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Abstra
tOne of today's fast-growing domains in software engineering is multi-agent sys-tems(MAS). One of the for
es in MAS is the de
entralised approa
h of a
hieving
ommon, often 
omplex, goals utilising simple agents. At the same time, this isalso a drawba
k be
ause a lot of negotiation is required when agents engage in
ollaboration to a
hieve their 
ommon (
omplex )goals.In this thesis the 
on
epts; agent, a
tivity and 
ontext, are investigated. And,it is investigated how to a
hieve 
ollaboration between multiple agents by usinga
tivities in 
ontexts, while preserving a high level of agent autonomy. An ex-perimental platform, a so

er simulator, labelled So

erLab has been developed,to be able to experiment with agents and espe
ially the 
on
epts a
tivity and
ontext and how they are applied during analysis, design and implementation.The experiments revealed that a
tivities are �exible and powerful for des
ribingand pres
ribing 
ollaboration, both at a 
on
eptual level during analysis anddesign and at a programming level during implementation, between agents in
ontexts, while preserving agent autonomy.
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Prefa
eThis report is the result of Ste�en Jensen's Master Thesis1 and represents the�nal step before obtaining the Master's Degree in 
omputer systems engineer-ing2. The work in this thesis has been 
arried out on an individual basis, ex
eptfor the literature study of agents, a
tivities and 
ontexts, do
umented in 
hapter4, whi
h has been 
o-written with Beata Hargesheimer3. Beata Hargesheimerhas also written some of the summaries of the studied literature, presented inappendix B. It should be noti
ed that a CD 
ontaining the two developed pro-totypes has been in
luded in appendix F.This thesis has been written under supervision of Palle Nowa
k, Asso
iateProfessor, Ph.D. and it was 
arried out in the period February 2005 to February2006.The Maersk M
-Kinney Moller Institute for Produ
tion Te
hnology,University of Southern Denmark, Odense.1st of February 2006.

1Danish: spe
iale2Danish: 
and.polyt3Master student at The Maersk M
-Kinney Moller Institute for Produ
tion Te
hnology,University of Southern Denmark, Odense. xiii



xiv



Organisation of this reportThis page gives a brief overview of the purpose and the 
ontent of ea
h of the
hapters in this report.Chapter 1 gives an overview of, and serves as the 
on
lusion of this thesis. Itdoes so by presenting and des
ribing; the problems set-up in this thesis,the results and a dis
ussion of these.Chapter 2 des
ribes the developed experimental platform for agents, a
tivitiesand 
ontext, labelled So

erLab prototype version 1.Chapter 3 presents an appli
ation survey en
ompassing the two appli
ations:The Tao of So

er(MAS) and FIFA Football 2005(so

er game), that pro-vided inspiration for both platform features and 
ollaboration strategiesfor future version of the So

erLab appli
ation.Chapter 4 des
ribes the analysis of agents, a
tivities and 
ontexts, based onliterature studies and 
hara
terises 
on
epts a
tivity and 
ontext used inSo

erLab prototype version 2.Chapter 5 do
uments how the 
on
epts; agent, a
tivity and 
ontext are sup-ported and implemented in So

erLab prototype version 2 and how theyare visualised.
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Chapter 1Summary of thesisThis 
hapter presents the motivation to 
arry out this thesis, a problem analysis,with the resulting problem formulation, and the results of this thesis. Finally,the results are dis
ussed and suggestions for future work are presented. This
hapter serves as the 
on
lusion of this thesis and be
ause of that no se
tionexpli
itly denoted 
on
lusion will be found in this thesis.1.1 MotivationOne of today's fast-growing domains in software engineering is multi-agent sys-tems1 (MAS), but still no unambiguous de�nition of what an agent is havebeen agreed-on. A widely a

