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What is mechanism design??
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What is “Mechanism Design”?
•A field in economics and game theory

• Hurwicz, Maskin and Myerson received Nobel economics 
prize in 2007.

•What type of problems?
• Auction theory

• Mirrlees and Vickrey received Nobel economic prize in 1996.
• Matching theory

• Roth and Shapley received Nobel economic prize in 2012.
• Public goods supply problem
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The overview of Mechanism Design

•Developing mechanisms for allocating limited 
resources efficiently.

• Applied field of game theory

•Game Theory
• Under a game setting, we analyze the Nash equilibrium.

•Mechanism Design
• To implement an optimal equilibrium (target), we make a rule 

of game in the game theory.
• Key concepts

• Efficiency (Maximizing the social welfare)
• Strategy-proofness (Avoiding the strategic behavior)
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Simple example in transportation

•Wardrop's first principle
• It is the concept of equiribrium.
• No driver can unilaterally reduce his/her travel costs by 

shifting to another route.
• This is equivalent to Nash equilibrium in game theory.
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But….

•How should we solve this problem?
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Non busy traveller

Busy traveller



1st idea: Sign board
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if you are in a hurry, 
you can use route A. 
Otherwise, you use 
the other route B.



If you are not honest,…

•Are you an honest person?
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2nd idea: pricing

•How should we decide the price?
• In general, it is difficult to know each traveler’s
willingness to pay (WTP).
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3rd idea: tradable permit (auction)

•Akamatsu (2007) proposed tradable bottleneck 
permit system.

•Every driver bids a permit to use road network 
(link level or path level).

• It means they state the information about their value 
of time (VOT) and desired arrival time.

•After bidding, the policy maker determine the 
allocation through a mechanism. In general, 
VCG auction mechanism is used. 

• This mechanism has a good characteristics.
• Efficiency: The final result is the most efficient allocation.
• Strategy-proofness: This mechanism eliminates drivers’ lie.
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All problems are solved?

•VCG mechanism satisfies efficiency and 
strategy-proofness (truth telling).

•Mechanism design approach can work well.

•But, 

•Do you want to bid every time slots of every 
transportation modes (train, bus, road network, 
etc.) every day????
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1. Background of my research
• Transportation system such as road network and public 
transport have a supply capacity.

• For the efficient transport system, it is important to 
allocate the resource efficiently.

• One Approach: Tradable permit system/Auction
• Tradable permit: Akamatsu (2007), Hara and Hato (2018)
• Tradable credit: Yang and Wang, Wu et al., Nie and Yin

• Auction mechanism such as VCG mechanism can 
achieve the strategy-proofness and efficient allocation, 
but in reality, there is cognitive cost for preference 
elicitation.

• Hara and Hato (2019) shows there exists the cognitive cost for 
transportation auction system in bicycle sharing auction 
empirically.

• Users don’t behave rationally in reality.
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The viewpoint of this study
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2. The research question and contributions
• The research questions of this study

• The contributions of this study
1. We designed and executed experiments to analyze differences in 

elicitation mechanisms.
2. Based on the experiment, we empirically showed that valuations 

and the number of representations vary depending on a preference 
representation system.

3. The differences in the number of representations resulted in a thin 
market. A thin market means a market with a low number of 
transactions. As a result, the differences in the number of 
representations reduce the efficiency of the auction results.

4. We showed that we can significantly improve the efficiency of 
auction via increasing the number of preference representations 
using the preference-prediction mechanism.
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1. Are there cognitive costs of preference representation               
in reality?

2. If they do exist, is it possible to design preference elicitation 
mechanisms that can reduce such cognitive cost for efficient 
allocation?



3. Experimental Design
•The objective of our experiment

1. The differences of elicitation mechanisms have effect on 
the quality of participants’ representation such as the 
number of representation which the subject represents the 
positive WTP and the value of WTP.

2. As a result, the quality of participants’ representations 
affects the allocation result and efficiency of auctions.

• The overview of this experiment
• We collected 1647 participants who were 20-59 years old in 

the Tokyo metropolitan area.
• Our experimental design is Randomized Controlled Trial 

(RCT). And we assigned participants to three groups (n = 550, 
n = 547, and n = 550) randomly.

