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Lecture 2: Prerequisites



Outline

• Preferences

• Game theory

• Pareto e�ciency
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Preferences

Several approached for preferences, but somewhat standard is

revealed preference theory by Samuelson which we will follow:

• When given a choice, it is assumed that people behave

consistently

• This consistency can arise from, for example:

- Preference of one item over another

- Limits on the choice, by budget, but also by e.g. conviction,

laws and regulation, or social norms

- Habits, for example sleep during the night, curioisity, laziness

• It can then be shown that people then behave as though they

are maximizing something which economists call utility.
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Utility

• An utility function assigns a numeric value for each choice.

• In economic theory, we often start with a specific functional

form for the utility function.

• An example is the popular Cobb-Douglas utility function:

u(x , y) = x
a
y
1�a,

which was crafted to explain how productivity depends on

labor and capital inputs.

• The validity of such mapping of choices to numeric values will

depend on the task at hand, and is an empirical question.
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Substitution and indi↵erence

• One cannot have everything: need to make trade-o↵s

• Trade-o↵s are made between the choices that a↵ect utility.

• Same utility can be achieved with di↵erent choices:

- E.g. in the Cobb-Douglas utility capital input to

automatization can be a substitute to labor input.

- Or sometimes quality can be substituted with quantity, time

with money etc.

• We say that one is indi↵erent between two choices if the

utility of choosing either of them is the same.
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Substitution and indi↵erence

The (fictitious!) student here

assigns some utility to both

the amount of free time and

the grade from a course.

In the illustration the student:

• is indi↵erent between

choices A to D.

• prefers A over B.

• prefers D over C.

Source: CORE.
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Opportunity cost

• Maximum grade is

constrained e.g. by your

talent and the amount

of time you choose to

study.

• Spending less time for

study gives more free

time but incurs an

opportunity cost in

lower grade.

Source: CORE.
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Optimal utility

Utility is maximized

when marginal rate of

substitution (MRS) is

equal to the marginal

rate of transformation

(MRT) set by the

constraints.

Source: CORE.
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From preferences to demand

• In every-day life people do not knowingly optimize their utility.

• The preference model is still a useful approximation:

- Over time people adopt some consumption patterns.

- The model is used successfully in microeconomics to explain

many observed market phenomena.

- Sometimes the simplifications in the basic model can become

restrictive and other tools, such as behavioral economics, can

be useful.

• Of particular interest in this course are the private preferences

that determine your utility of consumption, and the

aggregated market demand of all consumers.
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Example: Preferences, substitutes, and demand

The left-hand side of the inequality shows that a necessary condition for welfare to
increase is that total output increases, a result first shown by Schmalensee (1981). The
right-hand side of the inequality shows that if the profitability of the new output
exceeds that of the old output valued at the new prices then welfare must increase. This
is essentially a revealed preference relation.

2. Demand for Broadband

The next application involves an experiment in the 1990s that involved providing
broadband internet access; for a detailed description, see Edell and Varaiya (1999). We
provided broadband ISBN access to about 100 Berkeley faculty, staff and students.
Every week, we changed the pricing of the service, and we could observe how users
responded to various prices. We used a variety of pricing plans including flat prices,
bandwidth, bytes transferred and various combinations.

I will only describe the bandwidth pricing here. There were six different levels
ranging from 8 to 128 Kbs. Of course, this would hardly be considered broadband
these days, but in 1998, it was the top of the line.

We varied the prices weekly and observed the user response. Using the observed
responses, we estimated log-linear aggregate demand functions, with and without
individual fixed effects; both specifications yielded similar elasticities so I report only
the estimation without fixed effects.

The estimated demand elasticities for the six different bandwidths are shown in
Table 1. One would expect that the demand for, say, 96 Kbs bandwidth would depend
negatively on its own price and positively on the prices of other bandwidths, with the
nearby bandwidths as the strongest substitutes. Indeed, that is essentially what we
found.

