Multiplexing. Signal multiplexing provides greater efficiency by allowing multiple transmitters to share the same medium. 

The figure below depicts the multiplexing function in its simplest form:
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Figure 8.2 FDM and TDM





There are n inputs into a multiplexer; the multiplexer is connected by a single data link to a demultiplexer, the link is able to carry n separate channels of data. The multiplexer combines (multiplexes) data from the n input lines and transmits over a high capacity data link. The demultiplexer accepts the multiplexed data stream, separates (demultiplexes) the data according to channel and delivers them to the appropriate output lines.

A common application of multiplexing is long haul communications. Trunks on long-haul networks are high capacity fiber, co-axial and microwave links. These links can carry large numbers of voice and data transmissions simultaneously using multiplexing.
The two types of multiplexing are FDM - frequency division multiplexing and TDM - time division multiplexing.

FDM – when the useful bandwidth of a transmission medium exceeds the required bandwidth of signals to be transmitted. A number of signals can be carried simultaneously if each signal is modulated onto a different carrier frequency and the carrier frequencies are sufficiently separated that the bandwidths of the signals do not significantly overlap. 

In the diagram on the left (a) six signal sources are fed into a MUX, which modulates each signal onto a different frequency (f1-f6). Each modulated signal requires a certain bandwidth centred around 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 composite signal transmitted across the medium is analog. The input signals can be either digital or analog. In the case of digital input, the input signals must be passed through modems to be converted to analog. 

FDM is used in broadband LAN's to separate different directions of traffic on the cable and provide dedicated connections between machines.
Another example of technology that uses FDM is broadcast and cable television. 

TDM is divided into the 2 techniques, Synchronous TDM and Statistical TDM. 

Synchronous TDM is used with digital signals. SynchronousTDM is made possible when the achievable data rate of the medium exceeds the data rate of the digital signals to be transmitted. 

This system interleaves pieces of several transmissions into time slots on a single channel. The interleaving can be at the bit or byte level or larger. For example the multiplexer in the diagram on the left (b) has six inputs that are 9.6kbps. A single line with a capacity of 57.6kbps (plus overhead capacity) could accommodate all six inputs. Transmission frames are of a fixed size.

Statistical TDM, instead of using a fixed frame size it uses a variable frame size. Variable frame sizing allows the Statistical TDM to send frames that contain data from any connected input buffers containing 

data. In this method someone who has priority privileges may request more time for the transmission of data, receiving a greater service ratio. Also when no data is being transmitted from a terminal, statistical TDM will dynamically assign that slot in preference to a terminal that is broadcasting
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