
Homework Assignment 1

CSC 303: Social and Information Networks

Out: January 17 (first two questions) and January 28 (remaining quuestions)
Due: February 15, 2019

Be sure to include your name and student number with your assignment. If your handwriting is
possibly illegible, be sure to hand in your assignment in some typed form. All assignments are to be
submitted on Markys by the due date.

You will receive 20% of the points for any (sub)problem for which you write “I do not know how
to answer this question.” You will receive 10% if you leave a question blank. If instead you submit
irrelevant or erroneous answers you will receive 0 points. You may receive partial credit for the work
that is clearly “on the right track.”

1. The following is just a simple exercise regading basic definitions of graophs and directed graphs.

• [5 points] Consider the directed network in Fig 13.8 of the EK text. What is the largest (in terms
of the number of nodes) strongly connected component LSCC in this directed graph? (Thst is,
indicate the nodes in the LSCC.)

• [5 points] Now consider the LSCC as an undirected graph. That is, make all of the edges
undirected in the LSCC. Call this graph UCC. Which edges have have the largest span.

• [5 points] Does the undirected graph UCC have a bridge? Explain without checking all edges.

1



Triadic closure (undirected graphs)48 CHAPTER 3. STRONG AND WEAK TIES
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(b) After B-C edge forms.

Figure 3.1: The formation of the edge between B and C illustrates the e�ects of triadic
closure, since they have a common neighbor A.

seeking, and o�ers a way of thinking about the architecture of social networks more generally.

To get at this broader view, we first develop some general principles about social networks

and their evolution, and then return to Granovetter’s question.

3.1 Triadic Closure

In Chapter 2, our discussions of networks treated them largely as static structures — we take

a snapshot of the nodes and edges at a particular moment in time, and then ask about paths,

components, distances, and so forth. While this style of analysis forms the basic foundation

for thinking about networks — and indeed, many datasets are inherently static, o�ering us

only a single snapshot of a network — it is also useful to think about how a network evolves

over time. In particular, what are the mechanisms by which nodes arrive and depart, and

by which edges form and vanish?

The precise answer will of course vary depending on the type of network we’re considering,

but one of the most basic principles is the following:

If two people in a social network have a friend in common, then there is an

increased likelihood that they will become friends themselves at some point in the

future [347].

We refer to this principle as triadic closure, and it is illustrated in Figure 3.1: if nodes B and

C have a friend A in common, then the formation of an edge between B and C produces

a situation in which all three nodes A, B, and C have edges connecting each other — a

structure we refer to as a triangle in the network. The term “triadic closure” comes from

Figure: The formation of the edge between B and C illustrates the e↵ects of
triadic closure, since they have a common neighbor A. [E&K Figure 3.1]

Triadic closure: mutual “friends” of say A are more likely (than
“normally”) to become friends over time.
How do we measure the extent to which triadic closure is occurring?
How can we know why a new friendship tie is formed? (Friendship
ties can range from just knowing someone to a true friendship .)

6 / 42

2. This question concerns the strong triadic closure property. Consider the graph above.

• [5 points] Suppose edge (A,B) is a strong edge. Label the remaining edges so as to maximize
the number of strong edges (equivalently minimizing the number of weak edges) while satisfying
the strong traidic closure property.

• [5 points] Briefly describe how you went about labelling the graph once the edge (A,B) was
labelled as being strong.

• [5 points] Now suppose edge (A,B) is a weak edge. Label the remaining edges so as to maxi-
mize the number of strong edges while satisfying the strong traidic closure property.
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3. [15 points]

Consider the following probabilistic model of triadic closure. A connection ea,b has a weight wa,b ∈
[0, 1]. Given an open triangle (ea,b,ea,c) the probability that a new connection eb,c forms is Pr[eb,c
forms] = 1

2

2−(wa,b+wa,c).

For each missing connection in the following network state the probability that it becomes an edge
due to the triadic closure process described above. Assume that if a missing edge can complete two
triangles each of the potential closures works independently.
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4. Consider the following social-affiliation network of a small neighbourhood community, consisting of
some people D–J and two clubs C1 and C2. A new person K has recently moved to the neighbour-
hood. We assume K can make an effort to initially get connected to only one of D–J , C1, or C2.
Consider triadic, membership and focal closures happen over a one-week period with the probabilities
of pt, pm, and pf respectively. We further assume that these closures only happen if K is involved in
them as the rest of the network is stable (i.e., no further closures happen amongst D–J ,C1,C2).