2.1. A Utility-based Model

This is just a reduced form, so let me examine a simple utility-based model. Assume that
users get utility from the bits transferred [u(x)] and the time (t) it takes to transfer
them. The cost of transfer time has two components: the subjective cost of time (c),
which varies according to users and circumstances, and the dollar cost, which depends

Table 1

Reduced Form Estimates

Bandwidth p128 p96 p64 p32 p16

128 !2.0 þ0.80 þ0.25 !0.02 !0.16
96 þ1.7 !3.1 þ43 þ0.19 þ0.18
64 þ0.77 þ1.8 !2.9 þ0.59 þ0.21
32 þ0.81 !1.0 þ1.0 !1.4 þ0.15
16 þ0.2 !0.29 þ0.04 þ1.2 !1.3

Notes. Italics indicate significance at the 5% level. All own-price effects are significantly negative; the cross-
price effects for one-step lower bandwidths are positive.

334 [ M A YT H E E C O N O M I C J O U R N A L

! 2012 The Author(s). The Economic Journal ! 2012 Royal Economic Society.

Figure. Demand elasticities by bandwidth.

Source: Varian, 2012.
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Recovering preferences

• There are two key motivations to find out your preferences:

1. Understand the drivers behind your choices.

2. Predict how you will behave in a given situation.

• The first part, causal interference, is a traditional field of

economics (microeconometrics).

• The second part, prediction, has become popular in data

science with the availability of big data.
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Estimation and prediction

• Let’s consider a model

Yi = f (Xi ) + ei

• Here Xi and Yi are observed values.

• Function f maps values of X to Y and ei are the random

noise (in measurement, unobserved variables, etc.).
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Estimation and prediction

The goals in estimation and prediction are di↵erent:

1. The goal of regression estimation is unbiasedness:

E [f̂ ] = f .

2. The goal of prediction is to minimize prediction error:

f̂ = min
f 2F

L(f ) = min
f 2F

E [l (f (x), y)],

where e.g. l (f (x), y) = (y � f (x))2.
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Estimation and prediction

The expected prediction error is:

error = E [(y � f̂ (x))2]

= E [(y � f (x))2] + (E [f̂ (x)]� f (x))2

+E [(f̂ (x)� E [f̂ (x)])2]

Which can be written as

error = Var (y) + Bias
2 + Var (f̂ (x))

i.e. a combination of variance in data (Var (y)), bias in estimation,

and variance from the fact that a sample is used to estimate f̂

(Var (f̂ (x))).
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Example: Predicting student numbers

code group class

1 363651 11 2015

2 608436 11 2016

3 431779 11 2015

4 489072 8 2018

5 280478 3 2011

6 369920 4 2018

7 444360 7 2018

8 536385 11 2015

9 601187 12 2016

10 555559 11 2016

Table 1: Sample of data (code here randomized).
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Example: Predicting student numbers
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Figure. Average prediction error in OLS 5 % higher than with prediction.
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Experiments and A/B testing

• Almost all large consumer websites carry out A/B tests.

• The idea is to take a random sample of users who are shown a

version B of the website while the the rest use version A.

• Comparing results (e.g. clicks, purchases) between A and B

can predict which version is better.

• These are very similar to controlled experiments used in

economics, medicine etc., just the objective is di↵erent.

• For a website it may be enough to see which version works

better (for now), but for other decisions it can be crucial to

understand what are the reasons for the di↵erences.
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Example: Prediction gone wrong

Source: Lazer et al. 2014.
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Game theory

• So far discussion on the behavior of an individual.

• In a market place the interactions of agents (firms) often

important in practice: How will the actions of the others

a↵ect my decisions?

• Game theory has been hugely successful in explaining these

interactions.
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Game theory

• We make a di↵erence between:

- the behavior that does not take into account the actions of the

others (non-strategic, sometimes price taker) and

- the behavior where the other actions are accounted for

(strategic, price setting).

• Game theory considers the modeling of the strategic

interactions.

