sends to different receivers.

Frequency Division MultiplexingFrequency Division Multiplexing

When the carrier is frequency, FDM is used. When the carrier is frequency, FDM is used. FDM is an analog technology. FDM is an analog technology. FDM divides the spectrum orFDM divides the spectrum or
carrier bandwidth in logical channels and allocates one user to each channel. carrier bandwidth in logical channels and allocates one user to each channel. Each user can use theEach user can use the
channel frequency independently and has exclusive access of it. channel frequency independently and has exclusive access of it. All channels are divided in such a wayAll channels are divided in such a way
that they do not overlap with each other. that they do not overlap with each other. Channels are separated by guard bands. Channels are separated by guard bands. Guard band is aGuard band is a
frequency which is not used by either channel.frequency which is not used by either channel.

Time Division MultiplexingTime Division Multiplexing

TDM is applied primarily on digital signals but can be applied on analog signals as well. TDM is applied primarily on digital signals but can be applied on analog signals as well. In TDM theIn TDM the
shared channel is divided among its user by means of time slot. shared channel is divided among its user by means of time slot. Each user can transmit data within theEach user can transmit data within the
provided time slot only. provided time slot only. Digital signals are divided in frames, equivalent to time slot i.e. frame of an optimalDigital signals are divided in frames, equivalent to time slot i.e. frame of an optimal
size which can be transmitted in given time slot.size which can be transmitted in given time slot.

TDM works in synchronized mode. TDM works in synchronized mode. Both ends, i.e. Multiplexer and De-multiplexer are timely synchronizedBoth ends, i.e. Multiplexer and De-multiplexer are timely synchronized
and both switch to next channel simultaneously.and both switch to next channel simultaneously.



3/10/2020 DCN - Multiplexing - Tutorialspoint

https://www.tutorialspoint.com/data_communication_computer_network/physical_layer_multiplexing.htm 2/2

When channel A transmits its frame at one end,the De-multiplexer provides media to channel A on theWhen channel A transmits its frame at one end,the De-multiplexer provides media to channel A on the
other end.As soon as the channel A’s time slot expires, this side switches to channel B. other end.As soon as the channel A’s time slot expires, this side switches to channel B. On the other end,On the other end,
the De-multiplexer works in a synchronized manner and provides media to channel B. the De-multiplexer works in a synchronized manner and provides media to channel B. Signals fromSignals from
different channels travel the path in interleaved manner.different channels travel the path in interleaved manner.

Wavelength Division MultiplexingWavelength Division Multiplexing

Light has different wavelength (colors). Light has different wavelength (colors). In fiber optic mode, multiple optical carrier signals are multiplexedIn fiber optic mode, multiple optical carrier signals are multiplexed
into an optical fiber by using different wavelengths. into an optical fiber by using different wavelengths. This is an analog multiplexing technique and is doneThis is an analog multiplexing technique and is done
conceptually in the same manner as FDM but uses light as signals.conceptually in the same manner as FDM but uses light as signals.

Further, on each wavelength time division multiplexing can be incorporated to accommodate more dataFurther, on each wavelength time division multiplexing can be incorporated to accommodate more data
signals.signals.

Code Division MultiplexingCode Division Multiplexing

Multiple data signals can be transmitted over a single frequency by using Code Division Multiplexing. Multiple data signals can be transmitted over a single frequency by using Code Division Multiplexing. FDMFDM
divides the frequency in smaller channels but CDM allows its users to full bandwidth and transmit signalsdivides the frequency in smaller channels but CDM allows its users to full bandwidth and transmit signals
all the time using a unique code. all the time using a unique code. CDM uses orthogonal codes to spread signals.CDM uses orthogonal codes to spread signals.

Each station is assigned with a unique code, called chip. Each station is assigned with a unique code, called chip. Signals travel with these codes independently,Signals travel with these codes independently,
inside the whole bandwidth.The receiver knows in advance the chip code signal it has to receive.inside the whole bandwidth.The receiver knows in advance the chip code signal it has to receive.



