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Quality and product variety

Basic notions

• Horizontal product di�erentiation: Method of reaching consumers having di�erent tastes (di�erent
variation of product to consumers having di�erent tastes)

• Vertical product di�erentiation: Method of di�erentiation of consumers with di�erent willingness to
pay (di�erent quality to consumers with di�erent willingness to pay)

Quality

1. Assumption. Let's assume that all the consumers expect the same service from a given product.

• qn: quantity produced by the nth company (e.g. gallon of gasoline)

• `n: �quality� of the service produced by the nth company (e.g. measured in miles/gallon)

• zn: service supply of the nth company (e.g. measured in miles)

zn = qn × `n

E.g.: A re�nery producing 1,000,000 gallons of gasoline per day, at quality level 20 miles per gallon, is
e�ectively generating 20,000,000 units of mileage service for consumers.

If the price of the product is Pn = `n × Pn, then the real price of the service is Pn. If users are fully
informed, the price of each �rm's product will re�ect its quality.

Annual percentage price declines by age, selected vehicle types (in the columns years

1�2 2�3 3�4 4�5

Intermediate cars 22 16 14 13
Pickup trucks 13 13 13 13
New vans 22 14 12 11
VW buses 13 12 11 12

Source: Hirshleifer et al, 2009, 336.

What determines the underlying price of the service?

• Under conditions of pure competition: MCz = Pn
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• In case of monopoly: MCz = MRz

1. Statement. For any amount of service generated, the �rm's quality and quantity choices are correctly
balanced when the Marginal Cost of expanding service by increasing quantity (MCq) and the Marginal Cost
of expanding service by improving quality (MC`) are equal. The true (lowest) Marginal Cost (MCz) of
providing the service is the same as (MCq) and (MC`) when these are equal.

MCz = MCq = MC`

MCq =
∂C

∂q

dq

dz
, MC` =

∂C

∂`

d`

dz

2. Statement. A monopolist produces a smaller service output Z than a competitive industry, and generally
does so by some combination of reduced quantity and lower quality.

Monopoly and inventions

A quality-improving (cost-reducing) invention
A monopolist is considering an innovation that costlessly doubles the quality of its product. Since the horizontal axis
represents amount of service Z, the original total cost curve Co

z shifts to C′
z � service output is doubled at each level

of cost. Fully informed consumers are interested only in amount of service, and so the total revenue function R is
unchanged. The monopolist will necessarily increase pro�ts by adopting rather than suppressing the invention. In
the situation pictured, everyone bene�ts including consumers, because more service is produced to be sold at a lower
price.
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A quality-improving (cost-reducing) invention adverse to consumers

1. Consequence. If consumers are fully informed, a quality-improving innovation is equivalent to a cost-
reducing innovation. Neither would be suppressed by a pro�t-maximizing monopolist. Normally consumers
also gain, except in exceptional circumstances.

Product variety
Consumers take into consideration the characteristics of goods. For a characteristic such as size, indi-

vidual consumer preferences range from smallest to largest. For a characteristic such as color, individuals'
preferences may be thought of as distributed around a ring. For simplicity, assume the preference distribution
is uniform over the linear range in the one case, or around the circle in the other case.

Aggregate Demand
The rising aggregate e�ective demand, as viewed by a monopolist seller, achieved by increasing the number of
plants (production locales) spaced evenly around the ring of the previous �gure. E�ective demand increases with
the number of plants, because consumer preferences are better matched (there is less wastage in transport costs).
However, demand grows at a decreasing rate.

4



Religious attendance and concentration (Protestant denominations, percentages)

Country % attendance Concentration (%)

US 43 2
Canada 31 2
Netherlands 27 10
Switzerland 25 21
W. Germany 21 23
Australia 21 18
New Zealand 20 21
Britain 14 40
Norway 8 85
Sweden 5 72
Finland 4 92
Denmark 3 94

Source: Hirshleifer et al., 2009, 349.

Product variety under monopoly

Change of number of plants
Due to the increasing demand total revenue rises but at a decreasing rate. Under the assumption of an identical
linear cost function each plant shifts upward by a constant amount as N rises.

Assumptions:

• Only one monopoly exists on the market (no entry).
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• Doesn't apply price discrimination.

• Consumers buy 1 or 0 (e.g. notebook).

• There are N number of consumers who are located steadily along the horizontal axis (in geographic
space or on the scale of the characteristics of product).

• The 'length' of the horizontal axis is normalized to a 0�1 interval, so distance represents a ratio on this
axis (given ratio of N number of consumers).

