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Course Review Form
Quantitative Foundations

Accept[]  Revisions Needed [] -

Course: CS 261 - Social Networks: Methods
and Tools

Using the course syllabus as a reference, identify when and how the following learning outcomes are
addressed in the course. Since learning outcomes will likely be addressed multiple ways within the
same syllabus, please identify a representative example (or examples) for each outcome.

[ ] 1. Students must demonstrate proficiency with number sense (e.g., order of magnitude, estlmat;on
comparisons, effect of operations) i

Date/location on syllabus or assignment: I,
Several homework’ problems for instance Homework 2, Problem3, Homework 3, Problem 3; discussion

of networks (syllabus, course schedule. meeting 2) p "r
i H\H”l ‘

h

Brief Description: h

Homework 2, Problem 3 asks for- computlng probabrhtres ot two. network partrcrpants becoming friends.
The formulas are given, | expect students to. know how to use.them (cf. part (a)) and how to interpret
results - (cf." ‘part. {b)). Homework .3, ‘Problem '3 -asks “students 10 execute' a ‘certain algorithmic
computat:on to.-obtain  numeric: values representsng |mportance of -nodes in a network (a method
underlying some of the search engine rankmg algorithms). One.of the networks discussed (syllabus,
course schedule. meeting.2) will.be the web. Its characteristics (for instance, the numbers of nodes
links, etc.) will be expressed in terms of thair orders of magnltude

ili ]|'|w.‘|

Al
[1 2. Students must demonstrate proficiency wrtn f ctional relationships between two or more sets of

variable values (i.e., when one or moreyanables depend upon, or are functions of, other variables)
t| :

Date/location on syllabus or assignment.”
Project 1 o
*|%|r
Brief Description: g
Students will run computer snnulat:ons to establlsh the relatronshlp between ‘variables (the threshold
variable,” ‘and the %similar. parameter of the final "limit" network, and the threshold variable and the
number of rounds. requuredllto reach the limit).

HH“It i’ "
[]3. Students must demonstrate proficiency in relating different representations of such relations (e.g.,
algebraically ””""'symbolicalty, as tables of values, as graphs, and verbally)

Date/location on syllabus or assignment:
All homeworks and projects. For instance, Homework 2, Homework 4 and Homework 5

Brief Description:

Graphs (sometimes . weighted . or:labeled) ‘are used: to represent ‘'social -networks in which edges
represent :some ‘relation between objects - represented by nodes, ‘labels -on - edges represent some
characteristic -of the_relationship (Homework 2, Problem. 1), Tables are used to_ represent players'
payoffs in games (Homework 4y, Matohlngs in blpartlte graphs ropresent pairings of buyers and sellers,
valuations buyers have on items 'sold being represented as tables.

L] 4. Students must demonstrate understanding of relations between numerical values.

1




Date/location on syllabus or assignment:
For instance, Homework 1, Problem 3 and Project 2

Brief Description:

Homework 1, Prob!em 3 asks students to- consider two measures of aggregate distance between nodes
in-a network that are.often quite close to each other. Students are asked to show examples of networks
where ‘these quantities ‘are quite_ dszerent (in. fact, that:they can be arbltranly far-from -each other).
Project 2 requires that students run a simulation expenment and collect data showing how changes ina
network affect some network parameters.

[1 5. Students must demonstrate that they can apply fundamental elements of mathem "
statistical knowledge to model and solve problems drawn from reat life.

a)

- Date/location on syllabus or assignment:

Students must be able to recast and formulate everyday problems |nto appropnate

visually or verbally.

The course is about modelmg phenomena by networks and'games" Most problems are related
to constructlng or interpreting 'such models. For mstance Homework ‘5, Problem 4, Homework
8, Problem 3. il

Brief Description: Ll )
Problem 4 from.Homework 5, requures that students understand that: buyer- -seller markets can

be modeled by bipartite graphs, that. perfect matchings represent- final trades, and that valuations and
prlces determine. payoffs ‘Problem 3 from ‘Homework 6 tests students’ understandlng of networks as

models of how diseases spread. i, o |

b)

IH

4y ‘

Students must be able to appiw‘the rules, procedures, and techniques of appropnate
deductive systems fo anatylze :and solve problems.

sl
Date/location on syllabus or a's‘_ |gn|tnent
All aSS|gnments “For .instance Homework 3, Problems 3 and -4, Homework 4, Problem 2,

Homework 5, Problem 4_
tl‘

Brief Descnpho'h;

Problems 3 and 4 from Homework 3 require that students can follow an algorithmic method to

compute some .numeric parameters Problem 2 from ‘Homework 4 tests: students -ability to foilow a
method to compute equnllbrla in-games.. Problem 4 from ‘Homework 5 requires: that students ‘can
execute an algorithm to compute perfect matchings in graphs.