epted notion of agen
y, was proposed by Mi
haelWooldridge and Ni
holas R. Jennings in [Wooldridge and Jennings, 1995℄. A
-
ording to Wooldridge and Jennings the term agent denotes a hardware orsoftware-based 
omputer system enjoying properties su
h as; autonomy, so
ialabilities, rea
tivity and pro-a
tiveness. By this notion of agents it is understoodthat agents operate without intervention of humans and they move around per-
eiving their environment while exhibiting goal-dire
ted behaviour and 
ollab-orating with other agents.A multi-agent system is a system 
omposed of several agents, 
apable ofrea
hing goals that are di�
ult to a
hieve by an individual system [Zambonelliand Parunak, 2002℄. One of the major for
es in MAS is the de
entralised ap-proa
h of a
hieving 
ommon goals of the agents. At the same time this is also amajor drawba
k be
ause a lot of negotiation is required when agents engage in
ollaboration to a
hieve their 
ommon goals. The motivation for this thesis is toexamine how to a
hieve(des
ribe and pres
ribe) 
ollaboration between agentsavoiding negotiation by using a
tivities in 
ontexts.1.2 Problem analysisThe obje
tive of this thesis is, to investigate a new paradigm and approa
h forsoftware development, in whi
h it is 
onsidered to model and represent bothproblems and solutions in terms of agents and obje
ts engaged in a
tivities in1MAS is an abbreviation for multi-agent system(s)1
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ontexts. The following se
tions presents an analysis of the problems raised bythe motivation. Se
tion 1.2.3 summarises this analysis, in form of the problemformulation.1.2.1 Supporting agents through 
ontextsAn example on how inhabitants 
an be supported by the environment or 
ontextin whi
h they live, 
an be found in the TangO paradigm [May et al., 2001℄. Inthe Tango paradigm, a paradigm for modelling digitally pervasive environments,tangible obje
ts, physi
al obje
ts with 
omputational power, live in habitats,whi
h are logi
al 
ontexts. The interplay between tangible obje
ts and betweentangible obje
ts and a habitat is a
hieved by using asso
iations.Habitats as abstra
tions over environmentThe 
on
ept of habitat as an abstra
tion over environment has evolved sin
e itwas introdu
ed in [May et al., 2001℄. For instan
e [Andersen and Nowa
k, 2004℄des
ribe habitats as a 
ontainer where inhabitants 
an move into and live for aperiod of time and then move out again. To be more spe
i�
 the topi
 in [An-dersen and Nowa
k, 2004℄ is to model moving ma
hines(PDAs2 and laptops),and how they 
an be in�uen
ed by the 
ontext in whi
h they are present. Forinstan
e, at a train station the platforms (modelled as habitats) automati
allyprovide information su
h as arrival, departures and delay of the train to whi
h aperson has a ti
ket, through his PDA. When the person enters a train(anotherhabitat) he will be guided to his seat by his PDA, whi
h also present otheruseful information, provided by the train habitat, like the estimated travel timeand where the train stops.Similar to the way habitats in�uen
e PDAs and laptops, agents 
ould bein�uen
ed by the 
ontext3 in whi
h they are present and hen
e be en
ouragedto parti
ipate in 
ollaboration.Not only the habitat 
on
ept has evolved, also the 
on
ept of asso
iation asan abstra
tion over interplay or 
ollaboration between artifa
ts has evolved aswell. This is des
ribed in the following se
tion.1.2.2 Collaboration between agents using a
tivitiesThe asso
iation 
on
ept used in the TangO paradigm [May et al., 2001℄ orig-inates from the a
tivity 
on
ept introdu
ed as transverse a
tivities by BentBruun Kristensen in [Kristensen, 1993a℄. Bent Bruun Kristensen's a
tivity 
on-
ept is an abstra
tion over 
ollaboration in obje
t-oriented programming.A
tivities as abstra
tions over 
ollaborationThe a
tivity 
on
ept, as presented in [Kristensen, 1993a℄, is founded on the
on
eptual framework of BETA [Madsen et al., 1993℄, where programming is
onsidered as physi
al modelling. Be
ause the a
tivity 
on
ept is founded on2PDA is an abbreviation for personal digital assistant.3During the investigation of the habitat 
on
ept it was de
ided to rename it to 
ontext,this de
ision is further elaborated in 
hapter 42



1.3. PROJECT CONSTRAINTSthe 
on
eptual framework of BETA a 
lear distin
tion is made between 
lassrepresentation and obje
t representation of the a
tivity 
on
ept.During the years not only has the 
on
ept of a
tivity4 been renamed toasso
iation, but it has also been re�ned in several iterations. [Kristensen, 2005℄presents the latest re�nement of the asso
iation 
on
ept, whi
h is the sum ofall the re�nements made to the 
on
ept sin
e it was introdu
ed as transversea
tivities. In its latest version the asso
iation 
on
ept is an abstra
tion over
ollaboration where the 
ollaborating parti
ipants are only a

essed throughroles. When all the parti
ipants are gathered in the asso
iation it exe
utes itsdire
tive whi
h pres
ribes the 
ollaboration. The asso
iation 
on
ept providesa means to des
ribe and pres
ribe 
ollaboration between multiple obje
ts in a
entralised manner.1.2.3 Problem formulationThe obje
tive of this thesis is to investigate a new paradigm and approa
h forsoftware development, in whi
h it is 
onsidered to model and represent bothproblems and solutions in terms of agents and obje
ts engaged in a
tivities in
ontexts. The main fo
us is put on how to a
hieve 
ollaboration between multipleagents using a
tivities in 
ontexts, and how the 
ollaboration 
an be des
ribedand pres
ribed. As an attempt to make the abstra
t 
on
epts of a
tivity and
ontext more 
on
rete, to in
rease understandability, it should be 
onsideredhow the two 
on
epts 
an be visualised.This 
an be de
omposed into the following three problems:
• How 
an the 
on
ept of a
tivity be 
hara
terised, and how 
an it be appliedduring analysis, design and implementation?
• How 
an the 
on
ept of 
ontext be 
hara
terised, and how 
an it be appliedduring analysis, design and implementation?
• Can visualisation in
rease the understandability of 
on
epts of a
tivityand 
ontext?1.3 Proje
t 
onstraintsThe primary interest is to investigate the 
on
epts of a
tivities and 
ontextsto be able to 
hara
terise the two 
on
epts and use them in experiments ofmodelling 
ollaboration between multiple agents. Se
ondary, the MAS paradigmis investigated to gain knowledge of the 
on�i
ts that arises when 
entralised
ontrol is introdu
ed into multi-agent systems.To be able to experiment with the 
on
epts of agent, a
tivity and 
ontextan experimental platform has to be developed. Due to the autonomous natureof agents, a
ting without intervention from humans or others, a simulator is
hosen. The requirements for the s
enario that is to be simulated are:
• It has to have natural support of multiple entities (agents).
• The environment has to have a high level of dynamism.4This 
on
ept of a
tivity is not the same 
on
ept as the a
tivity 
on
ept presented in thisthesis. 3



