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Abstract. The paper discusses a top-down approach to model soccer knowledge,
as it can be found in soccer theory books. The goal is to model soccer strategies
and tactics in a way that they are usable for multiple RoboCup soccer leagues,
i.e. for different hardware platforms. We investigate if and how soccer theory can
be formalized such that speci cation and execution is possible. The advantage
is clear: theory abstracts from hardware and from speci c situations in leagues.
We introduce basic primitives compliant with the terminology known in soccer
theory, discuss an example on an abstract level and formalize it. We then consider
aspects of different RoboCup leagues in a case study and examine how examples
can be instantiated in three different leagues.

1 Motivation

Thinking about the goal of the RoboCup community to beat the human soccer cham-
pion by the year 2050 we start thinking about the human way of playing soccer. Talk-
ing to real experts in that eld revealed that strategy and tactics play a major part in the
game. But a computer scientist is more intrigued by available methods and restrictions
that do exist for various reasons (e.g. expressivity of languages used). The following
question arises: Can we apply soccer theory to the RoboCup domain in a way that the
majority of the leagues would bene t? The motivation of this paper is therefore to take
an adequate soccer theory book and examine its formalization.

Success in modern soccer games largely depends on the physical and tactical abili-
ties of single players and on the overall strategy that coordinates team behavior whose
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goal is to sustain the strength of the individual players and to restrict the abilities of
the opponents. Additionally, the use of an appropriate tactic is the foundation for co-
ordinated team behavior. A big advantage of this approach is that the outcome can be
applied to more than one RoboCup league. We go further and argue that it is possible
to have a team of robots from different institutions that are able to play soccer together.

The paper is organized as follows: We motivated our approach in Sect. 1, introduce
basic primitives compliant with the terminology known in soccer theory. We discuss
an example on an abstract level formalizing it with Golog as speci cation language in
Sect. 2. We then consider aspects of different RoboCup leagues in a case study and
examine how examples can be instantiated in three different leagues in Sect. 3. We
discuss our approach in Sect. 4.

2 World Modeling for the Soccer Domain

This section contains a description of how modern soccer knowledge is organized.
Nowadays there are many textbooks on soccer theory. Here, we focus on Lucchesi’s
book [8], because it concentrates on the presentation of tactics (and not on training
lessons). We derive basic primitives from [8] and formally specify some soccer tactics.

2.1 The Organization of Soccer Knowledge

According to [8], we interpret a soccer strategy as a tuple str =hRD;CBPi. WithRD as a
set of role descriptions that describe the overall required abilities of each player position
in relation to CBP, the set of complex behavior patterns is associated with the strategy.
Given the strategy str, the associated role description rd 2 RD can be described by the
defense tactics task, the offense tactics task, the tactical abilities, and the physical skills.
Although soccer strategies in current literature [8, 10] are not as highly structured as
strategies for American football, they provide suf cient structure to build up a top-level
ontology with respect to specialization and aggregation. According to [8], the offensive
phase can be structured into four sub-phases: gaining ball possession, building up play,

nal touch and shooting. In general, there are two ways to build up the play: either
we introduce the phase in a counter-attack manner, fast and direct with a long pass or
deliberately by a diagonal pass or a deep pass followed by a back pass. In the sequel,
we will concentrate on the building-up phase.

2.2 Basic Primitives

Following the lines of [8], we distinguish between role (back, mid eld, forward) and
side (left, center, right) in soccer. This distinction is more or less independent from
the pattern of play (e.g. 3-4-1-2 or 4-2-3-1). The combination of role and side (e.g.
center forward) can be interpreted as type of a (human or robotic) soccer player or as
position (region or point) on the soccer eld. Therefore, we basically have nine different
positions, as illustrated in Fig. 1(a).

The notions player type and position can be seen as instances or specializations of
the notion of an abstract address, usually associated with its (actual) coordinates or a



region on the soccer eld. Also the ball (strictly speaking, its position) is an address,
i.e. the parameter or goal of a test or operation of a soccer player (agent). A movable
object in the context of soccer may be a player or the ball. An object is in a current
state, which includes besides other data the current speed or view direction.

Although not explicitly mentioned, a model of behavior is assigned to every object,
e.g. average or maximum speed or as a special case a deceleration rate for the ball.
Additionally every player needs to hold data about other agents’ states. We abstract this
by the term world model. All this is summarized in the class diagram in Fig. 1(b).

In [8, p.ii] only few symbols are introduced that are used throughout the many
diagrams in that book: players (in many cases only the team-mates, not the opponents
are shown), the ball, passing, movement of the player receiving the ball, and dribbling.
Conceptually, all symbols correspond to actions, which we abbreviate as pass, goto,
and dribble. Since all actions are drawn as arrows starting at some player, naturally
two arguments can be assumed: player and address. goto(player[LF]; region[CF]) e.g.
means that the left forward player moves in front of the opponent goal.

Although in most cases this is not explicitly mentioned in [8], actions require that
certain prerequisites are satis ed, when they are performed. Since our approach aims at
a very abstract and universal (league-independent) formalization of soccer, we restrict
ourselves to only two tests: possession of ball and reachability. Each of them can be
seen as predicate with several arguments: hasBall has the argument player (the ball
owner); reachable has two arguments, namely an object and an address.

A pass e.g. presupposes reachability, i.e. it should be guaranteed that the ball reaches
the team-mate. Clearly, the implementation of the reachability test is heavily dependent
of the respective soccer league and its (physical) laws. Therefore, at this point, we only
give a very general and abstract de nition: Object o can reach an address a iff o can
move to a and after that the ball is not in possession of the opponent team. This also
covers the case of going to a position where the ball will be intercepted. We will go into
further details in Sect. 2.5.
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(a) Tactical regions on the eld. (b) Class hierarchy for soc-
cer derived from [8].

