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Q1: 100 pts) Consider the graph given below and a virus attack (on the nodes of the graph) that spreads 
per the SIS model. Let the link infection probability (β) be 0.2 and the average time for an infected node 

to recover (1/µ) be 2 (rounds in a simulation). 

 

 
 
a: 6 pts) Determine the R0 for the disease on this graph. 

b: 7 pts) Using the R0 of (a), determine the minimum number of nodes in this graph that need to be 

vaccinated to establish "herd immunity" for the susceptible/but non-vaccinated nodes of the graph. 
c: 40 pts) Determine the Neighborhood based Node Centrality (NBNC) tuples for the nodes of this graph 

and rank the nodes on the basis of the extent to which they play the role of bridge nodes in this graph. 

Show all the work details.  
d: 40 pts) Use the required number of top-ranked bridge node(s) of the graph (based on the results of 

parts-(b) and (c)) for vaccination (to establish herd immunity) and run a simulation of the SIS model for 

10 rounds or stop at an earlier round if no nodes are infected at the end of the latest round.  

 

Let node '4' be the initially infected node in the graph. 

 

Use the random numbers below to decide if a node in a link is to get infected or not in any round. 
 

 
 

As part of your solution, include screenshots of the graphs with the nodes colored yellow (susceptible 
nodes) and red (infected nodes) for each round.   



Show the graphs at the beginning and end of each round as well as clearly write down the infected nodes 

at the end of each round. 
 

e: 7 pts) Determine the total number of infected nodes per round (based on the simulations of part-d). 

Interpret what this number indicates to you? 
 

 
Q2 - 25 pts) Consider a group of 25 people identified with ids 0 to 24.  There are two people (ids: 4 and 

17) in this group who are infected with an epidemic. We seek to employ group testing to minimize the 

number of test kits used and still be able to individually identify and isolate the infected people. We 

would like to use a binary search approach for "group testing" to identify the two infected people.  
 

(a - 15 pts) Draw a binary search tree that will illustrate the isolation of the two infected people from the 

groups of the people (tested with only one test kit) who are not infected. 
(b - 10 pts) Determine the following:  

 Efficiency of the group testing approach 

 # Tests per cleared person 
 

 



















 


