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[20 points] Problem 4.12, textbook page 357.

[image: image1.png]a) Let 7; be the interval berween the it and i+1% initiation of a k packet transmission
group; thus T; is exponentially distributed with rate G and --%-1, T , - are independent.
The ji packet in the ith transmission group will be successful if 7; 2 j and if 7.1 2 k-j+1
(see the diagram below). Thus
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b) Since the group attempt rate is G, the packet attempt rate is Gk. A fraction e-Gl+1) of the
packets are successful, so the throughput is Gk ¢-G%+D). This is maximized by G =
1/(k+1), leading to a maximum throughput of k/fe(k+1)]. This can be made as close to 1/
as desired by increasing k.




[10 points] Problem 4.13, textbook page 357.

[image: image2.png]a) The tree and the corresponding operations for each slot are shown below
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b) The second collision (i.c., that on siot 3) would have been avoided by the first
improvement to the tree algorithm.

c)e0.e,1,1; the final set, RR, would have been incorporated into the next collision
resolution period in the second improvement.




[10 points] Problem 4.15, textbook page 357.

[image: image3.png]a) The probability of i packers joining the left subset, given k packets in the original set, is
given by the binomial distribution .
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Evaluating this numerically, A = 5 and A3=123/3.




[20 points] Problem 4.18, textbook page 358.
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¢) The diagram below shows the path through the Markov chain for the given sequence of
events:




[20 points] Problem 4.5, textbook page 354.

[image: image5.png]a) The probability that a packet is successful on the first slot is p, and given that it has not
been successful before the ith slot, the probability that it is successful there is pqy, i.€., the
probability of retransmission times the probability of success. Thus the unconditioned
probability of success on the second slot is (1-p)pq,. Similarly, the probability of success
on the third slot is (1-p)(1-pgr)pqr, and in general on the ith slot, i>2, is (1-p)(1-par)i-2pqr.
Thus, multiplying each term above by i and summing,
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The solution to problem 2.17 b shows how to sum the above series.

b) The probability that a given packet transmission is successful is the probability that no

other packets are transmitted in the same slot. If the given transmitted packet is a
backlogged packet, then

p = (1-qay™7(1-gp)™!
Approximating (1-x)k by e** and approximating (1-x)¥'! also by e, we get
p=eCG® ;  G(n) = (m-n)ga +ngr
If the given transmitted packet is a new arrival, then p changes to (1-qa)™™1(1-qy)", but the

final result with the above approximation is the same. See the solution to problem 4.2 for a
more complete discussion of these approximations.




[image: image6.png]¢) Lening G = G(n*) and substituting e-C for p in the solution to a),
T=1+1-egeC) =1+(S-fg
Since G = (m-n*)qa+ n*qr and Ge-C = (m-n*)qy, the ratio of these equations yields
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d) The two equations above relating G and n* can be solved simultaneously (numerically)
to yield n*/m = 0.124...= 1/8. Using this in the equation for T above yields 1 + 0.472m.
Thus, T =m/2. We can compare this with TDM in two ways. First, if only one packet can
be saved at a node, then 2 fraction 1-¢-93 = 0.259... of the slots carry packets, so a fraction
0.136 of the arriving packers are discarded and the delay is roughly m/2 (slightly larger if
the latest arrival for a node is discarded when 2 packet is already there, and slightly less if
the later arrival is keptand the earlier thrown away). Altematively, if no packets are
thrown away, then the delay (from Eq. (3.58)) is m/1.4. Whichever way one looks at it,
slotted Aloha does not look attractive from a delay standpoint if one achieves stability by
choosing gm = 1.




[10 points] Problem 6:
Given the extended LAN shown in the following figure, indicate which ports are selected by the spanning algorithm?
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[10 points] Problem 6:

Apply the Bellman-Ford’s algorithm to compute the shortest path from any node u to node F in the following graph. Assume the given initial values.
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