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A b s t r a c t .  Object-oriented techniques are useful in many fields such as 
database systems, operating systems, programming, etc.. However, the 
conventional object-oriented models meet difficult to represent autonomy 
and flexibility of agents. To solve these problems, we proposed "an En- 
vironmental Agent Model for Multi-Objects"(EAMMO). EAMMO con- 
sists of three types of agents as follows: (1) an upper-agent describes 
autonomous and dynamic objects, (2) a lower-agent describes functional 
and static objects, and (3) an environmental-agent describes the envi- 
ronment including agents. It has a great influence on the agents in the 
environment. By using our agent model, we successfully describe model- 
ing a soccer game for RoboCup-97. As the result, we confirmed that our 
agent model is  a suitable paradigm to represent multi-objects. 

1 Introduction 

Object-oriented techniques are useful in many fields such as database systems, 
operating systems, programming languages, etc.[l]. When we model real-world 
entities, such as soccer players, as objects, the objects must have many faceted 
nature and dynamic nature. We call such objects "multi-objects'J2]. Multi- 
objects are similar to multi-agents. Multi-agents are cooperative agents and 
components of multi-agent systems. Multi-agents also means interactions of co- 
operative agents. On the other hand, a multi-object is one object having many 
faceted nature and dynamic nature. 

Many faceted nature is that  an object has different aspects(roles) in different 
cases. Each aspect corresponds to one case or more. Dynamic nature is that the 
objects must reflect changes of surroundings(other objects and environment) 
and represent their aspects. However, the conventional object-oriented models 
are suffered from shortcoming in their flexibility and ability to model both many 
aspects and dynamic nature of re~-world entities[3]. 

To solve above problems, we proposed "an Environmental Agent Model for 
Multi-Objects'(EAMMO)[4, 5]. This agent model consists of three types of 
agents which are upper-agents, lower-agents, and environmental-agents as fol- 
lows: (1) an upper-agent describes an autonomous and dynamic object, (2) a 
lower-agent describes a static object, and (3) an environmental-agent describes 
a passive object such as fields and rooms.These agents interact with each other 
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to simulate behaviors of multi-objects. By EAMMO, we successfully model a 
soccer game for RoboCup-97. We believe that EAMMO is a suitable model for 
describing multi-objects like soccer game(soccer players). 

2 Multi-objects 

Some real-world entities have more than one aspects, properties, and characters. 
When we model those entities as objects, the objects must also have more than 
one aspects, properties, and characters. We call such objects multi-objects[2]. 
For example, consider an object who is a man (named Ito);  I t o  is a student in 
Univ. A, and a teacher in Univ. B. I t o  is a student from Monday to Saturday. 
But, on Sunday, I t o  is a baseball player. IT{:} (multi-object) could be modeled by 
object-oriented models. But, the conventional object-oriented models have some 
problems in the description of multi-objects. For example, if the conventional 
object-oriented models are used to realize object views, object migration, and 
multiple inheritance, the maintenance of objects becomes complicated. 

Multi-objects are similar to multi-agents. Multi-agents are cooperative agents 
and components of multi-agent systems. Multi-agents also means interactions of 
cooperative agents. On the other hand, a multi-object is one object having many 
faceted nature and dynamic nature. 

3 EAMMO 

3.1 Concepts of EAMMO 

EAMMO(An Environmental Agent Model for Multi-Objects) is a multi-agent 
model that we proposed for representing multi-objects. By applying the agent- 
oriented paradigm[6] to multi-objects in object-oriented techniques[4, 5]. Using 
agent-oriented paradigm, EAMMO makes object-oriented models flexible and 
autonomous. 

Flexibility and autonomy are useful to represent real-world entities. In real- 
world, some entities behave complicatedly such as creatures, and some behave 
simply such as tools. Besides, there is also an environment around them. There- 
fore, our agent model consists of three type agents, an upper-agent behaving 
complicatedly, a lower-agent behaving simply, an environmental-agent including 
them. Figure.1 shows a relationship among three type agents. 

3.2 Upper-Agent 

Definition i (Upper -Agen t ) .  An upper-agent is defined as an object that 
behaves autonomously and complicatedly. The upper-agent decides both its next 
status and behaviors with its surroundings (status of environment and target 
objects) and its current status. An upper-agent is shown in Fig.2 
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,J J nteraction 

Fig. 1. Relation among three types of agents 

Status of E n v i r o n m e n t ~ ~  behavior 

Fig. 2. An Upper-Agent 

Figure. 2 shows that both the status and the action processor operate on 
attributes and sequential methods. Because the upper-agents have autonomous 
and reflective features, these agents operate on attributes and sequential methods 
at runtime. 

Defini t ion 2 (Sta tus  Processor) .  Status processor decides the next status of 
the upper-agent by knowing which are the target agents, the current status of 
the environmental-agent, and its own current status. 

Each next status is one aspect of multiple aspects. Consequently, an upper- 
agent represents multiple aspects by this status processor. An upper-agent has 
aspects which are initialized to some default values. These aspects are changed 
by the status processor, when a requirement is satisfied by the target agents, 
current status of an environmental-agent, and its own current status. With the 
status processor and attributes, the upper-agent can perform works efficiently 
according to plans or scenarios such as its daily schedules. 

The status decision flow consists of following three phases: 

Rela t ion- res t r ic t ing  phase The target agents restrict relations between agents. 
Role-der iving phase The relations are restricted by the status of an environmen- 

tal-agent. 
Role-deciding phase The relations and roles are decided with its current sta- 

tus(current status of the source object). In this phase, roles are actually 
decided. Then next status of the (source) agent is decided. 
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The flow is shown in Fig.3. By an output of the status processor, the action 
processor actually decides its behavior. 

set of relations a relation 

, : .  ......... 
Target ~ :;::;;;i 

Agent(s) ~ ~ i - 
derived 
r role 

Status o f . = .  
Environment 'q*'--"~ 

fault role 
~flspect) 

Current Own 
Status ~ - 

a r ~ ~  - ~  ~ 
V (an aspect) 

Fig. 3. Status decision flow 

Defini t ion 3 (Action Processor). Action processor decides actions(behaviors) 
of agents. It exactly decides actions with the current status of a source agent, 
an environment(environmental-agent), and the body of a message. 

Both upper-agents and lower-agents have an action processor. In the case of 
upper-agent, the action processor decides actions with the status decided by the 
status processor. 

In upper-agents, the status processor decides one of aspects, and then the 
action processor invokes one of sequential methods or methods. Through these 
two steps, the upper-agent represents multiple aspects. 

3.3 Lower-Agent 

To improve efficiency of agent systems, agents are classified into upper-agents 
and lower-agent. 

Definition 4 (Lower-Agent) .  A lower-agent is defined as a conventional ob- 
ject. It behaves reactively A lower-agent is shown in Fig.4. 

As shown in Fig.4, the lower-agent doesn't have a status processor. The 
lower-agent only behaves with messages. So, a unique action processor operates 
the attributes and methods in Fig.4. 
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Fig. 4. A Lower-Agent 

3.4 Environmental-Agent 

Definition 5 (Envi ronmenta l -Agent ) .  An environmental-agent is defined as 
the environment where the upper-agents and the lower-agents behave. The enviro- 
nmental-agent is characterized by attributes, sequential methods, an environ- 
mental database, a status processor, and an action processor. The environmen- 
tal database contains attributes which show the status of agents included. These 
attributes in the environmental database are managed by the status processor. 
An environmental-agent is shown in Fig.5. 

i' i !iili!,iiii!,!: i!ii !iiil 
Fig. 5. An Environmental-Agent 

The upper-agents and the lower-agents don't have visible sensors. But, the 
environmental-agent plays the visual role for the other agents, and it provides the 
other agents with the visual data. The visual data axe stored in the environmental 
database. The environmental-agent can multi-cast and broadcast to the other 
agents with the same attribute values, by searching the environmental database 
for these attributes. When agents move from an environmental-agent to another 
environmental-agent, the result of the movementis reflected in the environmental 
database. 
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4 D e s c r i b i n g  a S o c c e r  G a m e  i n  E A M M O  

4.1 Describing Soccer Game  

We describe a soccer game in EAMMO. We use the rules and simulation envi- 
ronments offered by the Robot World Cup(RoboCup) '97 in this paper. 

In the soccer field, soccer players may play autonomously and flexibly. On 
the other hand, when soccer players axe requested from other players(goal keeper 
etc), they may play requested behavior passively. 

When a player passes the ball to a teammate, the player who passed the ball 
need to behave by taking the strategies of his team into consideration. This is a 
positive aspect of the player. In most of the time, players behaves in this way. 
This aspects of player can be represented by using the upper-agent, which can 
behave autonomously and flexibly. By using status processor, upper-agent can 
decide his own behavior by taking the strategies of his team into consideration. 

A player who receives the ball behaves autonomously, too. But, he often obeys 
the message from player that passes the ball. In the game, players communicate 
with each other. But when a player receives a message from other players, he 
should obey the message. Because the cost of communication is huge. So, a player 
who sends messages must send messages correctly. This is a passive aspect of the 
player. This aspect of players can be represented by using lower-agent which can 
behave reactively. When a player just need to obey the message immediately, 
the status processor is not necessary. 

Hence, soccer players have both positive and passive aspects. Therefore, we 
model a hybrid agent that has both aspects of an upper-agent and a lower-agent 
to describe a soccer player. This agent is an upper-agent basically. But when an 
agent receives a message from teammates, the agent can decide his own behavior 
by using only the action processor. 

We use Soccer Server as a simulation environment offered by the RoboCup- 
97. Instead of the environmental-agent, we use the Soccer Server. The Soccer 
Server provides each player with their visual and voice information, which is 
corresponding to the function of the environmental-agents. 

