EC202: Microeconomic Principles 2
2012/13

http://darp.lse.ac.uk/EC202

Office hour
Lecturers Frank Cowell x7277 f.cowell@Ise.ac.uk R520 Thu 11:30-12:30
Francesco Nava x6353 f.nava@Ise.ac.uk S482 Thu 11:30-12:30 TBC

Class teachers Michel Azulai M.D.Azulai@Ise.ac.uk

Kasia Grabowska K.A.Grabowska@Ise.ac.uk

Luis Martinez L.R.Martinez@Ise.ac.uk

Secretary Gisela Ladfico x6674 G.Lafico@Ise.ac.uk
Lectures Wed 11:00 Hong Kong Theatre [CLM D1]

Thu 14:00 Old Theatre

Course Organisation

20 lectures in the first term focusing primarily on price-taking market behaviour by economic agents. Topics
include the firm, the consumer, general equilibrium, uncertainty and risk, welfare economics. Where possible
the similarity of the economic problems in each topic is exploited in order to highlight the re-use of results.

20 lectures in the second term examining problems of strategic interaction among economic agents. This part of
the course introduces fundamental concepts in microeconomic theory for strategic environments. The course
begins with an introduction to game theory. Fundamental solution concepts are presented and discussed in
detail. Static models of complete and incomplete information and dynamic models of complete information are
covered in the course. The subgame perfect Folk theorem and its consequences on repeated interactions are
detailed in a few lectures. Some of the most relevant applications of such models of behaviour are also
introduced. Particular attention will be devoted to: imperfect competition, adverse selection, signalling, moral
hazard, externalities and public goods.

20 weekly classes beginning in week 3. Class material follows the lectures with about a two-week lag.

The course text is F. A. Cowell, Microeconomics: Principles and Analysis (Oxford University Press 2006) [C].
In the second term Most materials covered can be found in the main textbook. Supplementary readings in the
second term may be taken from M. J Oshorne, An Introduction to Game Theory (Oxford University Press,
2004) [O] and B. Salanié, The Economics of Contracts: A Primer (MIT Press, 2005) [S].

On-line resources are provided at http://darp.Ise.ac.uk/EC202. These include answers to weekly class work
hand-in exercises and PowerPoint presentation files of lectures.

Lectures, Reading and Classes: First Term

Week Lecture Topics Text Exercises Hand-in Work
1 The firm C2 NO

2 The firm and the market C23 NO

3 The consumer C4 2.5 *

4 The consumer and the market C 4,5 29,32 *

5 A simple economy Cé6 4.2,4.3,4.6 NO

6 General equilibrium 1 Cc7 4.7,4.8,4.11 *

7 General equilibrium 2 Cc7 5.3,5.7,5.8 *

8 Uncertainty and risk Cc8 6.5,7.3 NO

9 Welfare 1 C9 7.4,8.1 *

[N
o

Welfare 2 C9 8.9,9.1 *



Lectures, Reading and Classes: Second Term

Week  Lecture Topics Text Extra Weekly Work Hand-in Work

1 Static Games Cc10.2 02.1,02.6 9.2,93,95 NO
Dominance and Nash Equilibrium C10.3.1-4 028-9

2 Mixed Strategy Nash Equilibrium C10.35 04.1-4 9.6 NO
Oligopoly Cc104 03.1-2

3 Incomplete Information Games C10.7 09.1-3 10.1,10.2,103 *
Bayes Nash Equilibrium

4 Dynamic Games C 10.5-6 05.1-4 10.4,10.7.1-3, NO
Subgame Perfection 10.17,0282.1

5 Imperfect Competition 10.7.4-5,10.12, *
Repeated Games: Introduction 0183.1-2

6 Repeated Games: Folk Theorem C105 010.1-3,015.1  10.13,10.15.1-2 NO
Adverse Selection: Monopoly S2,S3.1.3

7 Adverse Selection: Competition cl12 S3.2.1 10.15.3, 10.16, *

Competitive Insurance Markets 0429.1,0442.1

8 Signalling Cc113 S4, 010.5-6 11.1,11.2 NO

9 Moral Hazard Cl14 S5.1-3.5 115,116 *

10 Externalities C134 02.8.4,09.5 118,135,136 *
Public Goods C136.14

Course Requirements
Classes
Classes begin in the third week of the first term and continue into the third term.

