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Introduction to Network Science (2019-2020)
SECOND MID-TERM (TTO05-TT09)

WRITE YOUR ANSWERS CLEARLY IN THE BLANK SPACES. PLEASE WRITE CLEARLY, AS IF
YOU WERE TRYING TO COMMUNICATE SOMETHING TO ANOTHER PERSON WHO NEEDS TO UNDERSTAND WHAT
YOU WRITE TO BE ABLE TO EVALUATE YOU PROPERLY. IF AN ANSWER REQUIRES INTERMEDIATE STEPS,
PLEASE MARK CLEARLY YOUR FINAL RESPONSE WITH A RECTANGLE. IF YOU ANSWER WITH TEXT, PLEASE
UNDERLINE THE KEY WORDS OR PHRASES OF YOUR ANSWER. IF ABSOLUTELY NECESSARY, YOU CAN ATTACH
AN EXTRA SHEET TO YOUR EXAM, INDICATING THAT THE SOLUTION CAN BE FOUND IN THE EXTRA SHEET.

Problem 1

2 point

Consider a preferential attachment (BA) process in which nodes arrive one at a time, and each new node add m links to the
graph. Assume we currently have N nodes numbered 1,2,..., N. Currently the degree of the nodes is given by k(™) (1) =1
(assume the graph may have self-loops). Now, node N + 1 arrives and connects to the graph following the BA process.

1. What is the expected degree of node i after node N + 1 has connected to the rest of the graph, k(N“)(i), as a function

of i, N and m?

2a. Is this increasing or decreasing on 47

2b. Is this increasing or decreasing on N7

Problem 2

1 point

In standard preferential attachment (BA), the probability that a new node connects to node i is II(¢) o k; (proportional to

the degree of node ).

In the following models, indicate to which quantity is II(:) proportional to. If there are extra parameters, indicate

what do they mean and their range of possible values.

1. Super-linear preferential attachment.

2. Aging preferential attachment model, with a preference for old nodes.



Problem 3 3 points

Consider a directed bi-partite graph G = (Vi U Vg, E) in which Vi, = {a,b,c,d} and Vg = {1,2,...,120}, and in which all
edges go from a node in V}, to a node in Vg:

e Node a is connected to nodes 1,2, ...120.
e Node b is connected to nodes 1,2, ...60.
e Node c is connected to nodes 1,2, ...30.

e Node d is connected to nodes 1,2, ...15.
Starting with A1) (i) = 1 for i € {a,b,c,d,1,2,...,120}.

1. Compute aM) (i) for i € {1,2,...,120}

2. Compute a™M (i) for i € {1,2,...,120}

3. Compute h(? (i) for i € {a,b,c,d}

Tip: if a set of nodes share the same value, just indicate the value and which nodes belong to that set.

Problem 4 2 points
Consider a directed graph G = (V, E) in which V. ={1,2,...,N} and (i,j) € F <= i€ VAjeVA(j=i+1Vj=i=N)

1. Indicate the value of Simplified PageRank S(i) for each node i in the graph, justifying your answer.

2. Indicate the value of PageRank P(i) for each node i in the graph as a function of ¢ and the parameter a.
Tip: write P(1), then write P(2), then write P(3), then write P(i).



Problem 5 2 points

Execute the Brandes-Newman algorithm for edge betweenness on the graph depicted
on the right, indicating the intermediate values you computed. Copy your final answers

to the edges of the graph depicted on the right.
Note: in graphs with cycles, the edge betweenness can take fractional values.




