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Abstract
Internet Auction is a one of the most successful e-Commerce markets. Recently,
it has been reported that the trades having buyout options are increasing. A
“buyout option” is available in many Internet auction sites. When a seller uses
a buyout option, a “buyout price (buy price)” of the good is set by the seller. If
a buyer submits a bid equal to the buyout price, the auction immediately ends
and the buyer can obtain the good by paying the buyout price. If the seller
sets the start price to the price equal to the buyout price, it can be viewed as
fixed-price selling.

In the recent auction sites, identical goods are sold in an auction with a
buyout price and in an auction without a buyout price simultaneously. Consid-
ering such a situation, understanding how a buyout option affects the market is
significant to design the future auction markets. However, there are following
two problems.

Understanding sellers’ behaviors in an Internet auction market As a
first step to understand the effect of a buyout option, we must know the real
situation in an Internet auction market. In particular, understanding sellers’
behaviors in auctions with a buyout option is required. Therefore, we need to
understand seller’s behaviors in the actual market.

Building a model based on the situation in actual markets Previous
studies have mainly focused on clarifying the conditions which selling format
outperforms. In the actual Internet auction market, the both types of sellers
using the buyout option and not using the buyout option simultaneously exist.
However, researchers have paid little attention to the interaction between the
two selling formats. Therefore, building a model to explain the situation in the
actual market is required.

In this research, in order to solve the above problems, the author has char-
acterized the major seller’s behavior by analyzing the actual auction data and

proposed a model including two sellers and three buyers.



1

For the first problem, the author analyzes the actual data in an Internet
auction market. In particular, the seller’s behavior is analyzed by focusing the
start prices and buyout prices which sellers set.

For the second problem, the author proposes a model of an auction market
with a buyout option where two sellers exist considering the result of data anal-
ysis. First, the case where sellers’ strategies are limited to the major strategies
obtained from the actual data is discussed. Secondly, the strategies in the per-
fect Bayesian Nash equilibrium are compared to the strategies observed in the
actual data.

The contributions of this research are summarized as follows.

Presenting major strategies of sellers in an Internet auction market
11,921 auction data obtained from an actual Internet auction site were examined
by focusing on the setting of start price and buyout price. The results of data
analysis show the two major strategies of the sellers in the market as follows:
(1) many of sellers who set buyout prices sell by fixed-price selling at a buyout
price, (2) many of sellers who do not set buyout prices set start prices at quite
low price.

Proposing the model to explain the coexistence of two type sellers The
author can successfully provide a model able to explain the situation where the
both types of sellers using the buyout option and not using the buyout option
simultaneously exist. The model supposes a two-stage game where two sellers
arrive sequentially. First, the case where the seller’s strategy is restricted to
the two strategies obtained from the actual data was discussed. In this case,
if the probability that a buyer is risk-averse is quite high, both two sellers can
benefit by selling a good by using a buyout option and selling another good
by using an ascending auction. Secondly, the strategies in the perfect Bayesian
Nash equilibrium are showed. If the first seller has a large valuation to his
good, the combination of the strategies in the equilibrium corresponds to the
two major strategies in the actual data. When sellers select strategies satisfying
the perfect Bayesian Nash equilibrium, the total revenue of the sellers is higher

than the case no seller sets a buyout price.
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Chapter 1 Introduction

Internet Auction is a one of the most successful e-Commerce markets. Recently,
it has been reported that the trades having buyout options are increasing [1]. A
“buyout option” is available in many Internet auction sites. When a seller uses
a buyout option, a “buyout price (buy price)” of the good is set by the seller. If
a buyer submits a bid equal to the buyout price, the auction immediately ends
and the buyer can obtain the good by paying the buyout price. If the seller
sets the start price to the price equal to the buyout price, it can be viewed as
fixed-price selling.

In the research field of agents, there are many studies of auctions [2, 3]. In
particular, auctions are adopted in resource allocations of agents [4, 5|. Intro-
ducing a buyout option has an advantage that buyers do not need to monitor
the situation of bidding if they purchase goods at buyout prices, keeping the
procedure easy to understand for humans. This advantage is also useful to
auctions by software agents.

In the recent auction sites, identical goods are sold in an auction with a
buyout price and in an auction without a buyout price simultaneously. Consid-
ering such a situation, understanding how a buyout option affects the market
is significant to design the future auction markets.

However, there are following two problems.

Understanding sellers’ behaviors in an Internet auction market As a
first step to understand the effect of a buyout option, we must know the real
situation in an Internet auction market. In particular, understanding sellers’
behaviors in auctions with a buyout option is required. Therefore, we need to
understand seller’s behaviors in the actual market.

Building a model based on the situation in actual markets Previous
studies [6, 7, 8, 9] have mainly focused on clarifying the conditions which selling
format outperforms. In the actual Internet auction market, the both types of
sellers using the buyout option and not using the buyout option simultaneously
exist. However, researchers have paid little attention to the interaction between

the two selling formats. Therefore, building a model to explain the situation in



the actual market is required.

In this research, in order to solve the above problems, the author presents
the major seller’s behavior by analyzing the actual auction data and proposes a
model including two sellers and three buyers. The author analyzed an Internet
auction market where ascending auction and fixed-price selling simultaneously
exist.

For the first problem, the author analyzes the actual data in an Internet
auction market. In particular, the seller’s behavior is analyzed by focusing the
start prices and buyout prices which sellers set.

For the second problem, the author proposes a model of an auction market
with a buyout option where two sellers exist considering the result of data anal-
ysis. First, the case where sellers’ strategies are limited to the major strategies
obtained from the actual data is discussed. Secondly, the strategies in the per-
fect Bayesian Nash equilibrium are compared to the strategies observed in the
actual data.

The rest of this paper is organized as follows. Chapter 2 describes the buyout
option and the related researches about it. In Chapter 3, the actual auction
data is analyzed. Chapter 4 proposes the model considering the major strategies
obtained from the actual data. Chapter 5 extends the model and considers the
strategies in the perfect Bayesian Nash equilibrium. Chapter 6 discusses the
sellers” behaviors by comparing the result of the data analysis to the result of

the analysis of the model. Finally Chapter 7 concludes this paper.



Chapter 2 Buyout Price

A buyout option is one of the options used in Internet auction sites. When
a seller uses the option, the seller sets a buyout price of his good in addition
to a start price. When a buyer bids at the buyout price, the auction quickly
ends and the buyer can purchase the good at the buyout price. For example,
a buyout option is used in Yahoo! JAPAN auction , eBay? and many other
Internet auction sites.

The exact nature of the buyout option differs across auction sites. Such
options can be broadly characterized as either “permanent” or “temporary”.
A permanent buyout option is available for the entire duration of the action,
whereas a temporary buyout option may cease to be available before the conclu-
sion of the auction [8]. For example, “Buy Price (Sokketsu Kakakuin Japanese)”
in Yahoo! JAPAN auction corresponds to a permanent buyout option. On the
other hand, “Buy It Now” option in eBay corresponds to a temporary buy-
out price option. This paper considers the auctions with a permanent buyout

option.

2.1 Fixed-Price Selling at a Buyout Price
Setting a buyout price equal to the start price corresponds to selling at a fixed-
price in auctions. Therefore, in the recent Internet auctions, there are two
selling types: (1) auction without a buyout price, (2) auction with a buyout
price. Auctions corresponding to (2) can be further divided into the following
two types: (2-a) auction with a buyout price higher than the start price and
(2-b) auction with a buyout price equal to the start price (fixed-price selling).
It has been reported that the buyout-option trades are increasing [1]. Un-
derstanding how a buyout option affects the market is significant to design the

future auction markets.

U http://auctions.yahoo.co.jp/
2) http://www.ebay.com/



2.2 Related Researches
This section describes the related researches about auctions with a buyout op-
tion. Buyout options are noted firstly by Lucking-Reiley [10]. He notes that
buyout options allow the bidder to buy an early end to the auction by submitting
a sufficiently high bid. Budish et al. shows that a seller’s revenue is improved
by setting buyout price when a risk-averse buyer exists [6]. The research of
Hidvegi et al. shows that social utility is improved by setting the appropriate
buyout price in English auctions with permanent buyout price [7]. They have
analyzed the case where a seller is risk-averse or buyers are risk-averse. On the
other hand, the paper of Mathews et al. have discussed “Buy-It-Now” option in
eBay [8]. They have analyzed the case where a seller is risk-averse and buyers
are risk-neutral. Reynolds et al. have discussed the two major buyout options:
“Buy-It-Now” in eBay and “Buy Price” in Yahoo! JAPAN auction [9]. They
have analyzed the case where a seller and two risk-averse buyers exist.
Previous studies have mainly focused on clarifying the conditions which
selling format outperforms. For example, the model of Hindvegi et al. elucidates
the conditions when the seller should use a buyout option and how to calculate
the optimal buyout price [7]. However, researchers have paid little attention to
the interaction between two selling formats. In auction sites, identical goods
are sold in an auction and at a fixed-price simultaneously. The previous studies
cannot explain this situation. Therefore, the author develops a model to explain

this situation.