COMPUTER NETWORK 

 
Network technology: Network technology is a coordinated set of software and hardware(driver, 

network adapter, cable and connector)and mechanism of data transmission across the 

communication link sufficient for building a computer network. 

Computer Network: 

Computer network is a connection of two or more computer each other for exchange of data. 

 

Network Topology: 

The topology of a network is the geometric representation of the relationship of all the link and 

the linking device (node) to one another. 

  *There are four basic topology possible 

 # Mesh topology 

 #Star topology 

 #Bus topology 

 #Ring topology 

Mesh Topology: 

In Mesh topology every device has a dedicated point to point link to every other device. 

To find the no of physical link in a fully connected mesh network with n-nodes 

 

 

Advantage: 

The use of dedicated links guarantees that each connection can carry its own data. 

It is robust; if one links become unusable it does not affect the entire system. 

It gives privacy and security of data as every message travel along a dedicated line. 

Disadvantage: 

No of  i/o ports and cabling are required. 

Installation and reconnection are difficult. 

It is expensive to connect. 

Star Topology: 

In star topology each device has a dedicated point to point link only to a central controller called as hub. 

The devices are not directly linked to one another. 

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. 

Advantage: 

It is less expensive. 

Each device needs only one link and one i/o port to connect it to any number of others. 

It is easy to install and reconfigure. 

Disadvantage: 

As long as the hub is working it can be used to monitor link problems and bypass defective links. 

Once the hub goes down the whole system is dead. 

Each node must be linked to a central hub. 

Bus Topology: 

In a bus topology one long cable act as a backbone to link all the device in a network. 

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

A drop line is a connection running between the device and the main cable. 

Advantage: 

It is easy to install. 

Backbone cable can be laid along the most efficient path, then connected to the nodes by drop line 

Of various length. 

It requires less cabling. 

Disadvantage: 

It is difficult to reconnection and fault isolation. 

The signal can be degrade due to maximum no of device connected. 

If any fault or stop occurs in the bus cable it stop all the transmission. 

No of link = 𝑛(𝑛 − 1) 2⁄  



Ring Topology: 

In a ring topology each device has dedicated point to point connection with only the two device 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. 

Advantage: 

It is easy to install and reconfigure. 

Each device is linked to only its immediate neighbor. 

To add or delete a device requires changing only two connections. 

Disadvantage: 

Unidirectional flow of signal. 

A simple break in the ring can disable the entire network. 

 

Transmission Mode 

 

Transmission of binary data across a link can be accomplished either one bit at a time or group of bit at a 

time known as mode of transmission. 

Data transmission mode may be of two types 

 # Parallel transmission 

 # Serial transmission 

Parallel transmission 

If binary data is grouped in to n-bits and the group is send directly from one device(sender) to other 

device(receiver) known as parallel transmission. 

It use n-wires to send n-bits of data at one time. 

Advantage: 

      Parallel transmission is speed. 

Disadvantage: 

It requires n-communication line for transmitting n-bits of data which is expensive. 

It is usually limited to short distance. 

Serial transmission: 

Serial transmission needs one link only 

Here one bit followed by another bit through a single link 

Serial transmission mode are of three types 

 # Synchronous 

 # Asynchronous 

 # Isochronous 

Synchronous transmission: 

In synchronous transmission a bit of string is combined in to a longer frame which contains no of byte. 

We send no of bit one after another without start or stop bit. 

It is the responsibility of receiver to group the bits to get the original information. 

Accuracy of the information is completely dependent on the receiving device. 

Asynchronous transmission: 

In asynchronous transmission mode we send one start bit(zero) at the beginning and one or more stop 

bit(one) at the end of each bytes while there may be a gap between each bytes. 

All data/information is send/receive by a pattern which is agreed by both device. 

Patterns are  based on grouping the bit string in to bytes. 

Each group patterns are generally 8-bits is sent over a link as a single unit. 

To alert the receiver for arrival of new group extra bit is added at the beginning of each byte ,generally 

zero is known as start bit and one is appended at the end of each byte known as stop bit. 

