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Answer as many questions as you can 

Q 1. (a). What are three basic constraints of a small world network? 
(b). Is random graph a small world network? Prove your statement. 
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Figure 1 
(c). Find out the clustering coefficient for the given graph. Does it satisfy small world 
characteristics? 

[1 +2+(4+2)=9) 

Q2. (a). Find the principal Eigenvalue and the corresponding Eigenvector for the given 
matrix A using vector iteration method (tolerance limit- 5%-4(1old-newl)/new<0.05) 

5 7 3 
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Figure 2 

(b). Find Eigenvalues and corresponding multiplicity for graph Fig. 2( a) and (b) 

[4+(4+4)=12] 

Q3. Let us consider a bipartite network with two partitions U and V, where U partition is 
fixed and V partition is allowed to grow. Whenever a new node joins to V partition it 

attaches to Jl nodes in U partition. Let us also consider that at every time step, one 
~ ' 

new node joins to V partition. Pk,t is defined as probability of finding a node from 
partition U with degree k at time step t. Formally Pk,t is defined as 

rrk-1 ( . . 1. nt..,.l-k (N 1 ·) . _ (t) i=O .f'Zt ) j=D ji- f')'J 
Pk,t- k t-1 ( N) 

· · ITm=O rm+ J.l 

where N= lUI and y is a model parameter. 

(a) Reduce the above expression when the attachment is purely random. 
(b) Prove that, for t >> Nl(yf.l) given expression reduces to 

Pklt c::: c-1 (k/t)1_
1

_
1 (1- k/t)fj-"{-l-1 

using Stirling's approximation where rJ =N/(yiJ). 

(c) Draw the degree distribution of nodes (a rough picture which identifies the nature 

of the curve is sufficient) in partition U at time step 1000, where y=O, 0.5, 1 and 
f.l=20. 

[2+5+(3x2)=13] 



Q4. For a given Erdos-Renyi graphs, G(n,p), where n is the total number of nodes in the 

network and p is the probability with which two randomly selected nodes are 

connected: 
(a) Derive the expression for the degree distribution of the network. 
(b) Determine the average path length of the network. 

Use generating function formalism to solve the problems. 
[1+3=4] 

Q5. Let qk be an attack vector for a network with degree-distribution pk, where qk 

represents the probability that a k degree node will survive the attack. Compute the 

following: 

(a) Fo(x), generating function associated with the probability of a node having 

degree k to be present in the network after the attack. 
(b) F1(x), generating function associatedwith the probability distribution of 

the outgoing edges of the first neighbbur of a randomly chosen node after 
,il. 

the process of removal of some portioii' of nodes is completed. 
(c) H1(x) generating function associated with the distribution of the 

component sizes that are reached b,Y choosing a random edge and 

following it to one of its ends after the attack. 
(d) Ho(x), generating function associated with the distribution of the 

component size to which a randomly chosen node belongs to, after the 
attack. 

[Only the expressions _are required] 

[2+2+2+2=8] 

Q6. In an online social network (OSN) with 1000 members, every person has friends 

between 5 to 10, the exact number of people in each category being, from five to ten: 
{86, 150,363,238, 109,54}. 

(a) Represent the degree distribution of the OSN in generating function 
format. 

(b) Find the average number of second and third neighbours. 

(c) Find whether the network contains a giant component. (Consider the OSN 
to be random). 

[2+2+3=7] 



Q7. Compute the Laplacian matrix of the following network and determine the 
communities using eigenvectors. [5] 

Figure 3 

Q8. Consider a growing undirected network that consisted initially of m0 nodes and at each time 
step a new node arrives with m (m::::; m0) edges. 

a) If every arriving node i (arriving at timet;) attaches preferentially to another node based 
on its degree, show that the probability that the degree of node i at time t (represented as 
klt)) is less than kis given as l-[m2t/(k(t+m0))]. 

b) What will be the degree distribution of the network in steady state? 

c) Plot the nature of the graph formed and state the inferences you can derive from the 
graph. 

[5+3+2=10] 

Q9. Consider the Bianconi-Barabasi fitness model of growth. Let each node I has a fitness 
parameter f/; that remains constant over time. Starting with a small number of nodes, at every 
time step, a new node i with fitness f/; and m links is added, where 'I is chosen uniformly from 
the distribution p( 'I). The new node I connects to an existing node j based on the degree k1 and 
the fitness parameter 'IJ of}. 

a) What is the rate of increase of the degree of node i? 

b) Derive the average value ofthe sum I 'lAin the limit t ~ oo, where t denotes the time. 

c) Show that the probability that the degree of any node with fitness f/, at time t (given as 
k,(t)) will be greater thank, depends linearly on t. 

d) What is difference between the natures of the degree distribution of the nodes in the 
network in case of fitness model as compared to the pure preferential attachment model? 

[1+3+4+2=10] 
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QlO. Consider a network N with arbitrary degree distribution represented using the generating 
function Go(x) =Po + p 1X + pzx2 + ... 

Figure 4 

Let s be any random node of degree k and let F(s) be the set of neighbor nodes of s. Suppose, 
we considers as a source node and traverse any of its edge to reach a node, n1 E F(s). We 
further traverse any outgoing edge from n1 (other than the edge through which we arrived at 
n1) and reach a node, n2 • The edge formed by the nodes connecting n1n2 is termed as a cross 
edge if n2 E F(s) (shown in figure 4). 

a) Considering the network N as uncorrelated, what is the probability that edge n1n2 is a 
cross edge? 

b) If the average clustering coefficient of the k-degree source nodes in the network is given 
as ck. What is the probability that edge n1n2 is a cross edge? 

[4+3=7] 

Qll. Many peer-to-peer networks like Gnutella maintain a cache called GWebCache that stores 
the information about certain peers in the existing system. The main purpose of the 
GWebCache is to provide information about existing peers to the newly arriving peers, so 
that they can connect to the existing peers. Consider a network with a finite sized 
GWebCache that stores the records of nodes having degree greater than m' with probability 1. 
However, the entry of a node with degree k, such that m::; k::; m' is made with probability y. 
Further, every node has a cut-off degree, kc, beyond which it will not accept any new 
connection. Peers arriving at every time instant t will connect preferentially, based on the 
degree, to m existing peers, whose information it obtains from the GWebCache. Thus the 
minimum degree of any node is m and maximum degree is kc. 

a) Let Jk_,k , represent the average number of nodes whose degree changes from k to 
k+ 1, due to a newly formed edge to a newly arriving peer. Derive the values of Jk_,k, 

1 
for all possible values of k in terms of the given parameters. 

b) If 11nk represents the number of newly formed k degree nodes in the system, derive 
the values of 11nk for all possible values of kin terms of the given parameters. 

[4+2=6] 


