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DATA LINK CONTROL:
Data link layer (DLL) is the second layer in the osi reference model.DLL supervises the flow of information between adjacent nodes.
Some important function of data link layer include well defined  service interface to the network layer, framing ,flow control,error detection and error  control,  frame formatting and sequencing. These functions are known as    Data link control.
 Services  Provided To The Network Layer :
The  principle service is transferring data  from  the network layer on the source machine to network layer on the destination machine. The two data link control protocol.
The following are the important  services  provided by DLL to NL.
1.Unacknowledged  connectionless service
2.Acknowledged  connectionless service
3. Acknowledged  connection-Oriented service
1. Unacknowledged  connectionless service:-
The source machine sends the data to the destination machine without any acknowledgment.
2.Acknowledged  connectionless service:-
This service each data  frame is acknowledged by the  destination machine .
3. Acknowledged  connection-Oriented  service:-
Acknowledged  connection  service establishes a connection prior to data transmission. Each frame is numbered before  transmission  and  corresponding acknowledgment is also received.
FRAMING :-
     The data link layer breaks the stream into discret frames and  compute  the checksum for each frame. At the destination the checksum is recomputed. The breaking of bit stream by inserting  spaces or  time gaps is called framing.
Various method used for framing are 
1.Character count  2.Starting and ending character  with character stuffing  3. Starting and ending  flags with bit stuffing 

1.Character Count :-
   This framing method uses a field in the header  of frame to specify the number of character in the frame. The below figure shows framing for four sizes  5,5,8,8 characters respectively. The count can be garbled by transmission errors



2. Character Stuffing :-
In character stuffing, the special character data link escape (DLE) is stuffed in front of control character when appears as a part of data.The frame format is as follows.







3.Bit Stuffing :-
In bit stuffing, a specific bit is stuffed into the outgoing character stream.Each frame  begine and ends with a special bit pattern 0111 1110 called flag by when five consecutive 1’s are encountered in the data, it automatically stuffs a ‘0’ bit into outgoing bit stream .








FLOW CONTROL:
· Flow control refers to a set of procedure used to restrict the amount of data the sender can send before waiting for acknowledgment.
· Flow control ensures that the receiver’s buffers should not overflow with data. If receiver is accepting data at slow rate, then it will overflow if transmitter is transmitting at higher rates.
· The receiver has to pass the received data to the respective higher layers for further processing. 
· There are two types of flow control methods: stop and wait protocol and sliding window protocol.
Stop-And-Wait Flow Control
· The simplest retransmission protocol is stop-and-wait ARQ. Transmitter (station A) sends a frame over the communication line and then waits for a positive or negative acknowledgement  from the receiver (station B).
· If no errors occurred in the transmission, station B sends a positive acknowledgement (ACK) to station A. 
· The transmitter can now start to send the next frame. If frame is received at station B with errors, then a negative acknowledgement (NAK) is sent to station A. In this case station a must retransmits the old packet in a frame.
· There is also the possibility that information frames and/or ACKs can be lost. To account for this, the sender is equipped with a timer. 
· If no recognizable acknowledgement is received when the timer expires at the end of time out interval tout, then the same frame is sent again. 
· Stop and wait flow control mechanism is 