 

 

 

 

 

  

  



Transmission Media 

Transmission Media 

A transmission media can be defined as anything that can carry information from a source to a destination 

Types 

Transmission media can be divided in to two broad categories  

 # Guided media 

 # Unguided media 

Guided media includes Twisted pair cable, Coaxial cable, fiber optic cable. 

Unguided medium is Free space. 

Twisted pair cable: 

A twisted pair cable consists of two conductor  each with its own plastic insulation twisted together. 

One of the wire is used to carry signal to receiver and other is used only as a ground reference. 

The receiver use the difference between two. 

In addition to the signal sent by the sender on one of the wires,interference(noise) and cross talk may affect 

both the wires and create unwanted signals. 

If the two wires are parallel the effect of these unwanted signal is not same in both the wires because they are 

at different location relative to the noise or cross talk source. 

By twisting the pair a balanced is maintained. 

Application 

Twisted pair cable are normally used to connect terminals to the main computer if they are placed at a short 

distance from the main computer and data transmission speed upto 9600 bit per second can be achieved if the 

distance is not more than 100mtr. 

Coaxial cable: 

Coaxial cables are group of specially wrapped and insulated wire lines that are able to transmit data at high 

rate. 

They consists of a central copper wire surrounded by a PVC insulation over which a sleeve of copper mesh is 

placed. 

The metal sleeve is again shielded by an outer shield of thick PVC material. 

The signal is transmitted by the inner copper wire and is electrically shielded by the outer metal sleeve. 

Application: 

Coaxial cable are extensively used in long distance telephone line and as a cable for cable TV. 

They are also used by telephone companies to transmit data. 

Optical fibers 

Optical fibers are hair-thin threads of glass or plastic that can serve as a data transmission medium as copper 

wire or coaxial cables. 

Optical fibers transmit light signals instead of electrical signal as light travels much faster than electricity. 

Optical fibers can transmit data at much higher speed and with no significant loss of intensity over very long 

distance. 

Application: 

Fiber optic cables is often found in backbone network as its wide band width is cost effective. 

Some TV companies uses a combination of optical fiber and coaxial cable,thus creating a hybrid network 

Optical fiber provides the backbone structure while coaxial cable provides the connection to the user premises 

 

OSI MODEL 

OSI Model is also known as Open System Interconnection model. 

An Open system is a set of protocols that allows any two different systems tocommunicate regardless of their 

underlying architecture. 

The purpose of OSI model is to show how to facilitate communication between different systems without 

requiring changes to the logic of the underlying hardware and software. 

OSI model is composed of seven ordered layers such as 1)Physical layer, 2) Datalink layer, 3)Network layer 

4) Transport layer, 5)Session layer, 6) Presentation layer, 7) Application layer. 

 

Physical layer: 

Physical layer coordinates the functions required to carry a bit stream over a physical medium. 

It deals with the mechanical and electrical specifications of the interface and transmission medium. 

Physical layer is responsible for movement of individual bits from one hop(nodes) to the next. 



Datalink layer: 

Datalink layer is responsible for moving frames from one hop(nodes) to the next. 

The datalink layer divides the  stream of bits received from the network layer in to manageable data units 

called frames 

The datalink layer adds a header to the frame to defines the sender and/or receiver of the frame. 

It is also responsible for flow control, error control and access control. 

Network layer; 

The network layer is responsible for the delivery of individual packets from the source host to the destination 

host across a multiple network. 

If two systems are connected to the same link there is usually no need for the network layer. 

The network layer adds a header to the packet coming from the upper layer that,among other things , includes 

the logical address of the sender and receiver. 

Network layer is also responsible for routing of packets. 

Transport layer: 

The transport layer is responsible for the delivery of  a message from one process to another. 

The transport layer header must include a type of address called a service point address(port address). 

It is also responsible for segmentation and reassembly, connection control, flow control and error control. 

Session layer: 

The session layer is the network dialog controller. 

It establishes,maintains, and synchronizes the interaction among communicating systems. 

It allows two systems to enter into a dialog. 

It allows the communication between two process to take place in either half duplex or full duplex mode. 

Presentation layer: 

The presentation layer is concerned with the syntax and semantics of the information exchanged between two 

system. 