CHAPTER 1. SUMMARY OF THESIS
• The s
enario has to have various examples of 
ollaboration.A so

er5 s
enario has been 
hosen be
ause of its variety of possibilities, andprimary it ful�ls the listed requirements.The pra
ti
al aspe
t of the proje
t then involves development of a simpleso

er simulation platform for experimenting with the 
on
epts agents, a
tivitiesand 
ontexts, and how these 
an be represented or visualised, enabling the so

ersimulation platform to be used as a demonstrator appli
ation of the 
on
epts;agent, a
tivity and 
ontext(AAC). As an initial approa
h the so

er players willbe modelled using a simple agent ar
hite
ture, to ensure the fo
us is kept oninvestigating the 
on
epts of a
tivities and 
ontexts.1.4 Work pro
essThis se
tion des
ribes the working plan a

ording to whi
h the problems pre-sented in se
tion 1.2.3 has been resolved, with respe
t to the proje
t 
onstraintsdes
ribed in se
tion 1.3.

Preliminary application
survey

Development of
SoccerLab prototype 1

Application survey
MAS + soccer

Development of
SoccerLab prototype 2

Affect

(1)

(2)

(4)

(3)

(5)

Inspiration

Inspiration

MotivationMotivation

Applied

Literature studies
AAC

Figure 1.1: Box-diagram presenting the 
onne
tion between the �ve stages.Figure 1.1 depi
ts a box-diagram presenting how the �ve stages of the workplan, des
ribed in the following list, are 
onne
ted.1. Preliminary appli
ation survey of four simple so

er simulators, des
ribedin appendix A, to gather inspiration for developing the �rst prototype ofSo

erLab(so

er simulator).2. Development of So

erLab prototype 1. The intention of this stage is todevelop an AAC experimental platform and to get some hands-on experi-en
e with so

er simulation. This �rst prototype in
ludes the �rst attempt5Through out the report the term so

er is used for the European kind of football not tobe 
onfused with Ameri
an football. 4



1.4. WORK PROCESSon modelling a
tivities and 
ontexts, that later on will be re�ned basedon the literature studies in stage four. So

erLab prototype version 1 isdes
ribed in 
hapter 2.3. Condu
t an appli
ation survey of a MAS appli
ation and a so

er gameto gain inspiration for both a
tivities and platform features for the So
-
erLab appli
ation. This appli
ation survey of a MAS and a so

er gameis do
umented in 
hapter 3.4. Study of literature 
on
erning agents, a
tivities and 
ontexts, to be able to
hara
terise the 
on
epts; a
tivity and 
ontext, and to gain more knowl-edge about MAS. This analysis of 
on
epts is presented in 
hapter 4.5. Development of So

erLab prototype 2 based on the literature studiesfrom stage four, and the appli
ation survey 
arried out in stage three.So

erLab prototype version 2 is des
ribed in 
hapter 5.As shown in �gure 1.1 the work pro
ess has been rather sequential. However,stage three and stage four were overlapping in time, whi
h is the reason why theyhave a�e
ted ea
h other. For ea
h of the listed stages various relevant literaturehave been studied. The majority of the studied literature in stage four have been
ategorised, summarised, and rated a

ording to the relevan
e for this thesis,and the summaries are presented in appendix B.For both software development a
tivities in stage two and stage �ve, theprototyping approa
h [Floyd, 1984℄ have been used. A bene�t of using the pro-totyping approa
h is that it allows for dummy implementations of 
omplex
lasses whi
h are not in fo
us for a given release [Barnes and Kölling, 2004℄. Tokeep tra
k of the di�erent releases the proje
t has been developed using version
ontrol.In addition to this thesis, a report for a FUSS6 resear
h proje
t, 
on
erningdesign of simulations of both so

er and a maritime environments using agent,a
tivities and 
ontexts, has been written. This report is in
luded in appendixE.1.4.1 The problem solving pro
essSe
tion 1.2.3 presented the general problems in this thesis. Instead of attemptingto resolve the problems at a general level, a 
on
rete example in form of aso

er simulator has been 
hosen, allowing to experiment with both problemsand solutions at a spe
i�
 level. When the problems have been resolved for the
on
rete example, the general parts of these solutions will also be the solutionsfor the general problems. Figure 1.2 presents a s
hemati
 view of the problemsolving pro
ess.The following relates this thesis to the problem solving pro
ess, presented in�gure 1.2:General problems: Presented in the problem formulation se
tion 1.2.3.Spe
i�
 problems: Presented in the do
umentation of the two So

erLab pro-totypes, 
hapter 2 and 5.6Frameworks for Understanding Software-Based Systems supported by it-vest5
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Specific

