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Abstract. It is believed that hybrid architecture from reactive and deliberative
ones will help to solve some difficulties of reasoning about and acting in highly
dynamic and unpredictable environments. This paper desaribes our work in de-

veloping such ar chitecture with a multi-layer model.
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1. Introduction

The design of autonomous multi-agent systems that are required to perform in com
plex dynamic environments is becoming of increasing realistic importance. A lot of
work has been done in this domain in recent years. Among these work is RoboCup
Challenge, which offers a standard test bed to develop and demonstrate techniquesin
this domain.

One of the crucial problems facing designers of RoboCup teams— systems capable
of effective, rational behavior in dynamic and unpredictable environments — is to en-
sure those agents’ responses to important changes in the environment are both appro-
priate and timely. It seems somewhat conflict. On one side, to make rational decisions
and act appropriately agent needs large amount of time for deliberation. On the other
side, in such a highly dynamic domain, the environment may change at any time,
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which means during the period that the agent engages in reasoning, the world may
change in important ways which would cause the current plan of the agent no longer
be realistic or even possible. One solution is to employ reactive architectures that
minimize the need for run-time computation by pre-compiling appropriate responses
to situations into a form that can be utilized without reasoning. Purely reactive archi-
tecture is well-suited to some dynamic environments, but cannot guarantee it in the
unanticipated situations. Furthermore, it becomes more and more difficult to design
such systems as the complexity of the environment grows. Another solution is
real-time reasoning systems which can behave more robustly in such situations. But
such systems require more time to perform, which would cause failure in highly dy-
namic environment. It is clear that there should be a rational balance between delib-
erative reasoning and reactive acting. It is generally believed [3] that the hybrid from
deliberative planning and reactive response will help to solve this difficulty.

In this paper, we present our work on constructing such a hybrid architecture that
reconciles deliberation with reactivity. Deliberation is achieved by means of a
real-time reasoning system that base on belief-desire-intention models [4], while reac-
tivity attained on basis of structure similar to Brooks’ subsumption architecture [6].
The rest of the paper is structured as follows. We first present our agent architecture
in section 2. Section 3 and 4 will make further explanation on how this architecture
works and some details of its implementation. The eqperiments and results about this
architecture will be given in section 5. The last part of the article is conclusion and
our future work.

2. Agent Architecture

To design agent architecture for domains such as RoboCup, which are highly dynamic
and unpredictable, we should fully address the problem of resource-bounded and
achieve arational balance between deliberation and reactivity. For these purposes, our
approach is realized as four software layers which are arranged into a hierarchy, with
different levels in the hierarchy dealing with information about the environment at
different levels of abstraction.
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As we can see in the Figurel, at the lowest in the hierarchy is a “reactive” layer,
which makes decisions about what to do by pre-compiling responses. The other three
are “deliberative” layers performing deliberative thinking and reasoning at different
levels. The reactive skill layer implements typical basic capabilities of the agent, e.q.
dribbling, kicking of RoboCup agents. The task of the individual tactic layer is to
reason about affairs concern about individual and makes decisions. The top two levels
— group tactic layer and team strategy layer — deal with the social aspects of the envi-
ronment. We thus represent other agents — their goals, beliefs and so on — in these
layers. What the team strategy layer does is to reason about the whole team s strategy
at each offence or defense and produce cooperative behaviors in the strategy level.
The group tactic layer keeps track of tactics of a group of players and ensures these
cooperative processes are successful. It must be pointed out that groups here are not
statically assigned, they are dynamically formed according to particular situations.

In order to produce global behavior of the agent, these layers should interact
with one another. In our approach, the connection between two layersis“desire”. De-
sires are the states that agent hopes to achieve, in other words, an agent's desires are



the tasks given to him. Each layer in this architecture gets tasks from its predecessor
and produces desires to its successor. At the same time, each layer monitors the envi-
ronment and produces desires itself. That means desires from the higher level some-
times will not be adopted if there exist better selections. This aspect gives more flexi-
bility to agent though sometimes it would cause incoherent between layers, in which
case feedback from lower layersis necessary.

3. Reactive SKill Layer

The Reactive Skill Layer, which is developed on the basis of the WrightEagle2001
simulator team, provides the basic capabilities of the agent, e.g. running, dribbling,
intercepting ball etc. Asits name implies, this layer is a typically “reactive” layer -
there are no symbolic representations or reasoning at all. The whole structure of this
layer is implemented using the techniques rather similar to Brooks’ subsumption ar-
chitecture, as showing in Figure 2.

tasks from upper leve

| Kick Module

e

- Dribble Module Medtion | ctibn output

| : Weighing
| . / Module
Intercept Bal Module

Environment]

Fig. 2. Structure of the Reactive Layer



All skill modulesin this layer are deemed as competing options. On every decision
cycle, each of them wil | produce possible actions, together with their utilities and fea-
sibilities, and send the to the “Mediation & Weighing” module. What the “Mediation
& Weighing” module does is to select one of the best as the action output.

