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CHAPTER |
INTRODUCTION

1.1 Statement of the problems

Two decades ago, products made in Japan were considered cheap and low-
quality products. The ability of Japanese firms to successfully compete in international
markets depended critically on overcoming this image. A seemingly single-minded
emphasis on reducing manufacturing defects and enhancing reliability enabled
Japanese automobile and electronic companies to completely reverse consumers’

perceptions and to ultimately set the world standard to product quality.

Most studies on the characteristics of product competition assume the products’
quality to be unchanged or assume that the qualitative differences are insignificant.
Consequently, the competitive equilibrium is not realistic. However, a product’s quality
has become one of significant variables of competition since this factor has gained an
important role for high-income consumers. Shaked and Sutton (1990) showed that
product quality in some industries will increase market size because the market remains
concentrated at the product level. As such, there is a quality competition in the real
market. The competitive strategy of firms has also changed toward increasing quality of
products. As a result, the quality competition strategy has become increasingly
important because the quality competition can raise sales volume, sustain market share
and growth. A-number of firms attempt to seek out niche markets; in other words, these
firms attempt to differentiate themselves from others. This causes-them to leave the

mass-market to the high-end market (or product differentiation market).

Qualitative competition can complicate the competition model, but it will bring
the model closer to reality. Under perfect competition, many firms would produce
products according to the equilibrium between cost of production and marginal cost

whilst the quality is very likely to be overlooked. Differently under oligopoly competition,



both price and quantity at equilibrium are important to give information about the

behavior of firms and the effect on the equilibrium of uncertainty in product quality.

According to the sticky assumption, the reaction between two firms seems to be
certain if all competitive strategies are known by both agents (consumers and firms).
When one of the producers in the market changes its action and buyers in market
realize the producers’ behavior, the equilibrium is not complicated. On the other hand, in
a real world market, it would be difficult to recognize another side’s action as well as the
reactions of each side. Whenever an uncertain circumstance arises in the market, the
unpredictable variable could lead to some calculation difficulties in the market
equilibrium and undoubtedly could lead to some serious problem (Akerlof, 1970).
Accordingly many economists attempt to explain uncertainty variables in various forms
such as uncertainty of information among buyers and sellers, or financial uncertainty. It
is concluded in a similar direction that the equilibrium under uncertainty could be found

only when some important condition are firstly achieved (Radner, 1968).

The quality strategy is widely used. In some industries, companies react to
information on the quality of competitors’ product. For example, (Besanko et al., 2003),
in 2000 Airbus announced plans to launch the A 380, a super jumbo jet carrying 555
passengers, to compete with Boeing’s new product, the 747X. Boeing’s managers
subsequently decided to abandon the 747X and developed a 175-250 seat aircraft that
could fly faster than any existing commercial aircraft. This new aircraft would be named
the Sonic Cruiser with delivery envisaged in 2004. Boeing recognized that a small jet
could shuttle from one point to another requiring less maintenance, while the jumbo jet
operated under the hub-spoke system. These two companies compete in the quality
(size ofuaircraft) of their products. The result of this competition was that Boeing received
61 orders for the plane from high-profile customers such as Singapore Airlines, Quantas,

Virgin Atlantic Airways and Federal Express while the first A380s could not fly until 2006.



Currently, differentiating product quality are a well-recognized strategy that firms
use as a tool in order to create a competitive advantage in the market or to sustain
market share and growth potential. Competitors attempt to keep development on quality
or product innovations secret. Producers will use various levels of quality to capture a
wide range market demand. Hence, changes in quality is increasing and growing
rapidly. Firms that do not adopt other technologies will lose market share or cease to
exist in the market. Finding the competitive equilibrium with quality uncertainty is

therefore not only interesting, but also very important.

1.2  Objectives and Research Questions

Recently it is claimed that the product quality strategy could be one of the key
strategies that allow the competitors to avoid the price-war strategy. This dissertation is
intended to study the equilibrium of the quality uncertainty in the market. The central
question is “What are the results among firms and consumers when they face the
uncertainty in quality?” The objectives of this study are to set up the model of vertical
product differentiation and to explain the behavior of both agents (firms and consumers)

with the Nash equilibrium.

1.3 Hypothesis

In accordance with the dissertation objectives, a major hypothesis is created. It
is that quality uncertainty can cause market failure. The market without the quality
uncertainty will induce higher consumers’ utility. In today competition, firms use a quality
strategy as a dominated strategy to react to others’ strategies. Then quality of product
creates vertical product differentiated in the market. For consumer perspective, it is
costly that consumers can learn the true quality of product. When the quality of product
is no certainly known by consumers, it is highly probable to cause some serious
problems in market mechanism. This is because consumers use prices as a signal of

qualities. It is difficult for them to choose the product that has a proper quality with its



price. Meanwhile, firms use the quality uncertainty to raise its profit (by deceive some

uniformed consumers) and ignore the decreasing in consumers’ utility.

1.4  Methodology of the study

This study aims to create the quality competition model that can explain the
behavior of both agents (consumers and firms) in the market. It is composed of three
parts in this study. To find the important components of quality in duopoly firms with
price and quantity competition, the first section establish the quality setting model with
endogenous quality choices. This game is a competitive game that firms are certain to
set their quality. As a result, the market does not have quality uncertainty. However, this
part examines only firm side and then finds equilibrium results (both consumer surplus
and firms’ profit margin). Methodology that uses to solve these results is sub-game
perfect Nash equilibrium in static games of complete information by use backward

induction method.

Adding behavior of firms which tries to trick some consumers, the second part of
this study assumes the uncertainty in quality in quality-setting model. Like the first part,
this part has duopoly firms. However, both firms have two strategies to choose in
competition: separating price strategy or pooling price strategy. Moreover, consumers in
the market have two types: informed and uninformed consumers. Probability that firms

successfully cheat uninformed consumers will be considered in this part.

Lastly, to examine the behavior of both consumers and firms, this study uses
Monte Carlo simulation to simulate the competition model when the market has 4 firms
with four different levels of qualities and 1000 consumers. Then, the study finds the Nash
equilibrium of different cases that have different fraction of uninformed and different

probability that firms successfully cheated uninformed consumers in the market.



1.5  Expected Benefits of the study

The quality uncertainty will play important role in the future competitions in which
have high technology innovation in product development. It is possible that the product
suppliers could gain a greater competitive advantage or could monopolize the market if
the majority of customers have insufficient information regarding relationships between
products’ quality and prices. Subsequently, the social welfares are much likely to be
depleted. The research therefore aims to specify the factors and agent’s behaviors that

could arise if product quality seems to be increasingly differentiated.

The research outcomes could provide the great benefits to those relevant
parties, like, entrepreneur, business firms or organization’s chief executives. Policy
makers will use these outcomes to set a policy to increase social welfare and construct

the fair-play competition to market’'s agents.



CHAPTER Il
LITERATUE REVIEWS AND THEORY OF THE STUDY

2.1 Literature Reviews

This study focuses on the competition in product quality since this famous
strategy has been recently used commonly in the market. The quality competition
strategy does not only raise sale volumes, but it also helps sustain market share as well
as increase profit growth of firms. Taking into account the significance of product
quality, this study therefore sets the quality of product to be endogenous variable in the
competition model. Mussa-Rosen (1978) and Motta (1993) examine the quality of
product in the competition model, but both studies consider firms’ behavior only. Using
some useful concepts from both studies, this study, on the other hand, considers both

consumers’ and firms’ sides in order to find competitive equilibrium.

Mussa-Rosen analyzes the model of vertical product differentiation by using a
simple extension of the utility function: U =wu—p and conclude that the quality of
product is a significant variable in the competition model. In their study, the utility
function is denoted by U and a taste parameter that lies between 0 and 1 is denoted by
v, u refers to the quality of product in the market and p refers to the price of product. In
supporting Mussa-Rosen’s idea, Motta uses the same utility function and includes
product quality into the two-stage competition model, that is, firms firstly select product
quality and then compete in the market by using either price-competition or quantity-
competition strategy. Moreover, Motta expands the model to cover product
differentiation-in. an uncovered market and compares the quality equilibrium under the
Cournot and the Bertrand frameworks. He analyzes how price competition and quantity
competition affect the equilibrium solutions and proves that product differentiation is
achieved at the equilibrium. In the last stage, the result contradicts previous findings of
symmetric quality choice under the Cournot framework. The conclusion is that, by
relaxing some assumptions of the competition market, firms can be more differentiated

in the Bertrand model. This is what is expected in a more intense competition at the last



stage of the game, which pushes firms to choose more differentiated products than
under the Cournot competition. For the social solution, his study finds that social welfare

is higher when firms compete in prices rather than in quantities.

The utility concepts of both previous papers are used in this study, although the
characteristics of cost function will be taken into account when the competition model is
created. Some studies point out the importance of the quality of product and hence add

such factor in their cost functions.

Unlike Mussa-Rosen, Motta includes a cost function into his model. However, the
quadratic cost function: # = (u)/2 is not capable of solving for the equilibrium solution
when more than two firms are in the market. Lederer-Rhee (1995) and Bonanno-Haworth
(1996) support the idea of bringing the quality of product into the cost functions. All
papers have the same conclusions that an innovation (or quality of products) is an factor
of the cost function and had an effect on the outcomes of quality competition. However,
they have different assumptions about characteristic of these costs. Lederer-Rhee
(1995) explains that the quality of product is an important component of the cost
function because if firms do not invest in new technology, it will be forced from market.
Whereas firms that adopt new technology faster will be able to earn positive returns.
More specifically, firms that invest more in quality-related technology can produce

higher quality products with higher prices and earn higher profits.

Bonanno-Haworth (1996) focuses on product innovation and process innovation.
Product innovation (or the R&D expenditure) affects product quality directly; on the
contrary, process innovation (or technology) affects the cost function directly. Bonanno-
Haworth (1996) employ a vertical differentiation model and try to prove that product and
process innovations have some effects that are pursued under the Cournot and the
Bertrand competitions. The cost function is described in terms of variable cost rather
than fixed cost in such a way that it has more effects on the competition. The results
suggest that cost-reducing innovations are pursued under the Cournot competition but

not under the Bertrand competition. In a situation where firms produce high-quality



products, they prefer product innovation. But if firms produce low-quality products, they
prefer process innovation. When product and process innovations exist, they have direct

effects on both the cost and the quality of product.

All papers point to the importance of quality in the cost concepts. They agree
that the quality of product is the main factor in the cost function. To consider the
competition model on quality concepts, the quality is a main part of both the utility

function and the cost function.

To create a model of vertical product differentiation, this study refers to quality
uncertainty that will affect the equilibrium solutions. There are many papers working on
the issues of uncertainty, for examples, Akerlof (1970), Rothschild-Stigltz (1976),
Rader (1968), Metrick-Zeckhauser (1999), Jansses-Rasmusen (2002), Carlton-Dana
(2005) and Cavaliere (2005). To analyze the effects of uncertainty on the market
equilibrium, this study applies Akerlof’s research article in which the used car market is
as an example of the market having a presence of the uncertainty in the market
mechanism. He defines that the problem of individuals in this market is buying new
automobile without knowing whether the car they buy is good or bad. Individuals can
only anticipate a probability of buying good used cars, g. Because of the asymmetric
information on the quality of cars, good cars and bad cars are sold at the same price.

Welfare, as a result, is decreasing and the loss in economic mechanism is occurred.

Rothschild-Stigltz analyzes a competitive market in the context of insurance
market which has uncertain situation-about insurance-buyers income-that depends on
whether an accident occurs or.not. Furthermore, the paper studies the utility function of
insurance buyers with income varying with probability of an accident occurrence. This
research shows that the imperfect information could have a significant effect on the
competitive market. Rader (1968) examines the general equilibrium under uncertainty in
information of environment. His results show that economic decision makers with
different information bring to differ in all future market in conditional contracts can

achieve an optimum allocation of resources.



To consider the uncertainty in quality of mutual fund and automobile industry,
Metrick-Zeckhauser studies the market-clearing mechanisms about these products
quality. High quality producers in the market where quality varies can reap superior
profits by charging higher prices, selling greater quantities or both. The study of
Jansses-Rasmusen examines the uncertainty in the number of active firms in the market.
They assume that the competitor in this market does not know the probability of an
active firm under the Bertrand competition. The result of their study show that the
extreme market transition in the standard Bertrand model from the monopoly to the
competitive ones disappears in this case also the expected profit of firm is positive, but
declines with the number of firms in industry. The uncertainty in some factors creates the

effect on the result in the market competition.

For an uncertainty in the market demand, the paper of Carlton-Dana suggests
that the demand uncertainty leads to a vertical product differentiation even when
consumers are homogenous. When a firm anticipates that its inventory or capacity may
not fully utilized, product variety can reduce its expected costs of excess capacity.
When the firm offers a continuum of product varieties, the highest quality product has
the highest profit margins with the lowest percentage margin while the lowest quality

product has the highest percentage margin with the lowest absolute margin.

Cavaliere considers the information disparities among consumers and firms that
affect price competition and consumer externalities. The conclusion of this paper is
information about quality differences undermines brands. If uninformed consumers are
skeptical, adverse selection issue arises and market-demands may be-perfectly inelastic
to prices. When information disparity. happens, the adverse selection problem raises.
Therefore, with skeptical consumers, firms may want either to signal quality or subsidize

information provision to their consumers to decrease the problem.
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2.2 Theory of the study

2.2.1 Quality strategy theory

In the present market, price is obviously not the only factor that drives consumer
decisions and firm strategies. While product attributes such as performance and
durability as well as matter, and firms may compete on this dimensions just as fiercely
on these dimensions as they do on price (Besanko et al., 2003). More consumers
concern about the quality of product before selection so many firms develop the quality
of product to create the different levels among same product and present these to their

consumers.

In a competitive market, either all goods are identical, or they exhibit pure
vertical differentiation. When products are vertically differentiated, in a set of prices, all
consumers will agree on which products they most prefer. Firms may, therefore, offer
different levels of quality at different prices. However, the market will force all firms to
charge the same price per unit of quality. This means that market competition
mechanism will adjust until the products that have the same quality will have the same
price. If there are some products set their price higher than their proper quality,
consumers do not choose them. Furthermore this adjustment mechanism will occur
when consumers and sellers have full information about the product. If the consumers
don’t have full information, the seller will be able to charge higher price which exceeds

the real quality to consumers.

In the case that some consumers have information about product quality and
some others do not, it will be costly to be an informed consumer. This is because they
must invest time and effort to identify seller who sell high-quality product. The
uninformed consumers may be able to infer the type of sellers merely by observing the
behavior of informed consumers. In the market with enough well-informed buyers, most
buyers will be satisfied with the quality of what they buy. If uninformed consumers

cannot gauge quality through observing informed consumers, then a lemon market can
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emerge (Akerlof, 1970). If consumers cannot determine the quality of what they buy,
then some sellers might skip on quality and sell only low-quality products but still charge
the going price. Consumers may realize that their ignorance of quality makes them
susceptible to buying lemons. They may insist on paying less for a product. Figuring its
quality is likely to be low. This poses a problem to sellers of high-quality products, who
cannot get their money’s worth from suspicious consumers. High quality sellers may
refuse to sell their product as the price cannot get a price to cover their opportunity cost.
If they want to get a price commensurate with quality, they must rely on money-back

guarantees to ensure that their products are not lemons.

When firm increases its quality, these strategies have directly effect on the
demand curve of market. The demand curve of high-quality product is steeper than that
of low-quality product. From figure 1, firm increases its product quality, the demand
curves shifts from D to D,,. Not only does the firm sell more of product at any given price

when its raise quality, but its demand also becomes more inelastic to price.
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Figure 1 Market demand curve with different quality levels (D,, and D,).

Sellers with some market power view quality-as critical to the-demand for their
product. When quality is high, demand is higher than when it is low. The vertical
difference between high quality and low quality demand curves represents the
additional value of quality. As shown in figure 1, the demand curve becomes steeper as
quality increases. This will occur if consumers who are willing to pay the highest price of
product will also pay for the highest quality improvement. Regarding firm behavior,
some sellers with market power have to select a single level of quality for all of their

products. The sellers will select the reliability across their products line. Although some
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other firms will select strategies to produce more quality product in product line to cover
all demands in market. When sellers select the quality they want to produce, they must
compare the marginal cost of increasing in quality with the marginal revenue from more
consumers that will consume their product when quality increases (Besanko et al.,
2003). As a result, rational firm should choose the quality level that will equalize the
marginal cost of increasing quality and the marginal revenue obtained when products’

range cover higher-quality products.

Concerning consumer, the product will be consumed based on their utility
function. In a competitive market, firm that creates more value creation will receive more
benefits (profit, market share or reputation) than others. The value creation concept is to
find the maximum willingness to pay and also consumer surplus. Defining that w is the
expect value of consumer in the term of one unit of product. It is equal to the maximum
level that consumer prefers to pay for consuming product. Let p be money price that
producer sets for each unit of product. The consumer surplus is therefore w-p; the
consumers will buy the product only if the consumer surplus is positive. The competitors
in market will publicize the more value of their product, so there are various quality in the

product and consumer will select the product that get most value creation to them.

Consumers can select the product that gives the maximum consumer surplus to
them. If the selecting products give less consumer surplus, the producers will loss their
market share to the competitor. .So, the producers give more consumer surplus by
reducing the price or increasing the value of product. These show that there are same
relation between price and quality in° each product. Thereby, the-consumer surplus
parity-will occur. In the case that the quality of products is indifferent and consumer
surplus’ parity holds, the price of product will be the same. On the other hand, if

consumer surplus parity does not hold, the competition among producers will occur.

Economic value added comes from the producer bring labor, capital and raw
material to produce the product and then sell them to receive the advantage w that more

than cost of product: c. The value creation of product can be partitioned into the
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producer part and consumer part. The consumers receive the value of benefit that
exceeds the price or so-called consumer surplus (w-p) and producer can receive the

value of price that exceeds the cost of product or so-called profit (p-c).

The product with negative value creation can not exist in the market. The
negative w-c show that the producers are not set theirs products’ price that consumer
prefers to pay and that can cover the cost. The positive created value is the main reason
that allows product to stay in the market. In an aggressive competition among firms, the
new competitors enter the market and sell the more value-created product until they can
not receive economic profit while the consumers get all value creation. Nevertheless, the
producer must increase the value to their product by increasing the quality to differ their
product to the others’, especially for the group of consumer that has interested in quality
specify. Firm try to increase the value in a special consumer group and create the differ
level of quality among product to prevent the loss of market share. This market is called

the market with vertical difference.

From the real world market, two goods are never perfect substitutes. That is, all
consumers are indifferent between the goods when they have the same price. Products
are always differentiated by some characteristics. In contrast, a group of products
always interacts to some extents of other goods in the market. The price of other goods
outside the industry affects the demand for goods in the industry not only through
income effects but also though substitution effects. Products can be described by
several characteristics name as quality. The consumers can get information about the
quality and then rank over the mix characteristic to-find the relationship between price

and quality.
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2.2.2 Game theory

The non-cooperate game theory has played an important role in analyzing the
strategic interaction between players (firms). The game in the competition has many
applications that relates to with the field of industrial organization. In this study the basic

theory of normal-form games and Nash equilibrium are considered.

2.2.2.1 Normal-form representation of games

In this game, a player simultaneously chooses a strategy, and the combination
of strategies chosen by the player determines a payoff for each player. The normal-form
representation of game specifies: (1) the players in the game, (2) the strategies
available to each player, and (3) the payoff received by each player for each
combination of strategies that could be chosen by the player. This study discusses an n-
player game in which the players are numbered from 1 to n and an arbitrary player is
called player i. Let S, denote the set of strategies available to player i (called i's strategy
space), and let s, denote an arbitrary member of this set. The strategy s, is a member of
the set of strategies S,. Let (s, ..., s, ) denote a combination of strategies, one for each
player, and let u  denote player i's payoff function: u , (s;,..., s, ) is the payoff to player i
if the players choose the strategies (s, ,..., s, ). Collecting all of this information together,
the definition of the normal-form presentation is for an n-player game specifies the

players’ strategy space S, ..., S, and their payoff functions u, ,..., u,. This game denotes

by G = {Sl,...,Sn;ul,...un}.

Although, this. study stated in a normal-form game the players choose their
strategies simultaneously, this does not imply that the parties necessarily act
simultaneously: it suffices that each player chooses his or her action without knowledge
of others’ choices. The normal-form games can represent both static game in which the
players all move without knowing the other players’ choices and sequential-move game

on dynamic issue.
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® Iterated elimination of strictly dominated strategies

The definition of strictly dominated that use in this study is in the normal-form
game G = {Sl,...,Sn;ul,...un}, let s7and s/ be feasible strategies for player i. Strategy
sis strictly dominant by strategy s/ if for each feasible combination of the other players’
strategies, i's payoff from playing s; is strictly less than i's payoff from buying s, :

U(S)ye s 10805 S, senesS, ) US| seeesSi 128138, 15058, ) fOr €ach  (S),..008, 1,8, 5--155,)
that can be constructed from the other players’ strategy space S,,...,S, 1,8, 15>,

Rational players do not play strictly dominated strategies, because there is no
belief that a player could hold (about the strategies the other players will choose) such
that it would be optimal to player such as strategy. The use of such payoff-dominance
criteria becomes much more interesting when it is applied iteratively. The iterative
dominance method is used on the game where no player has a dominant strategy. This

iterative dominance method is a concept to find the best strategy for each player,

independently of what other opponents do (Vega-Redondo, 2003).

2.2.2.2 Definition of Nash equilibrium

One way to-motivate the definition of Nash equilibrium is to argue that if game
theory provides a unigue solution to a game theoretic problem then the solution must be
Nash equilibrium. Suppose ‘that game theory makes a unique prediction about the
strategy each player will choose. In order for this prediction is correct, it is necessary
that each player has willing to choose-the strategy predicted by the theory. Thus, each
player's predicted strategy must be that player's best response to the predicted
strategies of the other players. Such a prediction could be called strategically stable or
self-enforcing, because no single player want to deviate from his strategy. There are four

stage of Nash equilibrium in game theory.
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® Nash equilibrium in static games of complete information

The Nash equilibrium has g unique solutions to a game theory problem. The
definiton  of this equilibrium is in the n-player normal-form  game
G= {Sl,...,Sn;ul,...un}. The strategies (s *,,...s*, ) are in Nash equilibrium if, for each

playeri, s*

is at least tied for player i's best response to the strategies specified for the
n-1 other players, (s*,...,s* |,8* ,...,s™* ):

k * k * * sk * * *
u(s*,....s* 8%, s RN G g R s*)

AN EXREE) A EREEE)

For every feasible strategy s, in S, ; that is s* solves,

* * * *
Max u,(s*,,...,8 % _,8,8 ™ seees8 ™)

s;€8;

The Nash equilibrium in static games of complete information is the equilibrium under

the simultaneous-move game that all players know about payoff function of each others.

® Sub game-perfect Nash equilibrium in dynamic games of complete information

The situation of this game is that the players’ payoff functions are common
knowledge. However, this equilibrium is under dynamic game that moving of player in
the game is known by full history (perfect information). The stage of this equilibrium is
sequential stage with the moves in previous stages observed before the next stage
begins. This action differs from first equilibrium because the Nash equilibrium in static

games is the simultaneous-move game.

® Bayesian Nash equilibrium in static games of incomplete information

In the game of incomplete information the situation is different. There are some
players having uncertain information about another player’s payoff function but they act
simultaneously. The equilibrium under incomplete information is called Bayesian
equilibrium. In the static Bayesian game of n-player, the players’ action spaces are
A4,...,A4,, and their type spaces are T,,...,T,. Their beliefs are p,,...,p,, and their
payoff function are u,,...,u,. From the assumptions, it can denoted that the static

Bayesian game be G = {Al,...,An;Tl,...,Y;;pl,...,pn;ul,...,un}. The players’ strategies
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s*=(s*,...s* ) will be Bayesian Nash equilibrium if for each player i and for each of

i's types t,in T, , s*(¢,) solves

1

L,
%sz Zui(s >l<1 (tl)a'--as *i—l (ti—l)’aii's >l<1'+1 (ti+l)"--:s *n (tn);t)pi(t_)

Tt el

That is no player wants to change his or her strategy even if the change involves only

one action by one type.

® Perfect Bayesian equilibrium in dynamic games of incomplete information

The strongest equilibrium is Perfect Bayesian equilibrium in dynamic games of
incomplete information that occur under incomplete information and dynamic game. The
equilibrium was defined in order to refine Bayesian Nash equilibrium in the same way

that sub game-perfect Nash equilibrium refines Nash equilibrium.



CHAPTER IlI
QUALITY-SETTING MODEL

An objective of this chapter is to construct a quality-setting model without quality
uncertainty and then to find competitive equilibrium with duopoly firms. This chapter
explains the characteristics of utility and cost functions used in the model. Then, the

equilibrium outcomes in both price and competition are solved.

Quality-setting model is competition model that firms will consider quality as their
main strategy to compete other competitors when game begins. The concept of quality
competition is based on Motta (1993) who created models of product differentiation in
uncovered markets'. The competition model developed here is a two-stage model in
which firms select the quality first and then compete in price or quantity in the market. To
address these two issues, this study begins with a simple vertical utility function that
relates to consumers’ taste parameters, quality and price of the product. Suppose that
the utility to consumer i of product j is

u, =6y, —p, (1)
where v, is product quality and p is price. Note that this study assumes away about
income effects, and utility can be measured in currency. The taste parameter: 8, is the
consumer’s willingness-to-pay for quality. This study assumes that 8, is distributed on
the interval (0,5) with @ being uniformly” distributed with unit density. There are some
consumers, with arbitrary high @ , will pay for an increase in quality to any level of taste
parameter. Consumers-base their.decision-making upon:their-preferences. That is, they
decide to buy certain goods if these goods satisfy their preference. The maximum
acceptable price (or reserve price) will be usedto. make the decision. If the actual price
of goods is higher than the reserve price, consumers will not buy anything. On the other

hand, if the actual price is lower than or equal to the reserve price, consumers will buy at

"In real word, there is a part of not buying consumers in the market namely uncovered market.

*From utility of Mussa-Rosen (1978) and Motta (1993) that both assumes the taste parameter of
consumers has uniform distribution. To make the equivalent weight of consumers in all levels of

income effect, then this study assumes taste parameter of consumers is uninformed distribution.
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least one unit of goods. In the term of comparing utility function with consumers’
decision rule, Hivj is a reserve price of product j for consumer i. If the actual price of the
good is higher than this reserve price, then consumer i’s utility unit has a negative value
and thus the consumer i will not buy the product. If instead, the actual price is lower than

the reserve price, then the utility unit is positive and the consumer will buy goods.

3.1 Firm’s quality of goods and costs concepts

Product differentiation within a category of goods widens the decisions that
consumers have to make. They make a decision to choose which goods to buy. Figure 2

shows the process of decision making for consumers.

NO Reserve price more than actual price
/ l YES
NO

— Product features pass the minimum level

of price and quality constraints.

l YES

How many goods that passes

the criteria

Buy the best

l Many Goods

Compatre the selections: Rule for selection

Select the best one

Figure 2 Consumers’ decision making process

This process starts with selecting a product that has a reserve price greater than
its actual price. Next, consumers focus on the product characteristics that will be
measured by two important factors: performance and how easy to use it. The consumers
assess these features (of each product) and add them to be the score. Consumers and
firms will set the attribute (or the score) of all goods in the market, namely as quality.
Furthermore, there are the minimum levels of each feature that is defined by the fashion
trend and basic requirements of buyers. The consumers will make sure that the selected

products will pass the minimum levels. After that, they rank the remaining qualities and
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select the best one based on their preference affected by their income. If there is only
one product which satisfies both the price and quality constraints, then that product will
be chosen. If there are none, the consumer will buy nothing. If there is more than one

product, consumers will use the rule of selection to choose the appropriate one.

There are three rules of selection. First, if only the price is important, the
consumer buys the cheapest good that meets minimal quality requirements. Second, if
only the quality is important the consumer buys the goods that have the overall highest
quality. Last, consumers try to balance price and quality; they will choose the best value
for money product. It means that consumers does not individual consider on price or
quality. They choose the highest overall quality with respect to the price that is on the
suitable range. In a market that has vertically differentiated product, the quality is
important. Consumer will buy the best goods he can afford. Given a reserve price, he
will buy the good of which overall quality is the highest and of which each feature has a

sufficient score.

With regard to the cost, some literatures emphasize on an increase in quality that
involve increases in fixed and marginal costs. The relationship between market size and
distribution of quality-depends-on-whether the quality-is produced primarily through
fixed or variable costs. In particular, if fixed cost increases only slowly in quality and thus
the cost of the quality is borne largely by variable cost, then high-quality products can
use price to undercut lower quality products. It potentially drives the low-quality product
out of the market -and 'leads ‘to-a situation  where ‘there are a limited set of product

qualities on-offer, including-at least.one high-quality product.

For simplicity, the model assumes that the cost of production is only variable
costs. This study assumes that fixed cost is sunk costs and will not affect the profit of
firms. Firms’ marginal costs are constant in quantities but increasing in qualities. In
equation 2, firms’ marginal cost is denoted by c. It is constant in quantity (qj) and is

increasing in quality (vj), so that the variable cost is

C(qj‘avj):q/‘ C(Vj) (2)
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When firms choose qualities, the marginal costs are also determined. The lowest quality
in the market is set by the country’s regulation. The economy sets minimum quality
requirement that the firm must produce to show the standard of industry. Then, the
producers will select the price (or quantity) and enter into competition. This study
examines the sub-game perfect Nash equilibrium in static games of complete

information by using the backward induction method.
3.2 Quality-setting competition models: Duopoly Firms

From utility and cost concepts, this study considers quality-competitive models
under both the Cournot and Bertrand models. This model is a two-stage model that firms
select the quality first and then compete in price or quantity in the market. The utility
function is related to consumers’ taste parameters, product quality and price.
Concerning the cost function, the quality of the product plays the important role of the
cost function because if firms do not invest in new technology at the first time, they are
forced out from market. Firms that are fast to adopt a new technology will earn a positive
return. The firms that invest more in quality-related technology will produce higher

quality products, charge a higher price, and thus earning higher profits.

Our basic models work in a partial-equilibrium framework, focusing on single
consumption goods. In the model of this section, both consumers and firms have perfect
information. The model assumes_duopoly competitors in the market ( j = H and L).
Firm H has more ability to produce high-quality product than firm L. The competition
model is a two-stage game. In the first stage, both firms make decisions on the quality
that they want to produce with the possible capacity they have. The quality: v; that both
firms have chosen is greater than zero (vj Y 0). Firm H produces a high-quality product

and firm L produces a low-quality product, i.e. v,, ) v, . This study defines r as the ratio

v
of high quality to low quality: r=— hence r>1.
Vi
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The taste parameters are generated to the utility function and the choice of the
consumer. In duopoly firms, the market has two levels of taste parameters. The first one
is @, that denotes the taste parameter of consumers who are indifferent between
buying high or low quality goods. If consumers are indifferent between buying and not
buying a product, they then have the taste parameterd,,. In the market, firm H
produces a product with quality: v, and sells at price: p,, and firm L produces a

product with quality: v, and sells at price: p, .

The quality setting game assumes that firm H’s marginal cost is CH(VH)
=cv, (c<1). Firm L can copy firm H's technology from existing products by reverse
engineering. When it chooses a gquality, it has the same cost function as firm H. Thus, its
marginal cost can be written as ¢, (VL):CVL. Firms will never choose qualities beyond
the domain of the linear function. So the marginal cost of firm will not be greater than its
quality, i.e. ¢; Svj. This is an important assumption in this study. Because if the firm
chooses a quality that bears a marginal cost and aims to make a non-negative profit,
Consumers utility will be less than zero for all taste parameters. Consequently, the firms

cannot sell any of their products in the market.

From the utility function (equation 1), this study finds the level of taste
parameters of consumers that shown in table 1. When consumer chooses to consume
high-quality product, his unit utility function is u = &v,, = p,, and unit utility function of
consumer who prefer low-quality product is u = &v;— p, . Consumer selects product by
consider its quality and price. The utility function when select the product can write in

the term of taste parameter that depending on price-and quality of product.

