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vi- 2 Study on Data Utilization of Regional Industry
in Cross-Cutting and Systematic Regional
Community Networks

Eiji Aoki®®, Zenjiro Oba, and Ritsuko Watanabe

Institute for Hyper Network Society, Oita City, Japan
{blue, z-ohba, watanabe}@hyper. or. jp

Abstract. It is possible to collect enormous big data by IoT. Everything is
converted into data. In all existing industries, there is the possibility of dra-
matically improving productivity by devising and utilizing those data. In
addition to improving productivity, the creation of new industries is expected in
the coming era of Al Based on such time axis of the real world, what kind of
activities should be implemented in the region? Sensor sharing is required for
regional IoT network configuration and it is necessary to utilize the collected big
data by industry or purpose of regional activity. The problems that are thought
are how to make common consciousness of sharing sensor group, how to
develop sensor platform, how to distinguish between opened data and concealed
data, how to protect security, how to check the ownership of data, and so on. We
try to consider the possibility of social experiment concerning data utilization of
regional industry.

1 Introduction

Since its establishment in 1993, Institute for Hyper Network Society has consistently
promoted local informatization. The regional informatization policy in J apan has been
implemented by Ministry of Internal Affairs and Communications (former Ministry of
Posts and Telecommunications) and some ministries from 1980s, with the name of
information media, new media, multimedia, etc. The policy goal is the construction of
the information infrastructure. And it involves activating the local community,
according to inviting information industries to the region, enriching local medical care
and welfare by telemedicine, improving information literacy by introducing informa-
tion equipment into the educational field, dissolving regional information disparity and
increasing tourists by the publicity of regional information. It also overlaps with the
history of the Internet where commercial services began in 1994. In this era called the
information revolution, were software and networks fully used in Japan? Were
white-color staffs able to improve the productivity of the administrative system? Were
they able to contribute to solving social problems and regional issues? It is doubtful in
light of the present situation.

Japan became the world’s first super-aged society in 2007, and the population
declining society that began in 2011. They could bring the increase of marginal set-
tlements and the disappearance of local governments, and these issues to face in the

© Springer International Publishing AG 2018
L. Barolli and O. Terzo (eds.), Complex, Intelligent, and Software Intensive Systems,
Advances in Intelligent Systems and Computing 611, DOI 10.1007/978-3-319-61566-0_75
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796 E. Aoki et al.

future are serious. Against those issues, in order for each region to be able to create an
autonomous and sustainable society making full use of its respective characteristics, it
is necessary to utilize data in the regional society. It covers regional industries in all
fields ranging from primary industries to tertiary industries. We propose the estab-
lishment of “Cross-cutting and Systematic Regional Community networks” for its
practice. Technical innovation with the Internet as a trigger has been rapidly pro-
gressing for the past 20 years and the sense of speed will increase in the future. It
appears in the discussion of world experts on technical point of singularity that “Al
becomes wiser than human being for the first time in human history”. In general, it was
understood as arrival in 2045, but in fact, since IoT and Al began to put into practical
use from around 2016 in full scale, technology development has been accelerated, and
it will arrive in 2029 that Raymond Kurzweil predicts. Moreover, the original meaning
of singularity is the moment that “the limits of the human brain with around 100 trillion
extremely slow synapsis are transcended by civilization coupled with human beings
and machines”. It is also required to capture the flow of these times in the region.

2 Background

Institute for Hyper Network Society organized the study group of “Cross-cutting and
Systematic Regional Community Networks” in 2016. This study grope has discussed
about how to deal with these various problems, variety of diversity of efforts for
complicated tasks in rural areas such as low birthrate and aging population, rapid
development of ICT (CPS, Al, wearable devices, communication methods), manifes-
tation of light and dark in science and technology, globalization and economic growth
in Asia. For example, visualization of efforts for problem extraction, formation of
“Cross-cutting and Systematic Regional Community Networks” for solving these
problems, construction of regional network type community aiming for mutual com-
plementation and cooperation, collaboration with Asia, and autonomy of ICT com-
panies. Table 1 shows the classification of research theme and keywords: [1, 4].