• Each participant represents the Willingness to Pay (WTP) for 
transportation service in three situations.
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3-1. Three situations
• Situation 1: The reserved seat for rush hour commuter 
train in Tokyo metropolitan area

• WTPs for reserved seat of rush hour commuter train.
• The frequency of the train is every 15 minutes.
• The time you start working is 9am.

• Situation 2: The flight from Tokyo to Fukuoka on business 
trip

• WTPs for the flight from Tokyo to Fukuoka.
• The frequency of flights is every 30 minutes.
• The meeting begins at 1pm.
• Your company pays all the travel fee.

• Situation 3: The flight from Tokyo to Okinawa for leisure 
trip

• WTPs for the flight from Tokyo to Okinawa.
• The frequency of flights is ever 1 hour.
• You need to pay for your own round-trip flight.
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3-2. Three preference representation mechanisms
1. step-by-step representation
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2. all-in-one representation 
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3. preference-prediction mechanism
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1. The example of step-by-step
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2. The example of all-in-one
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3. The example of preference-prediction
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The average WTP of each time slot in situation 1

24
The arrival time of the most highest WTP is 8:30am in all 
elicitation mechanism.
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Figure 6: The average WTP of each time slot in all elicitation mechanisms and all situations.

elicitation mechanisms have the effect on the number of representations of each participant. In
particular, the number of representations is decreased by cognitive cost and elicitation cost of
the step-by-step and all-in-one elicitation mechanism rather than increased by the preference-
prediction mechanism.
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Figure 7: The number of representations of each participants in each elicitation mechanism and each situation

Based on the above, we clarify that the difference of preference elicitation mechanisms does
not affect the most desired time slot. On the other hand, it has significant impact on the
representations of low WTP time slots. In particular, they are the early time slots in situation 1
and 2, the time slots after the noon in situation 3. These time slots do not have zero valuations
but can have some positive valuations for participants in reality. However, the participants did
not represent their WTPs, that means WTP equals zero, in the step-by-step and the all-in-
one elicitation mechanisms. On the other hand, preference-prediction mechanism increases the
representations of these time slots and it makes the thickness of the market. As noted above, our
experiments use the framework of randomized controlled trial (RCT). Therefore, there can be
no differences of the number of representations and average WTPs in three groups. Hence, the
results empirically indicates that the preference elicitation mechanisms have a significant impact
on the number of representations and WTPs.

5. The impact on the auction results by preference elicitation mechanisms

We showed that the difference of preference elicitation mechanisms have the effect on the
representations and bidding behavior of participants. In this chapter, through the result, we
analyze the effect of the difference on the auction and the allocation results.

We assume that the users i ∈ I do one trip per day and they require one time slot ticket/permit.
This assumption is called single unit demand condition and the setting is same as the lab ex-
periment. The set of the time slot t is T and the number of time slot is |T |. Next, the service
provider who is the auctioneer aims to maximize the social welfare by allocating the service
tickets/permits. Here, the social welfare is defined as the sum of valuations for allocated users.
This definition is similar to the definition of general research in auction theory. this assignment
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4. Results
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elicitation mechanisms have the effect on the number of representations of each participant. In
particular, the number of representations is decreased by cognitive cost and elicitation cost of
the step-by-step and all-in-one elicitation mechanism rather than increased by the preference-
prediction mechanism.
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Figure 7: The number of representations of each participants in each elicitation mechanism and each situation

Based on the above, we clarify that the difference of preference elicitation mechanisms does
not affect the most desired time slot. On the other hand, it has significant impact on the
representations of low WTP time slots. In particular, they are the early time slots in situation 1
and 2, the time slots after the noon in situation 3. These time slots do not have zero valuations
but can have some positive valuations for participants in reality. However, the participants did
not represent their WTPs, that means WTP equals zero, in the step-by-step and the all-in-
one elicitation mechanisms. On the other hand, preference-prediction mechanism increases the
representations of these time slots and it makes the thickness of the market. As noted above, our
experiments use the framework of randomized controlled trial (RCT). Therefore, there can be
no differences of the number of representations and average WTPs in three groups. Hence, the
results empirically indicates that the preference elicitation mechanisms have a significant impact
on the number of representations and WTPs.

5. The impact on the auction results by preference elicitation mechanisms

We showed that the difference of preference elicitation mechanisms have the effect on the
representations and bidding behavior of participants. In this chapter, through the result, we
analyze the effect of the difference on the auction and the allocation results.