Chapter 3 Analysis of the Auction Data

As a first step to understand the effect of a buyout option, we must know
the real situation in an Internet auction market. In particular, understanding
sellers’” behaviors in an actual market with a buyout option is required. This
chapter analyzes sellers’ behaviors by using the actual auction data in an Inter-
net auction market with a buyout option. The author particularly focuses on

the setting of buyout prices.

3.1 Definition of Indexes
In an actual Internet auction market, the final prices of the auctions widely
differ from the types of items. Therefore, the author introduces the indexes to
treat many data of multiple items.

At first, define p;; as the average of the final prices in the auctions about
item ¢ in term j. The indexes of start price, buyout price and final price are

defined as follows:

Pstart = (.Z' - /’Lij)/uij’
Pbuyout - (y - :uij)/luij’
Prinat = (2 — f1i5)/ i

where x is the amount of the start price, y is the amount of the buyout price
and z is the amount of the final price in the one of the auctions about the item

¢ in the term 7. In this case, the bound
-1< Pstart < Pf’inal < Pbuyout

is satisfied.

For example, Pfi,q = 0.1 indicates that the auction was bought at the price
10% higher than p;;. Pyyowr = —0.1 indicates that the buyout price was set to
the price 10% lower than f;;. When Pygrt = Phuyour, the auction is sold at the
fixed-price. When an auction with a buyout price was purchased at the buyout
price, the equation Pring = Pouyout is satisfied. The lower the price is, the value

of the index is closer to —1. When p;; = 5000 and © = 1, Pygre = —0.999.

>



3.2 Data

The auction data of 50 items") for 12 weeks? in Yahoo! JAPAN auction was
used. 11,921 auction data were examined. These data do not include auctions
having no bid. The term in the defined indexes was set to two weeks and the
data were divided into six terms?.

The auction data was extracted as follows. First, the auctions in the particu-
lar category whose titles match with the keyword were extracted. For example,
if the intended item has his name “ABC123”, the keyword is set to the name.
Auctions whose titles include the keyword “ABC123” were extracted. Next,
the unwanted data were removed by doing visual inspections. For example, the

following auctions were removed: (1) auctions selling only the other items, (2)

auctions selling the other items in addition to the intended item.

3.3 Buyout Option in Yahoo! JAPAN Auction

This section describes the buyout option in Yahoo! JAPAN auction. Yahoo!
JAPAN provides a permanent buyout option that a fixed-price sale is allowed
within an auction, while eBay provides a temporary buyout option called “buy-

7

it-now.” The option is called as “Sokketsu Kakaku” in Japanese. A seller can
set a buyout price in addition to a start price. Setting a buyout price at the
price equal to the start price corresponds to fixed-price selling. Once a buyout
price is set, it cannot be changed until the end of the auction. While an auction
is held, the start price and buyout price are disclosed. Even buyers bid at the
price less than a buyout price in the auction, the buyout price is valid. In other
words, if an auction with a buyout price is held, a buyer can quickly purchase

the good by bidding at the buyout price.

D 50 items include the following item types: portable music player, laptop, Blu-ray Disc
recorder, TV, digital camera, electronic dictionary, ETC, CD, DVD, game software, game
console, Comic, Novel, old coin, trading card, gift certificate and health care item. Multiple
items were selected from most item types.

2) March 9th 2009 — May 31st 2009

3) Six terms were defined as follows. Term 1: March 9th-22nd, Term 2: March 23rd-April
5th, Term 3: April 6th—19th, Term 4: April 20th-May 3rd, Term 5: May 4th—17th, Term
6: May 18th—31st.



Table 1: Classification of the data

Class Frequency | Relative Frequency
No Buyout Price 5,348 0.449
Paart < Pouyour, “Auction” 1,161 0.097
Paart < BPruyout, “Buyout price” 3,734 0.313
Paort = Pruyout 1,678 0.141

Buyers can bid an auction at the price higher than the start price and less
than the buyout price without bidding at the buyout price. However, if a buyer
bid at the buyout price, the auction quickly finishes. Thus, an auction with a
buyout price finishes at the price less than or equal to the buyout price. On
the other hand, it is possible for a seller to improve his revenue by setting

adequately a start price and a buyout price.

3.4 Result of Data Analysis
This section shows the result of data analysis.

Table 1 shows the result of classifying the data into four classes according to
whether the auction had a buyout price and whether the auction was purchased
at the buyout price. The classes in this table correspond to the following auc-
tions. The class No Buyout Price includes the auctions where buyout prices were
not set. The class Pyart < Pouyour, “Auction” includes auctions where buyout
prices were set and have no bid at the buyout prices. The class Pstart < Phuyout;
“Buyout price” includes the auctions where buyout prices were set and pur-
chased at the buyout prices. The class Pgqrt = Phuyouwr includes the auctions
where buyout prices set at the price equal to the start prices.

About 55% of the all data corresponds to auctions with buyout prices and
about 45% of the data corresponds auctions purchased at buyout prices. In
the auctions satisfying P < Phuyout, the number of the auctions purchased
at buyout prices is about three times as many as the number of the auctions

bought at the price less than buyout prices.
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3.4.1 Auctions without Buyout Prices
The actual data of auctions without buyout prices were analyzed. In the auc-
tions, the sellers set only start prices. Figure 1 shows the distribution of the
index of start price Pgg+. The highest relative frequency is 0.39 in the lowest
class —1 < Pyure < —0.9. In the other classes, the relative frequency in each
class satisfying Pyq+ < 0 is within the values from 5 to 7%. On the other hand,
the relative frequency of auctions satisfying Pya+ > 0 is only 6.3% in auctions
without buyout prices. Therefore, it is indicated that the start prices are set to
the quite low price in many of the auctions without buyout prices.
3.4.2 Auctions with Buyout Prices
The actual data of auctions with buyout prices were analyzed. When a seller
uses a buyout option, he must set both start price and buyout price. Therefore,
the author investigated the setting of the combination of start price and buyout
price in the auctions.

Figure 2 shows the distribution of the index of start price Py in auctions
with buyout prices. In the figure, many of the auctions with buyout prices are
included in the class —0.1 < Pt < 0 and the class 0 < Pggre < 0.1. The

class —0.1 < Py < 0 has the highest relative frequency 0.27, and the second
highest relative frequency is 0.24 in the class 0 < Pg,y < 0.1. Therefore, on
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the interval —0.1 < Py < 0.1, the majority (51.5%) of auctions with buyout
price are included. This result indicates that start prices are set to the prices
near to the averages of final prices in many of auctions with buyout prices.

Figure 3 shows the distribution of the index of buyout price Py e in auc-
tions with buyout prices. The class 0 < Pyyyour < 0.1 has the highest relative
frequency 0.354, and the second highest relative frequency is 0.273 in the class
—0.1 < Pyuyour < 0. Therefore, on the interval —0.1 < Pyare < 0.1, 62% of
the auctions with buyout prices are included. This result indicates that buyout
prices are set to the price near to the average of final prices in many of auctions
with buyout prices.

Table 2 shows the result of examining the difference between the index of
buyout price Pyyyeu and the index of start price Pgq,. The difference is defined
as Pp—s) = Pouyout — Pstart- In the table, the auctions satisfying P < 0.01 ac-
counts for 56.8%. For example, when ;; = 1000 and Py_g) = 0.01, the amount
of the difference between buyout price and start price is 10. Therefore, such
auctions are regarded as fixed-price selling. This result indicates the majority of

auctions with buyout prices are regarded as fixed-price selling at buyout prices.
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Table 2: Distribution of Py, the difference between the index of buyout price

Pyuyour and the index of start price Py, (auctions with buyout prices)

Class Frequency | Relative Frequency
0= Py 1,678 0.255
Pyp_s) < 0.01 3,732 0.568

3.5 Typical Strategies of Sellers

The result of the data analysis indicates that the auctions corresponding to the
following two types account for about half of the all data. The two strategies
are regarded as the major strategies of sellers in Internet auctions.

TYPE 1: Auctions where buyout prices are not set and quite low
start prices are set

TYPE 1 corresponds to auctions where buyout prices are not set and quite low
start prices are set, i.e., —1 < Pyqre < —0.9. Since the start price is quite low,
buyers easily bid the auction. However, the final price involves uncertainty.
40% of auctions without buyout prices can be classified into TYPE 1. They
accounts for about 17% of the all data.

