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UNIT-V 

 

In Communication Networks External electromagnetic signals can cause incorrect delivery of data. 

By this, data in the communication Networks can be received incorrectly, data can be lost or 

unwanted Communication Networks data can be generated. Any of these problems are called 

transmission errors in communication networks. 

Transmission errors are caused by:  

1) thermal noise {Shannon}  

2) impulse noise (e..g, arcing relays)   

3) signal distortion during transmission (attenuation)  

4) crosstalk  

5) voice amplitude signal compression  

6) quantization noise (PCM)  

7) jitter (variations in signal timings)   

8) receiver and transmitter out of synch 

The local loops are still analog twisted copper pairs and will continue to be so for years due to the 

enormous expense of replacing them. While errors are rare on the digital part, they are still 

common on the local loops. Furthermore, wireless communication is becoming more common, and 

the error rates here are orders of magnitude worse than on the interoffice fiber trunks. The 

conclusion is: transmission errors are going to be with us for many years to come. We have to learn 

how to deal with them. 

As a result of the physical processes that generate them, errors on some media (e.g., radio) tend to 

come in bursts rather than singly. Having the errors come in bursts has both advantages and 

disadvantages over isolated single-bit errors. On the advantage side, computer data are always sent 

in blocks of bits. Suppose that the block size is 1000 bits and the error rate is 0.001 per bit. If errors 

were independent, most blocks would contain an error. If the errors came in bursts of 100 however, 

only one or two blocks in 100 would be affected, on average. The disadvantage of burst errors is 

that they are much harder to correct than are isolated errors. 

When data is being transmitted from one machine to another, it may be possible that data become 

corrupted on its, way. Some of the bits may be altered, damaged or lost during transmission. Such a 

condition is known as error. 

The error may occur because of noise on line, attenuation and delay distortion. For reliable 

communication, it is important that errors are detected and corrected. 

Errors are introduced in the data bits during their transmission across a data network. These 

errors can be categorized as: 

1. Content Error: Error contained in a received frame are termed content error. 

2. Flow integrity error:Flow integrity errors refer to the lost or duplicate data frames and 

acknowledgements. 

Data link error control takes both types of errors. 

Content errors are detected using parity check or cyclic redundancy check bits. The check bits are 

added as the trailer in a frame at the sending end. 

Type of Errors 

There are two main types of errors in transmissions: 
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1. Single bit error 

2. Burst error 

Single bit error: It means only one bit of data unit is changed from 1 to 0 or from 0 to 1 as 

shown in fig. 

 

Fig. 5.1 

Single bit error can happen in parallel transmission where all the data bits are transmitted 

using separate wires. Single bit errors are the least l ikely type of error in serial transmission. 

Burst Error: It means two or more bits in data unit are changed from 1 to 0 from 0 to 1 as 

shown in fig. 

 

Fig. 5.2 

In burst error, it is not necessary that only consecutive bits are changed. The length of burst 

error is measured from first changed bit to last changed bit. As shown in fig. length of burst 

error is 8, although some bits are unchanged in between. Burst error is most  likely to occur 

in a serial transmission. The noise occurring for a longer duration affects multiple bits. The 

number of bits affected depends on the data rate & duration of noise. For  e.g. if data rate is 

1 kbps, a noise of 1/100 second can affect 10 bits. 

There are several caused of content error:- 

Downloaded from  be.rgpvnotes.in

Page no: 2 Follow us on facebook to get real-time updates from RGPV

http://ecomputernotes.com/images/Burst-error.jpg
https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


Preapred and Compiled by: Sunil Kushwaha 

1. Signal impairment 

2. Loss of synchronization. 

3. Scramblers 

4. Tranmsission channel switching 

 

Error Detection and Correction  

Error Detection 

Error detection is the process of detecting the error during the transmissi on between the 

sender and the receiver. 

