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Abstract

Multi-agent simulation is becoming popular for understanding complex
social phenomena and designing social systems. However, it is difficult to
construct complete agent models which can decide behaviors automatically in
all situations. Participatory multi-agents simulation (PMAS), where humans
and agents jointly participate in and interact with each other in virtual space,
attracts attentions. PMAS can take into account complex decisions of humans,
and is useful for the purpose of agent modeling.

Meanwhile, network games are attract attentions as simulation platforms for
social experiments. Virtual worlds are developed on network, and many
humans can participate in them. Network games are used as simulation
environment which enable us to observe social phenomena caused by
interactions between multiple actors.

Changes in the environment and permeation of new systems do not give
humans change immediately. Therefore, for the purpose of observing
phenomena which are caused by accumulation of interactions between
multiple actors, it is necessary to conduct simulations for a long time. In this
research, | propose architecture for developing platforms for persistent
participatory simulation by connecting multi-agent systems with network
games. Persistent participatory simulation means that humans and agents
jointly participate in the simulation and conduct simulation continuously for a
long time.

In order to develop platforms for persistent participatory simulation by
integrating network games and multi-agent systems, there are two issues as
follows.

1. Interactions between humans and agents
In PMAS, humans and agents jointly participate in the simulation by
operating avatars in virtual spaces. For the purpose of observing
phenomena caused by individual interactions, it is necessary to enable



humans and agents to interact with each other.

2. Switching operations between humans and agents.
By entrusting operations of avatars to agents, it becomes possible to
continue simulations even when humans are not participating in
simulations. In order to realize this function, it is necessary to switch
controller of avatars between humans and agents.

In order to enable agents to participate in simulations which conducted in
the virtual spaces of network game, | integrate network games and multi-agent
systems. By processing operations from agents and humans in the same way, |
enable both humans and agents to interact with each other without
distinguishing between them. | enable humans and agents to operate the same
avatars, and develop meta-level control functions to control operations of
avatars. By entrusting operations of avatars to agents, it becomes possible to
continue simulation even when humans are not participating in the simulation.
In this way, I realize platforms which resolve above mentioned two issues.

I implemented a platform for persistent participatory simulation gumonji/Q
by integrating network game gumonji and scenario description language Q.
The gumonji is a network game which has functions of environmental
simulation. Q is an interaction design language which allows us to define
interaction models. By integrating the gumonji and Q, | enable agents to
operate avatars on virtual space of the gumonji from outside. | extended
meta-level control functions of Q and enabled switching controllers of avatars
dynamically between humans and agents.

I conducted a simulation experiment about sustainable use of natural
resources using gumonji/Q, for the purpose of verifying availability of
persistent participatory simulation. In the experiment, it was possible to
observe spread of activities from individual to many actors include humans and
agents by interactions between them. It was also possible to observe gradual
changes of humans’ behaviors according to the changes of surrounding
environment during a long time simulation. Thus, a platform for persistent
participatory simulation, which is useful for reproducing complex social
phenomena and designing social systems, was realized.
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Chapter 1 Introduction

Social simulations are becoming popular for understanding complex social
phenomena and designing social systems. Multi-agent simulation is a
promising approach for social simulations, which are based on decisions of
humans [Drogoul94, Axelrod97]. In multi-agent simulation, behavior models
of individuals and groups are described as agent models. Multi-agent
simulation reproduces whole behavior by accumulation of individual
interactions. Multi-agent system can reproduce complex systems such as
human society based on a bottom-up approach, and we can observe and
analyze behaviors of individuals and whole phenomena caused by
accumulation of individual interactions [Deguchi98]. However, it is difficult to
construct complete agent models which can decide behaviors automatically in
all situations [Gunderson99]. Therefore, it is difficult to reproduce complex
social phenomena by simulations which consist only of software agents.

Participatory multi-agent simulation (PMAS), where humans participate in
multi-agent simulation, attracts attentions. In PMAS, humans and agents
jointly participate and interact with each other in virtual space. Thanks to
human participation, PMAS can take into account complex decisions of
humans and compensate incompleteness of agent models. Moreover, PMAS is
useful for the purpose of agent modeling, where we can observe practical
behaviors of humans in virtual environment and construct models from
observed behaviors [Colella00, BousquetO2]. In addition, PMAS can be used as
a tool for educational simulations where participants learn knowledge and
techniques by experience in virtual environment [Rickel99, Prensky03].

In previous researches, PMAS was used for analyzing individual
phenomenon under the particular situation. In Modeling Human Behavior for
Virtual Training Systems [MurakamiO5], simulation was conducted for the
purpose of constructing evacuation models by observing behaviors of human
participants who evacuate from a building in virtual space. Participants
operated avatars in 3D virtual space and evacuated from a building. In this
experiment, simulation was conducted in narrow space and short period. In



Layering Social Interaction on Environmental Simulation [Torii04], CORMAS
[Bousquet98] was used as a platform for reproducing interactions of fire
fighters. In this simulation, interactions between fire fighters and leader while
they are extinguishing forest fire are reproduced. Thus, if target of observation
and analysis is particular behavior or phenomenon, it is possible to construct a
simulation environment where particular situation is reproduced.

Meanwhile, network games, such as Second Life and World of Warcraft,
attract attentions as simulation platforms for social experiments
[BaindbridgeO7]. By the progress of information technologies, virtual spaces
which reproduce world-like environment are developed on network. In
networked environment, large-scale virtual spaces are developed, and many
humans can participate in virtual spaces. Behaviors of humans are reproduced
as movements of avatars on the virtual spaces. Humans can interact with
avatars which are operated by other humans and virtual objects. Virtual
environment changes continuously by interactions between avatars.

In the fields of social, behavioral, or economic sciences, use of network
games are spreading as simulation platforms for analyzing cooperating
behaviors of humans or economic markets. Experiments using Second Life
include sensor-based tracking simulation [BrandhermO8] and social
interaction simulation [RehmO08]. Advantages of using network games as
simulation platforms are following four points. (1) We can construct large scale
experimental environments. (2) Multiple and various humans can participate
in simulations. (3) We can conduct simulations for a long time. (4) It does not
require special equipment. Thus, simulation environments, where many
humans can participate in and social phenomena caused by interactions
between multiple actors are reproduced, are required.

Network games have been used for simulation environments for social
experiments as they are, in past research. Network games are used as platforms
for gaming simulations where humans participate in. Actors in virtual
environment consist of only avatars operated by humans. Therefore, in order to
conduct large scale simulation, it is necessary to assemble many human
subjects. In network games, time of virtual environment always progresses, and



humans can participate in the environment at any time. Accordingly, humans
do not participate always in simulations, and number of participants varies
from hour to hour. When few humans participate in simulations, interactions
between them decrease. Therefore, the period is limited, when complex social
phenomena caused by interactions between multiple actors can be observed. So,
it is difficult to continue simulations for a long time if network games are used
as simulation platforms without modification.

For the purpose of observing phenomena caused by accumulation of
interactions between multiple actors, it is necessary to conduct simulations for
a long time. For example, if new products such as mobile phones, which give
impact to human activities, are released, not all humans begin to use them
immediately. Number of owner increases gradually by advertisement of
companies and word-of-mouth of many people. Moreover, spreading of new
products could make an impact on whole social system. Thus, changes in the
environment and permeation of new systems do not give humans change
immediately. Activities of humans change little by little over the long time.
Therefore, frameworks which enable us to assemble many human objects and
conduct simulations continuously are needed.

In this research, | propose architecture for developing platforms for
persistent participatory simulation by integrating network games and
multi-agent systems. Persistent participatory simulation is a method which
humans and agents jointly participate in and conduct simulation continuously
for a long time. It becomes possible to continue simulations for a long time by
entrusting operations of avatars to agents while humans do not participate.
Participation both of humans and agents enables to conduct simulations where
many subjects participate in and interact with each other.

In order to develop platforms for persistent participatory simulation by
integrating network games and multi-agent systems, there are two issues as
follows.

1. Interactions between humans and agents
In PMAS, humans who operate avatars and agents who behave
autonomously according to agent models jointly participate in the



simulation. For the purpose of observing phenomena caused by individual
interactions, it is necessary to enable humans and agents to interact with
each other.
2. Switching operations between humans and agents.

By entrusting operations of avatars to agents, it becomes possible to
continue simulations even when humans are not participating in
simulations. In order to realize this function, it is necessary to switch
controller of avatars between humans and agents.

In order to enable agents to participate in simulations which conducted in
the virtual spaces of network games, | integrate network games and
multi-agent systems. Agents decide actions according to the acquired
information by observing surrounding environment. In order to realize
autonomous actions of agents, | develop functions which enable agents to
observe surrounding environment and operate actions of avatars. Agents
participate in simulations by requesting actions of avatars from outside. |
develop functions to handle requests from agents and operations from humans
in the same process. In this way, | give agents the ability to operate avatars as
same as humans and interact with both humans and agents in the same way.

In order to enable switching controller of avatars between humans and
agents, | design avatar control functions where humans and agents can operate
the same avatars. By switching controllers of avatars, human participants can
entrust operations of avatars to agents, when they are not operating avatars. In
this way, it becomes possible to continue simulations even when humans are
not participating in the simulation, thanks to autonomous operations by agents
substitute for humans.

For the purpose of controlling operations from humans and agents, |
develop meta-level control functions. Meta-level control enables humans to
switch controller of avatars and entrust operations to agents at any time. | also
enable humans to take back control of avatars at any time even when agents are
executing actions of avatars. On the other hand, | enable agents to switch
controllers of avatars autonomously. While agents are observing operations of
humans, if humans are not operating avatars, agents switch controllers of



avatars and start operating avatars autonomously. While agents are operating
avatars, if agents become impossible to decide behaviors autonomously, agents
request humans to operate avatars. In this way, it becomes possible to
switching controllers of avatars dynamically according to the situation.