C)

Students must be able to apply correct methods of argument and proof to validate (or
invalidate) their analyses, confirm their results, and o consider alternative solutions.

Date/location on syllabus or assignment: _
Several assignments. For instance, Homework 3, Problem 2

Brief Description:
That problem requwes that 'students use Iogrcal reasonlng (understandlng symmeatry properties

in a network) to.compute certain -quantity (the number of particular.triangles in a network).




d) Students must be able to interpret and communicate their results in various forms, including
in writing and speech, graphically and numerically.

Date/location on syllabus or assignment:
All assignments and projects. For instance, Projects 1 and 2, Homeworks 1 and 2.

Brief Deecrlptlon

The projects. requrre written reports. desorrbmg an experlment data collected and an analysis. of
the. results. - Al pl‘O]eCtS require presenting -numeric: information inthe form  of tables Homework
aSS|gnmen’rs require. worklng with graphs L,
If the number of. students .in_the class: allows it, each student will be required to make a short oral
presentation discussing a solutlon to one of the homework problems. P

| |I‘ ’
e) Students must be able to idenitify and evaluate arguments thatl‘contam erroneous or

fallacious reasoning, and detect/describe the limitations ofiy partrcular models or
misinterpretations of data, graphs, and descriptive statistics.

Date/location on syllabus or assignment: "
Homework 4, Problems 4 and 5, Homework 6, Problem 4

Brief Description:
Problems 4 and 5.from Homework 5 explioltly ask whether ‘certain .claims .are ‘correct. In
addition; students are asked to justlfy their.-answer.: ‘Problem. 4 from Homework 6 asks students to
analyze whether a solution to a certain problem is optrme|l|l ar]ol if not, to suggest a better one.
!‘lllll
f)y Students must address Information Literacy ipresented within curriculum for the science of
quantitative reasoning. This :nvolMes problemwsolvmg, the use of estimation, thinking strategies
for basic facts, formulating nd i vestlgatmg questions from problem situations, use of
computers and calculators, or o heﬁ ¢

All:homework ass:gnments and projects

Brief Description: . &
All assrgnments reqmre problem solvmg skills, ‘use of ‘estimation (students are requrred to
perform and interpret.calculations e. g, in Homework 8, ‘Problem 1) thlnklng strategies for basic facts
(e.g., Homework 3, Problem 2), the use. of estimates in formulatlng and investigating. questlons from
problem srtuattons (e o Homework 1, Problems 2 and 3, Homework 6 Problem4) ‘use of calculators

At least 30% of the course addresses the items 1 — 4 on this checklist, and at least 40% of the
course addresses items 5 a) - e) on the checklist.

Reviewer's Comments




CS 261 — Social Networks: Methods and Tools
Fall 2014, Hmwk 1
(There are three problems in this assignment)

1. (EK 2010, Chapter 2, Problem 1) One reason for graph theory’s power as a
modeling tool is the fluidity with which one can formalize properties of large
systems using the language of graphs, and then systematically explore their
consequences. In this set of questions, we will work through an example of this
process using the concept of a pivotal node.

First, recall from Chapter 2 that a shortest path between two nodes is a path of
the minimum possible length. We say that a node X is pivotal for a pair of distinct
nodes Y and Z if X lies on every shortest path between Y and Z, and X is not equal
to either Yor Z.

For example, in the graph below, node B is pivotal for two pairs: the pair
consisting of 4 and €, and the pair consisting of A and D. (Notice that Bis not
pivotal for the pair consisting of D and E since there are two different shortest
paths connecting D and E, one of which {using € and F) doesn’t pass through B.
So B is not on every shortest path between D and E.) On the other hand, node D
is not pivotal for any pair.

a. Give an example of a graph in which every node is pivotal for at least one
pair of nodes. Explain your answer.

b. Give an example of a graph in which every node is pivotal for at least two
different pairs of nodes. Explain your answer.