Types of error detection 

 Parity checking 

 Cyclic Redundancy Check (CRC) 

 Checksum 

error detection :addi g e ough e t a  its to dedu e that the e is a  e o  ut ot e ough 
bits to correct the error. If only error detection is employed in a network transmission  

retransmission is necessary to recover the frame (data link layer) or the packet (network 

layer). At the data link layer, this is referred to as ARQ (Automatic Repeat reQuest).  

error correction : requires enough additional (redundant) bits to deduce what the correct 

bits must have been. Examples Hamming Codes FEC = Forward Error Correction found in 

MPEG-4 for streaming multimedia. 

 

Codeword: a legal dataword consisting of m data bits and r redundant bits.  

Error detection involves determining if the received message matches one of the legal 

codewords.  

 

Hamming distance: the number of bit positions in which two bit patterns differ. Starting 

with a complete list of legal codewords, we need to find the two codeword s whose Hamming 

distance is the smallest. This determines the Hamming distance of the code.  

 

Error Correcting Codes  

 

Fig. 5.3 

 

(a) A code with poor distance properties (b) A code with good distance properties 
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Fig. 5.4 

 

Hamming Codes Hamming Codes  

• T o detect d single bit errors, you need a d+1 code distance. 

 • T o o e t d si gle it e o s, ou eed a d+  ode dista e. 
 In general, the price for redundant bits is too expensive to do error correction for network 

messages.  

Network protocols use error detection and ARQ. 

 

Error Detection Error Detection Remember – errors in network transmissions are bursty.  

The percentage of damage due to errors is lower. It is harder to detect and correct network errors.  

• Li ea  odes – Single parity check code : take k information bits and appends a single check bit to 

form a codeword. – Two-dimensional parity checks  

• I P Che ksu  

• Pol o ial Codes E a ple: C‘C C li  ‘edu da  Che ki g  

General Error Detection System  

 

 

 

Fig. 5.5 

 

Error Detection System Using Check Bits  
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Fig. 5.6 

 

Two-dimensional dimensional Parity Check C1ode 

 

Fig. 5.7 
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Fig. 5.8 

 

 

Internet Checksum  

Used extensively.  

• I ple e ted usi g shift-register circuits for speed advantages.  

• Also alled C‘C li  edu da  he ki g  e ause these codes generate check bits.  

• Pol o ial odes :: it st i gs a e t eated as ep ese tatio s of pol o ials ith ONLY i a  
oeffi ie ts s a d s . 

T h e k bits of a message are regarded as the coefficient list for an information polynomial of degree 

k-1 

 

Fig. 5.9 

 

Encoding process takes i(x) produces a codeword polynomial b(x) that contains information bits and 

additional check bits that satisfy a pattern. 

 • Let the ode o d ha e  its ith k i fo atio  its a d -k check bits.  

• We eed a generator polynomial of degree n-k of the form 

 

Fig. 5.10 

 

 

CRC Codeword CRC Codeword 

 

Fig. 5.11 

 

Polynomial Arithmetic  
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Fig. 5.12 

 

 

CRC Algorithm  

CRC Steps: 

(i) Multiply i(x) by xn-k  (puts zeros in (n-k) low order positions). 

(ii) Divide   xn-k   i(x) by g(x)  

  Quotient    remainder 

j(x)=g(x)q(x)+r(x) 

 

(iii) Add remainder r(x)to xn-k   i(x) 

(puts check bits in the n-k low order positions): 

b(x) = xn-k   i(x)+r(x)--------------- transmitted codeword 

 Information: (1,1,0,0)                   i(x)=x3+x2   

 Generator Polynomial: g(x)= x3+x+1 

 Encoding: i(x)= +x5 

 
  b(x)=x6+ x5+x-------------b=(1,1,0,0,0,1,0) 

 

Fig. 5.13 
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Fig. 5.14 

 

Cyclic Redundancy Checking  

Calculation of the polynomial code of the polynomial code checksum checksum. 

Generator Polynomial Properties Generator Polynomial Properties for Detecting Errors 

Single bit errors:   e(x)=xi               ≤ I ≤ n-1 

If g(x) has more than one term, it cannot divide e(x). 