• Typically, in a market setting, the focus is on the behavior of

firms that wield strategic influence over the market.
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Illustration: War of attrition

 162 

webs to search for females. In the previous example, of funnel-web 

spiders, Agenopsis aperta, the contests were over a territory (above). 

The value of a territory is less intimately related to an organism’s fitness 

compared to the direct benefit of copulation. Accordingly, ritualized 

contests are quite common in territory defense because the value of the 

territory does not immediately impact fitness. However, male bowl and 

doily spiders are fighting over access to females and they are less likely 

to use ritualized conflict. The fitness return from copulating with a 

female is immediate, the male spider sires some of her progeny. Because 

the value of return is high, they might be expected to routinely engage in 

potentially damaging contests.   

A simple prediction from the war of attrition is that contests between 

symmetric or  equally matched opponents should lead to longer battles 

than asymmetric contests between opponents that are unequally 

matched. Male bowl and doily spiders do engage in damaging grappling 

contests. One of the assumptions of the war of attrition model is that 

contests rise linearly with persistence in the contest. Grappling contests 

and injuries occurred more rapidly in contests between different-sized 

combatants than those contests in which combatants were the same size 

(Fig. 8.6). Contests between combatants that were symmetrical in size 

lasted much longer than contests with a large asymmetry in size between 

the male bowl and doily spiders (Fig. 8.7). 

Figure 8.6. Costs of 

grappling contests in male 
bowl and doily spiders, 
Frontinella pyramitela, as a 
function of contest length for 
different-sized combatants. 
Equal-sized combatants 
engage in a longer-lasting 
war of attrition compared to 

different-sized combatants 
(from Austad 1983). 

  

Figure 8.7. Length of 
grapple contests for male bowl and doily spiders with a size asymmetry and 

males that are symmetrical in size 
(from Austad 1982). 

 

 

 

 

 

Knowledge of the Resource 

and Asymmetry in Motivation 

A lot of attention has been 

directed at the effects of asymmetries on the strategic choices of 

animals. The war of attrition treats the opponents as symmetric, but 

variations on the game introduce two kinds of asymmetry into contest 

behavior (Maynard Smith 1982): 

1. The simplest of the asymmetries can be thought of as a home 

field advantage. Invariably, a territory holder has an advantage 

over intruders.   

2. The second kind of asymmetry arises when one contestant has 

more to gain or loose from the battle and is therefore more 

motivated to persist during a contest. A classic case involves a 

territory holder versus an intruder. The territory holder has a lot 

invested in the territory. The territory holder has knowledge of 

safe retreats, or knowledge of resources. All of this information 

makes the territory more valuable to the territory holder than to 

the intruder.  

The home field advantage really refers to an animal’s state of mind and 

it’s “psychological” edge in battle. It is possible to perform simple 

experiments that cause two individuals to perceive that they are the 

owner of the same territory (Fig. 8.8). Male speckled wood butterflies, 

Pararge aegeria, vie for coveted light gaps in the forest that are used to 

 

 

Figure. Length of grapple between spiders.

Source: Austad, 1982.
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Illustration: War of attrition

• Two firms, i and j , own plants K and k , K > k .

• Demand is defined by an inverse demand function p(Q).

• Marginal cost of production for both plants is c .

• Payo↵s defined with:

pi = p(K , k) = [p(K + k)� c ]K

pj = p(k ,K ) = [p(K + k)� c ]k

Source: Liski & Vehviläinen, 2018.
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Illustration: War of attrition

• Assume that the payo↵s of the firms are defined as

(pi ,pj ) k = 0 k = 1

K = 2 (45, 0) (20, 10)

K = 0 (0, 0) (0, 90)

Source: Liski & Vehviläinen, 2018.
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Illustration: War of attrition

• In a Nash equilibrium both firms keep their plants running.