We assume that the users i ∈ I do one trip per day and they require one time slot ticket/permit.
This assumption is called single unit demand condition and the setting is same as the lab ex-
periment. The set of the time slot t is T and the number of time slot is |T |. Next, the service
provider who is the auctioneer aims to maximize the social welfare by allocating the service
tickets/permits. Here, the social welfare is defined as the sum of valuations for allocated users.
This definition is similar to the definition of general research in auction theory. this assignment
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The average WTP of each time slot in situation 2
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The desired arrival time is from 11am to 12am.
The WTP of all-in-one elicitation is higher than other mechanisms.

4. Results
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elicitation mechanisms have the effect on the number of representations of each participant. In
particular, the number of representations is decreased by cognitive cost and elicitation cost of
the step-by-step and all-in-one elicitation mechanism rather than increased by the preference-
prediction mechanism.
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Figure 7: The number of representations of each participants in each elicitation mechanism and each situation

Based on the above, we clarify that the difference of preference elicitation mechanisms does
not affect the most desired time slot. On the other hand, it has significant impact on the
representations of low WTP time slots. In particular, they are the early time slots in situation 1
and 2, the time slots after the noon in situation 3. These time slots do not have zero valuations
but can have some positive valuations for participants in reality. However, the participants did
not represent their WTPs, that means WTP equals zero, in the step-by-step and the all-in-
one elicitation mechanisms. On the other hand, preference-prediction mechanism increases the
representations of these time slots and it makes the thickness of the market. As noted above, our
experiments use the framework of randomized controlled trial (RCT). Therefore, there can be
no differences of the number of representations and average WTPs in three groups. Hence, the
results empirically indicates that the preference elicitation mechanisms have a significant impact
on the number of representations and WTPs.

5. The impact on the auction results by preference elicitation mechanisms

We showed that the difference of preference elicitation mechanisms have the effect on the
representations and bidding behavior of participants. In this chapter, through the result, we
analyze the effect of the difference on the auction and the allocation results.

We assume that the users i ∈ I do one trip per day and they require one time slot ticket/permit.
This assumption is called single unit demand condition and the setting is same as the lab ex-
periment. The set of the time slot t is T and the number of time slot is |T |. Next, the service
provider who is the auctioneer aims to maximize the social welfare by allocating the service
tickets/permits. Here, the social welfare is defined as the sum of valuations for allocated users.
This definition is similar to the definition of general research in auction theory. this assignment
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The average WTP of each time slot in situation 3

26
The desired departure time is 7am or 8am.
The WTP of all-in-one elicitation is higher than other mechanism.

4. Results



The number of representations of each 
participants in each elicitation mechanism
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図–7 各状況，各表明メカニズム下における表明件数の分布

以上より，「表明メカニズムの違いは表明件数に影響を
与える」という仮説が支持され，preference-elicitation

表明によって表明されている評価値を真とすると，単純
な表明メカニズムでは表明の認知コストによって，表
明件数が減少するということが実証的に示された．

5. 選好誘出メカニズムがオークション結果
に与える影響

選好誘出メカニズムの存在によって，選好表明数が
異なること，そしてその影響を受けて，低ランク時間
帯の交通サービス権には表明されないため，その支払
い意思額の平均値が低下することが示された．この傾
向が，交通サービス権の割当（オークションの結果）に
与える影響について分析する．
利用者は各設定において，ただ 1つの交通サービス

権のみを入手したいと考えていると仮定する．これは
実験設定と同様である．次に，交通サービスオークショ
ンの管理者は社会的厚生を最大化するような交通サー
ビス利用権の割当を行う主体とする．ここで，社会的
厚生とは，各利用者がもつ各交通サービス権への評価
値の総和として定義する．この定義はオークション理
論における一般的な研究の定義と同様である．このと
き，この割当問題は次のように記述できる．

W (v) = max
x

∑

t∈T

∑

iinI

vi(t) · xi(t) (3)

subject to
∑

t∈T

xi(t) ≤ 1 ∀i ∈ I

∑

i∈I

xi(t) ≤ µ ∀t ∈ T

xi(t) ∈ {0, 1} ∀i ∈ I, ∀t ∈ T

ここで，vi = (vi(1), . . . , vi(t), . . . , vi(|T |)) は利用者
i ∈ I の私的評価値ベクトル，xi(t) ∈ {0, 1}は利用者 i