¢. Give an example of a graph having at least four nodes in which there is a
single node X that is pivotal for every pair of nodes (not counting pairs
that include X). Explain your answer.




2. (EK 2010, Problem 2) In this problem, we consider a related cluster of
definitions, which seek to formalize the idea that certain nodes can play a
“gatekeeping” role in a network. The first definition is the following: we say that
anode X is a gatekeeper if for some other two nodes Y and Z, every path from Y
to Z passes through X. For example, in the graph below, node A4 is a gatekeeper,
since it lies for example on every path from B to E. (It also lies on every path
between other pairs of nodes — for example, the pair D and E, as well as other
pairs.})

This definition has a certain “global” flavor, since it requires that we think about
paths in the full graph in order to decide whether a particular node is a
gatekeeper. A more “local” version of this definition might invelve only looking
at the neighbors of a node. Here’s a way to make this precise: we say that a node
Xis a local gatekeeper if there are two neighbors of X, say Y and Z, that are not
connected by an edge. (That is, for X to be a local gatekeeper, there should be
two nodes Y and Z so that Y and Z each have edges to X, but not to each other.) So
for example, in the graph above, node A is a local gatekeeper as well as being a
gatekeeper; node D, on the other hand, is a local gatekeeper but nota
gatekeeper. (Node D has neighbors B and € that are not connected by an edge;
however, every pair of nodes — including B and € — can be connected by a path
that does not go through D.)

So we have two new definitions: gatekeeper and local gatekeeper. When faced
with new mathematical definitions, a strategy that is often useful is to explore
them first through examples, and then to assess them at a more general level and
try to relate them to other ideas and definitions. Let’s try this in the next few
questions.

a. Give an example (together with an explanation) of a graph in which more
than half of all nodes are gatekeepers.

b. Give an example (together with an explanation) of a graph in which there
are no gatekeepers, but in which every node is a local gatekeeper.




3. (EK 2010, Chapter 2, Problem 3) When we think about a single aggregate
measure to summarize the distances between the nodes in a given graph, there
are two natural quantities that come to mind. One is the diameter, which we
define to be the maximum distance between any pair of nodes in the graph.
Another is the average distance, which — as the term suggests — is the average
distance over all pairs of nodes in the graph.

In many graphs, these two quantities are close to each other in value. But there
are graphs where they can be very different.

a. Describe an example of a graph where the diameter is more than three
times as large as the average distance.

b. Describe how you could extend your construction to produce graphs in
which the diameter exceeds the average distance by as large a factor as
you'd Iike. (That is, for every number ¢, can you produce a graph in which
the diameter is more than ¢ times as large as the average distance?)




CS 261 — Social Networks: Methods and Tools
Fall 2014, Hmwk 2
(There are three problems in this assignment)

1. (EK 2010, Chapter 3, Problem 2) Consider the graph below, in which each edge — except the
edge connecting b and ¢ — is labeled as a strong tie (S) or a weak tie (W).

a. According to the theory of strong and weak ties, with the strong triadic closure

assumption, how would you expect the edge connecting b and c to be labeled? Give a
brief (1-3 sentence} explanation for your answer.

b. Inthe same graph, identify all local bridges (if any)

2. (EK 2010, Chapter 3, Problem 5) In the social network depicted below, with each edge labeled
as either a strong or weak tie, which nodes satisfy the Strong Triadic Closure Property from

Chapter 3, and which do not? Provide an explanation for your answer.




3. (Boutilier-Borodin, University of Toronto Course) Consider the following social-affiliation
network consisting of some college friends and two clubs in their college town that they like to
{predominately) frequent on Friday evenings. Three new students, Alice (A}, Bikash (B) and

C?ubl

Clubz.

