
Ch 3 Summary  

 

• Data must be transformed to electromagnetic signals to be transmitted . 

 

• Data can be analog or digital . 

 

• Analog data are continuous and take continuous values . 

 

• Digital data have discrete states and take discrete values . 

 

• Signals can be analog or digital . 

 

• Analog signals can have an infinite number of values in a range; digital signals can have only a limited 

number of values . 

 

• In data communications, we commonly use periodic analog signals and nonperiodic digital signals . 

 

• Frequency and period are the inverse of each other . 

 

• Frequency is the rate of change with respect to time . 

 

• Phase describes the position of the waveform relative to time 0 . 

 

• A complete sine wave in the time domain can be represented by one single spike in the frequency 

domain . 

 

• A single-frequency sine wave is not useful in data communications; we need to send a composite signal, 

a signal made of many simple sine waves . 

 

• According to Fourier analysis, any composite signal is a combination of simple sine waves with 

different frequencies, amplitudes, and phases . 

 



• The bandwidth of a composite signal is the difference between the highest and the lowest frequencies 

contained in that signal . 

 

• A digital signal is a composite analog signal with an infinite bandwidth . 

 

• Baseband transmission of a digital signal that preserves the shape of the digital signal is possible only if 

we have a low-pass channel with an infinite or very wide bandwidth . 

 

• If the available channel is a bandpass channel, we cannot send a digital signal directly to the channel; we 

need to convert the digital signal to an analog signal before transmission . 

 

• For a noiseless channel, the Nyquist bit rate formula defines the theoretical maximum bit rate . 

 

• For a noisy channel, we need to use the Shannon capacity to find the maximum bit rate . 

 

• Attenuation, distortion, and noise can impair a signal . 

 

• Attenuation is the loss of a signal’s energy due to the resistance of the medium . 

 

• Distortion is the alteration of a signal due to the differing propagation speeds of each of the frequencies 

that make up a signal . 

 

• Noise is the external energy that corrupts a signal . 

 

• The bandwidthdelay product defines the number of bits that can fill the link . 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 



 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 



 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 



 

 

 

 

  
 

 
 

 

 

 

 



 

 

 

 

 
 

 

 

 

 

 



 
 

 

 

 

 

 

 
 

 

 

 

 



 

 

 
 

 

 

 

 

 
 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 
 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 



 

 

 

 

 

 

 

 

 
 

 

 



 

 

 

 
 

 

 

 

 

 

 



 

 
 

 

 

 

 

 

 
 

 

 

 

 



 

 

 

 
 

 

 

 

 

 

 

 
 

 

 



 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 
 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 
 

 

 

 

 

 
 



 

 

 
 

 

 

 

 

 
 

 

 

 

 

 

 

 



 

 

 

 
 

 

 

 

 

 



 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 
 

 



 

 

 
 

 

 

 

 

 
 

 

 



 

 

 

 
 

 

 

 

 

 

 

 
 



 

 

 
 

 

 

 

 



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Ch 4 Summary   

• Digital-to-digital conversion involves three techniques: line coding, block coding, and scrambling. 

 

• Line coding is the process of converting digital data to a digital signal. 

 

• We can roughly divide line coding schemes into five broad categories: unipolar, polar, bipolar, 

multilevel, and multitransition. 

 

• Block coding provides redundancy to ensure synchronization and inherent error detection. 

 

• Block coding is normally referred to as mB/nB coding; it replaces each m-bit group with an n-bit group. 

 

• Scrambling provides synchronization without increasing the number of bits. 

 

• Two common scrambling techniques are B8ZS and HDB3. 

 

• The most common technique to change an analog signal to digital data (digitization) is called pulse code 

modulation (PCM). 

 

• The first step in PCM is sampling. 

 

• The analog signal is sampled every Ts second, where Ts is the sample interval or period. 

 

• The inverse of the sampling interval is called the sampling rate or sampling frequency and denoted by fs, 

where fs = 1/Ts. 

 

• There are three sampling methods—ideal, natural, and flat-top. 