の時間帯 tの交通サービス利用権の割当結果を示す離
散変数である．私的評価値ベクトルは非負 (vi ≥ 0)で
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図–8 状況 1における社会的厚生の表明ごとの分布
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図–9 状況 2における社会的厚生の表明ごとの分布

あると仮定する．制約条件は各利用者はただ一つの利
用権のみ需要することと時間帯 tの割当者の総和は供
給量制約 µ以下であることを表している．
望ましい性質をもつオークションメカニズムである

VCGメカニズム下においては，個人 iの支払額はVick-

rey paymentsと呼ばれ，次の式で計算される．

P i(v) = W (0,v−i)−W−i(v) (4)

ここで，v−i は個人 i以外の利用者の評価値ベクトル，
W (·) は式 (3) で定義された評価値ベクトル v の下で
の割当結果の評価値の総和である．この価格 P i(v)は
個人 iが入札しなかった場合の割当者の評価値の総和
W (0,v−i)と割当結果の評価値の総和から個人 iの評価
値を除いた値W−i(·)の差分として表される．
ここで，明らかにしたいのは，表明メカニズムの違い
がオークションの効率性を表す社会的厚生（落札者の総
入札値の和）に与える影響と各利用権の価格 (Vickrey

payments) に与える影響の 2 点である．そこで，3 つ
の表明メカニズムごとに 200名のオークション入札者
をリサンプリングし，状況 1では各時間帯の利用権数
5(計 100名が利用可能)，状況 2では各時間帯の利用権
数 10(計 100名が利用可能)，状況 3では各時間帯の利
用件数 8(計 104名が利用可能)という約半数が利用可
能な供給量制約を行って，社会的厚生や各時間帯の利
用権の平均値の解析を行った．リサンプリングは 1000

回行っており，各表明メカニズム下における表明数の
構成割合に依存してリサンプリングしている．
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step-by-step: 2-3, all-in-one: 4-5, preference-prediction: 6-7
→Under the same situation and RCT, the preference elicitation mechanism 
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5. The effect on the auction efficiency 
• The preference elicitation mechanism has the impact on the number of 

representation.
• A naïve elicitation mechanism results in thin market.

• The formulation of tradable permit auction

• From the participants set, we resampled 200 participants 1000 times.
• The capacity limit at all time slot is 100.
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以上より，「表明メカニズムの違いは表明件数に影響を
与える」という仮説が支持され，preference-elicitation

表明によって表明されている評価値を真とすると，単純
な表明メカニズムでは表明の認知コストによって，表
明件数が減少するということが実証的に示された．

5. 選好誘出メカニズムがオークション結果
に与える影響

選好誘出メカニズムの存在によって，選好表明数が
異なること，そしてその影響を受けて，低ランク時間
帯の交通サービス権には表明されないため，その支払
い意思額の平均値が低下することが示された．この傾
向が，交通サービス権の割当（オークションの結果）に
与える影響について分析する．
利用者は各設定において，ただ 1つの交通サービス

権のみを入手したいと考えていると仮定する．これは
実験設定と同様である．次に，交通サービスオークショ
ンの管理者は社会的厚生を最大化するような交通サー
ビス利用権の割当を行う主体とする．ここで，社会的
厚生とは，各利用者がもつ各交通サービス権への評価
値の総和として定義する．この定義はオークション理
論における一般的な研究の定義と同様である．このと
き，この割当問題は次のように記述できる．

W (v) = max
x

∑

t∈T

∑

iinI

vi(t) · xi(t) (3)

subject to
∑

t∈T

xi(t) ≤ 1 ∀i ∈ I

∑

i∈I

xi(t) ≤ µ ∀t ∈ T

xi(t) ∈ {0, 1} ∀i ∈ I, ∀t ∈ T

ここで，vi = (vi(1), . . . , vi(t), . . . , vi(|T |)) は利用者
i ∈ I の私的評価値ベクトル，xi(t) ∈ {0, 1}は利用者 i

