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Abstract

Five-a-side football is a common sport, but has seen little development in terms of strategies
to be played, in particular with player formations. In this paper we take a look at the Empirical
Modelling approach to building a model that allows for the interaction of players, to be able
to view their optimal position in the game.

1 Introduction

Five-a-side football is a variation of the classic
game, in which there are only 5 players on each
team. The game itself is popular with many peo-
ple, largely because less people are needed to
play the game, making organisation easier. The
problem however, is that many teams attempt
to use classic strategies from the original game,
which do not necessarily apply to the smaller
version of the game. Due to the lower amount
of players involved, and the smaller pitch, there
is a lot more focus on individual abilities, and
very little on teamwork.

Typically in many sports, a blackboard is used
to show how players should move during a game,
depending on the circumstances, such as ball po-
sition and the positioning of other players. This
is sometimes an ineffective solution, as it quickly
becomes difficult to be able to visualise the state
of the game.

The focus of this paper will be to provide a
demonstration of a model, that allows for a more
accurate visualisation of the field of play. This
model is built on the techniques of Empirical
Modelling, utilising many of the benefits (and
drawbacks) of such an approach. The model it-
self will also allow for a much more modern vi-
sualisation of how players should react and move
in a game of five-a-side football.

2 Related Work

2.1 Empirical Modelling Approach

Empirical Modelling (EM) offers a unique per-
spective on being able to interact with models.
Trope and Liberman (2010) spoke about being
distant from a problem allows for the develop-
ment of much more creative solutions. In this
respect EM allows for the ability to develop ab-
stract models, which can often be used to find in-
novative solutions. In creating a model, the users
will be able to investigate approaches and strate-
gies to a five-a-side game of football, without the
need for teams and players to be present.

The principles of Empirical Modelling are
based on Observation, Dependency and Agency
(Russ, 1997), and this is most suited to the task
in hand. The players in a game of football are
dependant on each other, in their positioning and
their actions, while each plater must be able to
react on their own accord if needed. Building
a play diagram with Empirical Modelling tech-
niques allows for a user to view the actions of
the players, and interact with them also.

While these ideas could indeed implemented
in many standard languages, they do not provide
the simplicity involved when building a model
defined by interactivity. JSEden1 is an EM tool
that is quickly increasing in its abilities in de-
veloping interaction based models. Tools such
as Java could be suited to building the indepen-
dence of the models agents, but is lacking in its



ability to easily define the dependencies involved
with a model such as this.

2.2 Player Positioning

Reis et al. (2001b) Talked about building multi
agent systems that are well balanced between
reactivity and social deliberation. It was men-
tioned that the most effective systems would mix
strategies depending on the situation. This al-
lowed them to adapt very quickly to new situ-
ations. In the case of this model, most of the
agents (the players) will be dependant on (and
therefore reacting to) the other players in the
model. It will be important to remember, that
to make an effective simulation of this game,
that the players have the ability to make deci-
sions themselves, based on their given informa-
tion. Reis et al. (2001a) presented a similar idea
in that teams will have a global strategy that each
member will follow, but each member will ulti-
mately be left with the ability to perform role ex-
change, and make decisions dynamically. This is
relevant to the game of football, as often player
will have to move from their current position,
adapting to roles that they do not usually partic-
ipate in. For instance if a player in front of a
defender is not within their normal area, the de-
fender would be required to move forward and
assume a position that would provide support to
the surrounding players.

In game of five-a-side football, there are lots
of different formations a team can take, some
offer more fluidity with player movements than
others (Pitch-Invasion, 2013). This needs con-
sideration for the model, as user may wish to see
how a team should react and play through a par-
ticular formation.

3 Model Description

3.1 LSD Description

An LSD (Beynon, 1986) account was written for
this system, to save space an example is given for
only one player in the system, however it can be
generalised to all the players in the model.

Figure 3.2: The Pitch

3.2 The Model

The model comprises of several items, the first
of which is the pitch (Figure 3.2). The pitch it-
self is a background for the game, but it is im-
portant to model properly, as a player position-
ing can be dependant on the pitch’s layout. For
instance it would inappropriate for a player to
move of the edge of the pitch. It is also useful
for players to be placed in positions, not just rel-
ative to other team members, but dependant on
those team members locations on the pitch (such
as within penalty box).