Double bit errors:  e(x)= xi i +  xj        0 ≤ I ≤ j ≤ -1     

     =x4 (1+xj-I ) 

If g(x) is primitive, it will not divide (1+xj-I) for j- ≤ n-k-1 
Odd number of bit errors:           e(1) =1 If number of error is odd. If g(x) has (x+1) as a factor, then 

g(1) =0 and all code words have an even number of 1s. 

 

5. Error ursts of le gth : …… ….  

Error pattern d(x) 

e(x) =x jd(x)  where deg(d(x)) =L-1 

Downloaded from  be.rgpvnotes.in

Page no: 8 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


Preapred and Compiled by: Sunil Kushwaha 

   g(x) has degree n-k; 

   g(x) cannot divide d(x) if deg(g(x))>deg(d(x)) 

*L=(n-k) or less : all errors will be detected. 

*L=(n-k+1): deg(d(x))=deg(g(x)) 

i.e. d(x) =g(x) is the only undetectable error pattern fraction of bursts which are undetectable 

=1/2L-2 

* L> (n-k+1) : fraction of bursts which are undetectable=1/2n-k 

 

 

 

Basic ARQ with CRC  

 

Fig. 5.15 

The last error detection method we discuss here is called the checksum. The checksum is 

used in the Internet by several protocols although not at the data link layer. However, we 

briefly discuss it here to complete our discussion on error checking  

 

Suppose our data is a list of five 4-bit numbers that we want to send to a destination. In 

addition to sending these numbers, we send the sum of the numbers. For example, if the set 

of numbers is (7, 11, 12, 0, 6), we send (7, 11, 12, 0, 6, 36), where 36 is the sum of the 

original numbers. The receiver adds the five numbers and compares the result with the sum. 

If the two are the same, the receiver assumes no error, accepts the five numbers, and 

discards the sum. Otherwise, there is an error somewhere and the data are not accepted.  

 

We can make the job of the receiver easier if we send the negative (complement) of the 

sum, called the he ksu . I  this ase, e se d , , , , , − . The e ei e  a  add all 
the numbers received (including the checksum). If the result is 0, it assumes no error; 

otherwise, there is an error. 

How a  we represe t the u er  i  o e’s o ple e t arithmetic using only four bits? 

 

Solution 

The number 21 in binary is 10101 (it needs five bits). We can wrap the leftmost bit and add it 

to the four rightmost bits. We have (0101 + 1) = 0110 or 6.  
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How a  we represe t the u er −6 i  o e’s o ple e t arithmetic using only four bits? 

Solution 

I  o e s o ple e t a ith eti , the egati e o  o ple e t of a u e  is fou d  
inverting all bits. Positive 6 is 0110; negative 6 is 1001. If we consider only unsigned 

numbers, this is 9. In other words, the complement of 6 is 9. Another way to find the 

o ple e t of a u e  i  o e s o ple e t a ith eti  is to su t a t the u e  f o  n 

−   −  i  this ase . 
 

Let us edo usi g o e s o ple e t a ith eti .sho s the p o ess at the se de  a d at the 
receiver. The sender initializes the checksum to 0 and adds all data items and the checksum 

(the checksum is considered as one data item and is shown in color). The result is 36. 

However, 36 cannot be expressed in 4 bits. The extra two bits are wrapped and added with 

the sum to create the wrapped sum value 6. The sum is then complemented, resulting in the 

he ksu  alue   −  = . The sender now sends six data items to the receiver including 

the checksum 9.  

 

The receiver follows the same procedure as the sender. It adds all data items (including the 

checksum); the result is 45. The sum is wrapped and becomes 15. The wrapped sum is 

complemented and becomes 0. Since the value of the checksum is 0, this means that the 

data is not corrupted. The receiver drops the checksum and keeps the other data items. If 

the checksum is not zero, the entire packet is dropped.  

 

Fig. 5.16 

Sender site: 

1. The message is divided into 16-bit words. 

2. The value of the checksum word is set to 0. 

.All o ds i ludi g the he ksu  a e added usi g o e s o ple e t additio .  

4. The sum is complemented and becomes the checksum. 

5. The checksum is sent with the data. 

 

Receiver site: 

1. The message (including checksum) is divided into 16-bit words. 
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. All o ds a e added usi g o e s o ple e t additio .  

