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Abstract .  The Royal Melbourne Knights are designed to interact as a 
team of soccer playing agents. This paper introduces a framework for 
modelling agents using the concepts of roles, responsibilities and strate- 
gies in its control of the agent's motivation, attention and behaviour, 
respectively. Through the use of strategies; an agent may form teams 
that coordinate their actions. The high performance team of agents de- 
signed for the Royal Melbourne Knights will compete at the real-world 
soccer simulation tournament, RoboCup'97. 

1 I n t r o d u c t i o n  

The Royal Melbourne Knights are designed to interact as a team. Using a 
methodology for agent-oriented design based on the abstraction of different 
known behaviours of an agent, called "roles", a high level specification of team- 
work is produced that guides the agent's behaviour. 

The motivation for specifying an agent's behaviour using roles is illustrated 
in team sports like soccer. Soccer has the roles of defender, mid-fielder, attacker, 
et cetera, that  represent well defined characteristics of a players behaviour. A 
soccer player selects a role that creates opportunities for his team to win and 
reduce his opponent 's  opportunities. Rather than communicating strategies or 
tactics between1 players, a player identifies the role of other players and adjusts 
its role to create opportunistic situations for executing pre-planned strategies 
that coordinate their action. 

Soccer show the advantage of a set of players that  adopt  appropriate roles 
based on the situation and the roles of other players. Teams are robust to changes 
in an player's state, e.g. player's sent off the soccer field for fouls, because the 
roles required to carry out the operation can be fulfilled by other players. The 
ability for roles to be adopted by any player and the coordination of a group play- 
ers through pre-planned strategies using roles, provides teamwork with a great 
degree flexibility. The abstraction from the underlying mechanisms for commu- 
nication and the players abilities provides the freedom to adjust the team to suit 
the conditions of the match without affecting the specifications for teamwork. 

The following sections describe a framework for describing teamwork with 
roles and a model of agents that function using this description. Section 2 begins 
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with the definition of a role and its representation. The representation is then 
given an operational semantics in the execution model described ill section 3. 
This model is used to explain the behaviour of several soccer agents in a corner 
kick seenario~ illustrated in section 3. 

2 Roles, Responsibilities and Strategies 

Roles, responsibilities and strategies are high level concepts which we are using to 
develop our approach to teamwork. These concepts and the supporting concepts 
of strategic groups and team strategies are described below. Table i shows some of 
the roles found in soccer games and the associated responsibilities and strategies 
for those roles. 

Role Responsibility Strategies 
(priority) 

flee-kick-taker take-corner(2) pass 
attacker get-ball(5) pass 

tackle 
score-goal(3) shoot 

defender defend-goal(5) block 
mark 

clear-ball(2) pass 
player position(4) go-zone 

move-ball(3) pass 

Table  1. Example of I'oles, responsibilities and strategies from soccer. 

A role defines the part  that  an individual agent chooses to play in a scenario, 
e.g. a goal-keeper is a role ill a soccer game. Once an agent has taken on a role, 
it has a number of responsibilities it is required to fulfill &s a part  of that  role. 
These are persistent goals that  detect undesirable aspects of the environment and 
trigger the agent to respond, e.g. a goal-keeper responds to an opponent ' s  corner 
kicks because he is responsible for protecting his goal. A particular strategy 
is chosen to fulfill the responsibility depending on the role of the agent, and 
the conditions of the environment. A strategy can either involve a single role 
or several roles, called the strategy's  strategic group set. The former are called 
independent strategies and latter are called team strategies. Team strategies are 
used to control the interaction of several agents, called a strategic group, by 
matching their roles with those in the strategy~s strategic group set, e.g. a goal- 
keeper and several defenders form a strategic group set within a team strategy 
for defending the goal during an opponent 's  free-kick. 
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3 E x e c u t i o n  M o d e l  

The concepts above are part of an execution model that defines the operational 
semantics of each concept, i.e. the effect of the concept in deciding the agent's 
behaviour. Figure 1 represents the flow of information from the external world 
into the agent and the computations carried out by the agent in its decision mak- 
ing process. The concepts of roles, responsibilities and strategies in the section 
above feature as the connecting link from some reasoning process that selects 
the new role, to the behaviour of an agent. 