Simplex protocol for noisy channel:
· In a communication channel if a frame is damaged in transit, the receiver hardware will detect this when it computes the checksum. 
· If a damaged frame is received, it will be discarded and transmitter will retransmit the same frame after receiving a proper acknowledgement. 
· If the acknowledgement frame gets lost and data link layer on a eventually time out. 
· Not having received an ACK, it assumes that its data frame was lost or damaged and sends the frame containing packet 1 again. 
· This duplicate frame also arrrives at data link layer on B, thus part of file will be duplicated and protocol is said to be failed.
· A typical approach to solve this problem is the provision for a sequence number in the header of the message. The sequence can then check for the sequence number to determine if the message is a duplicate. Since only message is transmitted at any time. 
· The sending and receiving station need only 1-bit alternating sequence of 0 or 1 to maintain the relationship of the transmitted message and it’s ACK/NAK. 
· A modulo-2 numbering scheme is used where in frames are alternately labelled with 0 or 1and positive acknowledgement are the form ACK 0 and ACK 1.
· In event 1, the sending station transmits a message with the sequence number 0 in the header. 
· The receiving station responds with an ACK and a sequence number of 0 (event 2). The sender receives the ACK, examines the 0 in the header, flips the sequence number to a 1 and transmits the next message (events3). 
· The receiving station receives  and acknowledges the message with an ACK1 in event 4. However, this message is received or garbled or lost on the line. The sending station recognizes that the message in event 3 has not been acknowledged. It performs a time out and retransmits this message (event 5). The receiving station is looking for a message with a sequence number of 0. It discards the message, since it is a duplicate of the message transmitted in event 3. To complete the account ability, the receiving station retransmits the ACK of 1 (event 6).
· The operation of the stop-and-wait protocol is described in a flow chart in 












SLIDING WINDOW FLOW CONTROL
· In sliding window method of flow control, several frames can be in transit at a time.
· In sliding window method, multiple frames are sent by sender at a time before needing an acknowledgment.
· Multiple frames sent by source are acknowledged by receiver using a single ACK frame.
Sliding Window:
· Sliding window refers to an imaginary boxes that hold the frames on both sender and receiver side.
· It provides the upper limit on the number of frames that can be transmitted before requiring an acknowledgment.
· Frames may be acknowledged by receiver at any point even when window is not full on receiver side.
· Frames may be transmitted by source even when window is not yet full on sender side.
· The windows have a specific size in which the frames are numbered modulo- n, which means they are numbered from 0 to n-l. For e.g. if n = 8, the frames are numbered 0, 1,2,3,4,5,6, 7, 0, 1,2,3,4,5,6, 7, 0, 1, ....
· The size of window is n-1. For e.g. In this case it is 7. Therefore, a maximum of n-l frames may be sent before an acknowledgment.
· When the receiver sends an ACK, it includes the number of next frame it expects to receive. For example in order to acknowledge the group of frames ending in frame 4, the receiver sends an ACK containing the number 5. When sender sees an ACK with number 5, it comes to know that all the frames up to number 4 have been received.
 [image: Sliding Window]
Sliding Window on Sender Side:
· At the beginning of a transmission, the sender's window contains n-l frames.
· As the frames are sent by source, the left boundary of the window moves inward, shrinking the size of window. This means if window size is w, if four frames are sent by source after the last acknowledgment, then the number of frames left in window is w-4.
· When the receiver sends an ACK, the source's window expand i.e. (right boundary moves outward) to allow in a number of new frames equal to the number of frames acknowledged by that ACK.
· For example, Let the window size is 7 (see diagram (a)), if frames 0 through 3 have been sent and no acknowledgment has been received, then the sender's window contains three frames - 4,5,6.
· Now, if an ACK numbered 3 is received by source, it means three frames (0, 1, 2) have been received by receiver and are undamaged.
· The sender's window will now expand to include the next three frames in its buffer. At this point the sender's window will contain six frames (4, 5, 6, 7, 0, 1). (See diagram (b)).
                     [image: Sliding window on sender side]
Sliding Window on Receiver Side:
· At the beginning of transmission, the receiver's window contains n-1 spaces for frame but not the frames.
· As the new frames come in, the size of window shrinks.
· Therefore the receiver window represents not the number of frames received but the number of frames that may still be received without an acknowledgment ACK must be sent.
· Given a window of size w, if three frames are received without an ACK being returned, the number of spaces in a window is w-3.
· As soon as acknowledgment is sent, window expands to include the number of frames equal to the number of frames acknowledged.
· For example, let the size of receiver's window is 7 as shown in diagram. It means window contains spaces for 7 frames.
· With the arrival of the first frame, the receiving window shrinks, moving the boundary from space 0 to 1. Now, window has shrunk by one, so the receiver may accept six more frame before it is required to send an ACK.
· If frames 0 through 3 have arrived but have DOC been acknowledged, the window will contain three frame spaces.
· As receiver sends an ACK, the window of the receiver expands to include as many new placeholders as newly acknowledged frames.
· The window expands to include a number of new frame spaces equal to the number of the most recently acknowledged frame minus the number of previously acknowledged frame. For e.g., If window size is 7 and if prior ACK was for frame 2 & the current ACK is for frame 5 the window expands by three (5-2).
                        [image: Sliding Window on Receiver Side]
· Therefore, the sliding window of sender shrinks from left when frames of data are sending. The sliding window of the sender expands to right when acknowledgments are received.
· The sliding window of the receiver shrinks from left when frames of data are received. The sliding window of the receiver expands to the right when acknowledgement is sent.


