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Abstract—FootballAvatar is an experimental industrial research and development subproject of the project ’SziMe3D–3D
technological innovation in tourism, education and sport’. FootballAvatar aims to produce a novel decision support information
system based on simulations for professional football clubs. This
paper establishes the notion of football avatar in the sense of
information technology, though it has a strong mathematical
background. However, we would like to apply it in several analytic
and simulation software tools developed in our project. The main
question is that how this notion could be implemented and used
in several software environments including C++, Java, and R,
or from an architectural viewpoint, on desktops, smart phones,
and tablets, while the kinds of uses and the base definitions
have often changed during the R&D phases. This changing of
the precise interpretation of the notion of “football avatar” has
a direct impact on selecting the software process model. For
this reason, we have developed an own software methodology
called Competitive Programming (CP), which will be presented
in detail, as the main result of the present paper. Our main
goal with CP was to create a methodology that allows us to
work effectively even when the objectives to achieve are changing
rapidly. As an example of the application of the methodology, the
paper discusses the aforementioned FootballAvatar project.

Since refined definitions had to be used in many software
components, we had to develop our own software process
methodology practice called Competitive Programming (or CP
for short). CP is a competition-based methodology that extends
the agile development processes and is based on a combination
of eXtreme Programming and Rapid Application Development
(RAD). At the heart of the methodology are the creation of an
initial rapid prototype and the formation of small (typically,
one or two member) developer teams that work on forks of the
initial prototype in competition. CP incorporates gamification
elements to motivate the competition among teams. The use
of free and open source software is also an important element
of CP, thus it provides support to implement an open source
software policy.
The paper presents the FootbalAvatar project to demonstrate
an application scenario of Competitive Programming. CP will
be introduced in the first part of the paper, then, in the second
part the FootballAvatar system is presented in detail.

Index Terms—Competitive Programming, Agile Programming,
Software Process Improvement, OSS Policy, Football Avatars

A. A Brief History of the FootballAvatar Project and Earlier
Work

I. I NTRODUCTION
FootballAvatar is an experimental research and development
project aimed at producing the next generation of soccer
analysis programs. A major innovation of this project is
the simulation-based decision-making, where simulations are
organized around the notion of “football avatar”. Basically, it is
a mathematical concept introduced in Section III-I. However,
we would like to apply it in various software environments including C++, Java, and R, or, from an architectural viewpoint,
on various front-end platforms, i.e., desktops, smart phones,
and tablets. One major challenge was that the precise definition
of “football avatar” had been changed during the R&D phases.
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The idea of the FootballAvatar project was born in July
2009. Then, with the help of the Silicon Field Regional IT
Cluster we had found investors and won a tender for the
project. Some related works (e.g., [1], [2], and [3]) were
created before the FootballAvatar project started. We do not
use any of the data or software components created from these
works, the FootballAvatar software system has been made
from scratch.
The article [1] introduced the notion of “football avatar”
using an XML-based approach. [2] and [3] investigated the
RoboCup soccer simulation. Since it is an existing and wellknown soccer simulation model, it was necessary to examine
it before the developement process was started.
B. Technological and Methodological Background
In the scientific literature, it is not uncommon that a
company customizes a well-known methodology. For example,
[4] presents a study of Toyota’s software development process
called Toyota Production System. In general, numerous scientific publications can be found about the relationship between
Software Process Improvement (SPI) and agile methodologies.

MARCH 2016 •

VOLUME VIII

• NUMBER 1

INFOCOMMUNICATIONS JOURNAL

Competitive Programming: a Case Study for Developing
a Simulation-based Decision Support System

2

For example, [5] introduces a mobile development oriented
SPI customization.
We are committed to the Agile Manifesto [6] and we are
familiar with agile software development methodologies, such
as Scrum ([7], [8]) or eXtreme Programming [9]. There are
many examples of customized agile methods, for example, see
[10]. As another customization example, Solo Scrum [11] may
be interesting for us because our SPI uses one-member development teams in many competitions (competition plays an
essential role in our SPI). Our methodology also incorporates
gamification [12] elements.
In recent years it has become more and more common to
write programs that run parallel on the GPU, thus outperforming equivalent CPU solutions ([13], [14]). This would not have
been possible without the appearance of easy-to-use APIs,
such as the NVIDIA CUDA toolkit [15]. CUDA is widely
used for research and simulations, such as simulating artificial
neural networks [16]. We believe in this new approach to
programming, and to make use of the computational power
of GPUs, we also implemented our simulations using CUDA.

was rejected which was the conclusion of our previously cited
work. One of the reasons of the rejection was that the project
management has chosen to apply a closed-source license.
The other reason was that RCSS [24] very strongly focuses
on Artificial Intelligence, which is not surprising since robot
soccer is a standard AI task. In this paper, we are interested
only in sport science simulations.
Contrarily, FerSML is already a sport science model but
the usage of this simulation model was abandoned also from
the same license cause. For the same reason, we cannot use
QCSS too. However, in the case of QCSS it is essential to
emphasize that soccer simulation is not a determining factor,
because QCSS is a cognitive model for trying to investigate
the emerging human consciousness.
Finally, it should be noticed that our simulators cannot
be compared with popular products of the game industry
because FootballAvatar as a product is intended for experts
of professional football clubs rather than lay audiences.

