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Types of Errors 

 Whenever bits flow from one point to another, they are subject to 

unpredictable changes because of interference. This interference can change the 

shape of the signal. 

Single-Bit Error 

 It means only 1 bit of a given data unit is changed from 1 to 0 or from 0 to 1. 

 They are least type of error in serial data transmission. 

 For a single bit error the noise must have duration of 1s which is very rare 

because noise normally longer than this. 

 

Burst Error 

 2 or more bits in the data unit have changed from 1 to 0 or from 0 to 1. 

 The burst error does not occur in consecutive bits. 

 The length of the burst is measured from the first corrupted bit to the last 

corrupted bit. 

 Some bits in between may not have been corrupted. 

 The duration of noise is longer than the duration of 1 bit which means that 

when noise affects data, it affects a set of bits. 

 The number of bits affected depends on the data rate and duration of noise. 

 

Redundancy 

 The concept in detecting or correcting errors is redundancy. 

 We need to send some extra bits with the data. 

 These redundant bits are added by the sender and removed by the receiver. 

Detection versus Correction 

 In error detection we see if any error has occurred. 
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 In error correction we need to know the exact number of bits that are 

corrupted, their location in the message. 

 If we need to correct one single error in an 8-bit data unit, we consider eight 

possible error locations. 

 If we need to correct two errors in an 8-bit data unit, we need to consider 28 

possibilities. 

 There are two main methods of error correction: forward error correction and 

retransmission.  

 Forward error correction is the process in which receiver tries to guess the 

message by using redundant bits. This is possible only when the number of 

errors is small. 

 Correction by retransmission is in which receiver detects the occurrence of 

an error and asks the sender to resend the message. 

Coding 

 The sender adds redundant bits through a process that creates relationship 

between the redundant bits and the actual data bits. The receiver checks the 

relationships between the two sets of bits to detect or correct the errors.  

Coding is divided into two broad categories: block coding and convolution 

coding. 

 

Modular Arithmetic  

 In modular arithmetic we use only limited range of integers.  

 We define an upper limit called a modulus N.  

 We use only the integers 0 to N-1. This is modulo-N arithmetic. 

 Addition and subtraction in modulo arithmetic are simple. 

 There is no carry when we add or subtract two digits in a column. 

Modulo-2 Arithmetic  

 In this arithmetic the modulus N is 2. We can use only 0 and 1. 



Data Communication and Computer Network  By Mrs. A. Angeline Nancy Sophia M.Sc.,M.Phil., 

 

4 
 

 

 We use the XOR operation for both addition and subtraction. 

 

 

Checksum 

 The error detection method is called checksum. It is used in the Internet by 

several protocols. 

 

Example1: 

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

addition to 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. The 

receiver adds the five numbers and compare the result with the sum. If the two are 

the same, the receiver assumes no error, accepts five numbers and discard the 

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

 

Example 2 

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

of the sum, called the checksum. In this case we send (7, 11, 12, 0, 6, -36). The 

receiver can add all the numbers received. If the result is 0, it assumes no error; 

otherwise there is an error. 

One’s complement 

 All the data can be written as a 4-bit word except the checksum. One 

solution is to use one’s complement arithmetic. If the number has more than n 

bits, the extra leftmost bits need to be added to the n rightmost bits (wrapping). In 

one’s complement arithmetic, a negative number can be represented by inverting 

all bits. 
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Internet Checksum 

 Traditionally the internet has been using a 16-bit checksum. The sender 

calculates the checksum by following these steps. 

Sender site: 

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

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

3. All words including the checksum are added using one’s complement 

addition. 

4. The sum is complemented and becomes the checksum. 

5. The checksum is sent with the data. 
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Receiver site: 

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

2. All the words are added using one’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. 

 

Framing 

 Framing in the data link layer separates a message from source to 

destination or from other messages to other destinations, by adding a sender 

address and a destination address. 
 

Fixed-size Framing 

 In fixed-size framing there is no need for defining the boundaries because 

the size itself used as a delimiter. 
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Variable-Size Framing 

 In variable-size framing we need to define the end of the frame and the 

beginning of the next. Two approaches were used for this purpose: a character-

oriented approach and a bit-oriented approach. 