TYPE 2: Auctions where buyout prices are set at the price almost

equal to the start prices

10



Table 3: Comparison of the index of final price Pj;nq between typical sellers:
TYPE 1 and TYPE 2

TYPE 1 | TYPE 2
Average of Ppina -0.008 -0.012
Standard deviation of Pfi,q 0.171 0.141

TYPE 2 corresponds to auctions where buyout prices are set at the price almost
equal to the start prices, i.e., 0 < (Pyuyout — Pstart) < 0.01. They are regarded
as fixed-price selling. If a buyer bid the auction, the final price is almost equal
to the buyout price. 57% of auctions with buyout prices can be classified into
TYPE 2. They accounts for about 31% of the all data.

Table 3 shows the comparison of the final prices between the two types. This
table indicates that the standard deviation of Pfine of TYPE 2 is lower than
that of TYPE 1. However, the average of Pfiq of TYPE 1 is almost equal to
that of TYPE 2.

11



Chapter 4 Model

Based on the above analysis, the author further investigates sellers’ behaviors by
building a model. The previous studies about buyout-price ascending auctions
have discussed the seller’s strategy whether using the buyout option or not. The
model of Hindvegi et al. elucidates the conditions when the seller should use a
buyout option and how to calculate the optimal buyout price [7]. However, the
actual data shows that the buyout option is used in 55 % of auctions, while the
buyout option is not used in 45% of auctions. The previous studies are difficult
to explain this coexistence of TYPE 1 sellers and TYPE 2 sellers. To explain
this situation, we have developed a model including two sellers and three buyers
as follows.
In this chapter, the seller’s strategy is restricted to the two strategies TYPE
1 and TYPE 2 defined earlier. Therefore, the strategy of a seller is selected
from the following two strategies.
e Ascending auction by setting the lowest start price without a buyout price

e Fixed-price selling by setting a buyout price equal to the start price

4.1 Two-Stage Game where Two Sellers and Three Buy-
ers Exist

The model dealing two-stage game where two sellers and three buyers exist is

build.

4.1.1 Assumptions

Assumptions in the model are defined as follows.

In the model, two sellers and three buyers exist. The valuations of the
buyers are drawn from the distribution function of F' (the probability density
function of f) on the interval [v,7]. All buyers are classified into risk-neutral
or risk-averse. A constant probability ¢ that a buyer is risk-averse is given. A
risk-neutral buyer has a quasilinear utility function. A risk-averse buyer has a
utility function ua(x). ua(z) is strictly convex Bernoulli utility function which
is a continuous function such that u4(0) = 0, u)y(x) > 0 and uy(z) < 0. On the

other hand, a seller has a quasilinear utility function and the valuation of the

12



seller to its good is 0. The sellers can obtain the positive benefit and utility by
selling their goods at any prices.

Suppose that two-stage game where two sellers S; and S, arrive sequentially.
In stage 1, if seller S provides a buyout price of B and there is at least one risk-
averse buyer whose valuation is larger than or equal to B, the buyer purchases
the good at the buyout price. In stage 2, seller Sy prefers to sell his good in
an ascending auction. In stage 1, if seller S; cannot sell his good at the buyout

price, seller S; sells it at the same price setting in the stage 2.

4.2 Optimum Buyout Price

Consider the following four cases where how many buyers have their valuations

larger than B.

(i) All three buyers have their valuations less than B
The probability of this case is F'(B)3. Since no buyer has his valuation
larger than or equal to B, seller S; cannot sell the good at buyout price B.
Therefore, the revenue of S; by selling at a buyout price in this case is 0.

(ii) A buyer has his valuation larger than or equal to B
The probability of this case is 3F(B)?*(1 — F(B)). Even if a buyer has his
valuation larger than or equal to B, seller S; cannot sell the good when the
buyer is not risk-averse. Here, the probability that a buyer is risk-averse is
given as q. Therefore, the revenue of S; by selling at a buyout price in this
case is ¢B.

(iii) Two buyers have their valuations larger than or equal to B
The probability of this case is 3F(B)(1— F(B))?. If at least one of the two
buyers is risk-averse, the auction of seller Sy is purchased at a buyout price
in stage 1. Even if the two buyers is risk-neutral, the auction of seller .5 is
bid at buyout price B after the auction of seller Sy ascended to the price
B in stage 2. Therefore, the revenue of S; by selling at a buyout price in
this case is B.

(iv) All three buyers have their valuations larger than or equal to B
The probability of this case is (1 — F(B))3. If at least one of the three

buyers is risk-averse, the auction of seller Sy is purchased at a buyout price

13



in stage 1. Even if the three buyers are risk neutral, the auction of seller
S is bid at a buyout price B after the auction of seller S5 ascended to the
price B in stage 2. Therefore, the revenue of S; by selling at a buyout price
in this case is B.

The expected revenue rp can be obtained by summing up the expected revenue

of each case from (i) to (iv). rp is shown as

rg = 3F(B)*(1— F(B))¢B+3F(B)(1—- F(B))*B
+(1 - F(B))*B. (1)

An optimal B of B* can be obtained by solving the first-order condition of
Eq.(1).

On the other hand, consider the expected revenues in the case where seller
S1 does not set a buyout price. The expected revenue r of the seller is shown

as

r= [ 35 )1 - F(y)Pdy. )

When seller S does not set a buyout price, the two ascending auctions are held
in stage 2. As a result, the final prices of the auctions are equal to the lowest
valuation of all three buyers.

If buyout price B satisfies rg > r, seller S; can improve his revenue by

selling at a buyout price.

4.3 Evaluation of Model

This section shows the result of experiments using the proposal model.

4.3.1 Results of Experiments

a) Buyers’ valuations depend on uniform distribution

First, the experiments were conducted assuming buyers’ valuations depend on
the uniform distribution. The uniform distribution function of F' on [v,7] is

shown as




The probability density function of f is shown as
1

v—u

flv) =

The interval of F' was set to [100, 200] in the experiments. The expected rev-
enue of seller S setting buyout price B at the price on [100, 200] was calculated
by using Eq.(1) under the constant probability ¢. Additionally, the expected
revenue in the case where seller S; does not set a buyout price was calculated
by using Eq.(2).

Figure 4 shows the result of the experiment about the expected revenue in
the case where seller S; sets buyout price B. This figure indicates the following
things. First, the expected revenue is 100 when the buyout price is set to 100
the least valuation of buyers. Since all buyers have their valuations larger than
or equal to 100, the auction with the buyout price equal to 100 must be bought
by a buyer. The larger the buyout price is, the expected revenue increases in
B < B*. On the other hand, the larger the buyout price is, the expected revenue
decreases in B > B*. Buyout price B* to maximize the expected revenue differs
from the value of q. The value of B* and rpg- the revenue in the case where the
buyout price is set is as follows. When ¢ = 0.1, B* = 117 and rg~ = 108.8.
When ¢ = 0.5, B* = 127 and rg~ = 114.4. When ¢ = 0.9, B* = 142 and
rp = 127.1.

Figure 5 shows the comparison of the expected revenue between the case
where seller S; sets a buyout price and the case where he does not set it. The
expected revenue of seller S in the case where he does not set a buyout price
does not be effected by the value of ¢. It is calculated as r = 125.0 by using
Eq.(2). On the other hand, the larger the value of ¢ is, the expected revenue rp-
in the case where seller S sets B* increases. In the figure, when ¢ > 0.86, the
condition rp- > r is satisfied and the expected revenue is improved by setting
the buyout prices.

b) Buyers’ valuations depend on the exponential distribution
In the experiments of a), the case where the valuations of the buyers depend
on the uniform distribution was considered. In the real auctions, however, if

the price of the good is lower, the more buyers who desire to purchase it at

15



200

Q
2 150
[}
>
&  ——————
Z 100 4
Q
g \\
;7 \
w
0 T T T T
100 120 140 160 180 200

Buyout Price B

Figure 4: Expected revenue of seller S in the case where he sets buyout price
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Figure 5: Relation between g and expected revenue of seller S; (F: uniform

distribution on [100,200])

the price may exist. In order to discuss the situation, consider the case where
the valuations of the buyers depends on the exponential distribution F' on the

interval [v,7]. F is written as

F(v) = k1 — ko - exp <—E_Q>

V=2

where k; and ko satisfy F'(v) =0 and F'(7) = 1. They are calculated as

ki =k = .
1 ]
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Figure 6: Expected revenue of seller S in the case where he set buyout price

B (F: exponential distribution on [100,200])

The probability density function of f is expressed as

fo)= e (<220,

v—u v—u

In this experiments, the interval of F' was set to [100, 200].