C. A Review of Existing Soccer Simulation Models

A. Project Organization

The whole FootballAvatar system is organized around soccer simulations. Thus, soccer simulations with their theoretical
and technical background are the most characteristic feature
of the system to be developed.
In our approach, a soccer simulation is (1) realistic, if
it has the appearance of a real soccer match, that is, for
example, there are players, who have inertia and acceleration;
(2) quasi-realistic, if it can be considered to be similar to a real
soccer match in some way; (3) non-realistic, where the aim
of the simulation is not to reproduce the course of the game
itself. For example, a match between two sophisticated 2D
RoboCup Soccer Simulation (RCSS) teams, such as HELIOS
[17] and WrightEagle [18], is a realistic simulation. On the
other hand, FerSML [1] simulations are quasi-realistic models,
because FerSML does not use any realistic kinematic models
for the motions of the players. In the following, quasi-realistic
simulations are also referred to as FerSML-like simulations.
The Quantum Consciousness Soccer Simulation (QCSS) [19]
is another example for the quasi-realistic model, but it typically
can work as a non-realistic model too. Finally, soccer betting
prediction is typically based on non-realistic models, for example, statistical forecasting models. Some of these models focus
on predicting tournament outcomes [20] or league positions
[21] while other ones are concerned with predicting outcomes
of individual matches [22].
In the case of realistic and quasi-realistic simulations, we
usually use the “TV criterion” to characterize the appearance
of simulated matches. It is a subjective criterion introduced
in [23] that checks whether the flow of play looks like a
real soccer match. It should be noted that the TV criterion
is entirely based on subjective opinions of human observers
and therefore it cannot be quantitatively described.
At the beginning of the research process we have investigated and understood [2] the 2D RCSS model. However,
the possibility of using of the 2D RCSS in FootballAvatar
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II. S OFTWARE P ROCESS I MPROVEMENT IN
F OOTBALL AVATAR
SziMe3D Ltd. is located in Debrecen, Hungary in Central Europe. It is the project company of FootballAvatar.
“Nagyerdei Gerundium” is a SziMe3D working group which
mainly consists of contracted researchers from the University of Debrecen, including 4 PhD doctors, 2 postgraduate
researchers, 1 PhD student, and 8 BSc students. The initial
idea and the essential part of the design were developed by this
group. In addition, the modeling, analyzing, and simulation
parts of FootballAvatar are also developed by the “Nagyerdei
Gerundium”.
There is a representative of SziMe3D Ltd. in the working
group “Nagyerdei Gerundium” who corresponds with the
Product Owner in Scrum terminology, see [7] and [8]. We
are familiar with Scrum, but do not follow it, for example,
“Nagyerdei Gerundium” is not a Scrum team, it is divided
into smaller subgroups that overlap each other during the
development. Our Software Process Improvement (SPI) will
be introduced in Sect. II-B.
B. Competitive Programming
In research projects it is natural that clearly defined development targets cannot be established until we have enough experience in the area to be researched. In our case, this area has
a strong mathematical flavour, simply because football avatar
is a mathematical statistics-based concept (see Section III-I).
It is clear that choosing the software development methodology is an essential element for industrial projects. Taking into
consideration that our project is a research project as well,
where the software requirements are not clearly understood, it
therefore seems appropriate to choose an agile methodology
for the development of the FootballAvatar project.
In addition, it is important to note that the quintessence
of the development of FootballAvatar is that it takes place
in a university environment. This gives a unique opportunity
for introducing some innovations in the software development
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TABLE I: Competition form

process. Since FootballAvatar is an industrial project one of the
most fundamental issues is the interest of investors. However,
the project is embedded in the University of Debrecen, since
members of the core developer team (including all but one
of the authors) who are contracted employees or apprentices
of the project company are also with the university as a
researcher or a student. In this environment we deeply believe
in the Agile Manifesto [6], and what is more, the management
of the project company also support it. The choice of this
environment brings several benefits to the development. The
main strength of our project is that we have the possibility to
involve the best students in the software development. It is a
very important aspect from the point of view of cost-efficiency,
and it enables us to introduce a competition-based method for
extending the agile development processes.
Fig. 1 shows the general model of our own software
development process based on a combination of eXtreme
Programming (XP) ([9], [25]) and Rapid Application Development (RAD) [26], where the competition among the forked
rapid prototypes of XP programming pairs is focused. The
first step of our approach is the creation of an initial rapid
prototype to identify the major features of the application to
be developed. This proto is based on user’s and developer’s
stories presented in weekly project meetings and is typically
created by a guru programmer (see Subsection II-B3). It is
important to emphasize the role of the developers because
they have no soccer-specific preconceptions. Even the absence
of these preconceptions can allow us to create entirely new
software products and services. Naturally, this has to be
done in close cooperation with soccer and business experts.
This iteration is a usual agile iteration which is shown by a
dotted line in Fig. 1. Our competition-based agile software
development practice presented in this paper is referred to
as Competitive Programming.1 The formal documents of this
method can be found at http://footballavatar.hu/CP. Two of
the most significant developer documents are the competition
form and the OSS policy form that are shown in Table I and
II. We maintain these forms in DocBook XML as part of
our documentation process that is presented in more detail
in Sect. III-J.
Table I shows the layout of our competition form. The lower
part of the form supports the evaluation process that can be
iterated many times depending on the result of the previous
evaluation.
Table II shows the layout of our OSS submission form. The
detailed description of our OSS policy process is presented in
Sect. II-C.
Below we briefly survey the main competing areas, such
as MABSA and FANM. The former acronym stands for
MultiAgent-Based Server Architecture, the latter stands for
FANM is Not MABSA. These will be detailed in sections
III-E and III-F.
1 It should be noted that the term competitive programming is also used
broadly in the context of programming contests, where it is used to describe
competitions in which participants compete with each other in solving various
programming tasks [27]. There is also a Wikipedia article with the title
Competitive programming [28] devoted to the topic. In our terminology, this
term is used to denote a software development methodology.
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TO BE FILLED AT TEAM FORMATION
Date of team formation
Team name
Member #1
Member #2
Supervisor of the team
Short description of the
task
For which part of the system is the task related to
Deadline of first iteration
Repository location
Names
teams

of

competing

Comment
TO BE FILLED AT EVALUATION
Date
OSS policy verdict

approve/approve
with
limitations
comment)/cancel

Meeting verdict

approve/cancel/suspend

(see

Comment

TABLE II: Open source software submission form
TO BE FILLED AT SUBMISSION
Name of submitter
Team of submitter
Date of submission
Name of software
URL to obtain the software
Type of intended usage

use as library/internal developer tool/runtime environment/content

For which parts of the system is the software intended to be used?
Will the software be distributed with the final
product?

yes/no

Name of license(s)
Location where the license is indicated (e.g.,
LICENSE file included in
package, web page)
TO BE FILLED AT EVALUATION
Person responsible for the
verdict
Verdict (approve or reject
intended use)

approve/approve
with
limitations
comment)/reject

(see

Comment

•

Competing MABSA Implementations: MABSA is our
internal research simulation platform which will be discussed in detail in Sect. III-E. For the development
of this platform three development teams were allocated, namely: FBA One C++ (FBA is an acronym for
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Story

Rapid prototype
made by a guru

Fork

An XP pair’s
rapid proto

Possible product
line

An XP pair’s
rapid proto

Suspended
temporarily

An XP pair’s
rapid proto

Competition

An XP pair’s
rapid proto

iterate (costumers)

Accept?