I implement a platform for persistent participatory simulation gumonji/Q. I
developed gumonji/Q by integrating network game gumonji and scenario
description language Q [Ishida02].

The gumoniji is a network game, which has functions of environmental
simulation. In gumonji, animals and plants exist in a virtual space, and the
atmosphere and water circulate according to physical law. Humans participate
in the simulation environment by operating avatars in the virtual space.
Humans can interact with avatars operated by other human participants
through actions and chats of avatars. Humans also can manipulate living things
and landform in virtual space through the actions of avatars. The influences
given to the living things and landscape spread widely, and the environmental
changes are displayed in 3D virtual space. Many humans can participate in the
same virtual space of gumonji through the Internet.

Scenario description language Q is an interaction design language for
multiagent systems. By using Q, it is possible to define how agents are expected
to interact with its environment involving humans and other agents. Q has
functions to control execution of scenarios in meta-level. By controlling
scenario executions in meta-level, it is possible to observe states of agents and
changes of simulation environment, and control scenario executions according
to the situation.

By integrating the gumonji and Q, agents become possible to operate avatars
from outside. In the process of communicating between the gumonji and Q,
requests of operating avatars from agents are converted into operators which
activate actions of avatars, and results of executing actions are converted into
the format which agents can deal with. In this way, agents can acquire the
situation of simulation environment and execute actions of avatars according to
the situation. In addition, requests from agents and operations from humans
are converted into the same format and processed in the same way. By doing so,



it becomes possible to process operations without distinguishing whether they
are from humans or agents. In this way, agents become able to operate avatars
substitute for humans.

I use meta-level control functions of Q, for the purpose of switching
controllers of avatars. Meta-level control functions enable observing scenario
execution in meta-level and switching scenarios according to the situation. I
extend these functions and enable to observe and control operations from
humans. By doing so, it becomes possible to observe behaviors both of agents
and humans, and switch controllers of avatars between humans and agents.

I conduct a simulation experiment about sustainable use of natural
resources using gumonji/Q, for the purpose of verifying availability of
persistent participatory simulation. I conduct simulation continuously for one
week. In the experiment, | observe spread of activities from individual to many
actors include humans and agents by interactions between them. | also observe
gradual changes of humans’ behaviors according to the changes of surrounding
environment during a long time simulation. By comparing behavior of many
humans while they are interacting with other humans and agents, | take out the
characteristic behaviors of individuals. By observing activities for a long time, |
verify gradual changes of behavior patterns of humans. By observing
interactions between multiple humans, I verify spread of activities from human
to human. In this way, | evaluate functions of persistent participatory
simulations.

By conducting simulation using network games, humans can easily
participate in the simulation. This can be considered as another advantage of
using network games. By enabling many humans’ participation, it becomes
possible to conduct larger scale simulations.

In addition, by switching operations at any time, it is possible to entrust
operations to avatars arbitrarily such as when humans judge that they do not
have to operate directly. Since agents can automatically request humans to
operate avatars, agents can switch controller such as when they can not decide
actions autonomously or they need decisions of humans. In this way, it
becomes possible to request humans to participate at the important point in



the simulation. If simulator skip process of operation and display, when
humans are not participating in the simulation, it becomes possible to reduce
computational load.

The reminder of the paper is organized as follows. First, I show the
background of this research and some related works in chapter 2. Second, |
present an approach to develop a platform for persistent participatory
simulation in chapter 3. Then, | introduce gumonji/Q, which is implemented
according to my approach in chapter 4. In chapter 5, | evaluate my approach by
conducting simulation experiment on gumonji/Q. Finally, 1 conclude in
chapter 6.



Chapter 2 Background

In this chapter, | describe about participatory multi-agent simulation
(PMAS), as a background of this research. Then, | pick up some related works
about PMAS and consider issues for conducting social simulations and
reproducing human behaviors.

2.1 Participatory Multi-Agent Simulation

Participatory multi-agents simulation (PMAS), is a form of multi-agent
simulation. In PMAS, humans and agents jointly participate in simulations and
interact with each other in virtual space. In PMAS, whole phenomena are
reproduced by accumulation of individual interactions. Thanks to humans’
participation, it is possible to take into account complex decisions of humans
and compensate incompleteness of agent models. Moreover, PMAS is useful for
the purpose of agent modeling, where we observe practical behaviors of
humans on virtual environments and construct models from observed
behaviors [Colella00, Bousquet02]. In addition, PMAS can be used as a tool for
educational simulations where participants learn knowledge and techniques by
experiences in virtual environment [Rickel99, Prensky03].

2.2 Related Works

FreeWalk [NakanishiO4] is a virtual urban space simulator, which has
functions of displaying 3D virtual space. In FreeWalk, agents are controlled by
scenarios, and humans can participate in the virtual space by operating avatars.
The primary objectives of FreeWalk are to realize a virtual space for
communication and collaboration between humans and agents. FreeWalk has
functions for interactions between humans and agents, but does not simulate
the environment in detail. Humans can not affect surrounding environment
and receive feedback. Therefore the use of FreeWalk as a participatory
simulation platform is limited.

FreeWalk is used as a participatory simulation platform in the research of
Modeling Human Behavior for Virtual Training Systems [MurakamiO5].
Humans participated in the simulation by operating avatars in a building.



Simulation was conducted for the purpose of constructing evacuation models
by observing behaviors of human participants who evacuate from a building in
virtual space. Participants operated avatars on 3D virtual space and evacuated
from a building. In this experiment, simulation was conducted in narrow space
and short period. In contract, | aimed to develop simulation platforms not for
reproducing particular situation but for reproducing change of social systems
and transition of behavior pattern of humans in long term.

CORMAS [Bousquet98] is a platform for simulating interactions and
cooperation between individuals and groups who jointly exploit the resources.
In CORMAS, users can define the diffusion of environmental changes, and
agents’ behaviors followed by the surrounding environment. The
computational model of CORMAS is a cellular automaton. Natural
environment is modeled as a two dimensional mesh, and diffusion between
neighboring cells is calculated at each unit time. CORMAS is useful to
reproduce interactions between natural environment and humans. However,
CORMAS shows simulation environment in abstract graphics, so that it does
not provide enough visual information. Therefore, it is hard for humans to
behave like in the real world on the environment described in two dimensional
meshes.

CORMAS is used in the study of Layering Social Interaction on
Environmental Simulation [Torii0O4]. CORMAS was used as a platform for
reproducing interactions of fire fighters. In this experiment, interactions
between fire fighters and a leader when they are extinguishing forest fire was
reproduced. Fire fighters observed situation of forest fire in the two
dimensional map in CORMAS and selected operations. Objective of this
experiment was analyzing interactions between fire fighters and a leader and
decisions of fire fighters. Therefore, it was enough to conduct simulations
where situations of simulation environment were displayed in abstract graphics.
However, when it is not clear where humans’ characteristic behaviors appear, it
is impossible to observe humans’ practical behaviors in such simulation.

SOARS [DeguchiO4] is a modeling language for agent-based social
simulations. In SOARS, autonomous agents, who perform complex social



activities according to individual rules, interact with each other. A kind of
complex systems is constructed by interactions such as cooperation, opposition
and asymptomatic behaviors. Models are constructed by combination of
commands which represent abstracted behavior rules of humans. Result of
simulation is displayed in animations on two-dimensional space. Humans can
participate in simulations as decision-making actors by imputing numeric or

characters.
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Chapter 3 Platform for Persistent
Participatory Simulation

3.1 Persistent Participatory Simulation

In PMAS, humans and software-agents jointly participate in the simulation
environment built in virtual space. Behaviors of humans are reproduced as
movements of avatars in virtual space. Simulation progresses by interactions
among human controlled avatars, agents and virtual objects. Humans
participate in the simulation for the purpose of taking into account humans’
complicated decision-making processes. Observed behaviors of humans are
also used for building agent models. Because decision-making processes of
humans are continuous, it is not clear where and when characteristic decisions
and behaviors appear. Therefore simulation platforms for observing
decision-making of humans are required for providing the environment where
sequence of humans’ behaviors can be observed.

Changes in the environment and permeation of new systems do not give
humans change immediately. Activities of humans change little by little over
the long time. For example, when cellular phones, which would give significant
changes in behavior patterns of humans, are released, they will not spread over
people immediately. Number of owners increases gradually by advertisement
of companies and word-of-mouth of many people. Moreover, spreading of new
products could make an impact on whole social system. Therefore, for the
purpose of observing influences of introducing new systems and changes in
human behavior patterns, simulation has to be conducted for a long term.

In this research, | proposed architecture for developing platforms for
persistent participatory simulation by integrating network games and
multi-agent systems. Persistent participatory simulation means that humans
and agents jointly participate in and conduct simulation continuously for a long
time. It makes it possible to continue simulations for a long time by entrusting
operations of avatars to agents while humans do not participate in.
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Participation both of humans and agents enables to conduct simulations where
many subjects participate in and interact with each other.

I describe architecture for developing platforms for persistent participatory
simulation in following sections.

3.2 Integrating Network Game & Multi-Agent System
| realized a platform for persistent participatory simulation by integrating a
network game and a multi-agent system.
The advantage of using network games for persistent participatory
simulation is as follows.
® Network games have interfaces which enable humans to act in
the virtual space.
Humans can observe virtual space and operate avatars visually in network
games. So humans can act practically in the virtual space.

® Many humans interact with each other in the virtual
environment.
Network games provide virtual environment where many humans can
participate in. Humans can participate in the environment freely and
interact with each other in the virtual space.