2.1 IoT Promotion Consortium

In October 2015, Ministry of Internal Affairs and Communications, Ministry of
Economy, Trade and Industry, related ministries and agencies established “IoT Pro-
motion Consortium”. The object is to establish the system to promote the development
and demonstration of technologies related to IoT promotion and the creation of new
business models by industry, academia and government participation and collaboration.
The consortium has two working groups, the Technology Development WG (Smart
IoT Promotion Forum) and the Advanced Model Business Promotion WG (IoT Pro-
motion Laboratory), each secretariat is composed of the National Institute of Infor-
mation and Communications Technology (NICT) and the General Foundation Japan
Information Economic and Social Promotion Association (JIPDEC). The other are IoT
security WG and data distribution promotion WG as expert WG.

— 167 —



Study on Data Utilization of Regional Industry 797

Table 1. The study groups of “Cross-cutting and Systematic Regional Community Networ. »

Groups

Theme

Keywords

Regional ICT

Regional security

Cyber defense, Regional joint security
center

'i‘iegional construction method

of sustainable system

Collaborative system construction
with automatic generation tool

Regional Regional human resource International human resource
education, development by development, Iterative learning of
culture, art industry-academia collaboration | practice and theory, Educational
participation with company experts
Regional harmonization among | Promotion of human resource
art, culture, science with development, Collaboration among
network use industry, academia, government and
private cooperation, Systematic
cooperation of arts facilities libraries,
universities, etc.
Regional Regional environment, energy Purpose type tourism, Attractive
health, learning type tourism education for science and engineering,
agriculture, Experiment type learning, Factory tour
tourism Network type regional creation

Coordination of regional industries,
Social activity environment for
helping the elders (Platinum Concept
Network)

Production & quality control of
agricultural products, Organic
cultivation, Sustainable agriculture,
forestry and fisheries production
(advancement of agricultural products)

Regional complete recycling
agriculture

It can predict that measures aimed at the public and private sectors will become
full-fledged in each country with the development of new production process and the
creation of service industry corresponding to the IoT era, the aim of optimizing the
entire supply chain in the future. In reforming the global industrial structure, as evi-
denced by the movement of Industrial Internet Consortium (IIC) in the United States
and Industry 4.0 in Germany. In Japan as well, from the policy such as “Revision of
Japan Revitalization Strategy 2015 Investment & Productivity Revolution to the
Future” (June 30, 2015), the time to respond to IoT, Big Data and Al era started. In the
future, it is a measure to invite domestic and foreign IoT related investment and to

activate activities of Japanese related industries to demonstrate their presence in the
global economy.

2.2 Regional Promotion of IoT Implementation Task Force

Ministry of Internal Affairs and Communications wants to grasp progressing situation
and issues to promote regional IoT until 2020. In September 2016, the framework of
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“Regional Promotion of loT Implementation Task Force™ was started for the aim of
taking necessary countermeasures for that purpose. Task Force consists of two sub-
committees, the Human Resources Literacy Subcommittee and the Regional Resources
Utilization Subcommittes, 10T, Big Data and Al are strongly expected as an effective
ol which is effective for improving residents’ services through the utilization of local
residents, administrative and enterprise data, creating new business and employment in
the arca, and solving further regional problems. Along with the era of full-scale
commercialization of IoT, these will extract regional issues based on the results of
demonstration projects so far and promote strong honzontal development. 1 will
propagate over every corners of the whole countries in Japan by grasping the progress
situation and obvious problems, and taking necessary countermeasures.