Possible product
line

Product

Rejected
permanently

iterate (developers)

Fig. 1: A general model of the competition based agile software development process. The redundant paths (marked by bold
line) are integrated into the product line.
“FootballAvatar”), Tunneled Footballers, and Hungarian
Phoenix FC (see Fig. 2). At first, the development team
Hungarian Phoenix (MABSA-HPFC) was suspended, and
later it was cancelled. For a possible reason for this, see
Sect. III-F1.
• Competing FANM Implementations: In our terminology,
the term FANM stands for soccer simulation implementations that are easy to reuse across multiple applications and platforms. It will be introduced in Sect. III-F.
The competing FANM development teams are shown in
Fig. 3.
• Competing CUDA ports of FANM Implementations: A
part of the FootballAvatar simulations can be computed
on a Linux PC equipped with NVIDIA GPU. Porting
FANM models to CUDA is a very challenging task but
the result can be very effective. The object of the contest
is to maximize the number of parallel threads of soccer
matches in a CUDA block.
Finally, we note that similar competition-based methodological approaches are used in our other projects. These
approaches have grown out of the first author’s competition
based teaching techniques. However, the idea of competing
rapid prototypes is unequivocally rooted in the FootballAvatar
project, because the success of the developed soccer simulation
teams can be naturally measured by the results of the matches
between them. In addition, we knew and understood very well
from the beginning that it will be hard to find successful soccer
algorithms that can reproduce the distributions observed in
reality. The reason for introducing competitions into our SPI
was that we wanted to support this search.
1) Incorporating Gamification Elements: Competitions can
be interpreted as games between developers, where the winning itself is the direct reward of competitions. In this sense,
stating the most challenging research problems and develop-
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ment tasks as competitions can be regarded as gamification,
or rather, as ludification ([12], [29]).
As a classic gamification element, we have developed a
point system to indicate the difficulty and also the monetary
value of competition tasks. We represent values with quaternary (base 4) numbers, where digits are symbolized by balls.
In our notation, a “classic soccer ball” denotes 0, a “silver
ball” denotes 1, a “gold ball” denotes 2, and finally, a “fire
ball” denotes 3.
2) Selection of the Winner: A question that must be answered is how a winner is selected from a set of competing
rapid prototypes. In the case of soccer team simulation algorithms (ie., MABSA and FANM soccer teams) the winner can
be naturally determined by simulating a tournament among
the competing teams. In general, selecting the winner is
straightforward in the case of competing simulation algorithms, ie., the winner is the one that produces results closest
to reality. For this and other reasons our intuition suggests
that developing simulation algorithms is such an area where
the CP methodology can applied very effectively.
In other cases (eg. porting FANM soccer teams to CUDA)
the goal of the competition is to minimize or maximize
a predefined objective function (ie. the number of parallel
threads of soccer matches in a CUDA block). If that is the
case, the selection of the winner is straightforward.
On the other hand, there are cases where the winner is determined by some other mechanism. For example, the logo of
the FootballAvatar project was also selected in a competition
by a voting procedure (see Section III-H).
3) Our Best Practices to Set Up Competing Development
Teams: As shown in Table III, we have organized competitions
in ten different research and development fields that are named
in the first column and will be detailed in Sections III-E,
III-F, III-G and III-H. Starting from the second column, the
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Possible product line

MABSA-FBA1
FC++
MABSA

MABSA-FBA1
FC++

Fork

MABSA-HPFC

Competition

Accept?

Rejected
permanently

Product

MABSA-TF
sible product
line

Pos-

Fig. 2: An arrangement of MABSA rapid prototypes in our competition programming flow chart. MABSA acronyms are
explained in detail in Sect. III-E.

FANM

FANM-FBA1
C++

Fork

FANM-FBA1
C++

FANM-FBA1
C++

FANM-TF

FANM-TF

FANM-HPFC

TV
criterion

Suspended
temporarily

FANM-DH

FANM-DH

FANM-DHAM

FANM-DHAM

Statistical
tests

Accept?

Fig. 3: An arrangement of FANM rapid prototypes in our competition programming flow chart. FANM acronyms are explained
in detail in Sect. III-F.
activities of our researchers and developers are shown. In the
table, an “1” denotes that the person represented by the column
successfully took part in at least one competition in the field.
“0” denotes non-participation, while an underlined “0” stands
for unsuccessful participation.
Our experience shows that the most successful development
teams consist of one or two members. All competing teams
with more than two members were unsuccessful, and their
activities had to be reorganized or, in several cases, had to be
suspended temporarily or cancelled permanently.
In addition, our experience suggests that there is a strong
correlation between taking part in the work of the successful
teams and the number of commits (shown in the last row of
Table III). It is not surprising, as we maintain all source code
and documentation under version control. We also noticed that
the activity of our researchers and developers follows a Paretolike distribution in that sense that 80 percent of the commits
were made by 20 percent of the members (see Fig. 4).
We recommend that the whole project team should include
two guru programmers, two mathematicians, about 10 software engineering students, and a project owner together with
further technical experts from the target area of the system
to be developed (in our case, they are soccer experts). The
development must be managed by the project leader who
should be one of two programming gurus. The project leader
should continuously monitor the activity of the others. This
monitoring process is based on the number of commits per
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month and until it follows the early mentioned Pareto-like
distribution, the project leader makes proposals to include new
members in order to help, reorganize or replace members who
are in the tail of the Pareto-like distribution.