• Consumers have the same valuation (reservation price): V .

• The number of shops belonging to a company (in a spatial model), respectively the number of product
variations (in a model based on the di�erent characteristics of the product) should be denoted by n.

• Every new store, respectively every new product variation denotes a F �x cost for the company.

• Marginal cost of the company is constant c.

• The company asks p price for a unit of the product.

• Moreover, buyers bear a transactional cost

� Under a physical spatial model: travelling, transportation costs

� Under a model of product characteristics: the distance from my taste is an opportunity cost

• Measure of a unit of transactional cost should be denoted by t

• Total price paid by a consumer (located to x distance): p + tx

• Consumers located the farthest limit the price which the company can ask for, or in other words: p
price limits the range of potential buyers (the location of the farthest buyer of the company)

• At the farthest buyer who buys the product: V = p + tx, i.e. x = (V − p)/t

• Total demand for the company's product considering one variation of the product is D(p;n = 1) =
2Nx = 2N(V − p)/t

2. Assumption. Under the assumption that the company wants to sell his product to all of the con-
sumers the optimal location of a product variation is in the middle (x = 0, 5).

• The highest possible price: p = V − 0, 5t

• Pro�t of the company: Π(N ;n = 1) = N [p(N ;n = 1)− c]− F = N [V − 0, 5t− c]− F

• In case of two product variations: p = V − 0, 25t and Π(N ;n = 2) = N [p(N ;n = 2)− c] − 2F =
N [V − 0, 25t− c]− 2F

• In case of n product variations: p = V− t
2n and Π(N ;n) = N [p(N ;n)− c]−nF = N

[
V − V − t

2n − c
]
−

nF

• First order condition:

∂Π

∂n
=

Nt

2n2
− F = 0

• Optimal number of product variations: n∗ =
√

Nt
2F
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• If a store supplies buyers in both two directions to r distance, then p + tr = V , r = (V − p)/t,

Π(p,N) =
2N(p− c)(V − P )

t
− F

∂Π

∂p
=

2N

t
(V − p− c) = 0

p∗ =
V + c

2

• It is worth to supply on the whole market if

p(N,n) = V − t

n
≥ p∗ =

V + c

2

V ≥ c +
t

n

• From the aspect of social welfare the number of product variations is optimal if the sum of consumer
and producer surpluses is maximal:

W = FT + TT = NV − tN

4n
− cN − nF → max

n

∂W

∂n
=

tN

4n2
− F = 0

nT =

√
Nt

4F

2. Consequence. The monopoly chooses a too wide range of product variety: he is interested in a further
increase of product variety over the level at which the possibility of social welfare increase has already been
exploited because

n∗ =

√
Nt

2F
≥ nT =

√
Nt

4F

1. Note. Price discrimination under di�erent product variations: The company bears the transportation
cost (personalizes the product). In this case the company will supply the socially optimal level of product
variety.

Tie-in sale and bundle

Selling in bundles and tie-in sale

• Selling in bundles:

� The bundle contains the di�erent components at a constant ratio.

� E.g.: MS O�ce, McDonalds menu, T-Home, etc.

• Tie-in sale:

� Selling two products 'tied' together, i.e. consumption of a product depends on the consumption
of another product, but the ratio of consumption is not determined by the company.

� Types:

∗ Contract type: E.g. exclusive servicing, maintenance (eg. GE turbines)

∗ Technologic type: E.g. technological standards (e.g. printer+toner, digital camera+memorycard)
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Selling in bundles

Reservation prices of two consumers concerning two products:

word processor spreadsheet application

1st consumer 200 100
2nd consumer 100 200

• If the price of the software is p = 100, then both consumers buys both products and total revenue is
R = 400 (both consumers realize consumer surplus on the software rated higher).

• If the price of the softwares is p = 200, then the 1st consumer buys only the word processor and the
2nd only the spreadsheet application, there is no consumer surplus and R = 400.

• If the company sells the two software in one bundle, call it MS O�ce (valued by both consumers 300),
then pb = 300, both consumers buy the bundle, and R = 600!

2. Note. Selling in bundles can be capable of exploiting consumer surpluses even if tastes are heterogeneous.

E.g. A supplier knows the reservation price of consumers regarding �xed line phone and internet service
(spreadsheet). Marginal cost of internet service: c1 = 100, and of �xed line phone c2 = 150.