Claire {C), have just transferred to the college. Alice and Bikash each have a friend or two in the
group already, but know little about the clubs; Claire has already decided to hang out at Club 2
based on a trip to scope out the town before she transferred. We're interested in how new
friendships or memberships might form. '

Unlike typical social-affiliation networks, we are going to dig a little deeper into the common
interests of the people in the network to make more fine-grained predictions of their social and
affiliation patterns. Each person in the network likes one or both of two musical genres: either
Electroclash or Dubstep, and the interests are indicated on the network by labels 4, e or de,
accordingly. Consider these tastes in musical genres to be immutable.

Consider the following models of triadic, membership and focal closure, where we look at the
probability a new link will form during a one-week period:

e Triadic closure will occur between two people X and Y in any given week in a way that
depends on both the number of friends they have in common, and the number of musical
interests (e, d, or both) they have in common. Let Xand Y be two unconnected people with f
common friends during a specific week and 7/ common musical interests. The probability of
a friendship forming due to triadic closure during the next week is:

Pr(X and Y become friends) = (1-0.5)(i+2) /4

For instance, with two common friends (f = 2) and one common interest (i = 1}, the weekly
probability of a friendship forming due to triadic closure is




(1-0.52)(1+2)/4 =(1 - 0.25)3/4=9/16,
that is, there is a 56% chance of a friendship forming.

e Focal closure will occur between two people X and Y in any given week in a way that
depends on the number of common musical interests they have in common. Let Xand Y be
two unconnected people with a common focal point (club) during a specific week, and i
common interests. The probability of a friendship forming due to focal closure during the
next week is:

Pr(X and Y become friends) = (1-0.71).

If X and Y do not have a common focal point, then focal closure does not occur. For instance,
with two common interests (i = 2), the weekly probability of a friendship (for people witha
common focal point) forming due to focal closure is (1 - 0.7%) = (1 - 0.49} = 0.51, that is,
there is a 51% chance of a friendship forming.

e Membership closure will occur between a person X and a club C in any given week in a way
that depends on the number of X's friends that hang out at €. Let X and € be unconnected
(that is, X doesn’t hang out at €), and suppose X has ffriends that do hang out at C. The
probability of membership closure during the next week is:

Pr{X hangs outat ) = (1 - 0.6/).

¢ Notice that two unconnected people with both common friends and a common focal point
may become friends due to triadic closure or due to focal closure. In any such situation, we
treat each closure as acting independently, so the probability of closure in such a case is:

pe+(1-pe)pr=1-(1-pe)(1-py), @

where p: is the probability of triadic closure for the pair (as defined above} and pris the
probability of focal closure (as defined above).

The following questions refer to this graph.

a. Suppose the network shown illustrates the situation on the week that the new students
arrive. Identify each new link that can form due to triadic, focal, or membership closure
involving the new students {nodes A, B and C). State the probability that each of these links
will form, using the model above, after their first week in town. Very briefly explain your
calculation by explaining which form of closure (or forms of closure) you are using to
derive your probability (and the number of assumed common friends, interests or any
other relevant information).

b. Which new student not currently frequenting a club is most likely to start hanging out at
one of the two clubs after the first week? From this small sample of students, how would
you characterize each of the two clubs?




c. Which edge in the graph is most embedded? (See the definition in Section 3.5 of the text.)

d. Isthere some evidence of homophily based on common musical interests (Electroclash or
@Dubstep) of the people in the graph? Give a quantitative justification for your answer.

e. Which edge in the network is a hridge? Justify your response. Does the network break into
natural “communities”? If so, what are they, and what is distinctive about each? Speculate
on what role the bridge (and the two people that form the end points of the bridge} might
play in influencing the musical tastes and behaviors of the people in this network
(assuming these tastes are, in fact, somewhat mutable].




CS 261 — Social Networks: Methods and Tools
Fall 2014, Hmwk 3
(There are four problems in this assignment)

1. (EK 2010, Chapter 5, Problem 1) Suppose that a team of anthropologists is studying a set of
three small villages that neighbor one another. Each village has 30 people, consisting of 2-3
extended families. Everyone in each village knows all the people in their own village, as well as
the people in the other villages.

When the anthropologists build the social network on the people in all three villages taken
together, they find that each person is friends with all the other people in their own village, and
enemies with everyone in the two other villages. This gives them a network on 90 people (i.e.,
30 in each village), with positive and negative signs on its edges.

According to the definitions Chapter 5, is this network on 90 people balanced? Give a brief
explanation for your answer.

