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Multiplexing

e high bandwidth
e many to one: multiplexer (MUX)

e one to many: demultiplexer (DEMUX)
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Multiplexing: path vs. channels

1 path
4 channels
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a. No multiplexing b. Multiplexing
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Categories of multiplexing

e Frequency-division multiplexing (FDM)

e Time-division multiplexing (TDM)
— Synchronous

— Asynchronous

e Wave-division multiplexing (WDM)
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FDM

Channel 2
Channel 3
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FDM multiplexing in time domain

Mutiplexer
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FDM multiplexing in frequency domain

Multiplexer
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FDM demultiplexing in time domain

Demultiplexer
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FDM demultiplexing in frequency domain

Demultiplexer
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Wave Division Multiplexing (WDM)
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TDM
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Synchronous TDM

Number of inputs: 5
b Number of sl%ts n
each frame: 5

Frame n Frame 2 Frame 1
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Synchronous TDM, multiplexing

constant rate, fixed order
interleaving, any number of bits
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Synchronous TDM demultiplexing

Demultiplexer
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Framing bits
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Synchronization pattern
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Data rate for frames

8250 bps = 250 frames/second x 33 bits/frame
or
8250 bps = 4 x 2000 bps + 250 synchronization bps

250 frames/second

[ (R

Each device sends
250 characters/s
or 2000 bps
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Asynchronous TDM: statistical analysis

Number of inputs: 5

Number of slots in each frame: 3

Frame n

Frame 2

Frame 1
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Asynchronous TDM example: addressing
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Asynchronous TDM example: not symmetric
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Asynchronous TDM example: buffer needed
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Multiplexing and inverse multiplexing
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a. Multiplexing
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Inverse Inverse
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b. Inverse multiplexing
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Multiplexing applications: telephone network
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Telephone services

Services

Analog servicesl Digital services I
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Analog services

Analog services

‘ Switched I ‘ Leased I
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Analog switched service

Telephone network
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Analog leased service

Telephone network
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Analog hierarchy

48 KHz
12 channels

KHz

4 KHg 240 KHz

60 channels

2.52 MHz
600 channels

Supergroup

12 voice channels
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10 supergroups

16.984 MHz
3600 channels

Mastergroup

6 mastergroups
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Digital services

Digital services

I |
Switched/56l DDS I DS I
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Switched/56 service, Digital Service Unit

Telephone network

DSy il

= DSU
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Digital Data Service

Telephone network

DSy &P

= DSU
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Digital Signal Service hierarchy
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T-1 line for multiplexing telephone lines

Sampling at 8000 samples/second
using 8 bits per sample

4 Khz 64000 bps

. PCM >~
g T-1 line 1.544 Mbps
= - 1k 24 x 64 Kbps
< PCM + 8 Kbps overhead
3 D >
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T-1 frame structure

Sample n
|

hanne], | [Channel[Channe
24 2 1

N 1 bit 8 bits 8 bits 8 bits
A 3
{(—;@% T 7\l frame = 193 bits
Frame|, , .| Frame|, , .|Frame || Frame
8000 n 2 1
T-1 = 8000 frames/s = 8000 x 193 bps = 1.544 Mbps
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Fractional T Line

Digital Service Unit/ Channel Service Unit

—
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Asymmetric Digital Subscriber Line (ADSL)
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