Our soccer agents decide a role with their surroundings. Then, they play 
based on the role through their communications. Our agent doesn't share visible 
information with the other teammates. He can behave(decide a role) with partial 
information, completely. Each player can behave through less communication 
with the other players, when network traffic is heavy. 

4.2 Simula t ion  

We modeled soccer players for RoboCup-97 in our agent model. A soccer player 
is modeled as an upper-agent and the Soccer Server offered by the RoboCup-97 
is considered as an environmental-agent. Table 1 shows results that our team 
competes with the champion team of the Pre-RoboCup-96 which was held at 
IROS-96 in Osaka, Japan. Our agents decide their role dynamically from their 
location and surroundings, and the champion team's agents behaves with fixed 
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positions. As the result of Table 1, we concluded tha t  our agent model is a 
suitable model for a dynamic environment such as soccer games. 

Table I. Our team vs. Champion Team(Pre-RoboCup-96) 

Our team kicks off. Champion team kicks off. 
ours champion result ours champion result ours champion result ours champion result 

8 7 Win 7 2 Win 12 6 Win 15 8 Win 
7 5 Win 16 6 Win 10 8 Win 9 7 Win 
8 5 Win 6 4 Win 12 5 Win 12 2 Win 
4 6 Lose 8 5 Win 6 5 Win 11 10 Win 
9 6 Win 8 6 Win 12 8 Win 5 5 Even 
9 8 Win 10 3 Win 7 8 Lose 5 6 Lose 
4 5 Lose 10 4 Win 13 11 Win 5 6 Lose 
10 5 Win 7 4 Win 3 7 Lose 9 7 Win 
8 6 Win 5 3 Win 9 3 Win 10 3 Win 
9 4 Win 6 4 Win 6 5 Win 6 11 Lose 
9 6 Win 5 6 Lose 8 4 Win 8 6 Win 
8 5 Win 9 6 Win 9 4 Win 13 3 Win 
8 5 Win 8 7 Win 

total result(50 games) : 41 wins, 8 loss, and 1 draw(84 % wins) 

5 Results of RoboCup-97 

Table 2 shows the result of our team in RoboCup-97. In the first day, our t eam 
played against Team B and C. And we played against Team A in the second 
day. We confirmed that  our agents behaved as thought.  Unfortunately, we could 
not win these games, to our deep regret. We think of causes as following. 

In RoboCup-97, participating teams were classified into two classes: syn- 
chronous behavior teams and asynchronous behavior teams. The  results showed 
tha t  the synchronous behaviors were much faster than  the asynchronous be- 
haviors. And the synchronous behavior overwhelmed the asynchronous behavior  
teams.  Although EAMMO has enough ability to model a synchronous behavior  
team,  we unfortunately have modeled our team as an asynchronous behavior 
one in this time, to our deep regret. Because we believed tha t  the description 
of events, which occur inside an agent or among agents, is more important .  As 
the result, our team could not win the game against Team B in the first day. 
Team B did not only behave synchronously, but also had a method catching up 
with the ball faster than other teams by a neural network. In this RoboCup,  we 
prepared only basic methods such as pass, shoot, and so on, but EAMMO can 
describe more advanced methods. 

In EAMMO, we modified our asynchronous team to simulate synchronous 
t eam in a day. By this modification, our team became much faster than before. 

Our  t eam can be benefited in a crowed network, because it can behave with 
less communications between agents. I t  was showed by our game against Team 
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C. Among three games, only the first half of one game has heavy traffic, and we 
got one point in this time. 

We concluded that  EAMMO was a suitable model for a soccer game. We 
will describe a new soccer model that  has more advanced methods and faster 
behaviors in EAMMO. 

Table 2. Result of RoboCup-97 

Team ATeam BTeam C Our Team 
Team A - 3-4 1-0 7-0 

Team B 4-3 - 13-0 '"20-0 
Team C 0-1 0-13 - 8-1 

10ur Team 0-7 0-20 1-8 - 
Team A: Jukka Riekki, University of Oulu, Finland 
Team B: Peter Stone & Manuela Veloso, CMU, USA 
Team C: Paul Scerri, RMIT, Australia 

6 Conc lus ion  

In soccer game, an agent(a player) should behaves autonomously and plays mul- 
tiple roles in the game. On the other hand, the agent should be able to behave 
immediately. In this paper,  we use a multi-agent model EAMMO to describe 
the soccer player. The former is modeled by an upper-agent  with a s ta tus  pro- 
cessor and an action processor. The lat ter  is modeled by a lower-agent with an 
action processor. Furthermore,  the environment like the Soccer Server providing 
informations is modeled by an environmental-agent. The three types of agents 
provide a flexible and appropriate  way to describe multi-role entities such as 
a soccer player. Some simulations results and an analysis about  our results on 
RoboCup-97 are also included. 
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