Table 1. Levels of taste parameters

Selection of product Taste parameter
Buy good H 0, = 0
Buy good H or good L 6, = Pu—Pr
Yu =V
Buy good L or not buy 6?0L = p_L

Vi
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From levels of taste parameter, this study derives demand function of consumers
who prefer high or low-quality products from the intersect region of the taste parameters
level. This model allows that some consumers will not buy products when their

preferences are below 8,, . The characteristic of demand function can be written as

qH(pH’pLﬂei?vH7vL)=[0H _HHL]Z(
D= , —VZ Lp (3)
qL(pH’pL’Hi’vHﬂvL)z[eHL_QLO]Z(%__L)

7 VL VL

é_pH_pL)
-v

The uncovered market demand is a convex function that ZD,-(]?_,-,H,-,V,-)U and
D,(p;,0,,v,))0 forj=H,L. From the demand function (Equation 3), this study
examines cases of competition by considering both quantity and price determination in
the second stage and backwardly inducing to the first stage choice of quality. Both firms
want to maximize their profits of which function is

I1,v,.9;,p,)=q,(p, —¢€v)) (4)
When both firms enter into the competition in the market with different qualities, the

competitive equilibrium will be the Nash equilibrium.
3.2.1 Quality-price Equilibrium: Bertrand Competition
Solving for the Nash equilibrium, this study maximizes profits function by

differentiating it with respect to price and finds the solutions at equilibrium. The results

are as follows.

vy (2evy, +cov, +2§vH —ZEVL) v, Bevy, +(vy —vL)é)
H = 5 L=
4v, =v, 4y, —v,
- 2(0-c)v, g - (@—c), (5)
4v, —v, 4v, —v;
- 4(5_0)2"2{ (Vy'\ov,) e (5_0)2("11 =V, v,
n (4v, —v,)? Ct (4v, —v,)>

The competition outcomes show that the high quality firm makes a higher profit than the
low one. Quality of firm H has a positive effect to profits. When the quality of product in
firm H is raised, both profits of firm H and L will increases. This is because after firm H
improves its technology, market will expand due to the positive relation between quantity

produced by both firms and quality of firm H. Firms can sell more products and their
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profits are raised. In contrast, the quality of product in firm L has only effect on profit of
firm L. That is when quality of firm L increases, profit of firm L only will increase. The
interesting factor is a degree of product differentiated: v,, —v, that has a positive effect
to both firms’ profits. This implies that when products are more differentiated, producers
can set up their prices apart with the others. Both firms will set the prices that give them
higher profits. Profits of both firms will increases. As usual, firms’ profits decrease in
marginal cost, this relation shows that when cost of production increases, and profit of

firms will decrease.

With price competition, this study tries to explain the behavior of both price
functions with respect to the degree of product differentiated. By keeping the value of
firm H’s quality constant, increasing in quality of firm L implies less degree of product
differentiated. Figure 3 plots both price ( p,,, p, ) against v, for the case of v, =1. At
v, =0, firm H effectively possesses a monopoly, and can set the monopoly price,

c+6

*, = . This behavior shows the price of product is the perfect factor reflecting
2

the quality. When the quality of the product is equal to zero, the price goes to zero too.
In addition, as v, rises, firm H faces increasing competition and the fall in its optimal
price. There are two counteracting factors that affect the level of p, when v, rises. First,

increases in v, raise the ratio of equilibrium prices p—Hin consumers’ view. Second,

Pi
increases in v, cause p, to fall. As long as p, is high enough, the first effect will

dominate, and p, will increase with. v, . When p,falls low enough so that increases in
the ratio are insufficient to offset decreases in the level of p,, , then the second effect

will dominate, and p, will decrease with v, .

However, in all cases, p,, is greater than p, . Firm H price will be zero when L'’s

quality rises to v, **:M. This implies that firm L’s quality will rise until it does not
20 —c

differ from firm H's quality in the view of consumers. Consequently, they will buy only
firm L’s product and the price of firm H’'s product will become zero. Nonetheless, if firm

L's quality will continues rising until it reaches v, ***= 9+3¢ this is the point that the
12
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quality of firm L will get higher than consumers expect and they will not consume firm L’s
product, as a result, p, will fall to zero. In figure 3, both price functions intersect at point
A where both firms have same quality (both qualities are equal to 1), and thus they give
the same price p * that will be equal to the marginal cost of both firms: c. From figure 3,

only firm L's price function has local maximum, these optimal vales of price and quality

are p w2 Q0+\3V0 —cO)(-3c+30+203N0 ~cO) 4, # - 2020+ \3V0" —ch)
L L — :
V3o -co 0
Price: p,,p,
AN
0 v | V** V*** L's quality :v,
L L L

Figure 3 Firm H’s and L’s prices functions on firm L’s quality

As to describe about the relative market shares of high quality and low quality

sellers, the total market quantity is given by O =g, +¢, =M. Both firms are
4v, —v,
forced by the other using quality strategy. At the equilibrium, firm H has a market share

equal to %1 = 66.67% and firm L has a market share equal to % =33.33% . Firm H has

a greater market share than firm L because firm H has set its product quality higher than
firm L. In price competition, consumers will think that prices of both products are not
much different, but qualities of both firms are much different. More consumers will,
therefore, buy product from firm H. In this game, the high-quality product firms will then

receive more benefit (higher prices and higher quantity) than the low-quality ones.

Because of quality of product is an important factor that affects the equilibrium

outcomes in price competition. However, both firms try to fight the others by use quality
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strategy. To consider the relationship of profit and firms’ quality, this study finds the first-

order condition of profit with respect to its quality as follows.

om, 4O —c) v, (4vi —3v,v, +2v?)

>0 6.1
ovy, (4v, —vL)3 1)
N 2.2
ory, _ -4(0-c) vH(ngH +v,) <0 6.2)
ov, 4vy, —v,)
A 2.2

or, _(0-¢) vL(2vH3+ v,) 20 (6.3)
ovy (4v, —v,)
or, (5—0)2\1,2, 4v, =7Tv,) , 7

= >0 i o 2 v 6.4
ov, (4v,, —vL)3 7 Vi A = ©4

Both profits rise with firm H’'s quality as shown in equations 6.1 and 6.3 which have
positive values. This is expected since firm H’'s higher quality will raise demand and
relaxes competition with more product differentiation. One also finds that equation 6.2
has a negative value. In other words, if firm L’'s quality increases by given a firm H’s
quality, the market has less product differentiated. This leads to more intensive in
competition so firm H's profit decreases. The last equation is equation 6.4, this solution
can not conclude that will be positive or negative. If v, > %vL, then the relationship
between profits of firms and its quality will be positive. Nevertheless, for any v, , firm L
has an incentive to set v, > 0 because it's marginal profit from a very low quality is

T

always strictly positive ( lim >0 for any v, ). Both firms consider the ratio of high

v, =0 avL

%
to low quality: r=—%. For firm H, the prospect of reduced price competition as r is
Vi

increased, taking v, as fixed, given incentive to increase quality. The tradeoff is that an

increase in v, has an increasing ‘cost resulting. from*the-rising marginal cost of

investment in quality.

From the above results, this study specifically analyze both profit function with
firm L’'s quality to see the clear behavior of competition. Figure 4 illustrates equilibrium

profits against v, for the case of v, =1. When L’s quality is equal to zero, the profit of

. (0-0)
4

firm H is at its highest 7, . Then, as expected, 7, falls monotonically with

v, as firm H faces greater and greater competition. The relationship of 7, and v, is

even more interesting, and is similar to the relationship of p,and v,. At first,
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7, increases with v, , as firm L is able to charge higher prices without losing market

n 2
share. The local maximum of 7, is x, x=(0-0)" ang s quality is equal to 4/7.
8

Eventually, as L’s quality closes to H’s, the price competition becomes so intense that
both p,and p, fall to low levels. Then, 7, diminishes. As v, keep increasing until

equals to v, (equal to 1), prices and profits for both firms will tend to zero.

Profit .7, , 7,

*
Ty

0 4/7 1 L'squality :v,

Figure 4 Firm H’s and L’s profits functions on firm L’s quality

To see the rate of increase in qualities to profits of both firms, the second-order

conditions will be described as below

2 QD 2.2
0 71',2, _ 8(@—c) vL(Sv,: +V,9 oF (7.1)
ov, (4v, =v,)

o’r, _ 8(8—c)*v,v, (5v, +v,) 20 (7.2)
ov,0v, (4v,, - vL)4

o’rn, _ 2(0-c)'v,v,(8v, +7v,) >0 (7.3)
ov,0vy, (4v,, —vL)4

827Z'L _ —2(5—0)2v§1(8vH +7vy) 2o (7.4)
ov,” (v, —v,)*

Equations 7.1 and 7.4 have negative values. This behavior implies that both profits are
concave to their quality. When its quality increases, the profit increases too, but in a
decreasing rate. Shown in figure 5 are the reaction functions of both firms that denoted
vy =py(v,)and v, = p,(v,) from firm H and firm L respectively. Both functions have
positive slopes that will make the product strategic complements in quality from
equations 6.1 and 6.4. When the degree of price competition rises with the increase in

v,, firm H can reduce the degree of price competition by also increasing v, .
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Correspondingly, the reduced competition associated with an increase in v,, allows firm
L to better position its product by rising v, . The second order and stability condition in
equations 7.1 and 7.4 ensure that firm L’s reaction curve is steeper than of firm H and
hence the curves cross at a unique point (show as N). Since r>1, the reaction functions

both lie above the 45° line.

v, =p (V)
t L vy =Py (v,)
‘."45°
0 ;Vr,

Figure 5 Quality reaction functions: Bertrand competition

Next, this study examines consumers’ preference in the equilibrium. Because
there are two products in the market, so there are two levels of taste parameter: 6, and
6,, which consumers will consider when buying products. Theses taste parameters
measure from the preferences of consumers. In Bertrand competition, both taste

parameters are

20+, —0Ov, — (6+3c)v, — 6y, @)
- =

O 4 4
Vu =V Vu =V

Both taste parameters are positive and depend upon qualities of firms, the marginal cost
and the upper bound of taste parameter. As expected outcome, the value of 6,, is

greater than 6,, . The gap between them-is T_ﬂ This space is positive. It can
Vy =V

explain the behavior of consumers in such a way that if preferences of consumers lie
above @, , they will choose high-quality-product. If their preferences lie.above 6,, but
below 8, , they will choose low-quality product. While consumers have taste parameter

below 6,, , they will not buy anything.

The social welfare of consumers derived from integrating the utility function with
both levels of taste parameters implies a consumer surplus for taste parameter: &. The

consumer surplus here has two parts. The primary part is derived from the utility function
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of consumers preferring low-quality products. It integrates the area of taste parameters:
0,, t06,, . Another part is derived from the utility function of consumes preferring high-
quality products. This area is integrated between the highest level of the taste

parameter: 6 and 0, -

CS= [, = p)d0+[ (@, ~p,)do- o

_2 —
=0 /2, _1711‘9_[(HHL)2 12)(vy =v,)+ 6y (py — PL) _[(GOL)Z /2lv, +p,6,,
Replacing the Nash solution (equation 5) into consumer surplus (equation 9) attains the
consumer welfare in the case of Bertrand competition as follows.
1 v, (4v, +5vL)—2§ch(4vH +5v,)
S=———>9Vy) — - _ 3 - _ (10)
2(4vy —v,) +0v; (1-0)+4v; (4 —30)+v,v, (130 -8)
Equation 10 has more unobserved variables. Although to consider the value of this

consumer surplus, this study specially assumes that 0 =1. The solution is
g (1 —c)zvf,(4vH +5v,)
2(4v, —v,)’

The social welfare is positive and composed of qualities of both firms and the marginal

>0 (11)

cost. Consumer surplus has positive relation with quality of firm H. When the quality of
product produced by firm H increases, consumers will then be better off due to
consume technology enhancement. On the contrary, quality of firm L has uncertain
about relation with this surplus. When quality of firm L increases, consumers gain more
benefits from this innovation but the less differentiated products will decrease social
welfare. If the former factor has greater effects than the latter, consumer surplus will
increase when the quality of product produced by firm L increases. On the other hand, if
effect of the latter, less differentiated products, is greater than the former, technology
improvement, consumer surplus will decrease when-the quality of product produced by
firm L increases. Nonetheless, the marginal cost has opposite relation with the social
welfare. If firms raise their marginal cost, consumers will pay for this increasing cost.
Consumers’ surplus of buying products will then reduce. To sum, consumers will receive
greater benefit from more differentiated product quality. Quality of firm H is a main factor
that pushes the consumer surplus, in contrast with quality of firm L that has uncertain

effect. This outcome is clearly driven by the choice of quality chosen by the producers.
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3.2.2 Quality-quantity Equilibrium: Cournot Competition

Next, this section turns to examine the case of Cournot (quantity competition) in
which firms choose quantities rather than prices at stage two after committing to quality

levels at stage one.

Py =0y —quvy —q,v,

pL=0v,—quv,—q,v,
Equation 12 is an inverse of demand function that is derived from equation 3. Like the

(12)

Bertrand case, this study considers profit functions of both firms. The first order
conditions with respect to quantities are derived. Then, this study finds the equilibrium of

quantity competition. The Nash equilibrium results are shown below.

vy, (2evy, +2§vH —EVL) v, Bevy —cvy +§‘}H)
Pu = 1 L
v, —v, vy =V,
B @ -c)2v, —v,) _M (13)
H = >
4y, —v, vy =,
_(0-0 v, vy v, CRIIRAN
" (4v,, —vL)2 & (4v, _VL)2

Like Bertrand conclusion, Cournot outcomes follow that higher quality products tend to
command higher revenues. Firm H receives more benefit than firm L even though the
game is quantity competition. Profits of both firms depend on both qualities and the
marginal cost. Like Bertrand case, when product quality of firm H increases, both profits
will increases whereas product quality of firm L has only effects on profit of firm L. The
product differentiated degree is more important in both profits. Moreover, the increase in
marginal cost of firms will decrease both profits. The conclusion of both price and
quantity competition is product quality of product is conclusively important factor that

effect the solutions at equilibrium,

In the Cournot game, this study examines the effect of product differentiation on
quantity of firms. Figure 6 illustrates quantity (g, ,q, ) against v, for the case of v, =1.
Unlike Bertrand case, at v, =0, firm H cannot act like a monopoly because there are
some consumers who will buy firm L’s product. That is when firms compete in quantities
rather than price, consumers will not consider in quality alone. They consider both

quantity strategy and product quality in theirs decision making.
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Nonetheless, there exist some effects of product differentiation in quantities

competition. When product quality of firm L is equal to zero, some consumers will buy

0-c
4

. When, v, increases, the quality gap

this product based on quantity strategies. So, quantity of firm L is equal to ¢, * =

and that of firm H is equal to ¢, * —0-c

decreases. Firm H will sell fewer products whereas firm L will sell more products. The
intersection between both quantities is point B where both qualities are the same
(v, =v, =1). When consumers know that both qualities are the same, they will give the

same price. This action makes both firms receive the same market share that is equal to

q *= ‘9;‘3 . After the point of intersection, ¢,, sharply decreases. If v, continues rising

until its quality is double of firm H'’s quality, consumers have not incentive to buy firm H’s
product, g, goes to zero. In conclusion, consumers may care about quality in quantity
competition less than price competition and when both firms produce the product with

same quality, they will receive same market share in Cournot game.

Quantity :q, .9,

0 1 2 L's quality :v,
Figure 6 Firm H’s and L's quantities functions on firm L’s quality

To analyze price equilibrium in this game, the relative prices of high quality and

low quality for sellers is Pu = Y200 2600 __GVL) . To simplify"this result, this study

P v, (Bevy, —cv, +6v,,)

substitutes the quality ratio: r of which the value is greater than one. Then, the relative

price is M This value is always positive and shows that the price of firm H
cBr-1)+ré

will be higher than the price of firm L even in the Cournot competition. Regarding the

market share, the high-quality product firms can sell more than the low quality ones.

From price and quantity in quantity competition, firm H will gain more profit than firm L.
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Because the quality is an important factor which affects both profits. The analysis
examines the behavior of profits with both product qualities. To consider the first order

condition of profit with respect to its quality, the solutions are

on, (5—0)2(2VH —VL)(Svf, —2v,v, +V§)

>0 14.1

ovy, (4v,, —vL)3 14.0
ory, _ 40 -c) vH(ZV;, v,) <0 (14.2)
v, (4vy, —v,)

(D )2 2
or, _ 2(0-c) VH3VL <0 (143)
vy (4v, —v,)

N N2,,2
or, _ (@—c)vy (4vH3+ Vi, -0 (14.4)
ov, 4v, —v,)

As shown above, equations 14.1 and 14.4 are positive and equations 14.2 and 14.3 are
negative. One also finds that the profits of both firms rise with their product qualities but
decrease with the other’s product qualities. When firm H increases its quality, the profit
of firm H will increase whereas the profit of firm L decreases. Similarly, with a rise in firm

L’s quality, the profit of firm L increases and firm H's decreases.

Profit function of Cournot competition (figure 7) differs from that of Bertrand
cases (figure 4). Curves of firm H’s profits look alike but those of firm L's profits look
different. In Cournot game, firm L gains more profits when consumers think both
products become more similar (v, increase to near v,, ), Differently in Bertrand game,
when both qualities are about the same, the profit of firm L goes down. To explain this
behavior, let's consider the quality ratio, r. If r increases by an increasing in v,, while v,
is fixed and keep both quantities unchanged, in. both Bertrand and Cournot, this
increase will shift up the demand curve for firm H’s product and raising the willingness
of consumers to pay: for high quality goods. However, the willingness to pay for low
quality'goods is unchanged. Under Cournot conditions, firm H responds to this higher
demand due to greater separation of products expanding output and firm L then reacts
by cutting output (g,, and g, are strategic substitutes). Since price and output for firm L
fall and both rise for firm H, firm L's revenue falls and firm’s H’'s revenue increases

(holding ¢, and g, fixed). Instead, under Bertrand condition, firm H raises the price to
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respond to an increase in r. Because both p,, and p, are strategic complements, firm L

also raises the price causing the revenue of both firms to increase.

Next, this study considers the characteristic of both profit functions. Figure 6
illustrates equilibrium profits against v, for the case v, =1. When firm L’s product
. (5—0)2

4

quality is equal to zero, profit of firm H is the highest at 7z, . Then, as

expected, 7, falls monotonically with v, as firm H faces fiercer competition. The

relationship of 7, and v, is positive. Both profit functions intersect at point C where the
N 2
optimal profit is 7 *= (6 3. and at this point both firms have the same product quality

(v, =v, =1).

Profit : 7, 7,

T, &
. C
7Z’ ....................................................
7T
0 1 2 L's quality :v,

Figure 7 Firm H’s and L’s profits functions on firm L’s quality

Here, this study considers the second order condition of profits with respect to

their qualities-as follows.

’r,  —8(0-c) (v, —v, v

= <0 1s.1

ov,’ Gvy—vp)’

o’z _ 8(5_C)ZVHVL(VH -v.) N (15.2)
ov,0v, (4v, —v,)* '
o'r, _ —2(5—0)2vHvL 8v, +v,) <0 (153)
ov,0vy, (4v, —v,)*

azﬂZL _ Z(E—C)zv;(gvH4+vL) o 154)
v, (4vy —v,)

Equation 15.1 is negative while equation 15.4 is positive. This implies that the profit of

firm H is concave to its quality, but the profit of firm L is convex to its quality. The rate of
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increases in profit of firm H with respect to its quality will decline but the rate of
increases in profit of firm L with respect to its quality will raise. The positive cross
differential in quality, equation 15.2 implies that firm H continues viewing v, as a
strategic complement tov,, . In addition, the profit of firm H increases by a greater
similarity of products. On the other hand, from the result of equation 15.3 shows that firm
L viewsv,, as a strategic substitute tov, . Considering the choice of qualities, there is
tradeoff between competitive effects arising from the extent of product differentiation
from the rival’s product and the profitability from choosing quality based on revenues
and investment cost for given quality ratio: r. Since firm L gains from narrowing of the
quality gap, this gives firm L an incentive to raise its quality aims to reduce r, thus
holding the rival quality fixed. For firm H, analogously to Bertrand competition, a greater
differentiation of products raises revenue, so firm H raises its quality to increase its
profit. However, profitability of increase in quality is limited by the rising marginal cost of
quality investment. Thus, firm L’s reaction function (figure 8): v, = p, (v, ), has a

negative slope whereas v, = p,, (v, ) has a positive slope.

vV :pL(vH)

Vi =p1-1(VL)

450

>

4

Figure08 Quality-reaction function‘STCournot competition
Then, this® study examines the welfare of consumers in quantity game.
Consumers'set the level of taste' parameter at a given price and quality. of both products.
These levels of taste parameters measure the preferences of consumers that make
decision what product they want to buy. Both taste parameters in Cournot competition
are

26+ - 0+3 -
0, - @+c)y, —cv, 0, = ( v, —cv, (16)

4v, —v, 4v, —v,

Like the case of Bertrand, both taste parameters are positive and 6, is larger than 6,, .

These taste parameters depend on qualities of both firms and the marginal costs. To
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(é —C)Vy

4v, —v,

consider the gap between them, it has positive value and is equal to Cltis

interesting that the gaps of taste parameters (in price and quantity competition) are the
same. This implies that percentage of low-quality product buyers is the same in both
cases. Although the levels of both taste parameters in Cournot are higher than those in

the Bertrand cases.

Like Bertrand case, the measurement of social welfare in the Cournot case can be
referred by equation 9. This consumer surplus for taste @ is
S - 1 ) {02(4\)?, +v,v, —vi)—250(4v,2, +v,v, —vf)} a7)
2(4v,, —v,)* |5 02 (- 20) + 402 (4—30) +v,,v, (90 - 8)
This equation is difficult to solve. Therefore, to simplify it, the model assumes that 0=1

(1_0)2"11 (4"1%1 T VgV, _Vi)
2(4v,, —v,)’

The positive social welfare depends on qualities of both firms and the marginal costs.

CS =

>0 (18)

Again, quality of firm H: v, is an important factor to increase consumer surplus. As
shown in equation 18, consumers will receive more benefit if there is product quality

differentiation.

3.2.3 Compare equilibrium solutions in both competitions

When the market has vertical product differentiation, the competition results at
equilibrium relate with qualities of-product. Both price and quantity competitions have
the same conclusion that quality of product as the important factor that affects profits of
firms. However, consumer’s concerns about product quality in the Bertrand model are
greater than those.in the Cournot model.. This is because consumers will use price as a
signal of quality of product, and thus price has the direct effect to the quality. When
firms compete in price rather than quantity, consumers will see the price as the
products’ quality. If product quality of product goes to zero, firm cannot set its price,
then its can not sell product to anyone. On the other hand, if firm compete in quantity
that does not directly reflect quality. So, consumers have less concern about quality.

When firm’s quality is equal to zero, firm is still able to sell some of their product.
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Solving the Nash equilibrium of this study, all results (quantity, price and profits)
have unique solution. Given some restricted parameters, the result shows that the
Cournot output of firm H is smaller than the Bertrand output; however, output of firm L in
both cases is the same. The Cournot price is higher than the Bertrand price, and the
Cournot profit is higher than the Bertrand profit. In addition, the quantities are positive
and equilibrium prices in both games are greater than the unit cost. The results also
show that the product differentiation allows firms to relax price competition rather than
quantity competition (Shaked and Sutton, 1982). The price and quantity criteria will

mainly depend on the quality of both firms.

Concerning consumer preferences, given 6, both taste parameters (8, ,6,,) in
the Cournot case are greater than those in the Bertrand case. Below is figure 9 showing
the level of both taste parameters in both competitions. When the initial level of taste
parameter is zero and the fixed value of upper bound of taste parameter of both
competitions is the same, the gap of each bound can estimate the size of consumers
that are buying products in the market. The level of 6,, in the Bertrand model is smaller
than that in the Cournot model. That is, a number of consumers who do not buy a
product in the price game is smaller than that in the quantity game. As a result,
consumers in the price game consider more about the quality of the products and
product differentiation will persuade more consumers to stay in the market than in the

quantity game.

The difference of both taste-parameters represents the number of buyers
preferring low-quality. products.. Because  this difference is the same in both

competitions, the numbers of buyers preferring low-quality products are equal too. The

_ (‘5 — vy

Bertrand Bertrand __ nCournot Cournot
HHL - eLo - eHL - eLo 4
Vu = Vi

is the volume of consumers’

preference. Meanwhile, the number of buyers who prefer high-quality products in
Bertrand is more than that in Cournot. This implies that consumers have more concerns

about the product’'s quality differentiation in the price game than in the quantity game.
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Figure 9 Levels of both taste parameters in price and quantity competition

Regarding the social welfare, consumer surplus in the Bertrand case is higher than
that in the Cournot case. Because more consumers will be interested in vertical product
differentiation, they tend to choose the best quality of product they buy and thus social
welfare increases. Nevertheless, the profit of both firms are in contradiction with
consumer surplus, so policy makers have to make the decision based on the trade off

between these solutions and select the better competition to both agents.

In sum, this chapter has explored quality-setting model without considers the
quality uncertainty concepts. The quality of products plays the important role on this
competition model. Both the price-and the quantity. game have unique solutions when
firms certain in the product’s quality they produce and thus consumers choose the best
quality of product they want to buy. Although in the-real world, quality uncertainty can
happen when some consumers have incomplete information in product’s quality. While
the next chapter will consider quality uncertainty that firm creates to deceive some
uninformed consumers. Like this section, chapter 4 assumes duopoly firms and aims to

explain only firm behaviors in the competition.



CHAPTER IV
THE COMPETITIVE MODEL WITH QUALITY UNCERTIANTY

The study in previous chapter shows the results of the Nash equilibrium in which
consumers can distinguish between the product of which one has high quality and that
another has low quality. Quality uncertainty does not exist. In fact, it is costly or
impossible for some consumers to learn the true quality of an item before making a
decision whether to buy it. They will use the products’ price as the signal of quality and
make their decision based on the price strategy. The price competition results are more
sensitive to changes from equilibrium when uncertainty can affect quality than in the
quantity competition. For this reason, this section considers only the price competition
and uses a very simple information structure for consumers who attempt to distinguish

between high and low-quality products.

There are two types of consumers, connoisseurs (informed consumers) and
dilettantes (uninformed consumers). An informed buyer always knows the true quality of
the firm that they are buying from. On the other hand, an uninformed buyer can only tell
these firms apart if they are charging different prices; otherwise, uninformed buyer will
face “quality uncertainty”. If two firms charge the same price, the dilettantes will be
unable to distinguish the high-quality product from the low one, at least until after the
purchase. This study allows uninformed consumers to infer information when different
price are charged since quality may be learned much more easily in markets where
prices convey information. Thus, quality is either positively or negatively related to their
price. The assumption here is that when prices-of both firms are the same, the
uninformed consumers would need costly additional work to distinguish a high-quality

product from a low quality one.

Since there are two types of consumers in the market, this chapter analyzes
firms’ profit and welfare of consumers at equilibrium in different conditions. First, all
buyers in the market are informed. Second, all buyers are uninformed. Last, some of

them are uninformed. Before finishing this chapter, the study randomly chooses some
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variables that have important effects on the equilibrium to investigate to find the pattern

of competition outcomes.

The fraction of uninformed consumers in the market isA, hence0<A<1.
Figure 10 shows that both types of consumers contain buyers’ who prefer either high
quality or low-quality product. In terms of tastes, uninformed consumers are drawn
uniformly preference like informed ones. This means both types of buyers may care
about quality. For example, in the automaobile market, all consumers care about safety
and reliability. However, connoisseur consumers have better information about quality
than dilettante consumers. The full-informed buyers can always tell the firms apart,
whether the prices are the same or not. Only the situation where producers set different

prices reflecting to the product’s quality, uninformed buyers can recognize the firms.

(1= 4) A

s / / . SN

V Connoisseurs ##AConnoisseurs !*."." Dilettantes :*.".*.". Dilettantes

prefer high prefer low [---prefer high lprefer low
quality quality Lou quality quality

Figure 10 Fraction of each type of consumers in high and low-quality products

Recall the results of the Bertrand competition in chapter 3, firm L has a lower
profit than firm H because it sets its price differently from firm H. Consumers can notice
the price signal and know that the quality is different. Therefore, firm L gets
disadvantage outcomes in the game. Both firms know that consumers use price as a
signal for quality. Thus, firm L uses price strategy to increase-its profit. Firm L has two
strategies to react firm H in game. One, firm L sets its price differently to consumers to
reflect the quality difference (separating price strategy). Second firm L sets the same
price with firm H to deceive some uninformed consumers (pooling price strategy). Let
the superscripts P and S indicate pooling and separating, respectively. When firm L
uses pooling price strategy, there is quality uncertainty in the market. The uninformed
buyers will face difficulty to recognize each product’s qualities. This uncertain in quality
will affect on firm H’s outcomes of the competition because uninformed consumers does

not have skill to distinguish both qualities. Firm H’s will lose some buyers to firm L.
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Consequently, firm L’s strategies (separating price or pooling price) have a direct effect

to firm H’s profit.

When both firms know that firm L aims to make dissimilar profits’ of firm H. Then,
the famous question will be what is strategy that firm L will use. Firm L must consider the
fraction of uninformed consumers in the market before selecting its strategy. If market
full contains of informed consumers, firm L will not choose pooling price strategy
because consumers will know that firm L deceives them. On the other hand, if all
consumers are uninformed, it is the best choice for firm L to choose pooling price
strategy. Moreover, there is another significant factor should be considered together
with fraction of uninformed. It is the probability that firm L will successfully deceive
uninformed consumers. Therefore, this chapter aims to examine the effect of quality
uncertainty on market with different fraction of uninformed buyers by simultaneously

considering this probability.

4.1 Competitive game with only informed consumers

If the market has only informed consumers (A =0), then both firms will know
that all consumers have full information about quality. Firm L will not use pooling price
strategy because no consumers willing buy its product. Both firms will set their price
differently with their quality. The game has no quality uncertainty. However, the
probability that firm L will successfully deceive uninformed consumers will not be
considered because no consumers are-deceived. This-action will bring the equilibrium
solutions will remain the same as in chapter 3. When all consumers are informed, firms
will use separating price strategy.. As a result, the firm that produces higher quality

product will gain more profit than the one that produces low-quality product.

4.2 Competitive game with only uninformed consumers

When all consumers in the market are uninformed buyers (A4 =1), consumers
does not have the skill to differentiate between the qualities of the products. They will

guess quality based on the products’ price and purchase goods according with their
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preference. Firm L knows that all consumers are dilettantes. It, therefore, chooses price

strategies to increase its profit.

If firm L uses the separating price strategy, the dilettantes can only tell these
producers apart because sellers charge different prices for different product qualities.
The game has no quality uncertainty, and their purchase decisions will be the same as
those of the connoisseurs. When separating price strategy is used for both types of
consumers, the demand function for both firms is equation 3 because consumers can
specify the quality clearly from different price. The results of competition when firm L use

the separating price strategy are thus the same as in chapter 3.

On the other hand, if firm L uses a pooling price strategy, p, = p,, in the
market that all consumers are uninformed, they can recognize the producer. This is
because consumers will not clearly see the difference of product quality and they are
willing to pay the same price: p, . So, consumers will expect the quality of both firms’

products to be the same and be equal to the average of high-low quality: v, = VitV
2

The utility function is

Uy =0vy —p, (19)
For this situation, the taste parameter of consumers-will be one level: 8, . This

taste parameter denotes the taste parameter of consumers who are indifferent between

buying expected quality or not. Like the decision making above, consumers will select

the products that have a reserve price greater than-the actual price. More formally, when

all consumers-face a single price;p,, an uninformed buyer will buy if 6,,v, = p,;

otherwise he will not buy it.

Although, if product quality of firm L is lower than the expected quality, firm L will
try to mislead some consumers that its quality is the same as expected. The techniques
to trick an uninformed consumer include advertisement or giving misleading information
to consumers. The probability that firm L will successfully deceive consumers is « . If
a =0, it means that no uninformed consumers will be deceived by firm L. On the other

hand if o =1, it means that all uninformed consumes will be deceived by firm L. This
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probability is an important factor that firm L concerns before choosing its strategy. Even
though all consumers are uninformed, but this probability can be equal to zero, and no
one will buy product from firm L. So, the probability of firm L’'s deceive should be

considered into profit functions. These profit functions are

7k =(1-a)[0-6,,1=(1-a)0-LL)(p, —ev,))

Vi
7 =al0— 0y, 1= a0 - L) (p, —cv,) (20)
Vi
At equilibrium both prices are similar and equal to @ The equilibrium profits of

firms depend on the value of &, the upper bound of taste parameter, the marginal costs
of firms, the expected quality and its actual quality. If probability of firm L's deceiving: «
is equal to 0.5, so both firms will receive the same market share but the cost for both
firms is different. Firm H will have higher costs than firm L, and then firm H gain less

pooling profits than firm L.

In this situation, a surplus of consumers depends on the value of « too. If the
value of a is high, more consumers will be deceived by firm L. They actually receive the
products that have a lower quality than the expected quality. They will suffer more from
consuming the low-quality product with higher price. This utility of consumers will be

negative. Consumer surplus-is-worse off.

4.3 Competitive game with some uninformed consumers

When the market has both types of consumers and A is the fraction of
uninformed consumers, the competition game will have two parts. The first part is for
connoisseur consumers who behave in a certain way. They choose truly quality of firms
because they have full information about quality. And they do not purchase a product of
which price is higher than its proper quality. Although, the second part is for dilettante
consumers who will be faced a situation where both producers set the same price. This
group of consumers will face the quality uncertainty and are possible deceived by firm

L. The dilettantes are forced to choose a producer randomly, and only purchase the



43

goods if their expected utility of this random purchase is non negative. The probability

that firm L will successfully trick some dilettante consumers is Ol.

In this framework, the sequential price-setting rule is appropriate to explain the
behavior of both firms. With the possibility of firm L fooling some consumers, firm L has
an incentive to wait until firm H has already set its price and then firm L will set its price.
In the extreme case that all consumers are dilettantes, firm L has nothing to lose by
waiting for firm H to set its price first since no dilettante will buy from firm L if the prices
are different. While firm H often has little to lose by going first. This instance is price
leadership by firm H in the market. Thus, in the next step firm H will consider firm L’s
strategy and set the price to maximize its profit against firm L’s price strategy (firm H’s
re-response). This game is called sub-game competition equilibrium of both firms where
firm L sets its strategy based on firm H’s historical price first and then firm H takes

account of firm L’s strategy to maximize its profits.

4.3.1  Firm L’s response

About firm L’s benefits, when it is firm L’s turn to set prices, it knows that it can
choose a pooling or separating equilibrium. If firm L chooses a separating equilibrium,
then all consumers (both informed and uninformed) will be able to tell the producers
apart, and firm L’s profits will then be the same as what is shown in chapter 3. Then, firm
L’s price and profit in terms, of firm H’s price are

—CV Vv
pS = p, = Ll UV (21)
2v,

. 2
”f £ 7Z-L ) A (pH CVH) VL (22)
vy vy —v,)

If firm L deceives consumers by setting the same price equal to firm H’s price, the

equilibrium will be a pooling equilibrium. Uninformed consumers who count for 4, a
ratio to all consumers have a utility function shown in equation 19 and the profit function

of firm L that is made up of uninformed will be

- p v, +Vv
”f :aﬂ(e——H)(pH —cv,) Vg =4~
Vi 2
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This profit function depends only on the purchase of uninformed consumers.
Informed consumers that prefer low-quality product will not buy product of firm L as they
think that the price of a low-quality product is too high relative to its quality. There is no
maximum in equation 23 since there is only one pooling price, p, = p,, . If firm L selects
the pooling price, it will only sell to uninformed buyers who have positive expected utility
for purchasing the good. The (1—0() of these uninformed consumers will not be deceived
by firm L as they choose high-quality products. The proportion « of the uninformed

consumers will be deceived by firm L as they choose low-quality product.

Firm L’s decision, then, is made on whether to choose the separating profits
given in equation 22 or the pooling profits given in equation 23. With the ratio of high to
low product quality: r, defined that v, =r v, , firm L will choose the separating profits,
and a separating equilibrium will result if nf > ﬂf. This condition implies that

crvi(r+ 1)+ dacirv; (r=1)+ 20:/11’\225(1”2 =) +

\/{rvj (—c(r +D)[14 r+ 8adr(r —D][cr + 4al 0(r —1)] +

e+ 4ad (r=1) 4+ r)+2a2 0> - 1)]*}}
- v (1 + ~¥8alr(r=1))

(24)

As equation 24 is very complicated, so this study tests for the positive value in

parentheses. The results show that if r220521.19cﬁa2%, the value in

parentheses will be positive that means equation 24 would be positive, too. That is, there
will be a cut-off level of p,, , with above which firm L will always prefer to separate price
strategy. At below the cut-off level firm L will prefer pooling price strategy while at the
cut-off level firm L will be indifferent. The intuition for this is-straightforward: firm L’s
optimal separating price is always a proportion of p,, so when p, is low, firm L’s

separating profits will.be low as well.

Figure 11 shows the optimal separating profits compared to pooling profits as a
function of p, as a special case. As p,rises, the separating profits with stand at
Py = pfl* = cand then it rises monotonically, whereas the pooling profits first rises and
then falls as is typical for a monopoly. Although the pooling profits will set the price at

pH:p,’;*:o.sc. When the price of high-quality product increases
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until p,, = p2™ =0.750, the separating profit will be a large amount and firm L will not

choose the pooling price strategy. As shown in figure 11, the pooling profits reach their

pe (c+1.50)

maximum at z”* = 0.02(1.50 — ¢)*where p,, = p? 4

R P
Profit: 7, 7,

ﬂ-L
*
ﬂL
P S* Pk Tk ek ' . .
0 Pr Pu Py Pu Py H's price: p,

Figure 11 Profits for firm L as a function on firm H's price
Theses two cumves intersect-at point D where p,, = p,, . At this point both

separating profit and pooling profit of firm L will be the same and have profit value are

2
equal to 7, =0.25 (0.43c 0210-0142.250" +1.50 sczj :

Because ﬁf is the profit of firm L when the market does not have quality
uncertainty. For the low levels of p,,, firm L is better off to use pooling price strategy
because the low price set by firm H does not leave much room for firm L to earn profits
by attracting low preference customers with a spill lower price. Firm L is thus better off at

the old equilibrium.
4.3.2 Firm H’s re-response

The next step is to solve for firm H’'s optimal-p,, , given firm L's-known optimal
response. Firm H knows that its act can bring about either a pooling or separating
equilibrium, depending on its choice of p,, . Firm H's optimal price is defined by solving
its for the maximum profit of both separating and pooling equilibriums. When firm H

chooses an optimal separating price of firm L, it maximize

_ .S
7l =0~ =Ly, —ev,)  subjectto p, > p), (25)

VH L
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The constraint must be included because if firm H sets its price lower than p},
(that is too low), then firm L will choose to use the pooling price strategy. If firm L
chooses this strategy, firm H will have part of both informed and uninformed consumers
in its profits function. All informed consumers that have (1—A) ratio to all consumers
will purchase the high-quality products and (1—ea)of uninformed consumers will buy
the low-quality product because these consumers can be deceived by firm L. To
simplify the analysis on equation 25, the equation is rewritten with the ratio of high to low

quality. Then, firm H’s price and profit when firm L applies separating price strategy are

s _m(r=D(@+0)

" 2r -1 2
N _n\2
25— rvL(6’2+ cr—ré) (27)
4r° —6r+2

This separating price of firm H will be greater than the constraint price. This ensures that
if the price of firm H is over p;, firm L will use a separating price strategy to get a

higher profit. To attain optimal pooling profits, firm H must maximize

78 = (1= )0~ L1)(p, <evy) + A=) MO=<LE Yp,, —cv,)
vy vy v, (28)

subjectto p,, < py

The first term in equation 28 is firm H’s profits obtained from selling products to

connoisseurs. The lower bound of taste parameter in this term changes from £# —Pi (as
Yy =V,

it was in chapter 3), to 2x . The second term is firm H’s profits obtained from selling

Yy

products to dilettantes, another group of consumers in the market. Firm H has to share
this market with firm L. Here, the constraint ensures that firm H chooses a price low
enough to have firm L will actually choose to pool. A poaling (separating) equilibrium is
a constraint if firm H’s profits cannot be pushed-higher without inducing firm L to

separate (pool). The pooling price when firm L uses a-pooling price strategy is

b letr—A+1-2a0r + )+ 8(ai - 1)(r +1)]

(29)
P 20— A+ 1—2adr+ A7)
The profit of firm H when a pooling price strategy is
I le(r = 2 +1= 20 + Ar) + O(a2 ~ ) + )] o)

4r—-A+1-2aAr+ Ar)(r+1)

If firm H’s separating profits as shown in equation 27 are higher than its pooling profits

(equation 30), then firm H will choose the higher price in a separating equilibrium. If



47

separating profits are lower, then firm H choose the optimal pooling price, and quality
will beget quantity. Whenever the duopolies have relatively close qualities, the
equilibrium will be a pooling equilibrium. The intuition is simple. As qualities converge,
the competition becomes more intense in the separating equilibrium. Both firms will set
the prices lower, and profits for both firms will fall. At the limit, profits fall to zero due to a
sequential-move variant of the Bertrand competition. Thus, firm H has an incentive to try
to reduce this competition by avoiding the low-profit separating equilibrium. Firm H does

this by setting a price so low that firm L might as well engage in a pooling equilibrium.

4.3.3 Social welfare with quality uncertainty

The social welfare of consumers is derived by integrating the utility function
depending on levels of taste parameter. If firm L uses a separating price strategy,
consumer surplus is in the same as equation 9. However, if firm L wants to cheat
uninformed consumers by using a pooling price strategy. Informed consumers who
prefer a high-quality product will buy from a high quality firm selling high-quality
products but the people who prefer a low-quality product will leave go out from the
market because the price is high but the quality is low. For uninformed consumers,
consumers face 6, as the taste parameter that consumers will be faced with. Then, the
consumer surplus can be divided into three parts. First is connoisseurs depended part
holding a fraction equal to (1—A). The last two parts are dilettantes depended part that
have firm L’'s deceived probability in the functions. Especially, the second part explains
the effect of uninformed: consumers ‘who ' cannot be deceived by firm L. They buy a
product having reasonable quality than they expected, v, > v, . On the other hand, the
third”_part ‘explains the effect of uninformed ‘consumers ‘who are deceived. These

consumers buy a product that has a lower quality than they expected.

CS=1A-A) [ 16, ~p 1400} +{0-)( [ 160~ p, 140+ e[| (60, ~p, 1))

52 _ 02 éz 02
=(1=2) Vi == Py 0=y =5+ POy [+ =@ vy ===y 0=y =+ 1y Oy (31)

Vu Vi

—2
_ 6>
+OM{VL i_pHH_VL ;5+pH‘90E] 5O _ L and 6,; L
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The consumer surplus equation contains more unobserved variables, so this
study uses imitation methods to simulate these unobserved variables by setting the
value with in a possible range. And then, both profits and consumers surplus are found

for each situation that will occur in the market
4.4 Competitive equilibrium with quality uncertainty

As have just been mentioned, the outcomes in the section above include
unobserved values. So, it is difficult to explore their influence on equilibrium. Therefore,
this section aims to replicate the values of these unobserved variable at different level of
firm H’'s price to find competitive equilibrium with quality uncertainty as well as the
effects on both firms’ profits and social welfare shown in equations 22, 23, 27, 30 and
31. When this study simulates all variables that will be in their possible range, the
behavior of equilibrium outcomes will be explained. There are 6 unnoticeable factors in
both profits and consumers surplus equations, namely é,c,vL,r,/Iand o . The detalil,

meaning and possible ranges of them are listed in table 2.

Table 2 Detail of unobservable variables in profits functions and consumers surplus

Variables Description Range
g; Upper bound of consumer’s taste parameter >1
c Firms’ marginal cost that fixed with period 0<c<1
v, Quality of firm L >0
; Ratio of high-low quality >1
Fraction of dilettantes 0<a<l
a Probability that firm L will success trick- some uninformed 0<ac<l

From previous results, the effects of g,cande are exogenous unobserved
variables that both consumers and firms do not decide to force them. These variables
will only increase or decrease the absolute value of profit and welfare. They do not
change the curves. They do not have the outstanding effects on the competitive
equilibrium. To reduce the unknown effects, this section sets the value of 5,cande.

After giving the certain value to these variables, both firms’ profits and social welfare
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equations have become simpler. Providing the unobserved values, the detail, meaning
and range of them will be considered. The upper bound of consumers’ taste parameter:
5, represents the highest preference of consumers in the market, so firms can not be
directly forced to it. This section will mark this value to simplify the model by fixed 0=1.
In addition, the marginal cost: ¢ is kept constant in a short period of production. The
main factors that change marginal cost are major change in engine and reformation of

factory. This section assumes that marginal cost in this period is fixed with the value 0.1.

Another exogenous variable is the products quality of firm L, v, . This variable is
the minimum quality in market so it is a qualitative variable. However, many studies try to
measure the quality of product into the quantitative variable. Confirmatory factor analysis
is a method to measure this attribute. When computing quality choice, there are serious
problem about the unit measurement to measure this variable. To find the behavior of
firms’ quality to profit results, this study uses a special case that setsv,, =1. It means
that this study mentions the fixed in the highest quality and then allows the flexible in the
low quality. So in this section, the effect of firm’s qualities can be explained through the

ratio of high to low qualities: r instead of direct value of quality.

Regarding other variables r,4 , and « , these variables are interested because
they have direct effect on pooling profits of both firms and can change the curve of
firms’ profits. In the imitation process, their values are varied to find the behaviors of
equilibrium outcomes. Because of there are three variables to be considered, this study
investigates four cases of imitation. In case 1, the value of r which can affects all profits
is simulated by setting value of both 4and « are equal to 0.5. That is, the proportions of
informed and uninformed consumers .in the market are assumed to be the same.
Additionally, the probability that firm L will successfully deceive the dilettantes is set at
0.5. In case 2, this study replicates A's values is replicated by fixing the value of r equal
to 2.35 at which separating and pooling profits of firm H are the same, and « is equal to
0.5. From this case, there are two extreme points of imitation that are so interesting.
These two extreme points are 4 =0 and A =1. When A =0, all consumers are informed

consumers. The equilibrium solutions will be the same as in section 4.1. The result
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shows that the probability that firm L will successfully deceive uninformed consumers
cannot affect these outcomes. In the game that all consumers are uninformed (1 =1),

changing value of a will have more influence to the equilibrium.

Emphasizing the effect of « on competition results, its value are imitated in case
3 and the fluctuation of profits and welfare of consumers are found. In this case, this
study sets both values of rand A are equal to 2.35 and 0.5, respectively. Changing the
value of a represents the deceiving power of firm L to uninformed consumers. High
values of « represents more success of firm L in deceiving dilettantes. If « is equal to
zero, it means that firm L will not able to deceive anyone in the market. When all
consumers are uninformed, the outcomes can be affected more. Case 4 is thus a
special case where (4 =1) and then switch value of «to analyze the competition

solutions.

As a result of imitation, the value of r (case 1) is shown in figure 12. Assuming
value of r is equal to 1.1, this small value demonstrates that the gap from high quality to
low quality is very small (only 0.1). In figure 12(a), firm L’s pooling profit is a pink line and
separating profit is a red line. The curve of both pooling and separating profits of firm L

agree with figure 11 (the mathematic approach).

At point p,, Sp;, the pooling profit of firm L is greater than the separating
profit. On the other hand, after point p, = p;,, the.separating profit sharply increases
and is greater than the pooling profit. Whenr =1.1, the quality ratio is too small, and
thus the separating profit of firm H (a-dark blue line)-is less than zero. When the price of
high-quality products increases, the separating profit of firm H is lower. As consumers
know that the high quality is not much different from the low one, consumers will buy the

low-quality product instead when the price of high-quality product is very high.
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In figure 12 (b), this study slightly raise the value of r to explore the effect on
separating profit of firm H: (r=1.11). The result shows that the separating profit of firm H
become positive value when value of r is slightly increased. When consumers
acknowledge a distinct between high to low qualities, they will begin to buy products
from both firms. However, the separating profit of firm L is little decreased because firm

L loses their share to firm H when the increasing quality gap is realized by consumers.

Figures 12(c)-(f) show the effects of increases in value of r on both separating
profits. When value of r rises, a little gap between both qualities will clearly affect
consumers. Still, consumers notice the difference between these two qualities. The
slope of the separating profit of firm H is increased but that of firm L's is decreased.
Some high-quality products are more preferred by high preference consumers because
they think a high price is reasonable for a high-quality product. The gap of separating
profit of both firms will increase along with the qualities differentiation. When the degree
of product differentiation is high, firm L gains less profit. The results on both separating
profits agree with the result in chapter 3. More specifically, the profit of the firm that
produces high-quality products is greater than the firm that produces low-quality

product when price are not the same.

Figure 12(d) shows the result of setting firm H's pooling profit (a green line) is
equal to its separating one. In this situation (r=2.35), there is a point where firm H is
indifferent between choosing a separating and a pooling profit. To consider the curve of
firm L's separating profit in this situation, is nearly horizontal. With a continuous raise in
value of r to 3, the results shows that'firm H’s only-strategy is to choose a separating
profit because the entire range of the pooling profit is less than the separating profit. The
gap of'the separating profits of both firms is very wide. It shows that consumers
acknowledge the difference of quality. Thus, firm H can set its price high concurring with

its product quality, and make more profit.

When firm L uses a pooling price strategy and if both qualities are little different,

the pooling profits for both firms look similar. Both pooling profits (firm H and firm L)
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increase when the firms’ product qualities increase (v,, or v, increase). Given a fixed
value of firm H’s quality (v, ), when value of r is increased, there will be a decrease in
v, . Both pooling profits will decrease a little when v, decreases. However, in all cases,
the value of firm H’s pooling profit is greater than firm L. These are caused by two
factors: the fraction of uninformed consumers and the probability that firm L will
successfully deceive uninformed consumers. Half of the consumers cannot distinguish
the differences in qualities. Therefore, the shapes of both pooling profits are the same
caused by the deceived dilettantes part in equations, but the higher level of pooling

profit of firm H comes from the connoisseurs and non-deceivable dilettantes part.

To simulate consumers’ surplus, this study considers both consumer surpluses
when firm L uses a separating price, denoted by CS_separating (a purple line) and
when firm L uses a pooling price denoted by CS_pooling (a light blue line), especially
with the possible range of the taste parameter (6, <1). If the taste parameters are not in
the possible area, the graph of the consumers’ surplus will not exist. The consumer
surplus imitation in figure 12 explains the behavior of r when value of A and « are equal
to 0.5. Both consumers’ welfares are found to have negative slopes. The surpluses will
decrease when the price of firm H’s product increases. While the cost of purchase

increases, consumers’ wealth decreases as does their welfare.

By fixing value of v, , increases in value of r induce a decrease in v, . Figures
12 (a)-(f) show the characteristics-of welfares. CS-seperating has not changed when
value of r increases because firms will set the price according to its quality (price is
different) and consumers will be clearly able to define both qualities (high or low). When
quality decreases, price will decrease too. CS_seperating in all figures are the same. On
the other hand, CS_pooling is different. If the value of r increases, the product quality of
firm L and welfare of consumers will decreases. Due to firm L’s adopting a pooling profit
strategy, some uninformed consumers will be deceived by low quality firm. When firm
L’s product quality decreases while keeping its price is constant, consumers will suffer
more by consuming bad quality product. The consumers’ surplus will decrease more

when they realize that the product quality they buy is worth less than they expected.
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Considering figure 13, it shows the imitation the value of a fraction of uninformed
consumers: A that will affect the equilibrium results. Range of theseA’s values is
between zero and one. Concerning the actions of 4, the study sets the value of r equal
to 2.35 at which the situation where firm H’s separating and pooling profits are the same
and the value of & is set to equal to 0.5. Changing value of 4 can only change pooling
profits of both firms and CS_pooling. When A =0, consumers in the market are
informed consumers. Firm L therefore cannot use a pooling price strategy. Because
there are no consumers will buy its product. This firm may be stubborn by using a
pooling price strategy, but its pooling profit will be equal to zero. However, when the
market has all informed buyers, the pooling profit of firm H will be the largest because

when the price is the same, all informed buyers will buy from firm H.

On the other hand, when A =1, all consumers are uninformed. Then, the effect
of firm L’s deceiving power will be concerned. This case assumes that « is equal to 0.5.
A half of uninformed consumers will be deceived by firm L. Thereby, when firm L uses a
pooling price strategy in this situation, half of them will buy form the deceiving firm.
Moreover, both firms will receive the same market share. From figure 13(f), the pooling
profit of both firms looks alike. The difference in profits comes from the different costs.
Firm H has higher costs than firm L, so it can make less profit. When all consumers in
the market are dilettantes and the price is the same, both pooling profits will almost be
the same. Even though the price of firm H’s product is very high and marginal cost is
equal to 0.1, both pooling profits’~graphs are overlapping. Then, the different of both
graphs caused by cost effect is decreasing. Pooling profits for both firms become equal

at the firm H’s high price, as shown in-figure 13(f).

Figure 13(b)-(e) show the equilibrium outcomes when the value of A4 increases.
All graphs demonstrate that the pooling profit of firm H will decrease when the fraction of
uninformed consumers increases. This can be explained in such a way that when more
consumers do not have the complete information about qualities. They are misled easily
by firm. The pooling profit of non-cheating firms will reduce whereas that of firm L will

increase.



56

Without uninformed consumers in the market: A =0, CS_separating and
CS_pooling are the same (the difference in both graphs at high price of firm H results
comes from the decimal calculating). Like profits, 4 will only affect the CS_pooling. If
the number of uninformed buyers rises, CS_pooling will be more different from
CS_separating. Its’ value will sharply decrease. In a situation that all consumers in the
market are dilettantes: A =1, the value of CS_pooling will be a half of CS_separating.

This is caused by the deceiving power of firm L is 0.5.

Next, case 3 (figure 14) considers the effect on profits by simulating values of
the probability that firm L will successfully deceiving dilettantes: « . Like behavior of A4,
a only affects the pooling profit of both firms and its range is between zero and one.
Like case2, this study sets both values of r and Aare equal to 2.35 and 0.5,
respectively. If a =0, no dilettantes can be deceived by the fooling quality of firm L.
From figure 14 (a), firm L cannot cheat anybody. The result shows that there is only a
pooling profit of firm H. When prices are the same and consumers are not cheated,
everybody will buy the product from firm H because of its higher quality. Although, for

this situation, the value of firm H’s pooling profits is less than case 2 (figure 13(a)).

Figures 14(b)-(d) show the increase in value of @ due to an increase in the
pooling profit of firm L, and a decrease in pooling profit of firm H. The deceiving power
of firm L is raised by doing an advertisement or giving misleading information to
consumers. This causes firm L gains more profit and due to less profit for firm H. In the
extreme situation where a =1 shown in figure 14(e), all dilettantes can be deceived by
firm L. The pooling profit of firm H will-be a little higher than the pooling profit of firm L.
This is because the pooling profits of firm H will contain the part of informed consumers
purchasing. At the low level of p,,, the pooling profit of firm L is greater than that of firm
H. This is because the lower price of firm H nearly fits with its’ low-quality product. More

consumers will choose the low-quality product.
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Welfare of consumers when a half of the buyers are uninformed will depend on
the cheating power of firm L. When «a =0, both surpluses will be the same. However,
there are some uninformed consumers in the market that firm L can not deceive. So
buyers can buy true quality with a reasonable price. Like behavior of 4, increasing in the
value of a will affect only on CS_pooling. With an increase in «, pooling profits of firm

L increases but that of firm H decreases.

The special case: case 4 (figure 15) that considers the profits and welfare
outcomes when the value of « is replicated for the market that has only uninformed
consumers (A4 =1) given value of r is equal to 2.35. This situation does not have quality
uncertainty. If the price is different, both separating profits are unchanged. But if firm L
deceives its consumers by setting the same price, the solutions will depend on the
deceiving power of firm L. When firm-L can not cheat anybody, & = 0 (figure 15(a)) and
the prices are the same, there exists only a pooling profit of firm H in the market which
value is less than case 3 (figure 14(a)), because there are not any informed consumers

in this situation.

When value of & increases, firm L's pooling profit will increase. If « is less than
0.5, the pooling profit of firm L will be less than firm H but if « is greater than 0.5, the
pooling profit of firm L will be larger. At the point that & =0.5, both pooling profits look
alike. The slight difference between both graphs results comes from different costs of
both firms. Firm H has higher costs than firm L, so it has less profit. In the extreme
situation (figure 15(e)), firm L has full cheating power (a =1), so only the pooling profit
of firm L will exist. The pooling profit.of firm H is_equal to zero because there is no
informed consumer that knows the true qualities in the market and firm H cannot
successfully show its quality to all uninformed buyers. In this case, the interesting issue
is the value of firm H’s pooling profit when « =0 as it is less than firm L’'s pooling profit
when «a =1. Because firm H has higher costs than firm L, so firm L has a big higher

profit when there is only its product in the market.
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When all consumers are dilettantes (A =1) is when value ofa is greater than
0.5. It means that firm L can deceive more than half of all consumers. When the price of
firm H is high, firm L therefore can deceive consumers with high price. Then, the
mismatch between price and quality of firm L is much larger. Consumers will suffer, and

the consumer surplus will tend to be reduced.

From all behavior of consumer surplus, the results show that most of consumers
surpluses when both firms use separating price strategy is greater than consumers
surplus when firm L use pooling price strategy. These actions will concern the
policymakers to consider the factor that affects the consumer welfare when both firms
use separating price strategy. Analyzing this surplus, all graphs of consumer surplus are
look alike. Only an increase in p,, can decrease this welfare. In addition, an adjusting in

quality of firm L’s product has only small effect on the consumer welfare.

Figure 16 (a) shows that modifying the value of v, does not change
CS_separating in each level of p, . Curve of this welfare at low p,, is linear in all level
of quality of firm L. However, if p, is high, CS_separating will be sharply decreasing
with increases in v, . That is, when firm H set a high price to find more profits,
consumers in the market have less ability to consume them. They thus change their
behavior to buy the low price product. If firm L tries to increase its quality to gain more
profits simultaneously. Some consumers who have a very low preference cannot buy

any product. Consequently, consumers surplus will-decrease.
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Figure 16 Consumers surplus of firm H with quality of firms H and L
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Considering the product quality of firm H instead of firm L, figure 16 (b) shows
the relationship between CS_separating at each price of firm H and the product quality
of firm H. All curves’ slope is upward. This implies that when the quality of firm H

increases, CS_serparating will increase.

All imitation result shows the possible situations that may occur in the real
market. Quality of product will directly affect both the separating and pooling profits of
both firms. The ratio of high to low quality is the main deciding factor that firm L will use
in choosing between separating or pooling profit strategy. If the value of r increases, the
degree of product differentiation will increase, firm L will try to use a pooling price
strategy because its separating profit is very low. As a result, firm L will apply a pooling
price strategy. As discussed in chapter 3, the possible range that firm L can apply

pooling price strategy is limited by the price of firm H’s product.

With regard to the effect of fraction of uninformed consumers, A4, and the
probability that firm L is successfully cheat uninformed consumers, « , both factors only
affect pooling profits of both firms. When value of Aincreases, the pooling profit of firm
H will decrease but that of firm L will increase. The value of A will be rising until all of the
market has only uninformed consumers (A =1), both pooling profits will be the same.
Firm H and L will have the same profits. On the other hand, if the market has some part
of informed consumers, the pooling profit of firm H will exist in the market at all levels of
a . In contrast, if there is'an extreme case that the market has only uninformed
consumers and firm L has full deceivable power, firm H does not gain any profit from the

competition.

The study above shows the characteristics of both profits and welfare of
consumers with at each levels of firm’s H price. The pattern of pooling profit and
separating profits of both firms agrees with the mathematic approach shown in figure
11. If price of both firms are at equilibrium as shown in equation 29, the profits and

consumers surplus are affected by the ratio of high to low quality, the fraction of
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uninformed and the probability of firm L will successfully deceive uninformed

consumers.

The competitive equilibrium when the price of firm H is set with the Nash
equilibrium condition is illustrated in figure 17. It shows the plots of equilibrium profits,
consumer surplus and welfare for social. The x axis in each graphs show the effects of
increases in the ratio of high to low quality. When r increases, all profits increases with
the decreasing rate. Each column of graphs shows the cases with the same value of the
fraction of uninformed. The first column shows the case of that all consumers are
informed (A =0). The second and third columns show the case of that a half of
consumers are uninformed and the case of that all consumers are uninformed. The
horizontal rows of graphs show the case with the same value of the cheating power of
firm L. The first, second and thirds rows refer the case that no uninformed consumers
will be deceived by firm L, that a half of them will be deceived by firm L and that all of

them will be deceived by firm L.

Regarding the consumers’ perspective at the Nash equilibrium, consumer surplus
will decrease when the degree of product differentiation increases. Moreover, the
consumer surplus when firm L uses a separating price strategy is certain in all stage
and its value is more than the consumer surplus when firm L uses a pooling price
strategy. Even though in firm L's view, it is different. Meanwhile, firm L considers both
the fraction of uninformed.'consumers in the market and the power of deceiving
uninformed consumers. As shown in the graph, if all consumers are informed or the
power of cheating is equal to zero, firm L will use-a separating price strategy. This is
because at the equilibrium firm.L’s separating profit is greater than firm L’s pooling profit
at all levels of product differentiation. Moreover, if firm L chooses a pooling price
strategy, it will lose some consumers to firm H. This is because consumers who have full
information about both qualities will not choose firm L's product. Then, firm H will be
forced to have separating profits, too. Welfare of both agents is high in this case and

has a certain value across all degrees of product differentiation.
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When the market has a half of uninformed consumers and the power of
deceiving is more than zero. Firm L has motivation to select a pooling price strategy. A
main reason is that its separating profit is less than pooling profit in all value of r. When
firm L uses a pooling price strategy, firm H does not have a choice to react. Then, firm H
will gain pooling profits. However, if the degree of product differentiation is low, (r is too
low), pooling profits of firm H are not much different from separating profits. Beside,
when firm L uses a pooling price strategy, consumer surplus will decrease. Buyers will
suffer more from consuming low-quality products with such a high price because they
have incomplete information about quality. If the degree of lack of information is very
high (the situation that A =1 and « =1), consumer surplus with the high degree of

product differentiation will be negative.

In conclusion, information knowledge of both qualities is important. The problem
that both agents (consumers and firms) have unequal qualities is brought about by
many reasons called asymmetric information. This asymmetric information on quality will
only happen when the market has uninformed consumers. If these consumers purchase
goods at period one and at the end, firm H will be worsen. Although, there are repeated
purchases by consumers in the market, so consumers will adjust their expectation about
qualities of product they purchase in the last period. This behavior will create the famous
question that if uninformed consumers can adjust their expectation about qualities in the

next period, what equilibrium outcomes will be?



CHAPTER V
MARKET RESULTS BY MONTE CARLO SIMULATION

In the next chapter, this study will increases more product that have different level
qualities in the market (firms are more than two), and then finds the competition
equilibrium. Finally this study tries to explain the equilibrium of firms’ profit and

consumers’ welfare when uninformed consumers adjust their preference already.

In fact, there are many firms competing in the market. Each firm will individually set
its quality and price. If firms do not have some motivation to deceive, they will set their
price according to their products’ quality. So, consumers in the market use price as a
signal of quality. Again, there are two types of consumers: informed and uninformed
consumers. The informed consumers that have complete information about the quality
so they do not need to estimate the quality based on product’s price. They would
examine the true property of products, compare with their price and then choose giving
the best value by considering an income effect. On the other hand, consumers who do
not have complete information about the quality of products have to use the price of
product as a signal of product quality. Because all firms know this, some of them will use
the pooling price strategy to increase their profits. They can trick some buyers who have
poor information. Uncertainty about quality occurs. This study uses simulation

techniques to estimate the results of equilibrium when the market has four firms.

5.1 Simulation by the ‘Monte Carlo method

The competition model ‘with quality uncertainty that'has four firms in the market is
too complicated to explain. This study use simulation method to reproduce the behavior
of agents and find the equilibrium outcomes. The Monte Carlo method is one of the
popular simulation methods. This procedure uses a random number to find out the
solution when there is uncertainty action in the model. This study uses the Monte Carlo
technique to generate data set that has an assumed distribution. The procedure of

Monte Carlo simulation begins with generating the random numbers. These random
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numbers have a uniform distribution and range between zero and one. Each random
number set has a dependent correlation to others. Then, these numbers is applied to
create random variables that have the desired distribution. Next, this study applies these

random variables into the model of competition to find the solutions at equilibrium.

Using a simulation technique, this study runs the simulation 500 times of each
case and assumes the number of both agents (firms and consumers). The model that
used in this section is the quality-setting model. Although in this chapter, the model will
concern both sides of agents (consumers and firms) in an agent-based model. Like the
previous chapter, to simplify the results, this study sets the upper bound of the taste
parameter: 0 is equal to 1 and marginal costs of each firm are the same and equal to
0.1. This study uses a standard model of quality differentiation in which consumers
purchase at most one unit of a differentiated product. At beginning, this study explains

the behavior of consumers with taste parameters and the firms’ product qualities.

5.2 Consumers’ behavior

Consumers in the market make a usual decision to choose products. Because
both firm and consumer are the typical agents in a basic agent-based model, this model
considers consumers to be bounded rational with given-information. The basic choice of
a consumer is, once he has a need and he knows that a certain good could satisfy his
needs. Then he makes a decision whether to buy the good or not. The maximum
acceptable price (or reserve price) will be considered to make a decision. The quantity
that the individual-will buy-is ‘zero or one-according to the distribution of the reserve
prices.that affects all consumers. The distribution of reserve price.can. influences the
shape of the demand curve. This study mentions reserve prices to quality, so the
equation of demand will have quality choice in it. The relationship of the reserve price
and the income of consumers will be positive (Besanko et al., 2003). Higher reserve
prices would thus be the willing-to-pay prices of the rich people, whereas lower reserve
prices would be that of the poor. If people equally shared their budget for a different

class of goods, then a higher income would mean a higher reserve price in each class.



67

In a simulated market, this study generates one thousands consumers’ taste
parameters randomly with uniform distribution as shown in figure 18. Then, consumers
make the decision rule by examining the product features and its price. The levels of the
taste parameter that comes from the consumers’ decision are related with the number of

firms in the market, products’ qualities and prices.

taste parameter

Figure 18 Uniform distribution of 1000 taste parameters of consumers

Like chapter 4, this section denotes that the fraction of uninformed buyers by A .
Because uninformed consumers have a lack information that comes from they can not
go to gain fruitful data from external sources such as advertisements or personal advice.
So, these consumers will be easily deceived. Recall that the power of cheating an

uninformed consumer is denoted by « .

5.3 Firms’ quality

There are four firms.in the market that have various qualities. The product of firm 1
has the highest quality 'in the market followed by product of firm 2, firm 3 and firm 4.
Furthermore, the numbers-of firms-in this section-are-not ranked by type-of qualities but
by the order of qualities in the consumers’ view. When competition rises, all firms
present their product quality and prices to consumers. Consumers arrange these
product qualities with the product they produce from highest quality as firm 1 and down
to the others as firm 2-4. This study will assume the possible range that all firms can
choose their qualities between 0.75 and 1.65. However, the selecting process that a firm

will use to choose its product quality assumes to be a random process (see appendix A)
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All firms compete in the market with price competition and all firms have two
strategies: separating price strategy and pooling price strategy to react to competitors.
A separating price strategy is when a firm will set its price according to its product
quality. When a firm uses this strategy, all informed and uninformed consumers can tell
these firms apart because they are charging different prices (the separating price
strategy). Because of the lower quality firms will gain less profit, so some of the firms
have try to deceive some consumers by using a pooling price strategy. The deceitful
firms will set the same price for its product as the higher quality firms. However, this
study assumes that a lower quality firm wants to use the same price as a higher quality
firm, they will not jump to use price of next higher quality firm because consumers would
easily to detect the lies. Then in each situation, all firms have to choose to use a

separating price strategy or use a pooling price strategy to compete higher quality firms.

Because there are four firms in the market, there are 8 possible situations (A-H) as
shown in figure 19. Situation A is that all firms use a separating price strategy, and that
they thus set different prices for their product quality. Situation B is that firm 2 tries to
deceive uninformed consumers by using a pooling price strategy and that it thus sets its
price equal to the price of firm 1 by not changing its quality. Firm 2 makes quality
uncertainty in the market. Situation C is that firm 3 using a pooling price strategy by
setting its price equal to firm 2 by not changing its quality; however, others firms use a
separating price strategy. Furthermore, situation D is that both firms 2 and 3 use a
pooling price strategy at the same-time. Nonetheless, both firms do not exactly know
others strategy. They expect that others opponents will use separating price strategy.
Then firm 2 sets price equal to price of firm 1 but firm.3 set price equal to price of firm 2
by not knowing that firm 2 change.its price. Quality uncertainty from firm 2 and 3 exist in
the market. Situation E is that firm 4 deceives uninformed consumers by using pooling
price strategy. Like situation D, situations F is that both firms 2 and 4 try to deceive
uneducated buyers by using others price as their price. In this situation, there are still
two price-level, p, and p, in competition. Situation G, two of low quality producing, firms
3 and 4, try to deceive uneducated buyers. The last one is situation H where all firms

except firm 1 use a pooling price strategy to deceive consumers. This situation is the
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serious situation that many firms make quality uncertainty to their consumers. More
products in the market are deceiving products. Uninformed consumers will suffer more

when consume these products.

From all situations, only firm 1 has a single strategy that is a separating price
strategy because firm 1 produces the highest-quality product in the market. So, it does
not need to trick anyone by charging an unreasonable price. Firm 1 will set its price
according to its quality. But for the other firms, in some situations they use a separating
price strategy, and in some situations they use a pooling price strategy. This behavior

causes the quality uncertainty in the market.

Firm 1 Firm 2 Firm 3 Firm 4

P1 P2 P3 P4

A|[s| vi|s V2 s| w3 S Vi
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Figure 19 Strategy of firms in price competition with qualities differentiation

5.4 The process of simulation with an agent based model

This study applies the Monte Carlo simulation to an agent based model that
considers both consumers’ and firms’ behavior. The simulation process is not
complicated but it creates competition in the market with some random numbers that
can represent the actions of both sellers and buyers. This agent based model (figure 20)

will generalize the reaction of both sides of agents in the competition model.
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The computer simulation of this study uses an MS excel worksheet to generate 5
sets of random numbers. The first one is to generate consumers’ taste parameters. The
second set is composed of the consumers’ types. If the second set of random numbers
is greater than A, this study assumes that consumers will be informed. The third series is
a set of probabilities that consumers will be deceived by firms. This number will be
involved with the second set in such a way that the third set of random numbers will be
applicable only on a condition that the second series is less than A (only uninformed
buyers). When informed shoppers buy a product, they will not be deceived. Whereas,
when uninformed consumers are buying products and if the third sequence is less
thana , they will be cheated. Forth set is a set of random qualities (rq, in appendix A) of
products that are assumed to have normal distribution. The last one is a set of
adjustment of consumers’ preference. When consumers buy a product in the first
period, if they know that the product quality is not proper for its price, they will adjust
their taste in the next period. The loop will continue until consumers buy the appropriate

goods at criteria time.

The simulation process begins with generating 1000 consumers’ preferences
(taste parameter) with a uniform distribution and the four firms’ product qualities with a
normal distribution by randomizing numbers with random numbers set 1 and 4. The type
of each consumer will be marked with randomly numbered in set 2 and 3. Then, both
consumers and firms enter the competition at time t0. The game will continue and in
each period is adjusted the preference of consumers by the random index in set 5 until
it reaches the steady stage where no one will be cheated by firms. The example of the
four firms’ qualities and consumers’-preferences that are used in-the Monte Carlo

simulation are in appendix B.

Inside the game, consumers choose a product following a decision making
process (figure 2). Consumers will compare their reserve price with the actual price and
make a decision to choose the goods of which quality is the overall highest and each
feature has a sufficiently high score. In the competition, there are different cases that

firms will face depend on types of consumers in the market. From chapter 4 in which the
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outcome of equilibriums with duopoly firms is found by imitation methods, the results
can be grouped in 6 cases.
1. All consumers are informed (A =0 ) for all level of «
2. A half of consumers are uninformed (A =0.5) and firm producing low-quality
product can deceive a half of them (o =0.5)
3. A half of consumers are uninformed (A =0.5) but firm producing low-quality
product can deceive all of them (a =1)
4. All consumers are uninformed (A =1 but firm producing low-quality product
can deceive a half of them (a =0.5)
5. All consumers are uninformed (A =1) and firm producing low-quality product
can deceive all of them (& =1)
6. Firm producing low-quality product has no deceiving power (o =0) for all

fraction of A

These 6 cases are different in the fraction of informed and uninformed consumers
and the probability that firm will successfully deceive the uninformed consumers.
Because of the behavior of these variable can affect the competitive equilibrium and
welfare of consumers. This study will analyze the solution of each case in each situation.
It finds that case 6’s results will be the same as that of case 1, so this study examines 8

situations within 5 cases and finds the results of each case.

The example of the excel simulation result of case 2 in situation B is shown
appendix B. The competition simulation starts at-t0. This ‘study randomly chooses
qualities of firms and consumers and then goes to the stage of competition. From the
price-signal, each .consumer selects the product according with their level of the taste
parameter. The sales volumes, profits and utility at tO are calculated. In situation B, firm
2 will deceives uninformed consumers by setting its price equal to price of firm 1's
product but it does not change its quality. At t0, cheated consumers will suffer from
buying the deceiving products and trying to adjust their taste parameter to buy other
products at t1. This study assumes that deceived consumers will adjust their taste

parameter with 10% of the random number in set 5. The game will continue until no one
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buys a product from firm 2 in the 13" period. This is a steady stage period where every

one will move from this point.

For the whole outcome of simulation, this study constructs 500 tests for each case
and finds the average values of quality and prices of the four firms, levels of taste
parameters, and ratios of qualities, profits and utility. The example of simulation results

of case 2 under situation B are in appendix B.

5.5 Results of simulation

Situation A: All firms use a separating price strategy

When all firms choose their own strategy to set the price according to their product
quality, there exist four qualities and prices in the market. Consumers can distinguish
the products with their different prices. They arrange the qualities of each product and
bring these qualities and prices to set the level of the taste parameter. Because there
are 4 products in the market, so there are 5 levels of taste parameters. The first one is
the upper bound of taste parameter,@ which is this study assumes it equal to 1 since
the distribution of the taste parameter is a uniform distribution. Other taste parameters:
0, ., 0,; and 0,,denote the taste parameters of consumers who are indifferent between
buying product’'s 1 or 2, 2 or 3 and 3 or 4, respectively. The last taste parameter is
6,, that denotes the taste parameter of consumers who are indifferent between buying
product’s 4 or not buying. Both informed and uninformed consumers will face the same
level of taste parameters because all firms set different prices according to their product

quality. Consequently, no one has been deceived inthis case.

Situation A is the normal situation of the competition without quality uncertainty
discussed in chapter 3. The number of consumers who buy a product, profits of firms
and the welfare of consumers will not be related with both 4 and « because consumers
can differentiate the qualities from dissimilar priced. Figure 21 shows firms’ profits and
the percentage of buying goods in situation A. From the left-side graph of figure 21, bar

graphs denoted profits and line graph denoted product quality of each firm. Decreasing
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in the line graph dues to decreases in the bar graphs. That is, like the results in chapter
3, firms that have the highest product quality will get the highest profit, followed by the

firms that have next lower product quality.
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Figure 21 Firms’ profits and percentage of buying all products in situation A

For the right-side graph of figure 21 as shown the percentage of buying products,
goods 2 has the largest market share, followed by goods 1, 3 and 4. The percentages of
buying products come from the level of taste parameter of consumers. However firm 1
gains more profits since its quantity is less than quantity of goods 2. It implies that
product quality of goods 1 is higher than product quality of goods 2, so firm 1 can set its

price higher than price of goods 2, so firm 1 gain higher profit than firm 2.

Regarding the-level of the taste parameters, @,5is about 0.6276, 6,,is about
0.2408, 6,,is about 0.1524 and 6, is about 0.1363. Assuming that Aand « are equal
to 0.5, the level. of taste parameter is graphed in figure 22 (a). The flat line between
products represents the level of taste parameter. From this figure 22 (a), goods 4 has
the smallest.range of taste parameter. This is due to fewer consumers who want to buy
this product (only 2% in the pie graph). The bigger range of taste parameter describes
more consumers will purchase these goods. In this situation, more consumers will
purchase from firm 2 (40%) because it has product with middle-to-high quality, followed
by firm 1 (35%), firm 3 (8%) and firm 4 (2%). Interestingly, the percentage of consumers
who not buy the products is about 15%. This group has the level of 6,,is about 0.1363.
The solutions at equilibrium of situation A is shown in table C1 in the appendix C. The

table shows that all cases have a similar solution.
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Even if A and «a do not affect the results of competition in situation A, there still are
informed and uninformed buyers in the market. Table C2 in the appendix C shows the
number of both types of consumers in each case. For case 1, all consumers are
informed consumers. Case 2 and case 3 have a half of the consumers are uninformed.
However, case 2 shows that a half of the uninformed consumers are deceived whereas
case 3 shows that all the uninformed consumers are deceived. Cases 4 and 5 have all
consumers in the market are uninformed. Nonetheless, case 4 has a half of them

deceived while case 5 has all of them are deceived.
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Figure 23 Portion of informed and uninformed consumers in 5 cases

Bar graph in figure 23 shows the portions of informed and uninformed consumers
in 5 cases. Case 1 has only uninformed buyers with 351 consumers buying goods 1,
401 consumers buying goods 2, 81 consumers buying goods 3, 15 consumers buying
goods 4 and 151 consumers do not buy atall. When having a half of the consumers are
uninformed in case 2, there are numbers of informed consumers buying goods 1, 2, 3,
and 4, and not buying are equal to 190, 202, 44, 9 and 59, respectively. Non-deceivable
uninformed buyers who buy goods 1, 2, 3, and 4, and not buy goods are 88, 95, 20, 5
and 50, respectively. Meanwhile, cheated uninformed buyers who buy goods 1, 2, 3,
and 4, and not buy any of these products are 73, 103, 17, 2 and 42, respectively. The

proportion of informed and uninformed consumers will spread over products.
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Like case 2, case 3 has the same ratio of informed and uninformed consumers
buying the products but there are full weights in cheated uninformed consumers. Case 3
has informed consumers who buy goods 1, 2, 3, and 4, and not buy the products at all
are 187, 203, 46, 9 and 59, respectively. Beside, deceived uninformed buyers buying
goods 1, 2, 3, and 4, and not buying any products are 159, 198, 39, 7 and 92,
respectively. In case 4, all consumers are uninformed. In this case, non-deceivable
buyers buying goods 1, 2, 3, and 4, and not buying the products are 182, 197, 48, 10
and 75, respectively. Whereas, cheated buyers who buy products 1, 2, 3, and 4, and not
buying are 166, 205, 35, 5 and 76, respectively. Case 5 is an extreme case that has only
deceived uninformed buyers. Numbers of these consumers buying goods 1, 2, 3, and 4,
and not buying at all are 348, 401, 84, 16 and 151, respectively. The total of consumers

in each case can is equal to 1000.

The important analysis in this study is to consider the utility of consumers when the
market has product differentiation. As shown in table C1in appendix C, social welfare of
situation A is high. The average welfare of all cases is about 121.89 but the range is very
wide (162.78). This means that there are some tests of simulation that give a low utility.
When the simulation generates the qualities of four firms as tiny values that is near the
lower bound of the quality, the utility is so small. The lowest welfare of consumers is in
case 3 (35.02) in which the simulation produces the quality of firm 1 is equal to 0.9560,
quality of firm 2 is equal to 0.8967, quality of firm 3 is equal to 0.7822 and quality of firm
4 is equal 100.7631. Although, these.qualities do not-reach the lower bound of quality but
they have a value near it in the same time. The utility of consumers is the lowest. For the
highest utility, it is in case 4 (229.42) in"which the simulation generates-the quality of firm
1 is equal to 1.6480, quality of firm 2 is equal to 1.6167, quality of firm 3 is equal to
1.4391 'and quality of firm 4 is equal to 1.0411. All qualities have a value close to the
upper bound of quality in the same time. As a result, the utility is the highest. This study
concludes that when all firms have an increasing trend of their qualities, this also favors
for buyers. Policy maker will plan the policy that aims to motivate all firms in the market

to increase their qualities which would lead to increase in social welfare.
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Figure 24 shows that all firms’ profit in each situation. In situation A, profit of firms
will be similar in all cases. This means both 4 anda do not have any effect on firms’
market share when they set the reasonable price (a separating price strategy), the
market does not have quality uncertainty. In situation A, firm 1 earns a profit of about
216.73, firm 2 earns about 177.44, firm 3 earns about 29.87 and firm 4 earns about 4.67.
Like the chapter 3’s results, firm 1 gains more profit than the others because it produces
a product that has the highest quality. This top quality is not enough to create the high
profit. The large gap between the highest guality and the lowest quality introduce the
high ratio of highest quality, and the others will guarantee the higher profit. For example
the highest profit of firm 1 is in case 5 (322.80), this high profit comes from the widest
gap of quality (0.87) and the highest ratio between the quality of firm 1 and 2 (2.14).
Both factors drive the profit of firm 1. Similarly with other firms, when the gap of its
quality and the lowest quality in the market is the biggest and the ratio between its

quality and the lower is the highest, the firm’s profit is also the highest.

Regarding the average utility as shown in figure 25, the utility levels of situation A
are similar because all firms use a separating price strategy. Both informed and
uninformed consumers can distinguish these producers. Consumers can buy the
products that have reasonable prices relating to the qualities. All consumers’ utilities in
this situation will thus be high. Here, case 1 has little higher utility due to all consumers
in the market being informed. They buy the product that is suitable for their income and
do not have to adjust their preferences to buy the-right thing. The preferences in this

case will be fully used.

In the market that has quality uncertainty; uninformed consumers will adjust their
preferences to eliminate this effect. They finish this adjustment at criteria time. At this
time the market does not have quality uncertainty. The line graph of figure 25 shows the
level of utility at criteria time. In situation A, consumers does not face quality uncertainty.

Moreover, the utilities of all cases at time tO are the same with utilities at criteria time.
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Situation B: Firms 1, 3 and 4 use a separating price strategy but firm 2 uses a pooling

price strategy

In this situation firm 2 wants to gain more profit, so it applies a pooling price
strategy by setting its price equal to the price of firm 1’s product. From figure 19 that
shows qualities and prices in situation B, all qualities are the same as situation A but firm
2 tries to deceive uninformed consumers. It sets the price equal to firm 1 (p,) to act like
its quality is high; however, the other firms set their price according to their qualities.
When this situation occurs, informed and uninformed consumers will face different levels
of the taste parameter (shows in figure 22(b)). Because informed consumers have full
information about all firms’ qualities, they also know that firm 2 sets its price over its
quality. None of the informed consumers will buy firm 2’s product. They cut firm 2’s
product out of their buying decision. The levels of taste parameters for informed
consumers are@,,, @,, and 6, . On the contrary, uninformed consumers do not have
complete information about all qualities. When firm 2 increases its price equal to the firm
1’s product price, uninformed buyers do not know the true qualities of firm 1 and 2.
These consumers will only expect the qualities of both firms by averaging them and then
compare this expected quality with others that have true qualities (firm 3 and 4 because

the price is different). The expected quality between firm.1 and 2 is VitV

5 - This
expected quality will be considered in the uninformed consumers’ decision making. The
levels of taste parameters for uninformed are 6,,, ;, 65, and 6,,. The new level of taste
parameter 6,,, , denotes the taste-parameter of consumers who are indifferent between
buying products that have expected quality between firm 1 and 2, or buying product 3.
Table C3 shows the simulation results of situation B.that contain the average of taste
parameters’ level from simulation. The values are. as follows @, is about 0.3707

e

while &y, is about 0.1554, and 6, is about 0.1367. Finally, 6,,, ;is about 0.4850.

In case 1, all consumers are informed, the set of uninformed consumers’ level of
taste parameter has disappeared and it agrees with shown in the bar graph of figure 22
(b). That is, no one will buy the product of firm 2. Table C3 shows the simulation results

of situation B. When the market has only informed consumers, firm 1 gets maximum
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profit (367.26); whereas, firm 2 gains nothing. The utility when there is no uncertainty
effect is the highest (120.18). As shown in figure 24, the much higher profit of firm 1 in
this case is irregular compared with situation A that is standard behavior when it does
not have quality uncertainty. It results from firm 2 deciding to abandon its position in the
market. It wants to raise its profit by seizing firm 1’s market share. However, if the market
has informed consumers, the results will change. Firm 1 will gain some of the market
share of firm 2 that connoisseurs will not consider it. The profit of firm 1 is thus extremely
high. Surprisingly, a number of consumers who buy product 3 is increasing as well. A
rise in the market share of firm 3 will lead to the growth in its profit. This action comes
from the expanding of taste parameter fromé,,. This is because informed consumers
cut product 2 out of their decision. Consumers that usually prefer product 2 will no
longer choice to choose. They select product 1 or 3 instead. Thus &,; in situation B is

less than 6,, in situation’A and more consumers choose goods 3.

For case 2 of this situation where a half of consumers are uninformed and a half
of them are deceived by firm 2, this firm will increase its buyer by catching some market
share of firm 1. Comparing case 1 with case 2 the bar graphs are shown in figure 24. It
shows that in case 2 profits of firm 1 is decreasing but profits of firm 2 is increasing. Firm
2’s higher profit is due to firm 1 losing its consumers to firm 2 when the number of
uninformed consumers and power of deceiving increases. This action diminishes the
profit of firm 1 from case 1 (367.28 to 271.49) which will continue decreasing when the
fraction of uninformed increases (case 4 and 5)-or the power of deceiving increase
(case 3). In contrast, when the numbers of uninformed consumers increase or firm 2 can
deceive more consumers, its profit will continue to-increase. Again,-the profit of firm 3
increases and it is greater than firm’s. 3 profit in case 1. Considering the level of taste
parameter of uninformed block (right block of figure 22 (b)), 6,,, ; is greater than 6.
An uninformed consumer rather than an informed one will tend to choose product 3.
This behavior causes by the uninformed consumers can not exactly know both qualities
(firm 1 and 2). They only expect these qualities that will be below the highest ones:

v, +v,

v, > 5 Thus, consumers make the new levels of taste parameter, they will make

0,, less than®,, ;. More uninformed consumers will switch to consume product 3
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instead the approximate ones. In the same way, when the probability of success in
deceiving is rising to 1 (case 3), firm 2 can deceive all uninformed consumers. In case
3, there will be more increases in buying firm 2’s goods. The profit of firm 2 will increase
when the power of deceiving increases. However, firm 1's profit decreases as no ones
buy product of firm 1 because all uninformed consumers are deceived, they buy
products from firm 2. Hence, profit of firm 3 in case 3 is similar with case 2, because the

fraction of uninformed is the same.

Cases 4 and 5 are the cases that all consumers are uninformed. For case 4, then
going back to the level of taste parameters, if all consumers are uninformed, the left
block is disappearing. Firm 2 can only deceive a half of uninformed consumers, the
profits of firm 1 and firm 2 will be the same. It is not surprising that firm 3 will gain have
more consumers. However, its average profit is less than firm 2. Consumers consume
more products 3 because they are not certain in quality of product 1 and 2. Choosing
the certain quality of product 3 is the safe way when quality is uncertainty. If the power
of deceiving is raised to 1 (case 5), firm 1 cannot sell its product. On the contrary, firm 2
can sell to all of consumers that have high preference. It results in the profit of firm 2
becoming the highest in this case (294.40), on contradict with consumers’ utility that will
be the lowest (70.75). The utility of consumers will decrease when fraction of uninformed
or power of cheating increases. Although, the utility of case 4 in nearly similar to that of
case 3 because the number of cheated consumers is similar. The low utility is due to
quality uncertainty. It causes a more serious problem in the market. Consumers will

change their behavior to avoid this problem:

The above results are about competition at t0. Firm 2 will deceive some
uninformed consumers. Although when consumers already buys product 2, they know
that this product does not have the right quality compared with its price. This study
assumes that all firms will not change their product qualities and price strategy.
Consumers use the price signal to update their perceptions by reducing their
preferences and buy products in t1. However, these consumers do not receive full

information about qualities. They only reduce their taste and can be easily deceived by
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firm 2. In period t1, consumers who buy product 2 at t0 adjust their preferences. If these
new preference are less than 6’61273, they will buy goods 3 and then gain the proper
utility since product 3 sets its price along with its quality. These consumers stop
reducing their preference and concede to consume goods 3. The quality uncertainty for
this group disappears. However, if consumers cannot change their preference to find
the right quality, they will suffer from buying goods 2 again. The process of simulation
will continue until convergence to the period that nobody buys firm 2’'s product. This
time is called criteria time or steady stage. Table C4 shows the number of buying
consumers, firms’ profits and consumers’ utility at time tO and at criteria time. For all
cases except case 1 that does not have quality uncertainty, the utility at the criteria time
is greater than the utility at time t0. This shows that all consumers will be better off when
the quality uncertainty does not exist. Not only are the profits of firm 3 increasing
because consumers will adjust theirs preferences to consume the product that has a
reasonable price, firm 3’'s product will also support the consumers’ needs. Firm 3 gains
more margin while firm 1 profit are unchanged when t0 but it will still gain higher profits

than others.

The interesting issue is the order of convergence. All cases have the similar
convergent period (about 16 periods), except case 1 that does not have quality
uncertainty. This means that there are some consumers who will slowly adjust their
choice of taste. They know that buying goods 2 is inappropriate but they will use heavy
force to change their behavior. Situation B can be concluded that if there is quality
uncertainty in the market and only firm 2 will deceive uninformed consumers, case 2 and
4 will then need 15 periods to converge to the stage that does.-not have quality
uncertainty. Case 3 needs 17 periods and case 5 needs 16 periods. The utilities at time
t0 and at criteria time of situation B are shown in figure 25. The utilities after criteria time
are increasing and tend to near highest point. This point is where the market does not
have quality uncertainty. It means that consumers will be better off when quality
uncertainty is gone. Although, consumers who adjust their preference and switch to
consume goods 3 (situation B) will receive lower quality product than they will receive in

situation A. Nevertheless, from line graph of figure 25 that show utility at criteria time,
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there are some little different utilities of case 2, 3, and 4 compared with case 1. At
criteria time, the utility after the adjustment of consumers’ preference is smaller than
utility of case that no one change their preference (case1). There are some lost of

adjusting preference.

Situation C: Firms 1, 2 and 4 use a separating price strategy but firm 3 uses a pooling

price strategy

Like situation B, there is one firm trying to cheated uninformed consumers. Firm
3 sets its price equal to firm 2 (p,) but it does not change its quality. Again, both types of
consumers will face different levels of taste parameter. Therefore, informed consumers
are not interested in firm 3’s product because its price is over fit. The levels of taste
parameters for theses consumers are that ,,=0.6313, #,,=0.1903 and §,,=0.1364. On
the contrary, uninformed consumers do not have complete information about all
qualities. When price of firm 2 and 3 are the same, they only expect the average quality
of firm 2 and 3. Furthermore, the levels of taste parameters for uninformed will differ from
informed consumers. These levels are 6,=0.6313, 6,,, ,=0.2660 and 6, =0.1364.

Both different taste parameters’ indices are shown in figure 24 (c).

Figure 25 show the sales profits at t0 of situation C. For case 1, all consumers
are informed, no one will buy from firm 3. Profit of firm 3 is then equal to zero. Although
in others case when both_Aand a are increasing, consumers will buy more goods 3
and decrease their purchase of goods 2. This is caused by that-firm 3 is deceiving some
uninformed consumers and stealing some market share from firm 2 that due to increase
in profit of firm 3 and.decrease in profit of firm2. Even though, profits of firms 1 are the
highest in overall cases but sale volume is fewer than the sale volume in situation B. Firm
1’s profit in situation C is the standard profit (when compared with situation A). The
irregular action is on the profit of firm 2 and 4 that profit of firm 2 in case 1 has extremely
increased and sharply reduced with case 2-5 because the catching market share of firm
3. Once again, firm 4 will receive some higher profit coming from the expanded range of

taste parameter in the uninformed group. Profit of firm 4 thus continues rising.
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Table C5 shows the simulation results of situation C. All over again, case 1 has
the biggest utility because all consumers are informed. In this situation, this utility is less
than that in situation B. Firm 2 produces a product which has higher quality than the
product of firm 3. The number of consumers who want to buy this higher quality is
greater. The welfare loss when firm 2 cheats the uninformed consumers in situation B
will be greater than when firm 3 cheats the uninformed consumers in situation C. Social
will be worse off when the firm producing a high-quality product tries to deceive some
consumers. Furthermore, the interesting result is the utilities in case 4 nearly similar to
case 2 and case 5 nearly similar to case 3. This implies that the fraction of uninformed
consumers in this situation does not have a greater effect on the utility. There are some
gaps of utilities at t0 and at criteria time that comes from adjusting preference of
consumers. This caused from consumers will change their preference from consuming
goods 3 to not buying any products. Especially in case 5 that more consumers will

adjust their taste, so consumers who not buying any products will increase.

At t0 competition, some consumers who buy firm 3’s product will suffer more.
They change the preference and find a new product. The process to eliminate the
quality uncertainty continues until no one will buy from firm 3. Like situation B, the orders
of convergence of all cases are near but the period in this situation is shorter than that in
situation B. It means that consumers adjust their preferences quickly to get rid of the
quality uncertainty. The graphs of figure 25 shows all cases when quality uncertainty is
gone have utility at criteria time increase and tend toward the point where all consumers

are informed (case 1).

Situation D: Firms 1 and 4 use a separating price strategy but firms 2 and 3 use a

pooling price strategy

Both firm 2 and 3 try to cheat some uninformed consumers. However both firms
do not know who wants to cheat consumers. They have only information about what are
suitable prices at which others firms will set if they use a separating price strategy.

When this situation occurs, firm 2 will set its price equal to p, and will not change its
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quality. Although firm 3 does not known that firm 2 will change its price, so it thinks that
firm 2 will use a separating price strategy. Consequently, it sets the price equal to p,.
The different levels of taste parameter are shown in figure 22 (d). For informed
consumers, these levels are 6,,=0.3271 and 6,,=0.1373 because consumers that have
full information will cut the product of firm 2 and 3 out off their decision. For uninformed
consumers, these levels are 6,,, ,;=0.5894, 6,,, ,=0.2950 and 6, =0.1373. Figure 24
of situation D show that in case 1, sale volume firm 2 and firm 3 is zero because all
consumers have full information about qualities of firms. Profit of firms 1 and 4 are
irregular high because they receive market shares from firms 2 and 3. Like other
situations, when fraction of uninformed or power of cheating increases, profits of
cheated firms increase. In case 2, some consumers who do not have complete
information buy product from firms 2 and 3 and do not buy from firm 1. Thereby, profits
of firm 2 and 3 increase and firm 1’s profit decreases. And this behavior will continue

occur with other cases.

The interesting point of firm 4’s profit from figure 24 is the sales profits of firm 4
vary. This is caused by the levels of taste parameter in each case being different due to
the fluctuated number of the product 4’s buyers in each case. In case 4, profit of firm 4
reaches the highest level because this case has only uninformed buyers and the
probability that firm will successfully cheat uninformed consumers is 0.5. The left block
level of taste parameter (figure 22 (D)) has disappeared. Firm 4 has more consumers
buying its goods. Its profitis.therefore high. For non-cheated uninformed consumers that
the lose product of firm 2 and 3 in their mind will choose the product of firm 4. The
preference range of buying goods 4 for these buyers is widened  (between 19612723
t0 6,5 4 ). When firm 2.and 3 try to deceive uninformed consumers, firm 4 will gain more
benefit from firm 3 abandoning its position. Market share of firm 4 will increase causing

arise in its profit.

The utilities of the game at time t0 in all cases are very little and less than the
situations discussed before. The message of this behavior tells us that consumers will

suffer more when firm producing product in the middle-high quality range try to deceive
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them. It is so terrible when all consumers do not have complete information about
qualities (case 5). This case gives the lowest utility that is close to zero. Although when
buyers adjust their preference to avoid having the negative utility, they use about 20
periods to relieve this pain. The utility when quality uncertainty is gone will become

higher.

The order of convergence in this situation is about 20 times. More consumers
slowly adjust their taste to eliminate the quality uncertainty. When the number of
cheating firms increases, the iteration that consumers will change their action to the

steady stage become longer.

Situation E: Firms 1, 2 and 3 use a separating price strategy but firm 4 uses a pooling

price strategy

In this situation, firm 4 produces the lowest quality of product and tries to cheat
uninformed buyers. Firm 4 always receives little profit in the competition. Then, firm 4 is
motivated to increase its profit by setting its price equal to firm 3's price even though it
does not change its quality. Like the previous case, both types of consumers will face
different levels of taste parameter which is shown in figure 24 (e). For informed
consumers, they will cut firm 4’s product out of their choice. They face the levels of taste
parameters that 6,, =0.6367, #,;=0.2526 and @, =0.1385. For the group of uninformed
consumers, some consumers cannot truly anticipate the qualities of firm 3 and 4
because they set the same price. They only estimate the average qualities of both firms’
product and the levels of taste parameter they face are 6,,=0.6367, 6,,=0.2526 and
0., =0.1512. The indices of preference between buying products of firm 1 and that of
firm 2 will not differ for both informed and uninformed buyers. So, both firms 1 and 2 are
not affected in this situation. The sales profits of both firms in all cases are the same as

shown in bar graph of figure 24.
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Only firm 3 will get benefit or loss when firm 4 tries to deceive consumers. In
case 1, no one buy from firm 4 because they have full information about quality, so firm
3 earns irregular profit. On contradict with other cases, when A and & increase, profit of
firm 3 continues decreasing while the profit of firm 4 continues increasing. Table C9
shows simulation results of situation E. The utilities of the game at time t0 in all cases are
quite high and greater than that in other situations if only firms 2 or 3 deceive. This
means that the situation of high quality producing firm deceiving will cause consumers
to suffer more than situation with low quality producing firm deceiving. When buyers
adjust theirs preference to avoid bad action, they take about 5 periods to learn this
deception. The utility will increase and tend to reach the same levels as other cases

when quality uncertainty is gone.

Situation F: Firms 1 and 3 use a separating price strategy but firms 2 and 4 use a

pooling price strategy

Like the fourth cases, there are two firms trying to cheat uninformed consumers:
firm 2 and 4. Now, firm 2 applies the price of firm 1’s product as its own price and firm 4
applies the price of firm 3’s product. The levels of taste parameter that informed
consumers face are 8,;=0.3916 and @,;=0.1393. Uninformed consumers face different
levels of taste parameters. These index are 6,,=0.5195 and 6,,=0.1515. The
simulation results of this situation are in table C11 in appendix C. This situation is unique
in such a way that informed and non-cheated uninformed consumers will have only two
goods to buyirgoods 1 and 3. On the other hand cheated uninformed consumers will
have only goods 2 and 3 to buy. No product will cross with other consumers. To clarify
see this, figure 22 (f) shows the levels of taste parameters that grouping four goods into
two groups. The bar graph in figure 24 also supports this action. When all consumers
are informed (case 1), only goods 1 and 3 are still sold in the market because no one
will buy from deceiving firms. Profit of firm 1 is higher than profit of firm 3 since buyer
think goods 1 has a higher quality than goods 3. Nonetheless, both profits are irregularly
high compared with in situation A. For the opposite case, when all uninformed

consumers are cheated (case 5), the market has only goods 2 and 4. Consumers suffer
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more in this case because they buy the product that does not have proper quality.
Although, firms 2 and 4 can sell their product at time t0 because no one knows that the
products have lower quality relative to their price, profit of firm 2 is higher than firm 4

because firm 2 set its price higher than firm 4.

For cases 2, 3 and 4, all products can be sold in the market but their profits
change in different direction. Profits of firms 1 and 3 decrease along these cases. This is
caused by increase in the fraction of uninformed and the power of deceiving. Firms 2
and 4 have more probability to cheat more consumers successfully. Firm 2’'s and firm 4’s

profits thus increase, unlike firm 1’s and firm 3's profits.

This study examines utilities that have positive values at time tO of all cases
except case 5. This implies that when there is more than one firm cheating consumers,
the consumers will suffer more from buying products. The utilities tend to have negative
values. Welfare of buyers at time t0 in case 1 is the highest because all consumers have
complete information about the qualities of products. They select the right products. The
utility will not be negative in this case. When the number of uninformed consumers
increases, some consumers will be deceived by firms 2 or 4. They get negative utilities
when consuming these products. The utilities of cases 2, 3 and 4 are less than case 1.
The serious case is case 5 where the market has all consumers uninformed and
deceived. Market has only deceived products. The utilities of all consumers will be
negative. In the next periods, consumers will change their preference to avoid negative
utilities. Because firm 2 produces the middle-high quality, buyers take a long time to
reach the steady stage. The convergence of this situation takes about 24 periods. This
time-consuming result. come from the wide range of taste parameters of product 2 that
will use more periods to go out from it. The ultility after the criteria time of case 1 is same
as the utility at t0 because no consumers will adjust their preferences. For cases 2, 3
and 4, these utilities increase a little after learning through adjustment. If consumers buy
goods 2 first, after criteria time they will buy from firm 3 or will not buy anything. If
consumers first buy goods 4, at the end they will not buy anything. The percentages of

not buying will rise. Note that the utility of not buying product is equal to zero. Therefore,
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utilities after criteria time have a tiny increase because some consumers will not buy a

product at the end.

The interesting case is case 5 in which the utility at tO is negative. It takes 25
periods to remove quality uncertainty. Because this case has only deceiving products in
the market, at the steady stage buyers want to get rid of the negative utility by not
consuming the product. They leave the terrible market. The utility after criteria time is

zero. No firms in the market can sell products and all profits are equal to zero.

Situation G: Firms 1 and 2 use a separating price strateqy but firms 3 and 4 use a

pooling price strategy

Firms 3 and 4 try to cheat uninformed consumers 1o increase their profit. Like the
previous case, both firms do not know who want to cheat consumers. They have only
information about what is a proper price that others firms should set if they use a
separating price strategy. When this situation occurs, firm 3 will set its price equal to p,
but not change its quality. Although firm 4 does not know that firm 3 will change its price,
it thinks that firm 3 will use a separating price strategy. Thus, it sets price equal to p,.
Similar to other cases, both types of buyers will face different levels of taste parameters.
The taste parameters for informed consumers are @,,=0.6367 and 6,,=0.1509.
Whereas, the taste parameters for uninformed consumers are 6,,=0.6367,
0,25 3,=0.5052 and 6,,,=0.1521.  This situation is better than situation F because the
high-quality and middle-high-quality. will not cheat consumers.-Firm 3 and 4 that try to
cheat consumers do not produce the high-quality one. From levels of taste parameters
(figure 22 (g)), goods 1 is sold out to all consumers in-all cases. Then, a serious case
where the market has only deceiving products will not occur. While, the percentage of
not buying will increase because two of four products try to cheat uninformed
consumers, both products are for low preference consumers. These consumers have no
product to consume when they know that goods 3 and 4 do not have a proper quality
compared with the price. They go out form the market as the utility of not buying is equal

to zero.
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Considering firms’ profits (figure 24) and consumers’ welfare at time t0 (figure
32), all consumers are informed in case 1. They cut goods 3 and 4 out off their choices
because they are deceiving products. It is a surprise that the profit of firm 2 is close to
that of firm 1. Described the simulation results (Table C13 in appendix C), the number of
consumers buying goods 1 is little less than of consumers buying goods 2. This is
caused by the wide range of 8,,and 6,,. Although the price of product 2 is less than
that of product 1, more consumers consume goods 2. The bar graph of figure 24 in case
1 shows the same shape of both profits. For other cases, profits of firm 1 are stable,
unlike profits of firm 2 that decreases when the fraction of uninformed and the power of
cheating increase. The reduction of firm 2’s profit result comes from firm 3 stealing its
market share. Profit of firm 3 thus increases instead. The interesting point is the profit of
firm 4 also sharply increases. \When firm 3 abandons its position to compete with firm 2,
firm 4 gain benefits by selling their products to buyers who do not have enough money
to buy goods 3. Firm 4 raises its price to equal to firm 3 and receives more profits,
especially when the number of uninformed consumers and power of cheating increase.
As some consumers with very low preferences do not have a proper product that they
could buy. They go out from the market. The number of not buying consumers then

increases.

For the utilities at time tO, all firms have positive average utilities in all cases.
Case 1 has the highest utility and followed by case 2, 4, 3 and 5. Some consumers who
are deceived will adjust their preference in the next period of buying. The average
convergence order of this situation is about 15 times. This short period results from the
characteristic of the deceitful product."Both are not-be the high quality ones. Therefore,
consumers take a little time to eliminate the quality uncertainty. The utilities after criteria

time are again increased.
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Situation H: Only firm 1 uses a separating price strategy but firms 2, 3 and 4 use a

pooling price strategy

The serious situation is situation H where all firms except firm 1 try to deceive
uninformed consumers. Like other case, cheating firms do not know who want to cheat
consumers. They have only information about what is a proper price that others firms
should set if they use a separating price. When this situation occurred, firm 2 will set its
price equal to p, by not changing its quality. Although firm 3 does not know that firm 2
will change its price, it thinks that firm 2 will use a separating price strategy. As a
consequence, firm 3 sets price equal to p,. Analogously, firm 4 does not know that firm 3
will change its price. It sets its price equal to p,. Informed consumers have only goods 1
to consume or choose not buying. There is one level of taste parameter that show in
figure 22 (h) for informed buyers is 6,,=0.1856. This wide range of taste parameter
causes more informed consumers to buy goods 1. The bar graph of figure 24 in case 1
shows that only firm 1’s profit exists in the market. For uninformed buyers, the levels of
taste parameters are 6,, ,;=0.4974, 6,,; ,=0.2147 and 6,,,=0.1609. In other cases,
profits of firm 2, 3 and 4 increases when the fraction of uninformed and the power of
cheating increases, contradict with firm 1 that profit decreases. Firm 2 tries to catch the
market share of firm 1. When the market has more uninformed, firm 2 has more chance
to gain more profits. The sharply increasing profits of firm 3 and 4 result from an
abandon the position of firm 2 and 3 in the market. Like situations F and G, the
percentage of not to buying rises. This is caused by informed buyers and non-cheated
uninformed buyers having only goods 1 or not to buy as their choice. Furthermore, the
level of ,, is very small, so there are only few informed consumers.,who do not buy
anything. However; for non-cheated uninformed buyers is contradict. The-level of 6,,, ,,

is big. There are more consumers who will not buy anything when competition starts.

Like situation F, case 5 is a serious case here. When all uninformed consumers
are deceived, the market is full of deceitful goods (goods 2, 3 and 4). Consumers suffer
more in this case where the products they buy do not have a proper quality.

Nonetheless, firms 2, 3 and 4 can sell their product at time t0 because no one knows
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that the products are worse. Profit of firm 2 is therefore higher than others because its

price is the highest.

Considering the utilities at time t0 (figure 25), all cases have positive utilities
except case 5. This negative value is bigger than that in situation F. That is, when all
firms except firm 1 try to deceive consumers, buyers will suffer more from buying their
products. The utilities tend to be even more negative values. Again, welfare of buyers at
time 10 in case 1 is the highest because all consumers have complete information about
qualities of product. They select the right products. The utility will be non-negative in this
case. When uninformed consumers increase, some consumers will be deceived by firm
2, 3 or 4. They get negative utilities when they consume these products. The utilities in
case 2, 3 and 4 are less than that in case 1. In case 5, the market is full of all uninformed
consumers who can be cheated. The market has only deceitful products. The utilities of
all consumers are negative. In next periods, consumers adjust their preference to avoid
negative utilities. Because firm 2 produces middle-high quality, buyers need a long time
to go to the steady stage. The convergence time of this situation take about 24 periods.
Time-consuming is due to the wide range of taste parameter of product 2 that will use
more periods to go out from it. The utility of case 1 after the criteria time is the same as
that utility at tO because no consumers will adjust their preferences. For cases 2, 3 and
4, theses utilities will increase little after adjustment. If consumers first buy goods 2, after
criteria time they will buy from firm 3 or not buying. . If consumers first buy goods 3, after
criteria time they will buy from firm 4 or not buying. If consumers first buy goods 4, at the
end they will not buy anything. The percentages of not buying will rise. The utility of not
buying product is equal to zero. Therefore, utilities after criteria time have a tiny increase

because some consumers will not buy product at the end.

The interesting case is case 5 where utility at t0 is negative. It takes 24 periods
to go out from quality uncertainty. Because this case has only deceitful products in the
market, at steady stage buyers avoid having the negative utility by not consuming
products. They leave the terrible market. The utility after criteria time tends to zero. No

firms in the market can sell products and all profits are equal to zero.
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Figure 26 shows all convergence order of each situation. The line graphs
demonstrate that situation F and H have the highest order of convergence periods
(except case 5 that only situation F is the highest). This implies that in situation with more
high quality producing firm try to deceive uninformed consumers, theses consumers
takes a long time to eliminate quality uncertainty. Nonetheless, in case 3 and 5 have
high convergence order, this means that the power of deceiving has more effect on the

convergence periods than the fraction of uninformed consumers in the market.
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Figure 26 All convergence order of each situation

5.6 Nash- equilibrium of competition

All firms in the market are interested in profits that they will receive when
competition occurred. Although, the fraction of uninformed consumers: A and power of
cheated: « are information that firms could anticipate before competition begins.
Beside, all producers will expect the percentage of uninformed buyers in the market.
Then, they set their strategy (separating or pooling price) to have the optimal output. All

strategies that firms choose will be combined to be the situation that will happen and are
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referred to calculate the utility that social will gain. To find the Nash equilibrium, this
study finds the dominance strategy of each firm or use iterative dominance method to
specify the results. However, from the examination above, there are five cases that
distinguished by the number of 4 and « that present the types of consumers in the

market.

If firms know that all consumers have complete information about qualities of
products, producers know that the results of case 1 will happen. Payoffs matrix (table 3)
shows the earning profits of firms in all cases. The superscripts at the right upper corner
of each result present the strategy where S refers separating price strategy and P refers
pooling price strategy. For case 1, table 3 (a) shows the dominant strategy of all firms
are separating price strategy because the separating profits of all cases are greater
than pooling profits. When all firms use a separating price strategy that means the Nash

equilibrium is situation A.

Table 3 Payoffs matrix of firms in all cases
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The equilibrium when all consumers are informed (case 1) is that all firms will
use a separating price strategy as their main strategy and receive profits as follows.
Each firm set its price according to its quality. From simulation outcomes, the profit of
firm 1 is 216.07, that of firm 2 is 177.67, that of firm 3 is 29.33 and that of firm 4 is 4.57.
For utilities in case 1, situation A that does not have quality uncertainty will have the
highest utility: 123.16. Nonetheless, the utility at criteria time is the same as the
beginning. Both consumers and firms gain more benefit from this competition and no
ones are motivated to leave from this point. Therefore, situation A in case 1 is the Nash

equilibrium and the best point for social.

Table 4 Utilities of all cases at time t0 and criteria time

Case 1 Case 2 Case 3 Case 4 Case b
1 t criteria 1 t criteria 10 t criteria 10 t criteria 10 t criteria
12316 | 12306 | 12167 | 1167 | 12162 | 162 | 12225 | 12225 | 12077 | 12077
12018 | 12018 | 10885 | 11952 | 9110 | 11822 | 9082 | 11879 | 7075 | 11877
12226 | 12225 | 11180 | 11976 | 10075 | 11845 | 10009 | 11723 | B33 | 11943
5696 9606 B0.72 7923 E6.70 76,75 F3.43 75,20 24 55 7730
12030 | 11310 | 1218 | 1MEBS | 10341 | 11413 | 10442 | 11424 | 9483 | 11589
96.67 96 57 7225 7346 5715 o304 Aa.52 59.14 2952 0.00
11950 | 119450 | 9466 | 103 8116 | 10959 | BR9S | 10975 | 7722 | 10977
83.21 a3 75,559 a1.74 5379 55,49 f6.10 6715 -36.73 [0.00

| |m|me|e|m|

When the market has a half of uninformed consumers (A=0.5) and the
probability that firm- will_successfully deceive uninformed consumers is equal to 0.5
(a =0.5), case 2 will-happened. The payoffs of each firm-in this case are shown in table
3 (b). Only firms 1 and 2 have a dominant strategy. Both firms use a separating price
strategy as their.main strategy. However, firms 3 and 4 do not have a dominant strategy
because some of their pooling profits are greater than their separating profit. Therefore,
when firms 1.and 2 use a separating price strategy, it means that only situations A, C, E
and G will take place. This study uses iterative dominance. methods to cut off some
situations from the decision range. Considering only 4 situations mentioned before, firm
4 will have a pooling price strategy as dominant strategy because pooling profits
(situations E and G) are greater than separating profits (situations A and C). Firm 3
knows that from iterative dominance method, firm 4 will use a pooling price strategy.
Consequently, it chooses the separating price strategy because its strategy because it

gives the higher profit than the pooling price strategy.
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The Nash equilibrium is situation E that firms 1, 2 and 3 apply a separating price
strategy but firm 4 applies a pooling price strategy with firm 3's price. Firm 1’s profit is
221.12, firm 2’s profit is 176.16, firm 3’s profit is 28.94 and firm 4’s profit is 7.22. The
lowest quality producing firm 4 gains more benefit because it's only one firm deceiving
consumers. The utility of this case is equal to 112.18 lower than the quality the steady
stage. Although situation E is Nash equilibrium of competition, there is no guarantee that
it is the best point for the social. Some consumers will suffer more from consuming bad
goods (goods 4). They adjust their preference. The utility when quality uncertainty is
gone is higher than the utility at time t0. No one buys a product from firm 4 and welfare

of buyers at criteria time is increased (equal to 116.85).

In case 3, a half of consumers are uninformed whereas the probability that firms
will successfully cheat consumers is equal to 1 (4 = 0.5, & =1). All firms know that the
power of deceiving is increasing that means if firms try to cheat consumers; the
percentage of success is high. From the pays off matrix table 3 (c), only firm 1 has a
separating price strategy as a dominant strategy. The other firms are not certain about
their strategies. To find the equilibrium, the iterative dominance method is used again.
When fixing a strategy for firm 3, this study examines the profits of firms 2 and 4. If firm 3
uses a separating price strategy, firm 2 will use a separating price strategy as the
dominant strategy, but firm 4 will use a pooling price strategy as the dominant strategy.
The solution is situation E where firms 1, 2 and 3 use a separating price strategy while
firm 4 uses pooling price strategy.. On the other hand, if firm 3 uses a pooling price
strategy, firm 2 switches to use the pooling price strategy. For firm 4 then picks the
separating price strategy instead. The outcome changes to situation D-that firms 1 and 4
use the separating price strategy while firms 2 and 3 use a pooling price strategy.
Examining result of both situations, firm 3 is the main sudden behavior. If firm 3 chooses
a separating price strategy, the result is situation E. If firm 3 uses the pooling price
strategy, the result will be situation D. To consider firm 3’s behavior, situation D gives
more profit to it than situation E. Thus, firm 3 will choose a pooling price strategy and the

Nash equilibrium is situation D.
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This iterative dominance method is a concept to find the best strategy for each
player, independently of what other opponents do. The use of such payoff dominance
criteria becomes much more interesting when it is applied iteratively. This method can
be used to find the results when each player does not have a dominance strategy at first
time. In situation D, profit of firm 1 is 231.03, that of firm 2 is 121.82, that of firm 3 is
67.06 and that of firm 4 is 45.47. The results of this situation show that both the highest
quality producing firm (firm 1) and the lowest quality producing firm (firm 4) select a
separating price strategy because their qualities can be easily to distinguish from
others. When there are more than two firms in the market, consumers especially
uninformed buyers are not easily able to distinguish the mid quality product. As a result,
firms 2 and 3 choose to trick some uninformed consumers. However, from loosing
market share to firm 3, firm 2 gains less profit than expected. The utility of situation D is
56.70. Many consumers suffer from being deceived. They adjust their preferences to
remove quality uncertainty. Eliminating goods 2 and 3 out of the market will increase

utility to 69.75 at criteria time.

Similar to case 3, case 4 has all consumers are uninformed but the probability
that a firm will successfully cheat consumers is 0.5. Firms know that all consumers
cannot access the source of data. They do not have the complete information about
product qualities in"the market. But a half of them are lucky to choose good products.
Form table 3 (d), only firm 1 has a dominant strategy (a separating price strategy). The
other firms are not certain about their strategies. Like above results by using iterative
dominance method, this study start with setting the strategy for firm 3 to find outcome of
this case. If firm 3 uses a separating price strategy,.firm 2 will use a separating price
strategy while firm. 4 will use a pooling. price strategy as the dominant strategy. Again,
the solution is situation E. Changing strategy of firm 3, only firm 2 will switch to a pooling
price strategy. Meanwhile firm 4 picks the separating instead. Situation D will happen.
Firm 3 has the famous behavior that stimulates the equilibrium. Situation D give more
profit to firm 3 than situation E. Thus, the Nash equilibrium is situation D. Results of
equilibrium is that firm 1 gains 123.14, firm 2 gains 120.64, firm 3 gains 78.81 and firm4

gains 90.09. The utility of this case is 63.43 that increase when consumers change their
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taste. The utility at criteria time is 85.20. Although, if case 3 and case 4 have the same

pattern of Nash equilibrium but case 4 gives more welfare to consumers than case 3.

The serious case is case 5 that all consumers are uninformed and the probability
that firm will successfully cheat uninformed consumers is equal to 1. Figure 32 (e)
shows the pay offs profits in this case. Even if firms 1 and 2 have the dominant strategy
at beginning, but the strategy of both firms are different. Firm 1 chooses a separating
strategy but firm 2 chooses a pooling price strategy. With both dominant strategies of
both firms, situation B, D, F and H are possible to occur. Firms 3 and 4 will set theirs
pays off in the range of these four situations. Firm 3 has an iterative dominant strategy (a
pooling price strategy) and firm 4 knows that firm 3 will choose a pooling price strategy.
Because both firms 2 and 3 present unclear product qualities to their consumers, firm 4
will choose a separating price strategy to clearly split its quality out off the others and
receive more profit. The Nash equilibrium is situation D where firms 1 and 4 use a
separating price strategy and firms 2 and 3 use a pooling price strategy. Firm 1 cannot
get anything in this situation. Firms 2, 3 and 4 receive more profit than expected when
there is no quality uncertainty. Their profits are 251.87, 160.57 and 41.44. The utility of
this case is the lowest at 24.55. However, the utility after consumers modify their
preferences is very high 107.30. That is when uninformed consumers change their
behavior to buy the good product (goods 4), social welfare is much better off. Even
though this situation is not the best points for social, consumers will relief the pain

compared with what they have at beginning time.

In situation D, The uninformed-consumers are easily cheated by firms. When all
producers know that some consumers do not have complete information about quality.
The middle quality firms have motivated to create the unclear quality to consumers by
using a pooling price strategy to make higher profits. On contrast with the highest
quality firm and lowest quality firm, they can not use a pooling price strategy because
there are the top and bottom quality in consumers minds. It is so difficult to cheat some
consumers. These producers will use a separating price strategy. The utility of

consumers in this situation is not be the best point because some consumers suffer
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more from consuming low quality with higher price. Consumers will adjust their taste to
eliminate quality uncertainty. They use about 20 times to relief this pain. Welfare of
buyers at criteria time is better although there are some losses from cheating action get

by firms. This utility is lower than utility of market that does not have quality uncertainty.

In sum, from the previous result, there are three types of Nash equilibrium due to
the fraction of uninformed consumers and the deceiving power of low quality firms. First,
if all consumers are informed, the best situation is all firms will set reasonable price with
their quality (separating price strategy). The Nash equilibrium of case 1 is situation A.
The utility is the highest compared with other cases. Second, if the market has fewer
fractions of uninformed consumers and low deceiving power of firm, the Nash
equilibrium is only the lowest quality producing firm will use pooling price strategy. The
Nash equilibrium of case 2 is situation E. The utility is decreasing. There are some profit
distortion among firm 3 and firm 4. Last, in the market with- more uninformed consumers
or high power of deceiving, the Nash situation is firms that produce the highest quality
and the lowest quality will use separating price strategy. However the firms that produce
medium quality products will use a pooling price strategy. The Nash equilibrium of case
3, 4 and 5 is situation D. The middle quality firms have incentives to create the unclear
quality to consumers by using a pooling price strategy to increase profits. The utility of
consumers in last two situations are not maximized because some consumers suffer
from consuming low-quality products with high price. They will adjust their taste to
eliminate quality uncertainty. Welfare of buyers at criteria time that no ones will be
deceived is better although there are some losses from deceiving. This utility is lower

than in a utility of market that does not-have quality uncertainty.

In a real world, all consumers are difficulty to have full information about product
quality. They use simple ways to get the information such as reading a guide book,
searching in internet or asking the specialists. Although, there is impossible that all
consumers can attain these sources, therefore the market that buyers have complete
information (case 1) does not exist. Usually, case 1 will exist in the market that product

quality is common knowledge and easy to detect the different. This caused the less
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percentage of uninformed consumers and low power of deceiving. The example of
market that has close to case 1 is vegetable and fruit market. Fruit that comes from the
famous source can set higher price than that comes from unknown one. Durian from
East side of Thailand can set the high price than that come from others. Because
consumers know that its quality is the best. All producers set its price according to its

quality.

When the market has less fraction of uninformed consumers and low power of
deceiving, the Nash equilibrium is only the lowest quality producing firm will use pooling
price strategy. The example of this market is durable market such as automobile, mobile
phone and computer. Because these products show income status of buyers, so
consumers does not appreciate to buy the lowest product quality. Then, firm that
produces the lowest product quality will make an unclear quality to deceive uninformed

consumers.

An emerging market is the example market of case with more uninformed
consumers or high power of deceiving. The new launching product will make the
incomplete information to consumers. More consumers will be uninformed and easily to
be deceived. The producer who aims to launch a new product will not set its quality to
be the lowest. He sets the product quality in the highest or medium range. If he sets the
highest product quality, he will set its price according to its quality to signal to
consumers. However, if he sets product quality in.the medium range, he can easily
deceive consumers by give the misleading information. Thus, this producer gains more

profit.

The quality competition when there are more than two firms in the market is so
complicated, especially when quality uncertainty appears in the market. However, both
consumers’ utilities and the Nash equilibrium can be found by using iterative dominance
methods. For the case that all consumers are informed, the outcomes are the best point
for social. Other cases have some bad effects due to quality uncertainty that makes

lower utilities than the best point.



CHAPTER VI
CONCLUSION OF THE STUDY

This study develops a quality-setting model (derived from utility and costs
functions) that explains firms’ and consumers’ behavior in the Nash equilibrium. The
major conclusion is that the quality of a product is a significant factor determining
equilibrium outcomes of the competition. When firms compete in either price or quantity
competition, they will concern with the quality of product that they want to produce since
high-quality product firms will receive more benefit (higher price and higher quantities)
than the low quality ones. However, the effect of product differentiation in the Cournot
model is less than that in the Bertrand model. This cause from consumers will use the
price of a product as a signal of guality. When firms compete in price, consumers more

directly consider the products’ quality.

Solving for the Nash equilibrium for in a market without quality uncertainty shows
that both prices and profits are greater in the Cournot case than in the Bertrand case,
while the opposite is true for outputs and consumers surplus. More consumers are
interested in vertical product differentiation. They will choose the best quality for
themselves. The social welfare will then increase. Since profits of both firms are in
contradiction with -.consumer surplus, policy makers will trade off between these

solutions and select the better competition to both agents.

A simulated situation, with two types of consumers namely informed and
uninformed, is analyzed. An informed buyer always knows the true quality of the
product. Whereas, an_uninformed buyer will face quality uncertainty if two firms are
charging the same price since consumers use price as a signal of quality. If some
consumers do not have complete information about the quality of products, firms have
the opportunity to deceive uninformed consumers by increasing price without changing
its quality to increases profit. Again, these unfair profits will exist because consumers
cannot see that the true quality of firm L which is lower than the quality of firm H. Firm L

suffers a disadvantage in the game when it sets a different price. Therefore, to increase
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its profits, firm L will make a decision to choose the separating or the pooling price
strategy. Before the beginning of the game, firm L will consider the fraction of
uninformed consumers and the probability that firm L will successfully cheat uninformed
consumers. If the market contains only informed consumers, firm L does not choose the
pooling price strategy because consumers will know that firm L deceives them. On the
other hand, if all consumers are uninformed, it is the best choice for firm L to choose the

pooling price strategy.

If the market has some uninformed consumers and the power of deceiving
success of firm L increases, firm L is likely to choose the pooling price strategy because
more consumers will choose its products. The results of all imitation markets show that
the quality of a product will directly affect both separating and pooling profits of both
firms. However, the fraction of uninformed consumers and the probability that firm L can
successfully cheat uninformed consumers will only affect the pooling profits. The ratio of
high to low product quality is the main deciding factor that firm L will consider in
choosing the strategy. If this ratio increases, the degree of product differentiation
increases and firm L will try to use a pooling price strategy because its separating profit
would be very low. The possible range in which firm L can use a pooling price strategy

is, however, limited by the price of firm H.

Regarding the effect of the fraction of uninformed consumers and the probability
that firm L can successfully cheat uninformed consumers, if all consumers are informed
or the power of cheating is equal to zero, firm L will use a separating price strategy .
This is because at the equilibrium firm L's separating profit is greater than its pooling
profit-at all levels of product differentiation. In addition, if firm L chooses a pooling price
strategy, it will lose some consumers to firm H because consumers have full information
about both qualities and will not choose firm L’s product. When the number of uniformed
consumers increases, the pooling profit of firm H will decrease, but that of firm L
increases. Increasing this fraction until the market has only uninformed consumers,
results in both firms’ pooling profits being the same. Furthermore, if the market has only

informed consumers, the pooling profit of firm H will exist at all levels of the probability
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that firm L will successfully to cheat uninformed. In contrast, assuming that there are
only uninformed consumers and firm L has full deceitful power, firm H will not receive

any profit from the competition.

Turning to consumer welfare, the consumer surplus will decrease when the
degree of product differentiation increases. Moreover, the consumer surplus when firm L
uses a separating price strategy is the same in all stages and its value is higher than the
consumer surplus under the pooling price strategy. The lower welfare under the pooling
price strategy is due to the harm caused to buyers that consume low-quality products
purchased at a high price, given they have incomplete information. In the extreme case
which all consumers are uninformed and firm L has full deceiving power; the consumer

surplus will be negative with the high level of product differentiation.

Information knowledge of consumers is important. The problem that both agents
(consumers and firms) have different perception on product quality is due to asymmetric
information. This unbalanced information of quality will only affect uninformed
consumers though. If these consumers purchase goods in period one and at the end,
firm H will become worse off. If there are repeated purchases by consumers in the
market, consumers will adjust their expectations based on the quality they purchased in
the last period. This study uses the Monte Carlo simulation method with 1000 consumers
and four firms to simulate the competition in the market. Competition will repeat until
there is no consumers will.be deceived by firms.. There are 8 situations which are
different regarding the numbers of deceiving firms and 5 cases which have different

fractions of uninformed consumers and cheating power of firms.