4. Déliberative Reasoning Based on BDI Model

In our approach, the three deliberative layers are implemented with identical structure.
The only distinction between them is that they are working on different levels of ab-
straction. Figure 3 is ablock diagram of such structure.
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The structure of the deliberative layers can be classified as a belief-desire-intention
(BDI) architecture: the agent’s mental attitudes of beliefs, desires and intentions are
explicitly represented. These mental attitudes determine the agent’s behaviors and are
critical for achieving adequate or optimal performance when deliberation is subject to
resource boundedness [4]. Intuitively, beliefs correspond to knowledge of the agent
about the world. Desires are the states that the agent wants to achieve. Intentionsrep-
resent the states or actions that the agent has chosen and committed resources to. Be-
sides the information stores, which are denoted by ovals, there are four processes —
denoted by rectangles: the “Weighing & Selection Process’, the “Deliberative Rea-
soning Process”, the “Plan Maintenance Process’ and the “Environment Monitor”.
Together these constitute our deliberative structure by which the agent forms and
executes plan.

Before we can start our illustration about how our architecture works, we first ex-
plain how plans are represented in our system. In domains such as RoboCup, agents
are resource-bounded and knowledge-bounded, that is, they are neither prescient nor
omniscient. Hence highly detailed plans about far future are of no use to them.
Therefore plans represented in our approach are rather partial ones. That is, agents
often decide what end states should be achieve, leaving for later deliberation ques-
tions about how to reach those states. An agent may, for example, first decide to pass
the ball to ateammate, but whether to passto him directly or via another teammateis
postponed for later decisions.

Now return to the structure illustrated in Figure 3. During the runtime, the system
will receive desires from higher level as its tasks. However, not all desires are gener-
ated by higher levels. Changes in the world may bring opportunities or threats, which
may result in new desires to the agent. The “ Environment Monitor’ in Figure 3 isthe
component that perceives significant changes in the environment and produces de-
sires. Another possible source of desires is the current “partial plan” that to be com+
pleted. These desires, together with those from higher level and those generated by
the “Environment Monitor”, will be placed in the “ Desire Set”.

Once desires have been generated, there are two primary problems that need to be
solved. Thefirst oneisto weigh these alternative desires and decide on one of them as
intention that are committed to. The second problem can be addressed as “ planning
problem’, that is, to form a possible plan that will achieve the ultimate goal.

In our approach, the solution to the first problem is given by two processes: the
“Weighing & Selection Process” and the “Plan Maintenance Process’. As its name



implies, the “Plan Maintenance Process” will examine desires to determine compati-
bility with the existing plans. Desires that may cause incoherent result with current
plan will trigger the “Weighing & Selection Process”. This component will analyze
every alternative desires and select one of them, during which process the current plan
may be abandon or reconsidered if there exists better selection.

Surviving desires from above two processes will be passed to the “Deliberative
Reasoning Process” as intentions. What the “ Deliberative Reasoning Process” does is
establish areasonable plan that ensures the intention to be achieved.

5. Experiments

In order to demonstrate our architecture and test its effectiveness, we developed a
simulated soccer team under this architecture and have conducted a series of experi-
ments.

The preliminary experiments, in which we chose several different styles of simu-
lator teams that participated in RoboCup2002 and let them play games with our team,
show that agents who adopt the architecture described above can well adapt to the
highly dynamic domains such as RoboCup and play well. Table 1 shows the results.

Table 1.
Opponent Num of games Average Average
that played Scores Losses
Robol0og2002 10 6.3 0.0
UVA Trilearn 2002 10 14 0.8
YowAl 2002 10 7.2 04
HelliRespina 2002 10 21 0.1

Another point that we interest in is how important that our deliberative reasoning
in the process of decision making and whether our hybrid architecture have advantage
over our previous approach. Therefore we take a number of comparative experiments.
These experiments involve 4 players: a striker and 2 defenders @lo not include
goalie). The striker and the ball were repeatedly placed in center of thefield. Theini-
tial positions of other two defenders were set to the two corner of the penalty area.
The task of the striker is to break through the defense and shoot. In the experiments,



we chose a striker from WrightEagle2001 (WE2001) as contrast and another 2 players
as standard defenders. These games, which were over as soon as the striker lost his
ball, repeatedly played 100 times for each striker. Figure 4 revealsthe results of the

experiments.
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As shown in the figure, the striker from the new team successfully reaches the area
whose distance to goal is 25m to 35m for 46 times, and the area “15m-25m” for 17
times, 12 times for the area “Om-15m" , while the corresponding times of the other
striker is “43, 18, 8”. From this result we can see that the striker implemented based
on our new architecture is more successfully in attacks — he can get closer to the goal,
which brings better chance. As we mentioned above, the new team is developed on
the basis of the WrightEagle2001 simulator team. That meansthe capabilities of basic
skills for both strikers are almost the same. One of the most important reasons why
the new agent has the advantage in offense is that the WrightEagle2001 simulator
team is implemented on the basis of decision-making theory. In many cases, the small
incoherence of information may lead to incoherent decisions between two cycles,
which may lead to failure. But this is not the case for the new agent. Within the BDI



model, agents make commitments to their intentions which will ensure the coherence
of their plans.

6. Conclusion & Future work

The experiments show that it is, to some extent, feasible to design agents with our
hybrid architecture such that they can work normally in highly dynamic and unpre-
dictable environments. However, our current work is an intermediate step to our ulti-
mate goal of building highly competent agents with “ deliberate adaptation”[8] in such
environments. Until now our work mainly involves in behaviors of single agent and
there are still lots of work needed to do. In the future we will focus our work on agent
cooperation within this hybrid architecture.
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