3. The sum is complemented and becomes the new checksum. 

4. If the value of checksum is 0, the message is accepted; otherwise, it is rejected. 

 

Let us al ulate the he ksu  fo  a te t of  ha a te s Fo ouza . The te t eeds to e 
divided into 2-byte (16-bit) words. We use ASCII  to change each byte to a 2-digit 

hexadecimal number. For example, F is represented as 0x46 and o is represented as 0x6F. 

Figure below mentioned  shows how the checksum is calculated at the sender and receiver 

sites. In part a of the figure, the value of partial sum for the first column is 0x36. We keep 

the rightmost digit (6) and insert the leftmost digit (3) as the carry in the second column. 

The process is repeated for each column. Note that if there is any corruption, the checksum 

recalculated by the receiver is not all 0s.  

 Reliable systems must have mechanism for detecting and correcting such errors. 

 Error detection and correction are implemented either at the data link layer or the 

transport layer of the OSI model. 

 

Note: Checking function performs the action that the received bit stream passes the 

checking criteria, the data portion of the data unit is accepted else rejected. 

Vertical Redundancy Check (VRC) 

In this technique, a redundant bit, called parity bit, is appended to every data unit, so that 

the total number of 1's in the unit (including the parity bit) becomes even. If number of 1's 

are already even in data, then parity bit will be 0.  

 

Fig. 5.17 

Some systems may use odd parity checking, where the number of 1's should be odd. The 

principle is the same, the calculation is different.  

 

Error Correction: Error correction in data link layer is implemented simply anytime, an error 

is detected in an exchange, a negative acknowledgement NAK is returned and the specified 

frames are retransmitted. This process is called Automatic Repeat Request (ARQ). 

Retransmission of data happens in three Cases: Damaged frame, Lost frame and Lost 

acknowledgement. 
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Fig. 5.18 

Convolutional Codes  

Class of linear forward error correction (FEC) codes  

Use convolution to encode data sequences  

Encoders are usually binary digital filters  

Coding rate R = k / n  where  k input symbols  and n is output symbols.  

Structure allows for much flexibility 

Convolutional codes operate on streams of data  

Linear block codes assume fixed-length messages 

Lower encoding and decoding complexity than linear block codes for same coding rates. 

Convolutional encoders are binary digital filters 

FIR filters are called feedforward encoders 

IIR filters are called feedback encoders 

 

Fig. 5.19 

 

A convolutional encoder can be thought of as a state machine  

Current memory state and input affect output 

Visualized in a state diagram 

 

Fig. 5.20 

 

Another representation is the trellis diagram 
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1. State diagram shown over time  

2. Heavily used in many decoding algorithms  

3. Viterbi algorithm  

4. Soft output Viterbi algorithm 

5. Others 

 

Fig. 5.21 

 

Error Control: Error control in the data link layer is based on ARQ (automatic repeat request), 

which is the retransmission of data. 

 The term error control refers to methods of error detection and retransmission. 

 Anytime an error is detected in an exchange, specified frames are retransmitted. This process is 

called ARQ. 

To ensure reliable communication, there needs to exist flow control (managing the amount of data 

the sender sends), and error control (that data arrives at the destination error free). 

 Flow and error control needs to be done at several layers. 

 For node-to-node links, flow and error control is carried out in the data-link layer. 

 For end-point to end-point, flow and error control is carried out in the transport layer. 

Flow & Error control: 

 Error Detection and ARQ (error detection with retransmissions) must be combined with 

ethods that i tellige tl  li it the u e  of outsta di g  u ACKed  f a es. 
 Flow & Error control techniques: Stop-and-Wait ARQ, Go-Back-N ARQ, and Selective Repeat 

ARQ 

Flow Control Techniques:   

 One important aspect of data link layer is flow control. 

 Flow control refers to a set of procedures used to restrict the amount of data the sender can 

send before waiting for acknowledgement. 

