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1. (12 points) Consider the table below, reproduced from Watts.
(a) (6 points) Briefly but precisely describe each of the three networks mentioned in the table. Give definitions for the vertices, and for the edges.

(b) (6 points) Describe the major conceptual points that Watts is summarizing in this table. You should refer to specific quantities and values in the table in your description.

2. (12 points) For each part below, draw an example of an undirected graph with the specified list of properties. Keep your examples as simple as possible (points may be deducted for excessive complexity). Clearly annotate your drawing in a way that indicates why the graph has each of the requested properties.

a. (3 points) An undirected graph with worst-case diameter 5, chromatic number (minimum number of colors) equal to 3, and a maximum independent set of size 3.

b. (3 points) An undirected graph with a perfect matching and chromatic number 4.

c. (3 points) An undirected graph that is planar, has no cliques of size 3, and has chromatic number 3. 

d. (3 points) An undirected graph that is planar, connected, has a clique of size 3, and an independent set of size 3.

3. (24 points) The network diagram below is of the Lifester network we have been discussing and experimenting with. In class we have examined 3 distinct models for network formation: Erdos-Renyi, the Caveman and Solaris model of Watts (also known as the alpha model), and preferential attachment. For each of these, on the following page, you should briefly (1-2 paragraphs) discuss which structural properties entailed by the model seem to be exhibited by the Lifester network, and which do not. Be sure to discuss the ways in which each model both is and is not a good "explanation" for how the Lifester network might have formed.

Feel free to refer to specific properties of the Lifester network, and to illustrate your points by annotating the diagram below.  Among the structural properties you might want to discuss are degree distribution, clustering, the mix of local and long-distance connections, and diameter.

a. (8 points) Erdos-Renyi.

b. (8 points) Caveman and Solaris.

c. (8 points) Preferential Attachment.

4. (10 points) The diagram below is reproduced from the original Travers and Milgram paper on the Small World Problem.
a. (5 points) Briefly describe the main empirical phenomena that Travers and Milgram were emphasizing in this diagram.

b. (5 points) Briefly compare the findings of Travers and Milgram with those of Dodds, Muhamad and Watts in their much more recent paper "An Experimental Study of Search in Global Networks".

5. (12 points) This problem refers to the three network generation models examined in class and the readings: the Erdos-Renyi model G(N,p), preferential attachment, and the alpha model.
a. (4 points) Explain, as precisely as you can, why certain vertices tend to acquire a much larger degree than the average degree in the preferential attachment model of network generation.
b. (4 points) Explain, as precisely as you can, why the clustering coefficient of a typical vertex in a network generated according to the model G(N,p) will be p.

c. (4 points) Explain, as precisely as you can, why the clustering coefficient of a typical vertex in a network generated according to the alpha=1 model (intermediate between Caveman and Solaria) will be higher than the overall density of edges in the network.
6. (10 points) In The Tipping Point, Gladwell hypothesizes that three types of individuals can all play important roles in tipping phenomena. Give an example of tipping in the real world other than any of those given in the readings or in class, and discuss the way in which each of Gladwell's three types might contribute to your example of tipping.
7. (12 points) The following questions all refer to the experiments we have conducted in class to test whether various global network optimization problems can be effectively solved (or approximately solved) on our Lifester network, from primarily local information about the structure of the network and local incentives for behavior.

a. (6 points) Circle TRUE or FALSE for each assertion below.

On the four problems of the experiments (shortest paths, coloring, matching, independent set), the class was not able to compute an optimal solution on any one of them.

TRUE

FALSE

On the shortest paths problem, the difference between the class average and optimal was larger in the case that the profile information for the target was absent.


TRUE 

FALSE

On the shortest paths problem, parties with high degree tended to appear as intermediaries on more chains than parties with low degree.


TRUE 

FALSE

On the matching problem, parties with high degree tended to receive a lower score.


TRUE

FALSE

On the independent set problem, parties with high degree tended to receive a lower score.


TRUE

FALSE

On the coloring problem, parties with high degree tended to receive a lower score.


TRUE

FALSE

b. (6 points) Suggest three reasons why people may have had more knowledge of the Lifester network structure than just their immediate neighborhood during these experiments.

8. (8 points) In class and the readings we discussed not only the fact that real-world social networks often have small diameter, but the fact that people can find the short paths using only local structural information and some information about the target or destination. Kleinberg proposes a structural explanation for this latter phenomenon, while Watts and his colleagues have proposed one based on notions of social distance. Briefly compare and contrast these two explanations.