の時間帯 tの交通サービス利用権の割当結果を示す離
散変数である．私的評価値ベクトルは非負 (vi ≥ 0)で

15000 20000 25000 30000

0
.0

0
0

0
0

0
.0

0
0

1
0

0
.0

0
0

2
0

0
.0

0
0

3
0 step-by-step表明

all-in-one表明
PE表明

social welfare

p
ro

b
a

b
ili

ty

図–8 状況 1における社会的厚生の表明ごとの分布

2000000 2500000 3000000 3500000

0
.0

e
+

0
0

1
.0

e
−

0
6

2
.0

e
−

0
6

3
.0

e
−

0
6

social welfare

p
ro

b
a

b
ili

ty

step-by-step表明
all-in-one表明
PE表明

図–9 状況 2における社会的厚生の表明ごとの分布

あると仮定する．制約条件は各利用者はただ一つの利
用権のみ需要することと時間帯 tの割当者の総和は供
給量制約 µ以下であることを表している．
望ましい性質をもつオークションメカニズムである

VCGメカニズム下においては，個人 iの支払額はVick-

rey paymentsと呼ばれ，次の式で計算される．

P i(v) = W (0,v−i)−W−i(v) (4)

ここで，v−i は個人 i以外の利用者の評価値ベクトル，
W (·) は式 (3) で定義された評価値ベクトル v の下で
の割当結果の評価値の総和である．この価格 P i(v)は
個人 iが入札しなかった場合の割当者の評価値の総和
W (0,v−i)と割当結果の評価値の総和から個人 iの評価
値を除いた値W−i(·)の差分として表される．
ここで，明らかにしたいのは，表明メカニズムの違い
がオークションの効率性を表す社会的厚生（落札者の総
入札値の和）に与える影響と各利用権の価格 (Vickrey

payments) に与える影響の 2 点である．そこで，3 つ
の表明メカニズムごとに 200名のオークション入札者
をリサンプリングし，状況 1では各時間帯の利用権数
5(計 100名が利用可能)，状況 2では各時間帯の利用権
数 10(計 100名が利用可能)，状況 3では各時間帯の利
用件数 8(計 104名が利用可能)という約半数が利用可
能な供給量制約を行って，社会的厚生や各時間帯の利
用権の平均値の解析を行った．リサンプリングは 1000

回行っており，各表明メカニズム下における表明数の
構成割合に依存してリサンプリングしている．
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以上より，「表明メカニズムの違いは表明件数に影響を
与える」という仮説が支持され，preference-elicitation

表明によって表明されている評価値を真とすると，単純
な表明メカニズムでは表明の認知コストによって，表
明件数が減少するということが実証的に示された．

5. 選好誘出メカニズムがオークション結果
に与える影響

選好誘出メカニズムの存在によって，選好表明数が
異なること，そしてその影響を受けて，低ランク時間
帯の交通サービス権には表明されないため，その支払
い意思額の平均値が低下することが示された．この傾
向が，交通サービス権の割当（オークションの結果）に
与える影響について分析する．
利用者は各設定において，ただ 1つの交通サービス

権のみを入手したいと考えていると仮定する．これは
実験設定と同様である．次に，交通サービスオークショ
ンの管理者は社会的厚生を最大化するような交通サー
ビス利用権の割当を行う主体とする．ここで，社会的
厚生とは，各利用者がもつ各交通サービス権への評価
値の総和として定義する．この定義はオークション理
論における一般的な研究の定義と同様である．このと
き，この割当問題は次のように記述できる．
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ここで，vi = (vi(1), . . . , vi(t), . . . , vi(|T |)) は利用者
i ∈ I の私的評価値ベクトル，xi(t) ∈ {0, 1}は利用者 i

の時間帯 tの交通サービス利用権の割当結果を示す離
散変数である．私的評価値ベクトルは非負 (vi ≥ 0)で
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あると仮定する．制約条件は各利用者はただ一つの利
用権のみ需要することと時間帯 tの割当者の総和は供
給量制約 µ以下であることを表している．
望ましい性質をもつオークションメカニズムである

VCGメカニズム下においては，個人 iの支払額はVick-

rey paymentsと呼ばれ，次の式で計算される．

P i(v) = W (0,v−i)−W−i(v) (4)