Figure 6 shows the result of the experiment about the expected revenue in
the case where seller Sy sets buyout price B. This figure indicates the following
things. First, as well as the case of the uniform distribution, the expected
revenue is 100 in the case where the buyout price is set at 100 equal to minimum
valuation of buyers. The larger the buyout price is, the more expected revenue
is obtained in B < B*. On the other hand, the larger the buyout price is, the
less expected revenue is obtained in B > B*. Buyout price B* to maximize the
expected revenue differs from the value of q. These results are same as the case
of the uniform distribution. The values of B* and rpz- are calculated as follows.
In the case ¢ = 0.1, B* = 108 and rg+ = 104.0. In the case ¢ = 0.5, B* = 115
and rg- = 107.2. In the case ¢ = 0.9, B* = 130 and rg~ = 117.2. In all the
value of ¢, buyout price B* and expected revenue 7z« in the case of exponential
distribution are less than the case of uniform distribution.

Figure 7 shows the comparison of the expected revenue between the case
where seller S} sets a buyout price and the case where he does not set it. The

expected revenue of seller S; in the case he does not set a buyout price does
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Figure 7: Relation between ¢ and expected revenue of seller S; (F': exponential

distribution on [100,200])

not be effected by the value of g. It is calculated as r = 118.4 by using Eq.(2).
On the other hand, the higher the value of ¢ is, the more expected revenue rpg«
is obtained in each the value ¢. In the figure, when ¢ > 0.94, the condition
rp~ > r is satisfied and the expected revenue is improved by setting the buyout
prices. Compared to the case of the uniform distribution, the larger value of ¢
is required to obtain the more revenue than the revenue without a buyout price.

These results indicate the following things. Under the same interval of F',
compared to the case of the uniform distribution, the larger value of ¢ is required
to improve the revenue and the increase of the revenue is less in the case of the
exponential distribution.

c) Relation between distribution of buyers’ valuations and buyout
price

The relation between the width of the interval of distribution F and buyout
price are examined.

The method of experiments is shown as follows. The median value in the
interval of F' is defined as 7. The width of interval of F' is defined as d = 7—wv. In
this case, the valuations of buyers depend on the distribution on [t—d/2, 7+d/2].
F was set to the uniform distribution and 7 = 150. Since ¢ was set to 1, rpg«

in the following experiments is the maximum expected revenue obtained in the
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condition.

Figure 8 shows the relation between d and seller S;’s expected revenue when
d was increased by two from d = 2 (F on [149,151]) to d = 3000 F on [0, 300].)
The revenue r in the case where seller S; does not set a buyout price decreases
monotonically as the interval increases. This is because the final prices of the
auctions without buyout prices depend on the lowest valuation of the buyers.
On the other hand, the revenue rg+ in the case where buyout price B* was set
increases when d > 620 F on [119,181]0 . The wider the interval of F' is, the
more buyers have large valuations. Therefore, if the seller sets a large buyout
price, a buyer who has the larger valuation purchases the good at the buyout
price.

Finally, the increase of the revenue by selling the good at the buyout price
rp~ —r was analyzed. Figure 9 shows the relation between d and rp« — r in
7 = 150. When d is higher than a threshold value, rg« — r is positive. In the
case of the uniform distribution, the condition is d > 62. In the case of the
exponential distribution, it is d > 110. When these conditions are satisfied,
rg- —r > 0 is satisfied and rg+ — r increases monotonically as the interval

mcreases.
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4.3.2 Comparison of Seller’s Revenue
The author has carried out simulation to examine the sellers’ revenues.

F was set to the uniform distribution on [100,200]. By increasing ¢ from 0
to 1 by 0.01, B* in each value of ¢ was obtained. For each ¢, 100,000 examples
were created. The averages of the revenues in the case where seller S; sets B*
and the case where seller S; does not set a buyout price were calculated.

Figure 10 shows the comparison of each seller’s revenue. When no seller sets
a buyout price (“No Buyout Price” in the figure), the revenue of seller S is
equal to the revenue of seller S;. The revenue of seller S; who sets buyout price
B* increases as ¢ increases. In the experiment, when ¢ > 0.85, the revenue of
seller S; with buyout price B* is higher than one without buyout price. On the
other hand, the revenue of seller S5 in the case where seller Sy sets the buyout
price is always larger than the case without buyout price S;. In addition, as the
value of ¢ increases, the revenue of seller Sy decreases monotonically. In this
experiment, when ¢ > 0.91, the revenue of seller S; who set B* is larger than
the revenue of seller Ss.

Figure 11 shows the comparison of total revenue of two sellers. In the figure,

when ¢ > 0.78, the total revenue of two sellers with buyout price B* is larger
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than the total revenue without buyout price.

An interesting result from the experiment is that, when seller S; sells at a
buyout price, seller Sy can obtain the larger revenue than the revenue in the
case where seller S; does not set it. The higher the value of ¢ is, the higher the
revenue of seller S; is and the lower the revenue of seller S5 is. However, the

revenue of S5 is always improved by S;’s fixed-price selling at a buyout price.
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4.3.3 Consideration
The result of the experiments using the model shows the following things.

First, when seller S; sets buyout price B* to maximize his expected revenue,
whether his expected revenue is larger than the revenue without a buyout price
depends on the following two things. First, the larger probability q is, the
larger expected revenue rpg- is obtained. If there is no risk-averse buyers (¢ =
0), the expected revenue does not be improved by selling at a buyout price.
Secondly, the expected revenue depends on d = U — v, the width of interval
of the distribution the buyers’ valuations depend on. When the median of the
interval (T+wv)/2 is the same value, the expected revenue in ascending auctions
without buyout prices decreases as the interval gets wide. On the other hand,
if d is larger than the threshold value, the expected revenue with buyout price
increases as the wider the interval is. In other words, the larger the width of
the interval of the distribution is, the revenue of the seller can be enhanced by
setting the buyout price.

In addition, the simulation experiment results indicate the following point.
When seller S selects fixed-price selling at a buyout price, the revenue of seller
S5 is larger than the revenue in the case where seller S; does not set a buyout
price. Although seller Sy does not change his behavior, his revenue is improved

by seller S;’ selecting fixed-price selling at a buyout price.
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Chapter 5 Extension of the Model

In Chapter 4, seller’s strategy is restricted to the following two major strate-
gies obtained from the data analysis: “ascending auction from the lowest start
price” and “fixed-price selling at a buyout price”. However, in the actual In-
ternet auctions, some sellers select the other strategies. When strategy of a
seller setting a buyout price is limited to fixed-price selling, the seller cannot
always benefit by using the buyout option for his good. If the seller can set
an appropriate combination of start price and buyout price, it is possible for
the seller to always benefit by using the buyout option. This chapter extends
seller’s strategy and discusses the price setting in the perfect Bayesian Nash
equilibrium.

In addition to it, in Chapter 4, both valuations of seller S; and Sy are set
to 0. However, considering the actual situation, some sellers have their high
valuations to their own goods. In this case, the sellers attempt to avoid selling
at the price less than their valuations. Therefore, they need to set start prices
at the price larger than or equal to their valuations. Thus, this chapter also
discuss the situation where the sellers have their valuation larger than 0 and

the value of start prices they can set are limited according to their valuations.

5.1 Valuations of Sellers

Suppose that a seller does not prefer to sell his good at the price less than
his valuation. Therefore, the seller attempts to maximize his expected revenue
under the condition that he sells his good at the price larger than or equal to
his valuation.

According to sellers’ valuations, sellers are classified into the following two
types. The first type is the seller who has his valuation v(;) satisfying 0 < vy <
v. Since he has his valuation less than v the least valuation of buyers, he can
set any price on the interval [v,7]. The second type is the seller who has his
valuation v(9) satisfying v < v() < ». Since he has his valuation larger than or

equal to v, he can only set any price on the interval vy < B <. In this case,
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the bound

0§U(1)<Q<U(2)§U (3)

is satisfied. In this paper, the seller who has his valuation larger than v is not
considered, because he cannot sell the good at the price larger than or equal to

his valuation.

5.2 Assumptions
Assumptions in the extended model are described.

As well as Chapter 4, the extended model discusses the situation where two
sellers and three buyers exist. Suppose that two-stage game where two sellers Sy
and Sy arrive sequentially. First, seller S sets start price p,; and buyout price
B. The prices are disclosed. Seller S, sets start price ps considering them. In
stage 1, if seller S provides buyout price B and there is at least one risk-averse
buyer whose valuation is larger than or equal to B, the buyer purchases the
good of 57 at the buyout price. In stage 2, seller Sy prefers to sell his good in
an ascending auction.

The valuations of the buyers are drawn from the distribution function of
F (the probability density function of f) on the interval [v,7]. All buyers
are classified into risk-neutral or risk-averse. The constant probability ¢ that
a buyer is risk-averse is given. A risk-neutral buyer has a quasilinear utility
function. A risk-averse buyer has a utility function u(z) as well as Chapter 4.
On the other hand, the valuation of seller Sy to his good is vs; and the valuation
of seller Sy to his good is vs. If a seller sells his good at the price less than
his valuation, the seller has an enormous negative utility. Therefore, the seller
must set start price and buyout price at the prices larger than or equal to his
valuation. Assume that the utility is equal to the revenue of the auction when
the seller sets the price larger than or equal to his valuation.