® Humans can participate from everywhere at anytime via the
Internet.
Many and various humans can participate in the environment built in
virtual space thanks to participating via the Internet.

® The virtual environment progresses persistently.
The virtual environment exists continuously in spite of participation of
humans. Though the number of participants fluctuates, the virtual
environment progresses continuously and keeps changing.

However, by wusing network games without modifying, persistent
participatory simulation can not be achieved. It is assumed that humans
operate avatars and interact with other human participants in network games.
So, avatars perform actions only when operated by humans. While humans do
not participate, avatars do not act at all. Therefore, if a human get out of the
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virtual environment, other humans who are interacting with him would lose a
partner and it would become difficult to continue activity performed before.
For the purpose of realizing persistent participatory simulation, a framework is
needed which enables continuing simulation even while humans do not
participate.

I extended a network game by connecting with a multi-agent system. Figure
1 shows how to realize a participatory simulation by integrating a network
game and a multi-agent system. Right side of the figure shows the part of
network game and left side shows the part of multi-agent system.

Multi-agent Simulation Gaming Simulation

=™ =

b T -

Feedback =---___ "= Feedback Observation

*(-+— Agent
—>»| Interface
Agent E
hodel )
Action

Figure 1: Participatory simulation with network game and multi-agent system

It can be said that a network game is a platform for gaming simulation
where humans act in the virtual space. On the other hand, in a multi-agent
system, agents act in the virtual environment following described agent models.
By integrating a network game and a multi-agent system, | realize a platform
where humans and agents jointly participate in the simulation.

Humans participate in the simulation performed in the virtual space
through user interface. User interface has the input function which conveys
operations by humans to simulator and the output function which conveys the
situation of virtual environment to humans. Humans input operations using

13



input devices such as mouse and keyboard. Input operations are converted into
the operators which activate actions of avatars, and the operators are conveyed
to the simulator. Result of the actions and changes of the simulation
environment which outputted from simulator are converted into graphics and
sounds, and conveyed to humans through display and speaker.

On the other hand, agents participate in the simulation through agent
interface. Agent interface has the input function which conveys requests by
agents to simulator and output function which conveys the situation of virtual
environment to agents. Agents decide actions according to the surrounding
circumstances and send requests for actions. Requests are converted into the
operators which activate actions of avatars, and the operators are conveyed to
the simulator. Results of the actions and changes of the simulation
environment which outputted from simulator are converted into the format
available to agents and conveyed to agents.

In this research, | developed a platform for persistent participatory
simulation by extending a network game connecting with a multi-agent system.
A network game consists of the server part which computes simulation
environment, and the client part which becomes the user interface for humans’
participation. | used the client as it is, and use the server as a simulator which
computes simulation environment where both humans and agents participate
in. By connecting a multi-agent system to the server of a network game, |
enabled agents to participate in the virtual environment of a network game.

Figure 2 shows architecture for integrating a network game and a
multi-agent system. Upper part of the figure shows the server of a network
game, lower right part shows the client of a network game, and lower left part
shows a multi-agent system. A multi-agent system is connected to the server in
the same way as the client.
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Humans participate in a network game by operating avatars in a virtual
space. Human participants operate avatars through user interfaces such as
keyboard and mouse. Operations input on the user interfaces are converted
into the operators to make avatars move in the virtual space and conveyed to
the simulator. The simulator outputs the results of operations and the
information of the virtual space. Outputted information is converted into
graphics and sounds which humans can understand, and displayed on the
viewer. Humans can observe situation of virtual space and get feedbacks of
actions by the information output through a display and a speaker.

When agents operate avatars, operations from agents are handled in the
same process as operations from humans. Request messages from agents are
sent to Simulator after converting into operators which activate actions of
avatars in virtual space at Message Converter. In this process, request messages
are converted into as same format as operations from humans. By doing so,
Simulator receives operators which are converted in advance, and Simulator
can handle operators without distinguishing operations from humans or agents.
In other words, Simulator can handle operations from both humans and agents
in the same way. Simulator returns feedbacks of actions and information of
virtual space to agents. In this time, information and feedbacks are converted
into format which agents can handle, and sent to agents by Message Converter.
In above process, agents can receive information of virtual space and feedbacks
of actions, and continue executing next actions according to the received
information and feedbacks.

In this architecture, operations input from humans and requested by agents
are handled in the same process. By doing so, agents have the same abilities for
operating avatars as humans. Therefore, agents can participate in simulation
substitute for humans. Moreover, Simulator can handle both avatars operated
by humans and agents in the same way, so that participants can interact with
avatars without distinguishing whether humans or agents are operating
avatars.
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3.3 Agent participation

Agents participate in the simulation by requesting actions of avatars from
outside. Agents observe surrounding environment and decide actions
according to the obtained information. In order to realize autonomous
behavior of agents, agents have to be able to observe surrounding environment
and control actions of avatars.

Figure 3 shows the flow of the processing observations and actions of agents
from outside. Simulator and Agent Systemm communicate with each other
through the Message Converter. Message Converter absorbs the difference of
the information format between Simulator and Agent System. Observation of
environment and execution of actions are handled in the same process. Agents
request observations by specifying the situation they want to know. Then,
Simulator returns the information of virtual environment which match the
requested situation. Agents also request actions by specifying the movement of
avatars. Then, actions of avatars are executed in the virtual space and
feedbacks of the actions are returned.
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I explain the process of observing environment following the figure. First, 1)
agents send messages for requesting the observation of environment by
specifying the condition of environment they want to know. 2) The messages
sent from agents are converted into the operators for executing observations on
the virtual space through the Message Converter. 3) When simulator receives
the operators of observation, execute observing virtual environment around the
avatars. Then, 4) Simulator returns the information of virtual environment
which matches the specified situation. 5) The results of observations are
converted into the format which agents can handle through the Message
Converter, and sent to Agent System. 6) Agents receive the information of
surrounding virtual environment of avatars as results of observations. In above



process, Agents can acquire information of surrounding environment which is
necessary for behaving autonomously.

Next, | explain the process of executing actions. First, 1) agents send
messages for requesting the actions of avatars by specifying the movements in
the virtual space. 2) The messages sent from agents are converted into the
operators for executing actions of avatars through the Message Converter. 3)
When simulator receives the operators of actions, execute actions of avatars in
virtual space. Then, 4) Simulator returns the results of actions as feedbacks to
the agents. 5) The results of actions are converted into the format which agents
can handle through the Message Converter, and sent to Agent System. 6)
Agents receive the results of actions as the feedbacks of operating surrounding
environment. In above process, Agents can operate avatars in the virtual space
and execute the actions of avatars which make changes of surrounding
environment.

Agents can operate avatars autonomously from outside by repeating process
of observations and actions. In this way, | realized autonomous behavior of
agents from outside.

3.4 Switching Controller

It is difficult to continue conducting simulations for a long time with all
human subjects participating. Therefore, it is necessary to continue simulations
even while part or all of human subjects are not participating in. So, |
developed functions to switch controllers of avatars between humans and
agents. By switching controllers of avatars from humans to agents and
entrusting control of avatars to agents, it becomes possible to continue
activities of avatars even while human subjects are not operating avatars. In
this way, it becomes possible to continue simulations persistently regardless of
humans’ participation.

In order to entrust control of avatars to agents, the platform have to enable
humans and agents to operate the same avatar and enable to switch controllers
of avatars dynamically between humans and agents. So, | developed three layer
avatar control architecture. The three-layer structure consists of
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Decision-Making Layer, Control Layer, and Simulation Layer. This architecture
enables multiple actors to control the same avatars.
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Figure 4: Three-layered avatar control

Figure 4 shows the three-layer structure of avatar control. Decision-Making
Layer processes decisions of operating avatars. Control Layer processes
requests of operating avatars. And Simulation Layer processes executions of
operating avatars.

Decision-Making Layer has functions to process decisions of operating
avatars. Decision-Making Layer includes actors who autonomously decide
operations of avatars. Decision-making actors include human participants and
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autonomous agents who decide behaviors according to described various agent
models. Both humans and agents decide behaviors according to individual
decision-making model and request actions of avatars. Decisions of humans
are input from user interface. Input sequences of operating avatars are sent to
Operation Converter. Decisions of agents are input as request messages.
Request messages for operating avatars are sent to Message Converter specific
to agent models.

Control Layer has functions to process requests of operating avatars. In this
layer, requests of operations sent from Decision-Making Layer are converted
into operators which activate actions of avatars. Operation sequences input
from humans and request messages sent from agents are converted into
operators. In this process, humans’ inputs and agents’ requests are converted
into the same format of operators. All operators sent from individual
decision-making actors are gathered in Avatar Controller. Then, Avatar
Controller sends operators to Simulator for executing actions of avatars.

Simulation Layer has functions to process executions of operating avatars.
Simulator executes operators sent from Avatar Controller which activate
avatars actions. Since all operators requested from multiple actors are sent via
Avatar Controller, Simulator does not have to distinguish whether operators
are sent from humans or agents.

This three-layer structure of avatar control wraps the difference of
decision-making actors. Decision-Making Layer is wrapped by Control Layer.
So, Simulation Layer does not have to distinguish decision-making actors. In
other words, Simulator can execute operators for activating actions of avatars
without distinguishing whether operators are sent from humans or agents. In
this way, both humans and agents can operate the same avatars.
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Figure 5: Meta-level operation control

Figure 5 shows meta-level control framework for controlling operations of
avatars. This meta-level control framework consists of two layers, which are
Meta-Level Control Layer and Execution Layer. This framework enables
dynamically switching controllers of avatars. Meta-Level Control Layer
observes actions of avatars and surrounding environment, and controls
operations of avatars. Execution Layer executes actions of avatars in the virtual
space according to individual decision-making models.