Character-Oriented Protocols 

 In character-oriented protocol, data to be carried are 8-bit characters. 

 The header carries the source and destination address and the trailer carries 

error detection or error correction bits. 

 To separate a frame an 8-bit flag is added at the beginning and end of a 

frame. 

 

 Flag can be any character not used for text communication. 

 Any pattern used for the flag could also be part of the information. 

 So we add byte-stuffing strategy to character-oriented framing. 

 A special byte is added to the data section of the frame when there is a 

character with the same pattern as the flag.   

 This byte is called the escape character (ESC) which has a predefined 

pattern. 

 

 If the text contains one or more escape characters followed by the flag, the 

receiver removes the escape character but keeps the flag, which is 

interpreted as end of frame. 

 To solve this problem, the escape characters that are part of the text must be 

marked by another escape character. 
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Bit-Oriented Protocols 

 In a bit-oriented protocol, the data section is a sequence of bits to be 

interpreted by the upper layer. 

 Most protocols use a special 8-bit pattern flag 01111110 as the delimiter to 

define the beginning and end of the frame. 

 

 If the flag pattern appears in the data, we stuff 1 single bit to the data to 

prevent from looking like a flag. 

 This strategy is called bit stuffing. 

 In bit stuffing, if a 0 and five consecutive 1 bits are encountered, an extra 0 

is added. 

 This extra bit is removed from the data by the receiver. 

 

 

Flow and Error Control 

Flow Control 

 It tells the sender how much data it can transmit before it must wait for an 

acknowledgement from the receiver. 

 Incoming data must be checked and processed before they can be used.  

 Each receiving device has a block of memory called buffer for storing data 

until they are processed. 

 If the buffer begins to fill up, the receiver tell the sender to halt transmission 

until it is able to receive. 
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Error Control 

 It is both error detection and error correction. 

 It allows the receiver to inform the sender of any frames lost or damaged in 

transmission and retransmits those frames. 

Protocols 

 

 

Noiseless Channels 

Simplest Protocol 

 It is the first protocol that has no flow or error control. It is a unidirectional 

protocol in which data frames are traveling in one direction from the sender to 

receiver. 

Design 

 The data link layer at the sender site gets data from its network layer, makes 

a frame and sends it. 

 The data link layer at the receiver site receives a frame from its physical 

layer, extracts data from the frame and delivers to its network layer. 
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Algorithms  

 

Analysis 

 This algorithm has infinite loop repeated forever once the program starts. 

 It is an event-driven program, it sleeps until an event wakes it up. 

 When the event request from the network layer occurs the data is got and 

framed and is sent. 

 GetData() takes a data packet from the network layer, MakeFrame() adds a 

header and delimiter flags to the data packet make a frame and SendFrame() 

delivers the frame to the physical layer. 



Data Communication and Computer Network  By Mrs. A. Angeline Nancy Sophia M.Sc.,M.Phil., 

 

11 
 

 

Analysis 

 The event here is arrival of a data frame. 

 After the event occurs the data link layer receives the frame from the 

physical layer using ReceiveFrame() process, extracts the data using the 

ExtractData() process and delivers the data to network layer using the 

DeliverData() process. 

 

Stop-and-Wait Protocol 

If data frames arrive at the receiver site faster than they can be processed, it 

must be stored until their use. To prevent receiver from becoming overwhelmed 

with frames there must be feedback from the receiver to the sender. 

The stop-and-wait protocol sends one frame, stops until it receives 

confirmation from the receiver and then sends the next frame. 

Design 
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 There is either one data frame on the forward channel or one ACK frame on 

the reverse channel. We need a half-duplex link. 
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Analysis 

 Two events occur: a request from the network layer or an arrival notification 

from the physical layer. 

 After a frame is sent, the algorithm must ignore another network layer 

request until that frame is acknowledged. 

 To prevent the immediate sending of data frame we used a canSend variable 

that can be either true or false. 

 When a frame is sent, canSend is set to false to indicate request cannot be 

sent. 

 When an ACK is received, canSend is set to true to allow sending next frame. 