This model only focuses on four of the five
players in a team, this is due to the fact a goal-
keeper rarely leaves their position, and has little
effect on the positioning of other players. As can
be seen in Figure 3.2 the players were placed in a
diamond formation, this was chosen because the
diamond formation allows the demonstration of
the players movements, with more fluidity than
a simple 2-by-2 formation. Each player is colour
coded based on their position, and a key is pro-
vided to the right of the pitch. Images were at-
tempt to be used, but they caused problems when
trying to drag from one position to another, so



a g e n t p l a y e r ( ) {
s t a t e

/ / C u r r e n t l o c a t i o n o f t h e p l a y e r
( x , y ) c u r r e n t p o s i t i o n = | C o o r d i n a t e s |

/ / D e t e r m i n e s i f t h e p l a y e r i s b e i n g moved
( boo l ) be ing moved = f a l s e

o r a c l e
/ / The p i t c h b o u n d r i e s
( x1 , x2 , y1 , y2 ) p i t c h = | R e c t a n g l e |

/ / The o t h e r p l a y e r s on t h e p i t c h
( p l a y e r ) p l a y e r s = | P l a y e r |

h a n d l e
/ / The f o o t b a l l , c h a n g e a b l e when i n c o n t a c t
( f o o t b a l l ) b a l l = | C o o r d i n a t e s |

}

Figure 3.1: The LSD Account for a Player

Figure 3.3: The pitch with the players in their
starting positions

circle shapes were used instead, to provide the
same functionality. It may be useful for a user to
be able to reset the players into a default position,
so a reset button is provided for that functional-
ity, just above the key.

3.3 Agent Rules

When a player is dragged from a position to an-
other, the model will update the locations of all
the other players in the model. The majority
of the time this is done by a simple translation,
moving a pixels in the x direction, will cause
all players to move by a pixels in the x direc-
tion. However, a rule was added to slow down
the movement of the defender at the back of the
pitch. This is identical to a real life game, in
which a defender rarely moves forward to much,
in order to remain ready for the other team to
move forward. When moving backwards, the
speed at which the three forward players move
is faster than the defender, again this is similar to
real life as the three players will attempt to catch
up with the opposing team, and join the defender
in protecting the goal.

There are simple rules in place to stop each



Figure 3.4: The pitch with the players moved to-
wards the edges of the pitch

player from moving off the edge of the pitch (as
shown in Figure 3.3, which would be unrealistic
if not implemented. On top of this, each mid-
field player will not move past the other midfield
player on the other side, instead remaining in a
position in which they can help that player.

There are also rules which force the midfield
players to not move past the inner box at the top
of the pitch, it is not these player’s responsibility
to score a goal, only to provide support to the at-
tacker, and therefore they shouldn’t need to move
any further forward. Likewise when moving to
the bottom of the pitch, the striker will not move
past the top of the lower box, and the midfield-
ers will not move past partway through the inner
lower box.

4 Evaluation

This model provides a start into modelling a five-
a-side football match, however there are some is-
sues. The agents currently do not have the ability
to react on their own accord, they are very reliant
on user in ut from the mouse, before any move-

ment is made. As such the model only shows
where player’s ideal positioning on the pitch, rel-
ative to the other players, ignoring things such as
free/empty spaces. It may be difficult to spec-
ify rules for the use of things like free space, al-
though this is not limited to Empirical Modeling,
as it is also a problem with attempting to use a
rule based approach.

It is difficult to model the relationships be-
tween the players as being dependent on each
other, in particular when there are a large num-
ber of cases, in which a simple dependency is
not appropriate (such as a player being at an
edge of the pitch). In this case the relation-
ships built using EM allowed for quick con-
struction of the model, and the ability to view
an abstraction of the situation, however attempt-
ing to build a more realistic model, would re-
quire a different approach. It is unclear right
now as too whether or not this is simply just
the need for new Empirical Modelling tools, or
a more complex modelling construct, just as an
Object Orientated Language. Using something
like Java would allow an abstraction of the prob-
lem, while allowing the agents to behave semi-
autonomously, however creating the dependen-
cies would become complex.

5 Further Work

One way to extend this model would be to add
various other formations. This is a good way
to demonstrate the capabilities of the model, and
provide further ways to interact with the agents.
As the code currently stands, it could become
very complex handling the different options and
the rules associated with them.

The positioning of the ball is very important
in a football game, often actions can be almost
entirely dependent on the ball. One way to pro-
vide this functionality in the model, is to treat the
ball in a similar manor to the player agents, and
have the players react to movements of the ball,
in relation to the other players o. the pitch.

Another useful feature for the model would be
an automatic run through of plays, demonstrat-
ing how players should be moving, without the



need for direct interaction. This could be quite
simple to add in, as the agents already follow the
rules needed to adjust themselves.
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