Lecture 16
Although IEEE 802.3 is widely used protocol, but for certain application it is not appropriate, like for real time application, which communication is priority based. Since IEEE 802.3 defines no priority of the frames, it is only suitable for normal transmission of frames.  So people at GM worked on another protocol, which could cover the drawbacks of 802.3. This standard is called as IEEE 802.4or Token Bus. Physically, the token bus is a linear or tree shaped cable onto which the station is attached, and logically the stations are organized in a ring, with each station knowing the address of the station to its left and right. 
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When the logical ring is initialized, the highest numbered station may send the first frame. After it is done, it passes to its immediate neighbor a special control frame called as token. Generally this token propagates around the logical ring, with only the token holder being permitted to transmit frame. Since only one station can hold the token at a time, and there is only one token in the ring, no collisions can occur. This access method is called as token passing, and I hope you remember that IEEE 802.3 used CSMA/CD as the access method.


The physical order in which the stations are connected to the cable is not important. Since the cable is inherently a broadcast medium, each station receives each frame, discarding those that are not addressed to them, and copying the contents of frame that are addressed to them.

For Physical layer, the token bus uses the broadband coaxial cable which is also used for cable television. Speeds of 1, 5 and 10 Mbps are possible. 

Token Bus MAC Sub layer Protocol (IEEE 802.4)

When the ring is initialized, stations are inserted into it in order of station address, from highest to lowest. Token passing is also done from high to low addresses. Each time a station acquires the token, it can transmit frames for a certain amount of time (token holding time); then it must pass the token on. 



Also the token bus defines four priority classes 0, 2, 4, 6 for traffic, with 0 the lowest and 6 being the highest. Assume that each station is internally divided into four sub station, one at each priority level. As frame comes in, priority of the frame is checked and routed to one of the four sub station. Thus each station maintains its own queue of frames to be transmitted. When the token arrives at a station, it is passed internally to the priority 6 sub station first, which then transmit frames, and then to 4 and so on. Right now we have talked about the priority of frames, and subsequently each how each station behaves like four substations internally.

Frame format of IEEE 802.4 Token Bus
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Preamble: This field is for the purpose of synchronizing the sender and receiver clock.
Start Delimiter: SD signified the start of the frame, in a sense it form the starting boundary of the frame, it is the part of framing done in data link layer.

Frame Control: This field is used to distinguish between data frames and control frames. For data frame it carries the priority of the frame, as discussed above. It can also be used for the purpose of acknowledgment. 

Destination Address: This field contains the address of the destination node.

Source Address: This field contains the address of the source node.

Data: This field contains the actual data that need to be transmitted; there is no limit on the length of the data, which was not the case with 802.3.
Checksum: This field contains the CRC for error detection.

End Delimiter: ED signified the End of the frame, in a sense it form the ending boundary of the frame, it is the part of framing done in data link layer.

Token Ring MAC Sub layer Protocol (IEEE 802.5)

In a Token Ring, stations are physical placed in a ring topology. IEEE 802.5 is based on token passing access method. A special bit pattern, called the token, circulates around the ring whenever al stations are idle. 
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When a station wants to transmit a frame, it is required to seize the token and remove it from the ring before transmitting. This action of converting a token into frame is done by inverting a single bit in the 3-byte token, and since there is only one token, so only one station can transmit at a moment, hence no collisions, thus solving the channel allocation problem.

Token ring uses Differential Manchester encoding and supports data rate of 1 to 16 Mbps.

Frame Format of Token Ring (IEEE 802.5)
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Start Delimiter: The first field SD, alerts the receiver about the arrival of frame, in a way it marks the beginning of the frame. It also allows the receiver to synchronize himself. The contents of SD are JK0JK000, so no bit stuffing is required. 
Access Control: This field is further divided into four subfields. It serves the purpose of defining the priority of the frame, reservation for future. The four subfields are 

token bit (as we discussed above), monitor bit, priority bit, reservation bit. Since one of the stations among all the station, act as the monitor, so this bit is required at the time of choosing the monitor. Priority bit is used, when a station want to transmit a priority n frame, it must wait until it can capture a token whose priority is less than or equal to n. 

Each station has its own priority code, as a frame passes by, a station waiting to transmit may reserve the token for the next transmission by entering its priority code in the access control field (reservation bit subfield). A station with a higher priority may remove a lower priority reservation and replace it with its own. Through this mechanism, the station holding the reservation gets the token as soon as the current transmission is over.

Frame Control: It distinguishes data frame from the various possible control frame and also provide information of the type of control frame if any.

Destination Address: This field contains the address of the destination node.

Source Address: This field contains the address of the source node.

Data: This field contains the actual data that need to be transmitted; there is no limit on the length of the data, which was not the case with 802.3.

Checksum: It contains the CRC, which is required for error detection at the receiver end.

Ending Delimiter: The second last field SD, alerts the receiver about the end of frame. It also allows the receiver to synchronize himself. The contents of SD are JK1JK11E, so no bit stuffing is required. This field also has a subfield of 1 bit called as E bit, which is set if any interface detects an error in the frame.

Frame Status: This field is for the purpose of acknowledgment. It consists of two bits A and C. If the indented receiver is there, and he receives the frame, then A is set to 1, if the receiver is able to copy the frame then C is also set to 1.
When sender sends the frame both A and C are set to 0. When receiver receives the frame, it sets A=1, and C=1, when this frame is received again by the sender (after whole cycle of the ring is completed), he sees the value of A and C, and decides upon.

If the values received are

A=0 and C=0, means receiving station not present and hence unable to copy

A=1 and C=0, means receiving station is present but unable to copy, may be frame is 



Damaged.

A=1 and C=1, means receiving station is present and successfully copied the frame.