Activity Contents. To promote regional loT until 2020, “Public Roadmap for Pro-
motion of Regional IoT Implementation™ and “Primary Recommendations for the
Realization of Roadmap™ were announced in December 2016. As a backzround, there
are the following issues surrounding the area. (1} Progress in population decline and
aging, (2) Acceleration of central concemtration in Tokyo, (3) Sluggish regional
economy. As shown in Figs. 1 and 2, the areas already working on these are partly, and
there are many municipalities that are interested in these, but actual concrete actions are
hard to tackle. The issues of regional implementation are budget constraints, uncer-
tainty about concrete usage images and benefits, shortage of human resources, estab-
lishment of a promotion system for public-private parinerships.
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“Primary Recommendations for the Realization of the Roadmap”, for the imple-
mentation of regional IoT requires, points out the importance that major players in each
field deepen their meaning and understanding of regional IoT and act on their own
initiative. First, establish a promotion system on relevant ministries and organizations
for each major field of roadmap. Next, urgent action should start in order to establish a
comprehensive promotion system of “Vertical Thread” which enhances momentum in
each field, “Horizontal Thread” to promote regional cooperation, and “Diagonal
Thread” spinning regionally across fields.

2.3 IoT Prometion Laboratory

In October 20135, it established as one of its working group (Advanced Model Business
Promotion WG) with the inauguration of the IoT Promotion Consortium. There three
laboratory principles (growth potential and leadership, spillover (openness), sociality),
based on that identify and select individual IoT projects and thoroughly support them
from the viewpoint of corporate collaboration, funds and regulations, and improve the
environment such as regulatory reform and institution formation for implementation of
large scale society.

Activity Contents. Specific activities are advanced short-term individual projects
toward commercialization and a medium-term demonstration project towards social
implementation. Regulatory reform deregulates on the obstruction of business devel-
opment, and implements new rule on social implementation of projects. There are
activity items, (1) IT Lab Connection (theme-based corporate collaboration, project
composition event), (2) Solution Matching, (3) Big Data Analysis Contest, (4) Data
Innovation Workshop, (5) IoT Lab Selection (support for joint public and private funds
and regulations), (6) Lab Demonstration (testbed demonstration). There are also such
items as “Cross Platform Framework” and “Regional Economic Activation Frame-
work” that links with the concept of “Cross-cutting and Systematic Regional Com-
munity Networks”.

Regional IoT Promotion Laboratory. Ministry of Economy, Trade and Industry and
IoT Promotion Laboratory select the regional version of IoT promotion laboratory and
provide supports. That is for the effort to create IoT projects in rural areas. The first
selection of the regional version of IoT promotion laboratory was 29 areas in July
2016. In addition, the second step selected 24 areas newly in March 2017.

3 Social Experiment for Regional Implementation

As I mentioned, the progress of aging in Japan is fast, and how does declining pop-
ulation society affect industry? How will it concern with local economy and local
government administration in the future? The world focuses Japan as an elderly
developed country, and overseas companies that concern with it have started to open
some research centers in Japan. The solution to halt the decline of the region activity
due to the declining birthrate and aging population of human beings should grasp the
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estimated future population (estimated in January 2012)” birth middle (death middle). The
forecast is that the total population in 2060 will decrease to approximately 87 million people.
Future population estimate by age category (Source: Aged Society White Paper 2016 Cabinet
Office)

actual industrial activities in each region and visualize it for the citizens, and in order to
accomplish the purpose, it is necessary to cooperate and complement with industry,
government, academics and private sector (Fig. 3).

The various policies for the local creation that the current administration stipulates
aims at improving the concentration of Tokyo’s one pole, stopping the declining
population at rural areas, and raising the vitality of the whole areas in Japan. The
accelerating declining population in Japan as a whole is a major burden to Japan’s
economic society and is attributable to the population inflow into the Tokyo area,
which estimate to continue in the future. On the other hand, as shown in Fig. 4, the
ratio of people who wish to migrate from Tokyo area to the district is nearly half.