ERROR CONTROL OR ERROR RECOVERY IN DATA LINK:
· Error control is the process of detecting and correcting both the bit level and packet level errors.
· Types of Errors
1) Single Bit Error
The term single bit error means that only one bit of the data unit was changed from 1 to 0 and 0 to 1.
2) Burst Error	
In term burst error means that two or more bits in the data unit were changed. Burst error is also called packet level error, where errors like packet loss, duplication, reordering.
· A complete frame can be lost due to noise burst. Hence it becomes necessary to retransmit that frame.
· The frame can be partially corrupted due to noise. Hence some of the bits are error. 
· There are three mechanics mainly used for error control. They are called Automatic Repeat Request(ARQ) mechanics. 
Stop and Wait ARQ (Block by Block Data Transfer):
· This is the simplest method to implement. The transmitter sends a codewords during time Tw. 
· After the delay td’ the receiver receives the codeword. If no errors are detected, then the receiver sends positive acknowledgement signal ‘ACK’ to the transmitter. 
· After receiving this ACK signal, the transmitter sends next codeword and the process are repeated. The error is detected in 3rd codeword. 
· Hence receiver sends negative acknowledgement(NAK) signal to the transmitter. 
· Upon receiving the NAK signal, the 3rd codeword is retransmitted. In this case most of the time of transmitteris wasted in waiting for ACK or NAK signal.






Go Back N ARQ:
· An error control method in which the frame in error and all following frames must be transmitted. The transmission scheme of go back N ARQ. The time taken to transmit one codeword is again TW. 
· The transmitter sends codeword one after another. The transmitter does not wait for ‘ACK’ signal from receiver.
· When the receiver detects any error in the received codeword, then it sends ‘NAK’ signal to the transmitter.
·  For example the receiver detects error in the 2nd codeword. Hence receiver sends NAK signal to the transmitter.
·  By the time when transmitter receives this ‘NAK’ signal, it has transmitted 6th codeword to the receiver.
·  The transmitter again retransmits all the codewords from 2nd codeword. 
· Because of this, it becomes easy for the receiver to maintain proper sequence of  the codeword. Compared to stop and wait ARQ this system has significant improvement.
Selective-repeat ARQ:
· The transmission scheme of selective repeat ARQ. 
· The transmitter transmits the codeword successively without any delay. 
· The transmitter does not wait for ‘ACK’ signal from the receiver. 
· When an error is detected,receiver sends ‘NAK’ signal to the transmitter.
· For example the receiver detects error in the 2nd codeword.
· Hence receiver sends ‘NAK’ signal to the transmitter.
· When the transmitter receives ‘NAK’ signal, it retransmits only 2nd codeword.
· The transmitter has transmitted upto 6th codeword. 
· If then retransmits 2nd codeword and starts transmission from 7th codeword onwards. 
· Thus the receiver has to maintain the codeword sequentially. 
· Hence implementation of this system is very complex. 
· The transmission efficiency of this system is highest compared to other two system.