2. (EX 2010, Chapter 5, Problem 2) Consider the network shown below: there is an edge between
each pair of nodes, with five of the edges corresponding to positive relationships, and the other
five of the edges corresponding to negative relationships.

Each edge in this network participates in three triangles: one formed by each of the additional
nodes who is not already an endpoint of the edge. (For example, the A-B edge participates in a
triangle on 4, B, and C, a triangle on 4, B, and D, and a triangle on 4, B, and E. We can list
triangles for the other edges in a similar way.)

a. For each edge, how many of the triangles it participates in are balanced, and how many
are unbalanced, (Notice that because of the symmetry of the network, the answer will
be the same for each positive edge, and also for each negative edge; so it is enough to
consider this for one of the positive edges and one of the negative edges.)

b. Ifthe sixth node, F, is to join the network, what is the minimum number of imbalanced
triangles it will be involved in assuming F is in “like" or “dislike" relationship with
every other node. What is the maximum number? Explain.




C.
3. (EK 2010, Chapter 14, Problem 2) This problem concerns hub-and-authority method.
a. Show the values that you get if you run two rounds of computing hub-and-authority
values on the network of Web pages shown below. (That is, the values computed by the
k-step hub-authority computation when we choose the number of steps & to be 2.)

Show the values both before and after the final normalization step, in which we divide
each authority score by the sum of all authority scores, and divide each hub score by the
sum of all hub scores. (We will call the scores obtained after this dividing-down step the

~ normalized scores. It’s fine to write the normalized scores as fractions rather than
decimals.)

b. Due to the symmetry of nodes 4 and B in part (a), you should have seen that they get
the same authority scores. Now let’s look at what happens to the scores when node £,
which links to B, decides to link to € as well. This produces the new network of Web
pages shown below.

O—@

Similarly to part (a), show the normalized hub and authority values that each node gets
when you run the 2-step hub-authority computation on the new network.

¢. In (b), which of nodes 4 or B now has the higher authority score? Give a brief




4.

explanation in which you provide some intuition for why the difference in authority
scores between A and B in (b) turned out the way it did

(EK 2010, Chapter 14, Problem 4) Let’s consider the limiting values that result from the Basic
PageRank Update Rule (i.e. the version where we don’t introduce a scaling factor s). In Chapter
14, these limiting values are described as capturing “a kind of equilibrium based on direct
endorsement: they are values that remain unchanged when everyone divides up their
PageRank and passes it forward across their out-going links.”

This description gives a way to check whether an assignment of numbers to a set of Web pages
forms an equilibrium set of PageRank values: the numbers should add up to 1, and they should
remain unchanged when we apply the Basic PageRank Update Rule.

For each of the following two networks, use this approach to check whether the numbers
indicated in the figure form an equilibrium set of PageRank values. (In cases where the
numbers do not form an equilibrium set of PageRank values, you do not need to give numbers
that do; you simply need to explain why the given numbers do not.)

a. Use this approach to check whether the numbers indicated in the figure below form an
equilibrium set of PageRank values. (In cases where the numbers do not form an
equilibrium set of PageRank values, you do not need to give numbers that do; you
simply need to explain why the given numbers do not.)

b. Use this approach to check whether the numbers indicated in the figure below form an
equilibrium set of PageRank values. (In cases where the numbers do not form an
equilibrium set of PageRank values, you do not need to give
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(There are five problems in this assignment)

1. (EK 2010, Chapter 6, Problem 3) Find all pure strategy Nash equilibria in the game below. In
the payoff matrix below the rows correspond to player A’s strategies and the columns
correspond to player B’s strategies. The first entry in each box is player A’s payoff and the
second entry is player B’s payoff.

Player B

L R

: vo114L,2 13,2
Player D |24 02

For extra credit: Does this game have mixed strategies? Explain why not, or compute them if
yes.

2. (EK 2010, Problem 4) Consider the two-player game with players, strategies and payoffs
described in the following game matrix.

Player B
L M R
£ 103 162 111
Player A m 2,3 10,1 | 7,0
b 53 142 |31

a. Does either player have a dominant strategy? Explain briefly (1-3 sentences).
b. Find all pure strategy Nash equilibria for this game.