Finally, define the following equations to use discussion about the expected
revenues of sellers. When the valuations of the buyers are drawn from the
distribution function of F' (the probability density function of f) on the interval

[v, 7], define vi, g(n, m) as the m-th largest valuation of the n buyers who have
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their valuations larger than or equal to a and less than or equal to 5. The

conditions v < a and § < T are satisfied. v, g(n, m) is shown as

tost(om) = [ (1) (273 o)1 = P () P s (1)

a m—1

where fio(2) and Fi, g(x) are expressed as follows:

i () = F(ﬂ)fﬂ}@ (5)
Fiopy(a) = m (©)

The following equations hold:

Fla5)(2) = /a " fep(@)dz (@ <2 < B),
F[a’m(a) =0 ) F[a,ﬁ](ﬂ) =1.

5.3 Strategies of Sellers
Each seller selects a different strategy according to the order of arrival at the
market.

First, consider the strategy of the first seller S;. Since seller S; arrives at
Stage 1, his revenue may be improved by setting buyout price B. Therefore,
seller S| attempts to set start price ps; and buyout price B. When seller S; has
his valuation vy, ps1 and B must satisfy vy < pg < B.

Secondly, consider the strategy of the second seller S,. Seller Sy arrives at
stage 2. From the assumption, risk-averse buyers promptly purchase the good
at a buyout price in only stage 1. Since seller Sy starts to sell in stage 2, he
cannot improve his revenue by setting a buyout price. Therefore, seller Sy sets
only start price ps and does not set a buyout price. When seller Sy has his
valuation v, pso must satisfy v < pso.

Since seller S; sets the prices earlier than seller S,, seller S5 can respond to
the price setting of S;. Seller S5 can select the start price pgo satisfying v < pso
in order to maximize his expected revenue. The start price maximizing his

expected revenue ry is expressed as ps*. On the other hand, seller S; select
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the strategy considering the response of seller Sy: setting start priceps*. Seller
Sp selects the combination of start price py; and buyout price B satisfying
vs1 < ps1 < B in order to maximize his expected revenue ry;. The start price

and buyout price maximizing his expected revenue ry; are expressed as pg* and

B*.

5.4 The Case where No Seller Sets a Buyout Price
This section describes the expected revenues of the sellers in the case where no
seller sets a buyout price. The equations in this section can be used to calculate
the expected revenues of the sellers in the case where seller S; sets buyout price.
This case is divided into the following two cases: a) two sellers set unequal start
prices and b) two sellers set the same start price.
a) Two sellers set unequal start prices
First, consider the case where the two sellers set unequal start prices. When no
seller sets a buyout price, two ascending auctions are held in stage 2. Therefore,
two sellers do not be distinguished by the order of arrival. To identify the two
start prices, the higher start price is called as pff and the lower start price is
called as pL, where pff > p’ is satisfied. The seller providing pf is called S¥
and the valuation of the seller is vf/. On the other hand, the seller providing pZ
is called S” and the valuation of the seller is v”. There are following four cases
where how many buyers have their valuations larger than B.
(i) All three buyers have their valuations less than p
The probability of this case is Prob; = F(pL)3. In this case, no buyer can
bid the auctions. Therefore, the revenue of S is 0 and the revenue of S*
is 0.
(i) A buyer has his valuation larger than or equal to p~
The probability of this case is Proby = 3(1 — F(pL))F(pL)?. In this case,
no buyer can bid the auction of S¥. Since the only buyer whose valuation
is larger than or equal to pZ can bid the auction of seller ST, the price of
the auction does not ascend. Therefore, the revenue of S¥ is 0 and the

revenue of S is pZ.
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(iii)

(vi)

Two buyers have their valuation larger than or equal to p* and no buyer
of the two has his valuation larger than or equal to p

The probability of this case is Probs = 3(F(p) — F(pL))*F(pL). In this
case, no buyer can bid the auction of seller S¥. On the hand, the auction
of seller S* ascends by the price equal to the lower valuation of the two
buyers, who have their valuations larger than or equal to pZ. Therefore,
the revenue of S¥ is 0 and the revenue of ST is Ve pi(2, 2) calculated by
using Eq.(4).

Two buyers have their valuations larger than or equal to pX and a buyer of
the two has his valuation larger than or equal to pf!

The probability of this case is Proby = 6(F(p2)—F(pX))(1—F(pH))F(pL).
The buyer who has his valuation larger than or equal to pf can bid the
auction of seller ST at the price less than price pX. Thus he does not bid
the auction of seller S¥. The auction of seller S* ascends by the valuation
of the buyer who has his valuation larger than or equal to p and less than
pf. Therefore, the revenue of S* is 0 and the revenue of S* is vy, ,my(1,1)
calculated by using Eq.(4).

All three buyers have their valuations larger than or equal to p% and no
buyer of the three has his valuation larger than or equal to p

The probability of this case is Probs = (F(p?) — F(p))?. No buyer can
bid the auction of seller S¥. Since all three buyers have their valuation
larger than or equal to pL, the auction of seller S¥ ascends by the second
largest valuation of the three buyers. Therefore, the revenue of S is 0 and
the revenue of S” is vy, ,u1(3,2) calculated by using Eq.(4).

All three buyers have their valuations larger than or equal to p* and a
buyer of the three has his valuation larger than or equal to pf

The probability of this case is Probs = 3(F(pf) — F(pk))*(1 — F(pf)).
Since the buyer who has his valuation larger than or equal to p can bid
the auction of S at the price less than pf, he does not bid the auction of
SH . The auction of seller S* ascends by the largest valuation of the two

buyers who have their valuations larger than or equal to pL and less than
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(vii)

(viii)

p. Therefore, the revenue of S¥ is 0 and the revenue of S is Vi pi(2,1)
calculated by using Eq.(4).

Two buyers have their valuations larger than or equal to p

The probability of this case is Prob; = 3(1 — F(p))2F(p). The two
buyers can bid the auction of seller S¥ and can also bid the auction of
seller SZ. If the one buyer bids the auction of seller ST at the price p, the
other buyer bids the auction of seller S*. Therefore, the revenue of S¥ is
p and the revenue of S is equally pZ.

All three buyers have their valuations larger than or equal to p

The probability of this case is Probs = (1 — F(pf))3. In this case, all
three buyers can bid the auction of seller S and the auction of seller S*.
Both auctions ascend by the third largest valuation of them. Therefore,
the revenue of S™ is vy,m 7(3, 3) calculated by using Eq.(4) and the revenue
of S* is equally Vpt (3, 3)-

From (i) to (viii), the expected revenue r* of seller ST and r# of seller S¥ in

the case where the two sellers do not set buyout prices and set start price pL

and p? (pl < p!) are expressed as follows:

r’ = Proby pt + Probs vyt ,m(2,2)
+Proby vpr puy(1,1) + Probs vy, ,m(3,2)
+Probg vL i) (2,1) + Prob; pf + Probs vyu (3,3), (7)

rf = Prob; p! + Probs vym (3, 3). (8)

From Eq.(7) and (8), r* > rf is always satisfied. Therefore, when the two

sellers sell without buyout prices, the seller who sets the lower start price can

obtain the larger expected revenue. In order to set the lower start price, the

seller sets the start price larger than the valuation of the other seller. Therefore,

seller ST can obtain the expected revenue larger than seller S* by setting the

start price satisfying v* < pI < vf.

b) Two sellers set the same start price

Consider the case where the two sellers set the same start price. The start price

is called as pM. In this case, both pZ and pf in 5.4 a) correspond to p. The
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expected revenue in this case can be considered in much the same way. If a
buyer has his valuation larger than or equal to p} | the buyer randomly bid an
auction. There are four cases where how many buyers have their valuations
larger than pM. Therefore, in the case where two sellers does not set buyout
prices and set the same start price pM, each seller’s expected revenue can be

expressed as

P = SRR F) B+ 3FGM)(1 - ) g
(1= P v (3.9) )

5.5 Strategy of the Seller who Sets a Buyout Price

This section discusses the strategy of seller S; in the case where seller S sets a
buyout price in addition to a start price.

5.5.1 Expected Revenue

Consider the expected revenue of seller S; in this case. Start price pg; and
buyout price B which seller Sy set satisfy the bound v,; < p, < B. As discussion
in 4.2, There are four cases where how many buyers have their valuations larger
than B. When seller S; sets start price ps; and buyout price B, the expected

revenue rg; is shown as

ra = F(B)’rq) +3F(B)*(1 - F(B))((1-q)rq)+¢B)
+3F(B)(1— F(B))*(1 —q)*re + (1 = (1 — q)*)B)
+(1 - F(B))*B (10)

where r(g), 1) and r() are the expected revenues in the cases where no buyer
purchases the good of seller S; in stage 1. In these cases, no buyer purchases
the good of seller S; at a buyout price in stage 1. r(y is the expected revenue
in the case where all three buyers have their valuations less than B. r() is the
expected revenue in the case where a buyer has his valuation larger than or
equal to B and no buyer purchases the good in stage 1. 72 is the expected
revenue in the case where two buyers have their valuations larger than or equal
to B and no buyer purchases the good in stage 1.