Problems Solutions

General

Figure 1.2: The problem solving pro
ess.Spe
i�
 solution: All the spe
i�
 results obtained in this thesis are presentedin se
tion 1.5.General solution: The general results of this thesis are presented as hypothe-ses in se
tion 1.6.Another reason for 
hoosing a spe
i�
 example su
h as developing a so

ersimulator is that the spe
i�
 result also will server as �rst example on how toimplement 
ollaboration using the AAC 
on
epts.1.5 ResultsThis se
tion presents the results that have been obtained during the di�erentstages in the same order as presented in the previous se
tion 1.4.1.5.1 So

erLab prototype version 1Based on the experien
e gained by 
ondu
ting the preliminary appli
ation sur-vey, presented in appendix A, the �rst prototype of the So

erLab appli
ationwas developed. The result is a basi
 so

er simulation platform suited for ex-perimentations with the a
tivity and habitat7 
on
epts, with a simple graphi
aluser interfa
e. Figure 1.3 presents a s
reen shot of the �rst prototype.Even though So

erLab prototype version 1 only have support for simpleversions of the AAC 
on
epts, it is a well suited appli
ation for experimentingwith future versions of the 
on
epts.1.5.2 The appli
ation surveyTwo so

er related appli
ations have been investigated during the appli
ationsurvey, namely The Tao of So

er8 and FIFA Football 20059.Unfortunately no 
ollaboration strategies were observed in The Tao of So
-
er, instead it provided a lot of inspiration 
on
erning improvements of thesimulation platform. In FIFA Football 2005 by EA SPORTSTM both o�en
ive7When the �rst prototype was implemented the habitat 
on
ept had not yet been renamedto 
ontext.8http://so

er.sour
eforge.net/so

er/9The o�
ial FIFA Football 2005 web page: http://www.easports.
om/games/�fa2005/home.jsp6
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Figure 1.3: S
reen shot of So

erLab prototype version 1. The working title ofthe prototype was MiskMask as shown in the title bar.and defen
ive 
ollaboration strategies have been identi�ed. Six 
ollaborationstrategies, four o�en
ive and two defen
ive, have been emphasised. Two of thefour o�en
ive 
ollaboration strategies 
on
ern playing the ball and the other twomainly 
on
ern s
oring goals. FIFA 2005 also gives the user ability to de�ne theoverall team strategy by providing modi�able team-properties like; mentality,atta
k and defen
e.Both the investigated appli
ations have 
ontributed with inspiration for newfeatures in the so

er simulator. The identi�ed features 
on
ern both 
ollabora-tion strategies and platform features.1.5.3 Chara
terisation of a
tivities and 
ontextsBased on literature studies the two 
on
epts a
tivity and 
ontext have been
hara
terised and an agent ar
hite
ture has been proposed.A BDI10-ar
hite
ture [Rao and George�, 1995℄ has been proposed for theagents, in 
ombination with a modi�ed version of the AALAADIN-model [Fer-ber and Gutkne
ht, 1998℄ supporting a
tivities and 
ontexts. The modi�
ationof the AALAADIN-model for supporting a
tivities and 
ontexts, and the organ-isation of agents supporting the role 
on
ept, is further elaborated in se
tion 4.6.The a
tivity 
on
ept has been 
hara
terised as follows:10Beliefs,Desires,Intentions 7
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• A
tivities are abstra
tions over 
ollaboration.
• An a
tivity 
onsist of a set of parti
ipants, a logi
al 
ontext, quali�ed byroles and a dire
tive.
• An a
tivity only 
ommuni
ates with its parti
ipants through roles.
• The dire
tive of an a
tivity is a sequen
e of a
tions, des
ribing or pres
rib-ing the 
ollaboration between its parti
ipants.
• An a
tivity is des
ribed by a 
lass that 
an be instantiated as obje
ts withstate, behaviour and identity.Similar to the a
tivity 
on
ept, the 
ontext 
on
ept has been 
hara
terised:
• Physi
al 
ontexts are abstra
tions over environments, that are spatial anddelimited.
• Logi
al 
ontexts are abstra
tions over grouping of agents, and they aredimensionless and ubiquitous.
• A 
ontext is aware of the agents it 
omprises, and it in�uen
es the agentsby providing a
tivities.
• Contexts may overlap and are not isomorphi
.
• A 
ontext is des
ribed by a 
lass that 
an be instantiated as obje
ts withstate, behaviour and identity.These �exible 
hara
terisations of the 
ontext and a
tivity 
on
ept have been
hosen to allow for experimentations, although they later on might be
ome
andidates for de�nitions of the 
on
epts.1.5.4 So

erLab prototype version 2Based on the appli
ation survey and the newly 
hara
terised 
on
epts a
tivityand 
ontext the se
ond prototype of So

erLab was developed. Figure 1.4 showsa s
reen shot of the developed prototype. As shown, to the right, in �gure 1.4an option panel has been introdu
ed in the graphi
al user interfa
e, providingmore user intera
tion and visualisation of a
tivities and 
ontexts.The newly 
hara
terised a
tivity 
on
ept has been implemented in So

er-Lab prototype version 2 for pres
ribing 
ollaboration between multiple agent.After experimenting with a
tivities in So

erLab prototype version 2, a
tivitieshave proved to be �exible and powerful for pres
ribing 
ollaboration. The �exi-bility is a
hieved be
ause a
tivities only a