The government distributes grants to regional comprehensive strategies of local
governments as a new type of grant, such as regional creation promotion subsidies and
regional creation acceleration subsidies. These are used for pioneering projects
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Fig. 4. About half of them are considering emigration to rural areas in the future. In terms of age
group and gender. (Source: Cabinet Secretariat “Survey on Intention on Future Migration of
Tokyo Residents” Outline of Results (August 2014))
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requiring local autonomy and public-private interlocking. As a metaphor government
supports to shoot three arrows on rural areas, (1) information support arrows, (2) hu-
man resources support arrows, (3) financial support arrows, but it is fundamentally hard
to solve these problems. As mentioned above, many national support measures such as
frameworks and policies that are suitable for IoT era launched. A centralized mecha-
nism that the current political, administrative and economic system, and human
resources concentrate on Tokyo, is the weak points of the vertical division adminis-
tration. It is necessary for us to recognize that the limits of solving the rural problems
can be also visible in reality. Therefore, we are conceiving the regional IoT imple-
mentation, social experiments to demonstrate by utilizing IoT in the region, the pos-
sibility to become an important breakthrough and to demonstrate it.

3.1 IoT Utilization in the Nursing Care Industry

Oita prefecture has long been a regional function as a recuperation and recreation area
due to hot spring resources, but depopulation due to aging and outflow of other young
people in the prefecture is progressing. However, there are cases where the number of
inhabitants increases as in Bungo Ono area, and local creation becomes possible by
increasing the attractiveness of the area. In this social experiment for regional imple-
mentation, the objective is to realize “Mimamori System” as “regional communication
support” that realizes “elderly peaceful usual” and “nursing care with no burden and no
regrets”. In this section, (1) “robot vision” which does not use visible part for human
dignity (privacy) protection, (2) “extraordinary detection/change measurement” derived
by human model’s action pattern derivation and “reliable care based on numbers”,
(3) Sharing information for principal/living family/doctor/community to achieve early
and appropriate response in case of emergency. At the same time, we will tackle “per-
sistence” through training of community-oriented human resources: [2, 3] (Table 2).

Table 2. Research and development on community collaborative “safety nursing care” system
including human resource development for attractive regional creation where elderly people and
their families can live with a smile

Method | Item Contents

Phase I | Verification of prototype Regional verification and grasp needs
sensor
Detection/notification Commercialization of prototype sensor and
system integration of existing system
Behavior pattern Database construction and dangerous motion
collection/analysis detection by behavior analysis
Regional activation Marketing and analysis for region

Phase Field validation at model Model quantification and evaluation

1§ area
Expansion of region and Regional categorization and regional attraction of
attraction of region Phase I target model
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R&D Achievement Goal. In Phase I, we will achieve numerical data on the sensitivity
and scope of survey of prototype sensors. First, we set up a prototype sensor in the
model area and check the residents’ needs in parallel with data collection. Next, we try
the commercialization of prototype sensors for practical field verification and
deployment. Database construction of ten households that is behavior patterns of
everyday life data and falling detection in hazard motion detection. Abnormality
detection by behavior analysis when elderly go out. We grasp in order to revitalize the
community and the degree of contribution to the improvement of the living conditions
of local residents and the revitalization of local communities and economic activities.

In Phase II, we will achieve field verification (model digitization and evaluation) in
the model area (2 districts). It will quantify “robustness™ and “flexibility” as a model
area different from Phase 1. Moreover set the goal of “district classification” of regional
models accumulated through regional collaboration. Here, we focus on the “movement
pattern on the regional scale” in the regional culture.