Humans’ behaviors can be divided meta-level consideration and actual
actions. Humans consider behavior at the big picture according to time and
circumstance, and perform actions to interact with surrounding environment
and other actors. In a simulation, humans consider how to behave according to
the circumstance of virtual environment at meta-level. And then humans
operate actions of avatars in the virtual space.

Behaviors of Agents can be separated into Meta-Level Control Layer and
Execution Layer, in the same way as humans. In Meta-Level Control Layer,
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agents observe surrounding environment and switch agent models suitable for
the circumstance. In Execution Layer, agents execute actions to interact with
surrounding environment.

Execution Layer includes humans who operate avatars and Model
Interpreter which interpret agent models and decide actions according to the
model. Humans observe surrounding virtual environment of avatars and
decide operations to activate actions of avatars. On the other hand, agents
observe surrounding virtual environment and decide actions according to the
agent model.

Meta-Level Control Layer includes humans who switch how to operate
avatars according to the circumstance, and Meta-Level Controller which
controls executions of agent models.

On the human side, humans observe the environment of virtual space and
consider the behavior according to the circumstance. 1) When humans are
directly operating avatars, observe virtual space around avatars and switch
behaviors suitable for the circumstance. 2) If humans judge that they do not
have to operate avatars by themselves, they can entrust operations to agents. 3)
When agents are operating avatars, humans observe behaviors of avatars. If
humans judge that behaviors of avatars are improper, they can direct agents to
switch executing models. 4) If humans judge that they should operate avatars
directly, they can stop operations of agents and take back the control of avatars.

On the agent side, Meta-Level Controller observes environment of virtual
space and behaviors of avatars, and control executions of agent models. When
humans are operating avatars, Meta-Level Controller observes operations by
humans. 5) If Meta-Level Controller observes that avatars are not acting
because humans are away from keyboard, it switches operations of avatars to
agents. If humans direct to switch control, Meta-Level Controller starts
executions of agent models. 6) When agents are operating avatars, Meta-Level
Controller observes state of executing agent models and switch executions of
agent models depending on the situation. 7) When agents have to switch
behaviors according to the changes of situation, switch executing models and
start executing other agent models. In the case when it is difficult for agents to
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decide actions autonomously, Meta-Level Controller stops executing agent
models and requests humans to operate avatars.
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Chapter 4 gumonji/Q

I implemented a participatory simulation platform gumonji/Q, which
enables conducting simulation persistently according to the architecture |
described in previous chapter. In this chapter, | describe the system structure
and functions of gumonji/Q for realizing persistent participatory simulation.

4.1 gumonji & Q

I used network game gumonji and scenario description language Q to
develop gumonji/Q. In this section, | introduce the gumonji and Q which is the
component of gumonji/Q.

4.1.1 Network Game gumonyji

The gumonjil is a network game developed and released by Community
Engine Inc. The characteristics of gumonji are functions of environmental
simulation. In the gumoniji, animals and plants exist in a virtual space, and the
atmosphere and water circulate according to physical law. Humans participate
in the simulation environment by operating avatars in the virtual space.
Humans can interact with avatars operated by other human participants
through actions and chats of avatars. Humans also can manipulate living things
and landform in virtual space through the actions of avatars. The influences
given to the living things and landform spread widely, and the environmental
changes are displayed in 3D virtual space as shown in Figure 6.

The gumonji consists of Zone Server which computes simulation of virtual
space and Client which is a user interface for human participants. Zone Server
has functions to calculate environmental simulation according to physical law.
Zone Server reflects actions of avatars sent from Client in the virtual space.
Zone Server calculates environmental change according to the actions of
avatars and sends information of environmental changes to Client. Client is a
user interface which has functions of operation and display. Humans
participate in the virtual space by operating avatars displayed on Client. Input
operations by humans are sent from Client to Zone Server and give influences

1 http://www.gumonji.net/
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to the virtual environment through the actions of avatars. Client dynamically
displays the state of virtual space which sent from Zone Server in real-time.

B3

Figure 6: 3D virtual space of gumoniji

In this paper, | used the gumonji for developing a platform for persistent
participatory simulation. The gumoniji has the functions to enable humans to
act in the virtual space and participate at any time, which is necessary for
realizing persistent participatory simulation. Human participants can operate
avatars in the virtual space and interact with each other using motions and
chats of avatars. Humans can log in and log out simulation at anytime, and the
environment of virtual space keeps changing regardless of human participants.
Further more, the gumonji has functions which enable humans to interact with
natural environment in the virtual space and calculate the changes of natural
environment. The influences of actions of avatars spread to surrounding
environment and give feedback to humans as the change of environment.
Thanks to the functions of environmental simulation of the gumonji, it
becomes possible to simulate social phenomena caused by interactions
between human society and natural environment.
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In other words, it is possible to observe bidirectional influences between
activities of humans and changes of environment. Activities of humans
influences natural environment, and changes of natural environment also
influences humans.

However the gumoniji is a game where humans operate avatars in the virtual
space and interact with each other. So, decision-making actors in the
simulation are only humans. In order to activate actions of avatars, humans
have to operate all actions of avatars. Therefore, avatars act only when humans
are participating in the simulation. When humans log out of simulation,
avatars temporally disappear from virtual space. In order to use the gumoniji as
a platform for persistent participatory simulation, it is necessary that functions
which enable to continue simulation even when humans are not participating.
4.1.2 Scenario Description Language Q

Scenario description language Q [Ishida0O2] is a interaction design language
for multiagent systems that allows us to define how agents are expected to
interact with its environment involving humans and other agents. Q does not
refer to inside mechanism of agents and does not consider how agents are
described. Q is designed for connecting with existing simulation platform and
controlling agents from outside without changing internal implementation.

In Q, agent models are described in scenarios. The computational model
behind a Q scenario is an extended finite state automaton, which is commonly
used for describing communication protocols. Q is suitable for describing
complex social interactions [MurakamiO5]. Q scenarios foster the emergence of
dialogs between agent designers (computing professionals) and application
designers (scenario writers) [IshidaO4]. By using Q, users can directly create
scenario descriptions from extended finite state automata.

Q’s language functionality is summarized as follows:
® Cues and Actions

An event that triggers interaction is called a cue. Cues are used to request

agents to observe their environment. Cues keep on waiting for the event
specified until the observation is completed successfully. Comparable to
cues, actions are used to request agents to change their environment.
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® Scenarios
Guarded commands are introduced for the situation wherein we need to
observe multiple cues simultaneously. A guarded command combines cues
and actions. After one of the cues becomes true, the corresponding action is
performed. A scenario is used for describing protocols in the form of an
extended finite state machine, where each state is defined as a guarded
command. Scenarios can be called from other scenarios.

® Agents and Avatars
Agents, avatars and a crowd of agents can be defined. An agent is defined
by scenarios that specify what the agent is to do. Even if a crowd of agents
executes the same scenario, the agents exhibit different actions as they
interact with their local environment (including other agents and humans).
Avatars controlled by humans do not require any scenario. However,
avatars can have scenarios if it is necessary to constrain their behavior.

Q has the functions which controls executions of scenarios in meta-level
[Yamane 06]. Models of meta-level control are described as meta-scenarios.
Meta-level control functions observe states of scenario executions and changes
of simulation environment, and control scenario executions according to the
situation. It enables to assign new scenarios and change executing scenarios.

Q has been used by connecting with existing agent systems because it does
not have the functions of simulation. Q has been connected with FreeWalk
[NakanishiO4], CORMAS [ToriiO4], MS Agent, and Caribbean [Nakajima06].
In this paper, | developed a platform for persistent participatory simulation by

connecting Q with gumonii.

4.2 Integrating gumonji & Q

I integrated the gumonji and Q according to the architecture of developing
platforms for persistent participatory simulation by connecting network games
and multi-agent systems. Figure 7 shows the system structure of gumoniji/Q.
Upper pert of the figure is gumonji Zone Server, Lower right part is gumonji
Client, and lower left part is Q processor.

28



gumonji Zone Server
Simulator
Execute ! Result of
Operation operation ' operation Operation
sequence sequence
grosseeeemmoossseeosooseeeed Pl  Avatar IR
oo Controller Jocoooeoccecoiic, :
; Result of ; ;
: Y ___ execution Information A 4 :
Cue & Action of simulation | Operation
Converter Converter
A A
Execution Result of Information of Input
request execution virtual space sequence
Agent User
Connector Connector
A i 4
Request Result Information of i Input
message : i message virtual space isequence
S Q gumonyji y
Q .
Processor Client Connector
Connector
Request of ! Result of Information of Input
Cue & Action ¢Cue & Action virtual space ' sequence
Scenario
3D brouser
Interpreter
A A
: Observe simulation ' : Input to
' Load . : :
: environment ¥ ° i Control Avatar

Data, Message

29

)

User

Figure 7: System structure of gumonji/Q



I used gumonji Zone Server as a simulator and gumonji Client as a user
interface in gumonji/Q. So, the components newly implemented in this
research are colored components in the figure such as Cue & Action Converter,
Agent Connector and Q Connector.

I implemented connection between the gumonji and Q according to the
architecture described in previous chapter. I implemented gumonji/Q to
handle requests from user interface and agent system in the same process. |
implemented Cue & Action Converter in Zone Server in the perspective of
processing efficiency.

I used TCP/IP for connecting the gumonji and Q. This is because TCP/IP is a
legacy protocol and can be used in many programming platforms. Q Processor
is executed on JAVA framework and gumoniji is implemented in C++. So,
connecting functions can be easily added in both the gumonji and Q.
Furthermore, by using legacy protocol, it can be easily extended by connecting
with other existing agent platforms and enable avatar control by agents
described in other agent models.