 

• According to the Nyquist theorem, to reproduce the original analog signal, one necessary condition is 

that the sampling rate be at least twice the highest frequency in the original signal. 

 

• Other sampling techniques have been developed to reduce the complexity of PCM. 



 

• The simplest is delta modulation. 

 

• PCM finds the value of the signal amplitude for each sample; DM finds the change from the previous 

sample. 

 

• While there is only one way to send parallel data, there are three subclasses of serial transmission: 

asynchronous, synchronous, and isochronous. 

 

• In asynchronous transmission, we send 1 start bit (0) at the beginning and 1 or more stop bits (1s) at the 

end of each byte. 

 

• In synchronous transmission, we send bits one after another without start or stop bits or gaps. 

 

• It is the responsibility of the receiver to group the bits. 

 

• The isochronous mode provides synchronization for the entire stream of bits. 

 

• In other words, it guarantees that the data arrive at a fixed rate. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 
 
 

 

 

 

 

 

 
 

 

 



 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 



 

 

 

 

 
 

 
 

 

 

 

 

 

 

 
 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 



 

 

 
 

 

 

 

 

 

 
 

 

 

 

 



 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 



 

 
 

 

 

 



 

 
 

 

 

 

 

 



 
 

 



 

 
 



 

 

 

 
 

 

 

 

 

 

 



 

 

 

 



 
 

 

 
 

 

 

 



 

 

 

 
 

 

 

 

 

 

 



 

 

 

 

 
 

 

 



 

 
 

 

 

 

 

 
 
  
 
 
 

 

 

 

 

 

 

 



 

 

 
 

 

 

 

 

 

 
 

 

 

 

 

 

 

 



 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 



 

 

 

 

 
 

 

 

 

 

 

 



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 
 

 
 

 



Ch 8 Summary  

• A switched network consists of a series of interlinked nodes, called switches. 

 

• Traditionally, three methods of switching have been important: circuit switching, packet switching, and 

message switching. 

 

• We can divide today’s networks into three broad categories: circuit-switched networks, packet-switched 

networks, and message-switched networks. 

 

• Packet-switched networks can also be divided into two subcategories: virtual-circuit networks and 

datagram networks. 

 

• A circuit-switched network is made of a set of switches connected by physical links, in which each link 

is divided into n channels. 

 

• Circuit switching takes place at the physical layer. 

 

• In circuit switching, the resources need to be reserved during the setup phase; the resources remain 

dedicated for the entire duration of the datatransfer phase until the teardown phase. 

 

• In packet switching, there is no resource allocation for a packet. 

 

• This means that there is no reserved bandwidth on the links, and there is no scheduled processing time 

for each packet. 

 

• Resources are allocated on demand. 

 

• In a datagram network, each packet is treated independently of all others. 

 

• Packets in this approach are referred to as datagrams. 

 

• There are no setup or teardown phases. 

 



• A virtual-circuit network is a cross between a circuit-switched network and a datagram network. 

 

• It has some characteristics of both. 

 

• Circuit switching uses either of two technologies: the space-division switch or the timedivision switch. 

 

• A switch in a packet-switched network has a different structure from a switch used in a circuit-switched 

network. 

 

• We can say that a packet switch has four types of components: input ports, output ports, a routing 

processor, and switching fabric  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 
 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 



 

 

 

 
 

 
 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 
 
 

 

 

 

 

 

 
 

 

 

 



 

 

 
 

 

 

 

 

 

 

 
 

 

 

 



 

 

 

 
 

 

 

 

 



 

 

 



 
 



 

 
 

 

 

 

 



 

 

 

 
 

 

 

 



 

 

 
 

 

 

 

 

 



 
 

 

 

 

 
 

 

 

 



 

 

 

           
 

 

 

 



 

 

 

 
 

 



 

 

 

 

 
 

 

 

 

 

 



 
 

 

 

 

 

 
 

 

 

 



 

 

 



 

 
 

 

 

 

 

 



 
 

 

 

 

 

 



 

 

 

 

 
 

 

 

 



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