ess their parti
ipants through roles.The powerfulness of a
tivities is a
hieved be
ause a
tivities provide 
entralised
ontrol of their parti
ipants and hen
e makes it easy to pres
ribe even 
omplex
ollaboration.The support for the 
ontext 
on
ept in So

erLab prototype version 2 hasbeen a
hieved by de�ning two interfa
es, one for physi
al 
ontexts and one forlogi
al 
ontexts, for the 
ontext implementing 
lasses. Both interfa
es inheritmethods de�ned in the general 
ontext interfa
e as visualised in �gure 1.5.After experimenting with the 
ontext 
on
ept in this prototype it is suggestedto 
hange the approa
h of implementing 
ontexts from interfa
es to abstra
t8
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Figure 1.4: S
reen shot of So

erLab prototype version 2.
Figure 1.5: The 
ontext interfa
e inheritan
e stru
ture.
lasses.In this se
tion the spe
i�
 results of this thesis have been presented. The follow-ing se
tion presents the results from a general perspe
tive by presenting sevenhypotheses.1.6 HypothesesThis se
tion presents the result of the thesis in form of seven hypotheses, enu-merated as follows:1. The a
tivity 
on
ept is an abstra
tion over 
ollaboration between agents.9
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tivities are implemented by 
lasses that 
an be instantiated as a
tiveobje
ts.3. Implementation of a
tivities is fa
ilitated by utilising an inheritan
e hier-ar
hy.4. Physi
al 
ontexts are abstra
tions over environments supporting its 
om-prised agents.5. Logi
al 
ontexts are abstra
tions over groups supporting its 
omprisedagents.6. Contexts are implemented as 
lasses that are instantiated as a
tive obje
ts.7. Dynami
 visualisation of 
ontexts and a
tivities in
reases the understand-ability.Ea
h of the seven hypotheses are substantiated by arguments and exempli�
a-tion. The hypotheses 
an be 
lassi�ed into three 
ategories based of the topi
sthey 
on
ern; a
tivities se
tion 1.6.1, 
ontexts se
tion 1.6.2 and visualisationse
tion 1.6.3.1.6.1 A
tivitiesThe a
tivity 
on
ept 
an be applied both at an abstra
t 
on
eptual level andat the 
on
rete programming level. A
tivities are used at the abstra
t 
on
ep-tual level during analysis and design to des
ribe and pres
ribe 
ollaborationphenomena. The a
tivity examples identi�ed during analysis are des
ribed by
lasses that at runtime are instantiated as a
tive obje
ts pres
ribing 
ollabora-tion in the exe
uting program. The following presents the results of this thesis
on
erning a
tivities in a general perspe
tive in form of three hypotheses:Hypothesis 1: The a
tivity 
on
ept is an abstra
tion over 
ollabora-tion between agentsA
tivities model 
ollaboration between agents at a 
on
eptual level. Observed
ollaboration phenomena from the referent system or problem domain11 are
lassi�ed into the 
on
ept of a
tivity a

ording to their 
ommon properties.The 
ommon properties in
lude the roles of the parti
ipant and a sequen
e oftheir intera
tion whi
h is 
aptured by the a
tivity 
on
ept. An a
tivity 
onsistof a set of parti
ipants(agents) quali�ed by roles forming a logi
al 
ontext and adire
tive des
ribing or pres
ribing the 
oordinated a
tion sequen
e. The a
tivity
on
ept is des
ribed in details in se
tion 4.4.1.The a
tivity 
on
ept have many similarities with the asso
iation 
on
eptpresented in [Kristensen, 2005℄, but there are some important di�eren
es too.Asso
iations model 
ollaboration between obje
ts in obje
t orientation whereasa
tivities model 
ollaboration between agents. Also the perspe
tive on the par-ti
ipants in an asso
iation and an a
tivity is di�erent. Asso
iations 
onsidertheir parti
ipants as a list, whereas the parti
ipants in an a
tivity are treated asa logi
al 
ontext, meaning that relevant informational data is provided to theparti
ipants in an a
tivity at group-level whi
h is not the 
ase for asso
iations.11The notions of problem domain is further elaborated in [Ja
obsen et al., 1999℄10



1.6. HYPOTHESESExample: The a
tivity 
on
ept 
an, for instan
e, be applied where the prob-lem domain is a so

er s
enario. In the referent system various examples of
ollaboration-phenomena between so

er players su
h as: throw-in, 
orner ki
k,ball passing et
. are identi�ed. All of these phenomena 
an be 
lassi�ed intoa
tivities. To engage in the throw-in a
tivity agents (players) that 
an play thefollowing roles are needed; the �thrower�-role and one or more re
eiving-role(s).When the roles in the a
tivity are �lled the a
tion sequen
e pres
ribed by thedire
tive is exe
uted as follow:1. Re
eiver(s) should reposition themselves to obtain unmarked lo
ation(s).2. The �thrower� should observe how re
eivers reposition.3. The �thrower� sele
ts a re
eiver and throws the ball to him.More examples of modelling with a
tivities at a 
on
eptual level is presented inappendix C.1.Hypothesis 2: A
tivities are implemented by 
lasses that 
an be in-stantiated as a
tive obje
tsWhen observed 
ollaboration phenomena have been modelled as a
tivities ata 
on
eptual level, they are implemented as 
lasses in an obje
t oriented pro-gramming language, using spe
i�
 language me
hanisms and 
onstru
ts. Whena program 
ontaining a
tivities is exe
uted the a
tivity 
lasses are instantiatedas a
tive obje
ts and hen
e they pres
ribe 
ollaboration in the exe
uting ap-pli
ation identi
al to the 
ollaboration observed in the problem domain. Theimplementation of a
tivities is further des
ribed in 
hapter 5, whi
h is the �rstattempt to implement the a
tivity 
on
ept in software.Example: So