When the market does not have quality uncertainty, the firm that produces the
highest quality product will gain the largest profits, followed by the firms that produce
lower quality product. However, when the competition begins and the market has
characterized by quality uncertainty, informed and uninformed consumers face different

levels of taste parameters because some firms will deceive uninformed consumers.
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The results show that there are three situation of Nash equilibrium. First, if all
consumers are informed, the best situation is all firms will set reasonable price with their
quality. The utility is the highest. Second, if the market has fewer fractions of uninformed
consumers and low deceiving power of firm, the Nash equilibrium is only the lowest
quality producing firm will use pooling price strategy. The utility is decreasing. Last, in
the market with more uninformed consumers or high power of deceiving, the Nash
situation is firms that produce the highest quality and the lowest quality will use
separating price strategy. However the firms that produce medium quality products will
use a pooling price strategy. Uninformed consumers are easily deceived by firms when
all producers know that some consumers do not have complete information about
quality. The middle quality producing firms have incentives to create the unclear
information on quality to consumers by using a pooling price strategy to increase profits.
In contrast to the highest quality producing firm and the lowest quality producing firm,
they cannot use a pooling price strategy because consumers are aware of the top and
bottom quality, making the firms find difficulty to deceive them. The producers will use a
separating price strategy. The utility of consumers in last both situations are not
maximized because some consumers suffer more from consuming low-quality products
but purchasing at a higher price. Consumers will adjust their taste to eliminate quality
uncertainty. Welfare of buyers at criteria time that no ones will be deceived by firms is
certainty higher although there are some losses from cheating. This utility is lower than

the utility in the market that does not have quality uncertainty.

When the market has more firms deceive uninformed. consumers, consumers
use a long convergence periods to eliminate quality. uncertainty. Because this agent-
based model assumes that no communication between buyers, so.consumers cannot
learn from others. The order of convergence will be extended. This is the limitation of this
study. In real world, consumers share the information about product quality with each
others. Then the order of convergence will be faster than appear in this model. The
behavior of sharing the information about product quality will decrease the welfare loss
from competition. Moreover, the researchers that want to develop their works from this

model will consider the leaning between consumers on their model.
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Quality uncertainty will lead to market failure, which decreases welfare of
consumers and distorts profits among firms. Especially in the market with more
uninformed consumers or higher probability that firm successfully deceives consumers,
consumers experience a decreasing value of utility. Policymakers can solve this
problem by giving information about quality to buyers before they make a decision.
Government would construct the producer’s rule to show their products’ quality compare
with others opponents or provide the consumers guide book to explain the feature of
products. These policies will help to eliminate the quality uncertainty for uninformed

consumers and raises social welfare of the market.
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APPENDIX A: THE PROCESS OF GENERATE FIRMS’ RANDOM QUALITIES

The method that generates the quality of firms starts with creating the variance
matrix of random quality. This variance matrix has 4 parameters and 4 random errors to
be estimated. To define the number in these 3 matrices, the methods try to find matrix G

and find the value of each equation.

Oy Op O Oy Nou 0 0 0 L po Ps PufNou O 0 0
Var(rg;) = On On On Oul_g - 0 On 0 0 o 1 P P O O 0 0
' 051 O3 O3 Oy 0 a F Nod 0 |py P 1 pyu| O 0 4o, 0

Oy Oy Oy Oy 0 0 0 o, Py Pn P 1 0 0 0 oy,

In the next step, this method generates vector random number: € that has a normal
distribution: N (0, 1). There are matrix A that is matrix of coefficient in linear combination

between quality and random number.

é Offt 0 0°0 a, 4dp G5 dy
0(j0 1 0 O a4 a
vector & = ~ MVN|| |, and matrix A=| ' ® B A
& 0rj0-0 10 a3 Oy dyz Ay
84 O 0 0 0 1 a41 a42 043 a44

There are four firms in the market, rg1-4 are random quality of firm 1 to 4. The pattern of

random quality vector is

rq, ay & +ané, +apé; +a,8,

rq, = "9y | _| & T anE) +ayE; T ayé, —
rq; ay &)+ ayé, + apéy T a8,
rq, A& T apé; + a8+ ayé,

Random quality variance depends on variance of random number and coefficient

matrix: Var(rq,) = A Var(e) A" = AIA" /And then this study transforms matrix A into a low

triangular matrix. To simplify the results, this study define AA" =3 that

a; 0 200 20 Va0 ay ) as ey
s = ay ay, 00 00 0 Lay, oy, lay
ay ap ay 00 0 a; ag
Ay ‘4 ag a0 0700 ay,
alzl a,dy, a, s, a;dy O, O, O3 Oy
_ a,ay, a; +a222 a3, + ayay, Qg Ay +axay, _|%a Oxn Oy Oy |_ p
apdsy Ay Gy + Ay a5, + a5, + a, 30y + A30y, +a3ay, 1 9n Tn On
andy Ay Ay T aydy, Ay 0+ A,0y, + 330, a321 + aazz + a323 + ait On On On Ou

Converting from variance matrix and given 2, this study solves matrix A and random

qualities vector (set 4) as
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A = =
a, ap ay 0
Ay dy gy Ay
o, 0 0 0
2
Op O — On 0 0
2
VO O
2 2
O3 0130, —0,03; _ O3 (01,05 —0,0};) 0
2 33 2
Iz 5 o o o
11 12 11 2 12
01,(0y — ) o (oy, — )
11 Oy
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34 o O_z
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2 B > 44 33
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rq, a, €
rq, = qy | apé + ané,
= =
rq, a;& + apé, +a538,
rq, 148, T 0y, + @y &5 + ayé,y

To find the quality of both firms, this study assumes variances and covariance of each

random quality as shown in the variance-covariance matrix.

Table A1 Variance-covariance matrix of firms’ qualities

Vi1 V2 V3 V4
V1 0.021482 0.016068 0.010747 0.005517
V2 0.016068 0.032231 0.021721 0.010840
V3 0.010747 0.021721 0.033403 0.016564
V4 0.005517 0.010840 0.016564 0.021925

The next stepis to'generate random number: €, and find random qualities and qualities
of both firms. This study uses a random process method to make the qualities of firms in

each test of simulation of which detail is in table A2.

Table A2 Detail of firm’s qualities in simulation procedure

V1 V2 V3 V4
Mean 1.469814 1.292157 1.112312 0.931289
Median 1.506846 1.307867 1.095289 0.894864
Maximum 1.649985 1.642867 1.597445 1.566199
Minimum 0.855033 0.788134 0.754860 0.750077
Std. Dev. 0.146593 0.179561 0.182796 0.148095
Observations 3000 3000 3000 3000
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In vertical differentiated product market, firms will have some positive relation in
production technique. This causes the quality of all firms have positive correlation in
qualities. However, this relation will be high or low positive correlation that depends on
product adjustment technique of each firm. In simulation market, this study assumes that

the qualities of all firms are quite similar. The correlation matrix is shown in table A3.

Table A3 Correlation matrix of each firms in simulation process

V1 V2 V3 V4
V1 1.000000 0.610632 0.401176 0.254232
V2 0.610632 1.000000 0.661969 0.407762
V3 0.401176 0.661969 1.000000 0.612070
V4 0.254232 0.407762 0.612070 1.000000

From correlations of quality, this study constructs the variance matrix of quality and
then creates random quality from generate random process method. The quality
production behavior of each firm is set by random quality (rq,). To create the qualities of
both firm, this study set the behavior of both firm in the range (table A2) that firm 1 has
maximum quality and minimum- quality with a wider range than the others and followed
by firm 2, 3 and 4, respectively. Figure A1 shows all qualities that generate from random

process.
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Figure A1 Generated qualities of firms with random process methods



APPENDIX B: THE PROCESS OF SIMULATION ON AGENT BASED MODEL

Table B1 An example of four firms’ qualities used in Monte Carlo simulation
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14413TT|  1.047773) 0342400 0LE6351E 15405 0146355 0.943330] 066335 | 1626262| 1070726| 0956333 0354633 13TE651|  1L19136] 0365MT| 077363
1.055831| 0.944535| 0335164 | 0864456 16142T| 1565301 14587607 0E53553| | 1628356 1533854| 135&&T0| 1.040533 155506 1163552 0.963066| 0.326377
1531236 1437463 1456732 1.237754) | 1655550 1453651 1222601 OE5380( | 1526655| 1404506 1.245670) 110855 150317| 1241648 1.216532] 1056571
1485016 1093076 0517451 06436 1321064 1094262 10GS6TE| OLEET4I0) | 1626332) 1435407 1410713 1L037I65( | A56VGE0| 1536052 1046644 | 0923413
1230355 1.004653) OLI6S1TT| 035455 162TEE| 0998302 0.5T1742] OE31545) | 1620753 1461443 1.321836) 0337273 130T750| 1093565 0326435 0916374
1502582 1123563] 0367765 | 0808003 144411 113217 LOIS5E5| DA6TE4T) | 1444612) 142607 1365663 125333 1EITERE | 1.364463] 1283306 0537507
1624176 1133636 101213| 0.557237| | 1605553 1321535( 1368352 113813| | 1323531 1310573 1304261 1212385 | 1450031 1161054) 1124573| 0.305156
1281265 1193013 1LOBSEET| OLE00163| | 1579653| 1402151) 1225350 112125 | 1554325 1.221670| 0336161 0.792654 15E5001| 1030141 1.093157| 0907260
1626052| 1.033247) 1065212| 105IT62) | 1573633 13537H| 1169636 1080052| | 1353725 15091200 146724| 1357756 1273155 1075545 1004056 | 0.T35146
1625805| 0.954710| 0.337557| 0934664 | | 1305528] 1085025) 1.0F3446] 1.002202 1237791 1228578 114363| 1032025 | 1601432| 1302300) 11F3375| 0.786237
149125 1300643) 1272745 0534515 15EAT| 1.222687) 101AM2[ 0800571 | 16387533 1181201 1002625 OE3007T( | 1434356) 1144935 0.856553| 0832137
1.222532| 104177 1.027034| O75T0I5| | 1306055 1013753 0.643684| 0755855 1505251 1318507) 12625671 10061H| [ 1632553 1461203 1463432 1331631
1.512327| 1450867 1.416827| 0.859462) | 1.258432| 0505473 065231 071604 | | 1.422442| 1263804 1.260836| 0754436 1613537| 1402524] 1336301 1257104
131736 1228235 ] 143551 0531440 1.525150( 1.043140) 0.332535| 0952653 1515392 12576601 1126267| 0935050 | AIGE662)  19977M| 1096530) 0.395237
1466131| 1.272521) 1156368| 1154622) | 1558232| 1.247272| 1120320 0.851845| | 1.331437| 0378332 0305861 0555308 1553765 | 1.344546| 1L0S66635| 0842372
1454245 0.964550) 08TIET0| 0.654058) | 1644322] 1.425722| 1332513 ANMBGEST| | 1.423235| 1024486 08857 0875507 1A64003) 1125335 1122004 | 0963509
1265455 1.055453) 105TME| 0.600516) [ 1325354 142367| 1032335 O7566T3| | 1353373 1231535) 1447035| 1034733| | 1562542| 1.223345) 1160653| 0.363621
1450036 1389812 1231033 1.262387| | 1487238 1058605 038537 0751412 112T580| 1045768| 0.385304| 0305231 15577100 1.55&E211) 1.520357| 1.250262
L04G6RE0| 0554185 0961055 0.3564580( | 1632365 1154527 0976607 0.633126) | 1064043 1219325 1126579) 0.636303( | 1426056| 123363] 1.047730) 0552013
1326755 1256371 1150303| 0.338657| | 1580821 1.253835) 1I762T| 1044453 [ 156852T| 1032350| 0528545 0.534533( | 1263134 | 1228238 1161673 1103287
1525262 1158042| 0A02661) 0.635454] | 1575506] 1.047015) 1023052 0.957TH6F| [ 1.246221) 1083350| 0972324 0.7647563( | 1536596| 1255444 1175543 0514530
1475355 1.249435) 1056957) 0.520512] | 1.532253| 147763 1454386| 102169 [ 1351960) 123184| 104153 1027362 1521735 1.439135) 1585082 | 0.954533
1426042 LIITET3[ 1076344 | 0.542585( | 1447752 1045055 1090160[ 10S5TIF) [ 1451070 1244384| 1166367| 0.323272( | 1.205633| 0.930623] 0.371525| 0833563
1066E30| 0525503 0810533 0.794514( | 12450450 11675913) 1157400( 083607F) [ 1035330) 1023507  L0I0TEE| O.81TE55[ | 1635275| 1214853 117T554E8| 09614
1355630 1.343753) 1.235226| 0.633042| | 1.241500| 1.025726| 0.535015| 0.534853 1125533 0.910515| 0.575332| 0642736 1565161 115T618| 1.0123435| 0734783
1EOSI60| 1355313 1.247413| 1.029352) | 1529468| 1150256) 1067214] 0.547074 1575216 1255663 0340305 0537745 | 1509073 1.417245) 1272308| 0770353
12614534 1.114550] 0634353 0535234 LHIHE[  1132776) 0.3255533| 0.653663 1635101 1565414 | 1462437 1074555 14TI06|  116T4H| 0563852 07376
1235340 1.016304] 0.552430| 0.616563) | 1613526] 1282027| 1221533| 0.53268%| | 1456224 | 1250165 1214157| 0.804272] | 1635463] 1366665) 11T323| 0582322
151704 [ 1374004 1.270373[ 1123427 1IFETTE| 1.073546) 0570051 0.951443) [ 1443138 10201335] 0.5952148) 05833635 10TEM5|  1.0IT037] 0.875352| 0545333
1.264135| 0.554132| 0345220 0.T62327| | 1540367 1403231 1558334| 0765151 [ 1.366755| 1.31506| 1222554 1055163( | 1435736 1128515 108514 0324377
1442470 1ANTOT] 1395F86[ 1312455) | 1.299263| 1122427| 0.593468) 0.532353 1581104 | 1.243305| 0.35T025| 0976336 | 1564543 1416603 1303307 1219453
1366593 1026553 0.363747| 05535250 1564501 1324125 1.232540( 0627685 | 1605430) 15454010 1431017 1.030400( | 1522663 1257333 A06TTIE| 0.130528
1412621 1402031] 1.345262| 0.301504) | 1573554 | 1500235 1003053 0374362 | | 1430235 1315420 1073526| 0867248 1641TH| 1361305 1.256401] 0373344
1E652T0| 1304253 1219777 1064564] | 1433437] 1055452) 0522654 | 0904155 [ 1447928 1127786| 0526615 0766255 1455745 133205] 1.208052) 116933
1465435| 1443750) 1.364234| 1.061552) | 1435773| 1356472| 1243522 1131564 | | 14336153 1022216) 0ATHTS| 0807776| | 1470324| 1446413) 1554351 0763015
1002576 0.633480] 0.875870] OLE3TIT6 151372 1.315625) 1.239976| 0762257 [ 1435210| 1305565 1215734) 0.505301( | 1648651 1537636| 1473744 1264272
1365025 055221) 0.N5305| 0.550177) | 1232737] 1.234574| 1ATG203) 0.G35251| | 1257604 | 14350&7) 10S1756| 0550408 1615735 | 1.202446] 0561553 0773539
1462555 1037013 0.312805| 0555033) | 1387472 1262153| 1238341 0.303312| | 1437212 1221614 1133476| 035343 1313673| 1165246| 1025355 0863516




Table B2 Consumers’

preferences used in Monte Carlo simulation (1000 consumers)
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O.55T05T|  QS56162| 0400575 0005126 0401450 ] 053GEE5| 0.92T026] 0533733 0424154 | 0223323 0657076 | O0.556041) O053TE0] 0427764 | 0.455620| 0377324 0515314 | 055756 | 0655637 0153415
0125208 0.T86526| 0E5TSE0| 0357556 0510001 0.S45772 Q551611 003364 | 0.01262T| 0050632 01TS203| 0551430) 0035551 0555335 0630453 0424451 05384218 0.784625] 0633362 0534136
0353257 | 0.G62655] 04342339 O.T439015] 0627445 O.TTF530| 0256450 QATESE5 | O.rE9421| 04500235 0760350 | QEFATa0| 0.024555) 0654552 0.035602| 0.422546] 0.63TEE4 DA61730]| 0.333152| 0AT455E
0.212773| 0554052 0330745 0310247 0431754 | 0555373 0.5353525] 0456558 | 0464551 0OS63510| 0514525 0114730 0.223037| 0263236 0.534655| 0555058 OS0636T| 0430417 0.S0TES1| 0303713
0372350 062574 | 0653719 0.5633955] 0542266 0.364256| 0742371 0435607 | OFSS0TT| 05607354 0596111 0.7E3050] 03E3951) 0237025 0453330 0211273 0.472723 0.0E557T1| O.TAGESE| 0530253
Q553538 0Q452552| 0221282 ATS2636| 0.6A3427 0513261 0AZA600| 0732573 0.022&24 | 04535564 | 0434345 0.63T531| 04552753| 0.663515| 0055624 | 0.0T32T3| Q055645 | 08537351 0473343 0006521
0062540 08634510 066E50T| 0023533 0755523 0E64656T| 0.5333365] 05353050 0527275 0033126 | 0.045440) 0642625 0.213535]) 0.473767| 0244255 06363516 OT62645| 0.6063TZ| 0.53T7340| 0.335607
0030544 | 0536554 0445332 0.0T26E5| 0265753 05539453 0636765 OTCOE50| 0543200 0.453575| 0450556 OG552|  0UEEEE5E1| 02257468 06TTT25F| O0556105] 08T5S63ET| 0U3TE22E5] 043735 0665416
0123553 0.304043| OTS36A5| 0.425353] 0253374 | 0560456 0.6E51S5| 053532518 | 0524350 OSE0456| 0012264 05125354 04ASTIS| 0302463 | 0634557 0407644 | 05273035 0441633 0.554145| 0045568
0112 0307356 0.301320| 0.223295%] 0553503 ] 0.641440] 0533153 ] 0644656 0295552 03925035 0525430 0453747 O.F21555) 0760344 | 0454361 0.011524 0161514 | 0534566 O010TOST| 0201360
Q563365 | 0.217403| 0OF853TS 0552161 0OSTSETT| 0.04E63TO| 0407053 QASISIE | OTA062| 0832563 0732336 | 0344346 | 0020305 0516223 0504544 0452700 0053011 0.026512| 0136303 0.6ATEE4
0360515 00317 | 0.351540] 0.66364T) 0323041 0416355 | 0.425050] 0334262 D.54TT| 0794655 0453623 OO0GTE0E| 0E3STES] 04525334 | 02T456T| 0.353760| 0957532 | 0053050 0552545 0303117
052614 | 0402612 | 0432775 0.336335| 0.A53365] 01357435 O.TIE5TT| 0324523 0.ETAS0S| 02TES51| 035456 ) 05442535 003561T| 0.253405| 0365TH2| 0001263 0051653 | 0E6TAS4| 0545332 0527331
0711552 ] 0703407 OGEETEE| 0716274 O.TO04603 0771525 0543656 ) OGTLEO1| 0450351 0UF35064 | 0204103 | 0720376 | 0.501330) 0753144 | 0A00466( 0.552357| OQ.735255 | 0633502 0262355 0277366
OTETS04| 0525505| 0455645 0463105] 040813 0O.T5TASE| 0555507 0535866 | 05335584 | 0580470 OTS3332| 0720641 0153355] 0.305357| 03536251 0365200 064625335 0553781 0.144260| 0744513
D.0TS416| 0750374 | 0533405 0430223 | 0025236 0.TO2530| 0.654336] 0615253 | 0.2565Ta| 0253456 QG065 0S61124 | 0263543 0721552 | 0.505TET| 04N1T22] 0474351 0264055 0.35TA00| 0405363
0F36353 | 0550512 0473255 0255556 | 0301436 DO0MTTE| 0.25522T| 0.504060) 0952555 | 0.303365| 0535762 | 0355371 0866E50T| 0525566 0.65T156| 0.952045] 0605424 | 0651535 ] 05314230 0310635
Q306168 OSTE2EE| OAS0S1E| 0.3ITOS4] O.T320153| 0033532 0026345 0622474 | 0350673 0.264TA6| 0426506 | 0201275| 0O.TAITS0] 0.22154&| 05335732 O554726| 0333301 QAT2017|  0A3TE21| 0485006
0354527 0.5345471] 0464626 0615065 0.261551 0501751 0056155 ) 02555316 QES4760| 050353713 006TI6T| 0.520300) 0551407 | 0700363 | 0430756 0.551557] 0643613 0470210 0655535 0536755
0.283572| 0627034 | 04832510 0OATASE] OETSTET| O.TA5250( 0.S507T02| O43TEAE | OTEES2E| O4TETEI] 0500573 | 0436255 0.5341551) 0331356 0553561 0.STOT4T| 0463377 0535513 0606554 | 0528633
044353504 | 0.656540( 0.051330) 0967614 | 0.8562161) 0265655 0.464052] 0510705 | 0.223055) 00524535 0550664 O.TE1152 | 0455621 0321606 0423306 0.514347] 0047324 | 0212754 ] 0.63T155| 0955155
0204301 O556000( 0260655 0.804652] 067240353 | 0.575303| 0.8306T5| 0380256 0O.TIA530| AS61033| 0423535 0ETSI6E| 0125406] 05334531 0.030655| OAITTSS| O557362| 0343275 0.TA5045| 0055308
0.267T507| 0.535532 QETTTTE| 0GSE3T2| 0733556 | 0653353 047965 0601255 OLAGETEE| 0.547143 0.4TSI00 | O.F25350( 0725164 | 0.3535204 | 0955445 0.031055) 0230401 0273455 0275612 0311514
0277777 | 0252575 0.252461] 0017552 005154 | 09532524 [ 0.02T0O45] 0435155 | 552561 0435563 | 0O0G6SG6E O.51TTF5| 0.255430) 0.510452| 0.4T74376[ O.TE5TI0 0.G0N2T| 0463500 | 0.430523] 0.022143
0451604 | 0720156 0.334551] 0.863052| 05302532 01475321 0343061 0ASETEQ| 0.340450| 0ESS5154 0551275 0417706 | O0OS5E5455| 0E0S2553 | DEOGESE| DETESSS| 0.083635| 0436340 0.T33415] 0052704
0552502 0427272 0457355 0.740455] 063537014 | O.536466] 0537316 0113145 O.TT1255)  04T2250) 0716526 0425244 | 0.500227] 0421967 O0.0NM030) 0571213 0512565 0746156 0505107 0125465
00055 | 0655442 05444532 0573202 030266 0551443 05T0TI0] 0033665 | 0544752 0.113513) 0364331 0.A5365&| 0007334 ] 0.023552| 0.545200] 0525530 0518212 0.TI2T46| 0.S06563| O5TT4SS5
0455255 0.3392350] 0531547 0642056 0510113 ] 0226157 007354 ] 07374235 0525054 | 0343665 DAZIET]| 0LATOGE0] 0431025 ) 0.650421] O0.651255| 0456515 0655012 | 0246346 ] 0640622 0.005TE4
0416553 0444561 0605T21| 0.AE2561] O.TT4T44| 0500553 0536523 ] 0456355 | 0334015 0223206 | 0630335 02462553 O.ES6635| 0645543 O36T450| 04ATT2E| 0621357 0.034127| 0425602| 0ES0655
0.5533259 | 0.GT5244 | 0354635 0503701 0453055 | 0206556 ] 0004554 | 0E63105 | 0645447 OETIEEG | 02G666E5 | 0932066 0756345 0.905357] 0230065 0.9G2362) 05335035 0.320300( 0.502152] 0456052
0A337I0| 0.0853552 0.531731| ATESAAE| 06AE5A6| O5T23T2| 0.544363 O.TE4ATTI| 0426577 OME6E3| 0401636 | 0515351 0.03553T| 0573305 | 06S01SE OASITAT| 0252267 0555133 0.725470| 0215346
06435375 DASE315| 0513600( 0185372 0345005 0.05TS08| 0.33SE00] 0132745 | 0031754 | 0.433075| 05158507 0540220 021127 046TITE| OATET24| O0O0EIEIT] 0.556241| 0303225 O.TISTST| 0.055573
0.733745]| 0360410 0350644 ) 0125045 DATTOS | QESTEE0| 0.303305] 0346733 | 09943566 | O555745| OTTE43] 0.5E1525] 0.646757| 0504075 0.310700F] 05535437 0.657323| 0762102 0.115442| 0456455
0.254754 0512130 0452754 0742371 0054833 0535285 04653533 0050135 0233631 005355215 0514235| 0.503806] 044655T| 0.071323 0.23517T| 0.236560 OEONTS| 0.EE2A25| OSETE4S| 0OT2TES
0605012 0774632 | 0507354 05411165 0555555 0ATEEE0| 0362574 0902455 0304155 0.515522) 005435327 O6THTE] 0817077 | 06156393 | 03505532 0030013 ) 06575566 0063341 0.6T74430) 0444553
0S66236| 0ASAESE| 0.23T04T| 0520212 OS02665| 02656TE| 0.014000] 0545557 0231557 0.801645| 0056134 | OTS0ATE| 0.651230] 0.AE520| OT5A365| 0740745 0O.T1E0T| 0.030557| 0523563 0546723
0.2ETE5T| 0005004 | 07535242 0541673 0015025 0045474 046013 ) O2TIE50]| 0454063 0.E31415] 05642 [ 06TE5T4| 04ASTSRE] 0636415 O.F5ETET| O.TS1566] 0.G50507 0.574121| 0625672 0.052357
0700622 | 0500571 0427558 | 0.5343723] 0.042136| 0.S33E5T| O0A3TEAS| 053334535 0S516365| 0.303755| 0.340152| 0.6E61S6T| 0665546 0447TTE5] O.TALTES 0.51S31T| 0.006TIS| 0ETS5454 | 0.450645] 0343655
Q026576 | 0556635 0.067350 0411734 0159519 | OUFETOS6 | 05315454 0297426 | 0020545 O.355716) 0244276 041GT6E| 0450252 0516363 | 05525319 0.G56022) 0661661 0.620531| 0.233565] 053213953
0132536 | 0403330 0.032333| 0534657 0433337 0.012306) 0655544 0315341 0.846655] 0205375 DAT254 7| 06353437 05320045 ] OTE4502 0551361 0.7TT104 | 0.233345] 0056453T| 0.555TST] 0.7TE2
DE252TO| 05374236 0234046 0153453 ] 0665301 0A402605| O0553T40| 0ATALSE| 0540743 00423514 | 0455755 0.534047a| 0530237 0.035631| 0.7245534| 0OT5517a| 0447005 | 0EIAEE1| 0.221TS36| 0561308
O0.465720| OETE2TE] 01435310 0.031216] 0373606 0570314 | 07555035 0332627 | 00033534 | Q653252 | 0360400 0400755 OUrSE042] 0.535235 | 0413225] 0434226 0261475 0574421 0030425 0.544105
QEF0ET| 0.2T6200| 0.0EE06] OESTIES| 0440327 0.60IE03| OTES256| 0331001 0556125 | 0044006 02570586 | 0AGF26T| 0.063TS| 05353158 | OS04650| 05533355 0.A15476| 0S4TIET| 03534365 0.455414
0314055 0915467 0154450( O0STE087T| OTO0I6G6| 0235216 0.4507T4T] 0.246535] 0466510| 06725635 0.426341[ 0925327 0.367472] 0555552 OUF13530| O115406] 0165622 0.714414 | 0255035 0035562
0064607 0501121 0325730 0.874125] 0783332 0.200640| 02T0245| Q465347 Q536322 0353163 OSOSETT| 03465150 0274571 04E5583 | OS5I656| 0434307 0.A2TETS| 0634547 0.510505] 0360642
0552601 DAGEE5T| 0451524 0035544 | 0363395 0.47T4TTS| 0.O054302) 08735512 0933413 Q60213 0535142 0544761 0.0M0225| 0772455 0539605 | 0.452605] 0.653557| 0240735 0644335 0557450
0ATA435| 0122568 O.EEME6T| 0851084 | 0406381 031Z565) 0416461 0455708 0110222 OS1A5T0) 02TEITE O.TEI0T]| O5TES4AT| 0047572 OTESTST| 0.355255] 0.034376| 0436301 0.400725| 0.T55436
0.A57TT5| 0ATOTS2| 0435355 0.032326) 070545 0562527 0.5431635 012543 0.&547T0T| 0.G05463] 057405 0161542 0O0E5TE0) 0523217 024353054 | 0.255130] 0134256 04355501 0320173 0070165
DOGEE5EET| 0074327 ONMSH06| OTETOSI| 0519533 0515375 0.967252] 0986536 0655631 QASETH1| 0415530 0436202 0653351 09531553 0021717 0.Te0352] 0536350 0A02606| 0534175 0.545051
0685353 | 01353353 0.435351| 0ATASSE 033110 0462203 ONEFIE2| 000ETEE| 0574701 0430343 O.TA0EES| O56023T| 0.6E5515| 0355423 05315331 0446645 0ATI2Z06| 0.F36T45| 0125454 | 00364355
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Table B3 Example of Monte Carlo simulation result at tO and next times (Case 2, situation B)

Simulation Consumers behaviors

Set 4 guality price [ Lamda | 0.5 alpha 0s |
zel3 0.6335 Mot buy 0.0000 | 0.0000
z04 0.1386 Goods 4 09760 | 03922 Informed 504 Moncheated FB3
z34 01770 Goods 3 1.0920 | 0.4517F Uninfarmed 496 Cheated 237
z13 0.4723 Goods 2 1.3624 | 1.2070
zetabar | 1.0000 Goods 1 1.6435 | 1.2070
Random Numher 1 t1 t13
obs | Setl | Set? | Set3 Lamda Alpha Type 0 | CGuality| price | Utility | Setd | Type 1 | Utility | Setd [Type 13| Utility
1] 0.5571| 0.98325] 0.9824|Infarmed Moncheated JGoods 1| 1.6435) 1.2070( 0.2914] 0.7105|Goods 1 0.2914) 0.2678|Goods 1] 0.2914
2] 01282 07109 0.5177 |Infarmed Moncheated Mot buy 0.0000| 0.0000) 0.0000) 0.6350({Mot buy 0.0000) 0.7581 Mot buy | 0.0000
3] 038593 00635 0.7567 [Uninformed [Moncheated |Goods 3 | 1.0920] 04517 0.0267] 0.5547|Goods 3 | 0.0267| 0.7266|Goods 3| 0.0267
4] 0.2128| 0.5310| 0.7053|Infarmed Moncheated |Goods 3 | 1.0920| 04517 02194 0.4459|Goods 3 | 0.2194] 0.5132|Goods 3| 0.21594
5] 03729 0.3245| 0.5052 |Uninformed  [Moncheated |Goods 3| 1.0920] 04517 | 0.0445) 05137 |Goods 3 | 0.0445] 0.5060|Goods 3| 0.0445
6| 0.5533| 0.2746| 0.7382|Uninformed [Moncheated |Goods 3 | 1.0920] 0.4517 | 0.1525] 0.4517 |Goods 3 | 0.1525] 0.4315|Goods 3| 0.1525
7| 0.0628| 0.4664| 0.5563 |Uninformed  [Moncheated |Mot buy 0.0000| 0.0000) 0.0000) 0.0642 (Mot buy 0.0000) 0.6371|Mot buy | 0.0000
34| 0.9040( 0.4616] 0.3602 |Uninformed  |Cheated Goods 2 | 1.3624] 1.2070) -0.0245] 0.9599|Goods 2 | -0.0246) 0.7680|Goods 3| 0.5355
35| 03073 0.7138| 0.7517 [Informed Moncheated |Goods 3| 1.0920| 04517 01161 0.4486|Goods 3 | 0.1161] 0.4439(Goods 3| 0.1161
36| 0.2174| 087EE| 0.1000(Informed Moncheated |Goods 3 | 10920 04517 0.2143] 0.0091|Goods 3 | 0.2143] 0.7338|Goods 3| 0.2143
37| 0.0811| 0.9530| 0.¥367 [Informed Moncheated Mot buy 0.0000| 0.0000) 0.0000) 0.4353 (Mot buy 0.0000) 01293 Mot buy | 0.0000
38| 01026 0.9301] 0.6912(Informed Moncheated Mot buy 0.0000| 0.0000) 0.0000) 07573 (Mot buy 0.0000) 0.8534|Mot buy | 0.0000
39| 0.7094( 0.2749| 0.2035|Uninformed  |Cheated Goods 2 | 1.3624] 1.2070) -0.24065] 0.0544 |Goods 2 | -0.2406) 06022 |Goods 3| 0.3229
58| 0.1460( 0.4240| 07677 [Uninformed  |Moncheated |Goods 4 | 09760 0.3922| 0.2497) 0.1466|Goods 4 | 0.2497] 05293 (Goods 4| 0.2497
88| 0.7537 0.4123| 0.3706|Uninfarmed  |Cheated Goods 2 | 1.3624] 1.2070) -0.1802] 06975 |Goods 2 | -0.1802) 0.1320|Go0ds 3| 0.3713
995| 06859 0.8406| 0.2480(Informed Moncheated |Goods 1| 1.6435| 1.2070( 00757 0.6200|Goods 1 0.07597) 0.7376|Goods 1| 0.0797
995| 01857 01317 0.525%9 |Uninformed  |Moncheated |Goods 3 | 1.0920) 04517 | 0.2490| 0.1550|Goods 3 | 0.2490] 0.2483(Goods 3| 0.2490
997 01229 02562 0.7210(Uninformed  |Moncheated Mot buy 0.0000| 0.0000) 0.0000) 0.2825(Mat buy 0.0000) 0.6855|Mot buy | 0.0000
998| 01708 05609 0.5578 Informed Moncheated |Goods 4 | 0.9760( 0.3922( 0.2255) 0.2726|Goods 4 | 0.2255] 0.2270|Goods 4 | 0.2255
999| 0.0743( 0.4401] 06794 [Uninformed  |Moncheated Mot buy 0.0000| 0.0000) 0.0000) 0.0989(Mot buy 0.0000) 0.3685|Mot buy | 0.0000
1000f 0.1995| 0.6773[ 0.9552|Informed Moncheated |Goods 3| 1.0920| 04517 0.2335) 0.25386|Goods 3 | 0.2335] 0.0512|Goods 3| 0.2335
Surn | 48523 501.17| 509.94 114142 713.66] -29.35] 49575 -20.73] 504.33 9.55
Mean | 04854 05019 0.5109 114251 0.7141 | -0.0296). 0.4960 -0.0210] 0.5044 0.00293
Max | 0.9992( 0.9990| 0.9935 1.6435] 1.2070) 04351 0.9993 0:4351] 0.9995 0.6355
Plif 0.0013| 0.0002| 0.0005 0.0000] 0.0000) -0.4301] 0.0009 -0.4401] 0.0022 0.0000
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Table B4 Example of Monte Carlo simulation result at tO and next times (Case 2, situation B)

