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Problem I:
Two IP routers are connected via an OC-3 link. Assume that 33% of the resulting frames are 50 bytes long, and the rest are 1500 bytes long. What is the rate of transmission of IP packets?

Solution

Average packet size = .33*50 + .67*1,500 = 1021.5 bytes. An STS-3c frame has three STS-1 frames with 4 columns overhead for each STS-1 frame. Thus, the STS-3 payload = 270*9 - 12*9 = 2349 bytes. We subtract 1 column POH so that at the end we have 2349 - 1*9 = 2241 payload bytes per STS3 frame. In these payload bytes we can fit: 2241/1021.5 = 2.2 packets per frame. Since we sample 8,000 frames per second, the packet rate will be 2.29 packets/frame * 8,000 frames/sec = 1832 packets/sec.

Problem II:
Consider the case of an application running over an ATM network. Assume that each packet generated by the application is carried by n ATM cells, which are transmitted back-to-back. The time to transmit a cell is T and the average time it takes for a cell to traverse the ATM network and reach the destination is D. When all of the ATM cells belonging to the same packet are received by the destination, their payloads are extracted from the cells and are assembled to the original packet. Subsequently, the CRC operation is carried out on the reassembled packet.

If the CRC check is correct, the packet is released to the application. Otherwise, a negative acknowledgment is sent back to the source requesting the retransmission of the entire packet. The time it takes to carry out the CRC check is F, and the time it takes for the negative acknowledgment to reach the source is D. Let p be the probability that the ATM cell is received with erroneous payload.

a. What is the probability that all n cells are received correctly? 

b. What is the probability that exactly m cells are received erroneously, where m < n.
c. Write down the expression for the average time, required to transfer correctly an application packet to the destination.
d. Plot the average time against the probability p, assuming that n = 30, D = 20 msec, T = 3 µsec, and F = 0. Vary p from 0.1 to 0.00001.
e. Discuss the results of the above plot in the light of the fact that there is no data link layer in ATM.

Solution
a) P(all n cells received correctly) = (1-p)n
b) P(m cells received incorrectly) = nCmpm(1-p)n-m
c) Probability that a cell is received in error = p

Probability of n cells being error free = y = (1-p)n
Probability of n cells with one or more errors = (1-y)

Time taken to transmit a packet with no errors = nT + D + F = R

Time taken to transmit a packet with error = nT + D + F + D +nT + D + F =2R+D

Average time to taken to transmit a packet = PNOERROR*[Time with no error] + P1ERROR*[Time with 1 error] + …

= yR + y(1-y)[2R + D] + y(1-y)2[3R + 2D] + y(1-y)3[4R + 3D] +…

= yR + y(1-y)2R + y(1-y)23R + y(1-y)34R + … + y(1-y)D + y(1-y)22D + y(1-y)33D + y(1-y)44D+ …

Separating the two parts,

Part 1 - yR + y(1-y)2R + y(1-y)23R + y(1-y)34R + …

Part 2 - y(1-y)D [ 1 + (1-y)2 + (1-y)23 + (1-y)34+ …

Summation of  iai-1 over i = 0 to infinity will give 1/(1-a)2 for a<1, in this case 

a =1-y.

Therefore,

Part 2 = 
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For Part 1 = yR[ 1+ (1-y)2 + (1-y)23 + (1-y)34 + ...] 

Therefore Part 1 = 
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Thus Part1 + Part 2 = R/y + D(1-y)/y
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	p
	(1-p)n
	W

	0.1
	0.042
	934.523

	0.08
	0.082
	468.9

	0.06
	0.156
	236.987

	0.04
	0.294
	116.36

	0.02
	0.545
	53.56

	0.01
	0.74
	34.176

	0.008
	0.786
	31.005

	0.006
	0.835
	28.012

	0.004
	0.887
	25.197

	0.002
	0.942
	22.558

	0.001
	0.97
	21.33

	0.0008
	0.976
	21.076

	0.0006
	0.982
	20.825

	0.0004
	0.988
	20.577

	0.0002
	0.994
	20.331

	0.0001
	0.997
	20.211

	0.00008
	0.998
	20.17

	0.00006
	0.9982
	20.162

	0.00004
	0.9988
	20.138

	0.00002
	0.9994
	20.114

	0.00001
	0.9997
	20.102


d)
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e) 
The above results show that the time W decreases with the decrease in the cell loss rate. In ATM the cell loss rate is very low, due to high-speed optical links. Hence the need for link layer error/flow control is not necessary. Hence there is no data link layer in ATM.  
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