e Teachers assign specific students to prepare short presentations of the exercises in the text chapters. But all
students should make a reasonable attempt in advance of the class. Team up in small groups if you find this
helpful, but make sure that you personally understand why the exercise “works.”

e Answers to exercises will be posted on the website.

e You should also do the mini problems in the text since they are designed to help you with some of the steps
involved in the reasoning. Again, feel free to work together on this. (Answers are in the text, Appendix B).

Hand-in Assignments

e Inthe starred weeks you have to hand in written assignments which will be posted on the website
e  These assignments are of the same scope and difficulty as exam questions.

e These have to be your own work. Do not work with others on your hand-in assignments.
Examination

There will be a single three-hour, four-question paper. The 2007-2011 papers (in the Library) can be used as general
guidance to the style and level of difficulty. The 2012 paper will follow the format of the 2011 paper:

e Question 1 (the compulsory question) is worth 40% of total marks.
e Question 1 requires candidates to answer 5 out of 8 parts.

e The three other questions are worth 20% each.



EC202 - Extra Game Theory Problems
LENT TERM 2013

Weekly Course Assignments

Due to popular requests I suggest a few extra practice game theory problems from Osborne’s manual. You don’t
need to practice on these problems, but you may benefit from them. Some are harder than what I would ask on
exam day. Solutions are available on the webpage under "Solutions O".

1. Static Complete Information Games

e 33.1
e 48.1
e 34.3
e 80.2
e 114.2 (Games with Mixed Strategy Equilibria)
e 114.4 (Swimming with Sharks)

e 141.1 (Finding All Mixed Equilibria)

Contributing to a Public Good)
Voting)

Choosing a Route)

A Fight)

o~ o~ o~ o~

2. Static Incomplete Information Games

282.1 (Fighting an Opponent of Unknown Strength)
282.2 (An Exchange Game)
(
(

o 282.3 (Adverse Selection)

e 291.1 (reporting a crime with an unknown number of witnesses)

3. Dynamic Complete Information Games: NE vs SPE

e 163.1 (Nash Equilibria of Extensive Form Games)
e 163.2 (Voting by Alternating Veto)

e 173.2 (Finding Subgame Perfect Equilibria)

e 173.4 (Burning a Bridge)

e 183.1 (NE of the Ultimatum Game)

e 183.2 (SPE of the Ultimatum Game)

e 189.1 (Stackelberg with Quadratic Costs)

4. Repeated Complete Information Games: Subgame Perfect Folk Theorem

e 428.1 (Strategies in an Infinitely Repeated PD)
e 429.1 (Grim Trigger Strategy in a General PD)

443.1 (Delayed modified Grim Trigger Strategy)
452.3 (a-b) (Minmax Payoffs)

(
(
e 442.1 (Deviations from Grim Trigger Strategy)
(
(



Hand In — Problem Set 1 Francesco Nava
Microeconomic Principles II — EC202 Lent Term 2013

Each question is worth 25 marks. Please give your answers to your class teacher by Friday of week 3 LT.
If you do not hand in at your class, make arrangements with your class teacher about where to bring it.
Thank you!

1. Consider the following complete information strategic form game:

\2|L C R
T 134 1,3 6,2
M |21 94 0,2
B 22 23 4.2

a) Find the pure strategy Nash equilibria.

Are there any strictly dominated strategies if players can employ a mixed strategies?