120

Goods (10) Profit (t0) Order Goods (1_criteria) Prafit

Cuuality 1 |Guality 2 [Quality 5 |Guality 4 |Price 1 [Price 2 |Price 3 |Price 4 (213 734 =04 zel3 1 2| 3| 4|Mat 1 2 3 4| Lhility |toconwert] 1] 2| 3| 4|Mat 1 2 3 4| LHility

1] 1.26658] 1.1509[ 1.1149] 08046|0./131|0.7131 | 0.4485[0.3554 | 06007 [01475| 01366 | 09714|206] 6[624[11]153] 12080] 359[21031] 295[11926 3 206] O]630[11]153[12080]0.00[212.33] 2.95[12063
2] 1.5496( 1.4053[ 1.2584| 0.9357|0.8930][0.5930|0.5203[0.3759|0.4413[01543|0.1385 [ 05527 | 391 | 86]355(13]155| 28857 G468[14005] 367 7370 14 391 0]4¢[13]155[ 28857 0.00{173.57] 3.67| 9590
3| 1.6485] 1.6323[ 16022] 0.5744|06776|06776|06305[0.3515| 03487 (01367 | 01351 [04225| 468 136] 242 4149 24046] 6995[113487] 1.14[21456 17 469[ 0]378]| 4[149[24046]|0.00{177.57] 1.14]/215189
4] 1.2969[ 1.2254| 1.0967| 1.0445|06S65| 06563 | 04364 [ 04115| 053786 [ 01645| 01355 | 04609 | 445126250 20]150| 234.52| 67.25| 8167] 580[ 9525 15 445 0]376[29[150[ 23452 0.00[122.84] 590[ 11481
5] 14902 1.4226[ 13557 109720717 |0.7187|05455(04342| 045535801465 | 01365 [ 06109 375 YE|5685] &[15853] 21553 4381[15772] 2E0[14535 13 378 0]481| &[153[ 21555]|0.00{155.85] 2.60[154 .68
6| 1.4835 1.4346[ 1.3955| 1.3754|06755|06755|0.5502{ 05399 05006 [ 01748| 01351 [0OF160]320| 45)447|30]149] 165877| 2395183 45[1565(17323 12 320 049230 1409[165877|0.00{ 201 89]15.65[177.45
7| 1.5974[ 1.4454[ 1.3559] 0.5165]0.8147[0.9147 | 055680 0.5269| 05137 [01470| 0138007476308 45|484 | 7193 233.29] 34.64{204.31] 1.72[10826 12 308 0]528] 7T[1393[23328|0.00[{223.51] 1.72[12075
G| 1.6456[ 1.5656[ 1.53307| 1.1745|0.5196]0.6156| 0534304645 0308001534 | 013632 [ 03528511 [ 14817319123 33267| 9753 B942] 521[12216 17 a1 O]321 158193 33267 0.00{125.81] 2.21[141.32
9 1.47a] 12734 119535 0.5740[0.9523]0.9523|0.4932[0.3502| 05799 01519| 01382 [ 09103 2533 15| 58611155 187 60| 1237[218.77] 2.89] 9085 [ 233 060111155187 60 0.00[ 224 57 2.59] 9566
10[ 1.5713] 13502 11684] 1.0151[1.0545]1.0545] 04535 0.4050| 04886 01699 | 01386 [ 06733351 | 57 |#M0|27[155] 3144597 52411150532 5.27] 2855 13 351 046727155 31497000171 22 §.27] 5280
11 16219 1.5371[ 11530 07991 [0.8205]0.58208|0.4705]0.3189 | 02576 [ 01477 | 01376 [ 02532 556 168 1M2] 11153  366A5[11207] 39.75] 263 9855 19 S556| O0]280[11]153[ 366.158]0.00] 99.45] 263[115.22
12] 1.5539] 1.3906[ 14361| 41.0315[09463|0.9463| 0461704107 | 03999 0168001373 [ 0.4971 | 432[ 113] 273| 29153 341 67| 91.22| 9503] 592 3283 15 432[ 0]386]29]153[ 341 67| 0.00{134.36] 8.92| 6714
13| 1.5682[ 1.4646[ 11851| 07677 [0.8365|0.58363|0.4896|0.3053|0.3120{0.1495| 01385 0.3605 | 506 145]185] 9]155] 34350[10002| BB66| 203 7776 17 S06[ 0]330] 9[155[34380]|0.00{122.47] 2.08[101.58
14| 1.4835[ 1.3623[ 1.2326| 0.5504|08272|08272|05079]0.53531 | 043584 | 01516| 01385 [ 04752| 395 88352 11]1585| 266.75| A1.50{135.55] 292 8350 14 393 0|4¢ 111585 26675 0.00{169.61] 2.92[103.17
18] 1.2424[ 11353 09045 07957 [0.7126|07126| 053680 0.3170| 053520 0613|0157 4 [ 04153 466 | 157 | 221 [23[1585] 27447| 82.07[ 6134 546[ 394 17 466[ 0358 25|15853[ 27447 0.00] 99.536] 5.46| BS35
16] 1.4560[ 12779 148527] 1.0030[{0.89146|0.9146|0.45535| 04014 | 05604611 0138005034 | 276 | 33| S15]21|185] 21226] 2597[180.02] 632 5154 E] 276 O|s4s|2A 185 21226000201 14] &.32| 92587
2] 124453 12072 0.9934| 0.9777[0.5550]0.5650(0.3819])0.3524 | 02478 0.1519| 01348 0.2652 | 565|173 95|47 |148] 24871 7737 2661 484[119.11 20 S63[ 0|2H[17|149[ 24971 0.00] 7942] 4.54[125.08
3] 1.52000 153741 12103 O.7614[0.8925]0.5925 | 0.5005|0.3074 | 04311 [ 01520 01392 [ 0.5659 394 | 93| 34711150 291.74| 7FO22{133.35] 2.a4| 60354 14 394 O]440[11[1595[ 291 74|0.00{169.08] 2.54] 54.91
4] 1.2394] 11720 1.0276] 0.8906[06273|0.6273[0.4145]0.3534 | 03458 0.1545| 01365 | 04114472137 | 222[16]153]  23757| B9.88] 69.25] 4.23] 8876 17 472 0]3589[16]153] 237 57| 0.00{112.05] 4.23[104 66
315 1.4044] 1.3829] 11300 0.5364[0.5969]0.5969( 04474 0.3287 [01875[0.1395| 01355 [ 01955]610(156] 49] B[149] 2¥543] 5530] 16.39] 1.47[16349 * E10[ 0]196] B|183[27843]0.00] 65.55] 1.47[156.05
B[ 124941 12373 11272 0.8113[05149]0.5149[0.4445]0.3182 | 01986 [ 01379 | 01352 [ 02090 5958 [182] B5| B|149] 23322 MM 20| 2157 1.42[15835 g 596 0]23| B|163[23322|0.00] VEES] 1.42[15613
M7 12110 14739 07528 0.7527[0.5565]|0.5568|0.2936]|0.2935| 01951 [0.1451 |01345[0.2065| 595183 E0[10]149] 26056] 8042| 1310] 218[11077 i 595 0|213[10[168[ 26056]|0.00f 46.50] 2.18[110599
8] 14263 1.2688[ 1.2196] 1.1610[0.8527|0.8527 [0.4575| 04586 | 06086 0.1720| 01362(0.9532| 200 3| 6153|3511 142 218[2242711.30[12507 2 200 OB16[33[151[142.01]0.00] 22537 [11.30[126.01
18] 16414 14947 1.2164] 1.0915[0.9499]0.9499| 04936 | 0.4343| 03703 [ 01637 | 01372 | 04475 452|152 | 257 | 26115853  358517|10566] 85816] 545 5149 15 452 0|3E9|26]153[ 35517 0.00{1537 26| &.45| 8657
3200 1.2031[ 1.0407 085495 0.5548[058317|05317 05571 |0.3409| 06055 [ 01675 | 01375[ 058755204 4|B0]2811585] 14513] 292{17818] 74| 7313 2 204 O|E14]29[15853[14515|0.00{179.536] 7.41| 7467
21 15080 13817 14176] 0.7665[0.5505|0.5505|0.4650]0.3059 | 0.3432[ 01533 | 01300 04052 | 475|157 | 22015185 33250] 9rsq) 7771 3.02] 5129 17 475 03571315958 33250 0.00{12610] 3.02] 7996
322 14241 13055 1.1953] 0.5541 [0.7554|0.7554 | 04924 |0.3420| 04357 [ 01506 | 01351 [06196| 377 | ¥74|555] 9155 24567 4565|14345] 2.31[ 5502 13 377 0]458] 9133 24367|0.00{171.02] 2.31 10366
323 1.3994 [ 1.23919[ 1.0232[ 0.5259[0.5539|0.5539 | 0.4245|0.3336 | 0.3936 [ 0.1614 | 01355 | 0.4596 | 434 (114 275 | 22|155] 309.66| 8307 §5.59] 552 2611 13 434 038922155 30966 0.00{125.52] 5.52| 5657
A7 1.3984 ] 1.3858] 1.3561[ 1.1664[05725]0.5728[0.5335]0.4569| 03204 [ 01392[ 0.1351 [0.53765] 495144 206] 6]149] 214.31] 6253] 81.895] 2.04[18243 17 495] 0]350] B[149]21431]0.00[{139.25] 2.04[18530
48] 1.3672] 1.2052] 1.0686[ 1.0220[0.5561]|0.5561 (04257 | 04043 04936|01806| 01364 [06773] 345 57404441152 24674] 41 93[13001[153.29] 5736 12 343 0]461 44152 246,74 0.00[{145.36]13.29] 7524
419 1.2725] 12041 1.067V6[ 0.9505[0647|0.6417 [ 04297 |0.53766| 03569 0.1562 | 01366 | 04254 | 463|135 23217153  235.20] 7A038| 7491 4.79] 93594 17 463 O]367[17]153[23820]0.00{115.50] 4.79[110.20
4200 16377 14106 11683 1.1475[1.0973]1.0973|04617|0.4505| 04665]|0.1661 |01354 [ 06159 372| 74|353|52|149] 34726] 7O7E[121.75[1746] 2274 13 372 0]427|52]|149[ 347 26| 0.00[{147 25]17.46] 5559
492 1.5205] 1.3293[ 11261[ 1.0442[095807|0.95307 (04571 |0.4156|04575[01750| 01372 | 06043|378| 7735536153 31405] 6528{12230[11.20] 3199 13 373 0]432]|36[153[ 31405]|0.00{145.585]11.20] 60.04
493 1.5365] 1.4992[ 1.0960[ 1.09353[06545|0.6543|04276| 04267 | 02009 0.1455| 01345 0.2095| 596|182 6310|149 316.25] S7.25| 2005] 317[157 27 20 596[ 0222[10[161[31625]|0.00] 70.88] 317[155.49
494 15429 13680 1.0955] 1.0192[08657|0.9657 [0.4425|0.4046|04055[ 01713 | 01369 [ 05013426 12| 275631155 345658] 9284| 9255] 935 2135 15 426 0]300]31[15853[ 34565]|0.00{129.85] 9.35] 5520
495 1.6235] 1.3522[ 1.2686[ 1.1922[1.1435]1.1435[05130| 04735 06121 (04751 |01370{00912]197| 2|605|40(1583] 193.25] 2.02{23475[1417] 9955 2 197 O|610[40[153[19325]|0.00{ 235551417 [ 10067
496] 14616 14373 1.0535] 0.5275[0.6255]|0.6255 (0428803252 | 0478701397 | 0135501657 |616[166] 42| ¥|148] 28545] 5966| 1546] 1.70[166.71 i G616 0O|1688] 7|195[29345]|0.00] S447] 1.70[154.72
497 1.5985] 1.4244[ 12570 0.9234[0.89766]|0.9766 | 05240053725 | 0457001566 | 01391 {06133 377 | 76|577[ 159150 30791 6340({13015] 4.20] 54497 13 377 O]4e3[1a1aa[ 307 1| 0.00({150.42] 4.20] 7937
495 1.3471] 113533 1.0270] 0.5951[0.9067|0.9067 [0.4235]0.3604 | 0.5202[0.1696| 01384 [ 07461 | 306 45]467|27[155] 23622] 356114987 731] 4140 12 J06] 0512 27]155] 236 22| 0.00[164 42] 7.31| 5518
499] 1.4669] 1.4635] 11702 1.0704[05500]0.5800{04570] 04177 [01430{01356|01346[0.1435|645(194] &) 1]149] 28076 5412 272 0.31[20403 * B45| 0] 40| 1]306]280.76]0.00] 1360 0.31[161.57
s00] 1.3240[ 12562 1.0964] 0.9010[0662Z|0.6622[0.4435]0.3581 03307 [ 0151401370 0.3556 | 459140 205] 13153 25906] 75.12] 6851 348 9709 17 489] 0]345]13]153[ 25906]0.00[115.30] 3.48[11285
AVG | 1.4643] 1.3675] 11575] 0.9554|0.7696[0.7696]| 0.4648 [ 03779 0.3609| 01534 01365 | 0 4692 456|119 25817 [152] 271 49] 69.33| 93415] 482[10585 15 456( O|364[417[162[ 271 49]|0.00{129.71] 4.82[119.52
Max | 16499] 16350] 16022] 1.5210]1.3447[1.5447| 063058 [ 05952 |0A152|0.2040{ 01404 | 09950 [ 645|194 [ 644 [FO[156] 426453[127 60| 275.94]23.55| 221 .40 2 45| O|E46|70|306] 42645 0.00[ 250.24]25.55| 21519
hdin 05575 0.8205] 07528] 0.7503|0.3853[0.5853|0.2936[02053|0.1425| 01356 0.1345| 01436195 1 g 1[149 a0 &1 072 180] 023 -386 1 195 0] 38] 1[149] 9061|000 10584] 0.23] #4125
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APPENDIX C: MONTE CARLO SIMULATIONS RESULTS

Table C1 The simulation

results of situation A with all cases

I r
Case Mumber | Guality 1 | Ruality 2 | Ruality 5| Buality 4 | average vl vl w1ted L= w2fvd | +3ivd | Price1 | Price 2 | Price 3| Price 4 iz o233 o34 c04 Profit 1] Profit 2 | Profit 3 | Profit 4 | Utility
1 Auerage s00 1.4575 135473 11633 03553 116352 1.07T33]| 1.26357| 15532 1AT3E5| 1.4425) 1.2365| 07753 057335 0.4630] 03731 0.6253| 02353 041522) 01364 | 216.07 1T7T.6T 29.33 4.57 12316
Pz 1E432 1LE312 15200 15008 13457 13078 20353 24576 | 2.0153| 20727 13671 12472| O0.Ti52| 06255 05564 07331 04021| 0.2235| 04353 F22.28] 22115 TTE2|  FRTE| 22577
Mlin N.&&72 05153 07740 07501 10133 10011 10103 ] 1.04035] 1.00035 10114 | 10001| 0.53314| 0.3435| 0.3020] 0.23435] 05411 04353| 01356 01345] A365| 10044 0.30 n.zza 4577
2 | Average s00 1.4573 1.3527 11645 03654 11531 1.0506| 1.2630| 15355 1ATET| 14277 1.2200| 0.7734| 05737 04666| 0.3315| 0.6257| 02333 01527 01363] 21740 17772 2905 4.75| 12167
Pl 16435 16230 1.5363 15215| 1.3433 1.3437| 2.0506| 24502| 15863 21354 13807 1.3332| 0T62| 06251 05341| O0.737a| 053764 | 0213 04402| 32155 22243 T34 2T.35| 22412
Mlin QEEEE| 05056 DISEE 07501 1LOEE 10015 1.0040] 1.0404 | 10014 | L0127 1L000E| 03505 0UFE06 ) 0.2940| 02333 05414 01334 ] O03F5T| 0.1345 427 a0.52 .71 n.22 40.11
3| Awerage s00 14565 13466 11636 03611 11617 1.0554| 1.2615| 15463| 11654| 14235 1.2342| 07862 05745 04654 | 0O57AT| 06233 024353 0.1525] Q1363] 21562 1TE.1T 3070 4.75 12162
Plax 16433 16371 15573 1.5747] 1.3562 13553 2.0928| 2.1461| 1.3534| 2.0804 | 2.0452) 1.3753| OTF050) 06233 O06155| 0O.7373| 04024 0.2214 ) 0.1403] 32057 217.37 51.04 2610 226.25
Fin 02633 07315 0.7565 07501 10035 10013 10156 | 10236 | 100535 1L0056) 10005 04062| 05155 02352 02331 0.5403| 04354 | 04356| 04345] 3523 34.93 023 0.2z I5.02
4 | Average s00 14634 13603 1IT4S 0.A6TT 11622 10533 12681 15436 1LIT3E| 14330 1.2258| 0.7302| 0.5513| 0.4T06| 03824 | 0.6250) 0.2408| 01513 01363| 215.45| IT5.53 S013 4.54| 122.25
Plax 164353 1LESTT 16142 1.4545| 1.33396 13364 1.3374| 2.1565) 1.9054 | 21086 19232 1.3207 07107 | 0.633T| 05505| 0.7330| 04047 02133 0.1402) 31574 22021 G033 25.54 | 22042
Fin 03015 05363 0.7T6T| 07524 10dT0 10017 10435 1.0545( 1.0003| 10954 | 10005| O5TIT| 05304 0.3065) 02355 05441 04356 04356 04345| 22.06| 103.33 o 0.2z I5.22
5 | Average lels] 145836 13464 11634  0.9573 11615 10527 12657 15465 14T3| 14327| 1.2300| O.7S07| O5TEE| 04664 | 03756 | 06254 02443 04527 04564 | 216.03| 17652 006 4.71| 12077
Plax 1.6500 163435 1.5522 1.5254 13547 1.3052]| 19557 24410| 1.3165) 2.0856| 1.3301| 1.2633 0.7153| 0.6230| 0.5365| 0.7355| 0.3974 | 02145 01333 322.50| 220.42 1728 23.75| 224.80
Flin 035235 05154 07634 0.7506| 1.00535 1.0003 1.015] 10175 10007 10041 10004 | 04023 031592 | 0.3024 | 0.2332] 0.5410] 04331 01356| 01345 3370 AT.63 0.33 023 40.32
Al | Average s00 1.4531 1.3520 11652 09622 11615 1.0524| 12655 1.5471] 11723 1.4331| 1.2300| 0.7525| 05754 | 04652 05503 ) 0.6276] 0.2408| 01524 | 04363 21673 177.44 2957 4.67| 121.53
Pl 1.6435 16333 15344 15214 | 13486 13303 20450 216235 13374 | 2.0375| 15513 13057 0.T126| 06253 0.5346| 07355 0.3366| 02151 04401| 32071 22044 T3.25 25.86( 226.07
Mlin 09203 05143 0.TEE1 0.7507 10115 10013 TOME| 10555 10014 | 10100) 10004 | 03562 0.325T) 03000 02341 05411 04353 | 04356 | 01345 2553 AT.46 0.30 n.2z2| F3.23
Table C2 Informed and uninforemd buyers in situation A with all cases
Case TO Goods 1 Goods 2 Goods 3 Goods 4 ot buy
Goods 1 | Goods 2 | Geods 3 | Goods 4 | Nok buy Uninformed Uninformed Uninformed Uninformed Uninformed
Informed | Monchea| Cheated | Informed Monche] Cheated| Informed Plonche] Cheated| Informed| Monche] Gheated|Infarmed Monchey Cheated
1 351 401 a1 15 151 351 1] o 40 1] a a1 n a 15 a 1} 151 1} 1}
2 351 400 =1 16 151 130 =1 T3 202 a5 03 44 20 17 3 5 2 53 S0 42
3 47 401 55 15 151 157 L] 153 203 L] 195 46 ] 33 3 o T 53 o a2
4 343 402 3 15 151 ] 152 166 o 137 205 o 45 35 L] i 5 ] 5 TE
5 F4E 401 54 16 151 [ ] 45 o 1] 401 0 o &4 1] o 16 [ o 151
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Table C3 The simulation results of situation B with all cases

Fimulation T
Case Mumber | Buality 1] Guality 2 | Buality 5 [ Guality 4] average | «1iv2 el wlivd valvd | v2ivd | w3fvd | Priced | Price 2 | Price 3 | Price 4 213 254 =04 2el2 5| Profit 1| Profit 2 | Profit 3 | Profit 4] Utilicy
1] Awerage SO0 14545 13783 11664 | 0.9570] 11628 1.0562] 1.2643| 15435 11955 14633 12335 07261 0.7261) 04673 05751 0.53426[ 04505) 04363 04363 J67.26 0.00 63.07 4.25) 12015
Mlax 164353 16243 1.5301 14341 1.3445] 11536] 15015 21034 1.8641) 2.0512] 14528 10642 10642 06253| 05565 0.6113) 0.2080( 01334 0.3347| 54253 000 202.T| 27.30| 226.90
Pin 05427 05414 07343 07522 1023| 100E|  10162| 103T2| 10036| 10123 10006| 0.331E| 05318 05106| 02356 01437 04355 01545 0.1445] 160.73 0.00 157 0.22| 4063
2| Average SO0 14643 13675 11575 03554 | 11652] 10733 1.2542| 15616[ 11577 1L45TT| 1.2247| O7EI6| OT636| 04645 0.3773] 0.3603| 04534 01565 0.4632| 27143 6333 3315 4.52| 105.55
Pax 1.6433| 16380 16022| 1.5210] 13448 13052 19353 21233 13035 20357 1.3445] 13447 1.3447) 0.6305| 0.5352) 0.6152| 0.2040] 04404 0.3350| 426473 127.60| 275.94| 2355 22140
Mlin 0E5TS) 05205 07525 07805 10130]  1.0017] 10164 10F35( LOOST| LO0270( LO0001| 0.FE5E| 05553 02356 02955 04425 01356 01545 01436 3061 0.T2 130 0.23) -3.96
I Average SO0 146355 13561 1.1456| 09327 11745 1L0513| 12963 15956 14953 148501 1.2426| 07307 07307 04617 03636 0.3734| 04546 D67 | 04650 | 202.75 142.55 9696 4.36 .10
Pax 16435 16333 1.5523| 14246 1351 13124 13561 24763 | 1L5656| 24255 1.3903F| 1.3335] 13335 06127| 05563 0.6147( 0.2060 01411 0.3336| F10.20 26150 25143 2451 220,58
Pin 0.5610| 05225 O0T6TE[ 0TR02] 10153 1.0014 10165 10465 1.0042] 10275 1.0016] Q3330 03330 0.2333| 0.2346] 0.1440[ 01356 01545 01443 6314 135 2.13 0.23| -55.51
4| Average SO0 14775 13406 11161 0A310| 14754 | 11086| 13436 16151 121T0| 14627| 1.2085| 058525| 05525 04505 0.3632| 03506 04553 04363] 05015 15355 151.20 755 5.50| 3052
Pax 1.6433 16376 16157 14664 | 13336 1.4503] 20551 24531 13307 20725 1.3025| 16135| L6155| 063335 05720 0.6115| 02053 D415 | 092933 | 28572 29933 35433 2255 225.03
Pin 0.133|  0.53I6T|  07556| 07502 1O0NME| 10023 10035 10355 1.0024) 10252 1.0002| 04065 04065 0.2360| 0.2350( 0.1422) 04356 0.1545) 01423 2.00 3.40 215 0.22]-124.02
5| Average SO0 14656 135237 11060| 03277 11755 11157 153433 16106[ 12101 14463| 12015 05645 05645 04475 03654 0.3363| 01537 0.1370| 05235 000 234.40] 12675 E.0T| TO.TS
Pax 16435 16355 15555 14352] 13545 15332 2.0527| 21640| 13&526| 21183 13630| 1607T6| 16076 0E251| 0.5635| 06140| 02130 01413 03314 0.00| SEE06| SJE5TT| 26.30| 21555
Pin 0A3Te| 05607 07745 0.7500] 1.0203F| 10025 10152 10615 1.0052) 10205 1.0002) 0.3304| 03304 | 05035 0.2352] 01440| 04355 01545 01443 0.00 4.23 241 0.22] -143.97
Il| Awerage SO0 14657 13532 11353 09407 1715 10871 1.3083| 1.5575| 1.2045] 14633| 1.2224| 05003 05005 0.4554| 0.53726] 03707 0.1554 01567 0.4550( 133.02 131.50 100.71 505  96.34
Pax 1.6435 1E35T 155865 14683 13457 1.3643| 19325 24525 1.9140] 2.0513| 1.9567| 13333 13333 06255 0.5743| O06134) 02073 04405 |0.3336| F12.95 250,31 23665 2431 22261
Pin 0.5536| 05454 07636 0T506] 10445 10043 10154 | 10441 1.0042) 10232 1.0005] 03514 05514 | 03007 | 02344 04433 04357 01545 04442 645 1396 2.1 0.22] -55.61
Table C4 Number of buying consumers, firm’s profit and consumers’ utility at t and t_criteria (Situation B)
TO Canvert T_cirteria
Case Goods 1 | Goods 2| Goods 3 | Goods 4 | Mot buy | Profit 1 | Profit 2| Profit 3 | Profic 4 [ Utiliey | Order | Goodsz 1| Goods J Goods 3| Goods 4 Mat buy| Profie 1 | Profit 2| Profit 3 | Praofic 4| Utiliey
1 647 Ja] 15& 14 151 S6T.26 [ 0.00 63.07 4.25 12045 1] E47 a 155 14 151 FET.26 | 000 £3.07 4.25 | 12015
2 456 13 255 17 152 21.43 | 6333 33515 4.52 | 10585 15 456 1] FE4 T 162 2743 | 0.00 123.71 4.52 | 11352
3 324 234 272 17 152 20275 | 1255 | 3696 4.36 3110 L S24 [u] 453 17 167 20278 | 000 17113 4.36 | 115.22
4 245 2353 S44 21 152 15355 | 151.20 755 5.80 an.s2 15 245 a 563 21 163 15355 | 0.00 131.74 5.50 | 11573
5 o 453 3 22 152 000 | 23440 12675 607 TOTS 16 o ] AT 22 151 0.00 0.0 267.54 507 | NETT

el
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Table C5 The simulation results of situation C with all cases

Fimulakion r
Caze Fumber | Guality 1] Guality 2 | Guality 3 | Quality 4] average | wlfe2 vl wlivd wdivd | w2ivd wiled Price1 | Price 2 | Price 3 | Price 4 =12 =24 204 223 4| Profit1 | Profit 2 | Profit 3| Profit 4 | Ukility
1| Average 500 14543 13500 11634 | 0.3658 11531] 1.0505] 1.2612] 1.5362| 11635 14256| 1.226&| O0.765| 0.57E5| O5TES| 0.3515] 062TE| 01543 01363| 0.2553 21515 19533 0.00 13.72) 122.25
PAax 16452 16255 16134 | 14357 1.3534| 13360| 19564| 2.1633) 1.9475| 24433 24328 1.2772| O707E| OF07E) 0.5550( 0.7350( 04076 09401 05054 F13.01] 27540 0.00 TA5T| 225.20
PAin 0.3345] 05442 0TS 07507 10142 1.0012|  10057| 1.0432] 10015 100435 10002| 0.4045] 0.3543( 003543 0.2334]  0.5331) 04353 0.4345] 04363 3415 105.61 0.00 0.22] 40,35
2| Awerage 500 14573 1353 11611| 0.3625 11607 10332 12733 15455 11673 14153 12208| 05021 05750| O5TE0| 0.3504) 06303| O45TE| 01364 |02604| 22051 13355 4447 24.06] ME0
Pax 16436 16363 16104 | 14626| 13452 13531 19425 21547 1.5T06| 21600 13353 14140] 0.711583| 0733) 05724 0.7333] 03535 O440| 0.6861) 35375 20313 6315 Madl| 22573
Pin 05552 0.T3E3|  OTTED| 07503 10155 10003 10067| 10863| 1.0005) 10034 10002 04255 03144) 05144 | 02347 05354 04347 01345 04367 3535 63550 052 0.45 -0.74
3| Awerage S00 14626| 13383 11457 03551 11652] 1.0363| 1.2324| 15556 11503| 14230 1213 08162| 05734 05734 0.3730| 06234 01313 Q1365|0.2630| 22607 10057 S3.73 2572 10075
Pax 16433 16357 16253 14504 13555 13513 21280 24514 13581 214503 133535 14023 07155 O07SS| 05503 0.7333] 0.3570| 04410| 0.B562| 34727 137.75| 132.53| 124.33| 223.97
PAin 03003 05242 07652 07508 10151 1.0001 1.0107| 1.0543] 1.0004| 1.0076| 1.0007| O.3640| 034635| 0.3463) 0.2333| 05350[ 01346| 0.1345| 01353 .73 5330 T.15 0.26| -16.40
4| Average 500 1.4567 13275 11416 | 03467 11653 11020 1.2343F| 15663 1ATT1| 14263  1.2155| 0.5235| 05764 O5T64| 0.3747| 0.6333F] 01334 01366( 0.2112] 22635 7341 &T.60[ F6.34| 100.03
PAax 16435 156443 15322 143953| 13530 13216 2.0546| 2.4557| 19031 24444 1.3861) 12962 0.7134[ OTI54]| 05563 0.7363] 05524 04412| 06513 F54.50| 1F966| 135.47| 19553 230.33
PAin 03436 0.5135]  0.7566| 0.7504 1.0171] 1.0002 1.0125] 1.0523F] 1.0006| 1.0035) 10004 03361 03460 0.3460) 02335 05351 04346] 0.1345| 01366 ST.50 5.66 5.95 1.06| -15.24
5| Awerage 500 1.4543 15138 11354 | 03443 11666 11083 13015 15685| 1ATT3| 14203 1.2141| 05544 0O5TE2| 05732| 037T3T| 0G355) 01346| 01365 02741 22730 000 16555 37.36| 8558
Pax 16434 16352 16024 14556| 153553 14266 13326 24576| 1.5027| 2.0566[ 20033| 14331 07154 0.7154| 05304 07330 0.3656| 01412 06317 37591 000 27655 163.44| 22514
Pin 03135 05123 0.7610( 07505 10114 | 10002 10051 10345 10007 10054 | 10006 04105 0.3437| 0.5437) 0.2346| 05354 01343 04345| 04357 G462 0.00 4.57 0.26| -64.41
Nlf Average 500 1.4573 13350 11512 0.3555 11631 1.0362] 1.2547] 15544 | 11T46] 14225 1.2154| 0&5106) O05TE1] O5TE| 0.5TTa] 06313 04303| 0136402660 2235.21) 10365 T6E3 27.56] 104.0%
Pilax 16434 1636T] 16055 14545 13531 13656 2.0208) 24755| 16364 24521 2.0002) 156461 001 0744 0551) O7355| 0.5675[ 01405)0.6355| 34553 15233 12341] 137.80] a21.27
Pdlin 03167 05135 0T66T| 0.7505 1.0153| 10004 10057 10452 10007) 10045 10004 | 04002] 054235 0.5423| 0.2540) 05354 04343] 01345) 01362 2456 45,27 4.51 045 -11.43