Roles of Agents H Relatiinships i ~  

Situation [ 

t ] " 

I 
1 
3 

Organization Layer 

Responsibility Layer 

Reactive Layer 

External World 

Fig. 1. The agent's execution model. 

The figure shows the perception driven nature of our model. The perceptions 
are used in updating the beliefs of the agent regarding the state of the external 
world. The picture that the agent has of the world from these and other inferred 
beliefs describe a situation. Reasoning is performed on the situation to determine 
the behaviours of other agents and the belief of the role being played by that 
agent. This set of beliefs are used at several different layers: the organisational 
layer, the responsibility layer, and the reactive layer, to guide the choice of the 
agent's behaviour in response to the changing world. 
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3.1 O r g a n i s a t i o n a l  L a y e r  

The top layer of the execution hierarchy is called the organisational layer and 
handles the selection of an agent's role. The decision is based on the situation 
and other agents' roles. The situation constrains what roles can be adopted by 
the agent since a role requires special conditions before it can be adopted, e.g. 
the goal-keeper role is only adopted near the team's goal. The list of possible 
roles to be adopted is then passed to a selection process that reduces the many 
possible roles to just one. This process requires some static heuristic information 
about the relationship of roles to one another. 

[;'tee-ball-takerS" N "SS 

% s s °  

EIS 

Fig. 2. The rolemap for roles in soccer. 

Relation Values 
Authority Dominant Equal Subservient 
Cooperation _Oppose Ignore Support 
Derivation G__eneralize U_nrelated Specialize 

Fig. 8. The three values of a relationship. 

A structure containing the relationship information is called a rolemap. The 
relationships are shown in figure 2 as the labelled vertices. Each letter of the 
label represents one relationship as shown in figure 3. The first letter represents 
authority, the second cooperation, and the third, derivation. For example, the 
link P.IS indicates the relationship has the properties Equal, Ignore, and Special- 
ize. The heuristic function selects a role that  meets the following criteria, in the 
priority given: 

1. the role that serves most dominant roles; 



462 

2. the role that supports the greatest number of roles; 
3. the role that specialises the current role. 

The first relationship is authority. Authority guides an agent's selection of a 
rote towards one that  serves the most dominant roles. Dominant roles indicate 
the focus of future interactions, e.g. a f r e e - k i c k - t a k e r  role will be the centre 
of attention in a corner kick because he decides the strategy of other agents by 
his behaviour. An agent selects roles that  will serve the f r e e - k i c k - t a k e r ,  e.g. 
a p l a y e r  role is subservient to a f r e e - k i c k - t a k e r  because there are strategies 
for corner kicks that require p l a y e r  roles to participate. A role that  dominates 
another role can be thought of as forcing other agents to adjust their role to be 
part  of a team strategy with the dominant role. 

The second relationship is cooperation. An agent selects a role that max- 
imises its cooperation with team mates and its opposition to opponents. The 
support relationship can be thought of as measuring the interactivity of one role 
to another (by the number of team strategies that  the role has that  includes 
the other roles). For example, the p l a y e r  role is supported by the p l a y e r  role 
because the p l a y e r  has many team strategies that  involve other p l a y e r  roles. 
Authority has precedence over cooperation. 

The third relationship is derivation. A role that  specialises another role has 
the responsibilities of the other role as a subset of its own responsibilities. We 
have chosen to build a tree structure from this derivation relationship, i.e. every 
role has one generalisation except the root which has no generalisation. The 
heuristic selects the most specialised role for the current role since this reduces 
the amount  of change in the responsibility of the agent. Specialisation is the the 
lowest priority in a rolemap as it deals purely with the single agent and not with 
other agents (this heuristic favours teamwork). 

