Advanced Computer Networks 

Final Exam (2008)
1. (20%) Please briefly describe the 6 functional modules (and the relations among them) for network planning and capacity management as discussed in the class. 
2. (25%) Consider Poisson traffic with mean arrival rate ( (packets per second) which is serviced by 2 identical parallel transmission lines with the service rate ( (packets per second). Assume that each line is of infinite buffer. Please use the Markov chain approach introduced in the class to calculate the average packet delay when the routing policy is “joining the shorter queue”, where the queue length is in terms of the number of packets. How would this result be compared with those when (i) “random and even splitting” policy and (ii) “alternating” policy (considered in the homework) are considered, respectively?   
3. (15%) Consider a large institute, where the rate of outgoing calls is m calls per second and the call arrival process is assumed to be Poisson. Assume also that the call holding time can be characterized by an exponentially distributed random variable with mean t seconds. Please propose a method to calculate the minimum number of outgoing lines (channels) required, denoted by n, so that the call blocking probability (the probability that an outgoing call finds that all the outgoing lines are occupied) should be no greater than p%. What is the system utilization, defined as the average number of channels in use divided by n? 
4. (20%) Consider a 3(3 grid network (in total 9 nodes and 12 undirected links). Please answer the following questions.

a. (5%) Calculate the number of elementary paths (paths without cycles) from the upper left corner to the lower right corner.
b. (5%) Calculate the number of spanning tree rooted at the upper left corner.
c. (10%) If for each link, candidate (cost, reliability) pairs include (1,0.98), (2,0.99) and (3,0.995), and the total available budget is 20, please design a network where the reliability from the upper left corner to the lower right corner is maximized. (Please show detailed steps involved in your derivations of the solution.) 

5. (20%) Please use mathematical programming techniques to formulate the capacitated shortest path problem, where each link can carry up to a given amount of traffic, as an integer programming problem. Please consider each node pair as a potential user pair (multicommodity network flow model). In addition, the number of hops for each active path should not exceed a predetermined value H. Please also develop an efficient and effective algorithm to solve this problem.
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