3.2 IoT Utilization in Kunisaki Peninsula Area of Oita Prefecture

Oita prefecture is rich region with nature as it is called “country of wealthy”. Among
them, Kunisaki Peninsula Area is region of old Japanese culture of Shinto Buddhism
consciousness. This area is consisted of Kitsuki City, Kunisaki City, City of Bungo-
takada, Usa City, Himeshima Village. The agriculture, forestry and fisheries industries
in the area is certified as “World Agricultural Heritage” in May 2013, that brings rich
agricultural and forest products and has ecosystems through the efficient natural cycle
of land and sea (Kunisaki Peninsula). It has recycling type agriculture and has tourism
resources. In recent years, tourists from domestic and foreign countries, particularly
Asia, are conscious of their own health, and so interested in foods and beverages. These
areas are suitable for the production of healthy agricultural products. Elderly people’s
experience is valuable resources in harvesting natural herbal medicinal herbs, medicinal
herb cultivation and food development. Agricultural products in the herbal area have
respectively characteristics, so they are unsuitable for mass production and need
cooperative complementation in the area. Therefore, actual experiments could create
diverse industries by utilizing IoT at the regional network activities, such as herbal
research and map creation in cooperation with residents, networking of mountainous
areas, preparation of eco-cars and emergency calls necessary for elderly people, food
and drinks with medicinal herbs and herbs, and development of souvenirs.

There is Ritsumeikan Asia Pacific University (about 6,000 students) in Beppu City,
and faculty and staff from diverse countries (about 90 countries) are engaged in research
and learning. Also in relation to medicinal herbs, it is coordinated with Mie University.
In social experiments, with the cooperation of these faculty/staff/students/graduates, we
plan to market sightseeing, foods and drinks for Asia, and connect to concrete network
type production and tourist attraction measures. It will step up to the cross-sectional
projects of purpose type tourism in the future, utilizing regional resources such as
expansion to network cooperation for healthy vegetable production, factory facilities
with state-of-the-art technology for environment and energy system, and facilities
incorporating geothermal power generation and hot spring power generation.
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Fig. 5. Experimental concept for regiomal health. agriculture, tourism promotion plan by
utilizing IoT

That is getting worried about human resource development of “manufacturing in Japan™,
because young generations haven not an interest in the advancement of science and
engineering. Therefore, showing the dynamic facilities that are operating at the manu-
factuning sites causes them to take an interest in technologies. In addition leaming type
tourism happens to be arise. Based on the above results, we will promote regional
creation of sensor network industry, supporting the development of agriculture and
tourism indusiry based on the improvement of the working environment of the elderly
by forming “Cross-cutting and Systematic Regional Community Networks™ (Fig. 5)[5]

R&D Achievement Goal, Issues to overcome in creating and deployin g loT services
are vertical competition by industry and competition in the same industry. The solution
i5 to cooperate in the region, complementing the local administration, Specifically, IoT
data utilization and data accumulation from climate sensors/sail sensors, observation
cameras, database construction and development of data utilization system are impor-
tant. Sustainable production and quality control based on those, development and sale of
products related to food and drink that invelve medicinal herbs, and participation of
elderly people expenienced in them is indispensable. Showing the work of lively elderly
workers gives visitors an impression of healthy areas. Agricultural products and sight-
seeing are oriented toward domestic and foreign, especially Asia. Consider utilization of
IoT data, including local companies, according to openness and concealment for com-
petition and cooperation for regional economie creation and revitalization of the region.

4 Future Works

The: momentum of IoT has grown nationwide, demonstration experiments are proceeding
with unigue ideas in various regions. It is doubtful of whether successful cases or failed
cases can truly provide regional features. There are not a few projects left to consulting
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firms from the center or leaving them to advisers. There is issue that is not networking for
effective collaboration where intellectuals live in the region. One of them is the influence
of vertical industry group based on vertically divided administration. Another is ideas of
residents that the analog world rather than the digital world is important and there are
sense of security and vested rights, such as a sudden change does not come.

However, it is clear that ICT’s power is necessary for solving social problems and
improving productivity. Rather than treat by Buzzword, being able to firmly deal with
IoT era could not repeat the past that has stagnated over the Internet for 20 years. The
important thing is change from the region. Even in China, the information revolution is
progressing rapidly in Shenzhen, not Beijing and Shanghai, which are dominated by
the conventional system. Similarly, in the United States, promotion of various social
experiments on the West Coast including Silicon Valley is driving the innovation, not
on the East Coast of Establishment.