C1 C2

D E F G H I J

(a) [10 points] Ignoring the probabilitites, K would just like to have the opportunity of con-
necting to every person D–J as soon as possible (i.e. in the fewest number of weeks) by
either making friends with one person or joining one club.

(i) To which person should K initially become friends (in week 0)? Specify an appro-
priate sequence of closures that makes such friendships possible and briefly explain
(using properites of the network) why there is no better person with whom K should
become a friend.

(ii) To which club should K initially join? Specify an appropriate sequence of closures
that makes such friendships possible and briefly explain (using properites of the net-
work) why there is no better club for K to join.

(b) [5 points] Is it possible that no matter to which person K initially becomes friends or to
which club K initially joins, that there is some way to become friends with everyone?
Briefly explain.
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122 CHAPTER 5. POSITIVE AND NEGATIVE RELATIONSHIPS
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Figure 5.2: The labeled four-node complete graph on the left is balanced; the one on the
right is not.

balanced triangles.

Defining Structural Balance for Networks. So far we have been talking about struc-

tural balance for groups of three nodes. But it is easy to create a definition that naturally

generalizes this to complete graphs on an arbitrary number of nodes, with edges labeled by

+’s and �’s.

Specifically, we say that a labeled complete graph is balanced if every one of its triangles

is balanced — that is, if it obeys the following:

Structural Balance Property: For every set of three nodes, if we consider the three

edges connecting them, either all three of these edges are labeled +, or else exactly

one of them is labeled +.

For example, consider the two labeled four-node networks in Figure 5.2. The one on

the left is balanced, since we can check that each set of three nodes satisfies the Structural

Balance Property above. On the other hand, the one on the right is not balanced, since among

the three nodes A, B, C, there are exactly two edges labeled +, in violation of Structural

Balance. (The triangle on B, C,D also violates the condition.)

Our definition of balanced networks here represents the limit of a social system that has

eliminated all unbalanced triangles. As such, it is a fairly extreme definition — for example,

one could instead propose a definition which only required that at least some large percentage

of all triangles were balanced, allowing a few triangles to be unbalanced. But the version

with all triangles balanced is a fundamental first step in thinking about this concept; and

5. [10 [points] Consider the strongly balanced network above (from figure 5.2 of the text). Suppose now
that every edge has only been correctly labelled with some high probability (say p = .9). What is
the probability that the network is strongly balanced? You can answer this question in terms of an
arbitrary p or for the specific p = .9 as suggested.

6. [10 points] You are given an incomplete graph whose edges have been labelled positive or negative.
Describe an computationally efficient algorithm that can determine whether or not the missing edges
can be labelled so that the resulting network is weakly balanced. What is the time complexity of your
algoeithm. Briefly justify correctness and running time.
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7. [15 points]

The following question requires you to use the NetLogo software package. You may either install it
on your own computer or run it on a CDF machine with the command netlogo.

Start Netlogo and load the Segregation model from the Models Library. This implements a version of
the Schelling model discussed in class. We would like you to run five simulations of the Segregation
model setting the parameters as follows: consider two different numbers of agents, 900 and 2500; and
consider four settings of the threshold variable (or “% similar-wanted” as it is called in the software),
20%, 30% and 55%. Notice that you have six combinations of settings, and must run five simulations
for each. (You can set the speed faster to ensure each simulation proceeds quickly, or slower if you
want to watch the patterns emerge).

For each simulation, record the final “% Similar” once the simulation converges (when all agents are
happy) and the number of rounds of movement, or “Ticks” required. For each of the six combinations
of settings, report: (i) the average (over the five simulations) of “% Similar” value and the “Ticks”
value at convergence in the table provided; (ii) the minimum value observed over the five simulations;
and (iii) the maximum value. Please hand in the table on the final page of the assignment with these
values to make marking easier.

On the basis of your observations, draw some qualitative conclusions about the impact of the number
of agents and the similarilty threshold on the final degree of population homogeniety and the time
taken for the Schelling model to converge. Provide possible explanations for these observed patterns.
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N = 900 N = 2500
%-Sim Ticks %-Sim Ticks

t = 20%
Avg. Avg. Avg. Avg.

Min. Min. Min. Min.

Max. Max. Max. Max.

t = 30%
Avg. Avg. Avg. Avg.

Min. Min. Min. Min.

Max. Max. Max. Max.

t = 55%
Avg. Avg. Avg. Avg.

Min. Min. Min. Min.

Max. Max. Max. Max.
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