The presentation layer at the sender changes the information from its sender dependent format in to a common 

format and at the receiving machine changes the common format into  its receiver dependent format. 

It is also responsible for encryption and compression of message. 

Application layer: 

The application layer enables the user , whether human, or software , to access the network. 

It provides user interface and support for services like electronic mail, remote file access and transfer. 

The application layer is responsible for providing service to the user. 
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Circuit SwitchingCircuit Switching

Circuit switching is a connection-oriented network switching technique. Here, a dedicated route isCircuit switching is a connection-oriented network switching technique. Here, a dedicated route is
established between the source and the destination and the entire message is transferred through it.established between the source and the destination and the entire message is transferred through it.

Phases of Circuit Switch ConnectionPhases of Circuit Switch Connection
Circuit EstablishmentCircuit Establishment : In this phase, a dedicated circuit is established from the source to the : In this phase, a dedicated circuit is established from the source to the

destination through a number of intermediate switching centres. The sender and receiverdestination through a number of intermediate switching centres. The sender and receiver

transmits communication signals to request and acknowledge establishment of circuits.transmits communication signals to request and acknowledge establishment of circuits.

Data TransferData Transfer : Once the circuit has been established, data and voice are transferred from the : Once the circuit has been established, data and voice are transferred from the

source to the destination. The dedicated connection remains as long as the end partiessource to the destination. The dedicated connection remains as long as the end parties

communicate.communicate.

Circuit DisconnectionCircuit Disconnection : When data transfer is complete, the connection is relinquished. The : When data transfer is complete, the connection is relinquished. The

disconnection is initiated by any one of the user. Disconnection involves removal of alldisconnection is initiated by any one of the user. Disconnection involves removal of all

intermediate links from the sender to the receiver.intermediate links from the sender to the receiver.

Diagrammatic Representation of Circuit Switching in TelephoneDiagrammatic Representation of Circuit Switching in Telephone
The following diagram represents circuit established between two telephones connected by circuitThe following diagram represents circuit established between two telephones connected by circuit
switched connection. The blue boxes represent the switching offices and their connection with otherswitched connection. The blue boxes represent the switching offices and their connection with other
switching offices. The black lines connecting the switching offices represents the permanent link betweenswitching offices. The black lines connecting the switching offices represents the permanent link between
the offices. When a connection is requested, links are established within the switching offices as denotedthe offices. When a connection is requested, links are established within the switching offices as denoted
by white dotted lines, in a manner so that a dedicated circuit is established between the communicatingby white dotted lines, in a manner so that a dedicated circuit is established between the communicating
parties. The links remains as long as communication continues.parties. The links remains as long as communication continues.

Advantages and Disadvantages of Circuit SwitchingAdvantages and Disadvantages of Circuit Switching
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AdvantagesAdvantages

It is suitable for long continuous transmission, since a continuous transmission route isIt is suitable for long continuous transmission, since a continuous transmission route is

established, that remains throughout the conversation.established, that remains throughout the conversation.

The dedicated path ensures a steady data rate of communication.The dedicated path ensures a steady data rate of communication.

No intermediate delays are found once the circuit is established. So, they are suitable for real timeNo intermediate delays are found once the circuit is established. So, they are suitable for real time

communication of both voice and data transmission.communication of both voice and data transmission.

DisadvantagesDisadvantages

Circuit switching establishes a dedicated connection between the end parties. This dedicatedCircuit switching establishes a dedicated connection between the end parties. This dedicated

connection cannot be used for transmitting any other data, even if the data load is very low.connection cannot be used for transmitting any other data, even if the data load is very low.

Bandwidth requirement is high even in cases of low data volume.Bandwidth requirement is high even in cases of low data volume.

There is underutilization of system resources. Once resources are allocated to a particularThere is underutilization of system resources. Once resources are allocated to a particular

connection, they cannot be used for other connections.connection, they cannot be used for other connections.

Time required to establish connection may be high.Time required to establish connection may be high.