C. Using Open Source Software and Licensing Issues
Open source software have become a key factor in the IT
industry. According to a Gartner survey conducted in 2008
[30], 85% of companies already used open source software,
while the remaining 15% percent expected to do so in the
next 12 months. (A total of 274 companies took part in the
survey from around the world.) In their more recent report
[31] they expect open source software to continue to broaden
its presence.
Open source has also become a business, a number of
companies are specifically set up to develop and distribute
open source software. Even terms such as professional open
source (POS) [32], OSS 2.0 [33], and second-generation open
source (OSSg2) [34] were coined to refer to commercially
developed open source software. Enterprises can also benefit
a lot from using open source software to develop their own
software products (for example, see [35]).
Therefore, to exploit inherent advantages we use a lot of
open source software in the development of the FootballAvatar
system.
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TABLE III: Competition in the FootballAvatar project. The rows show different research and development fields, and the
columns represent the activities of our researchers and developers, see text for detailed explanation.
*

*

*

MABSA

1

0

1

*
0

0

0

0

0

0

0

0

0

0

0

0

FANM

1

1

1

1

0

0

1

1

0

0

0

0

0

0

0

FANM+

1

0

1

1

0

0

1

1

0

0

0

0

0

0

0

FANM (CUDA)

1

0

1

1

0

0

1

1

0

0

0

0

0

0

0

2D

1

1

1

0

0

1

0

0

0

0

0

0

0

1

0

3D

1

0

0

0

0

1

0

1

0

1

0

0

1

1

0

MOBILE

1

0

0

0

0

1

0

0

1

0

0

0

0

0

0

ANALY “0”

1

1

1

0

0

1

0

0

0

0

1

0

0

1

0

ANALY “−1”

1

1

1

0

1

1

0

0

1

0

1

0

0

0

0

BRAND

0

0

0

0

1

1

0

0

0

1

0

0

0

0

0

# commits in [T1 , T2 ]

835

538

270

31

14

27

23

24

16

<10

20

60

93

27

<10

# commits in [T3 , T4 ]

250

216

64

31

14

27

23

24

16

<10

20

<10

11

<10

<10

(a) The total number of commits in (b) The total number of commits in
our repositories in a given time inter- our repositories in a time interval
val [T1 , T2 ].
[T3 , T4 ], soon after when new developers joined to the project, where
[T3 , T4 ] ⊂ [T1 , T2 ].

(c) The number of commits in our (d) The number of commits in our
source code repository in a given time source code repository in a time interinterval [T1 , T2 ].
val [T3 , T4 ], soon after when new developers joined to the project, where
[T3 , T4 ] ⊂ [T1 , T2 ].

Fig. 4: Anonymized bar charts showing developer activity,
where each bar represents the number of commits by a
developer. Here the shapes of the distributions are significant,
rather than the exact number of commits. In figures 4(b) and
4(d), it is shown that performance shifts slightly towards a
distribution with a heavier tail after new members had been
included. Our project management also uses these charts for
the assessment of the work done by the developers.
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1) OSS Policy: It is a common practice among enterprises
to develop and maintain an open source software policy (or
OSS policy in short), in which they specify the accepted uses
of open source components and their license requirements
for third-party open source software (for a comprehensive
treatment of this topic, see [36]). It should be noted that,
according to the Gartner survey conducted in 2008 [30], 69
percent of companies examined had no such a formal policy.
The study also concluded that companies should have an OSS
policy.
To assure that their licensing terms will not interfere with
our closed source business model we maintain a list of all
third-party software used for the development of the system.
Developers have to name each third-party software they would
like to use and our licensing experts decide on a case-bycase basis if their licensing terms comply with our licensing
policies. If the licensing experts reject the use of a third-party
software they try to suggest appropriate alternatives too.
We call the organizational process described above as License Approval Process (LAP). The process also includes legal
consultation with third-party software vendors (see later).
2) An insight into our OSS policy: Since the majority of
the system will be proprietary (non-free) software it limits
the use of free and open source components. For example,
any code released under a copyleft license like the GNU GPL
cannot be incorporated into non-free software. Therefore, we
prefer using free and open source libraries distributed under
commercial friendly open source licenses, such as the Apache
License, the X11 License, or the various BSD licenses. (For a
comprehensive overview of the popular free and open source
licenses see [36].) We use GPL’d code only as a last resort
for standalone components that we make available as free
and open source. The project company allows open source
developments only in certain areas of FootballAvatar, but these
components are independent from the simulation core. Note
that the GNU GPL does not limit the use of the output of
a program distributed under its terms. (See the question “In
what cases is the output of a GPL program covered by the
GPL too?” in [37].) Thus, we can use GPL’d software in the
development of FootballAvatar. For example, we use Blender
and GIMP to create content.
Some free and open source licenses require special attention
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in non-free projects, one such license is the GNU LGPL.
Although it is a so-called weak copyleft license that is intended
to be appropriate for non-free applications, it is not without
problems (for example, see [36]). Developers must permit
the modification of any LGPL’d libraries they use and also
the reverse engineering of their own code for debugging
such modifications. Since reverse engineering is undesirable
in closed source projects, we try to avoid GNU LGPL and
use LGPL’d software only as a last resort when there is no
appropriate alternative (an example is the Qt framework). We
use LGPL’d code for free and open source components. If our
non-free code must be linked with LGPL’d code we permit
reverse engineering for parts of our system.
Licensing also requires special care because in one of our
sales model we will distribute the FootballAvatar system in
binary form bundled together with all required third-party software, even with a complete Linux operating system. Fedora
has been chosen as our primary free and open source Linux
distro. We consulted with the legal team of the Fedora Project
and they have authorized us to distribute our system together
with Fedora under the name Fedora Remix.
a) Example of Rejection: For example, the use of Ubuntu
Touch as a target platform for our mobile interface was
rejected. Ubuntu Touch is an Ubuntu Linux distribution for
touchscreen mobile devices developed by Canonical Ltd. At
present, it is experimental software for evaluation purposes
only that is available free for non-commercial use. Although
it is a promising mobile platform its current licensing terms
are not appropriate for us since they prohibit any commercial
use.
3) Types of Third-party Software: It is worth noting that
we distinguish the following four category of software in
our list of third-party software maintained within the LAP:
(1) libraries (such as Mesa and Qt), (2) runtime environments
(such as R and WordPress), (3) developer tools (such as
Apache Maven and Blender), (4) and other content (such
as fonts and artwork). These categories represent slightly
different uses of third-party software. For example, developer
tools include build automation software used by our developers
to build the FootballAvatar system from sources and graphics
software used by our artists to create original artwork, such
as product logos. These tools don’t have to be bundled with
the final product.
III. A N OVERVIEW OF THE F OOTBALL AVATAR S YSTEM
The results of the research and development activities of
FootballAvatar can be grouped into following three basic
categories:
(1) Actually, software components in the FBA Core category
constitute the FootballAvatar system. They are distributed
under a closed source proprietary license. (2) The elements of
the category FBA Add-Ons are additional components whose
terms of use are different from than those of the FBA Core.
For example, FBA Add-Ons contains open source software.
(3) The elements classified in category FBA Exper shall not be
included in the FootballAvatar product, for example, because
of licensing problems.
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In the following, we review the FootballAvatar Soccer
Simulator Collection that we also refer to as the Multi-speed
Simulator.
A. A Quick Glance at the Multi-speed Simulator
The main functionality of the FootballAvatar system is
organized into successive simulation levels. We refer to this
layered architecture as Simulation Oriented Architecture, or
SimOA for short. The following three main levels (or speeds)
can be distinguished in the FootballAvatar Soccer Simulation
Collection: (1) On the level labeled “−1” simulation algorithms use only publicly available or estimated data based on
objective and/or subjective observations. (2) Level “0” uses
dedicated equipment such as video cameras and sensors to
gather data (this infrastructure is provided and operated by our
partners). (3) Higher (“+”) levels can be built on the lower
ones.
The software elements on each layer can typically operate
in the following three additional modes: standalone mode,
analyzer mode, and avatar simulation mode. (1) Standalone
simulators and analyzers operate independently on both the
data provided professionally and available publicly. One important use of the standalone elements is to generate test data.
(2) Software in the analyzer mode can be used to examine test
data or real soccer data. This mode uses advanced data mining
and statistical techniques such as bivariate Poisson regression
models, see also [38]. (3) The avatar simulation mode is the
basis of the comparison of real and simulated soccer matches.
The main difference between the standalone and the avatar
simulations is that the former has no input at all or its input
is not decisive. However, in the case of avatar simulations the
representation and behaviour of the players and teams depend
very heavily on the input.
In addition, from an architectural viewpoint, we distinguish the following three environments: (1) MABSA (MultiAgent-Based Server Architecture) is a multi-agent system
to simulate and analyze soccer matches. This environment
is for research purposes only. (2) FANM (as opposed to
MABSA) software elements neither use networking nor agent
technology. These models purely focus on soccer simulation
algorithms. (3) FANM+ elements supplement FANM with
additional features. For example, FANM+ contains FANM
algorithms ported to Nvidia’s CUDA platform.
Finally, from the aspect of implementations, we have several reference implementations, such as FBA One, Tunneled
Footballers, and Hungarian Phoenix, that represent potential
product lines.
In the next paragraphs, we give a detailed insight into the
multi-speed simulator. It is important to emphasize that all
presented models and components have been developed in the
developer competition stage.
B. Speed “−1”
The level “−1” of the FootballAvatar system consists of
simulation algorithms that use only publicly available or estimated data based on objective and/or subjective observations.
Among others, the algorithms on this level make prediction of
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the outcomes of various events that occur during matches for
the coaches of a football team. These events are, for example,
the result (win, draw, or lose) of a match, the number of goals,
faults, yellow and red cards. It should be emphasized that we
do not want to compete against betting offices by developing
winning strategies for the gambling market. The main goal
of the level “−1” is to help a football team providing useful
information such as the comparison of the strengths of the
teams who will be playing at the weekend or whether the
next opponent has a taste for more faults than usual.
C. Speed “0”
Several performance metrics are used in professional football, of which the best known is the EA SPORTS Player
Performance Index (PPI). According to [39], PPI is used in
the Barclays Premier League to analyze the performance of
players. PPI’s strength is its ability to measure the performance
of players independently of their playing position. It is also
interesting to notice that PPI is based on a published research
paper [40].
In the FootballAvatar project we are working on a conceptually similar index but its development is in a very early
stage. We are experimenting with different kinds of indices.
For instance, we have some promising results with the use of
the Similarity Metric [41]. However, the software components
in question are experimental and not part of FBA Core, they
are assigned to FBA Exper. “Decision Processor” is a standard
FBA Core coaching staff’s tool in FootballAvatar that can
help to classify the decisions of players in a discrete time
scale. The output from this tool can be used as a basis for
building performance indices. We experimented with several
FBA Exper solutions based on the data produced by “Decision
Processor”.
D. Higher Speeds
Higher speeds are based on FANM simulations. Typical use
cases for the higher speeds are the following: (1) Simulating
full championships, such as national cups, the Champions
League, or the World Cup, including the creation of match
calendars (match scheduling). (2) Extending simulations by
incorporating additional models, for example, physiological
ones. Currently, the system uses two such extensions, a player
stamina model and a foul model. The above mentioned stamina
and foul models affect simulations by modifying the properties
of players (also referred to as avatar properties) as a function
of time. These models will be discussed in detail in a further
paper that is currently under development. The modifications
of the properties are implemented via AOP (Aspect-Oriented
Programming) [42] aspects.
E. MABSA: MultiAgent-Based Server Architecture
MABSA is an acronym for MultiAgent-Based Server Architecture. It is a TCP/IP-based client-server framework developed in C++ from scratch by the first author. MABSA is
based on the Berkeley Socket API and uses IO multiplexing to
control both the server and the clients. The main feature of this
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ActorRequest