HDLC(High Level Data Link Control):
· HDLC is the most important data link control protocol also it is the basis for many other important data link control protocols, which use the same or similar formats and the seme mechanisms as employed in HDLC.
· The HDLC protocol is an international standard that ahs been defined by (International Standard Organisation) ISO for use on both point-to-point and multipoint data links. 
· It supports full duplex, transparent mode operation and is now extensively used in both multipoint and computer networks. 
· Although the acronym HDLC is now widely accepted, a number of large manufactures and other standards bodies still use their own acronyms. 
· These include IBM’s SDLC (Synchronous Data Link Control) and ADCCP ( Advanced Data Communications Control Procedure) which is used by the American National Standards Institute(ANSI).
· A bit oriented data link protocol defined by ISO.
Basic Characteristics:
· To satisfy a variety of applications, HDLC defines three types of stations.
· Primary station
· Secondary station
· Combined station
1. Primary station: it has the responsibility for controlling the operation of the link. Frames issued by the primary are called command.
2. Secondary station: it operates under the control of the primary station. Frames issued by a secondary are called responses. The primary maintains a separate logical links with each secondary station of  the line.
3. Combined station: it combines the features of primary and secondary. A combined station may issue both commands and responses.
· Since HDLC has been defined as a general purpose data link control protocol. The stations can be configurated in different network configurations as
i. Point-to-point with single primary and secondary.
ii. Multipoint with single primary and multiple secondary.
iii. Point-to-point with two primaries and two secondaries.
All above configurations are illustrated.
i. Point-to-point with single primary and secondary:




ii. Multipoint with single primary and multiple secondary:




iii. Point to point with two primaries and two secondaries:





· The frames sent by primary station to the secondary station are known as commands and those from the secondary to the primary as responses.
· In at configuration consists of single primary station and one or more secondary station are known as unbalanced configurations. Unbalanced configuration supports both full duplex and half duplex transmission.
· Consists of two combined station is known as balanced configuration. Balanced configuration supports both full duplex and half duplex transimission.
Operational mode(Data Transfer) of HDLC:
HDLC has three data transfer modes:
a) Normal response mode(NRM)
b) Asynchronous response mode(ARM)
c) Asynchronous balanced mose(ABM)
i. Normal response mode(NRM):
This is used in unbalanced configuration. In this mode, slave station or secondary station can transmit only when specially instructed by the master station or primary station. The link may be point-to-point or multipoint. In the latter case only one primary station is allowed.
ii. Asynchronous response mode(ARM):
 This  is also used in unbalanced configurations. It allows a secondary to initiate a transmission without receiving permission from the primary. This is normally used with point-to-point configurations and duplex links and allows the secondary to send frames asynchronous with respect to primary.
iii. Asynchronous balanced mode:
This is used mainly an duplex point-to-point links for computer to computer communications and for connections between, say, a computer and a Public Switched Data Network(PSDN). In this mode, each station has an equal status and performs both primary and secondary functions. It is the mode used in the protocol set known asX.25.
Frame Formats:
		In HDLC both data and control messages are carried in a standard format frame. Three types of frames:
· Unnumbered frames(U-frames)
· Information frames(I-frames)
· Supervisory frames (S-frames)
1. Unnumbered frames:
These are used for functions such as link setup and disconnection. The name derives from the fact that they do not contain any acknowledgement information, which is contained in sequence numbers. U-frames are reserved for system management.
2. Information frames:
These carry the actual information or data and are normally referred to simply as I-frames. I-frames can be used to piggy back acknowledgement information relating to the flow of I-frames in the reverse direction when the link is being operated in ABM or ARM. It is used to transport data and control information relating to user data.
3. Supervisory frames:
These are used for error and flow control and hence contain send and receiver sequence numbers. It is used for only to transport control information.
Frame Structure:
	HDLC uses synchronous transmission. All transmissions are in the forms of frames. Each frame in HDLC may contain up to six fields.