For connecting the gumonji and Q using TCP/IP, | implemented Q
Connector in Q Processor and Agent Connector in gumonji Zone Server. Q
Connector in Q Processor has functions to send request messages and receive
result messages. Q Connector encodes request messages of cues and actions,
and sends them using TCP/IP connection. When Q Connector receives result
messages, decodes them and sends to agents. Agent Connector in gumonji
Zone Server has functions to receive request messages and send result
messages. When Agent Connector receives request messages, decodes them
and sends to Cue & Action Converter. And Agent Connector encodes result
messages into string and sends to Q Connector.

Cue & Action Converter has functions to convert data format between Q
Processor and gumonji Zone Server. Q Processor handles behaviors of agents
using cues and actions. Cue & Action Converter has the role of relating cues to
observation of virtual space and relating actions to movement of avatars. It
converts cues into operators for observing surrounding environment of avatars
in virtual space, and convert actions into operators for activating movements of
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avatars. | designed Cue & Action Converter to convert actions into the format
as same as operations input from humans. By doing so, it becomes possible to
handle operations from humans and agents in the same way.

4.3 Avatar Control by Agent

I implemented the functions for processing cues and actions. Agents operate
avatars using cues and actions according to the described agent models. Figure
8 shows the process of handling cues and actions. | explain the process with
example of executing cues and actions.

Q Processor Zone Server

Scenario Agent
Interpreter Q Connector Connector Converter Simulater

T T T
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| | | |
| | | |
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Figure 8: Process of executing cues and actions
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Cues are used to get information of surrounding environment in the virtual
space, for the purpose of observing events which are used for the triggers of
interactions. Agents request for executing cues according to the agent models
described in scenarios. Agents request cues with specifying the situations they
want to know. Requests of cues are sent from Q Processor to gumonji Zone
Server. When gumonji Zone Server receives requests of cues, it executes
observations according to the specified condition. When the specified events
are observed, results of observations are returned to Q Processor. When Agents
receive the results of cues, they begin to perform subsequent actions. In other
words, Cues are the triggers of beginning actions. In this way, | realized the
functions for executing cues.

I implemented seven observation functions for executing cues, such as
“hear”, “see” .... | implemented general-purpose functions for cues. The abilities
of agents such as ranges of observations can be constrained in scenarios.
Scenario writers can constrain the observation abilities of agents freely

according to the purpose of simulations and situations of agents.

“Good morning!” “Hello!”

Figure 9: Executing a cue “?hear”

I explain the process of executing cues with an example of executing a cue
“hear” according to the process shown in figure 8. Figure 9 shows the situation
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when a cue “(?hear-message :message “Hello!” :id $id)” is executed. This cue
means that an agent observes whether the word “Hello!” is said, and get the ID
of the speaker when someone said the word. If agent Jiro, who is a yellow
colored avatar, said the word “Hello!” as shown in the right figure, the cue is
observed and ID of Jiro is acquired. On the other hand, if agent Jiro said the
word “Good morning!” as shown in the left figure, the cue is not observed.

Scenario Interpreter interprets scenarios and requests for execution of cues
according to the agent models described in scenarios. Request of cues are
encoded into string and sent from Q Connector to Agent Connector through
TCP/IP connection. Agent Connector decodes received messages and sends
them to Cue & Action Converter. In Cue & Action Converter, requests of cues
are converted into operators which execute observation of virtual space. In this
example, the request of cue “(?hear-message :message “Hello!” :id $id)” is
converted into the operators which search the word “Hello!” and get the ID of
speaker. When the word is observed, the ID of speaker is returned as a result of
executing the cue. The results are sent to Cue & Action Converter and
converted into the format appropriate for Q Interpreter. The acquired ID of
speaker is assigned into the result message at the same time. The result
messages are encoded into string and sent from Agent Connector to Q
Connector through TCP/IP. When Q Connecter receives result messages,
decodes them and sends results to Scenario Interpreter. In these processes,
agents receive the results of executing cues such as ID of Speaker. Acquired
information is used in following actions.

Actions are used to activate actions of avatars and change surrounding
environment. Agents request for executing actions according to the agent
models described in scenarios. Agents request actions with specifying the
motions and parameters for activating actions of avatars. Requests of actions
are sent from Q Processor to gumonji Zone Server. When gumonji Zone Server
receives requests of actions, it executes actions of avatars according to the
specified motions and parameters. When finish execution of actions, feedbacks
of actions are returned to Q Processor. When Agents receive the feedbacks of
actions, they continue to next actions according to the results.
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I implemented actions correspond to operations which humans can execute
on the user interface. I implemented 45 actions such as “walk”, “speak”,
“pickup” .... | gave agents the ability to operate avatars as same as humans. In
other words, agents can operate avatars substitute for humans.

Actions are divided into synchronous actions and asynchronous actions. In
the case of synchronous actions, agents wait until receiving results of executing
actions. While, in the case of asynchronous actions, agents do not wait for
finishing actions but begin immediately next actions.

Figure 10: Executing an action “!lapproach”

I explain the process of executing actions with an example of executing an
action “approach” according to the process shown in Figure 8. Figure 10 shows
the appearance of virtual space on gumonji when an action “('approach :id
$id)” is executed. This action means that an agent moves to near the avatar
who is specified by the ID “$id”. When agent Taro, who is a purple colored
avatar, executes an action “lapproach” in the situation of the left figure, Taro
moves to near Jiro, who is yellow colored avatar, as shown in the right figure.

Scenario Interpreter interprets scenarios and requests for executing actions
according to the models described in scenarios. Requests of actions are
encoded into string and sent from Q Connector to Agent Connector through
TCP/IP connection. Agent Connector decodes received messages and sends
them to Cue & Action Converter. In Cue & Action Converter, requests of actions
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are converted into operators which activate actions of avatars in virtual space.
In this example, the request of action “('approach :id $id)” is converted into the
operators which get the position of the avatar who has the ID specified in “$id”,
and change position of the avatar. When the avatar finishes moving, the new
position of avatar is returned as a feedback of executing the action. The results
are sent to Cue & Action Converter and converted into the format appropriate
for Q Interpreter. The new position of avatar is assigned into the result message
at the same time. The result messages are encoded into string and sent from
Agent Connector to Q Connector through TCP/IP. When Q Connecter receives
result messages, decodes them and sends results to Scenario Interpreter. In
these processes, actions of avatars are executed in virtual space, and agents
receive the feedbacks of executing actions.

Q has the functions of guarded commands which are used to request
multiple cues simultaneously. Guarded commands are used to observe multiple
events simultaneously, and change states of scenarios according to the
observed events. In order to enable executing guarded commands, |
implemented the functions for requesting execution of multiple cues
concurrently.

When Q Interpreter requests guarded commands, all requests of cues are
sent to gumonji Zone Server at the same time. When gumonji Zone Server
receives requests of guarded commands, all observations are executed
simultaneously. Observations are continued until either of cues is observed.
When one of cues in guarded command is observed, observations of other cues
are stopped. As results of executing guarded commands, the information of
which cue is observed and the information of surrounding environment are
returned to Q Interpreter. When agents receive the results of guarded
commands, decide actions and change states according to the observed
information. In this way, agents can decide behaviors depending on the
observed situation.

Thanks to the above functions, agents can autonomously operate avatars
according to the models described in Q scenarios.
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4.4 Meta-Level Control

Q has meta-level control functions which enable to control executions of
scenarios in meta-level. | extended meta-level control functions and enabled to
control both scenario executions of agents and avatar operations of humans.
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Figure 11: Meta-level avatar control

Figure 11 shows the functions of switching avatar control by meta-level
control. These functions consist of two layers such as Execution Layer and
Meta-Level Control Layer. These functions enables to switching controllers of
avatars between humans and agents.

Humans’ operations can be divided into meta-level considerations which
switch behaviors according to the situation, and actual operations which
execute actions of avatars. Agents’ behaviors also can be divided into
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Meta-Level Control Layer and Execution Layer. In Meta-Level Control Layer,
Meta-Scenario Interpreter controls scenario executions according to the
control models described in Meta-Scenarios. In Execution Layer, Scenario
Interpreter decides operations of avatars according to the agent models
described in Scenarios.

On the human side, humans observe simulation environment in virtual
space in meta-level and consider behaviors according to the situation. When
humans are operating avatars, humans observe virtual space displayed in
gumonji 3D Browser, and switch behaviors according to the surrounding
environment of avatars. When humans judge that they do not have to operate
avatars directly, they can indicate Meta-Scenario Interpreter to operate avatars
autonomously according to described agent models. In this way, humans can
entrust operations of avatars to agents at any time. When avatars are operated
by agent models, humans can observe behaviors of avatars displayed in
gumonji 3D Browser, and if humans consider that executed scenarios are
inappropriate, they can indicate Meta-Scenario Interpreter to switch executing
scenarios. Furthermore, if humans judge that they should operate avatars
directly, they can stop execution of scenarios and take back control of avatars.
In this way, humans can switch controller of avatars arbitrarily at anytime.

On the agent side, Meta-Scenario Interpreter controls operations of avatars
according to the control models described in Meta-Scenarios. Meta-Scenario
Interpreter interprets Meta-Scenarios and observes situation of virtual
environment and condition of avatars. Meta-Scenario Interpreter has roles of
controlling executions of scenarios according to the situation. The models of
meta-level control are described in Meta-Scenarios, such as switching
controller from humans to agents if humans are not operating avatars, or
starting execution of scenarios if humans log out of simulation. By doing so, it
becomes possible to switch controllers of avatars from humans to agents
according to the situation. Meta-Scenario Interpreter switches controllers and
start executions of scenarios also when humans entrust operations of avatars to
agents. The models of requiring operations to humans are also described in
Meta-Scenarios, such as stopping executions of scenarios and switching
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controllers of avatars from agents to humans if the situation which is not
described in scenarios is observed or the feedbacks of actions are changed. By
doing so, agents can autonomously require humans to operate avatars, when
agents can not make decision autonomously or agents come across the
situations which requiring decisions of humans.