 

Fig. 5.22 

Stop and Wait Flow control: 

 The sender has to wait for an acknowledgment of every frame that it sends.  
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 Only when a acknowledgment has been received is the next frame sent. This process 

continues until the sender transmits an End of Transmission (EOT) frame.  

 In Stop-and-Wait flow control, the receiver indicates its readiness to receive data for 

each frame. 

 

Fig. 5.23 

1. For every frame that is sent, there needs to be an acknowledgment, which takes a similar 

amount of propagation time to get back to the sender.  

2. Only one frame can be in transmission at a time. This leads to inefficiency if propagation 

delay is much longer than the transmission delay 

 

Advantages of Stop and Wait: 

It's simple and each frame is checked and acknowledged well.  

 

Disadvantages of Stop and Wait: 

1. Only one frame can be in transmission at a time. 

2. It is inefficient, if the distance between devices is long. Reason is propagation delay is 

much longer than the transmission delay. 

3. The time spent for waiting acknowledgements between each frame can add significant 

amount to the total transmission time. 

Flow and Error Control Techniques (ARQ schemes):  
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Fig. 5.24 

Stop and Wait ARQ: 

 Include re-transmission of data in case of lost or damaged framer.  

 It is addition to the basic flow control mechanism with re-transmissions. 

 (i) Sender sends an information frame to receiver. 

 (ii) Sender waits for an ACK before sending the next frame.  

 (iii) Receiver sends an ACK if frame is correctly received.  

 (iv) If no ACK arrives within time-out, sender will resend the frame. 

Time-out period >Rround trip time 

 If an error is discovered in a data frame, indicating that it has been corrupted in transit, a 

NAK frame is returned. NAK frames, which are numbered, tell the sender to retransmit the 

last frame sent. 

 Piggybacking: In bidirectional communications, both parties send & acknowledge data, i.e. 

both parties implement flow control.  Outstanding ACKs are placed in the header of 

information frames, piggybacking can save bandwidth since the overhead from a data 

frame and an ACK frame (addresses, CRC, etc) can be combined into just one frame. 

 

Sliding Window ARQ: 

 To cover retransmission of lost or damaged frames, some features are added to the basic 

flow control mechanism of sliding window. 

 A Sender may send multiple frames as allowed by the window size.  

 The sending device keeps copies of all transmitted frames, until they have been 

acknowledged. . 

 In addition to ACK frames, the receiver has the option of returning a NAK frame, if the 

data have been received damaged. NAK frame tells the sender to retransmit a damaged 

frame. 

 Here, both ACK and NAK frames must be numbered for identification.  

 ACK frames carry the number of next frame expected. 

 NAK frames on the other hand, carry the number of the damaged frame itself.  

 If the last ACK was numbered 3, an ACK 6 acknowledges the receipt of frames 3, 4 and 5 as 

well. 

 If data frames 4 and 5 are received damaged, both NAK 4 and NAK 5 must be returned.  

 Like stop and wait ARQ, the sending device in sliding window ARQ is equipped with a 

timer to enable it to handle lost acknowledgements. 

 Sliding window ARQ is two types: Go-back-n ARQ, and Selective Reject ARQ. 

 There are two ACK processing methods in sliding windows: 

 Selective ACK: The ACK N message acknowledges only the frame with sequence number N 
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 Cumulative ACK : The ACK N message acknowledges all frames with sequence number <= 

N 

(i) Go-back-n ARQ: 

 The sliding window method using cumulative ACK is known as the Go-Back-N ARQ 

protocol. 

 Receiver window size is 1. 

 In this method, if one frame is lost or damaged all frames sent, since the  last frame 

acknowledged are retransmitted. 

 For example, sender may send frames 1,2,3,4 and get an NAK with a value of 2. The NAK 

acknowledges everything that came before it, and asks for frame 2 (and subsequent 

frames) to be resent. 

 NAK number refer to the next expected frame number. 

 Example: In the following figure, frame 2 has an error, then all subsequent frames are 

discarded. After timeout sender sends all frames from frame 2. 