erLab prototype version 2 is implemented in Java. The so

errelated a
tivities are implemented as 
lasses in the so

er simulator implement-ing the runnable interfa
e. When the appli
ation is exe
uted the a
tivity-
lassesare instantiated as runnable obje
t, threads. This is further elaborated in se
tion5.3.1.Hypothesis 3: Implementation of a
tivities is fa
ilitated by utilisingan inheritan
e hierar
hyTo simplify the addition of new a
tivities to an appli
ation, a
tivities 
an advan-tageously be implemented in an inheritan
e hierar
hy. All the logi
 required bythe implementation language for handling 
on
urrent exe
ution, e.g. threads inJava, handling of roles et
. are implemented in the super-
lass and the spe
i�
a
tivities are implemented as sub-
lasses. The a
tivity sub-
lasses de�ne theroles required for the spe
i�
 a
tivity and override the dire
tive of the super-
lass. The bene�t of using this approa
h is that the (sub-)
lass representation ofa
tivities mat
hes the 
on
eptual a
tivities fa
ilitating the understanding of therelation between a
tivities as 
on
epts and a
tivities as 
lasses. Another bene�tof utilising an inheritan
e hierar
hy for implementing a
tivities is that the partof the implementation 
ommon to all a
tivities is reused.11



CHAPTER 1. SUMMARY OF THESISExample: In So

erLab prototype version 2 the a
tivity-
lasses are organisedin an inheritan
e hierar
hy. The a
tivity super-
lass implements the runnableinterfa
e and logi
s for assigning parti
ipants to roles. The a
tivity sub-
lassesimplements the spe
i�
 a
tivities. This is des
ribed in se
tion 5.3.1.publi
 
 lass SimpleDefen
 iveA
t iv i ty extends A
t iv i ty {private Role ro le1 , ro le2 , ro le3 , r o l e 4 ;publi
 SimpleDefen
 iveA
t iv i ty ( ) {5 super ( ) ;r o l e 1=new Defen
 iveRole ( " de f en
 iveRo le" ) ;r o l e 2=new Defen
 iveRole ( " de f en
 iveRo le" ) ;r o l e 3=new Defen
 iveRole ( " de f en
 iveRo le" ) ;r o l e 4=new Defen
 iveRole ( " de f en
 iveRo le" ) ;10 r equ i r edRo l e s . add( de f i n ed r o l e s ) ;}prote
ted void d i r e 
 t i v e ( ) {do{15 r o l e 1 . runToLo
ation ( Bal l . g e tPos i t i on ( ) ) ;r o l e 2 . runToLo
ation ( de f en
 ive l o 
a t i o n ) ;r o l e 3 . runToLo
ation ( de f en
 ive l o 
a t i o n ) ;r o l e 4 . runToLo
ation ( de f en
 ive l o 
a t i o n ) ;20 Thread . s l e e p ( a
t iv i tyThreadDelay ) ;}while ( a l l the r o l e s are f i l l e d | | the 
o l l a b o r a t i o n i sn ' t done ) ;}} Table 1.1: Example of an a
tivity sub-
lass implementation.Table 1.1 shows a simple pseudo example of an a
tivity sub-
lass. The 
onstru
-tor initialises the required roles, and the dire
tive of the super-
lass is overrid-den. The dire
tive des
ribes defen
ive 
ollaboration involving four parti
ipants,where the agent �lling role1 will 
hase the ball and the rest of the agents willrun to their defen
ive lo
ations.1.6.2 ContextsSimilar to the a
tivity 
on
ept the 
ontext 
on
ept 
an be applied both atan abstra
t 
on
eptual level and a 
on
rete programming level. Contexts areused as abstra
tion over environment(physi
al 
ontext) and grouping(logi
al
ontext) supporting their 
omprised agents. Analogous to a
tivities, 
ontextsare implemented as 
lasses, implementing the 
ontext interfa
e, that at runtimeare instantiated as a
tive obje
ts. The general result of investigating and experi-menting with the 
ontext 
on
ept is presented as the following three hypotheses:Hypothesis 4: Physi
al 
ontexts are abstra
tions over environmentssupporting its 
omprised agentsPhysi
al 
ontexts model environments supporting its 
omprised agents by pro-viding a
tivities and relevant information to them.Environmental phenomena en
ouraging or supporting its inhabitants are
lassi�ed into the 
on
ept of physi
al 
ontext. The 
ommon properties of su
henvironments in
ludes spatiality, physi
al boundaries and en
ouragement of spe-
i�
 behaviour. The physi
al 
ontext 
on
ept 
aptures all of these properties.12