Consider r(g), 71y and 72 in Eq.(10) by dividing two cases a) and b) ac-

29



cording to the relation between ps and B.

a) The other seller’s start price is less than or equal to the buyout

price (ps < B)

Consider the case where seller S, sets start price pys less than or equal to buyout

price B which seller Sy sets (ps2 < B). This case is divided into a-1) and a-2)

according to the relation between p; and pss.

a-1) Two sellers set unequal start prices (ps; < ps2 Or pg > ps2)

Consider 7(g), 71y and r(z) in Eq.(10) in the case where two sellers set unequal

start prices. The start prices of two sellers are called as follows: the higher start

price is called as p and the lower start price is called as pl where p > pL.

The seller setting p is called S¥ and the valuation of the seller is v#. On

the other hand, the seller setting the lower start price pl is called ST and the

valuation of the seller is v*.

L

First, r() is calculated converting f and F' in Eqs.(7), (8) and (9) into fj, g

by using Eq.(5) and F}, 5 by using Eq.(6).

Secondly, consider 71y in this case. Since no buyer purchases the good at the

price larger than or equal to the buyout price, two sellers do not be distinguished

by the order of arrival. When a buyer has his valuation v larger than or equal

to B, at least one buyer’s valuation satisfy the condition p* < pf < B < v.

Call such a buyer as Buyery. Consider the expected revenue in this case by

dividing into the following five cases.

(i)

(i)

A buyer has his valuation larger than or equal to pt

The two buyers except Buyerg) have their valuations less than p. The
probability of this case is Proby = F}, p)(p%)?. In this case, no buyer can bid

the auction of S¥ and the one buyer can bid the auction of S*. Therefore,

the revenue of S¥ is 0 and the revenue of S* is pL.

Two buyers have their valuations larger than or equal to pZ, and the one

of the two has valuation larger than or equal to p?

The one of the two buyers except Buyer (g has larger than or equal to p?

and less than p!’. The probability of this case is Probig = 2Fy, g (p%)(Fu, 5 (p)—
Fy.5(pk)). In this case, the buyer who has highest valuation bid the auc-

tion of S* without bidding the auction of S*. The price in auction of S*
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(iii)

ascends by the valuation of the buyer who has his valuation larger than
or equal to p¥ and less than p? Therefore, the revenue of S¥ is 0 and the
revenue of S* is v,z ,u1(1,1) calculated by using Eq.(4).

All three buyers have their valuations larger than or equal to p%, and the
one of the three has valuation larger than or equal to p?

The other two buyers except Buyer gy valuation are larger than or equal to
v and less than v*. The probability of this case is Proby, = (Fj, 5(p) —
Fl,.5(p))?. In this case, the buyer who has highest valuation bid the
auction of S* without bidding the auction of S¥. On the other hand, the
price in auction of S* ascends by the largest valuation of the two buyers
who have valuations larger than or equal to pL and less than p. Therefore,
the revenue of S is 0 and the revenue of ST is Ve pi(2, 1) calculated by
using Eq.(4).

Two buyers have their valuations larger than or equal to p

The one of the two buyers except Buyer gy has his valuation larger than
or equal to pf and the another one has his valuation less than pf. The
probability of this case is Probis = 2(1 — Fj, 5/(p))(1 — Fy,5/(p)). The
prices of the two auctions ascends by the pff. Therefore, the revenue of S
is pZand the revenue of S is equally pZ.

All three buyers have their valuations larger than or equal to p

The two buyers except Buyer gy have their valuations larger than or equal
to pf. The probability of this case is Probiz = (1 — Fj, 5(p¥))%. The
prices of the two auctions ascends by the second largest valuation of the
two buyers who have their valuations larger than or equal to pf and less
than B. Therefore, the revenue of S™ is vy p(2,2) calculated by using
Eq.(4) and the revenue of S* is equally vj,u 5/(2,2).

From (i) to (v), the expected revenue ;) of seller S* and r(], of seller S¥ in

the case where two sellers set start price pZ and p are expressed as

r(Ll) = PT’Obg pﬁ + P’T’Oblo U[p%,pg{](17 1)
+Probyy vy ,u1(2,1) + Probys pi + Probys vpa p)(2,2),  (11)

rg) = Probs p + Probiz vy p(2,2). (12)
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Finally, 2y can be calculated as follows. In this case, at least two buyers are
considered as Buyer gy whose valuation satisfies pt < pf < B < wv. Consider
the expected revenue in this case by dividing into the following two cases.

(i) Two buyers have their valuations larger than or equal to p?
The buyer who is not Buyer(p) has his valuation less than pH. The prob-
ability of this case is F}, p (pH). The prices of the two auctions ascends by
pl. Therefore, the revenue of S is pf and the revenue of S is equally
P

(ii) All three buyers have their valuations larger than or equal to pZ
The buyer who is not Buyerg) has his valuation larger than or equal to
pX. The probability of this case is (1 — Fj, g(pY)). The prices of the
two auctions ascends by the valuation of the buyer who has his valuation
larger than or equal to p and less than B. Therefore, the revenue of S
is vy p)(1,1) calculated by using Eq.(4) and the revenue of ST is equally
vpr g (1,1).

From (i) and (ii), when seller S* sets start price pL and seller S¥ sets start

price pX, the expected revenue of two sellers is the same value. The expected

revenue 7 () is expressed as

re) = Fupes) pi + 1= Fup(ps)) vpms(11). (13)

a-2) Two sellers set the same start price (ps; = ps2)
Consider r(gy, 7(1y and r(9) in Eq.(10) in the case where two sellers set the same
start price. The start price is called as p™.

First, r(o) is calculated converting f and F in Eq.(9) into fzp by using
Eq.(5) and Fjz g by using Eq.(6).

Secondly, consider r(jy in this case. Both pX and p in Egs.(11) and (12)
correspond to pM. The expected revenue in this case can be considered in much
the same way. If a buyer has his valuation larger than or equal to p, the buyer
randomly bid an auction. There are three cases where how many buyers have

their valuations larger than p. Therefore, the expected revenue of the each
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seller, in the case where two sellers set start price p, is shown as

M
P}
ra) = fﬁyiﬂ(P§4)2“5*'+’2fﬁyJﬂ(p§4)(1 — Flo. 5 (p}") p
+(1 = Floz(p2)? v (2, 2). (14)

Finally, the expected revenue r(s) is calculated by substituting pM to p in
Eq.(13).
b) The other seller’s start price is larger than the buyout price (ps >
B)
Consider r(g), 71y and r(2) in Eq.(10) in the case where start price ps, of seller S,
is larger than buyout price B. Since pss > B and p,; < B, the bound pg < pso
is satisfied. In this case, no buyers can bid the start price ps which seller S,
sets. Therefore, only the auction of seller S is bid.

70y in Eq.(10) is calculated as

r) = 3(1 = Flup/(ps)) Flus1(ps)?ps + 3(1 — Fo 51(ps))* Fio, 5 (Ps) V.51 (2, 2)
+(1 = Flo.5)(ps))*vpp,. 51(3, 2)-

71y in Eq.(10) is calculated as

ray = Flop(ps)’ps + 2(1 = Flu5)(ps)) Flu,51(ps)vp..5)(1, 1)
+(1 = Flo,p(ps)) 0,5 (2, 1)

7(2) in Eq.(10) is calculated as ) = B.

5.5.2 Optimum Start Price and Buyout Price

Suppose that pg* the optimum start price of seller S, is known in the case
where seller S sets start price pg; and buyout price B. In this case, seller S;
can calculate his expected revenue by using Eq.(10). Therefore, seller S; can

find start price ps* and buyout price B* to maximize his expected revenue.

