Computer Networks

Final Exam

1.  (16 points) Please answer the following questions.

(a) (4 points) Briefly compare 1-persistent, non-persistent and p-persistent CSMA schemes. 

(b) (4 points) Briefly compare bit map and binary countdown MAC schemes.

(c) (4 points) Please derive the vulnerable period of a pure ALOHA system. 
(d) (4 points) What is Little’s result? What is the significance of it (how can it help us analyze the delay performance of a system)?
2. (14 points) Given an Ethernet with a 2-km bus, packet length of 1500 bytes (the overhead due to packet headers is ignored), transmission rate of 100 Mbps, and signal propagation speed of 2(105 km/sec,

(a)  (4 points) How long does a station have to keep transmitting without detecting a collision before it can make sure that it has seized the channel (referred to as the length of the contention mini time slot)?

(b)  (4 points) Explain what a “binary exponential backoff” algorithm is. What is the fairness problem that this algorithm may cause? (Hint: Would an unfortunate user, who has been involved in quite a number of consecutive collisions, be treated more favorably?)
(c)  (6 points) If the average length of each contention/collision period is 3 contention mini time slots, then what is the utilization of this system? How would the utilization change if the packet length decreases? And how if the length of the bus increases?
3. (12 points) 16 stations numbered from 0 to 15 are contending for the use of a shared channel using the adaptive (binary) tree walk protocol.

(a) (3 points) Assume that stations 1, 6, 7, 8, 9, 11, 12 and 15 suddenly become ready to transmit at once. How many time slots are needed to resolve the contention if the control of the system starts from the root node of the binary tree? How will your answer change if exactly 1 or all, respectively, stations become busy?
(b) (3 points) If the system initially correctly estimates that 8 stations shall be busy (but the system does not know exactly who they are) and starts the control from the optimal level as discussed in the class, then for those 8 active stations given in (a), how many time slots are needed to resolve the contention? 

(c) (3 points) Given that 4 stations are busy, considering all possible distribution of the 4 active stations, what are the minimum and maximum number of time slots needed to resolve the contention if the control starts from the root?
(d) (3 points) How will your answers change in (c) if a 4-ary tree (where the root and each intermediate node has exactly 4 children) instead of a binary tree is used in the adaptive tree walk protocol? 

4. (14 points) An infinite-population slotted ALOHA system has an offered load of 1000 requests of fixed-length frame transmissions per second, including both originals (new frames) and retransmissions. Assume that such offered load can be characterized as a Poisson arrival process. Assume that the length of each time slot (one time slot for each frame) is 1 msec (10-3 sec). Please answer the following questions.
(a) (2 points) What is the success probability of each frame transmission (e.g. the throughput of the system) 

(b) (2 points) What is the failure (collision) probability of the system?

(c) (2 points) What is the idle probability of the system?

(d) (3 points) Assume that in this system the total number of transmission attempts of a frame, including failure(s) and the last successful one, denoted by a random variable t, can be characterized by a geometric distribution. What is the mean value of t? (Hint: The mean of a geometrically distributed random variable is the reciprocal of the success probability that characterizes the distribution.)
(e) (5 points) Please derive the maximum achievable throughput of this system as discussed in the system. (Please show all the details.)

5. (14 points) Frames of 1000 bits are sent over a 1000-km forward channel running at the speed of 1 Mbps. The signal propagation speed is assumed to be 2(105 km/sec. The overhead of headers and control frames, e.g. ACKs, are ignored. (However, the propagation delay of ACKs back through the same transmission media as the forward channel should be considered.) Piggybacking is used for the acknowledgement mechanism. Three-bit sequence numbers are used. What is the maximum achievable channel utilization for 

(a) (2 points) go-back-n where the channel is assumed to be error-free
(b) (2 points) selective repeat where the channel is assumed to be error-free 
(c) (2 points) stop-and-wait with the time-out interval equal to 15 ms where the bit error probability is assumed to be 10-5 and 

(d) (2 points) selective repeat with the time-out interval equal to 15 ms where the bit error probability is assumed to be 10-5. 
(e) (6 points) When the bit error probability is extremely large, which scheme (go-back-n or selective repeat) would you choose, denoted by Scheme X, so as to achieve higher system throughput? Please calculate the threshold of bit error probability, above which Scheme X will be chosen.
6. (10 points) From our discussion in the class comparing the average packet delay for (i) one shared multiple access channel and (ii) n separate, parallel and identical channels, one for each user pair, where both systems are of the same total Poisson arrival rates and the same total service rates (packet lengths are exponentially distributed), which system is better, and by how many times? Can you provide physical explanations to this phenomenon (two reasons were provided in the class)? 
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