 
Fig. 5.25 

  

Damaged/Error Frame : 

1. In go-back-n ARQ, The receiver sends the NAK for this frame along with that frame 

number, that it expects to be retransmitted. 

2. After sending NAK, the receiver discards all the frames that it receives, after a damaged 

frame. 

3. The receiver does not send any ACK (acknowledgement) for the discarded frames.   

After the sender receives the NAK for the damaged frame, it retransmits all the frames 

onwards the frame number referred by NAK. 

Lost frame: 

1. In go-back-n ARQ, Receiver easily detects the loss of a frame as the newly received 

frame is received out of sequence. 

2. The receiver sends the NAK for the lost frame and then the receiver discards all the 

frames received after a lost frame. 

3. The receiver does not send any ACK for that discarded frames. 

4. After the sender receives the NAK for the lost frame, it retransmits the lost frame 

referred by NAK and also retransmits all the frames which it has sent after the lost frame.  
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Lost Acknowledgement : 

1. In go-back-n ARQ, If the sender does not receive any ACK or if the ACK is lost or 

damaged in between the transmission. 

2. The sender waits for the time to run out and as the time run outs, the sender 

retransmits all the frames for which it has not received the ACK.  

3. The sender identifies the loss of ACK with the help of a timer.  

4. The ACK number, like NAK number, shows the number of the frame, that receiver 

expects to be the next in sequence. 

5. The window size of the receiver is 1 as the data link layer only require the frame 

which it has to send next to the network layer. 

6. The se de  i do  size is e ual to . If the e o  ate is high, a lot of a d idth is 
lost wasted. 

(ii) Selective Reject ARQ: 

Selective Repeat ARQ overcomes the limitations of Go-Back-N by adding two new features: 

Receiver window > 1 frame: Out-of-order but error-free frames can be accepted 

Retransmission mechanism is modified: Only individual frames are retransmitted  

1. In this method, only specific damaged or lost frame is retransmitted 

2. Sender only retransmits frames for which a NAK is received. 

3. NAK number refer to the frame lost. 

4. If a frame is corrupted in transmit, a NAK is returned and the frame is resent out of 

sequence. 

5. The se de  eeds to ai tai  all data that has t ee  ak o ledged et.  

6. The receiving device must be able to sort the frames it has and insert the 

retransmitted frame into its proper place in the sequence.  

7. It has advantage that few re-transmissions than go-back-n. But complexity at sender 

and receiver is involved. 

8. Example: Frame 2 has an error, so receiver maintains buffer to store the next frames.  

 
Fig. 5.26 

Damaged frames : 

1. In Selective reject, If a receiver receives a damaged frame, it sends the NAK for the 

frame in which error or damage is detected. 
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2. The NAK number, like in go-back-n also indicate the acknowledgement of the 

previously received frames and error in the current frame. 

3. The receiver keeps receiving the new frames while waiting for the damaged frame to 

be replaced. 

4. The frames that are received after the damaged frame are not be acknowledged until 

the damaged frame has been replaced. 

Lost Frame : 

1. As in a selective repeat protocol, a frame can be received out of order and further 

they are sorted to maintain a proper sequence of the frames.  

2. While sorting, if a frame number is skipped, the receiver recognise that a frame is lost 

and it sends NAK for that frame to the sender. 

3. After receiving NAK for the lost frame the sender searches that frame in its window 

and retransmits that frame. 

4. If the last transmitted frame is lost then receiver does not respond and this silence is 

a negative acknowledgement for the sender. 

Lost Acknowledgement : 

1. In Selective reject, If the sender does not receive any ACK or the ACK is lost or 

damaged in between the transmission. 

2. The sender waits for the time to run out and as the time run outs, the sender 

retransmit all the frames for which it has not received the ACK.  

3. The sender identifies the loss of ACK with the help of a timer. 

Interleaving 

Interleaving is frequently used in digital communication and storage systems to improve the 

performance of forward error correcting codes. Many communication channels are not 

memoryless: errors typically occur in bursts rather than independently. If the number of 

errors within a code word exceeds the error-correcting code's capability, it fails to recover 

the original code word. Interleaving ameliorates this problem by shuffling source symbols 

across several code words, thereby creating a more uniform distribution of 

errors. Therefore, interleaving is widely used for burst error-correction. 