5.6 Strategy of the Seller who does not Set a Buyout
Price in the Case where the Other Seller Sets It

This section discuss the strategy of seller Sy in the case where seller Sy sets a

buyout price in addition to a start price.
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5.6.1 Expected Revenue
Seller Sy can set the start price pso considering the start price and the buyout
price which seller S; sets. Consider expected revenue of seller S5 in the case
where the seller S; sets start price ps; and buyout price B.
Divide into the two cases: a) pgo is less than or equal to B, b) pso is larger
than B.
a) The seller’s start price is less than or equal to the buyout price
which the other seller sets (ps» < B)
First, consider the case where start price py which seller Sy sets is less than
buyout price B. There are four cases (i) to (iv) where how many buyers have
their valuations larger than B.
(i) All three buyers have their valuations less than B
Since no buyer has his valuation larger than or equal to B, no seller can bid
the auction of seller S at a buyout price. Therefore, this case is regarded as
the case two ascending auctions are held in stage 2. This case corresponds
to the discussion in 5.5.1 a) and the revenue r() is calculated in the same
way.
(ii) A buyer has his valuation larger than or equal to B
First, consider the case where a buyer who has his valuation larger than or
equal to B is not risk-averse. The probability of this case is 1 — ¢q. This
case corresponds to the discussion in 5.5.1 a) and the revenue is calculated
in the same way. Therefore, the expected revenue is 7(;) calculated using
by Egs.(11), (12) and (14).
Secondly, consider the case where a buyer who has his valuation larger than
or equal to B is risk-averse. The probability of this case is ¢q. In this case,
the other two buyers participate auction of seller S;. There are three cases
where how many buyers of the two have their valuations larger than p,,.

The expected revenue is shown as

rs200) = 2F0,51(Ps2) (1 — Flu,5(Ps2))Ps2 + (1 — Flu,51(s2))*Vjpos.51(2, 2).

(iii) Two buyers have their valuations larger than or equal to B

First, consider the case where the two buyers who have their valuations
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larger than or equal to B are not risk-averse. The probability of this case
is (1 — ¢)?>. This case corresponds to the discussion in 5.5.1 a) and the
revenue is calculated in the same way. The revenue in this case is 7
calculated by using Eq.(13).

Secondly, consider the case where at least one buyer who has his valuation
larger than or equal to B is risk-averse. The probability of this case is
1 — (1 — ¢)®>. While risk-averse buyer purchases the good of seller S; at
buyout price B, the other two buyers participate seller Sy’s auction. Since
ps2 < B, at least a buyer must has his valuation larger than ps,. The

expected revenue in this case is shown as

Tsa(1) = Flo,B)(Ps2)Ps2 + (1 — Flo, B (Ps2) ) vpps2 5y (1, 1).

All three buyers have their valuations larger than or equal to B

First, all three buyers whose valuations is larger than or equal to B are
risk-neutral. The probability of this case is (1 — ¢)®. In stage 2, after the
price of the auction of seller S, is ascending by B, a buyer purchases the
good of seller S} at a buyout price B. The other two buyers participate
the auction of seller Ss.

Secondly, consider the case where all three buyers whose valuations are
larger than or equal to B are risk-averse. The probability of this case is
1 — (1 —¢q)®. A buyer purchases the good of seller S; at B.

Therefore, in both cases, the other two buyers participate the auction of
seller Ss. Since pgo < B, the two buyers have their valuations larger than

ps2. The expected revenue in this case is shown as

Ts2(2) = VB7](2,2).

From (i) to (iv), the expected revenue of seller Sy in the case where seller S;

sets buyout price B and ps, < B is satisfied is calculated as

Teo = F(B)?’T(o) +3F(B)*(1 - F(B))((1 - Q)r) + qrs20))
+3F(B)(1 - F(B))*((1 — q)*r@2) + (1 = (1 — ¢)*)reaq))
+(1 = F(B))’raa)- (15)
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b) The seller’s start price is larger than a buyout price which the

other seller sets (ps2 > B)

Consider the case where the start price which seller S5 sets is larger than buyout

price B which seller S sets. As the discussion in 5.6 a), there are four cases (i)

to (iv) where how many buyers have their valuations larger than B.

(i) All three buyers have their valuations less than B
Since pg > B, no buyer can bid the auction of S5. Therefore, the revenue
of seller S5 is 0.

(ii) A buyer has his valuation larger than or equal to B
The auction of seller S; can be bought at the price of the second highest
valuation of the buyers whose valuations are larger than or equal to B.
Since ps, > B, the other buyers cannot bid the auction of seller S;. The
expected revenue of seller S5 is 0.

(iii) Two buyers have their valuations larger than or equal to B
A buyer of the two buyers purchase the good of seller S; at a buyout price
B. The other two buyers participates the auction of seller S;. A buyer
of them has his valuation larger than or equal to B. Therefore, this case
is divided into two cases where how many buyers of the two have their

valuations larger than ps. The expected revenue in this case is shown as

rsoay = (1 — Fipz(ps2))psa.

(iv) All three buyers have their valuations larger than or equal to B
A buyer of the three can buy the auction of seller S; at buyout price B.
The other two buyers participate the auction of seller S. They have their
valuations larger than or equal to B. Therefore, this case is divided into
three cases where how many buyers of the two have their valuations larger

than ps. The expected revenue in this case is shown as

T's2(2)y = 2(1 - ﬂB,E} (ps2))F[B,E] (pSQ)pSZ + (1 - F[B,E] (p52>)2v[p52,6](27 2)
From (i) to (iv), the expected revenue of seller Sy in pse > B is calculated as

re = 3F(B)(1—F(B))rauy +(1— F(B)lrag. (16)
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5.6.2 Optimum Start Price
When start price ps; and buyout price B of seller S; are given, seller Sy can
calculate his expected revenue by Eq.(15) or Eq.(16). Seller Sy sets the start

price ps® to maximize his expected revenue considering the strategy of seller

S.

5.7 Perfect Bayesian Nash Equilibrium
This section shows the combination of sellers’ strategies satisfying the perfect
Bayesian Nash equilibrium.

The proposal model deals the two-stage game with incomplete information
where the types of all three buyers are not given. The given information for the
two sellers is the distribution function F which buyers’ valuations are drawn
from and the probability ¢ that a buyer is risk-averse. In addition to it, a seller
knows own valuation. They have beliefs that the given information and the
expected revenues calculated by using them are always correct.

Seller S, selling in stage 2 knows start price ps; and buyout price B which
seller S; set in stage 1. Therefore, the optimum strategy for seller S5 is to set
start price psy® to maximize his revenue calculated by using Eq.(15) or Eq.(16).
On the other hand, seller Sy starting to sell from stage 1 sets start price p,1* and
buyout price B* to maximize his revenue calculated by using Eq.(10) considering
that seller Sy always set ps*. When pg* and B* are set, the expected revenue
of seller S5 setting the start price except for ps* is lower than the case where he
set pso*. Therefore, seller Sy must select pg* to maximize his expected revenue.
Since seller Sy sets pso*, the expected revenue of seller S setting the start price

*

and buyout price except for combination of ps;* and B* is less than the case
where he set ps1* and B*. Therefore, seller S; must selects the combination of
ps1* and B* to maximize his expected revenue.

Therefore, the combination of the following combination of two strategies
satisfies the perfect Bayesian Nash equilibrium: (1) seller S; sets start price pg;*

and buyout price B*, (2) seller Sy sets start price pg*.
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5.8 Evaluation of Extended Model

This section describes the experiments using the extended model.
5.8.1 Method of Experiments

The method of experiments was set as follows.

F was set to the uniform distribution function on [100,200]. The smallest
amount in the auction that seller can set as start price and buyout price was
set to 1. The valuation of seller Sy was set to v(y in Eq.(3). Therefore, seller
Sy could set start price pgy at any price on [100, 200].

First, increasing start price pg; of seller Sy from v = 100 to v = 200, buyout
price B was set to the price larger than or equal to start price ps;. Secondly,
buyout price B was increased from start price p,; to v. In these situations, the
expected revenue of seller Sy was calculated by Eq.(15) or Eq.(16). Therefore,
start price pg* to maximize expected revenue of seller Sy can be obtained. On
the other hand, the expected revenue of seller S; was calculated by Eq.(10)

*

considering start price pg* of seller Sy. Therefore, start price pg;* and buyout
price B* to maximize the expected revenue of seller S; can be obtained.

The experiments calculate the expected revenues of sellers in the case where
seller Sy sets start price ps1* and buyout price B*, seller Sy sets start price pg*.
5.8.2 Results of Experiments
The results of the experiments are showed.
a) Seller S;’s valuation is less than v (vs = v())
Consider the strategy in the case v,; = v(;). In this case, seller S can set start
price ps; and buyout price B at any prices on [100, 200].

Figure 12 shows the optimum start price p,;* and buyout price B* of seller

*

S and the optimum start price pg™ of seller Sy in the perfect Bayesian Nash
equilibrium of each ¢. In all the value of ¢, ps1* = pso* = 100. It indicates
that setting the lowest start price is optimum in any cases. On the other hand,
when ¢ satisfies ¢ < 0.1, buyout price B* is B* > 170. However, in the most
cases, the optimum buyout price is on the interval 167 < B* < 170. Thus, the
optimum buyout price is almost the same value.

