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curs in the middle of a data stream for Which th

2. The following data fragment OC he text is used: A B ESC C ESC FLAG FLAG

byte-stuffing algorithm described in t
What is the output after stuffing?

) , B |
3. What is the maximum overhead In byte-stuffing algorithm’ |

4. You receive the following data fragment: 0110 0111 1100 1111 0111 1101. You know
' that the protocol uses bit stuffing. Show the data after destuffing.

S. When bit stuffing is used, is it possible for the loss, insertion, or modification of a sip-

gle bit to cause an error not detected by the checksum? If not. why not? If so, how?
Does the checksum length play a role here?

6. An upper-layer packet is split into 10 frames, each of which has an 80% chance of arri-
ving undamaged. If no error contro| is done by the data link protocol, how many times
must the message be sent on average to get the entire thing through?

y circumstances under whic
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 SUppose that a message 1001 1100 1010 0011 is transmitted
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What is the probability when using a parity bj9 Whi
© Which methoq ¢
etects

0
undk“cdul 7
more errors:
e with binary value 10101111 is to be en

) _hi /L .
An 8-bit DYIE W : : coded using ,
B What is the binary value after encoding? using an even-parity Ham.-

2 _bit byte with binary value 1001 1010 is to be en

; : coded us;
je. What is the binary value after encoding? SIng an odg.

ming €Ot parity Ham-

2-bit odd-parity Hamming code whose hexadecimal value is ()
What was the original value in hexadecimal? XB4D arrives at a

ecelver.
Al Assume that not more than |

bit is in error.
jamming codes have a distance of three and can be used to correct a singl
detect a double error. Can they be used to do both at the s ingle error or

s i ; ame time? Explaj
why not. In general, if the Hamming distance is n, how many errors can tl:ea(l:n why 0;
How many errors can be detected? orrected?

_ Consider a protocol that for every 16 bytes of message data adds | byte of redundant

data. Can this protocol use a Hamming code to correct single errors?

. One way of detecting errors is to transmit data as a block of n rows of k bits per row

and add parity bits to each row and each column. The bit in the lower-right corner is a
parity bit that checks its row and its column. Will this scheme detect all single errors?
Double errors? Triple errors? Show that this scheme cannot detect some four-bit er-
rors.

In the previous problem, how many errors can be detected and corrected?

Give a formula for the lower limit on the number of redundant bits r, that need to be
added to a message m, to correct all single and double errors.

Given the answer to the previous question, explain the popularity of complex probabil-
isitic error-correction mechanisms, such as convolutional codes and the Low-Density
Parity Check, discussed in this chapter.

Suppose that data are transmitted in blocks of 1000 bits. What is the maximum error
rate under which error detection and retransmission mechanism (1 parity bit per block)
15 better than using Hamming code? Assume that bit errors are independent of one an-
other and no bit error occurs during retransmission.

A block of bits with n rows and k columns uses horizontal and vertical str;:)ynb;:ofrz‘:
eror detection, Suppose that exactly 4 bits are inverted due to tn::;ﬂ“

Derive an expression for the probability that the error will be undetected.

using the Internet Check-

Sum (4-bjt word). What is the value of the checksum? -
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A channel has a bit rate of 4 kbps and a propagation delay of 20 msec. For wha range
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of frame sizes does stop-and-wait give an efficiency of at least 50%’

Two protocols, A and B, only differ in their sending windo_w sizes. Protocol A yses ;
sending window of 20 frames. Protocol B is a stop-and-wait protocol. The two proto-
cols run on two identical channels. If Protocol A achieves almost 100% bandwidth
efficiency, what is the bandwidth efficiency of Protocol B?

30. A stop-and-wait protocol achieves 25% bandwidth efficiency using 900-bit frames over
a channel with a one-way propagation delay of 50 msec. What is the bandwidth of this
channel in bits per second?

31. A stop-and-wait protocol achieves 60% bandwidth efficiency using 300-bit frames over

a channel with a bandwi ) RN ' Ly
7 a bandwidth of 50 kbps. What is the one-way propagation delay of this
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_In protocol 6, MAX_SEQ =2" - 1. While this condition is obviously desirable to
nake efficient use of header bits. we have not demonstrated that it is essential. Does
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i transmitted OVE : :
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51. A 100-byte [E packe mitted? B

many ATM cells will be trans |
52. The goal of this lab exercise is to imp.ement an engr—detectnon mechanism using the
standard CRC algorithm described in the text. Wnte. two programs, generator 3y
verifier. The generator program reads from standard input a line of ASCII text ¢op.
ining an n-bit message consisting of a string of Os and Is. Th.e second line is the j.
bit polynomial, also in ASCIL. It outputs to standard output a line of ASCIT text wity
n+ k Os and 1s representing the message to be transmitted. Then it outputs the poly-
nomial, just as it read it in. The verifier program reads in the output of the generator
program and outputs a message indicating whether it is correct or not. Finally, write 2
program, alter, that inverts 1 bit on the first line depending on its argument (the bit
number counting the leftmost bit as 1) but copies the rest of the two lines correctly. By

generator <file | verifier
;m d see that the message is correct, but by typing
generator <file | alter arg | verifier
You should get the error message.
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