Consumer internet phone total

A 50 450 500
B 250 275 525
C 300 220 520
D 450 50 500

• Simple monopoly pricing: Max. pro�t= 450 + 300 = 750, if p1 = 250, p2 = 300

• Pure bundling (only bundles can be bought):

� If pb = 500, then revenue is 4 ∗ 500 = 2000, Pro�t= 2000− 4 ∗ (100 + 150) = 1000

� If pb = 520, then revenue is 2 ∗ 520 = 1040, Pro�t=1040− 2 ∗ (100 + 150) = 640

� If pb = 525, then revenue is 1 ∗ 525 = 525, Pro�t= 525− 1 ∗ (100 + 150) = 275

• Mixed bundling (not only bundles can be bought):

� If pb = 500, p1 > 450, p2 > 450, Pro�t= 4 ∗ 500− 4 ∗ (100 + 150) = 1000

� If pb = 520, p1 = 450, p2 = 450, Pro�t=2 ∗ 520 + 450 + 450− 2 ∗ (100 + 150)− 100− 150 = 1190

� If pb = 525, p1 = 450, p2 = 450, Pro�t= 1 ∗ 525 + 450 + 450− 1 ∗ (100 + 150)− 100− 150 = 925

� If pb = 525, p1 = 300, p2 = 450, Pro�t= 1∗525+2∗300+450−1∗(100+150)−2∗100−150 = 975

� If pb = 525, p1 = 450, p2 = 275, Pro�t= 1∗525+450+1∗275−1∗(100+150)−100−1∗150 = 750

� If pb = 525, p1 = 300, p2 = 275, Pro�t= 1∗525+2∗300+1∗275−1∗(100+150)−2∗100−1∗150 = 800

� If p2 = 220. then no one buys the bundle because B also buys only phone service.

Game theory

Basic notions of game theory
Game theory (theory of games) deals with the general analysis of strategic interactions.
Representation of games

• Who are the players? (set of players): {1, . . . , n}
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• What are the alternatives? (set of moves (or strategies) available to all players)

Si =
{
s1i , . . . , s

m
i

}
(i = 1, . . . , n)

• What is the payo�? (speci�cation of payo�s for each combination of strategies) (de�nition of pro�t
and utility curves)

fi : S1 × S2 × . . .× Sn → R (i = 1, . . . , n)

• How does the game proceeds? (de�nition of the scenario)

Two more assumption:

• Players maximize their payo�-functions (rationality assumption)

• Everything given is common knowledge

E.g. A 'hides' a coin in his right or left hand and B tries to guess the place of the coin. If he guesses right,
then A pays B 100 HUF, if he guesses wrong then B pays A 50 HUF.

• Players: A,B

• Strategies:

� Strategies of A:

∗ sA1: hides in the left hand (hr)

∗ sA2: hides in the right hand (hr)

� Strategies of B:

∗ sB1: guesses left (gl)

∗ sB2: guesses rightl (gr)

S = {(hl, gl), (hl, gr), (hr, gl), (hr, gr)}

• Payo�s:

fA(hl, gl) = −100, fA(hr, gr) = −100

fA(hl, gr) = +50, fA(hr, gl) = +50

fB(hl, gl) = +100, fB(hr, gr) = +100

fB(hl, gr) = −50, fB(hr, gl) = −50

Types of games:

• Cooperative

• Non-cooperative

• Perfect information

• Total information

• Zero-sum

• Non-zero-sum

Representation of the game (payo� matrix and trees):

• Normal form

• Extensive form
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left righ

up a,a c,b
down b,c d,d

E.g. Prisoners' dilemma:

• Players: {1st prisoner; 2nd prisoner}={1;2}

• Strategies (strategy sets):S1 = {confess, don′t confess} ;S2 = {confess, don′t confess}

• Payo�s (the �rst argument is the strategy of the 1st prisoner, negative payo�=loss):

� f1(confess, confess) = −5; f2(confess, confess) = −5

� f1(confess, don't confess) = 0; f2(confess, don't confess) = −10

� f1(don't confess, confess) = −10; f2(don't confess, confess) = 0

� f1(don't confess, don't confess) = −2; f2(don't confess, don't confess) = −2

• Rules of the game: prisoners are questioned isolated from one another, etc.

• Payo� matrix:

confess don't confess

confess (�5;�5) (0;�10)
don't confess (�10;0) (�2;�2)

1. De�nition. Equilibrium based on dominant strategies: Decisions of players are best answers to any
decision of the other player.