In order to establish “Cross-cutting and Systematic Regional Community Net-
works”, it is important to utilize various resources in the region. In addition to resources
related to industry, it is time to utilize effectively public network lines and sensors,
information systems, hardware and software, statistical data connected to it. What we
need is the planning of systems and methods, the software aspects for that, and mea-
sures against the previous precedent, and further human resources development that
utilizes IoT, education for industry people and young people. IoT is important in the
region rather than in Tokyo, the policy that consider at singularity such as dialogue
with sensors, human resource development that can respond to changing ages.
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Vi—-3
The Conceptualizing of Equilibria under Incomplete Information: Perfect
Bayesian Equilibria in a Signaling Game

NAGAMATSU, Toshifumi (Tottori University)

1. Incomplete Information Game

A perfect information game is only a concept in game theory. An incomplete information game is a
truer representation of reality. An incomplete information game is defined by conceptualizing “the
type of the player.” In other words, player types are defined as strong or weak, and when each player
does not know the type of the other player, it is known as an incomplete information game. The
aggregate of players is specified as follows: A={4/=/,2.3,...,n}.

The strategy aggregate of each player is set to S{/E V). Moreover, S=SXS52%85%... x5, In this case,
the element of the aggregate .§'is $~(S5/,525%...,5,). This is a group of all the players. Generally, the
gain of each player (/) is dependent on the strategic group (). However, assume that this is
dependent on not only the strategy of a player, but also the type of a player in this case. The type of
each player is # Moreover, the aggregate is 7}, that is, 7'is as follows: 7=7x 72X 73x... 7,

The component of the aggregate 7'is /=(#,,4243,...,4;). This is a group of all the players. The gain </
(EN)> of each player is dependent on the type of strategy and group type. In others words, this is
described as follows: PAs,)=PAS,5555...8n11,£2.15...,4;). Furthermore, it can also be described as
follows: A5, H=(PAs,),PAS,D.PAS.D,....2As,D). In this case, each player (/) knows his or her own
type (4). However, each player does not know the type (%) of the other players. In addition, the type
() of the other players is described as follows: 7.=7)x... X 7;./X T+ /% T;+2%...x T That is, each player
() gets to know his or her own type (#(E 7})). However, each player (#) does not know the type
(#-{ € T-))) of other players. As a result, each player (/) gets to know his or her own type (t) and
assumes the type of the other players (p{~]#)). This is called belief. An incomplete information game

is defined in this manner and is called a Bayesian game.

2. Equilibria Conception in a Perfect Bayesian Equilibria

Equilibria are decided by strategic assemblage and the belief of each player. When expecting the
strategy of each player by belief, in an information set, future strategy is the optimal. This is called
rationality one by one. Moreover, the strategy of each player agrees with the probability of decision
making by Bayesian rule. Here, the signaling game of two players (2/, £2) is raised. First, P/ is set
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as the sender and /2 is set as the receiver. 2/ has a type which has influence on the gain of 22, P2
does not know this completely. 22 acts previously (22 sends a signal). The signal does not influence
the gain of 22. P2 has a gain function depending on the type of 2/. 22 observes only the signal of
P/ and acts. The behavior of 22 influences the gain of 2/.

3. Wine and Beef Game under Incomplete Information

In this case, 2/ orders supper. 22 determines whether to challenge a battle or not, after observing the
behavior of P/. Pr's type is either S (strong) or # (weak). However, 22 does not know it. Assume
prior probability to strong=0.9 and weak=0.1. 22 does not want to fight with strong. 2/ does not
prefer a fight with any type of 22. First, nature chooses /#/ type. In this case, only 2/ gets to know it
(Figure 3.1).

week :0.1 /\l\ strong:0.9

L\

Figure 3.1

Next, 22 chooses the behavior according to a type (Figure 3.2).

wine wine’
week :0.1 N strong:0.9
beef beef’
Figure 3.2

P2 can distinguish only the behavior of 27. Assume probability of belief to ¢ and 7. However, as the