1.6. HYPOTHESESA physi
al 
ontext 
onsist of delimited area in whi
h it is aware of the presentagents. A physi
al 
ontext supports its 
omprised agents both by en
ouragingthem to take spe
ial a
tions by providing a
tivities and by providing relevantinformational data. The 
ontext 
on
ept is des
ribed in details in se
tion 4.5.1.Example: The referent system is as so

er s
enario in whi
h the physi
al
ontext 
on
ept is applied. If the so

er �eld is investigated in details variousphenomena like; penalty area, goal area, 
entre 
ir
le, et
. are identi�ed and
lassi�ed into physi
al 
ontexts. These physi
al 
ontexts are aggregated to forma new physi
al 
ontext namely the so

er �eld 
ontext. Besides providing a
tiv-ities to the agents, the so

er �eld 
ontext provides informational data to theagents like; what is the s
ore of the mat
h and whi
h player is 
losest to the ball.More examples of 
on
eptual modelling with physi
al 
ontexts are presented inappendix C.2.Hypothesis 5: Logi
al 
ontexts are abstra
tions over groups support-ing its 
omprised agentsLogi
al 
ontexts model groups supporting its 
omprised agents by providinga
tivities and relevant information to them.Group phenomena en
ouraging or supporting its members are 
lassi�ed intothe 
on
ept of logi
al 
ontext. The majority of the properties of physi
al andlogi
al 
ontexts are identi
al. The di�eren
es is that physi
al 
ontexts are spatialand delimited by physi
al boundaries whereas logi
al 
ontexts are dimensionlessand ubiquitous with 
on
eptual boundaries delineated to what is appropriatewhere and when. Similar to physi
al 
ontexts, logi
al 
ontexts support their
omprised agents both by en
ouraging them to take spe
ial a
tions by providinga
tivities and by providing relevant informational data.The powerful aspe
t of logi
al 
ontexts is that they provide a
tivities to agroup of agents independently of the environment in whi
h they are present,allowing the agents to engage in 
ollaboration be
ause they are members of thesame group. Logi
al 
ontexts are further explained in se
tion 4.5.1.Example: By investigating a so

er team in details, ea
h so

er player 
anbe 
ategorised in groups depending on his responsibilities on the team. Thesegroup phenomena; defen
e, mid�eld and o�en
e, 
an be 
lassi�ed into logi
al
ontext. Ea
h of these logi
al 
ontexts provide a
tivities that are relevant forthe spe
i�
 group. Additional examples of 
on
eptual modelling using logi
al
ontexts are presented in appendix C.2.Hypothesis 6: Contexts are implemented as 
lasses that are instanti-ated as a
tive obje
tsBoth physi
al and logi
al 
ontexts modelled at a 
on
eptual level are imple-mented as 
lasses using spe
i�
 language me
hanisms and 
onstru
ts. It is arequirement that the implementing 
lasses implement the 
ontext interfa
e, de-s
ribed in 
hapter 5. When an appli
ation 
ontaining 
ontext 
lasses is exe
utedthe 
ontext 
lasses are instantiated as a
tive 
ontext obje
ts, providing supportfor 
ontexts in the exe
uting appli
ation.13



CHAPTER 1. SUMMARY OF THESISExample: The So

erLab prototype version 2 appli
ation has various exam-ples of both physi
al and logi
al 
ontexts 
lasses. For instan
e, the physi
al
ontext so

er �eld whi
h supports the agents with so

er related a
tivities, isan 
omposition of two goals, two goal areas, two penalty areas and a 
entre 
ir-
le, whi
h are all physi
al 
ontexts. Se
tion 5.3.1 presents a detailed des
riptionof 
ontext implementation in So

erLab prototype version 2.1.6.3 VisualisationAs an attempt of in
reasing the understandability of a
tivities and 
ontexts,dynami
 visualisation has been in
luded in the graphi
al user interfa
e of So
-
erLab prototype version 2. The result is presented in the form of the followinghypothesis:Hypothesis 7: Dynami
 visualisation of 
ontexts and a
tivities in-
reases the understandabilityBased on the experimentations with visualisation of 
ontexts and a
tivities,des
ribed in se
tion 5.3.2, it is 
on
luded that dynami
 visualisation of the
on
epts fa
ilitate the understanding of them and how they are applied.The dynami
 visualisation of 
ontexts provides the possibility of identifyingwhi
h parts of the simulated environment that are in�uen
ed by the 
ontexts, atruntime, and at the same time view relevant information provided by the 
on-text. Similar, the dynami
 visualisation of the a
tivity 
on
ept provides insightof what an a
tivity is and what is required for it to exe
ute, whi
h is di�
ultto a
hieve from a stati
 drawing on a pie
e of paper.Example: In So

erLab prototype version 2 simple approa
hes have been
hosen for visualising both 
ontexts and a
tivities.Physi
al 
ontexts are visualised by 
yan 
oloured transparent shapes on topof the so

er �eld, as presented at �gure 1.6, and additionally presenting thefollowing information:
• The name of the 
ontext.
• The number of 
ontained agents.
• The number of 
ontained a
tivities.
• Whether the ball is present or not.The 
ontext's informations are 
ontinuously updated and presented to the userin a dynami
 manner allowing the user to keep tra
k of the various information.Logi
al 
ontext are 
urrently visualised by a textual des
ription present in the
onsole of the GUI, due to the fa
t that they are dimensionless.When an a
tivity is exe
uting it is visualised by the way the agents 
ollabo-rate a

ompanied by a textual des
ription in the a
tivity info panel, as depi
tedat �gure 1.7 presenting detailed information of the a
tivity.In general the visualisation of 
ontexts and a
tivities in So

erLab prototypeversion 2 is a good tool for demonstrating the 
on
epts �in a
tion�.14