3. (EK 2010, Problem 11) We've discussed dominant strategies and noted that if a player has a
dominant strategy we would expect it to be used. The opposite of a dominant strategy is a
strategy that is dominated. The definition of dominated is:

A strategy s; is dominated if player i has another strategy t; with the property that player i's
payoff is greater from ; than from s; no matter what the other players in the game do.

We do not expect a player to use a strategy that is dominated and this can help in finding Nash
equilibria. Here is an example of this idea. In this game, M is a dominated strategy (it is

Player B
I M R
! Iy i2.4 (2,1 13,2
Plav ' 3 :
WA T2 83 | 2.4




dominated by R} and player B will not use it.

So in analyzing the game we can delete M and look at the remaining game

Player B
| !
| U 24|32
) &Y : :
Player A D12 24

Now player A has a dominant strategy (U) and it is easy to see that the Nash equilibrium of the
2-by-2 game is (U,L). You can check the original game to see that (U,L) is a Nash equilibrium. Of
course, using this procedure requires that we know that a dominated strategy cannot be used
in Nash equilibrium.

Consider any two player game which has at least one (pure strategy) Nash equilibrium. Explain
why the strategies used in an equilibrium of this game will not be dominated strategies.

(EK 2010, Problem 1) Say whether the following claim is true or false, and provide a brief (1-3
sentence) explanation for your answer.

Claim: If player A in a two-person game has a dominant strategy sa, then there is a pure
strategy Nash equilibrium in which player 4 plays s4 and player B plays a best response
to sa.

(EK 2010, Problem 2) Consider the following claim:

Claim: In a Nash equilibrium of a two-player game the total payoff to the two players
the largest possible {or as we say, the choice of strategies is social-welfare maximizing).

Is this statement correct or incorrect? If you think it is correct, give a brief (1-3 sentence)
explanation for why. If you think it is incorrect, give an example of a game we discussed that
shows it to be incorrect, together with a brief {1-3 sentence) explanation.
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(There are five problems in this assignment})

1. (EK 2010, Chapter 10, Problem 1) In this question we will consider an auction in which there
is one seller who wants to sell one unit of a good and a group of bidders who are each
interested in purchasing the good. The seller will run a sealed-bid, second-price auction. Your
firm will bid in the auction, but it does not know for sure how many other bidders will
participate in the auction. There will be either two or three other bidders in addition to your
firm. All bidders have independent, private values for the good. Your firm’s value for the good
is ¢. What bid should your firm submit, and how does it depend on the number of other bidders
who show up? Give a brief {1-3 sentence) explanation for your answer.

2. (EXK 2010, Chapter 10, Problem 2) In this problem we consider second-price sealed bid
auctions. Assume that there are two bidders who have independent, private values v; which are
either 1 or 3. For each bidder, the probabilities of 1 and 3 are 1/2. (If there is a tie at a bid of x
for the highest bid the winner is selected at random from among the highest bidders and the
price is x.)

a. Show that the seller’s expected revenue is 3/2.

b. Now let's suppose that there are three bidders who have independent, private values vy,
vzand vs, which are either 1 or 3. For each bidder, the probabilities of 1 and 3 are 1/2.
What is the seller’s expected revenue in this case?

c. Briefly explain why changing the number of bidders affects the seller's expected
revenue

3. (EK 2010, Chapter 10, Problem 6) In this question we will consider the effect of collusion
between bidders in a second- price, sealed-bid auction. There is one seller who will sell one
object using a second- price sealed-bid auction. The bidders have independent, private values
drawn from a distribution on [0,1]. If a bidder with value v gets the object at price p, his payoff
is v - p; if a bidder does not get the object his payoff is 0. We will consider the possibility of
collusion between two bidders who know each others’ value for the object. Suppose that the
objective of these two colluding bidders is to choose their two bids as to maximize the sum of
their payoffs. The bidders can submit any bids they like as long as the bids are in [0, 1].

a. Let’s first consider the case in which there are only two bidders. What two bids should
they submit? Explain.

b. Now suppose that there is a third bidder who is not part of the collusion. Does the
existence of this bidder change the optimal bids for the two bidders who are colluding?
Explain. _

c. Can you identify the way all the players should bid now? Try to be formal and, in
particular, identify all assumptions on which your argument rests, but no formal proof
is needed.