ここで，v−i は個人 i以外の利用者の評価値ベクトル，
W (·) は式 (3) で定義された評価値ベクトル v の下で
の割当結果の評価値の総和である．この価格 P i(v)は
個人 iが入札しなかった場合の割当者の評価値の総和
W (0,v−i)と割当結果の評価値の総和から個人 iの評価
値を除いた値W−i(·)の差分として表される．
ここで，明らかにしたいのは，表明メカニズムの違い
がオークションの効率性を表す社会的厚生（落札者の総
入札値の和）に与える影響と各利用権の価格 (Vickrey

payments) に与える影響の 2 点である．そこで，3 つ
の表明メカニズムごとに 200名のオークション入札者
をリサンプリングし，状況 1では各時間帯の利用権数
5(計 100名が利用可能)，状況 2では各時間帯の利用権
数 10(計 100名が利用可能)，状況 3では各時間帯の利
用件数 8(計 104名が利用可能)という約半数が利用可
能な供給量制約を行って，社会的厚生や各時間帯の利
用権の平均値の解析を行った．リサンプリングは 1000

回行っており，各表明メカニズム下における表明数の
構成割合に依存してリサンプリングしている．
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与える」という仮説が支持され，preference-elicitation

表明によって表明されている評価値を真とすると，単純
な表明メカニズムでは表明の認知コストによって，表
明件数が減少するということが実証的に示された．

5. 選好誘出メカニズムがオークション結果
に与える影響

選好誘出メカニズムの存在によって，選好表明数が
異なること，そしてその影響を受けて，低ランク時間
帯の交通サービス権には表明されないため，その支払
い意思額の平均値が低下することが示された．この傾
向が，交通サービス権の割当（オークションの結果）に
与える影響について分析する．
利用者は各設定において，ただ 1つの交通サービス

権のみを入手したいと考えていると仮定する．これは
実験設定と同様である．次に，交通サービスオークショ
ンの管理者は社会的厚生を最大化するような交通サー
ビス利用権の割当を行う主体とする．ここで，社会的
厚生とは，各利用者がもつ各交通サービス権への評価
値の総和として定義する．この定義はオークション理
論における一般的な研究の定義と同様である．このと
き，この割当問題は次のように記述できる．
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ここで，vi = (vi(1), . . . , vi(t), . . . , vi(|T |)) は利用者
i ∈ I の私的評価値ベクトル，xi(t) ∈ {0, 1}は利用者 i

の時間帯 tの交通サービス利用権の割当結果を示す離
散変数である．私的評価値ベクトルは非負 (vi ≥ 0)で
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あると仮定する．制約条件は各利用者はただ一つの利
用権のみ需要することと時間帯 tの割当者の総和は供
給量制約 µ以下であることを表している．
望ましい性質をもつオークションメカニズムである

VCGメカニズム下においては，個人 iの支払額はVick-

rey paymentsと呼ばれ，次の式で計算される．

P i(v) = W (0,v−i)−W−i(v) (4)

ここで，v−i は個人 i以外の利用者の評価値ベクトル，
W (·) は式 (3) で定義された評価値ベクトル v の下で
の割当結果の評価値の総和である．この価格 P i(v)は
個人 iが入札しなかった場合の割当者の評価値の総和
W (0,v−i)と割当結果の評価値の総和から個人 iの評価
値を除いた値W−i(·)の差分として表される．
ここで，明らかにしたいのは，表明メカニズムの違い
がオークションの効率性を表す社会的厚生（落札者の総
入札値の和）に与える影響と各利用権の価格 (Vickrey

payments) に与える影響の 2 点である．そこで，3 つ
の表明メカニズムごとに 200名のオークション入札者
をリサンプリングし，状況 1では各時間帯の利用権数
5(計 100名が利用可能)，状況 2では各時間帯の利用権
数 10(計 100名が利用可能)，状況 3では各時間帯の利
用件数 8(計 104名が利用可能)という約半数が利用可
能な供給量制約を行って，社会的厚生や各時間帯の利
用権の平均値の解析を行った．リサンプリングは 1000

回行っており，各表明メカニズム下における表明数の
構成割合に依存してリサンプリングしている．

: Valuation vector of user i
: Allocation variable of user i at time slot t

single unit demand

capacity limit



5-1. The difference of the efficiency
• The distribution of social welfare of each elicitation 
mechanism

• The number of resampling: 1000

29

Under the all situations,
The preference prediction mechanism 
can achieve the efficient allocation.

problem can be described as follows.

