
THE DATA LINK LAYERTHE DATA LINK LAYER



DATA LINK LAYER DESIGN ISSUESDATA LINK LAYER DESIGN ISSUES

• Network layer services
• Framing• Framing
• Error control
• Flow control



PACKETS AND FRAMES

Relationship between packets and frames.
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NETWORK LAYER SERVICES

(a) Virtual communication. (b) Actual communication.
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POSSIBLE SERVICES OFFEREDPOSSIBLE SERVICES OFFERED

1.Unacknowledged connectionless service.
2 Acknowledged connectionless service2.Acknowledged connectionless service.
3.Acknowledged connection-oriented 

serviceservice.
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FRAMING METHODSFRAMING METHODS

1.Byte count.
2 Flag bytes with byte stuffing2.Flag bytes with byte stuffing.
3.Flag bits with bit stuffing.
4.Physical layer coding violations.



FRAMING (1)

A byte stream. (a) Without errors. (b) With one error.
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FRAMING (2)

A frame delimited by flag bytes.
Four examples of byte sequences before and after byte stuffing
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Four examples of byte sequences before and after byte stuffing.



FRAMING (3)

Bit stuffing. (a) The original data. (b) The data as they appear on
the line (c) The data as they are stored in the receiver’s memory

Computer Networks, Fifth Edition by Andrew Tanenbaum and David Wetherall, © Pearson Education-Prentice Hall, 2011

the line. (c) The data as they are stored in the receiver s memory 
after destuffing.



ERROR CORRECTING CODES (1)ERROR CORRECTING CODES (1)

1.Hamming codes.g
2.Binary convolutional codes.
3 Reed Solomon codes3.Reed-Solomon codes.
4.Low-Density Parity Check codes.



ERROR CORRECTING CODES (2)

Example of an (11, 7) Hamming code 
correcting a single-bit error.
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correcting a single bit error.



ERROR CORRECTING CODES (3)

The NASA binary convolutional code used in 802.11.



ERROR-DETECTING CODES (1)ERROR DETECTING CODES (1)

Linear, systematic block codes
1 Parity1.Parity.
2.Checksums.
3.Cyclic Redundancy Checks (CRCs).



ERROR-DETECTING CODES (2)

Interleaving of parity bits to detect a burst error.



ERROR-DETECTING CODES (3)

Example calculation of the CRC



ELEMENTARY DATA LINK PROTOCOLS (1)ELEMENTARY DATA LINK PROTOCOLS (1)

• Utopian Simplex Protocol
• Simplex Stop-and-Wait Protocol• Simplex Stop-and-Wait Protocol 

•Error-Free Channel
Simplex Stop and Wait Protocol• Simplex Stop-and-Wait Protocol 

•Noisy Channel



ELEMENTARY DATA LINK PROTOCOLS (2)

Implementation of the physical, data link, and network layers.



ELEMENTARY DATA LINK PROTOCOLS (3)

Some definitions needed in the protocols to follow. These definitions are 
located in the file protocol.h.

. . .



ELEMENTARY DATA LINK PROTOCOLS (4)

Some definitions needed in the protocols to follow. These definitions are 
located in the file protocol.h.

. . .



ELEMENTARY DATA LINK PROTOCOLS (5)

Some definitions needed in the protocols to follow. These definitions are 
located in the file protocol.h.



UTOPIAN SIMPLEX PROTOCOL (1)

A utopian simplex protocol.
. . .



UTOPIAN SIMPLEX PROTOCOL (2)

A utopian simplex protocol.



SIMPLEX STOP-AND-WAIT PROTOCOL 
FOR A NOISY CHANNEL (1)FOR A NOISY CHANNEL (1)

. . .
A simplex stop-and-wait protocol.



SIMPLEX STOP-AND-WAIT PROTOCOL 
FOR A NOISY CHANNEL (2)FOR A NOISY CHANNEL (2)

A simplex stop-and-wait protocol.