Π(s∗i , s
∗
j ) ≥ Π(si, sj) (i = 1, . . . , n)

Interactive elimination of dominated strategies:

(2;0) (1;1) (4;2)
(1;4) (5;2) (2;3)
(0;3) (3;2) (3;4)

(2;0) (4;2)
(1;4) (2;3)
(0;3) (3;4)

(2;0) (4;2)

Example: Fight of genders
opera football match

opera (2;1) (0;0)
football match (0;0) (1;2)

3. Note. Equilibrium based on dominant strategies does not always exist.

2. De�nition. Nash equilibrium based on pure strategies: Decisions of players are mutually best answers,
i.e. decisions of each player are best answers to decisions of other players.

Π(s∗i , s
∗
j ) ≥ Π(si, s

∗
j ) (i = 1, . . . , n)

3. Consequence. In case of Nash equilibrium neither party would bene�t from a unilateral change of move.
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Example continued: Fight of genders (after 30 years of marriage)
opera football match

opera (2;0) (0;2)
football match (0;1) (1;0)

4. Note. Nash equilibrium based on dominant strategies does not always exist.

Zero-sum game: land or sea?

Defender's choice of strategy

land sea

Attacker's choice land �10,+10 +25,�25
of strategy sea +25,�25 �10,+10

Mutuality of interests: the coordination game

Choice of B

righ left

Choice of A right +15,+15 �100,�100
left �100,�100 +10,+10

The Prisoners' dilemma: two versions

Months of imprisonment

Don't confess Confess

Panel (a) Don't confess �1,�1 �36,0
Confess 0,�36 �24,�24

Rank-ordered payo�s

Small output Large output

Panel (b) Small output 3,3 1,4
Large output 4,1 2,2

Farm drainage as a public good: a prisoners' dilemma

Pump Don't pump

Pump 2,2 �3,5
Don't pump 5,�3 0,0

Farm drainage as a multiperson prisoners' dilemma

Number of other farmers pumping

0 1 2 3 4

Farmer A's Pump �3 2 7 12 17
choices Don't pump 0 5 10 15 20

3. De�nition. Mixed expansion of the game: players choose a probability distribution instead of a speci�c
strategy.

opera (q) football match (1− q)
opera (p) (2;0) (0;2)

football match (1− p) (0;1) (1;0)

Methods of determining it:
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• Solution of linear programming task

• Mini-Max principle

• Calculation of multiple-variable extreme values

2pq + 0p(1− q) + 0(1− p)q + 1(1− p)(1− q)→ max
p

2pq + 0p(1− q) + 0(1− p)q + 1(1− p)(1− q)→ max
q

4. De�nition. A game is �nite if the number of participants and the strategy sets are �nite.

3. Statement. Nash theorem Every �nite game has a Nash equilibrium regarding its mixed expansion.

4. Consequence. In the simultaneous-play protocol, a dominant strategy � one that is better in the strong
or weak sense no matter what the opponent does � should be chosen if available. A dominant equilibrium
exists if even only player has such a strategy available (since then the other player can predict what his
opponent will do). In the absence of a dominant equilibrium, the Nash equilibrium concept applies. At a
Nash equilibrium, no player has an incentive to alter his or her decision, given the other's choice. There may
be one, several, or no Nash equilibria in pure strategies. If mixed strategies � probabilistic mixtures of pure
strategies aimed at keeping the opponent guessing � are also permitted, a Nash equilibrium always exists.

Sequential and repeated games

5. De�nition. Sequential game: later players have some knowledge about earlier actions. This type of
games should be represented in extensive form.

The entry-deterrence game

Monopolist

resist tolerate

Potential enter �10,30 20,80
entrant stay out 0,100 0,100

Sub-games: The total game, choice of the monopoly

6. De�nition. Subgame-perfect equilibrium: Equilibrium in all sub-games of the sequential game.

Solution method: backward induction
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5. Consequence. In the sequential-play protocol, the perfect equilibrium concept has each player make a
rational (payo�-maximizing) choice on the assumption that the opponent will do the same when it comes to
his or her turn. A perfect equilibrium always exists, though it may not be unique. In the simultaneous-play
protocol, a dominant strategy � one that is better in the strong or weak sense no matter what the opponent
does � should be chosen if available.

7. De�nition. Repeated game: the game is played many times consecutively so previous outcomes are known
before the next game.

8. De�nition. Tit for tat strategy: cooperate in the �rst play, after that play always the same as the other
player played in the previous play.

4. Statement. Selten's theorem: If a game with a unique equilibrium is played �nitely many times its
solution is that equilibrium played each and every time. Finitely repeated play of a unique Nash equilibrium
is the equilibrium of the repeated game.

6. Consequence. Equilibrium qualities of games repeated �nitely and (potentially) in�nitely are substanti-
ally di�erent.
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