	The flag address and control bits before the information or data fields are known as a header. The FCS and flag fields following the data fields are referred as a trailer.
Flag fields:		 It has a unique pattern at both the end of the frame structure. It identifies the start of the frame and end of frame. The length of flag field is 8-bit.
Address fields:	 Address field states the destination address. The address field is usually 8-bit long but can be extended.
Control fields: 	Control fields contain frame numbers. Also it controls the acknowledge of frames. Control field is 8 or 16 bits in length.
Data fields:		Data field contains the user data received from the network layer. It can be of variable length but in integral number of octets.
FCS(Frame Check Sequence):	FCS is an error detecting code calculated from the remaining bits of the frame, exclusive of flags. FCS can be 16 or 32 bits long.
HDLC Operation:
      The operation of HDLC involves three phases.
i. Initialization.
ii. Data transfer.
iii. Disconnect.
Initialization:  	Initialization  may be requested by either side so that frames may be exchanged in an orderly fashion. During this phase, the option that are to be used are agreed upon.
Data transfer: 	After initialization has been requested and accepted, then a logical connection is established. Two sides exchange user data and the control information to exercise flow and error control.
Disconnect:  		Either HDLC module can initiate a disconnect, either on its own initiative or at the request of its higher layer user. HDLC issues a disconnect by sending a disconnect frame.
MULTIPLEXING TECHNIQUES:
· Multiplexing is the set of techniques that allow the simultaneous transmission of multiple signals across a single data link.
[image: http://ecomputernotes.com/images/Multiplexing.gif]
· The process of combining signals from multiple sources for transmission across a single data link.
· Multiplexing allows several users to share the same transmitting medium simultaneously. This makes efficient utilization of the transmission media. 
· Multiplexing Techniques are 1) Time Division Multiplexing (TDM) and 
2) Frequency Division Multiplexing
[image: Organisation chart showing the different types of multiplexing. Source: Created by GMcC 2007.]
· The portion of a link that carries a transmission between a given pair of lines. One link can have many(n) channels.
Data Multiplexing:
· Data multiplexers are used to share the transmission media. It reduces the cost of transmission media and modem. 
· Data multiplexer uses frequency division multiplexing or time division multiplexing.
FREQUENCY DIVISION MULTIPLEXING (FDM):
· FDM is an analog technique that can be applied when the bandwidth of a link is greater then the combined bandwidth is the signals to be transmitted. 
· A number of signals can be carried simultaneously if each signal is modulated onto a different carrier frequency. 
· In short, frequency division multiplexing (FDM), the bandwidth is divided into a number of frequency slots, each of which can accommodate the signal of an individual connection. 
· The most common examples of this are AM, FM and TV broadcasting, in which each station uses a different frequency band.
· The resulting modulated signals are then combined into a composite signal that is sent out ones a media link that enough bandwidth to accommodate it.
Multiplexing process:
· Five signal sources are fed into a multiplexer that modulates each signal onto a different frequency (f1, f2, f3, f4, f5). 
· Each signal requires a certain bandwidth centered on its carrier frequency referred to as a channel. 
· To prevent interference, the channels are separated by guard bands, which are unused portions of the spectrum.
· The range of frequency of a signal guard bands a bandwidth separating two signals. 
· An example is the multiplexing of voice signals. The useful spectrum for voice is 300Hz to 3400Hz.
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Demultiplexing process:
	The de-multiplexes uses a series of filters to decompose the multiplexed signal into its constituent component signal.
	The individual signals are then passed to a demodulater that separates them from their carries and passes them to the o/p lines.
Application of FDM
· FDM is used for A.M.
· 550 KHz bandwidth is assign to each station.
· FDM is used for T.V broadcasting.
· In this frequency range is 80 – 108 MHz.
· In this each channel is of 700 Mhz.

