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( If a binary signal is sent over a 3-kHz channel whose signal-to-noise ratio is 20
dB, what is the maximum achievable data rate?
According to Shannon’s Theorem, the maximum number of

bits/sec is Hlog2 ( 1+S/N )where H is the bandwidth is H Hz, and the signal-to-noise ratio is S/N.

The ratio S/N can be found by the function that determines decibels: 
Db = 10log10 S/N
Thus 20 Db = 10 log10 S/N

          2 db = log10 S/N or S/N = 100.
So the maximum achievable data rate here is 3000 Hz log2 (1+2)

Or 
( 








19.974 kbps. 
This upper limit is the maximum transmission rate no matter how many signal levels are used, or how frequently samples are taken. Since we know the signal is binary, we can use Nyquist’s theorem to check the upper bounds of the transmission rate on a perfect channel at 3-kHz. According to Nyqust’s theorem, the maximum achievable data rate on a channel with no noise is:

V H 2 log * 2 = bits/sec

=6000 bps

Nyquist’s theorem appears to say that even on a flawless channel with no noise, the maximum rate at which a binary signal can be sent is 6000 bps. This is a much lower bound than the limit given by Shannon’s theorem, giving a max data rate of 6 kbps for this channel.
( Sixteen-bit messages are transmitted using a Hamming code. How many check bits are needed to ensure that the receiver can detect and correct single bit errors? Show the bit pattern transmitted for the message 1101001100110101. Assume that even parity is used in the Hamming code. 
m + r + 1 = 2r

For m = 16, r = 5.

Thus, we need 5 check bits for 16-bit messages.

For message 1101001100110101, we know the codeword should be:

**1*101*0011001*10101, in which bit 1, 2, 4, 8, 16 are check bits to be computed.

3 = 1 + 25 = 1 + 4

6 = 2 + 4

7 = 1 + 2 + 4

9 = 1 + 8

10 = 2 + 8

11 = 1 + 2 + 8

12 = + 4 + 8

13 = 1 + 4 + 8

14 = 2 + 4 + 8

15 = 1 + 2 + 4 + 8

17 = 1 + 16

18 = 2 + 16

19 = 1 + 2 + 16

20 = + 4 + 16

21 = 1 + 4 + 16

To compute each check bit:

       1    2     3    4
 5    6
   7     8      9    0    1   2   3     4    5     6    7    8    9     0     1

 --------------------------------------------------------------------------------------------------------------
#1: *0           1        1            1            0          1       0            1           1          1            1

#2:        *1     1              0      1                  0    1               0    1                 0     1

#4:                     *1 1      0     1                            1   0     0     1                               0     1

#8:                                            *1    0     0     1   1    0    0     1

#16:                                                                                             *1   1     0    1      0     1

Thus, the transmitted Hamming code is:

011110110011001110101

( How long does a station s have to wait in the worst case before it can start

transmitting its frame over a LAN that uses

(a) the basic bit-map protocol?

The worst case would be when a station wants to transmit (just after its bit slot is passed), and all of the other stations are transmitting. Then, on the next pass all the stations are transmitting again, and station, s, is the very last station on the map. So first it has to wait for (N-1) frame slot, then entire N bit-slot (contention period), and another (N-1) frame slot, so total waiting time is N+2(N-1)d bit slots.
(b) Mok and Ward’s protocol with permuting virtual station numbers?

As an example of the worst case scenario with the Mok and Ward protocol, consider 8 stations arranged in virtual priority order of A, B, C, D, E, F, G, S with priority (7,6,5,4,3,2,1,0). The worst case will occur when every station wants to transmit a frame.

The protocol will allow every station in front of S to transmit, shifting S towards the  front of the line one step at a time. So S will be forced to wait through N contention countdowns, each of which takes log2 N bits to complete. After each countdown, one frame will be transmitted. So in total, S will have to wait through N contention countdowns and N-1 frame transmissions of length d bits as each other station goes ahead of S. In total, this takes (N log2 N) + (N-1)d bits in the worst case.

( Assuming that all routers and hosts are working properly and that all

software in both is free of all errors, is there any chance, however small, that

a packet will be delivered to the wrong destination?
Yes there is a chance that a packet would be delivered to the wrong destination. Take the case where the physical media that the data is transferred over has an error. If the destination address field of the packet gets error during transmission, and this error it not detected by the checksum, then the packet would be delivered to the incorrect destination.
 (  A router is blasting out IP packets whose total length (data plus header) is

1024 bytes. Assuming that packets live for 10 sec., what is the maximum data line speed the router can operate at without danger or cycling through the IP datagram ID number space?

The IPv4 header provides 16 bits to the Identification field. This means that there should only be a maximum of 216 packets alive at a certain time to ensure that they are all unique.

1024 bytes/packet * 6553.6 packets/sec * 8 bits/byte

= 53687091.2 bps

= 53.7Mbps

( A 4-Mbps token ring has a token holding time value of 10msec. What is the longest frame that can be sent on this ring?

At 4 Mbps, a station can transmit 40,000 bits or 5,000 bytes in 10 msec. This is an upper bound on frame length. From this amount, some overhead must be subtracted, giving a slightly lower limit for the data portion.
( How many bits can occupy a 500m ring containing 50 equally spaced stations (assuming each has a 1-bit delay)? Assume a data rate of 4Mbps. What about a data rate of 16Mbps? 

At 200 m/msec a bit requires 02.5 msec to travel 500 m. If they are placed on the ring at a rate of one every 0.25 msec then 10 bits would fit on a 500-meter segment. Add the fifty bit delays and 60 bits can fit. At a data rate of 16Mbps they are placed on the ring at a rate of every 0.0635 msec or 16 bits per msec. Therefore 40 bits could fit on a 500 meter segment. Again adding the fifty bit delays means 90 bits can fit on this ring.