Table C6 Number of buying consumers, firm's profit and consumers’ utility at 10 and t_criteria {Situation C)

TO Conwert] T_cirkeria
Caze Goods 1 |Goods 2| Goods 3 | Goads 4 | Nat buy | Profit 1 | Profit 2| Profit 3 [ Profitd | Utilit | Order | Goods 1| Goodsz ] Goods 3| Goads 4 Mat bug| Profit1 | Profit 2| Praofit 5| Profic 4 Ueility
1 350 453 0 45 151 21515 135.33 0.00 13,72 122.25 ] S50 453 0 4E 151 21513 135.33 0.00f 1372| 12225
2 45 320 33 o3 151)  220.51| 132.58 4447 24.06]) 11150 1 S4E F20 0 161 172| 22051 133.55 0.00] 46.23 1376
3 45 227 154 &3 52| 226.07| 10057 E5.73 25. 72| 100.75 1 45 227 a 233 56| 226.07| 10057 0.00| &5.07 115.45
4 43 152 133 130 52| 22638 Ta.41 ST.60| S6.34) 100.03) 1 343 152 0 257 183| 226.58 T3.41 000 S1.07 n7.23
5 34 o T4 133 12| 22730 000 16555 ITIR| 5535 1 41 ] ] 430 223 =2arao 0.00 0.00f 12078 N353

ecl
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Table C7 The simulation results of situation D with all cases

Zimulation r
Caze Fumber | Guality 1] Quality 2 | Quality 3 | Guality 4| average witv2 wllvd witvd valvd | v2ivd v3Ifvd | Pricel | Price 2 | Price 3 | Price 4 =14 oel2_ 23| o04 | ce2d 4 | Profic 1] Profit 2| Profit 3| Proficd | Uriliey
1| Average SO0 14665 1.3405 1173 0.3376 11724 10336 13352 15342| 12155 14513 12018| 052585 05255 05333 05374 02372 04678 0436T| 02352 45542 0.00 0.00 4314| FEE6
[ B 16500 16454 1.5320] 1.4301] 1.3463 15206| 2.0931 214511 18565 213540 13213 1.7110 10| OTI6T| 05332 05354 09336 01415 06332| ETEES 0.00 000 16235 23451
Fin 05764 08343 0.T622| 0.7502 10124 1.0005 10145 1L05T6| 1.0067| 10235 10001 0.4074| 04074 05436| 02352 0556 00025 015345 01388 201356 0.00 0.00 026 0.06
2| Average S00 14566 1.3103 14554 | 09336 11675 1152 12718 15786 14353 14154 | 12452 05603 05603 05353 03733 03325 06260] 04373 02305 23347 53.26| 3354 i3] 6072
M= 1.6437 16151 16021 13544 13574 14037 16577 24T60| 14133 2.4107] 20061 1.5147 15147 O6366) 05443 05350 023343 04413 0T056[ 43541 12643 S5.66| 13464 2203
Min 03555 0ETIE 07517 07501 1.0235] 1.0003] L0046 10303 1.0021| 1.0533) 100035 04001 0400 0.3754) 0.2343| 04355 04526 01345 04355| 13392 0.71 0,30 4,33 -Ta24
S| Average s00 14354 13116 11577 0,347 11573 10373 12522 15405 14334 | 14064 12363 0E16 0S| 05505 0ETES 03135 05326 015371 02838 23103 12182 ET.06 4547 SE.TO
Flax 16432 1.6054 1.5354| 14323 1.3653 12505 16567 21663 14471 21552 205320 12565 12565 0.7041| 05600 05632] 03353 01405] 06503 32543 263.07) 17626 17312 216.97
Fin 03334 05541 Q7755 0.7505| 1.0250 1.0075 10121 10562 1.0047) 105353 10016 | 004375 04375 03757 0.23951 01524 DASIT| 01546 01407 M43 041 053 F.52) -T4.75
4| Average SO0 14603 123552 1153 | 0.3030 11735 14331 13303 16231 11637) 1.4322| 1.2360) 0.3155] 02155 0.5573| 03625 03452 06353| 043T6| 03065 12394 120.64 TE.51 20,03 6343
[ B 16433 15733 15021 12353 130582 15575| 2.0231| 24546| 14642] 13354 1.5334| 16305 16305 063E5| 04303 05E55| 03333 04415 06T33| 25512 26234 157.65| 215.04| 172355
Fin 03165 05352 0.7TE02| 07506 1.0257 10044 10155] 1.0730 10113 10532 100475 03745 03745 OUSE05| 02350 OAE1E OIS353| 01345 01442 1.05 215 054 1035 -30.01
5| Average s00 147475 1.2353 11227| 03030 11661 11414|  1L356&| 1.6535| 11666 14513 12502 05274 039274 0.5355| 053604 03407 06345 04377 02355 0.00] 25187 16054 d144 24.55
Max 16500 16245 16030| 13735 13353 14573 20023 24575| 1.5723| 20637 15552 163I6T| 16367 07055 05334 05377| 09333 04444 0.2i2 0,00 56343 33142 14332 21633
Min 0.3324| 0.5455 07535 075 10351 10038 10125 11053| 10037 10707 1.0003| 04522 04522| 03640 0.2337| 04473 046T3| 04345 04443 0.00 0.40 0.40 2.35] -15413
Il| Average S00 14535 13033 1.1345| 03272 11727 1155 13053 15333 L1648| 14322 1.2345| 05655| QSESS| 05551 03653 0327| 05534 04373| 02950 22145 10352 6533 5527 6045
M= 16437 16155 15755 13850 1.3425 14451 1.5335| 24733 15722| 2.0752| 13325 15613 156413 07043 05434| 05550 023362| 04412 06375 333.72| 24536 16T13| 1TT.ED| 21245
Min 03233 05661 09T06| 07503 1.0261] 10034 10125 1.0505| 1.0055) 10534 10015) 04445 04145 0.3650] 02344 | 04465 01434 [ 04346 00402] 3076 073 0.31 4.40] -S5.61

Table C8 Number of buying consumers, firm's profit and consumers’ utility at t0 and t_criteria (Situation D)

TO Cannert T_cirteria
Caze Goods 1 | Goods 2| Goods 3 | Goodz 4 | Mat buy | Prafit 1 | Profit 2 | Profit 3 | Profit 4 | Utiliky | Order | Goods 1| Goods 3 Goods 3| Gaods & Mot buy| Profit 1 | Profit 2 | Profit 3| Profic 4 | Ukilieg
1 633 0 0 155 152 45342 0.00 0.00 4314 3666 1] 633 0 o 155 152| 45342 0.00 0.00 43.14| 3656
2 432 0 Gd 252 153 23847 53268 3554 T13) G072] 13 432 ) o F94 174 23547 0.00 0.00 11.22) 19.23
3 352 157 143 155 153 23103 121.52 ET.06 4547 SETO) 22 352 ) ) 453 135  231.03 0.00 0.00) 12553 T5.75
4 176 170 165 352 153 12344 12064 TEE1| 3003 6343] 18 176 Ju] Ju] 635 153 12514 0.00 0.00|  IT2ET| 7520
5 o 343 42 156 153 0.00 251.57 16054 4144 2455 22 o ul ul TG 256 0.00 0.00 000| 20576| T30

vel



125

Table C9 The simulation results of situation E with all cases

Zimulation r
Caze Fumber | Quality 1| Quality 2| Quality 3| Quality 4] average | viivd witvd wiivd w23 | vdivd w3tvd | Priced | Price 2 | Price 5 | Price 4 zi2 =23 203 | 2340 | Profit 1] Profit 2 | Profit 3| Profic 4 | Uriliey
1] Average San 14560 1.5460 11600 03615 11607 10E5T| 12734 15433 14762| 14253 1.2202| OTS5T| O5747| 04642 04642 06263 02334| Q1350 0i503| 241.E2| 1T6.2E 3574 0.00 121.31
Pl 1.6433 16352 15533] 14312 136238 13613 18556 21520 18235 20330 20554 135858 07095 0E236| 0.E236| 07330 03317 0460]  01523) 32506 215.35 414 000 23084
Flin 03137 05534 07566 0751 1.0130 10004 10065 10575 1.0007| 10270] 10000 05752 05575 02354 0.2354| 05553 0357 0.1545 01545 §3.860| 103527 025 .00 F0.10
2| Average S00 14561 1335 11633 09665 11576 10361 12667 15343| 14534| 1.4033| 12152| 0.512]  O5TH| 04674| 04674 0E366|  0.2521] 04385 04514 | 22142 TS| 2894 T2 1248
EH 16435 16341 16245 14635] 13673 13702 19TM3]  24551] 1537 24073 20543 14436 0TT2| 06353 063I5A[ 0.7336| 04036) 00463] 04340] 32642| 225.21] S0E2 2241 232.57
Min 05625 05433 07745 oTs2i| 10203 1.0017 10101 1.0613) 10001 L003&| 10003 03656 0.5440( 03050 03050 05407 04355 04345 04345] TO44 3410 1.40 024 256
3| Average san 14545 13166 11427 03520 11636 1103 1.2307) 15565) 11653 14067 1.2145| 08352 05700 0.4532) 04532 06401 02566 01356 0As12 22577 17476 20.53 1650 10541
Pl 1.6433 163TH 15364 | 14270 13763 14407 13336 2.1302| 18578 21350 2.0815| 14541 07203 0.6274| 0.62T4| 0.7353| 04224| 0.1474| 01543| 54037 223352 4587 47.81| 226.76
Flin 05213 08133 07533 075 10035 10040 10055 102&6| 10002 10065 10003 Q5222 03203 02370 0.2970| 05404 DAZE1| 01345 01545 a1 ATAG 0,30 026 -0.14
4| Average S00 14645 13247 11433 03436 11650 11111 13000 15747| 1AT3E| 14215) 1.2133) 0.5464| 0STSS| 04602| 04602 06355 0.2542| 04357 0.1517| 223.23] 171675 13,31 14.30] 104.42
Pl 1.6433 16247 16032 15052 13331 14760| 24023 24443| 13503 20513 13752 14787| 07228 06305 0.6305| 07336 04035 01473 04514 | 34621 22550 5505 3835 23165
Flin 08501 08333 07526 07502 1.0104 1.0004 10017 10314 10001 1.0040) 10001 037TE3| 03457 02335 023355 0.5425 01412 0.1545 01345 5623 A55T nar 024 -5.43
5| Average s00 14527 13051 11234 | 03503 11627 11216 1.3047 15557 11666| 13330 11333| 08535] 05631 0.4545| 04545 06413 02604 01355 01505 231.55| 174.07 0.00 G663 9483
Max 16436 16332 15357 15243 13361 15133 19575 2.4736| 15525 2414| 1.7345| 15456| OO0 06254) 06254 07334 04453 04T 04831]  35AT| 220007 0.00] 073 23093
Min 05047 07523 0.7653| 07505| 10033| 10007| 10052| 1.0237| 10002( 10073] 10000| 03543 0305 0.3003| 03003 0533| 04362 04345 04345 TI2E| S4.66 .00 023 -25.35
ll| Average S00 14563 1.3247 11473| 03555 11625 14051 12371 15530] 11631 1402|1244 05252 05723 04611 046N| 0.E36T| 0.2526| 04385 0.4512| 225.00) 7561 2053 15.05| 107.23
iEH 16435 16342 16025| 1473 13565 14338 1.9374| 24625 1.3032| 21003| 15323 14545 OTE0[ 05232) 06232 07333 04063 0463 04833 33371 222.57| 5534 43.41| 230,35
Min OEETT| 05273 07624| 07505| 10135 10003 L0065 10445| 10002| 1.0033]  10001] 03536 0.335T| 02384 02354 | 05403 043T3| 04345 04345 S378 A5.61 057 0.13 £33

Table C10 Number of buying consumers, firm's profit and consumers” utility at t) and t_criteria (Situation E)

TO Canvert| T_cirteria
Caze Goodz1 | Gaods 2 | Goods 5 | Goodsz 4 | Mok buy | Profit1 | Profit 2 | Profit 5 | Profitd | Utility | Order | Goods 1| Goods 3 Goods 3| Goods 4 Mat bug| Profit 1 | Prafit 2 | Profit 3] Profit 4 | Utility
1 351 40 a5 o] 1535 21752 | 176.25 3374 0.00 12151 1] 351 401 a5 0 153 21752 | 17626 | 3574 0.00 121.51
2 S40 333 g2 20 153 22112 17616 2594 T.22 1215 4 S40 393 2 1] 173 22112 17616 | 2594 0.00 1655
3 36 333 0 45 153 225.7T | 1T4.76 20.53 16.50 | 1035.41 4 S36 333 60 ] 205 22507 | 1T4.76 | 20.53 0.00 114.13
4 55 400 55 41 166 22325 | 17678 13,51 1430 | 104.42 5 55 400 55 1] 207 22823 | 1TeTs | 133 0.00 114.24
5 334 337 o 103 165 23155 | 17407 0.00 3663 | 9483 5 334 337 o o 265 23155 174.07 | 0.00 0.00 15.53

Gcl
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Table C11 The simulation results of situation F with all cases

Zimulation r
Caze Fumber | Guality 1| Quality 2| Quality 3 | Guality 4] average vy wllvd wiivd w23 | vaivd w3fvd | Price1 | Price 2 | Price 5 | Price 4 =13 2el3 203 ze34 | Profit 1| Profit 2 | Profit 3| Profit 4 | Utiliey
1] Average San 14700 13307 11023 03236 11733 1113 13530 L6210 12225 14624| 12035 0.5546( 05546 0.4450| 04450 05533 0.5050| 01332 01514 40527 0.00 &1.45 0.00 A6ET
Pl 16500 16470 15311 15352 13713 15401 21032 24778 21011 21233 202635 16133 16133| 0.6255| 06255 0E145] 0.3357| 01434 01525 BEG54 0.00] 20333 000 23352
Flin 05603 0.5120 0.T556] 0.7502 1.0150 1.0004 10166| 10456 1.0046| 10327 10002 0.3556] 0.55536| 02350 02350 0360 01362 01345 01345 14525 0.00 023 0.00 124
2| Average S00 14632 1323 1133 0.8343) 14740 L3 13445 1L6015| 1.2020( 14440] 12006| 05562 05562( 04436 04436 03M3|  0.5178] 04333 04514 | 2557 63.32| T463| 3054 7225
EH 1.6500 1E1ET 15525 14563 13432 15347 2.0042] 20601| 15523 20857 13300 17347 17347 0.6203| 0.6203| 0.6154| 03341| 04433 04513] 45567 13237 13403 S4.56( 21763
Min 08205 02035 07533 07504) A0136[  10016| 10046 10413 10044 10237 1.0007) 05685 | 03633 0.2372| 02312 01475 01457| 0.1345] 01346 5156 0.53 545 0.25] -125.53
3| Average san 14670 13233 11012 0E217 11754 1155]  1.35583( 1LB1SS 12171 14541 1.2025| 0QE617| O0S617| 04445 04445 05574 05145 01333 0816 21461 14044 4262 6227 5715
Pl 16433 16126 15517 14417 13661 15630] 2.0330) 214737 15102 21152| 20213 1.7257 1.7257| 0.6155| 0.6155 06153 0.3374] 01435 01645] 35513 274.67) 10766 1T3.66| 20225
Flin 05330 0.5573 07524 075 10231 1.000% ] 10053 L0555 1.0031) 10414 10001 QETI2| 0572 0.2336| 02336 0353 01354 01345 01345 G674 0.00 .00 .00l -1TLES
4| Average S00 1.4623 13173 1.0337| 0.3240] 11763 1154 13565 16124| 12153 14453 12000 05635| 05635 04445 04443 03357 05236 01333 01513 150.34) 145.36] 6574 6345 5552
Pl 16500 16175 15757 14102] 13386 15172 2.0366 214817 1.3156| 20856 15253 16T40| 16740| 06216 Q6216 06153 08333 01457 01522 286.66| 237.00]| 1TaT2 154 16| 17652
Flin 08520 05753 OTE26| 07503 10164 1.0015 10151 10433 1.0055| 1.0322| 10002 0.53574) 03574 0.2330) 02330 O4ES| 01430] 01345 01345 185 424 140 0ET| -135.397
5| Average s00 14713 13223 1.1027| 03220 11735 1NE0| 135533 1.6242] 1.2145| 14556| 12067 0O&T45| 06743 0.4462( 04462 03335 05334 01336 01513 0.00] 235.94 0.00 13651 -23.52
Max 1.6500 16137 15754 | 14672 13427 15722| 20543 24642 15416 206435 19336| 17561 17564 06207 06207| 0.6143] 02354 04453| 04327 0.00] 563574 000 4031 2511
Min 03315 0.5615 07565 07501 10034 A003|  1MS2| 10253 10076 1011 10000 04252] 04252 02361 02361 00403 00414 04345 01345 0.00 1.55 0.00 0.23] -134.02
ll| Average S00 14651 13247 11040 03251 11777 11144 13555 16155 1.2157| 14523 1.2023] 05620| 0.5620| 0.4460( 04460) O0336[ 05135 01333 04515 2nas] 13| s2s3 5562 1.
iEH 16500 16227 15753 14622 13537 15574 2.0707| 2.47T23| 1.2107| 20375 1.3%08| 1723|1723 0.6205| 06205 Q6157 02355 0431| 04525| 35250 25372 13846[ MO0 18503
Min 0.5375] 05622 07573 0.7502)  10IET[ 10014 | 10926 1.05S07| 10044 1030S{ 10003 0.3TTO| 0STTO| 0.2360[ 02360 01413 04413 01345]  04345] 6314 127 1.02 0.2&] -137.23

Table C12 Number of buying consumers, firm's profit and consumers” utility at td and t_criteria (Situation F)

TO Canwert] T_cirteria
Caze Goodz1 | Gaads 2| Goods 3 | Goods 4 |Mat bup | Profit 1| Profit 2 | Profit 3 | Profic 4 | Utiliky | Order | Goodz 1| Goods 8 Goods 5| Goods 4 Mok buy| Profit1 | Profit 2 | Prafit 3] Profic 4 | Utiliey
1 604 0 242 0 154 405.27 0.00 5145 0.00 3667 0 604 0 242 o 154 405.27 0.00 G145 0.00 A6.67
2 425 107 220 S5 153 255.1 6532 T4.63 | S054 | 1225 21 425 0 220 o 352 255.T1 0.00 TGS 0.00 T340
3 317 222 126 175 160 214.61 | 14044 | 4262 £2.27 5T.15 25 317 ] 126 ) 55T 214.61 0.00 4262 0.00 5554
4 253 225 135 175 166 15054 | 145356 E5.74 E345 | 5552 23 253 ] 135 [u] 572 15054 0.00 E5.74 0.00 5314
5 o 452 ul 352 167 0.00 235.34 0.00 136.51 | -2352 25 u} o o ul 1000 0.00 000 0.00 0.00 0.00

ol
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Table C13 The simulation results of situation G with all cases

Zimulation r
Caze Mumber | Guality 1| Quality 2 | Ruality 3 | Quality 4] average w2 witvd witvd wvalvd | vdivd witvd | Price1 | Price 2 | Price 5 | Price 4 zi2 ze2d 34| 202 zeid Prafit 1] Profit 2 | Profit 3 | Profic 4 | Urility
1] Average s00 1.4604 13523 11653 03527 11666 10542 12657 15633 14T30| 14471 12427 07547 0TS 05TEl| 04656 06233 04545 01475 01524 | 21653 21527 000 000 11350
Plax 1.6437 16472 16217 14368 1.53455 13601 20134 | 21860] 13241 20665 1.3773 1410 071833] 0.7133| 06345 07331 08208 04T 01342 33013 2131 0.00 000 235432
Min 03371 05575 07557 07512 10208 1.0001 1.0103| 10654 1.0002| 1.0052 10001 04205) 0.5540) 0.5540) 02353 05350 02632 01545 01545 51| 12623 0.00 0.00 25.43
2| Average s00 14653 13112 11257 0.3330 11751 123| 1.3230| 4603| 14733) 14257 12154 05500 05745) 05T45| 04533 06330 0505 0455 04513 23861 12462 7.5 3053 2466
Tlax 16435 16331 15732 1.4253] 13387| 1L7353| 2.0513| 20656| 15304 | 20333 1.3553| 1.3153| 07245 0.7245] 06151 0.7334| 0TOTE[ 04343 04525( 42657 153.26|  3T.55| 6443 23344
Min 03237 05301 07565 07506 10242 10001 10051 10743 10002) 1.0345] 10011 05375| 0.3434) 03434 02355 05353 02633 04345 04347 A1A3|  TE0A 0,30 £.23] -107.03
3| Average s00 14633 13107 112435 03335 11733 11256 13255 15335 11500| 14263 12153 0ET14| 0O5744) 05744 | 04533 0636T| 05063 01515 01513 257.50 11.14 T4 6253 E1.15
Mlax 1.6433 16505 16125 1.5140 1.3557 17752 21464 21315 1.6620] 21274 19425 1.8624| 07255 07255 06307 0.7364 07175 01324 01543 | 43022 13310 TT.38| 12143 226,25
Min 0.9260( 05063 Q7640 07501 10166 10000 10036 10511 10007 10230 10001 04045 0F36E] 05366 05003 05350 02632 01345 Q1345 103,21 6341 0.53 12.67| -121.63
4| Average SO0 14547 12733 10371 03031 11503 11523 13476 1L6260] 1T34| 14134| 12163| 03155 05644 05644 ) 0.4434) 06455 05273 04523 04523 24552 2473 32.54] 63.50] S6.35
Plax 16433 157&5 15270 1.4536 1.5412 15458 20423 21742 1.5453| 20303 18764 | 1.5525| 07245 07245 06013 07330 QT3E| 01524 OAST| 4352.02 BE.TO T0.25| 12031 20541
Min 0.3075 0.s1E2 0.7572] 0.7504 10171 10010 10033 10513 1.000& 10175 10004 | 03873 03197 003187 023535 05332 0.2726( 01347 01346 375 033 0356 135.45] 10510
5| Average sS00 14574 1321 11253| 0.3320 11721 11076 15127 15315 11865| 1.4336) 12224] 05333 0OS5757T| 057ST| 04547 06330 0431 01515 01521 232.06 .00 BiG.20[ 12530 T7.22
Max 16500 16353 15593 15224 | 13337 13606| 24230| 24526 1.8033| 20355 1.9742| 13355| 07303 0T303| 0621 0735 023 01547 04514 35651 000 50.35| 23267 22506
Min 05274 05247 07627 07504 10024| A10004| 10045| 40073 0001 L0053 10002| 03273 03225 0.322F| 0.2356) 05331 02721 04345 04345 ™ 0.00 034 3055 -5T4E
lI| Average s00 14603 13133 12| 093 11737 1135 A3ET| 15363 14785 14316| 12223 05553 05740| 0.5740| 04547| 0.6367| 0.5052( 04503  04521| 234.06 3545|3005 5640 930
Mlax 16433 16263 15543 143542 1344 16251 20773 24740| 15563 20546 13453 16335 07250 0.7250| 0.6207| 07331 O7373| 04570 04323 401.22| 12643 ETAT| 103.31| 226.36
Min 03044 05335 0TFR3| 07505 10163 10003 1007TS| 10436 10004| 10472 10004| 0FSIT] 03365| 00FEEE| 0.23T0| 053S55| 0.2T06| 04346] 01345 3142 5362 0,32 12.60] -T3.76

Table C14 Number of buying consumers, firm's profit and consumers” utility at td and t_criteria {Situation F)

TO Canvert T_cirteria
Casze Goods 1 |Goods 2| Goads 5 | Goods 4 | Makbup | Profit 1| Profit 2 | Profit 3 | Prafit 4| Utility | Order | Goods 1| Goods  Goods 3| Goods 4 Bak buy| Prafit 1 | Profit 2 | Praofit 3] Profit 4 | Utiliey
1 Sd7 430 o] 0 162 216.53 | 215.27 0.00 0.00 113.50 o S47 430 o 0 162 21653 | 215.27 | 0.00 0.00 113.50
2 ] 253 3T S5 256 235.61 | 124.62 1775 055 | 9466 14 FEE 253 a 0 F13 23561 | 12462 | 0.00 0.00 103
3 40 253 6T 174 166 237.50 111.14 3174 5253 &1.15 15 40 2535 ) ] 407 237.50 111.14 0.00 0.00 10:3.53
4 3351 56 3 151 SE3 24552 | 2473 3254 6350 | §6.35 14 el 56 Ja] 1] E135 245.52 2473 0.00 0.00 10375
5 344 o 144 S45 167 232.06 0.00 6320 | 12550 | Tr.22 15 S4d Lul o o B56 252.06 0.00 0.00 0.00 103,77

lcl



Table C15 The simulation results of situation H with all cases

Zimulatiol r
Case Mumber | Guality 1| Guality 2 | Gluality 5 | Guality 4| average w2 it wlivd w2ivd | vEivd whted Price 1 | Price 2 | Price 5 | Price 4 celd | 2et2_ 23| 201 | 2e23_5d| Profit 1| Profit 2 | Profit 5| Proficd | Utility
1] Average 500 14653 13783 11680| 03336 11740 10641 12752 15917 12015| 1.4345| 1.2560| 0.7431) 07431 05301 046E7 01535 04677 04753 0.1311| 46464 0.00 0.00 0.00 63.21
Pelax 16433 16270 15300) 15053 13522 1.2425 21631 24T06| 13562 21167 13131 12664 | 1.2664| 0.7235) 0623 01512 09371 0.267T| 0.4557| S06.50 0.00 0.00 0.00| 224 66
Plin 03673 09133 07601 07507 10050 1.0005] 1.0040] 10241 10005| 10202 1.0002| 0.57E5] 05765 05TT7| 02365 01545 0.013| 01545| 00005 233.73 0.00 0.00 0.00| -153.03
2| Average 500 14603 1.3634|  1.0T03| 09242 1ATS| 10631 13733 16047| 12823 15014 14645 O.T646| DTE4E| 06003 0430|0449 05423 04793 0.2656| 3833 57.26|  34.53 .23 75.53
Max 1.6434| 16325 14176 13566 13524 12176 204601 2A84T| 19347 24413 4764|1243 1213| 07255 05633|  0ATST| 09346 0.2547| 04644 43531 0551 2455 2432|2053
Min 03522 09052 OTTES| 07500 0Ma3|  10012| 10285 1L060S| 10233 10553|  10001) 04375| 04375 0.3514) 03043 04345] 04536 04354 04577 16195 078 040 0.33] -228.93
I Awerage SO0 14730 13857 11585 03205 11557 10655 12333 16352| 1.2137| 15335 1276 OTE06| OTE05| 05364| 04651 01542 04612 0ITED| 04342| 256.60| 140.20| 64635 10,15 53.73
Mlax 1.6435] 16333 16155 16063 1.3634| 12224 24416| 24T33] 20144 | 20144 | 20453 14537| 11857 0.7236| 06325 04503[ 03351 02573 04431 334143 253.35| 15T.6T| S4.45| 18582
Iin 03533 0.5340) 07586 0.7500[ 1.0063| 10004 10055| 10207 10003)  10T| 1.0003) 04057 04057 03721 02361 04345] 00203 04345 00007 13503 0.64 0.40 0.00] -235.52
4| Average S00| 14680 13706 1.1540] 03150 115858 10725 1.2362| 16257| 1.2080| 15152 1.2637| 07724 0.7724| 05324 ) 04640 01545 05031 04510] 01364 [ 140.40( 137.20 T2.07 a.74 SE.10
Pz 16500 16454 15808] 14363 13603 12431 18586 24521 1.8356| 24TT6| 2.0063 1.2177 1.2177| 0.T036| 06252 01541 09363 02586 0A4BSE| 266.52| 256.03| 13240| 4286 16454
Plin 0.9146) 0.5340 01732 0502 10173 10012 1006T| 10526| 10006| 10385 1.0000] 0.336T| 0.3367| O5564( 0.3040 0.1345] 0.0132] 01354 0001 0.00 053 046 0.00| 24362
5| Awverage 500 14653 1.5300 1AT05| 03273 11737 10553 1.2753| 1.6105| 1.2081| 1.5246| 12755| 0.9156| 0.9155| 0.7414] 0.5535] 04336| 05125 02146 02263 0.00| 33535 16081 11| -36.T3
Pelax 16437 164356 16136 1500 1.3615 12132 20671 24567| 2.0258| 210533 13576| 150435 15045| 0301) 0.7334) 02310 09375 03152 05556 000 645.57) 54424 135.15] 12046
Plin 05554 0.6633 0735 0.7505 1020 1.0007 10031 10610] 10007 104356 1L0006| 04355 04585 04355 03526 04630 00341 016356| 00025 0.00 0.53 055 000 -221.24
All| Average 500 14675 13733 11445 03261 11736 10652 13054 16142 12262 15144| 12476 0.7325| 07325 06243 04557| 01603] 04374 OAS5E| 02147 24001 13473 TO.43 1.EE 4633
Pz 16437 1E3TS 15641 14872 13533 12278 20625 21630| 1.58533| 213038 1ETT| 12750| 1.2780| 07573 0E4TS| 01302] 03361 0.2707| 04755 351.25| 252.66| 203.77| B2.36 151.85
Plin 0.3355| 0.5333 O.TEE5] 07503 10144 1.0007 1010 10435 10051 10351 1.0002) 04113 04113 0.358546| OSI6T 01414 | 00526) 01420 0.0326) 107.56 057 0.36 007 -223.73
Table C16 NHumber of buying consumers, firm's profit and consumers’ utility at td and t_criteria {Situation H)
TO Convert T_cirteria
Caze Goods 1 | Goods 2| Goods 3 | Goods 4 | Mot buy | Profitd | Profic 2 | Profit 3 | Profic 4| Uriliey | Order | Goods 1| Goods 8 Goods 3| Goodsz § Mot buy| Praofit 1 | Profit 2 | Profic 3] Profit 4 [ Ukilicy
1 10 ) ) ) 130 453464 | 000 0.00 0.00 5321 ) 10 ] ) ] 130 454.64 0.00 .00 0.00 S3.21
2 527 o ™ 23 273 318.358 5T1.26 3455 .23 553 21 527 0o o 1] 473 318,58 0.00 0.00 0.00 51.74
3 422 245 135 32 162 25660 | 14020 B4 65 1015 5373 25 422 0 o 1] 578 256,60 0.00 0.00 0.00 5543
4 245 23T 1575 31 G54 14040 | 137.20 T2.07 9.74 5610 23 245 1] 1] L1} 55 140.40 0.00 0.00 0.00 6715
5 o 4T3 232 T3 162 o.oo FEEAE | 15081 In -FE.TF 24 o i} o L} 1000 000 0.00 0.0 0o 000
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