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Multiplexing History
Multiplexing, in telecommunications and computer networks, refers to the process of combining data into one signal over a shared medium. Originally, multiplexers were implemented to use the available spare capacity in circuits to transmit data. At the beginning, multiplexers were employed in telegraph equipments. By 1872, duplex operations were quite common on Western Union lines. However, only one message at a time could have been sent. Thomas Edison introduced a method to send two different messages simultaneously in 1874. He successfully doubled the capacity of the line by varying the strength of the signal of one message, and by changing the polarity of the other one. In 1913 Western Union developed an electrical-mechanical multiplexing device, which allowed the transmission of eight messages simultaneously over a single line. In 1936, these eight became 72 messages. 
Data transmission speeds were expressed in Characters Per Minute (CPM) in the beginning. Then, Words Per Minute (WPM) were used to indicate data transmissions speeds, where five characters plus a space represented one word. After that, Bits Per Second (bps) was used to  indicate data transmission speeds. Data rate speeds of 1200, 2400, 4800 and 9600 bits per second were considered high speed operation in the mid 1950s, 1960s and 1970s.

Not only multiplexing processes have been developed, but also the devices that have been used. All signaling over the telegraph lines utilized Direct Current (DC). See Fig. 1.
Then, vacuum tubes were the next major step in improving data transmission speeds and regeneration of signals in the 1930s. Alternating Current (AC) could be used for transmission of data signals, then. See Fig. 1.  
After that, transistors were used to replace vacuum tubes in most communication equipment starting in the 1960s. They were smaller and produced less heat, and also were more reliable. In addition, transistors could be grouped and electrically connected to form a chip. Then transistors, chips and other electronic units can be placed on an integrated circuit board. See Fig. 1 [Pollard]
[image: image1.png]s o
prEetinst




[image: image2.png]Glass envelope

Plate (anode)
Gid
Filament (cathode)





[image: image3.png]



Time-Division Multiplexing 
Time-Division Multiplex (TDM) is a technique of transmitting multiple digitized data simultaneously over one communication media, such as wires, by interleaving pulses representing bits from different time slots. Thus, combining a set of low-bit-rate streams, each with a fixed and pre-defined bit rate, into a single high-speed bit stream that can be transmitted over a single channel and then separating them through demultiplexers, summarizes the process of TDM. TDM comes in two basic forms. The first form is synchronous time division multiplexing, and the second form is asynchronous time division multiplexing.
The multiplexer in the Synchronous TDM accepts input from attached devices in a round-robin fashion and transmit the data in a never ending pattern. T-1 and ISDN telephone lines as well as SONET (Synchronous Optical NETwork) are common examples of synchronous TDM. On the other hand, an asynchronous multiplexer accepts the incoming data streams and creates a frame containing only the data to be transmitted. Also, an asynchronous multiplexer transmits only the data from active workstations. Thus, if a workstation is not active, no space is wasted on the multiplexed stream. Being good for low bandwidth lines, asynchronous multiplexers are used for LANs applications.
Time-Division Multiplexing are considered to be flexible compared to other multiplexing methods as well as they support relatively large number of users. However, they require careful engineering and implementation.
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