The set of possible roles are passed into the process of role selection that 
select one role. The process terminates when a single role remains or the final 
heuristic returns multiple roles from which one is chosen arbitrarily. The cho- 
sen role is then passed to the responsibility layer to be used in activating the 
rote's responsibilities. During the course of the agent's life it may become many 
different roles depending on the situation, or it may temporarily be without a 
role when the role terminates and a new role is being selected. The latter will 
only happen if the responsibility fails in handling the situation and the process 
of selecting a new role has not completed. 

3.2 R e s p o n s i b i l i t y  L a y e r  

A set of responsibilities determines the appropriate stimulus from the environ- 
ment that causes the agent to execute strategies. A responsibility is active while 
the agent's role supports that  responsibility. A change in role results in some 
responsibilities being deactivated, others being activated, and the rest continu- 
ing to be active. A responsibility is either monitoring the environment or it is 
executing a strategy to fulfil its responsibility in the current situation. The fail- 
ure of a responsibility to find a strategy for the present situation or the failure 
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of a strategy to fulfil the responsibility causes the responsibility to fail and the 
termination of the role. 

A strategy, like that shown in figure 4, is executed by a responsibility for 
a particular situation, defined by its context. There are many strategies for a 
given responsibility, each placing restrictions on the context for which they are 
applicable and the roles that  are expected to participate in the strategy. Once 
the appropriate strategy is selected a mapping is created for the agents of the 
strategic group to the parts of the strategy. Then a set of instructions are ex- 
ecuted that provide each part (a member of the strategic group) the means 
for coordinating their actions. Each instruction is interpreted differently by the 
parts in the strategy , e.g. ( k i c k - b a l l  P1 P2) causes the part Pl to execute 
(kick-ball P2) and the part P2 to execute (receive-ball). The interpreta- 
tion results in a behaviour that is used to guide the actions of the agent in the 
next level below, tile reactive layer. 

Strategy: Pass 

Strategic group set: 
free-kick-taker: FKT, 
player: Pl, 
player2: P2. 

Context: (corner-kick) 

Plan: 
(I) --> (move-to-ball FKT) 
(2) --> (move-close Pi FKT) 
(3) --> (move-clear Pi FKT) 
(4) --> (move-clear-and-goal P2 Pl) 
(5) --> (kick-ball FKT PI) 
(6) --> (kick-ball PI P2) 
(7) --> (shoot P2) 

Fig. 4. Strategy for passing a ball between three roles: a f r ee -k i ck - t ake r  and two 
players, 

3.3 Reactive Layer 

A behaviour defines the type of action to be executed by the agent without 
considering the subtleties in controlling the uncertainty in the environment. At 
the reactive layer the behaviours are transformed into sequence of actions that  
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vary depending on variation in the environment,  e.g. the erratic movement  of a 
soccer ball. Using the principle that  an agent is better  off doing something than 
nothing, the reactive layer executes reflex actions under unexpected situations. 

A reflex action is triggered whenever the conditions for a behaviour are no 
longer valid, e.g. kicking a ball when the player no longer possesses the ball. 
These conditions are detected by the reactive layer that  causes a hard-coded 
reflex action to be executed instead of the behaviour. The reflex is based on 
the agent 's  role, the agent 's  precepts, and the behaviour that  failed. A reflex 
a t t empts  to select the best general response to the unexpected situation. For 
example, a d e f e n d e r  that  wants to pass the ball to a team mate  but fail due to 
an obstructing opponent that  is very close is would rather kick the ball away from 
goals than  to wait for its next behaviour. On the other hand, if the opponent 
was at a non-threatening distance from the agent, the best general action would 
be to wait for the next behaviour. 