(pi ,pj ) k = 0 k = 1

K = 2 (45, 0) (20, 10)

K = 0 (0, 0) (0, 90)

• If the firms could coordinate their actions, there would be

more money on the table to be shared (90 > 20+ 10).

Source: Liski & Vehviläinen, 2018.
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Game theory

• In a strategic interaction game, n players who take action ai .

• This will give the players a payo↵ that depends on their own

action and the actions of the others: ui (a1, . . . , ai , . . . , an).

• An action ai is a dominant strategy for player i if .

ui (a1, . . . , ai , . . . , an) � ui (a1, . . . , ãi , . . . , an), 8ãi 6= ai

• Dominant strategy optimal for i regardless of what others do.

• A Nash equilibrium means that each player i’s action is

optimal given the actions of the other players.
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In-class exercise: Game theory

Set-up:

• Prof. Quackenbush has graded a midterm exam for his class.

• Before handing back the exam, he calculated the average, 80,

but forgot to record the students’ individual grades.

• He now has no choice but to ask the students their scores.

• Class has 3 students whose actual grades are 60, 80, and 100.

Your job is to construct a “payo↵ mechanism” that should

encourage each student to tell the truth regarding their grade on

the exam, under the assumption that the other students are

reporting their grades truthfully.
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Pareto e�ciency

• When dust settles in the market each agent is takes some

action that results in the allocation of resources between the

agents.

• An allocation is Pareto e�cient if nobody can be better o↵

without making somebody worse o↵.

• In general, little more can be said about how “good” an

allocation is compared to other possibilities.
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Exit game example of Pareto e�ciency
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Learnings today

• Revealed preferences model is a tool to explain observed

market behavior of individuals.

• Game theory models the strategic interactions of firms.

• A Nash equilibrium is a state where all players in a game

make the best possible decisions for them while taking the

actions of others in to account.

• Pareto e�ciency can be used as a criteria to describe if

everyone is as happy as possible in the current market state

given the utility of others.
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Readings for this lecture

Following units from The Economy (www.core-econ.org) should be

helpful:

• Preferences (CORE 3.2-3.5)

• Game theory (CORE 4.1-4.3)

• Pareto e�ciency (CORE 5.2)

Note that these units from CORE may not necessarily be

self-su�cient. If you are unfamiliar with the topics covered you

may want to familiarize yourself with the earlier CORE units. Do

not be overwhelmed by the amount of material: it is extensive but

for the purposes of this course should make a quick read.
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Exercises for Lecture 1

1. Come up with at least one example of both

(a) an online market place

(b) a digital platform

that you would be interested to hear about later during the course.

2. List the top 5 reasons why you think Amazon has been so successful.
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Exercises for Lecture 2

3. Suppose that you are in a supermarket buying ice cream. A package costs 2.66

e, but there is a bundle of two o↵ered at 4.00 e. If you are indi↵erent between

the two choices:

(a) What does that tell you about your preferences?

(b) Can you tell at what price you would be indi↵erent with three packages of

ice cream? Why?

4. You are going to a concert with a friend, and tickets are about to come online

any minute. A single ticket costs 40 e and there is a fixed delivery fee of 10 e

per purchase (i.e. not per ticket). You forgot to communicate beforehand and

need to make decisions on who buys and how many tickets on the spot. You

share the total bill. If you miss the online sale, you must go to the black market

at a cost of 100 e per ticket.

(a) Model the costs for one player as in a strategic interaction game.

(b) How many tickets you end up buying in a Nash equilibrium of the game?

(Hint: Use (a) and the symmetry of the problem.)

(c) Can you improve the outcome? If yes, then how?

Submit your answers through MyCourses by noon Thu 17 Jan.
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Exercise for Lecture 5

1. Think of a question (about economics of games) to Janne Peltola / Supercell.

You get an extra point if we use the question for in-class discussion.

Submit your question through MyCourses by noon Thu 17 Jan.
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Next time

Markets

• Institutions

• Supply and demand

• Competitive equilibrium

• Perfect competition, monopoly, oligopoly
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