W (v) = max
x

∑

t∈T

∑

i∈I

vi(t) · xi(t) (3)

subject to

∑

t∈T

xi(t) ≤ 1 ∀i ∈ I

∑

i∈I

xi(t) ≤ µ ∀t ∈ T

xi(t) ∈ {0, 1} ∀i ∈ I, ∀t ∈ T

where vi = (vi(1), . . . , vi(t), . . . , vi(|T |)) is the private valuation vector uf user i, xi(t) ∈ {0, 1}
is the discrete variable which indicates as to whether or not the time slot is available for user i.
We assume that the private valuation is non-negative (vi ≥ 0). The constraint conditions shows
that each user wants only one ticket/permit and that the sum of allocated users in the time slot
t is lower than the capacity limit µ.

When the auction mechanism is Vickrey-Clarke-Groves (VCG) Mechanism which has a good
characteristics as strategy-proofness and efficiency, the payment of user i is called VCG payments.
It is expressed by the following equation:

P i(v) = W (0,v−i)−W−i(v) (4)

where v−i denotes the valuation vector except agent i, and W (·) denotes the sum of winners’
valuations, and W−i(·) indicates the sum of winners’ valuations W (·) minus agent i’s value vi.
The VCG payment is determined by the difference between W−i(·) and W (0,v−i).

Here, we want to clarify what the influence of the difference in assertion mechanism on social
welfare (sum of the total bid price of the winning bidder) representing the efficiency of the auction
and the influence on the price of each usage right (Vickrey payments) It is 2 points. Therefore,
200 auction bidders are resampled for each of the three assertion mechanisms, in situation 1 the
number of usage rights for each time period is 5 (total 100 people are available), in situation 2
the number of usage rights 10 (Total of 100 people are available), in situation 3 about half of
the number of usage cases in each time zone (available for a total of 104 people) can be used
restrictions on supply quantity, social welfare and use in each time zone We analyzed the mean
value of the right. Resampling has been performed 1000 times and resampled depending on the
composition ratio of the number of assertions under each assertion mechanism.

15000 20000 25000 30000

0
.0

0
0

0
0

0
.0

0
0

1
0

0
.0

0
0

2
0

0
.0

0
0

3
0

social welfare

p
ro

b
a

b
ili

ty

step-by-step all-in-one preference prediction

Figure 8: 状況 1 における社会的厚生の表明ごとの分布

As a result, the distribution of social welfare for 1000 times is shown in the figure. Although
the result of kernel density estimation is shown to make it easy to see, the original data is
also a histogram of the same shape. First, we show situation 1. The figure shows that the
preference-elicitation mechanism greatly increases social welfare. As shown in the figure, in the
case of step-by-step assertions and all-in-one assertions, there were only three representations
on average, whereas in the preference-elicitation assertion, an average of more than 6 assertions
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Figure 9: 状況 2 における社会的厚生の表明ごとの分布
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Figure 10: 状況 3 における社会的厚生の表明ごとの分布

were made It is due to that. When the number of assertions is small, expressions and demands
concentrate only during the high rank time period, while no assertion is made in the low ranking
time period, heterogeneity between the subjects in the low rank time zone is not differentiated.
On the other hand, in preference-elicitation assertions, assertions are made for many time zones,
so the structure of time value becomes clear. As a result, social welfare has been greatly improved.

Although preference-elicitation expressions tend to have the highest social welfare even in
situation 2 and situation 3, it can be seen that social welfare of all-in-one expression is also
high. The cause is attributed to an increase in the number of assertions of all-in-one assertions
as compared to situation 1. In circumstances 2 and 3, prices to become reference points were
presented, so the subjects of all-in-one assertions expressed their prices in all time zones. On
the other hand, the number of assertions of step-by-step assertions tends to decrease. It is an
interesting point of this experimental result that these effects suggest that the influence differs
depending on the combination of the situation setting and the existence of the reference price
and the expression mechanism. Despite these influences, the social welfare under the preference
inducement mechanism tends to be the highest among the three, and it is the social welfare to
make people’s inner preferences under the auction mechanism Has been shown to be one means
to increase.

The figure shows the average value of the usage right prices of each time zone obtained
from 1000 calculation results. Unlike the average value of assertion values shown in the figure,
the average value of Vickrey payments can be said to be small for each preference expression
mechanism. The point to pay particular attention to is that the preference-elicitation expression
greatly improved social welfare, but the usage right price in the high rank time zone is not
significantly higher than other representation mechanisms. The preference-elicitation assertion
promotes proper allocation of goods and enhances social welfare by encouraging the expression
of low-ranking time zones which are difficult to be expressed by step-by-step assertions and
all-in-one assertions It can be evaluated.