3/10/2020 Packet Switching

https://www.tutorialspoint.com/packet-switching 1/2

Packet SwitchingPacket Switching

Packet switching is a connectionless network switching technique. Here, the message is divided andPacket switching is a connectionless network switching technique. Here, the message is divided and
grouped into a number of units called packets that are individually routed from the source to thegrouped into a number of units called packets that are individually routed from the source to the
destination. There is no need to establish a dedicated circuit for communication.destination. There is no need to establish a dedicated circuit for communication.

ProcessProcess
Each packet in a packet switching technique has two parts: a header and a payload. The header containsEach packet in a packet switching technique has two parts: a header and a payload. The header contains
the addressing information of the packet and is used by the intermediate routers to direct it towards itsthe addressing information of the packet and is used by the intermediate routers to direct it towards its
destination. The payload carries the actual data.destination. The payload carries the actual data.

A packet is transmitted as soon as it is available in a node, based upon its header information. The packetsA packet is transmitted as soon as it is available in a node, based upon its header information. The packets
of a message are not routed via the same path. So, the packets in the message arrives in the destinationof a message are not routed via the same path. So, the packets in the message arrives in the destination
out of order. It is the responsibility of the destination to reorder the packets in order to retrieve the originalout of order. It is the responsibility of the destination to reorder the packets in order to retrieve the original
message.message.

The process is diagrammatically represented in the following figure. Here the message comprises of fourThe process is diagrammatically represented in the following figure. Here the message comprises of four
packets, A, B, C and D, which may follow different routes from the sender to the receiver.packets, A, B, C and D, which may follow different routes from the sender to the receiver.

Advantages and Disadvantages of Packet SwitchingAdvantages and Disadvantages of Packet Switching
AdvantagesAdvantages

Delay in delivery of packets is less, since packets are sent as soon as they are available.Delay in delivery of packets is less, since packets are sent as soon as they are available.

Switching devices don’t require massive storage, since they don’t have to store the entireSwitching devices don’t require massive storage, since they don’t have to store the entire

messages before forwarding them to the next node.messages before forwarding them to the next node.
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Data delivery can continue even if some parts of the network faces link failure. Packets can beData delivery can continue even if some parts of the network faces link failure. Packets can be

routed via other paths.routed via other paths.

It allows simultaneous usage of the same channel by multiple users.It allows simultaneous usage of the same channel by multiple users.

It ensures better bandwidth usage as a number of packets from multiple sources can beIt ensures better bandwidth usage as a number of packets from multiple sources can be

transferred via the same link.transferred via the same link.

DisadvantagesDisadvantages
They are unsuitable for applications that cannot afford delays in communication like high qualityThey are unsuitable for applications that cannot afford delays in communication like high quality

voice calls.voice calls.

Packet switching high installation costs.Packet switching high installation costs.

They require complex protocols for delivery.They require complex protocols for delivery.

Network problems may introduce errors in packets, delay in delivery of packets or loss of packets.Network problems may introduce errors in packets, delay in delivery of packets or loss of packets.

If not properly handled, this may lead to loss of critical information.If not properly handled, this may lead to loss of critical information.
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X.25 and Frame RelayX.25 and Frame Relay

X.25X.25
X.25 is a protocol suite defined by ITU-T for packet switched communications over WAN (Wide AreaX.25 is a protocol suite defined by ITU-T for packet switched communications over WAN (Wide Area
Network). It was originally designed for use in the 1970s and became very popular in 1980s. Presently, it isNetwork). It was originally designed for use in the 1970s and became very popular in 1980s. Presently, it is
used for networks for ATMs and credit card verification. It allows multiple logical channels to use the sameused for networks for ATMs and credit card verification. It allows multiple logical channels to use the same
physical line. It also permits data exchange between terminals with different communication speeds.physical line. It also permits data exchange between terminals with different communication speeds.

X.25 has three protocol layersX.25 has three protocol layers

 Physical Layer: Physical Layer: It lays out the physical, electrical and functional characteristics that interface It lays out the physical, electrical and functional characteristics that interface

between the computer terminal and the link to the packet switched node. X.21 physicalbetween the computer terminal and the link to the packet switched node. X.21 physical

implementer is commonly used for the linking.implementer is commonly used for the linking.