Algorithm at receiver site 

 

Analysis 

 After the data frame arrives, the receiver sends an ACK frame to 

acknowledge the receipt and allow the sender to send the next frame. 

Flow diagram 
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Noisy Channel Protocols 

Stop-and-Wait Automatic Repeat Request 

 It adds a simple error control mechanism to the stop-and-wait protocol. 

 To detect and correct corrupted frames we need to add redundancy bits to 

our frame. 

 When the frame arrives at the receiver site, it is checked and if it is 

corrupted, it is silently discarded. 

 The corrupted and lost frames need to be resent in this protocol. 

 The sender keeps a copy of the sent frame. At the same time it starts a timer. 

 If the timer expires and there is no ACK for the sent frame, the frame is 

resent, the copy is held and the timer is restarted.  

 Since ACK frame can also be corrupted and lost it too needs redundancy bits 

and a sequence number. 

Sequence Numbers 

 A field is added to the data frame to hold the sequence numbers of that 

frame. 

 If it is m bits long, the sequence numbers start from 0 to 2m – 1 and then 

they are repeated. 

 Assume that the sender has sent the frame numbered x. three things can 

happen: 

o The frame arrives safe and receiver sends an acknowledgement. The 

acknowledgement arrives at the sender site causing the sender to 

send the next frame x+1 

o The frame arrives safe and the receiver sends an acknowledgement, 

but the acknowledgement is corrupted or lost. The sender resends 

the frame x after time-out. 

o The frame is corrupted or never arrives receiver site; the sender 

resends the frame x after the time out. 

Acknowledgement Numbers  

 The acknowledgement numbers announce the sequence number of the next 

frame expected by the receiver. 

 If frame 0 has arrived safe, the receiver sends an ACK frame with 

acknowledgement 1. 

 If frame 1 has arrived safe, the receiver sends an ACK frame with 

acknowledgement 0. 
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  The acknowledgement number is in modulo-2 arithmetic. 

Design 

 

 The sending device keeps a copy of the last frame transmitted until it 

receives an acknowledgment. 

 A data frame uses a seqNo; an ACK frame uses ackNo. 

 The sender has control variable Sn that holds the sequence number of the 

next frame to be sent (0 or 1)  

 The receiver has a control variable Rn that holds the number of next frame 

expected. 

 Three events can happen at the sender site; one event can happen at the 

receiver site. 

Algorithms 

Sender site algorithm 
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 The sequence number Sn is initialized once and incremented every time a 

frame is sent. 

 Since the sequence number is modulo-2 arithmetic so the numbers are 0, 1, 

0, 1 and so on. 

 We need one buffer to hold frame before it is sent. 

 The copy is used for resending a corrupt or lost frame. 

 If the frame is not corrupted and the ackNo matches the sequence number of 

the next frame, we stop the timer and remove the copy of the saved data 

frame. 

 After each frame is sent a timer is started. When the timer expires, the frame 

is resent and the timer is restarted. 

Receiver site Algorithm 
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 All arrived data frames that are corrupted are ignored. 

 If seqNo of the frame is the one expected (Rn), the frame is accepted, the data 

are delivered to the network layer, the value of Rn is incremented.  

 Even if the sequence number of the data frame does not match the next 

frame expected, an ACK is sent to the sender. 

 This ACK reconfirms the previous ACK instead of confirming the frame 

received. 

Efficiency 

 The stop-and-wait ARQ is very inefficient if the channel is thick and long. 

 Thick means that the channel has a large bandwidth, long means the round-

trip delay is long. 

 The product of these two is called bandwidth-delay product. 

 It is a measure of the number of bits send out of our system while waiting 

for news from the receiver. 

Flow diagram 
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Go-Back-N Automatic Repeat Request 

 In this protocol we can send several frames before receiving 

acknowledgments; we keep a copy of these frames until the acknowledgments 

arrive. 

Sequence number 

 Frames are numbered sequentially. 

 If the header of the frame allows m bits, the sequence numbers range from 0 

to 2m – 1. 

 If m is 4, the sequence numbers are 0 through 15. 

Sliding Window 

 The sliding window defines the range of sequence numbers that is the 

concern of the sender and receiver. 