— 177 —



equilibria strategy and set determine this, this cannot be determined in the present stage (Figure 3.3).

wine wine’
week :0.1 N strong:0.9
beef beef’
q
Figure 3.3

Finally, this game is concluded as follows (Figure 3.4):

Fight'(1,1) Do not Fight'(3,0) Fight'(0,0) Do not Fight'(2,1)
’\\
\\ //
r
0, v
wine wine'
week :0.1 N strong:0.9
beef beef’
q \ y
/ \ / \
Fight(0,1) Do not Fight(2,0) Fight(3,1) Do not Fight(2,1)
Figure 3.4

4. Aggregate of a Signaling Game Strategy
First, belief exists. In each aggregate of the receiver, when the strategy and prior probability of the

sender become clear, the prior probability of the node can be calculated. This is belief. The sender
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and receiver exist here. The strategy of the sender chooses the behavior with a type. In other words,
in the case of the preceding clause, the aggregate of a strategic group is
{(ZW)(F#B)(BW)(BE)}. The strategy of the receiver chooses the behavior based on the
behavior of the sender. In the case of the preceding clause, the aggregate of a strategic group is
{(EF)(EN)NF),(NNV)}. The mean of these aggregates are as follows. For example, in the case
of (#, B), the probability of weak is / when the sender sees /. Furthermore, the probability of
strong is / when the sender sees 8. Moreover, when a belief conception is applied, the probability is
as follows. In (/7 B), the sender sees 7. In this case, considering weak, the probability is / and the
sender sees # and strong takes a probability of /. Moreover, prior probability is applied when the
sender sees #in (¥, 7).

5. Separating Equilibria

The strategy of the sender becomes different behavior for every type. This is called separating
equilibria. For example, do (8 #) result in equilibria? This is “ordering a favorite.” The gains of the
receiver in this case are (g= 0, = /). Therefore, if the sender is 5, they fight, and when it is /7, “not
fight” is the optimal. However, the weak-type change their strategy in this case. Therefore, this is not
equilibria. Furthermore, assume that (#, Z) is equilibria. In this case, “ordering not favorite” gain of
the receiver at this time is (= /, »= 0). Therefore, the sender chooses to fight if #is observed and
not to fight if B is observed. However, the weak-type change the strategy in this case. Therefore,

this is not equilibria.

6. Pooling Equilibria
Above equilibria is a case where the “sender does not change behavior with a type.” First, assume
equilibria (#. #) is examined. In this case, as = # and /,  is divided into a case and considers the
optimal strategy of the receiver. Suppose a case where “»>//2"; in this case, the possibility of weak
is high. Therefore, the sender will choose to fight, if B is observed and not to fight if W is observed.
Moreover, even if the receiver is a strong-type, the sender does not change the strategy. Therefore,
equilibria are achieved. Next, assume a case where “r<1/2.” In this case, the sender sees #’and # and
chooses “not fight.” In this case, if the receiver is a weak-type, it will choose 2. Therefore, this is not
equilibria.

Below, consider equilibria (5, Z). That is, retain ¢= 0./ as it is, divide  into a case, and consider

the optimum strategy of the receiver. First, assume “7>//2.” In this case, the sender will choose to
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fight, if W is observed and not to fight if B is observed. Moreover, even if the receiver is a
strong-type, the receiver does not change W. Therefore, equilibria are achieved. Next, examine a
case where “»<//2” In this case, even if the sender chooses not to fight whether # or 2 is observed.
Moreover, when the receiver is a strong-type, #is preferred. Therefore, equilibria are not achieved.
In this case, the following pooling equilibria exist innumerably, such as {(##),(N.F),q=0.1,
2/ (BB)(FN)r=01 g 21/2}.

7. Impossibility of Perfect Signaling
According to Crawford & Sobel (1982), even if the sender sends the signal of non-cost, separating
equilibria do not necessarily exist. On the other hand, a full equilibrium exists. In other words,

information is not completely transmitted.
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