3.4 Example: Corner Kick 

The following example displays the practical workings of our model in the domain 
of a soccer simulation. Figure 5 illustrates the resulting movement  of agent 2 from 
the white team, based on the roles, responsibilities, and strategies in table 1 and 
the rolemap in figure 2. The team strategy tha t  describes the action is shown in 
figure 4. 

Fig. 5. An example of three agents executing a corner kick. 

The trace begin with agent 2 playing an a t t a c k e r  role and receiving the 
message that  a corner kick has been given to his team. Agent 1 and 3 are also 
in an a t t a c k e r  role. 

1. Receives message that  a corner kick given to our team. 
2. Agent 1 has adopted the f r e e - k i c k - t a k e r  role. 
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(a) The agent's new role shouht be player as this role serves the free-kick-taker 
role. 

(b) p l a y e r  responsibilities remain active: p o s i t i o n  and move-ba l l .  They 
are triggered by a goal and a player that  can kick the ball to the agent, 
respectively. 

3. Agent 3 has adopted the p l a y e r  role. 

4. Agent 1 is close to the ball. 

(a) The move-ba l l  responsibility is triggered because someone can kick the 
ball to the agent. 

(b) The pass strategy is selected with the parts mapped to different agents: 
agent 1 is FKT, agent 2 is P 1 and agent 3 is P2. Each instruction is then 
interpreted and executed: 

i. Waits for agent 1 to move to the ball 

ii. Executes (move-c lose  FKT) 

iii. Executes (move-away-f rom-opponents )  

iv. Waits for agent 3 to move into clear 

v. Executes (receive-ball) 

vi. Execute (kick-ball-to agent3) 

vii. Execute (go-to-opponents-goal) 

5. If a goal was scored trigger the p o s i t i o n  responsibility and move to a zone 
using the strategy g o - t o - z o n e .  

4 Future  Work  and Conc lus ion  

The main concepts discussed were roles, responsibilities and strategies. These 
provide the foundation of understanding what motivates an agent to form a 
team, where the agent's attention is focus, and tile behaviours of the agent. The 
function of these concepts as part of at1 agent's execution model was discussed. 
The execution model split the hierarchy of inff)rmation into three layers: the 
organisation, the responsibility, and tile reactive layers. A trace of an agent's 
execution state was illustrated by the example of a corner kick scenario inw)lving 
three soccer playing agents. 

The project is currently implementing the team of soccer playing agents 
that will become the Royal Melbourne Knights. Details of the implementation 
are described in [Ch'ng and Padgham, 1997]. Tile next, stage is to experiment 
with various roles, responsibilities, and strategies to create different teams of 
soccer agents. By competing teams against each other we aim to determine 
what combinations of strategies produce high perh)rmance teams. The best team 
will compete in the real-world soccer simulator tournament,  using the RoboCup 
Soccer Simulator[Noda, 1995], at RoboCup'97[Kitano et al., 1995]. 
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5 Epilogue 

The Royal Melbourne Knights competed at RoboCup'97 but  only the reactive 
layer was complete. A fixed strategy was adopted based on the rules: 

- The nearest player chased the ball, others would wait near a preassigned 
point. 

- A player that could kick the ball would shoot the ball to the goal. 
- A special goal keeper moved close to the goals and moved to a point relative 

to the goal that minimised the angle to the goal. 

A large portion of development time was spent on improving the players skills, 
e.g. kicking the ball around the player and avoid other players when running. 
Players were fixed into a normal rate of perception (rather than a variable rate 
of perception based on switching viewing quality) and modelled the effects of its 
actions on the environment in order to act between percepts. 

The results at RoboCup'97 based on our rudimentary implementation were 
below average. The team failed to score any goals and conceded 38 goals in 
its 4 games. Even though our team was able to move the ball around with a 
reasonable level of skill, its failure to pass to team members, its reliance on 
skills that worked under ideal conditions, and the inability to alter the speed of 
perception, contributed to its unsuccessful a t tempts  to defend against attacks 
and score goals. 
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