By the above meta-level control functions, | enabled controlling operations
of avatars in meta-level and switching controllers of avatars dynamically
between humans and agents. By switching controllers of avatars dynamically, it
becomes possible to continue simulations persistently even when humans are
not participating in the simulation.
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Chapter 5 Experiment

5.1 Overview of Experiment
I conducted a simulation experiment for the purpose of evaluating the
architecture of a platform for persistent participatory simulation. | developed a
simulation environment in the virtual space of gumonji/Q about maintenance
of natural environment and production of natural resources. In order to verify
that persistent participatory simulation is realized, | evaluated how the
functions of switching controls work. And in order to verify the availability of
persistent participatory simulations, | verified that continuous social changes
and behavior patterns of humans can be observed in the simulation.
I enabled to switch controllers between humans and agents by the functions
of meta-level control. In order to verify that switching controllers are realized, |
checked the operations of meta-level control. I described models of meta-level
control in meta-scenarios. In meta-scenario, | described how to switch
controllers from humans to agents, and how to switch controllers from agents
to humans.
I defined switching controllers of avatars from humans to agents in the
following case.
® \When humans log out.
Human participants previously select the scenarios, which are assigned to
agents substitute for operations by humans. When humans log out of
simulation, agents automatically start executions of selected scenarios.

® \When humans entrust operations to agents.
When humans indicate agents to operate avatars, agents start executions of
scenarios. Scenarios which are assigned to agents are indicated by humans
when they entrust operations.

® \When humans are not operating for more than 10 minutes.
When avatars are not operated by humans for several minutes, in the case
such as humans are away from keyboard, agents automatically start
scenario executions.
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I defined switching controllers of avatars from agents to humans in the
following case.
® \When humans log in.
When humans log in to the simulation, agents stop executing scenarios,
which are executed substitute for humans, and switch controllers of avatars
to humans.

® \When humans indicate to stop operations of agents.
When humans indicate to stop executing scenarios, stop operations of
agents and switch controllers of avatars to humans.

® \When scenarios stop executions.
When all cues are not observed, scenarios can not transit to next state and
stop executing. In this case, agents require humans to operate avatars
directly.

I conducted a simulation about maintaining natural environment and
sustainable use of natural resources. Natural resources such as woods, wildlife
animals and aquatic resources are sustainable resources, which regenerate
themselves naturally. If the amount of consuming natural resources is less
than the amount of regeneration, resources can be used continuously. However,
if the amount of consumption is over regeneration, resources would be
exhausted. For the purpose of using natural resources continuously, it is
necessary to maintain natural environment and manage reproduction of
natural resources. In this simulation, | observed continuous changes of natural
environment and activities of maintaining natural environment in the virtual
space, and verified that it is possible to observe continuous changes of society
and behavior patterns of humans in persistent participatory simulation.

I developed simulation environment in the virtual space of gumonji, which is
consists of forests, wildlife animals, aquatic lives, and avatars operated by
humans and agents. Thanks to the functions of simulating natural environment
in gumoniji, circulation of atmosphere, water and resources are calculated
according to physical law. Therefore, changes of natural environment, which is
caused by activities of humans, and spreads of environmental changes are
reproduced in virtual environment. In other words, it is possible to simulate
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continuous interactions between humans and environment.

As human subjects, general users of gumonji participate in the simulation
examination. Participants act in the simulation for the purpose of using natural
resources continuously with maintaining natural environment. | observed
participants operating natural living things and changes of environment caused
by operations of participants. By observing behaviors of participants and
changes of environment continuously, | verify that it is possible to observe
changes of behavior patterns of humans according to changes of natural
environment.

5.2 Result

I conducted a simulation continuously for a week. During conducting a
simulation, number of participants fluctuated according to hours. Even if
number of human participants was changed, it was possible to continue a
simulation by switching controllers of avatars from humans to agents when
humans are not participating in the simulation. When humans logged out of
virtual space, avatars’ operations were switched from humans to agents. On the
other hand, when humans logged in to virtual space, avatars’ operations were
switched from agents to humans. By doing so, it was prevented that avatars go
out of action when humans do not operate avatars. Thanks to the functions of
switching controllers of avatars, it was possible to continue a simulation for one
week regardless of humans’ participation.

Humans were able to participate in the simulation at any time. Because of
not determining the hours of participation, it was possible to assemble many
human participants. However, because of not forcing participation, the number
of human participants decreased gradually. In other words, the period when
humans are operating avatars became shorter, and the period when agents
were operating avatars became longer. Though it was possible to continue a
simulation thanks to autonomous operations by agents, it is necessary to
assemble more human participants for the purpose of observing complex
human behaviors and interactions.

At first, interactions between humans and agents were observed frequently.
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However, number of humans who try interacting with agents decreased
gradually. It was because agents can not adequately interact with humans. In
other words, the scenarios assigned to agents were not enough for interacting
with humans. In order to enable interactions between humans and agents, it is
necessary to improve agent models described in scenarios.

I developed functions which enable human participants to switch controllers
of avatars arbitrarily. Therefore, humans can entrust operations of avatars to
agents and take back operations of avatars from agents at any time. In the
experiment, it was observed that humans entrusted operations when they went
away from keyboard or entrusted agents to repeat routine works automatically.
When agents acted despite humans’ intentions, humans stopped operations by
agents and switched to operating avatars manually. However, the functions of
switching controllers of avatars were not used so much. It was because agent
models described in scenarios were not enough to operate avatars as humans
intended. In order to enable entrusting operations to agents, it is necessary to
develop agent models which are enough to operate avatars instead of humans.

I developed functions which enable agents to switch controllers of avatars to
humans, when executions of scenarios stopped. Agents were able to request
humans to operate avatars manually, in the case such as agents observed
situations which were not described in scenarios or agents can not decide
operations autonomously. In the experiment, when agents requested humans
to operate avatars, controllers of avatars switched to humans, and humans
started operating avatars. By doing so, even when agents can not operate
avatars autonomously, it was possible to continue activities of avatars. However,
it was rarely observed that humans immediately start operations of avatars
when agents requested operations to humans. This was because it can not be
expected that humans are always observing simulations while entrusting
operations to agents. The way of requesting operations of avatars from agents
to humans has room for improvement.

This simulation experiment deals with maintaining natural environment
and sustainable use of natural resources. At first, there were enough resources
to use and participants did not have to be conscious of maintaining natural
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environment. Therefore, there were few activities for maintaining natural
environment. Almost all activities were consumption of natural resources.
Since the amount of consumption exceeded the amount of regeneration of
natural resources, production of natural resources decreased gradually. Then,
decrease of production gave change to activities of humans. Humans who
recognized the deterioration of environment began maintaining natural
environment. Thus, it can be observed in the simulation that humans gradually
changed behaviors according to the environmental changes.

Activities of maintaining natural environment were not performed
uniformly. At first, only a part of human participants were performing activities
for maintaining natural environment. After some of them began maintaining
natural environment, activities were spread gradually to others. This was
because human participants who recognized that they had to maintain natural
environment told others to begin activities. And that was also because humans
recognized the importance of maintaining natural environment by observing
the activities of others. Thus, spread of activities from humans to humans can
be observed by conducting simulation for a long time.

During the simulation, activities of maintaining natural environment and
consuming natural resources were changed gradually. At first, most of human
participants performed activities individually. However, they became to
perform activities cooperating with others. It can be considered that since
humans who performed activities for maintaining natural environments
increased gradually, humans who had the same motivations began performing
activities cooperatively. Thus, changes of behavior patterns can be observed by
conducting simulation continuously.

5.3 Discussion

In the experiment, humans were able to participate in the simulation at any
time. By doing so, many general users of gumonji can easily participate in the
simulation. However, by enabling humans to participate at any time, periods of
participation varied from human to human. Therefore, the number of
participants varied from hour to hour. Of course, it was possible to continue a
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simulation regardless of humans’ participation, by entrusting operations of
avatars when humans are not operating avatars. However, for the purpose of
taking into account behavior of humans and observing decision-making
process of humans, mechanisms for assembling more human participants
should be developed.

In this experiment, scenarios which were assigned to agents were selected
from those which were prepared before or written by participants. Therefore,
scenarios which participants can select were limited and not enough to operate
avatars substitute for humans. In order to solve this issue, mechanisms for
constructing scenarios from observation of humans’ behaviors can be useful. In
the platforms for persistent participatory simulation, it is possible to switch
controllers of avatars dynamically between humans and agents. So, by
recording behaviors of humans while humans are operating avatars, agents can
observe humans’ behaviors and learn behavior models. Moreover, by
requesting humans to operating avatars when agents can not decide actions
autonomously, agents can improve their models by taking into account
decisions of humans. In this way, it becomes possible to learn agent models
which reflect humans’ decision-making processes. As the mechanism for
constructing agent models, such a way of learning functions should be
developed.

I developed meta-level control functions for the purpose of switching
controllers of avatars between humans and agents. In the experiment, by
describing control models in meta-scenarios, | enabled to switching controllers
of avatars dynamically. However, it was not enough to switching controllers
according to the situations. As the theory of switching controllers between
humans and agents, there are researches of Adjustable Autonomy. It remains
to be solved to develop mechanisms for switching controllers between humans
to agents by taking into account the theory of Adjustable Autonomy.