The analysis of modern iterated codes, like turbo codes and LDPC codes, typically assumes 

an independent distribution of errors.Systems using LDPC codes therefore typically employ 

additional interleaving across the symbols within a code word.  

For turbo codes, an interleaver is an integral component and its proper design is crucial for 

good performance. The iterative decoding algorithm works best when there are not short 

cycles in the factor graph that represents the decoder; the interleaver is chosen to avoid 

short cycles. 

Interleaver designs include: 

1. rectangular (or uniform) interleavers (similar to the method using skip factors described 

above) 

2. convolutional interleavers 
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3. random interleavers (where the interleaver is a known random permutation) 

4. S-random interleaver (where the interleaver is a known random permutation with the 

constraint that no input symbols within distance S appear within a distance of S in the 

output). 

5. Another possible construction is a contention-free quadratic permutation 

polynomial (QPP).It is used for example in the 3GPP Long Term Evolution mobile 

telecommunication standard. 

6. In multi-carrier communication systems, interleaving across carriers may be employed 

to provide frequency diversity, e.g., to mitigate frequency-selective fading or narrowband 

interference. 

Transmission without interleaving: 

Error-free message:                                 aaaabbbbccccddddeeeeffffgggg 

Transmission with a burst error:                    aaaabbbbccc____deeeeffffgggg  

Here, each group of the same letter represents a 4-bit one-bit error-correcting codeword. 

The codewordcccc is altered in one bit and can be corrected, but the codeworddddd is 

altered in three bits, so either it cannot be decoded at all or it might be  decoded incorrectly. 

With interleaving: 

Error-free code words:                               aaaabbbbccccddddeeeeffffgggg 

Interleaved:                                          abcdefgabcdefgabcdefgabcdefg 

Transmission with a burst error:                    abcdefgabcd____bcdefgabcdefg 

Received code words after deinterleaving:           aa_abbbbccccdddde_eef_ffg_gg  

In each of the codewordsaaaa, eeee, ffff, gggg, only one bit is altered, so one -bit error-

correcting code will decode everything correctly. 

Transmission without interleaving: 

Original transmitted sentence:                      ThisIsAnExampleOfInterleaving  

Received sentence with a burst error:               ThisIs______pleOfInterleaving  

The term "AnExample" ends up mostly unintelligible and difficult to correct.  

With interleaving: 

Transmitted sentence:                                ThisIsAnExampleOfInterleaving... 

Error-free transmission:                              TIEpfeaghsxlIrv.iAaenli.snmOten. 

Received sentence with a burst error:               TIEpfe______Irv.iAaenli.snmOten. 

Received sentence after deinterleaving:             T_isI_AnE_amp_eOfInterle_vin_... 

No word is completely lost and the missing letters can be recovered with minimal 

guesswork. 

Disadvantages of interleaving 

Use of interleaving techniques increases total delay. This is because the entire interleaved 

block must be received before the packets can be decoded.  Also interleavers hide the 

structure of errors; without an interleaver, more advanced decoding algorithms can take 

advantage of the error structure and achieve more reliable communication than a simpler 

decoder combined with an interleaver. 

Downloaded from  be.rgpvnotes.in

Page no: 19 Follow us on facebook to get real-time updates from RGPV

https://en.wikipedia.org/wiki/Permutation_polynomial
https://en.wikipedia.org/wiki/Permutation_polynomial
https://en.wikipedia.org/wiki/3GPP_Long_Term_Evolution
https://en.wikipedia.org/wiki/Carrier_signal
https://en.wikipedia.org/wiki/Diversity_scheme
https://en.wikipedia.org/wiki/Frequency-selective_fading
https://en.wikipedia.org/wiki/Falsing
https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


Preapred and Compiled by: Sunil Kushwaha 

 

Video Links:- 

 

1. nptel.ac.in/courses/106105082/16 

2. http://freevideolectures.com/ Networking/ IIT Kharagpur 
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