• Advantage:
· The senders can send signals continuously.
· Works for analog signals too.
· No dynamic coordination necessary
· Noise problem for analog communications has lesser effect.
· Cable TV and broadcast radio are application of FDM.
• Disadvantage:
· Frequency is scarce resources. 
· Radio broadcasts 24 hours a day, but mobile communication only takes place for a few minutes.
· A separate frequency for each possible communication scenario is a tremendous waste of frequency resources.
· Inflexible: one channel idle and the other one busy.
TIME DIVISION MULTIPLEXING (TDM):
· In time division multiplexing, each user is given a fixed time slot. Total bandwidth of the channel is given to a particular user for its time slot. 
· The channel is shared by multiple users in their respective time slots. It is called time division multiplexing.
· In a time division multiplexing (TDM) system, a single path and carrier frequency is used. TDM is a digital technology. Each user is assigned a unique time slot for their operation.
· A central switch, or multiplexer, goes from one user to the next in a specific, predictable sequence and time. 
· TDM system can be applied when the data rate capacity of the transmission medium is greater than the data rate required by the sending and receiving devices. 
· TDM is more efficient than FDM, in that it does not require guard bands and it operate directly in digital form.
· The two basic forms of TDM are:
· Synchronous Time Division Multiplexing(STDM).
· Asynchronous Time Division Multiplexing(ASTDM ) or statistical TDM(STATDM).
Advantages of TDM:
· TDM uses a single links.
· TDM does not require precise carrier matching at both end of the links.
· Use of capacity is high.
· Easy to expand the number of users on a system simply and at low cost.
· There is no need to include identification of the traffic stream on each packet.
Disadvantages of TDM:
· Sensitivity to other user problem is high.
· Initial cost is high.
· Technical complexity is more.
· The noise problem for analog communication has greater effect.
Comparison of TDM and FDM:
· The noise problem for analog communications has a greater effect on TDM system and lesser effect on FDM.
· Analog signals are separated in time but jumbled together in the frequency domain for TDM.
In FDM, signals are separated in frequency domain but mixed together in time domain.
· TDM circuitry is digital, consisting of commutator and distributor. FDM equipment consists of analog circuit of modulators, carrier generators, bandpass filters for each channel.
· In TDM, allocation is done by dividing the time axis into slots of fixed length. In FDM, the channel bandwidth w is subdivided into m channel each with bandwidth of w/m.
· TDM system is relatively small inter channel cross talk arising from nonlinearities in the circuit that handle the signals in transmitter and receiver.
· In FDM, these nonlinearities produce inter modulation and harmonic distortion that affect both high frequency and low-frequency channel. 
SYNCHRONOUS TIME DIVISION MULTIPLEXING:
· In Synchronous TDM, the term synchronous has a different meaning from that used in other areas of telecommunication.
· Here, synchronous mean that the multiplexer allocated exactly the same time slot to each device at all times, whether or not a devices anything to transmit. 
· For example, time slot is assigned to device A, alone and cannot be used by any other device. Each time its allocated time slot comes up, a device has the opportunity to send a portion of its data.
Frames:
· Time slots are grouped into frames. A frame consist of complete cycle of time slot, including one or more slot dedicated to each sending device.
· In a system, with a input lines, each frame has at least ‘n’ slot, with each slot allocated to carrying data from a specific input line.
· If all the inputs, have the same data rate, so the number of time slot in each frame is equal to the number of time slot in each frame is equal to the number of input lines.
· In below figure shows, five input lines multiplexed onto a single path using Synchronous TDM.



Interleaving:
· In multiplexing taking a specific amount of data from each device, in a regular order is known as Interleaving.
· Interleaving can be done by bit by bit, bit by byte or any other data unit. In a given system, interleaved units will always be of the same size. 
· For example, we interleaved the various transmission by characters but the concept is same for data units of any length.
· Each device is sending a different message. The multiplexer interleaves the different messages and forms them into frames, before putting them onto the link.
· At the receiver the demultiplexer decomposes each frame by interacting each character in turn. 
· As a character is removed from a frame, it is fast to the appropriate receiving device.
· The given figure shows interleaving and frame building. 









Synchronous Time Division Multiplexing Example:
· Consider the four input sources on a STDM link, where transmission are interleaved by character if each source is creating 250 characters per second and each frame is carried from each source.
·  The transmission path must be able to carry 250 frames per second.
· If you assume that each character consist of 8 bits, then each frame is 33 bit long. 32 bits for 4 character +1 framing bit. Each device is crating 2000 bit per second, but the line is carried 8250 bit per second with 3 bit per second, 8000 bits of data and 250 bits of over head.
Bit Stuffing:
· To connect device of different data rate to STDM. The time slot is fixed for this technique, therefore the different data rates must be integer multiples of each other. 
· When the speed or not integer multiplies of each other they can be made to behave as each they were by a technique called bit stuffing.
· In bit stuffing, the multiplexer have extra bit for a source device to force the speed relationship among the various devices into integer multiplies of each other.