In this research, | used a network game for developing a platform for
persistent participatory simulation. This was because network games have
functions useful to realize persistent participatory simulation. Moreover,
network games have other characteristics that human participants can enjoy
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playing activities in the virtual space. By taking into account advantages of
these characteristics, this platform can be used for learning. As an application
of gumonji/Q, participatory simulation can be used for the purpose of learning.
By using gumonji/Q, human participants can learn and discuss about natural

environment through experiences in virtual environment.
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Chapter 6 Summary

In this research, | proposed architecture for developing platforms for
persistent participatory simulation using network games. Persistent
participatory simulation means that both humans and agents participate in and
conduct simulations continuously for a long time. Persistent participatory
simulation enables to observe changes of social systems and behavior patterns
of humans caused by interactions among multiple decision-making actors.

For the purpose of developing a platform for persistent participatory
simulation using network game, there were two issues such as realizing
interactions between humans and agents and switching controllers of avatars
between humans and agents. | solved these issues by following two approaches.
1. Unified process of operating avatars

For the purpose of enabling agents to operate avatars, | developed
functions which enable agents to observe surrounding environment of
virtual space and request actions of avatars in real time. In this process,
requests of operating avatars from agents are sent to simulator via Message
Converter. Message Converter converts requests into operators as same
format as operations from humans. By processing operations from humans
and agents in the same way, | enabled to execute actions of avatars without
distinguishing humans and agents. In this way, it became possible that
both humans and agents interact with each other in the same way.
2. Meta-level control of avatar operations

I enabled both humans and agents to operate the same avatars, and
developed meta-level control functions which observe operations of
humans and conditions of agents and control operations of avatars.
Meta-level control enabled switching controllers of avatars dynamically
between humans and agents.

I implemented a platform for persistent participatory simulation gumonji/Q
by integrating network game gumonji and scenario description language Q.
The gumonji is a network game which has functions of environmental
simulation. Scenario description language Q is an interaction design language
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which allows us to define interaction models in extended finite state machine
model. By integrating the gumonji and Q, | enable agents to operate avatars in
virtual space of the gumonji from outside. Moreover, | extended meta-level
control functions of Q and enabled switching controllers of avatars dynamically
between humans who operate avatars on gumonji Client and agents who
request actions according to the agent models described in scenarios. In
addition, for the purpose of using the gumoniji, which is open to public, as a
platform for simulation, | developed gumonji/Q jointly with Community
Engine Inc.

I conducted a simulation experiment about sustainable use of natural
resources using gumonji/Q, for the purpose of verifying availability of
persistent participatory simulation. In the experiment, it was possible to
observe spread of activities from individual to many actors include humans and
agents by interactions between them. It was also possible to observe gradual
changes of humans’ behaviors according to the changes of surrounding
environment, by conducting simulation for a long time. Thus, it can be said
that a platform for persistent participatory simulation was realized, which are
useful for reproducing complex social phenomena and designing social
systems.

In this research, | developed a framework which enables switching
decision-making actors dynamically, and it became possible to switch
controllers of avatars between humans and agents. In this framework, | would
like to design mechanisms of switching controllers of avatars as a future works.

As a future work, gumonji/Q can be used as a simulation platform for
environmental education. Thanks to the gaming interface of the gumoniji,
participants can enjoy playing in the virtual simulation environment and
experience activities virtually. Participants can learn about natural
environment and the influences of activities to living things, by trying actions
in virtual space and observing changes of environment. For example, if
participants experience that not only trees decrease but also living things
around the forests become extinct when they cut forests excessively, they can
learn from experience that maintaining forests is important. Thus, gumonji/Q
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is useful as a platform for educational simulations where participants learn
from experiences in virtual environment.
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UAZRKLIZET, QUA Y R TDa~y REFHIAA THGEAIAK
ZITo TLTZ&E.

(load "../lib/scenarioloader.scm™)

5. oA

QDHEWHFDHIE LT, WS O0DH T FIAEHELE L. v
TN TV A OMELERIZHA L £

PIFRRETIE, ¥ F U A 1~8 BNETIND LI ITR-oTWET. FITT 5
VA EEZ -V E EE, “scenario.q” DD T U AE D Y TOESE
EEHZ TLEIV. ATHHIZ 7 2025 6aA 0 v Ty NENETOT, E
ITEETNEXIT Y ZEL, FT3E<R0neEXT S 275X
LTL7EE0.

LT U A EFETIELDI0E, FBELEARIOEBNGFIEL TND
VERH Y ET. VTV A EETSEZVEMICARTI AT D, ==Y
N DVERDERIZAFAE L TW D EM DA RTZFEE L T 7230,

1. [FAUREEZ#HVIET T U4 (scenario-speak)
(C: L:%;i”, “j;o)ﬁf)%‘\?‘a_‘ﬁ)‘?’,’ “3—(‘/;‘\7‘))§l/\1/\,<:\_§_m ! ”, “éi 5f£%” &
WO BELMYIELET.

2. =YL DORFITKRET ST VA (scenario-hear)
A—PELIFEHDOF ¥ T 7 X —DOFHEEZBNT, TS L TRELET.
U< I scenario-speak # 52 7= —V = v FBWDBEARIL, FOTZ—V = b
ExtEh LET.
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3. HEHIWTEY[ESD T U A (scenario-move)
MZHIWTEy T 7 Z—0ED [E) £

4. $name \ZHELT=F ¥ 7 7 X —Z BT EI4 2T VU 4 (scenario-follow)
BELEZF Y 77X —ZBWHNTEILET. $name IZHOARHTZIEET D &,
FOXY 77X —ZBWNTEIT L IICTEET.

5. T/ aruaivikd7+ 14 (scenario-action)
Kil=b2, Yx 7, D, FERED, BULEOT 7 a w2kl E7.

6. RIEOELEMY KT T VU A (scenario-express)
ZIEER<T D, KRRE ZI1ET, &0, Brbe—2a%2 7, TTh~
— 7 ORFGEMD K.

7. $name |ZHE L =8 OL4RIZ(T T X 5 U 4 (scenario-name)
M OLET TR Z 5. $hame ([ZHIDOAHIZFRET D &, TOEMMOLRI%
fHFEEZ D Lol TEET.

8. Ny FDfHTFTFEA LMY KT T VA (scenario-badge)
Ny FERIAFIHTEZ £,

9. TATLD¥EEMEY KT F U A (scenario-equip)
H, NTrY, Yyl FEROEMAREDIRLET.

10. FFo TWAT A T LZEWTH D >+ U4 (scenario-put)
i, Arr7ua—o—, UYL, XY EEBICENTENEZR O &V EfE
EREVIRLET.

11. ¥~V CHimZ > 7= W 7-0 F 55U 4 (scenario-shovel)
MEzim->C, BE#LC, +2HDIEZLEWIEEELFDIKL £

12. v~V THIHZHE S 72 VDTV EDTZY, N7y TKRZET< 272D i
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W= 3253+ U A4 (scenario-shovel2)
a2 -> T, HOT, EHIZLT, 2OLMNILT, @EDT, kKExT< -7,
W< EWOEELBDIRL 7.

13. HEMDOFEZILHE L CH 5 ) U A4 (scenario-harvest)

HELIZHZE L THY F9°. FHR DN TWAGEIIELZIE L THhoX Y
F9. ESITHE LICHE R 2 WIGEITIET VX LTREREID £, "ML
BIORWNEZ D L, ZOMEND L HIZTEET.

14. A&t %5 ) U A4 (scenario-fish)
FRELEMZELTHRD, WEHWET. 1000 T/ KD /NSWEMIEX]0
FHA. WERSTZEAE, 4FE TR TmHOAHOEALEEZSET. &
ITHRE LN OWRWEAILT v X ATHRERID £5. "7 &2 BoEY
CEZDE, ZOEMESFDL L IITTEET.

15. 7 U A LHE RS F U A (scenario-randomwalk)
Z U MR ERRED £

16. 7A 7 2O # M IKF ) U 4 2 (scenario-equip2)
T, N7V, Uy OLOIRICER LS EEEEFE L, TR ToRFEEI T
EWVIOEMEERMDIRLET.

17. Ry NEETHE S U A4 (scenario-dance)
BART 7> g v OEMEFR ZRT T U AT, ey hEETRICEIZA2 LT
B E.

6. %57 7 A /LD
+ runManager.bat
Q PR ADFELHE), lib/main.scm D&t AiA
+ runManager_auto.bat
Q MLHEEAMELE), lib/main_auto.scm D i AiA Hx
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lib/main.scm
gumonji/Q DFLENI LR T 7 A )L DEEFIA T
lib/main_auto.scm
gumonji/Q OREENTME 727 7 A L DFiAriAA (HENFAT)
lib/nodelib.scm
gumonji/Q 714 77 U
lib/handler.scm
N BT ORI
lib/cueadapter.scm
Fa— (BH) otk
lib/actionadapter.scm
T vary (ITH) otk
lib/definition.q
Fa— T aDORE
lib/scenarioloader.scm
TFUFOHEED HT
+ scenario/main.q
F VA E TV e NERDFEAIAS
+ scenario/scenario.q
U A OFLR
+ scenario/agent.q

=L

T— ) NORE

A.2 Action Reference

lwalk

BaEho 2 aE L THR<

Xy in B BENIEDIEX EIZFIETE EELLGWMESILRE ]
:dx :dy in B BEGLOENEEEIEE EBELLZLMEAIXO

Kiwalk (2 X ABENL, V— o — R LTI E SN ~BE L,
3D T URBENAZELYCERRT DI E TEBEINIIFEIA > TnD LD
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IZRAEDT TS, - T, walk D7 7 ¥ a v OB TIIRBENZ D) D K[ &
ERT D Z ENTE oWz, BRI 2R T 570X 2wait 2 V25 4%
Enb b, ok, BERREOMAKOLETIZHOWTIE, 5%ONN—Var T v
(Z R DHAREEZAT O AREEN H 5.