From the above results, the second hypothesis ”The difference in representation mechanism
influences the efficiency of auction” was supported. In particular, it was shown that simple
assertion mechanism tends to decrease assertion of low rank time period, possibly reducing
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were made It is due to that. When the number of assertions is small, expressions and demands
concentrate only during the high rank time period, while no assertion is made in the low ranking
time period, heterogeneity between the subjects in the low rank time zone is not differentiated.
On the other hand, in preference-elicitation assertions, assertions are made for many time zones,
so the structure of time value becomes clear. As a result, social welfare has been greatly improved.

Although preference-elicitation expressions tend to have the highest social welfare even in
situation 2 and situation 3, it can be seen that social welfare of all-in-one expression is also
high. The cause is attributed to an increase in the number of assertions of all-in-one assertions
as compared to situation 1. In circumstances 2 and 3, prices to become reference points were
presented, so the subjects of all-in-one assertions expressed their prices in all time zones. On
the other hand, the number of assertions of step-by-step assertions tends to decrease. It is an
interesting point of this experimental result that these effects suggest that the influence differs
depending on the combination of the situation setting and the existence of the reference price
and the expression mechanism. Despite these influences, the social welfare under the preference
inducement mechanism tends to be the highest among the three, and it is the social welfare to
make people’s inner preferences under the auction mechanism Has been shown to be one means
to increase.

The figure shows the average value of the usage right prices of each time zone obtained
from 1000 calculation results. Unlike the average value of assertion values shown in the figure,
the average value of Vickrey payments can be said to be small for each preference expression
mechanism. The point to pay particular attention to is that the preference-elicitation expression
greatly improved social welfare, but the usage right price in the high rank time zone is not
significantly higher than other representation mechanisms. The preference-elicitation assertion
promotes proper allocation of goods and enhances social welfare by encouraging the expression
of low-ranking time zones which are difficult to be expressed by step-by-step assertions and
all-in-one assertions It can be evaluated.

From the above results, the second hypothesis ”The difference in representation mechanism
influences the efficiency of auction” was supported. In particular, it was shown that simple
assertion mechanism tends to decrease assertion of low rank time period, possibly reducing
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5-2. The difference of permit price

30

•The permit price (VCG payment) of each time slot
• The payment of user i

The time slot of the most highest price 
is similar in all elicitation mechanism.

The preference prediction mechanism 
improves the price of time slots whose 
demand is low.

social welfare than originally. To that problem, preference-elicitation assertion realizes allocation
of optimum goods and improvement of social welfare by encouraging assertion of low rank time
zone.
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6. 認知コストの構造推定
As indicated by the preference inducing mechanism, there are many subjects who have eval-

uation values larger than 0 even for usage rights of time zones with low priority. And, as shown
above, it is shown that the existence of asserted values in time zones with low priority can
increase the overall social welfare. Nonetheless, why is not the representation mechanism not
expressing the evaluation value to the usage right in the time zone with low priority? In this
study, we consider that the cause is attributed to the cognitive cost which exists in one assertion,
and estimate its cognitive cost.

Therefore, consider the preference expression as a kind of optimal stop problem as follows.
Each user wishes to express his / her evaluation value to the usage right in each time zone. The
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𝑃! 𝒗 = 𝑊 0, 𝒗"! −𝑊"!(𝒗)
Maximum Social Welfare 
without i in the bidders set

Maximum Social Welfare 
except i’s value



6. Conclusion
• The contributions of this study

1. Design the experiments to analyze differences in elicitation 
mechanisms.

2. Based on the experiment, we empirically showed that 
valuations and the number of representations vary depending 
on a preference elicitation mechanism.

3. The differences in the number of representations resulted in a 
thin market. As a result, the differences in the number of 
representations reduce the efficiency of the auction results.

4. We showed that we can significantly improve the efficiency of 
auction via increasing the number of preference 
representations using the preference-prediction mechanism.

• For future work
• In repeated situations, we can improve the preference-prediction 

mechanism using historical data of each user.
• If there are similar characteristics between items such as OD 

and timeslot, we may use the approach of collaborate filtering.

31Thank you!
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