Framing bits:
· A bit used for (STDM) synchronous TDM.  
· Framing bits follow a pattern frame-to-frame that allows the multiplexer synchronous with the incoming stream so that, it can separate the time slot accurately.
· In most cases, this synchronization information consist 1 bps, alternating between 0and1 (01010101) shown in below figure.





ASYNCHRONOUS TIME DIVISION MULTIPLEXING (OR) STATISTICAL TDM (STATDM) (OR) CONSENTRATOR:
· TDM in which link time is allocated dynamically according to the activities of the link. It is called as STATDM.
· Here, the term asynchronous mean something different in multiplexing, then its mean in other areas of data communication. Here, it means flexible or not fixed.
· In STATDM, in total speed of input line, can be greater than the capacity of the path. 
· In an asynchronous system, if we have ‘n’ input lines, the frame contains no more than ‘m’ slot with m less than n.  This can be shown in below diagram. 





· The system is more complex, but allows for a means of reassigning time slot that are not in use. 
· ATDM network assign time slot only when they are to be used and delete them when they are idle total time used  for ATDM frame varies with amount of traffic currently behind handle.
ATDM-Example:
· The given below diagram shows a system ware five computers are sharing a data link using ATDM. Consider the frame slot is three slots how the multiplexer handles.
·  Three level of traffic.
· In the first case, only three of the five computers are send data.
· In the second case, four lines are sending data one or more than no. of slot/frame.
· In third case, all lines are sending data. 
· In each case, the multiplexer scan the devices in order from 1to5, filling time slot as if encountered data to be sent.










                                                
      

Addressing and overhead:
· In ATDM, data from a given device, in the first slot in the frame and in the third of the next. 
· In the absence of, fixed positional relationship each time slot carry an address telling the demultiplexer how to direct the data. 
· This address for local use only, it attached by the multiplexer and discarded by demultiplexer once it has been read.
· Example of ATDM shows, the address is specified by a digit. Adding address bit to each time slot increases the overhead of the asynchronous system and sum what limit is potential efficiency.
· Consider, bit interleaving with each bit carrying an address, one bit of data plus 3bit of address. All of a sudden it takes 4bit to transport 1bit of data.
· Even if the link is kept only a quarter of the capacity is used to transport data the rest is overhand.  Overhead refers extra bits are added to the unit for control purposes.
Variable length time slot:
· ATDM can accommodate traffic of varying data rates by various length of the time slot, the station transmitting at a faster data  rate can be  given a longer slot. 
· Managing variable length requires the control bits be appended to the beginning of each time slot to indicate the length of coming data position.
INVERSE MULTIPLEXING:
· It is the opposite of multiplexing.
· Inverse multiplexing takes the data stream from 1 high speed line and breaks it into portions that can be send accross several lower speed lines simultaneously, with no loss in the connecting data rate.
Need of inverse multiplexing:
· An  organization that  wants to send data,  voice  and  video each of  bit  requires a  different  data  rate to send voice , it may  need  64kbps link.
· To send data it may need 128kbps links and to send video it may need 1.544mbps.
· To accommodate all of these needs the organization has two options. 
· It can be base 1.544mbps channel from a common carrier and use the full capacity only, sometimes which is   not an efficient use of the facility.
·  Using an agreement called “Bandurdth on Demand”, the organization can use any of the channels whenever and however, it needs them.  








ERROR CORRECTION:
· Definition:
It is capable of correcting certain error in a transmitted bit stream. Error correcting methods are hamming code, forward error correction method.
· Forward error correction:
It is the process in which the receiver tries to guess the message by using redundant list.