lapproach

R EFEE L THRNTESKL

iid in  XF5 XROIDEEE

dx :dy in  BY AREOEAEZREEIEE EELLZLMESIF O
Iturn

Fi 8 & ¥aE L s

-dir in  B%  AAZEEGL R M2 #&J)

Ispeak

MG LEHRENRERELCGET (BRy hoH)

i in  EBH ARODEEE

‘message  in XFH REANBEIETE

Isend
MEOT—T 2 FERELTAyE—V%2ES (R y hOR)
:name in XFH| WNRI—DIVEDEHIFIRT

‘message  in XFEH Avt—TDHNBERTE

lexpress
HEERETD (vdhy FOH)
face in XF5| REFEREE XEK1S5HE

SCHUEIL L CWER A

Iperform
T arEETTD
:action in XFF| REEFIETE XKR2HBLUVKRISHE

KBAE DT 7> a DB LEIE L TWERA
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llook

R ERE L CIREEZHARD

i in B ARODEEE

Keys n =g g%fa\e%fﬁ%zﬁﬁ%muxh%#ﬁ % 4 BB
BELEEREDOTY Y T—23 V)R

rEERS

MEUF LT- A OfEN, (get-value-str 284 7V v—=—v 3 U A M~DH

M) TRLoND.

wvalues out 3XFFI

lobserve

A AZFRE L CHimOREEZ TS
Xy in B eI EEAEEIERE EBELLZVMESIERE]
:dx :dy in B AR EEEIEE EBELZWMEAXO
Keys . == ;\T%zﬁ\bﬁ(ﬁ%%ﬁzﬁo)uxhﬁa E 5 BB
, _ BELEZEHRED 7Y I—3VR
-values out X=F5 MR

'name

SR AEYEE L CLARIEFT 5
:id in B XD ID #I55E SRIZEY
‘name in XEF5| RARIFETE

ldenominate

SHREYEE L CTEFRL T 5

'id in B WED D EIETE SRIZEE - ITHEY
‘name in XT3 JERLEFIET

Irotate

)G b [mliinfg 2 FE L Chl3

id in B XIRD ID ZI8E NRIIEMEIET AT L
:angle in B AEEIETE

Tharvest

RBREREL CHEZNET S (2R y hOR)

:id in B RO D FIETE R RIEEE{TITHHEY
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lattach

NyFaftiFsd (aiRy hOR)
‘badge in B INYTF DFIEFEEIRTE Xk 6 SR

Iget-item-id
BELEEEOT AT LORT, index HEBDOT AT LD ID 2155
TAT LAOFEEREE LLWEEIE, 747 LN TO index & H OALEIZH

AT AT LD ID 2155
BELAELMESIE 1

sindex in B TATLDHEEZFIEE 51 ~48

_ . - _ e 4o BELLGWMERIETIRT
id out E# TATL®DID ZEE

lequip

TATLEREL TCEHT D

id in B TFATL®DID %IEFE

type in XF5| FEEEIEE (R, A RILEE)
Iput

TAT LEEE LTSI E <

id in B TATL®DID Zi87F

Xty in B eI EEAZEEIERE FEELGWMES LR
:dx :dy in B X EEIZEEIETE BELLZWNMGEIZO
Imerge

TATLEHELTCREEOT AT LE2FE DD

id in B  TATLODEEE

loverlay
BELEREEOT AT L2 D% ENRD

:dest in B FRAEDTATLODID ZFETE

from in B FERATDTATLODID FETE

Idivide
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BELET AT L5 B0 ET 5

id in B FATLDIDZ#EE
Iprice
FRELET AT LIHEE LMEEEM TS
id in B FATLDID E8E
‘price in B EExIEE
Itakeout
FBELTT AT L (HINTY-320) WOERELEZEDT AT L2800 HT
id in B TATLDID %IEFE

:amount in B BYH T =%E%E

Istore

BELET AT LEE- NI R I2IRT 5
id in B TATLDID %IEFE
Ipickup

HBELETATLEZHD

id in B  TATLOIDZEEE
bury

WBELETAT 223D 5

id in B  TATLODEEE
Iplant

FRELLHEARZ 5

id in B TFATL®DID %IEFE
lincubate

FRE  LIIRE b =5

id in B FATL®DID %IEFE
lwrite
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RELEZTATAZaAY FaEL

iid

.message

Iread

in

in

B

XF5

FATL®DID %IEFE
AAVPDABEETE

BELLETATLDa A N EFHD

;id

message

ldelete

in

out

B

XF5

FATL®DID %IEFE
AV PDOABERE

FRE LT AT L&HIBRT D

iid

Idig

M - P -

Xy
dx :dy

‘range

‘height

Iraise

MR - P -

Xy
dx :dy

‘range

‘height

Iflatten

in

in
in
in

in

in
in
in

in

B TATLODZEEE
R e L i 28 5
B e EEEIEE EELLGLMES LR
B AX EEEIEE EBELLZWMEEXO
iy AT ;(%Z)zﬁéb‘(rangeﬂ)ﬁ DIEFF
B EE(mm) (EHERTE)
EmSEAEEL CHiEmEEKS
B X EEIEEIERE FEELGWMEE LR
B A EEEIEE EBEELLEWLMEEIZO
iy A ;é%i)zﬁéb‘(rangeﬂ)ﬁ DIEFF
B B (mm) (ENZERTE)

M - SFHAEE LT, MaEd=—Y 2 PV OIMEOREIICEAZ D

Xy
:dx :dy

‘range

Ismooth

in
in

in

B
BH

BH

eI EEAEEIERE EBELLZVMES LT
A EEEIEE IBELLZWMESEIXO
EEA e ;f?zﬁéh\(range+1 *2 DIEHR
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Mg - FEPHZFEE L T 2 722D b2 T 5

Xy in B BT EEAEEIRE
:dx :dy in B A EEEIEE
‘range in B SHEEIEE

lharden

S - FPHAFEE L CHim &2 [E 6 5
Xy in B eI EEAEEIERE
:dx :dy in B X EEIEEIERE
‘range in B EFZEIEE
Iscoop

oS - FPH - BEATRE L TKETD
Xy in B ext AR E
:dx :dy in B FEx EEEEE
‘range in B EFEIEE
:amount in BB BEILHSTLSKDEZFIEE (mol)
Ispill

g - #PH - B2 fEE L COKER
Xy in B ext AR E
:dx :dy in B Ax EEEIEE
‘range in B EFEIEE
:amount in B BEILIZHKDEEETE (mol)
Ifell

KRBT L TR X5

‘id in B EHODEETE
Thunt

KREFRE L T ESTD

id in B  BHODEEE

Ichemical
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BELGWMEEILIRTH
EBEELLEWLMEEIZO

1 DD EEHN(range+1)x2 DIEFH
$0~2

BELGWMESILIREH
BELELMESFO0

150D K EH\(range+1)x2 DIEH T
¥0~2

BEELGWGESISIRTH
BELLZEWNMEEIXO

1D EEH (range+1)*x2 D IEH Tz
X0~8
FERELGLMESEIE 1000

BELGEVMES (X EHR
BELEWNMESIXO

1D EEH(range+1)*x2 D 1IEH Tz
X0~8

FEELLGLMEE L 1000



HBELETATL%2ES

sitem in XFH FTATLDRRIZIERE ?i:j?é:}fggfgé?{TA%
Iplay-note
BEEOT

‘height in B

:patch in B BEDIEEFIETE

‘note in B BEDEIZEE

‘length in B BEORI%EEE

A.3 Cue Reference

?hear-message

HBELEABIC—BTAHAREVPE 2 5L, RS LEAEROID 2155
:‘message  in XF5 HREABEETE

HEL-Fv393—F-(FORyrD ID

Id out %ﬁ EH&?%EF

?hear-from
BELEMNBROBEELXEI &, TORENEEED
id in B FvS5H4—F = ZaRyED ID #EFE

‘message out XFI| HENBEIE

?receiVE'message

BELEZNRIC BT AH2A =% 0D L, 20D EO4HTEISD
‘message  in XFH Avt—TRHNBERTE

:name out XFF| FHI3U3—FEXORYFDERIEFERE

?receive-from
BELEAEN O A v —V%Z b, TONEEED

:name in XF5 FwS08—FIEORVEDRFIZEIETE
‘message out XFI| AvtE—TAREINE

?see
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FRE LR — B 251 R0 E LI #i NI ET D5 &, £D ID 2155
RELEWMEEETRT
MR 1B

RELBMEEIFTRT

:category  in XFH HATIAYEEE

. . = e .
type In XF5 *ixﬁié?ﬂﬂ:_ X(ﬁ’)'i, 5%, FURY, N S5
:name in XFH| BRI ERRERE BELELMESIETART

Eo #- 25 .A s

:color in XF5 RBFEEE ii;é :H\Eiﬁ AET~T
Xy in B * R i R DIE X EIEFIETE EELGVESIXRE]
:dx :dy in BH MR R DR EEEIEE BEELELMEEIX 0
«dist in B RS DEE (FEEE) I8 E EEELHZWMESILO
id out EH NERERET D ID FHF

?2wait

FEE L=l 2545

S SIFRIZEIETE (gumonji LD B

1)

XS — DN E > TS B8k L

‘time in B

HELGWLMEE X 0 FX)

?is-equip
FBELESFMIC BT 274 T 2528 L CTWDENEHRRD
id in B TFATL®DID %IEFE
type in XF5| FEEEIEE XUEE, ONIVERE)

KIEHEEITID OWT DT —FT 27 4 7 L %23 E L CoiuEssk
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