(c

(a)
(b) Are there any strictly dominated strategies if players can only play pure strategies?
)
(d) Find the mixed strategy Nash Equilibrium.

2. Consider an auction with two buyers participating and a single object for sale. Suppose that each
buyer knows the values of all the other bidders. Order players so that values decrease, x1 > 2.
Consider a 2" price sealed bid auction. In such auction: all players simultaneously submit a bid b;;
the object is awarded to the highest bidder; the winner pays the second highest submitted bid to the
auctioneer; the losers pay nothing. Suppose ties are broken in favor of player 1. That is: if by = by
then 1 is awarded the object.

(a) Characterize the best response correspondence of each player.
(b) Characterize all the Nash equilibria for a given profile (1, z2).

(c) Consider the Nash equilibrium in which both players bid their value [ie: b; = x; for i € {1,2}].
Is this a dominant strategy equilibrium?



Hand In — Problem Set 2 Francesco Nava
Microeconomic Principles II — EC202 Lent Term 2013

Each question is worth 25 marks. Please give your answers to your class teacher by Friday of week 5 LT.
If you do not hand in at your class, make arrangements with your class teacher about where to bring it.
Thank you!

1. Consider an economy with two producers competing to supply a market. Suppose that the cost
function of the first firm displays a constant marginal costs, while the second firm displays increasing
marginal costs. In particular assume that:

alg) = ¢ +2q
c2(q2) = A

Suppose that the inverse demand in this market is linear and satisfies:

p(g) =10—-2¢
Assume that the two firms compete a la Cournot.

(a) Derive the Cournot production levels, profits and the equilibrium price.

(b) Assume that firms form a cartel to sell their output as a monopolist. Derive the cartel production
levels, profits and the equilibrium price. Compare them to the competitive and Cournot outcomes.

(¢c) Assume that firms do not account for their market power, but simply equalize marginal costs
to prices. Derive the competitive production levels, profits and the equilibrium price. Compare
them to the Cournot outcomes.

2. Four patients have to undergo surgery and rehabilitation in one of two hospitals. Hospital A specializes
in surgery. But its elite surgery unit is small. The likelihood of successful surgery, pi, depends on the
number of patients treated in the surgery unit, n, as follows:

17/20 if n=1
15/20 if n=2
S _
PA =90 11720 if n=3
7/20 if n=4

The rehabilitation unit of hospital A is large, but conventional. The likelihood of successful rehabilita-
tion pf} = 1/2 is independent of the number of patients treated. Hospital B specializes in rehabilitation.
But its elite rehabilitation unit is small. The likelihood of successful rehabilitation, pg, depends on
the number of patients treated by the unit, n, as follows:

1 if n=1
16/20 if n=2

R _
PE() =Y 14720 if =3

12/20 if n=4

The surgery unit of hospital B is large, but conventional. The likelihood of successful surgery p% =1/2
is independent of the number of patients treated. Surgery outcomes are independent of rehabilitation
outcomes. A patient’s payoff is 1 if both treatments are successful, and 0 otherwise. A patient is
classified as recovered, only if both treatments are successful. [Hint: Recall that if events A and B are
independent Pr(A N B) = Pr(A) Pr(B)].



Microeconomic Principles 11 F. Nava

(a)

First suppose that the existing health regulations require all patients to undergo surgery and
rehabilitation at the same hospital. Patients can only choose in which of the two hospital to get
both treatments. Set this problem up as a strategic-form game. Find a Nash equilibrium of this
game. What is the average probability of recovery among the four patients in this equilibrium?

In an attempt to increase the average recovery probability regulators decide to lift the ban on
having surgery and rehabilitation at different hospitals. Now patients are free to choose in which
hospital to get either treatment. Set this problem up as a strategic-form game. Find a Nash
equilibrium of this game. What is the average probability of recovery among the four patients in
this equilibrium?

Still unsatisfied about the average recovery probability, regulators decide to try a third policy,
in which one of the four patients is randomly selected and sent to the two elite units (surgery in
A and rehabilitation in B), while the remaining three are sent to the larger conventional units
(surgery in B and rehabilitation in A). What is the average probability of recovery among the
four patients with this policy in place?

Compare the average probabilities of recovery under the three regulations. Give an intuitive
explanation to the observed change in recovery probabilities.



Hand In — Problem Set 3 Francesco Nava
Microeconomic Principles II — EC202 Lent Term 2013

Each question is worth 25 marks. Please give your answers to your class teacher by Friday of week 7 LT.
If you not to hand in at your class, make arrangements with your class teacher about where to bring it.
Thank you!

1. Consider a static game of incomplete information with two players and in which player 2 has two
possible types. Call them type a and type b. Suppose that the probability of player two being of type
a is 0.7 and that payoffs are described by the matrix below:

\2a| L R 1\2b| L R

T |42 01 T 0,1 0,2
M |30 1,1 M 1,1 91
B |24 3,3 B |32 4,1

(a) What are the possible strategies of each player? Is any one of them dominated. [10 marks]
(b) Compute a pure strategy Bayes Nash equilibrium. [10 marks]

(c) Is it a dominant strategy equilibrium? [5 marks]

2. Consider the following extensive form game:

(a) Find the unique Subgame Perfect equilibrium of this game. [8 marks]
(b) Find a pure strategy Nash equilibrium with payoffs (3,5). [8 marks]
(c¢) Find a pure strategy Nash equilibrium with payoffs (4,2). [9 marks]
3. Two firms compete to sell a good. Firm 1 has higher total costs of production than firm 2, but is the

Stackelberg leader and has to produce before firm 2. Firm 2 can observe the output of firm 1 prior to
making his output decision. The total costs for the two firms respectively satisfy:

Cilp) = 3(q)?
Co(ga) = (q2)*+4gq



Microeconomic Principles 11 F. Nava

The inverse demand for the output produced by the two firms in this market satisfies:

[ 10-2(q1+q) if g1+q<5
P(Q1+Q2)—{ 0 if q1+q2>5

Firms choose how much output to produce in order to maximize their profits.

(a)
(b)
()

Compute subgame perfect equilibrium output of each firm and the price for this economy. [12
marks|

Now alter the previous game to allow both firms to make their output decisions simultaneously
as in the Cournot model. Compute equilibrium prices and output. [8 marks]

How were prices and output levels affected by such a change? Did the profits of any of the two
firms increase? Explain. [5 marks]

4. Consider the following asymmetric Prisoner’s Dilemma:

(a)

1\2|[C D
C ]34 1,6
D |40 2.2

Find the minmax values of this game. Consider the infinitely repeated version of this game in
which all players discount the future at the same rate §. The following is a "tit for tat" strategy:
any player chooses C provided that the other player never chose D; if at any round ¢ a player
chooses D, then the other player chooses D in round ¢ + 1 and continues playing D until the
player who first chose D reverts to C; if at any round ¢ a player chooses C, then the other player
chooses C' in round ¢ + 1. Write this strategy explicitly. [7 marks]

Find the unique value for the common discount factor ¢ for which the strategy of part (a) sustains
always playing C' as a SPE of the infinitely repeated game. [9 marks]

Then, consider the following "trigger" strategy: any player chooses C provided that no player ever
played D; otherwise any player chooses D. Write the two incentive constraints that if satisfied
would make such a strategy a NE. Then, write the two additional incentive constraints that if
satisfied would make such a strategy a SPE. What is the lowest discount rate for which such
strategy satisfies all the constraints. [9 marks]



Hand In — Problem Set 4 Francesco Nava
Microeconomic Principles II — EC202 Lent Term 2013

Each question is worth 25 marks. Please give your answers to your class teacher by Friday of week 9 LT. If
you do not to hand in at your class, make arrangements with your teacher about where to hand in. Thank
you!