Soccer
Player
Agents

ActorRequest

Simulator Proxy
SensoryInput

Simulation
Server
Agents

SensoryInput

Fig. 5: The MABSA simulation architecture. Simulation algorithms are also implemented as agents, therefore they can be
easily plugged in or replaced. This flexibility makes the search
for good simulation algorithms easier.
architecture is that simulation algorithms can be connected to
the server in the same way as client agents (see Fig. 5).
MABSA soccer teams and simulation algorithms have been
developed in competition. In the following, we will refer to a
MABSA soccer team and a simulation algorithm together as
a MABSA implementation. Initially, we had three competing
implementations that we refer to as MABSA reference implementations.
1) The MABSA Communication Protocol, Simulation Algorithms and Soccer Teams: The implementation of the communication protocol between simulation and analyzer algorithms
and also simulated players is based on Google’s Protocol
Buffers [43]. The protocol was developed in accordance with
our competition based methodology. Originally, MABSA development teams used their slightly modified versions of an
initial protocol. Currently, developers use a unified protocol
that represents a consensus among them and is a result of
an iterative development. The protocol is organized around
two communication classes, namely, SensoryInput and ActorRequest: the former encapsulates all inputs available to
clients (i.e., players), while the latter their responses to their
input. The exchange of SensoryInput and ActorRequest objects
between agents (i.e., players and simulation algorithms) is via
a simulator proxy.
a) MABSA-FBA1 FC++: It is the first author’s C++based reference implementation which has been developed as a
rapid prototype. Directly or indirectly, the other development
teams used it as a basis for their own MABSA implementation. MABSA-FBA1 FC++ uses a discrete-time simulation
algorithm that will be detailed in a further paper.
b) Hungarian Phoenix FC (HPFC): Because this development team failed to comply with the time-limits for
the development of a working MABSA soccer team, it was
suspended temporarily. Then, after an unsuccessful reorganization it was cancelled. The lack of success of HPFC
may be explained by the “guru problem” in the sense of
[44], since members had not enough experience with network
programming and soccer modeling.
c) Tunneled Footballers: It is the third author’s C++based MABSA implementation. It uses a discrete-time algorithm that calculates the motion of the ball based on the
Runge-Kutta method. The players can interact with the ball
and with their environment with the following commands:
stand, move, kick, catch and tackle. They also have attributes
that determine the effectiveness of their actions, namely, speed,
stamina, power, ball-control, dribbling, tackling.
The developer has created an own display program called
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Listing 1: CUDA skeleton code for the FANM reference
implementation FANM-FBA1 FC++.

(a) This figure shows the
result of 24,200 simulated
matches on a GeForce GTX
560 Ti card, organized into
484 (22 × 22) threads per
CUDA block.

(b) This figure shows the
result of 51,200 simulated
matches on a GeForce GTX
660 Ti card, organized into
1024 (32 × 32) threads per
CUDA block.

Fig. 6: The Hungarian flag notation for visualizing CUDA
simulation results, where a red pixel denotes a win, a white
one a draw, and a green one a defeat (for the home team).
FootballEye, which can be seen in action in Fig. 10. This program serves as a testing and debugging tool for the developer.
F. FANM: FANM is Not MABSA
FANM is a recursive acronym for FANM is Not MABSA.
The term denotes the second of our two architectures for
soccer simulation. While the MABSA architecture primarily
serves as an internal research platform, FANM is intended to
be used in the end product. It supports easy embedding of
simulations algorithms to the system. FANM algorithms can
be ported to run in extremely parallel computing environments,
such as CUDA GPUs.
1) FANM Simulation Algorithms and Teams: Similarly to
MABSA, FANM implementations have also been developed in
competition. We have five different competing FANM development teams, namely, FANM-FBA1 FC++, FANM-TF, FANMHPFC, FANM-Debrecen Handsomes, and FANM-Debrecen
HardAsMuscle.
a) FANM-FBA1 FC++: The name stands for a FANM
reference implementation written in C++ by the first author.
It is a rapid prototype that is easily portable to CUDA. Its
simulation algorithm is developed from scratch and uses a
FerSML-like control in that sense that it has been organized
around the motion of the ball. A skeleton of the CUDA
ported version of this implementation is shown in Listing 1.
Fig. 6 shows our visualization technique called Hungarian flag
notation, where the columns correspond to the line-ups of the
away team and rows correspond to the line-ups of the home
team. In this experiment both teams used the same five lineups, but the 3rd and 5th line-ups were detuned to get better
results for the home team. In this figure each pixel represents
the result of a match. The figure itself reflects that the results
are correct.
b) FANM-TF: It is a FANM implementation written in
C++ by the third author. FANM-TF is easily portable to
CUDA. Its simulation algorithm was taken from the MABSA
implementation called Tunneled Footballers, but it uses neither
sockets nor agents.
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device
void
fanmsimu ( / ∗ b l o c k I d x . x , b l o c k I d x . y , d c u r a n d i n i t ,
d f a v a t a r s , dlineups , dpasses , d r e s u l t s ∗/ )
{
/ / GPU
/ / A SOCCER SIMULATION
}
global
void
setupfanmkernel ( /∗ d c u r a n d i n i t ∗/ )
{
/ / GPU
...
curand init ( . . . );
}
global
void
fanmkernel ( . . . )
{
/ / GPU
...
fanmsimu ( / ∗ b l o c k I d x . x , b l o c k I d x . y , d c u r a n d i n i t ,
d f a v a t a r s , dlineups , dpasses , d r e s u l t s ∗/ ) ;
}
int
main ( i n t a r g c , c h a r ∗ a r g v [ ] )
{
/ / CPU
...
dim3 g r i d ( 5 , 10 ) ;
dim3 t g r i d ( 3 2 , 32 ) ;
...
s e t u p f a n m k e r n e l <<< g r i d , t g r i d >>> ( / ∗ i n i c . ∗ / ) ;
f a n m k e r n e l <<< g r i d , t g r i d >>> ( / ∗ d r n d i n i c , d f a v a t a r s ,
dlineups , dpasses , d r e s u l t s ∗/ ) ;
...
}