Fig. 1. Tactical regions and address hierarchy derived from [8]. The eld is divided into three rows
(corresponding to player roles) back (B), mid eld (M), and forward (F) and three lanes (sides):
left (L), center (C), right (R). An address may be one of the nine regions or player types.
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2.3 Towards a Formal Speci cation of Soccer Tactics

For specifying soccer moves we use the logic-based programming language Golog [6].
Golog is a language for reasoning about actions and change and is based on the sit-
uation calculus [12]. Properties of the world are described by uents, functions and
relations with a situation term as their last arguments. The way actions change uents
is speci ed in terms of so-called successor state axioms, which also provide a solution
to the frame problem. Together with action precondition axioms, axioms for the initial
situation, a few foundational axioms and a domain closure and unique names assump-
tion these form the basic action theories [12]. Golog uses basic action theories to de ne
the meaning of primitive actions. In addition it provides familiar control structures like
sequence, if-then-else, or procedures to specify complex action patterns. Recent exten-
sions dealing with concurrency, continuous change and time [2, 5] make the language
suitable for the soccer domain.

While Golog has been and is used to implement soccer agents [3], we use it
here merely as a speci cation language, because it comes equipped with a formal se-
mantics. As we will see, the language allows a fairly natural representation of typ-
ical play situations. The primitive actions we consider here are goto(player;region),
pass(player;region), and dribble(player; region). Further we need the action intercept
which is a complex action built from the primitive ones. The arguments of the actions
are player and region denoting that the particular player should go to, pass, or dribble
the ball to the given position. For describing the properties of the world on the soccer

eld we need the uents reachable and hasBall(player) among others.

2.4 Example

Fig. 2(a) depicts a possible move for a counter-attack. There, player movements are
represented by arrows (¥ or y), passes are indicated by dashed arrows (99K), and
squiggly arrows () stand for dribbling. Before we are able to formalize the whole
man uvre, we have to think about what passing means exactly. As in several action
calculi, we introduce constraints associated with this action. A pass from player p to
p’ requires that beforehand p is in ball possession and the ball can be passed to p’,
i.e. the logical conjunction hasBall(p) ~ reachable(ball; p%). Afterwards p’ is in ball
possession, i.e. hasBall(p"). In [8, p. 27], three different types of passes are mentioned
that can be formalized by additional constraints: long pass with p:role = B/ pl:role =
F, diagonal pass with p:side & p’:side, and deep pass with p:role < p:role where we
assume that the roles (which can also be understood as rows in Fig. 1(a)) are ordered.
In Fig. 2(a), player 8 just captured the ball from the opponent team, dribbles toward
the goal while the forwards (player 9 and player 11) revolve the opponent defense in
order to get a scoring opportunity from both corners of the penalty area while player 10
starts a red herring by running to the center. The white circles represent the opponents.®
The counter-attack can be speci ed with Golog as shown in Fig. 2(b). The program
is from the view of player 8, that is, all actions and tests are performed by this player.

5 Inthe original gure (diagram 21 in [8]) there are no opponent players as well as no dedicated
regions; we inserted them here for illustration purposes.



proc counterattaci?1

regionLF] intercept;
=] startDribble(region[CF]);
RN o 2 ) waitFor(reachable pa1; region[RF])_
@ readablg pg; region[RF])_
o— o 9x:Opponentx) » TacklegX));
e ] endDribble
if readablg p11; region[LF])
o then pasgregion[LF]);
elseif reahablg pg;region[RF])
then pasgregion[RF]);
Py regionRF] endproc
(a) Extendeddiagram21 from [8]. (b) Thespeci cationin Golog.

Fig. 2. Counterattackexample.

Player8 gainsthe ball with aninterceptaction.He dribblestowardthe center(denoted
by regionCF])) until eitherplayer11 or player9 is ableto receve the passor anop-
ponentforcesplayer8 to do anotheraction (which is not speci ed in this example).
In the speci cationabove we usethe actionpair startDribble and endDribbleinstead
of a singledribble actionaccountingfor temporalaspect®of thataction. Splitting the
dribble actioninto initiation andterminationis a form of implicit concurreng, since
otheractionscanbe performedwhile dribbling. We omit furthertechnicaldetailsand
referto [5].

The next stepin the presentegequenceés a waitFor constructlts meaningis that
no further actionsareinitiated until oneof the conditionsbecomesgrue,i.e. player11
or 9 areableto receive apasdn theirrespectie region or anopponentacklesplayer8,
i.e.,anopponentaninterceptheball (go-reachability)lt is perhapsvorth mentioning
thatduring the blocking of the waitFor the dribbling of player8 continuesandsensor
inputsareprocessedio updatetherelationreadable whichis discussedn moredetail
in Sect.2.5.See[5] for detailsof how sensoupdatesanbeformalizedin Golog.

Finally, in the conditionalwe have to testwhich conditionbecamerue to choose
theappropriatgpassNotethatwe donotchooseanactionin thecaseof neitherplayer9
nor player11 canreceve the passasthis would be the matterof anothersoccemmove
procedureThecounterattackprogramdor the otherplayerscanbespeci edsimilarly.

2.5 Reachability

For ourtheory reachabilityis central.As ourtheoryaimsat beingagenerabnefor dif-

ferentsocceleagueswe donothaveaspeci c reachabilityrelation.Building aspeci ¢

reachabilityrelationis dependentn the leagueandevenwithin aleaguejt depend®n
abilities of singlerobotsor agents However, the differentreachabilityrelationsshare
somepropertiesndependendf theleagueln generalwe candistinguishthreedifferent
reachabilityrelations:



