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1.  Explain the difference between asynchronous and synchronous transmission.  Assuming asynchronous 

transmission, one start bit, two stop bits, one parity bit, and two bits per signaling element, derive the 
useful information transfer rate in bps for each of the following signaling (baud) rates: 

 
The main difference between asynchronous and synchronous transmission is the clock system that is 
used when receiving data.  Synchronous systems, good for large frames, require a synchronization 
step prior to data being transferred.  This synchronization step allows both sending and receiving 
parties to be operating on the same clock and allows for more advanced methods of error correction 
and compression.  Asynchronous systems on the other hand, do not require the beginning step before 
data can be transferred.  Asynchronous systems, good for randomly sent frames, require a start bit 
and one or more stop bits with the data sent between.  The receiver must decode the data stream and 
look for the individual bits without the help of a synchronized clock.   
 

BitRateizeCharacterSBaud *=  
BitsParityBitStopBitsStartBitDataBitsizeCharacterS 121218 =+++=  

 
(i) 400 baud  bpsizeCharacterSBaudBitRate 3.3312/400/ ===  
(ii) 800 baud  bpsizeCharacterSBaudBitRate 6.6612/800/ ===  
(iii) 1000 baud  bpsizeCharacterSBaudBitRate 3.8312/1000/ ===  
(iv) 2400 baud  bpsizeCharacterSBaudBitRate 20012/2400/ ===  
 
 
2.  
(a) Explain under what circumstances data encoding and a DPLL circuit may be used to achieve clock 

synchronization. Also, with the aid of a diagram, explain the operation of the DPLL circuit. 
 
When a predefined set of symbols is transmitted prior to data in a system, a Digital Phase Locked 
Loop may be implemented to more easily find the center to each data bit and lock-in on the signal in 
order to synchronize the receiver clock with the data being transmitted.   
 

 
 
The received bitstream signal is sampled at the local (receiver) clock speed.  Each sample, a one or 
zero bit, is placed in the receive (shift) register.  The need to adjust the phase is detected by reviewing 
the set of samples of the received signal.  At each regenerated bit period, the receive (shift) register is 
consulted.  If the center of the received bit lies at the center of the receive (shift) register, the sending 
and receiving clocks are in sync.  If the received clock signal lags behind the received bitstream 
signal, then the phase needs to be adjusted to compensate for the difference.  If the received clock 
signal leads the received bitstream signal, the phase needs to be adjusted in the opposite direction.   
 



(b) Assuming the receiver is initially out of synchronism, derive the minimum number of bit transactions 
required for a DPLL circuit to converge to the nominal bit center of a transmitted waveform. How may 
this be achieved in practice? 

 
In the worst case DPLL requires 10 bit transactions to converge to the nominal bit center of a 
waveform.  5 bit periods of coarse adjustments and 5 bit periods of fine adjustments.  In practice (in 
Ethernet), the DPLL is added by the transmission of a preamble.  The preamble consists of 8 bytes, 
the last of which has a special sequence known as the Start of Frame Delimiter which indicates that 
actual information follows.  This preamble is a known set of bytes that the DPLL can use to more 
easily adjust the clock to match the period of the data coming in.   
 
3.  
(a) Explain the principle of operation of a CRC error detection method. By means of an example, show 

how: 
 
In CRC, or cyclic redundancy check, transmitted messages are divided into predetermined lengths 
that are divided by a fixed divisor, given by a polynomial function.  According to the calculation, the 
remainder number is appended onto and sent with the message.  When the message is received, the 
computer recalculates the remainder and compares it to the transmitted remainder.  If the numbers 
do not match, an error is detected. 
 

(i) The error detection bits are generated, 
 
Given the polynomial x4 + x2 + 1, we get the message divisor to be 10101 (1x4 + 0x3 + 1x2 +0x1 + 1x0).  
Taking the simple message 1110 0011, we can find the error pattern by dividing the message by the 
divisor and keeping the remained as shown below.   
 

         1 1 0 1  1 0 0 0 
1 0 1 0 1 1 1 1 0 0 0 1 1  0 0 0 0 
    + 1 0 1 0 1         
     0 1 0 0 1 0        
     + 1 0 1 0 1        
      0 0 1 1 1 1       
      + 0 0 0 0 0       
       0 1 1 1 1 1      
       + 1 0 1 0 1      
        0 1 0 1 0  0    
        + 1 0 1 0  1    
         0 0 0 0  1 0   
         + 0 0 0  0 0   
          0 0 0  1 0 0  
          + 0 0  0 0 0  
           0 0  1 0 0 0 
           + 0  0 0 0 0 
         Remainder: 1 0 0 0 

 
The error detection bits are: 1000.   
 



(ii) The receiver frame is checked for transmission errors. Use the generator polynomial. x4 + x2 + 1 
 
The following example takes the error detection bits from the above example and the message from 
the above example.  I have modified the message to 1110 0010 making it a one bit difference (last bit) 
to show an example of an error.  The remainder of this example should not be equal to 0000 (which 
indicates no error).   
 

         1 1 0 1  1 0 0 1 
1 0 1 0 1 1 1 1 0 0 0 1 0  1 0 0 0 
    + 1 0 1 0 1         
     0 1 0 0 1 0        
     + 1 0 1 0 1        
      0 0 1 1 1 1       
      + 0 0 0 0 0       
       0 1 1 1 1 0      
       + 1 0 1 0 1      
        0 1 0 1 1  1    
        + 1 0 1 0  1    
         0 0 0 1  0 0   
         + 0 0 0  0 0   
          0 0 1  0 0 0  
          + 0 0  0 0 0  
           0 1  0 0 0 0 
           + 1  0 1 0 1 
         Remainder: 0 1 0 1 

 
Here our remainder is 0101 which is not equal to 0000.  This indicates an error and the frame must 
be retransmitted.   
 
(b) Use an example to show how an error pattern equal to the generator polynomial used in (a) will not be 

detected. 
 
Again, we take the message 1110 0011 and the appended error pattern 1000.  This time we simulate a 
signal error that matches the divisor and we will not be able to detect the error, our remainder will 
be 0000.   
 

         1 1 0 1  1 0 0 1 
1 0 1 0 1 1 1 1 0 0 0 1 0  1 1 0 1 
    + 1 0 1 0 1         
     0 1 0 0 1 0        
     + 1 0 1 0 1        
      0 0 1 1 1 1       
      + 0 0 0 0 0       
       0 1 1 1 1 0      
       + 1 0 1 0 1      
        0 1 0 1 1  1    
        + 1 0 1 0  1    
         0 0 0 1  0 1   
         + 0 0 0  0 0   
          0 0 1  0 1 0  
          + 0 0  0 0 0  
           0 1  0 1 0 1 
           + 1  0 1 0 1 
         Remainder: 0 0 0 0 



 
As shown, the remainder we resulted in is 0000, but this indicates the weakness of our polynomial 
error check because we did not detect the error in the message.   
 
 
4. In an engine management system, the sixteen binary messages 0000 through 1111 are to be transmitted 

over a data link. Each message is to be protected by a 3-bit CRC generated using the polynomial:  
x3 + x2 +1 

 
(i) Derive the 3 check bits for each of the three messages: 0000 0101 0010 
 

    0 0 0 0     
1 1 0 1 0 0 0 0  0 0 0 
   + 0 0 0 0     
    0 0 0 0  0   
    + 0 0 0  0   
     0 0 0  0 0  
     + 0 0  0 0  
      0 0  0 0 0 
      + 0  0 0 0 
Remainder: 000   0  0 0 0 

 
    0 1 1 0     
1 1 0 1 0 1 0 1  0 0 0 
   + 0 0 0 0     
    0 1 0 1  0   
    + 1 1 0  1   
     0 1 1  1 0  
     + 1 1  0 1  
       0  1 1 0 
      + 0  0 0 0 
Remainder: 110     1 1 0 

 
    0 0 1 1     
1 1 0 1 0 0 1 0  0 0 0 
   + 0 0 0 0     
    0 0 1 0  0   
    + 0 0 0  0   
     0 1 0  0 0  
     + 1 1  0 1  
      0 1  0 1 0 
      + 1  1 0 1 
Remainder: 111   0  1 1 1 

 
(ii) State the meaning of the term “Hamming distance” and derive this for your code.   
 
The “Hammering distance” is the minimum number of bit positions in which two valid codewords 
differ.  With our codewords: {0000 000, 1101 110, 0010 111} the “Hamming distance” is 5.   
 