c) FANM-HPFC: Although it was intended to be a
complete FANM implementation, this software works in the
analyzer mode only. The development of the standalone and
avatar simulation modes was cancelled due to problems inherited from MABSA-HPFC. Another reason for the failure
was that, unlike other FANM implementations (e.g., FANMDebrecen Handsomes) FANM-HPFC does not reuse code from
other implementations, it was intended to be written in Java
from scratch.
d) FANM-Debrecen Handsomes: This FANM implementation is currently under development by the fifth and ninth
authors. It is written in C++ and extends FANM-FBA1 FC++
with the use of a stamina model mentioned in Sect. III-D.
Several factors affect the stamina of a player, these factors
can be classified into two groups. First, any activity (e.g.,
movement, passing, dribbling) by the player has a direct
impact on the stamina. Second, physiological properties (e.g.,
blood pressure, blood chemistry characteristics) also modify
it.
e) FANM-Debrecen HardAsMuscle: This FANM implementation is developed by the eighth author. It is written
in C++ and is based on FANM-FBA1 FC++. There are a
few, but significant differences compared to the other FANM
implementations. For example, the simulation algorithm uses
a foul model that assigns the probability of committing a foul
to each player.
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G. User Interface
Two main types of users are distinguished in the FootballAvatar system, end users and a special user called FootballAvatar Operator, or FAO for short. Every software product
has end users. In our case, they are coaches, managers, and
executives of a football club. The FAO is an expert user with
a deep knowledge and understading of the FootballAvatar
system, whose main task is to provide end users with all
information they require, such as simulation results.
Consistent with the above, we distinguish the following two
user interface levels: (1) The first UI level is specifically for
the FAO. It is a PC-only interface, and its main goal is to
provide functionality to run simulations and to provide information for end users. (2) The second UI level is specifically
for end users. It is built on the information provided by the
FAO. UI implementations must be portable and easy to use,
so this interface is only available on portable devices (i.e., on
tablets and smartphones).
The organization of the user interface reflects the SimOA
introduced in Sect. III-A, i.e., the FAO must choose one of
the simulation levels before use.
2D and 3D display applications, mobile solutions, and data
analysis applications are typical elements of the user interface.
Similarly to MABSA and FANM implementations, they are
also being developed in competition with each other. We have
five 3D, four 2D, and four mobile-based competing display
applications, and eight competing data analysis applications.
Only some of them will be presented here.
f) Competing 3D Display Applications: Basically, two
kinds of 3D display applications are being developed to
be used in the FootballAvatar system: an anthropomorphic
that uses 3D animated human models, and a schematic that
uses buttons to represent players. The latter solution is also
referred to as “button soccer display”. For example, 3D Model
Animation (3DMA) is an anthropomorphic display application
developed by the eleventh author. Fig. 7 shows a 3D model
of this application, that was created by Blender [45] and
MakeHuman [46].
We have experimented with several “button soccer” type
displays. For example, an OpenGL-based display application
made by the development team FBA1 is shown in Fig. 8.
g) Competing 2D Display Applications: We have four
different competing solutions for 2D display and match analysis. For example, Multi-Display Player, or MDP for short, was
designed to display multiple visualizations at the same time
using screen splitting. It is intended to be used in tactic rooms
equipped with a big screen or a projector. MDP provides a
flexible layout architecture to which additional visualizations
(e.g., new charts) can be added easily.
As another example, Fig. 10 shows a Qt-based display and
analytic application that works with both the MABSA and
the FANM architecture too and was very successful in the
developer competition phase.
h) Competing Mobile Solutions: Fig. 11 shows a screenshot from our four competing mobile solutions. For example,
View 2D Entity (V2DE) is one of the MDP modules designed
to display a football pitch in 2D and to perform basic analytics.
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(a)

(b)

Fig. 7: 3D models of a football player used by the 3D Model
Animation (3DMA) display program. The two models differ
only in the shirt logo.

Fig. 8: The OpenGL-based display program of the development team FBA1.

Fig. 9: The modular layout of Multi-Display Player (MDP).

V2DE can run detached from MDP as an independent crossplatform application on Windows, Linux, and also on Android
tablets.
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(a) The minimal FootballAvatar logo.

(b) The shield FootballAvatar logo.

Fig. 12: The two competing FootballAvatar logos.
I. Football Avatars and Avatar-based Simulations
Fig. 10: FootballEye, a QT-based display program of the
development team Tunneled Footballers.

(a) The 2D player called FA-droid.

(c) Tactic Design Table.

(b) The
2D
View2DEntity.

player

called

(d) FootballEye with QT5 running
on Ubuntu Touch.

Fig. 11: Our four tablet-based solution proposals in the developer competition stage.

H. Project Logo
In accordance with our methodological approach, CP, two
competing development teams were formed for the creation
of the FootballAvatar logo. We call the resulting logos the
Minimal FootballAvatar Logo and the Shield FootballAvatar
Logo.
i) The Minimal FootballAvatar Logo: This logo was
created by a one-member team consisting of the sixth author.
The logo depicts a letter “F” and a letter “A” that are merged
together. The design goal of the artist was to create a logo that
is simple and easy to remember.
j) The Shield FootballAvatar Logo: This logo was created by a two-member team consisting of the seventh and the
eleventh authors. The design goal was to create a minimalist
logo that looks similar to football club logos. The football
player shown in the logo is based on a 3D model by the
eleventh author.
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In this section a heuristic mathematical definition is given
for the notion of football avatar. The definition is based on
statistical hypothesis testing and goes back to [23]. It should
be noted that the authors of this paper are currently working
on a separate paper devoted to the concept of football avatar.
Let x = (x1 , . . . , xp ) be a p-dimensional random variable,
where xi , i = 1, . . . , p, are quantities characterizing soccer
matches from particular aspects. There are typically such
quantities that depend on chance, but their values are known
in reality, such as the number of passes of a given player in
a match, or the total number of goals scored by a team or
a player in a season. The coordinates of x are referred to
as probabilistic properties of the soccer. Realizations of this
random vector x (known from real soccer) will be called apriori observations. Let A be a soccer simulation algorithm
based on various player, pitch and/or referee features as avatar
features that computes independent simulated observations for
x.
Definition (A Heuristic Definition of Football Avatar). The
pair (x, A) is referred to as football avatar with respect
to a given set of probabilistic properties if the probability
distribution of the a-priori observations and the probability
distribution of the simulated realizations of x are equal.
The equality of these two probability distributions can be
verified by appropriate methods of hypothesis testing.
Statement. The TF-FANM-NB1 algorithm is a football avatar
with respect to the total number of goals scored in a season.
Following the example of [23], in order to verify the statement we have used the Wald–Wolfowitz and Mann–Whitney
tests to determine whether the two distributions are the same
or not. The significance level α for all following tests is chosen
as α = 0.05. In Table IV we have collected the total number
of goals scored during seasons 2004/2005–2012/2013 in the
Hungarian National Championship.
Season

4/5

5/6

6/7

7/8

8/9

9/10

10/11

11/12

12/13

Goals

681

707

677

746

710

707

690

648

639

TABLE IV: The total number of goals scored during seasons
2004/2005–2012/2013 in the Hungarian National Championship (x = 689.44, s∗n = 33.02).
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Then, we have simulated nine seasons for this championship
using the TF-FANM-NB1 algorithm, for which the total number of goals scored obtained from the simulations are shown
in Table V. We refer to this sequence of simulations as a.
1.

2.

3.

4.

5.

6.

7.

8.