 The range which is the concern of the sender is called send sliding window; 

the range that is the concern of the receiver is called receive sliding window. 
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 The window is an imaginary box covering the sequence number of the data 

frames. 

 The maximum size of the window is 2m – 1. 

 The window is divided into four regions. First region: defines the frames that 

are already acknowledged. Second region: defines the range of sequence 

numbers of the frames that are sent and have unknown status. Third region: 

defines the range of frames that can be sent. Fourth region: defines the 

sequence numbers that cannot be used until the window slides. 

 Sf - first outstanding frame, Sn – next frame to be sent, Ssize – send window 

size.   

 The acknowledgement in this protocol are cumulative that is more than one 

frame can be acknowledged by an ACK frame. 

 

Receive window 

 

 The size of the receive window is always 1. 
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 The receiver always looking for the arrival of a specific frame. 

 Any frame arriving out of order is discarded and needs to be resent. 

 The sequence numbers to the left of the window belong to frames already 

received and acknowledged. 

 The sequence numbers to the right of the window define the frames that 

cannot be received. 

 Only a frame with a sequence number matching the value of Rn is accepted 

and acknowledged. 

 The receive window slides one slot at a time. 

 When correct frame is received the window slides. 

Timers 

 There is a timer for each sent frame. 

Acknowledgement 

 The receiver sends positive acknowledgement if a frame arrived safe in order. 

 If a frame is damaged or received out of order, the receiver is silent and 

discard all subsequent frames until it receives expected frame. 

 The silence of the receiver causes the timer of the unacknowledged frame to 

expire. 

 This causes the sender to go back and resend all frames. 

 The receiver can send one cumulative acknowledgement for several frames. 

Resending a frame 

  When the timer expires the sender resends all outstanding frames. 

Design 
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 Multiple frames can be in transit in the forward direction and multiple 

acknowledgements in the reverse direction. 

 The send window allows us to have many frames in transition. 

Send window size 

 The size of the window must be less than 2m.  

 If the size of the window is 3, all three acknowledgements are lost, the frame 

0 timer expires and all three frames are resent. 

 The receiver expecting frame 3 not frame 0 so the duplicate frame is 

correctly discarded. 

 If the size of the window is 4 and all acknowledgements are lost, the sender 

will send a duplicate of frame 0. This is an error. 
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Algorithm 

Sender Algorithm 

 Initializes three variables. 

 It allows several requests from the network layer without the need for other 

evens to occur. 

 We need to be sure that the window is not full. If it is full the request is 

ignored. 

 If the ackNo belongs to the outstanding frame, we use a loop to remove the 

buffers and move the left wall to the right. 

 We first start a new timer and resend all outstanding frames. 
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Receiver algorithm 

 We ignore a corrupt or out of order frame. 
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 If a frame arrives with an expected sequence number, we deliver the data, 

update the value of Rn and send an ACK with ackNo showing the next frame. 

 

Flow diagram 
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Selective Repeat Automatic Repeat Request 

 For noisy links, when just one frame is damaged; only the damaged frame is 

resent not N frames. This mechanism is called Selective Repeat ARQ. 

Windows 

 It uses two windows: a send window and a receive window. 

 The size of the send window is 2m – 1. 

 The receive window is the same size as the send window. 

 If m = 4 the sequence numbers go from 0 to 15, but the size of the window is 

8. 

 It uses the same variables Sf, Sn and Ssize 

 

 Since the size of the send window and receive window are the same, all the 

frames in the send window can arrive out of order and be stored until they 

can be delivered. 
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Window Sizes 

 The size of the sender and receiver windows must be one half of 2m.  

 If the size of the window is 2 and all acknowledgements are lost, the timer 

for frame 0 expires and frame 0 is resent. 

 The receiver is now expecting frame 2 not frame 0 so this duplicate frame is 

correctly discarded. 

 When the size of the window is 3 all acknowledgements are lost, the sender 

sends a duplicate of frame 0. 

 The receiver expects to receive frame 0 so it accepts frame 0 as the first 

frame in next cycle. This is an error. 
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Algorithms 

Sender- site algorithm 

 An ACK or NAK frame may arrive. 

 If valid NAK frame arrives, we resend the corresponding frame. 

 If a valid ACK arrives, we use loop to remove the buffers, stop the 

corresponding timer and move the left wall of the window. 
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Receiver- site Algorithm 

 In order to overwhelm the other side with NAKs we use a variable NakSent. 

 To know when we send an ACK, we use a variable AckNeeded. Both are 

initialized to false. 

 If we receive a corrupted frame and a NAK has not been sent, we send a NAK 

to tell the other site that we have not received the expected frame. 

 If the frame is not corrupted and the sequence number is in the window, we 

store the frame and mark the slot. 
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Flow diagram 

 

 

IEEE Standards 

 IEEE Standard Project 802 was designed to regulate the manufacturing and 

interconnectivity between different LANs. The data link layer in the IEEE standard 

is divided into two sublayers: LLC and MAC 
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Data Link Layer 

Logical Link Control (LLC) 

 In IEEE Project 82, flow control, error control and part of framing duties are 

collected into one sublayer called logical link control. 

 Framing is handled in both LLC and MAC sublayer. 

 LLC provides one single data link control protocol for all IEEE LANs. 

 MAC provides different protocols for different LANs. 

Framing 

 LLC defines Protocol Data Unit (PDU). 

 The header contains a control field which is used for flow and error control. 

 The other header fields define upper-layer protocol at the source and 

destination that uses LLC. 

 These fields are called Destination Service Access Point (DSAP) and Source 

Service Access Point (SSAP). 

 The other fields are moved to the MAC sublayer. 

 

 

Media Access Control (MAC) 

 It defines specific access method for each LAN. 

 It defines CSMA/CD (Carrier Sense Multiple Access / Collision Detection) as 

the media access method for Ethernet LANs and token passing method for 

Token Ring and Token Bus LANs. 

Physical Layer 

 The physical layer is dependent on the implementation and type of physical 

media used. 

 IEEE defines detailed specifications for each LAN implementation. 
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Standard Ethernet 

 The original Ethernet was created in 1976 at Xerox’s Palo Alto Research 

Center (PARC). It has four generations: Standard Ethernet (10 Mbps), Fast Ethernet 

(100 Mbps), Gigabit Ethernet (1 Gbps) and Ten-Gigabit Ethernet (10Gbps). 

MAC Sublayer 

 MAC sublayer governs the operation of access method. It also frames data 

received from the upper layer and passes them to the physical layer. 

 

Frame Format 

 

 Preamble - The first field contains 7 bytes of alternating 0s and 1s that alerts 

the receiving system to the coming frame and enables it input timing. 

 Start Frame Delimiter (SFD) – The second field (1 byte 10101011) signals the 

beginning of the frame. The last 2 bits is 11 and alerts the receiver that the 

next field is the destination address. 

 Destination Address (DA) – The DA field is 6 bytes contains physical address 

of the destination address. 

 Source Address (SA) – This field is 6 bytes and contains physical address of 

the sender of the packet. 

 Length or type – it is used to define the number of bytes in the data field. 

 Data – this field carries data encapsulated from the upper-layer protocol. It 

has minimum length of 46 bytes and maximum length of 1500 bytes. 

 CRC – the last field contains error detection information. 

Frame Length 

 An Ethernet frame have minimum length of 512 bits or 64 bytes and 

maximum length of 12144 bits or 1518 bytes. 

Addressing 

 Each station on an Ethernet network has its own Network Interface Card( 

NIC). 
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 NIC provides 6 byte physical address and is written in hexadecimal 

notation with a colon between the bytes. 

 

 Unicast, Multicast and Broadcast Addresses:  

o A source address is always a unicast address. The destination 

address can be unicast, multicast or broadcast.  

o If the least significant bit of the first byte in a destination address is 

0, the address is unicast; otherwise it is multicast.  

o A unicast destination address defines only one recipient; the 

relationship between sender and receiver is one-to-one. 

o A multicast destination address defines a group of addresses; the 

relationship between the sender and receiver is one-to-many. 

o The broadcast address is a special multicast address; the recipients 

are all the stations on the LAN. 

Access Method: CSMA/CD 

 Standard Ethernet uses 1-persistent CSMA/CD 

Slot time 

 The slot time is the time required for the round-trip time plus the time 

needed to send jam sequence. It is defined in bits. It is the time required for a 

station to send 512 bits. The actual time depends on the data rate; for 10Mbps 

Ethernet it is 5.12s 

Slot time and collision 

 If we assume minimum size packet of 512 bits before the sender send the 

entire packet, the signal travels through the network and reaches the end of the 

network. If there is another signal at the end of the network a collision occurs. If 

the sender sends a frame larger than minimum size, it is guaranteed that collision 

will never occur during the transmission because the signal will reach the end of 

the network in less than one-half the slot time. 

Slot time and Maximum Network Length 

 There is a relationship between the slot time and the maximum length of the 

network. It is dependent on the propagation speed of the signal in the particular 

medium. 

MaxLength = Propagation Speed * Slot Time/2 

MaxLength = (2 x 108) x (51.2 x 10-6/2) = 5120 m  
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Physical Layer 

 

Encoding and Decoding 

 At the sender, data are converted to digital signal using Manchester scheme; 

at the receiver the received signal is interpreted ad Manchester and decoded into 

data. Manchester encoding is a self-synchronous, providing a transition at each bit 

interval. 

 

10Base5: Thick Ethernet 

 The first implementation is called 10Base5, thick Ethernet or Thicknet. Its 

name derives from the size of the cable.  

 It is the first Ethernet specification to use bus topology with an external 

transceiver connected via a tap to thick coaxial cable. 

 The transceiver is responsible for transmitting, receiving and detecting 

collisions. 

 It provides separate paths for sending and receiving. 

 Collision can happen only in the coaxial cable. 

 The maximum length of the coaxial cable does not exceed 500m. 
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10Base2: Thin Ethernet 

 The second implementation is called 10Base2, thin Ethernet or Cheapernet.  

 It also uses bus topology but the cable is thinner and more flexible. 

 The cable can bent to pass very close to the stations. 

 The transceiver is part of Network interface Card (NIC) which is installed 

inside the station. 

 Collision occurs in the thin coaxial cable. 

 The length of each segment cannot exceed 185m due to high attenuation in 

thin coaxial cable. 

 

10Base-T: Twisted-Pair Ethernet 

 The third implementation is called 10Baase-T or twisted-pair Ethernet. 

 It uses star topology. 

 The stations are connected to a hub via two pairs of twisted cable. 

 Two pairs create two paths between the station and the hub. 

 Collision happens in the hub. 

 The maximum length of the cable is 100m to minimize the effect of 

attenuation in the twisted cable. 
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10Base-F: Fiber Ethernet 

 There are several types of optical fiber10Mbps Ethernet, the most common is 

10Base-F. 

 It uses star topology to connect stations to a hub. 

 Two stations are connected to the hub using two fiber-optic cables 

  

 

Fast Ethernet 

 IEEE created Fast Ethernet under the name 802.3u. It can transmit data 10 

times faster at a rate of 100 Mbps. 

MAC Sublayer 

 It keep only the star topology. 

 For this topology there are two choices: half duplex and full duplex. In half 

duplex the stations are connected via a hub. In full duplex the connection is 

made via a switch with buffers at each port. 

 The access method is CSMA/CD for half duplex and Fast Ethernet for full 

duplex. 
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Autonegotiation 

 A new feature added to Fast Ethernet is called autonegotiation. It allows a 

station or a hub a range of capabilities. It allows two devices to negotiate the mode 

or data rate of operation.  

 It was designed for the following purposes: 

 To allow incompatibility devices to connect to one another. 

 To allow one device to have multiple capabilities 

 To allow a station to check a hub’s capabilities 

Physical Layer 

Topology 

 Fast Ethernet is designed to connect two or more stations together. If there 

are only two stations, they can be connected point-to-point. Three or more stations 

need to be connected in a star topology with a hub or a switch at the center. 