Data Link Layer:Data Link Layer: It comprises the link access procedures for exchanging data over the link. Here, It comprises the link access procedures for exchanging data over the link. Here,

control information for transmission over the link is attached to the packets from the packet layercontrol information for transmission over the link is attached to the packets from the packet layer

to form the LAPB frame (Link Access Procedure Balanced). This service ensures a bit-oriented,to form the LAPB frame (Link Access Procedure Balanced). This service ensures a bit-oriented,

error-free, and ordered delivery of frames.error-free, and ordered delivery of frames.

Packet Layer:Packet Layer: This layer defines the format of data packets and the procedures for control and This layer defines the format of data packets and the procedures for control and

transmission of the data packets. It provides external virtual circuit service. Virtual circuits may betransmission of the data packets. It provides external virtual circuit service. Virtual circuits may be

of two types: virtual call and permanent virtual circuit. The virtual call is established dynamicallyof two types: virtual call and permanent virtual circuit. The virtual call is established dynamically

when needed through call set up procedure, and the circuit is relinquished through call clearingwhen needed through call set up procedure, and the circuit is relinquished through call clearing

procedure. Permanent virtual circuit, on the other hand, is fixed and network assigned.procedure. Permanent virtual circuit, on the other hand, is fixed and network assigned.

Equipment usedEquipment used
X.21X.21 implementer implementer

DTEDTE : Data Terminal Equipmen : Data Terminal Equipmen

DCTEDCTE : Data Circuit Terminating Equipment : Data Circuit Terminating Equipment

Frame RelayFrame Relay
Frame Relay is a packet switched communication service from LANs (Local Area Network) to backboneFrame Relay is a packet switched communication service from LANs (Local Area Network) to backbone
networks and WANs. It operates at two layers: physical layer and data link layer. It supports all standardnetworks and WANs. It operates at two layers: physical layer and data link layer. It supports all standard
physical layer protocols. It is mostly implemented at the data link layer.physical layer protocols. It is mostly implemented at the data link layer.

Frame Relay uses virtual circuits to connect a single router to multiple remote sites. In most cases,Frame Relay uses virtual circuits to connect a single router to multiple remote sites. In most cases,
permanent virtual circuits are used, i.e. a fixed network-assigned circuit is used through which the userpermanent virtual circuits are used, i.e. a fixed network-assigned circuit is used through which the user
sees a continuous uninterrupted line. However, switched virtual circuits may also be used.sees a continuous uninterrupted line. However, switched virtual circuits may also be used.

Frame relay is a fast packet technology based on X.25. Data is transmitted by encapsulating them inFrame relay is a fast packet technology based on X.25. Data is transmitted by encapsulating them in
multiple sized frames. The protocol does not attempt to correct errors and so it is faster. Error correction ismultiple sized frames. The protocol does not attempt to correct errors and so it is faster. Error correction is
handled by the endpoints, which are responsible for retransmission of dropped frameshandled by the endpoints, which are responsible for retransmission of dropped frames
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Frame Relay Devices areFrame Relay Devices are
DTE:DTE:  Data Terminal EquipmentData Terminal Equipment

DCTE:DCTE: Data Circuit Terminating Equipment Data Circuit Terminating Equipment



UNIT-3 

Data Encoding 
Encoding is the process of using various patterns of voltage or current levels to represent 1s and 0s of the 

digital signals on the transmission link. 

The common types of line encoding are Unipolar, Polar, Bipolar, and Manchester. 

Encoding Techniques 

The data encoding technique is divided into the following types, depending upon the type of 

data conversion. 

• Analog data to Analog signals  

• Analog data to Digital signals  

• Digital data to Analog signals  

• Digital data to Digital signals  

DIGITAL-TO-DIGITAL CONVERSION 

Digital-to-digital encoding is the representation of digital information by a digital signal. When binary 1s 

and 0s generated by the computer are translated into a sequence of voltage pulses that can be propagated 

over a wire, this process is known as digital-to-digital encoding. 