9.

a

684

696

735

775

780

709

693

695

705

test
stat.
10/24

b

692

720

703

648

689

712

680

708

697

13/34

TABLE V: The total number of goals scored in our simulations
(xa = 719.11, s∗na = 36.08 and xb = 694.33, s∗nb = 21.28).
The last column shows the values of test statistics in form of
Wald–Wolfowitz/Mann–Whitney. The structure of the table is
the same as the previous one.
Another sequence of simulations, b was run with different
parameters in comparison with a. Finally, it should be noted
that all these simulations have been computed on the level
“−1” in the standalone mode.
1) Simulation-based Decision Making Support: Based on
“avatar simulations” introduced in the previous section, we can
answer many questions that may be of interest to the coaching
staff, such as the following: (1) Which starting eleven should
be chosen? (2) Which line-up should be chosen? (3) What is
the likely impact of given tactical orders? (4) What is the most
likely match result? Details of these topics will be discussed
in further works.
J. Project Documents and the Documentation Process
The FootballAvatar project uses DocBook as its primary
documentation format. DocBook [47] is an XML vocabulary
for writing technical documentation. It is an open standard
that is maintained by the OASIS DocBook Technical Committee. Docbook is popular and widely used in the industry.
For example, the following projects use DocBook for their
documentation: the Fedora Documentation Project, FreeBSD,
GNOME, KDE, PHP, PostgreSQL, the Linux Documentation
Project. The main advantages of DocBook are the following:
(1) it is a platform and vendor independent plain-text based
format, (2) DocBook documents can be transformed into
various presentation formats, including HTML and PDF.
An important additional advantage comes from its plaintext nature: DocBook documents can be stored under version
control and developers can work concurrently on the same
document. Therefore, we keep all documentation in our SCM
repository, similar to source code. This allows us to track
changes and also the activity of our developers.
We use dblatex [48] to create high quality PDF documentation from DocBook XML sources. It is a free and open
source tool distributed under the GNU GPL that uses the LATEX
typesetting system to transform DocBook into PostScript or
PDF.
It is mentioned here that weekly team meetings and other
project activities are recorded on video as part of our documentation process.
Developer’s Guide: We follow the principles of agile documentation [49]. In order to implement these, we maintain
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Physiological aspects
player
speed

passing
accuracy

shooting
accuracy

...

new aspects

passing probability
matrices, line-up maps
avatar transformation

app. dependent internal format
XML

speed
“−1” data

XML

speed
“0” data

Fig. 13: An avatar is a cross-cutting aspect that can be used
to prepare the input files for the simulation algorithms.
only one document simply called “Developer’s Guide”, which
includes the Conceptual Plan, the Software Requirements
Specification, and the System and Implementation Plan together. It also documents our competition and open source
policy related activities using the competition and the open
source submission forms shown in Tables I and II.
IV. T HE IT MANIFESTATION OF AVATARS
In Sect. III-I we showed that the notion of “football avatar”
is a mathematical definition that can help to evaluate the
goodness of soccer simulation algorithms, where the evaluation is based on the comparison of the simulation results
and real data. Such a comparison was done in the statement
of Sect. III-I where the passing probability matrices and
the line-up maps were used. However, it was necessary to
include additional properties into the simulation in order to
satisfy the TV criterion and statistical requirements. In all
cases, the cause of introducing additional properties is that
we have applied new approaches to the given simulations.
Therefore, an avatar is simply an aspect from an AOP-based
[42] viewpoint. To be more precise, avatars are the results of
applying avatar transformation aspects to the input of simulation algorithms, as is shown in Fig. 13. In our experiments,
the most basic football avatars consist of passing probability
matrices and line-up maps. These properties can be extended
by introducing new aspects, in which case the appropriate
functions of the simulation algorithms must also be overridden
to handle new input data by the newly introduced aspects. A
few examples for such additional aspects are the following:
(1) Physiological aspects: incorporate additional physiological
properties into the simulation that affect the performance of
players, eg., a stamina model. (2) Environmental aspects:
incorporate environmental properties into the simulation, such
as current weather conditions, or the type of playing surface.
(3) Referee aspects: incorporate properties of the referees into
the simulation.
V. VALIDATION OF S IMULATIONS
The following questions naturally arise: (1) How can FootballAvatar simulations be validated? (2) What kind of results
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can be expected from the FootballAvatar system? (3) Who
knows what can be expected from a computer program in the
field of soccer? We are looking for answers to these and similar
questions. To be able to answer them, we have to take into
account that what can be expected at all from a human coach.
Thus, we asked for help from football clubs. At our request,
they provided us with preliminary tactical scenarios prepared
for their matches. We would like to ground our answers to
the above questions on the comparison of the scenarios from
football clubs and the scenarios that occur in our simulations.
This requires further work, that will be presented in a later
publication.
The concept of football avatar, in the strict sense of the
definition, by itself, implies a validation criterion (i.e., a
statistical test). Some examples of the simulations referred in
the definition of football avatar were presented in detail in
Sect. III-I.
VI. C ONCLUSION
Finding successful soccer simulations algorithms that can
reproduce the distributions observed in reality have proved
to be a challenging research and development task. We have
known this since the start of the project. To help the search
for suitable simulation algorithms we have developed our own
methodology that we named as Competitive Programming, or
CP for short. We hope that CP can be successfully applied in
R&D projects, in which sufficient number of developers are
available to allocate multiple competing teams to a specific
task. This is often the case when the R&D activity happens
fully or partially in a university environment. In order to
support the adoption of CP we have made our standard project
document templates available at http://footballavatar.hu/CP.
On the basis of the results shown in this paper, it is clear
that our CP-based efforts have been successful, because we
have found simulation algorithms that can fulfill the definition
of football avatar. Thus, in the strict sense the research purpose
has been achieved.
VII. O NGOING AND F UTURE W ORK
This section briefly summarizes ongoing and future work
mentioned in the paper. (1) We are working on a performance
measure that is similar to the EA SPORTS Player Performance
Index (PPI) but its development is in a very early stage (see
Sect. III-C). (2) The stamina and foul models mentioned in
Sect. III-D, and also MABSA simulation algorithms mentioned in Sect. III-E are discussed in detail in another paper
that is devoted to the concept of football avatar and has
been submitted for publication [38]. (3) We are planning a
paper that will address questions regarding the validation of
FootballAvatar simulations (see Sect. V).
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