Figure 13 shows the seller’s expected revenue in the perfect Bayesian Nash

equilibrium of each ¢. In all the value of ¢, the expected revenues of seller Sy
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Figure 12: Optimum start price ps;* and buyout price B* of seller S; and opti-
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Figure 13: Comparison of seller’s expected revenue (vg; < 100, ve < 100, F:

uniform distribution on [100, 200])

and seller Sy in the case where seller Sy sets a buyout price are larger than the
case without a buyout price. In particular, the expected revenue of seller Sy
setting buyout price B* increases as ¢ increases.

b) Seller S;’s valuation is larger than or equal to v (vy = v(2))
Secondly, consider the optimum strategies of the perfect Bayesian Nash equi-

librium in the case where vy, = v(z). In this case, the probability ¢ that a buyer
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ps2™ of seller Sy in the case where no seller sets a buyout price (vsy < 100,

g = 0.5, F: uniform distribution on [100, 200])

is risk averse was set to 0.5.

Figure 14 shows the optimum strategies of the perfect Bayesian Nash equi-
librium in the case without a buyout price. The optimum strategy of seller 5} is
setting the start price equal to his valuation. On the other hand, the optimum
response of seller Sy is setting the lowest start price.

Secondly, the experiment in the case where seller S| sets a buyout price was
conducted.

Figure 15 shows the optimum start price ps;* and buyout price B* of seller

*

S1 and the optimum start price pg* of seller Sy in the perfect Bayesian Nash

*

equilibrium. Start price p,* is always equal to the valuation of seller S;. On
the other hand, optimum buyout price B* is 167 when the valuation of seller
S1 ve is from 100 to 118. When the valuation satisfies vy < 150, pa* = vg
and B* > pg*. On the other hand, when vy, > 150, B* = ps* = vg1. In other
words, optimum strategy for seller S; who has his valuation vs; > 150 is the
fixed-price selling at a buyout price equal to his valuation. To the strategy of
seller S7, the optimum strategy of seller S, is setting start price 100 which is

the lowest value in F.

Figure 16 shows the difference between B* and ps* set by seller S;. The

40



200

/

Price

. W
150

/

100

100 - .

125

150

vs1 (Seller $1's valuation)

5] ¥ e B* ps2*

175 200

Figure 15: Optimum start price ps* and buyout price B* of seller S; and

optimum start price pgo* of seller Sy (vg < 100, ¢ = 0.5, F: uniform distribution

on [100,200])

100
75

E o N

% \
25 \
0 T T 1

100 125 150 175 200

vs1 (Seller S1's valuation)

Figure 16: Difference between B* and pgs;* on each valuation of seller S (vse <

100, ¢ = 0.5, F: uniform distribution on [100, 200])

difference decreases as the seller’s valuation increases. When the seller has his

valuation larger than the threshold value, fixed-price selling as B* — ps* = 0 is

the optimum strategy.

Figure 17 shows the comparison of seller S;’s revenue. The figure indicates

that, by setting the buyout prices, the revenue of seller S; can be improved

comparing the case without a buyout price.
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Figure 17: Comparison of seller S;’s revenue (¢ = 0.5, F: uniform distribution
on [100, 200])

Figure 18 shows the increase of seller S;’s expected revenue by setting the
optimum buyout price. The axis of ordinate in the figure shows “the expected
revenue in the case where the seller sets the buyout price” - “the expected
revenue in the case where no seller sets a buyout price”. The interesting results
are that a seller who has a large valuation to his good can improve his revenue
the most. If the seller sells the good without a buyout price, the optimum
strategy is to set a start price equal to his valuation. On the other hand, if the
seller sells the good with a buyout price, the optimum strategy is to set both
buyout price and start price equal to his valuation. A high start price does
not appeal to buyers, but a high buyout price appeals to the buyers who are
risk-averse and have their valuation larger than or equal to the buyout price.
Therefore, the seller can improve his revenue by setting the buyout price.

Figure 19 shows the comparison of expected total revenue. The figure shows
that setting the buyout price and the start prices in the perfect Bayesian Nash
equilibrium improves the total revenue. Compared to the case without buyout
price, the optimum price setting of start price does not differ. Therefore, setting

buyout price in addition to the start prices improves the total revenue.

42



100

~
(€]

|

Increase of seller S1's Revenue
by Setting the Buyout Price B*
(9]

o

— N\

100 125 150 175 200

o

vs1 (Seller $1's valuation)

Figure 18: Increase of seller Si’s expected revenue by setting the optimum
g y

buyout price (vsy < 100, ¢ = 0.5,F: uniform distribution on [100, 200])

300

[V}
=}
[ =
& 250 e —
o
: \\
5 200
- \
e}
[J]
© 150 .
[J)
o
]
100 T T T 1
100 125 150 175 200

vs1 (Seller $1's valuation)

=—psl*, B* No Buyout Price
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5.8.3 Consideration
The result of the experiments of the extended model indicates the following
things.

When sellers set the start prices and the buyout price in the perfect Bayesian
Nash equilibrium, the total revenue of sellers is improved by setting a buyout
price. The revenue of seller S; increases as ¢ increases. In particular, the seller

S1 who has his large valuation can increase the most by fixed-price selling at the
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buyout price. On the other hand, the revenue of seller S5 is slightly improved.

From the result of data analysis, many sellers who select fixed-price selling
by setting buyout price equal to start price are observed. In the analysis of
the model, when the valuation of the seller is larger than the threshold value,
setting start price and buyout price equal to his valuation is optimum strategy.
Compared to the case where the seller sets start price equal to his valuation

and does not set a buyout price, the expected revenue of the seller is improved.
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Chapter 6 Discussion

This chapter discusses the result of data analysis in Chapter 3 and the result of

experiments using the extended model in Chapter 5.

6.1 Comparison between Data and Model

First, the author does a comparison of the result of analysis between Data and
Model. The actual data tells that the buyout option is used in 55 % of auctions,
while the buyout option is not used in 45% of auctions. In the actual data of
auctions without buyout prices, many sellers set a quite low start price (TYPE
1). On the other hand, in the actual data of auctions with buyout prices, many
sellers set a buyout price almost equal to the start prices: the fixed-price selling
(TYPE 2).

These results are compared to the result of analysis using the proposal model
as follows. The result of the experiments using the extended model indicates
that it is the optimum strategy for the first seller who has his large valuation to
set a buyout price equal to the start prices: the fixed-price selling. This result
corresponds to the TYPE 2 obtained from the actual data. On the other hand,
for the second seller who does not set a buyout price, the result indicates that
it is the optimum strategy to set the lowest start price. This result corresponds

to the TYPE 1 obtained from the actual data.

6.2 Optimum Price Setting
This section describes the optimum price setting indicated by the proposal
model.

When the first seller sets a buyout price, setting the lowest start price is the
best response for the second seller. The first seller sets the combination of start
price and buyout price to maximize his expected revenue considering the best
response of the second seller.

The fixed-price selling at the buyout price is valid for the first seller who has
his large valuation. On the other hand, for the first seller who does not have

his large valuation, the optimum price setting is to set a start price at the price
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equal to his valuation and a buyout price at the price larger than it.
The combination of the strategies satisfies the perfect Bayesian Nash equi-
librium. If sellers select the strategies, the total revenue of the sellers is higher

than the case no seller sets a buyout price.
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Chapter 7 Conclusion

It has been reported that the trades having buyout options are increasing in
Internet auctions. Understanding how a buyout option is used and how it
affects the seller’s revenue is to design the future auction markets. The author
has analyzed the actual auction data, characterized the typical strategies of
the seller, built models, and carried out experiments on them, which leads to
deeper understanding of the market where ascending auction and fixed-price
selling simultaneously exist.
The contributions of this research are summarized as follows.

Presenting major strategies of sellers in an Internet auction market
11,921 auction data obtained from an actual Internet auction site were examined
by focusing on the setting of start price and buyout price. The results of data
analysis show the two major strategies of the sellers in the market as follows:
(1) many of sellers who set buyout prices sell by fixed-price selling at a buyout
price, (2) many of sellers who do not set buyout prices set start prices at quite
low price.

Proposing the model to explain the coexistence of two type sellers The
author can successfully provide a model able to explain the situation where the
both types of sellers using the buyout option and not using the buyout option
simultaneously exist. The model supposes a two-stage game where two sellers
arrive sequentially. First, the case where the seller’s strategy is restricted to
the two strategies obtained from the actual data was discussed. In this case,
if the probability that a buyer is risk-averse is quite high, both two sellers can
benefit by selling a good by using a buyout option and selling another good
by using an ascending auction. Secondly, the strategies in the perfect Bayesian
Nash equilibrium are showed. If the first seller has a large valuation to his
good, the combination of the strategies in the equilibrium corresponds to the
two major strategies in the actual data. When sellers select strategies satisfying
the perfect Bayesian Nash equilibrium, the total revenue of the sellers is higher

than the case no seller sets a buyout price.
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