Digital-to-digital encoding is divided into three categories: 

• Unipolar Encoding 

• Polar Encoding 

• Bipolar Encoding 

 

Unipolar 

o Digital transmission system sends the voltage pulses over the medium link such as wire 

or cable. 

o In most types of encoding, one voltage level represents 0, and another voltage level 

represents 1. 

o The polarity of each pulse determines whether it is positive or negative. 

o This type of encoding is known as Unipolar encoding as it uses only one polarity. 

o In Unipolar encoding, the polarity is assigned to the 1 binary state. 

o In this, 1s are represented as a positive value and 0s are represented as a zero value. 

o In Unipolar Encoding, '1' is considered as a high voltage and '0' is considered as a zero 

voltage. 

o Unipolar encoding is simpler and inexpensive to implement. 

Polar 

o Polar encoding is an encoding scheme that uses two voltage levels: one is positive, and 

another is negative. 

o By using two voltage levels, an average voltage level is reduced, and the DC component 

problem of unipolar encoding scheme is alleviated. 



 

 

Bipolar 

o Bipolar encoding scheme represents three voltage levels: positive, negative, and zero. 

o In Bipolar encoding scheme, zero level represents binary 0, and binary 1 is represented 

by alternating positive and negative voltages. 

o If the first 1 bit is represented by positive amplitude, then the second 1 bit is represented 

by negative voltage, third 1 bit is represented by the positive amplitude and so on. This 

alternation can also occur even when the 1bits are not consecutive. 

ANALOG-TO-DIGITAL CONVERSION 
o When an analog signal is digitalized, this is called an analog-to-digital conversion. 

o Suppose human sends a voice in the form of an analog signal, we need to digitalize the 

analog signal which is less prone to noise. It requires a reduction in the number of values 

in an analog message so that they can be represented in the digital stream. 

o In analog-to-digital conversion, the information contained in a continuous wave form is 

converted in digital pulses. 

 

 

Digital data to Analog signals − The modulation techniques such as Amplitude Shift 

Keying ASKASK, Frequency Shift Keying FSKFSK, Phase Shift Keying PSKPSK, etc., fall 

under this category. 

Analog to Analog Conversion – 
Analog-to-analog conversion, or modulation, is the representation of analog information by an 

analog signal. It is a process by virtue of which a characteristic of carrier wave is varied 

according to the instantaneous amplitude of the modulating signal. This modulation is generally 

needed when a bandpass channel is required. Bandpass is a range of frequencies which are 

transmitted through a bandpass filter which is a filter allowing specific frequencies to pass 

preventing signals at unwanted frequencies. 

Analog to Analog conversion can be done in three ways: 

1. Amplitude Modulation 

2. Frequency Modulation 

3. Phase Modulation 

 
 
 
 
 
 
 
 
 
 
 



1. AMPLITUDE MODULATION: 

The modulation in which the amplitude of the carrier wave is varied according to the 

instantaneous amplitude of the modulating signal keeping phase and frequency as constant. The 

figure below shows the concept of amplitude modulation: AM is normally implemented by using 

a simple multiplier because the amplitude of the carrier signal needs to be changed according to 

the amplitude of the modulating signal. 

 

 

 

 

 
2. FREQUENCY MODULATION – 

The modulation in which the frequency of the carrier wave is varied according to the 

instantaneous amplitude of the modulating signal keeping phase and amplitude as constant. The 

figure below shows the concept of frequency modulation: 

FM is normally implemented by using a voltage-controlled oscillator as with FSK. The 

frequency of the oscillator changes according to the input voltage which is the amplitude of the 

modulating signal.  

 

 

 

 

 

3. PHASE MODULATION: 

The modulation in which the phase of the carrier wave is varied according to the instantaneous 

amplitude of the modulating signal keeping amplitude and frequency as constant. The figure 

below shows the concept of frequency modulation: Phase modulation is practically similar to 

Frequency Modulation, but in Phase modulation frequency of the carrier signal is not increased. 

It is normally implemented by using a voltage-controlled oscillator along with a derivative. The 

frequency of the oscillator changes according to the derivative of the input voltage which is the 

amplitude of the modulating signal.   