  

 

Implementation 

 Fast Ethernet implementation can be categorized as either two-wire or four-

wire. The two-wire can be either category 5 UTP(100Base-TX) or fiber-optic cable 

(100Base-FX). The four-wire implementation is designed for 3 UTP (100Base-T4). 

  

Encoding 

 Manchester encoding needs a 200 Mbaud bandwidth for a data rate of 100 

Mbps which is not suitable for twisted-pair cable. So we use 4B/5B encoding, MLT-

3 encoding, NRZ-I encoding schemes. 
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100Base-TX – uses two pairs of twisted-pair cable. The MLT-3 scheme was 

selected since it has good bandwidth performance. 4B/5B block coding is used to 

provide bit synchronization by preventing the occurrence of a long sequence of 0s 

and 1s. This creates a data rate of 125 Mbps, which is fed into MLT-3 for encoding. 

100Base-FX – uses two pairs of fiber-optic cables. Optical fiber can handle 

high bandwidth requirements by using simple encoding schemes. The designers 

used NRZ-I encoding scheme. NRZ –I has bit synchronization problem for long 

sequences. So designers used 4B/5B block coding. It increases the bit rate from 

100 to 125 Mbps. 

100Base-T4 – uses four pairs of UTP for transmitting 100 Mbps. 8B/6T 

encoding scheme is used. In this scheme eight data elements are encoded as six 

signal elements. This means 100 Mbps uses only (6/8) x 100 Mbps or 75 Mbaud. 

 

GIGABIT ETHERNET 

 The IEEE standard calls the standard 802.3z. 

MAC Sublayer 

 Gigabit Ethernet has two distinctive approaches for medium access: half-

duplex and full-duplex. 
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Full-Duplex Mode 

 In full-duplex mode, there is a central switch connected to all computers or 

other switches. Each switch has buffers for each input port in which data are 

stored until they are transmitted. There is no collision in this mode. The maximum 

length of the cable is determined by the signal attenuation in the cable. 

Half-duplex mode 

 In this a switch can be replaced by a hub which acts as a common cable in 

which collision may occur. The half-duplex uses CSMA.CD approach. The 

maximum length of the network is dependent on the minimum frame size. Three 

methods have been defined: traditional, carrier extension, and frame bursting. 

Traditional - In this approach we keep minimum length of frame as in traditional 

Ethernet (512 bits). The slot time is 512 bits x 1/1000s, which is equal to 

0.512s. maximum length of the network is 25m. 

Carrier Extension – this approach defines a minimum length of a frame of 512 

bytes. This method forces a station to add extension bits to any frame that is less 

than 4096 bits. The maximum length of the network can be increased 8 times to a 

length of 200m. 

Frame bursting – in this approach instead of adding an extension to each frame, 

multiple frames are sent. To make these multiple frames look like one frame, 

padding is added between the frames. 

Physical Layer 

Topology  

  Gigabit Ethernet is designed to connect two or more stations. If only two 

stations they can be connected point-to-point. Three or more stations need to be 

connected in a star topology with a hub or a switch at the center. 
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Implementation 

 Gigabit Ethernet can be categorized as either a two-wire or a four-wire 

implementation. The two-wire implementations use fiber-optic cable (1000Base-SX, 

short-wave or 1000Base-LX, long wave) or STP (1000Base-CX). The four-wire uses 

category 5 twisted-pair cable (1000Base-T). 

  

Encoding 

 The two-wire implementations use an NRZ scheme but NRZ does not self-

synchronize properly. To synchronize bits, 8B/10B block encoding is used. This 

block prevents long sequences of 0s or 1s in the stream, but the resulting stream is 

1.25 Gbps. In the four-wire implementation 4D-PAM5 encoding scheme is used. It 
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reduce the bandwidth. All four wires are involved in both input and output; each 

wire carries 25 Mbps. 

Ten-Gigabit Ethernet 

  The IEEE committee created Ten-Gigabit Ethernet and called it standard 

802.3ae. 

MAC Sublayer 

 It operates only in full duplex mode which means there is no need for 

contention. 

Physical Layer 

 It is designed for using fiber-optic cable over long distances. Three 

implementations are most common: 10GBas-S, 10GBase-L and 10GBase-E. 

 

 

 