4. (EK 2010, Problem 4) Suppose we have a set of 3 sellers labeled g, b, and ¢, and a set of 3
buyers labeled x, y, and z. Each seller is offering a distinct house for sale, and the valuations of
the buyers for the houses are as follows.

Buyer Value for | Value for | Value for
a's house b's house ¢'s house

_ b — 5

N 10 3 ]

8 6 s

Suppose that a charges a price of 3 for his house, b charges a price of 1 for his house, and ¢
charges a price of 0. Is this set of prices market-clearing? If so, explain which buyer you would
expect to get which house; if not, say which seller or sellers should raise their price(s) in the
next round of the bipartite-graph auction procedure from Chapter 10.

5. (EK 2010, Problem 10) Find market-clearing prices using the bipartite graph auction
procedure from Chapter 10 for the case when the valuations of x, y and z are given in the table
below. {Note: In some rounds, you may notice that there are multiple choices for the constricted
set of buyers A. Under the rules of the auction, you can choose any such constricted set. It's
interesting to consider — though not necessary for this question — how the eventual set of
market-clearing prices depends on how one chooses among the possible constricted sets.)

Buyer Value for | Value for | Value for
a’s house b's house ¢'s house

X g 7 4

2 11 10 8
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(There are four problems in this assignment)

1. (EK 2010, Chapter 16, Problem 1) In this problem we will ask whether an information cascade -
can occur if each individual sees only the action of his immediate neighbor rather than the
actions of all those who have chosen previously. Let's keep the same setup as in the In Chapter
16, except than when individual i chooses he observes only his own signal and the action of
individual i - 1. :

a. Briefly explain why the decision problems faced by individuals 1 and 2 are unchanged
by this modification to the information network

b. Individual 3 observes the action of individual 2, but not the action of individual 1. What
can 3 infer about 2’s signal from 2’s action?

¢. Can 3 infer anything about 1’s signal from 2’s action? Explain.

d. What should 3 do if he observes a high signal and he knows that 2 Accepted? What if 3's
signal was low and 2 Accepted?

e. Do you think that a cascade can form in this world? Explain why or why not. A formal
proof is not necessary, a brief argument is sufficient. -

2. (EK 2010, Chapter 17, Problem 2) We discussed goods with positive network effects: ones for
which additional users made the good more attractive for everyone. But we know from our
earlier discussion of Braess’s Paradox that network effects can sometimes be negative: more
users can sometimes make an alternative less attractive, rather than more attractive. Some
goods actually have both effects. That is, the good may become more attractive as more people
use it as long there aren’t too many users, and then once there are too many users it becomes
less attractive as more people use it. Think of a club in which being a member is more
desirable if there is a reasonable number of other members, but once the number of members
gets too large the club begins to seem crowded and less attractive. Here we explore how our
model of network effects can incorporate such a combination of effects. @In keeping with the
notation in Chapter 17, let’s assume that consumers are named using real numbers between 0
and 1. Individual x has the reservation price r(x) = 1-x before we consider the network effect.
The network effect is given by f{z) = z for z < 1/4 and by f{z) = (1/2)~-z for z 2 1/4. So the
network benefit to being a user is maximized when the fraction of the population using the
product is z = 1/4, once the fraction is beyond 1/4 the benefit declines, and it becomes
negative if more than 1/2 of the population is using it. Suppose that the price of this good is p
where 0 <p<1/16.

a. How many equilibria are there? Why? [You do not need to solve for the number(s) of
users; a graph and explanation is fine.]

b. Which equilibria are stable? Why?

c. Consider an equilibrium in which someone is using the good. Is social welfare
maximized at this number of users, or would it go up if there were more users, or would
it go up if there were fewer users? Explain. [Again no calculations are necessary; a
careful explanation is sufficient.]