· Hamming code:
· A method that adds redundant bits to a data unit to detect and correct bit errors.
· These codes were originally designed with d min s=3, which means that they can detect up to 2 errors or correct one single errors.
· First let us find the relationship between n and k in a Hamming code. We need to choose an integer, M>=3.  The values of n and k are then calculated from m as n = 2m-1and k =n-m.  The number of check bits r=m.
· Internet checksum:  
Checksum – A value used for error detection. It is formed by adding data units using 1’s complement arithmetic and then complementing the result.  Traditionally, the Internet has been using a 16 bit checksum.
 The sender calculates the checksum by following these steps:
1. The message is divided into 16bit words.
2. The value of the checksum word is set to 0.
3. All words including the checksum are added using 1’s complement addition.
4. The sum is complemented and becomes checksums.
5. The checksum is sent the data.

The receiver uses these steps:
1. The message (including checksum) is divided into 16 bit words.
2. All words are added using 1’s complement addition.
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.
(b) Divide the resulting product xn-k[G(x)] by the generator polynomial p(x).
(c) Add the remainder c(x) to the product to give the F(x), which is represented as xn-k [G(x)] + c(x)
(d) The division is performed in binary without carrying or borrowing. In this case, the remainder is always 1 bit less than the divisor. The remainder is the CRC and the divisor is the generator polynomial.
Example:
(1) Given : Message polynomial  G(x)= 110011
         = x5+x4+x1+x0
         = x5+x4+x+1.
		        Generator polynomial P(x)= 11001
							=x4+x3+x0
							=x4+x3+1
G(x) contains 6 data bits and P(x) contain 5 bits. CRC checksum with 4 bits.
			:- n-k=4.

(2) Multiplying the G(x) by xn-k gives
Xn-k[G(x)] = x4(x5+x4+x+x0)
		X9+x8+x5+x4
	Binary equivalent of this product contains 10 bits and binary bits is 1100110000.
· Polynomial codes are used with frame transmission schemes. 
· A single set of check digit is generated for each frame transmitted, based on the contents of the frame, and is appended by the transmitter to the tail of the frame.
· The receiver then performs a similar computation on a complete frame and check digits. 
· If no errors have been induced, a known result should always be obtained, if a different answer is found, this indicates an error.

	Consider an example for binary, the polynomial for binary 110011 is x5+x4+x1+x0.
· The polynomial which represents the data bits is called the message polynomial usually shown as G(x).
· These is a second polynomial called the generator polynomial P(x). G(x) and P(x) both having same format. Combine the CRC checksum polynomial F(x), calculating CRC error as follows:
· Multiply the G(x) by xn-k, where n-k is the number of bits in the CRC checksum.
· This parity check bit has the value 1 if the number of 1’s in the bit string is odd and has the value 0 otherwise.
· A simple parity check code is a single bit error detecting code in which n=k+1 with d min = 2. It can detect an odd number of errors.
Polynomial codes:
· One of the most common, and one of the most powerful, error detecting codes is the Cyclic Redundancy Check(CRC). 
· Polynomial codes involve generating check bits in the form of a CRC. Therefore, polynomial also called CRCs.
· The theory of polynomial code is derived from a branch of mathematic called algebra theory. The theory of CRC checksum is developed by using algebra and polynomials.
· These polynomial are equations which have the form of powers of x:
Xn+xn-1+--x2+x1+x 0
· CRC: A highly accurate error detection method based on interpreting a pattern of bits as a polynomial.
ERROR DETECTION AND CORRECTION:
· In digital transmission system an error occurs when a bit is altered between transmission and reception. Data can be corrupted during transmission. 
· Some application require that error be detected and corrected.
Types of error:-
	1. Single bit error – only 1 bit in the data unit has changed .
	2. Burst error – It means that 2 or more bits in the data unit have changed.







Definition:-
· It is performed by calculating an error detecting code that is a function of the bits being transmitted. 
· The code is appended to the transmitted bits.
·  The receiver calculates the code based on the incoming bits and compares it to the incoming code to check for errors.
· The internet checksum, parity check codes and polynomial codes are used in error detection.
Parity check code:-
The simplest form of error detection is to append a single bit, called a parity check to a string of data bits.  
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