1. Consider an economy with a monopolistic electricity supplier. Assume that the costs of producing a
unit of electricity are 1$. There are only two goods in this economy namely money, y, and electricity,
x. All consumers in this economy are endowed with 100$ in money and no electricity. There are
two types of buyers in the economy: type H has high value for electricity, while type L does not. In
particular assume that preferences satisfy:

u(z,y|H) 82 +y
u(z,ylL) = (9/2)z'? +y

(a) If the monopolist can recognize the type of any individual, find the optimal pricing schedules for
both types. Why is this outcome efficient?

(b) Suppose that 1/8 of all individuals in the population are of type H. If the monopolist cannot
recognize the type of any individual, find the separating equilibrium optimal pricing schedules
for both types. Why is the outcome inefficient?

(¢) What happens to the economy in part (b) if there is perfect competition? What is the unique
price for electricity? Who purchases more electricity than in part (b)?

2. Consider Spence’s signalling model. A worker’s type is t € {0,1}. The probability that any worker is
of type t = 1 is equal to 2/3, while the probability that ¢ = 0 is equal to 1/3. The productivity of a
worker in a job is (¢4 1)2. Each worker chooses a level of education e > 0. The total cost of obtaining
education level e is C(e|t) = €?(2 — t). The worker’s wage is equal to his expected productivity.

(a) Characterize all pooling perfect Bayesian equilibrium in which both types of workers choose a
strictly positive education level.

(b) Find all separating perfect Bayesian equilibria.

(¢) Which separating equilibrium survives the intuitive criterion? Is it the one with the lowest
education level?



Hand In — Problem Set 5 Francesco Nava
Microeconomic Principles II — EC202 Lent Term 2013

Each question is worth 25 marks. Please give your answers to your class teacher by Friday of week 10 LT. If
you do not to hand in at your class, make arrangements with your teacher about where to hand in. Thank
you!

1. Consider a “Principal-Agent” model. Suppose that the Agent is a worker who can choose any one of
two effort levels, e € {1,2}. Two output levels are feasible for the Principal, namely ¢ € {0,9}. The
probability that the Principal achieves high output depends on the effort of the Agent. In particular
assume that Pr(¢ =9|e =1) = 1/6 and Pr(¢ = 9)e = 2) = 5/6. If w denotes the salary of the worker,
the expected payoff of the Principal is:

II(wle) = 9Pr(qg = 9le) —w
The reservation payoff of the worker is 0, while his payoff satisfies:
Ule|lw) = 2w — €?

(a) Suppose that the Principal can observe the effort chosen by the worker. Characterize the full
information contracts. Do these contracts induce the worker to choose the efficient effort level?

(b) Suppose that the Principal cannot observe the worker’s effort choice, but only output. Thus, he
can offer only wage contracts {w, w} which depend on the output produced. If the worker chooses
his effort to maximize expected utility, characterize the incentive compatibility constraint that
the Principal must satisfy if the worker is to exert high effort e = 2.

(c) Find the optimal wages that a Principal would set in this environment to maximize its profits.
Which effort level would be chosen by the Agent in the equilibrium?

2. Consider a Principal-Agent problem with: three exogenous states of nature { H, M, L}; two effort levels
{eq, ep}; and two output levels distributed as follows as a function of the state of nature and the effort
level:

H M L
Probability 20% | 60% | 20%
Output Under e, | 25 25 4
Output Under e, | 25 4 4

The principal is risk neutral, while the agent has a utility function w2, when receiving a wage w,

minus the effort cost which is zero if e is chosen, and 1 otherwise. The agent’s reservation utility is 0.

(a) Derive the optimal wage schedule set by the principal when both effort and output are observable.
(b) Derive the optimal wage schedule set by the principal when only output is observable.

(c) If the principal cannot observe effort, how much would he be willing to pay for a technology that,
prior to the beginning of the game, reveals when the state L is realized?
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