3. (EK 2010, Chapter 21, Problem 1) Suppose you are studying the spread of a rare disease
among the set of people pictured in below. The contacts among these people are as depicted in
the network in the figure, with a time interval on each edge showing when the period of
contact occurred. We assume that the period of observation runs from time 0 to time 20.

a. Suppose that s is the only individual who had the disease at time 0. Which nodes could
potentially have acquired the disease by the end of the observation period, at time 207

b. Suppose that you find, in fact, that all nodes have the disease at time 20. You're fairly
certain that the disease couldn’t have been introduced into this group from other
sources, and so you suspect instead that a value you're using as the start or end of one
of the time intervals is incorrect. Can you find a single number, designating the start or
end of one of the time intervals, that you could change so that in the resulting network,
it's possible for the disease to have flowed from s to every other node?

4. (EK 2010, Chapter 21, Problem 3) Imagine that you're advising a group of agricultural officials
who are investigating measures to control the outbreak of an epidemic in its early stages
within a livestock population. On short notice, they are able to try controlling the extent to
which the animals come in contact with each other, and they are also able to introduce higher
levels of sanitization to reduce the probability that one animal passes the disease to another.

Both of these measures cost money, and the estimates of the costs are as follows. If the officials
spend x dollars controlling the extent to which animals come into contact with each other, then
they expect each animal to come into contact with 40 - x/200,000 others. If the officials spend
y dollars introducing sanitization measures to reduce the probability of transmission, then
they expect the probability an infected animal passes it to another animal contact to be 0.04-
y/100,000,000. The officials have two million dollars budgeted for this activity. Their current
plan is to spend one million on each of the two kinds of measures. Using what you know about
epidemics, would you advise them that this is a good use of the available money? If so, why? If
not, can you suggest a better way to allocate the money?
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1. (Boutilier-Borodin, University of Toronto Course) The following question requires you to use the
Netl.ogo software package (available to use or download at http://ccl.northwestern.edu/netlogo/)@

Start Netlogo and load the Segregation model from the Models Library. This implements a version of
the Schelling model discussed in class. You need 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 similarity threshold on the final degree of population
homogeneity and the time taken for the Schelling model to converge. Provide possible explanations for
these observed patterns.

N=900 - N=2500
% Sim Ticks % Sim Ticks
Avg , Avg Avg Avg
T=20% Min Min Min Min
Max Max Max Max
Avg Avg ' Avg Avg
T=30% Min Min Min Min
Max Max Max Max
Avg Avg Avg Avg
T=55% Min Min Min Min
Max Max Max Max
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1. (Boutilier-Borodin, University of Toronto Course) The following question requires you to use the
NetLogo software package (available to use or download at hitp://cclnorthwestern.edu/netiogo/)

Start Netlogo and load the Small Worlds model from the Models Library (it is listed under the Net-
works models). This allows one to create a ring network, then “rewire it” by adding edges from one
node to another randomly with some probability. Read the description of the model and play around

with it to get a feel for what it does.

- Now what you need to do is.

Set the number of nodes num-nodes to 50.

Hit setup to create a ring network of 50 nodes.

Record the average path length at this initial stage.

Set the rewiring probability to 0.1. Then hit rewire-all and observe resulting network. Record
the updated value of the “average path length” (give it a couple of seconds to update). Repeat
this seven more times so you record a total of eight average path length values. Note: Don’t hit
setup after each trial: this will allow you to see a plot of the eight values. If you do hit setup,
don’t worry, you can still proceed safely.

Repeat the previous step (with a new setup, and generating eight average path lengths) for
rewiring probabilities 0.25, 0.5 and 0.75.

Please answer the following questions:

a. Whatis the average path length before any rewiring?

b. Provide a table (see the one attached at the end of the assignment) with the eight average path
length values for each of the four settings of the rewiring probabilities. Also include the average,
max and min recorded value for each of the four settings.

¢. Describe any qualitative conclusions you have regarding how the rewiring probability impacts
average path length in this ring network of 50 nodes, including the impact of increasing the
probability from a small level (e.g., from 0.1 to 0.25) versus increasing it from a larger initial
level {e.g., from 0.5 to 0.75); the variance in the resulting average path length; and anything else
that strikes you as interesting.

d. Does the way in which rewiring is implemented in the NetLogo model (i.e., the method by which
random edges are added) provide reasonable support for decentralized search or poor
support? Please explain your thinking,

Rewiring Eight Average Path Lengths Average Minimum Maximum
Pr=0.1

Pr=0.25

Pr=0.5

Pr=0.75
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