1.7. DISCUSSION

Figure 1.6: S
reen shot of the so

er �eld from So

erLab prototype version 2,with visualisation of the so

er �eld 
ontext.1.7 Dis
ussionThis se
tion presents a dis
ussion of the developed produ
t, So

erLab prototypeversion 2 and the obtained results.At the spe
i�
 level, a so

er simulator, So

erLab prototype version 2, hasbeen developed to serve as the experimental platform for working with theAAC 
on
epts. So

erLab prototype 2 has been developed using the prototypingapproa
h, brie�y des
ribed in se
tion 1.4, whi
h in this 
ase has been a goodapproa
h be
ause it has provided the �exibility to experiment with the AAC
on
epts.So

erLab prototype version 2 has support for agents provided by a simpleagent ar
hite
ture, des
ribed in se
tion 2.5.1 and se
tion 5.3.1, satisfying thenotion of agen
y, presented in se
tion 1.1 and further elaborated in se
tion4.3.1.At the general level the problems have been solved using the approa
h pre-sented in se
tion 1.4.1. A �exible 
hara
teristi
 of the a
tivity 
on
ept is pre-sented in se
tion 1.5.3. Se
tion 1.6.1, des
ribes and exempli�es how a
tivitiesare applied during analysis,design and implementation. Based on experiments itis 
on
luded that a
tivities are �exible and powerful for des
ribing and pres
rib-ing 
ollaboration between agents. Even though a
tivities pres
ribe and des
ribe
ollaboration in a 
entralised manner, they preserve a high level of agent au-tonomy be
ause it is up to the agents to de
ide when to engage in an a
tivityand when to leave it again. As argued, in se
tion 1.6.1, a
tivities share some15



CHAPTER 1. SUMMARY OF THESIS

Figure 1.7: S
reen shot of the a
tivity info panel from So

erLab prototypeversion 2 with visualisation of a
tivities.properties with asso
iations but there are di�eren
es too. To the knowledge ofthe author no 
on
rete example of implementing asso
iations exists whi
h havebeen a
hieved with a
tivities in this thesis.The 
on
ept of 
ontext have been 
hara
terised, the 
hara
terisation is pre-sented in se
tion 1.5.3, and se
tion 1.6.2 argues and exempli�es how 
ontextsare applied both during analysis and design at a 
on
eptual level, and at pro-gramming level during implementation.Se
tion 1.6.3 argues why and exempli�es how dynami
 visualisation of a
-tivities and 
ontexts in
rease the understandability of the 
on
ept. One 
ouldargue that existing stati
 notation for exe
uting a
tivities, see �gure 1.9(a) 
anbe used, but a dynami
 representation of a dynami
 phenomenon gives a mu
hbetter impression and understanding of the phenomenon.1.8 Re�e
tions and future workThis se
tion presents; re�e
tions on 
oordination of 
ollaboration both betweenagents and between humans, and suggestions for future work.1.8.1 Re�e
tions on 
ollaborationWhen entities, agents as well as humans, engage in 
ollaboration it set-up somerequirements for 
oordination of the individual entity's a
tions.A

ording to Henry Mintzberg [Mintzberg, 1983℄ there are �ve 
oordinatingme
hanisms that seems to explain the fundamental ways in whi
h organisations
oordinate their work; mutual adjustment, dire
t supervision, standardisationof work pro
ess, standardisation of work outputs, and standardisation of workerskills. The �ve 
oordinating me
hanisms are illustrated in �gure 1.8.16



1.8. REFLECTIONS AND FUTURE WORK
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esses OutputsInputSkills (
) Standardisation.Figure 1.8: The �ve 
oordinating me
hanisms presented in [Mintzberg, 1983℄.Coordinating me
hanism in multi-agent systemsIn general multi-agent systems, su
h as presented in [Appel and Nielsen, 2005℄,all the 
oordination is obtained through negotiation between the involved agents,using mutual adjustment as 
oordinating me
hanism, see �gure 1.8(a).Coordinating me
hanisms in So

erLabIn So

erLab prototype version 2, 
ollaboration between agents is a
hieved byusing a
tivities. An a
tivity is 
onsidered as a 
ombination of several of the 
o-ordinating me
hanisms presented in �gure 1.8. An a
tivity tells its parti
ipantswhat to do, whi
h is an example of dire
t supervision, see �gure 1.8(b), but atthe same time the dire
tive of the a
tivity 
an be 
onsidered as standardisationof work pro
ess, illustrated in �gure 1.8(
). When agents de
ide to engage inan a
tivity, they are quali�ed by roles or skills and hen
e a
tivities 
an also be
onsidered as standardisation of skills, also illustrated in �gure 1.8(
).Coordinating me
hanisms in real so

erIn real so

er all of the �ve 
oordinating me
hanisms are represented. The man-ager or 
aptain of a team dire
t players using dire
t supervision. In dead ballsituations various examples of standardisation of work pro
esses are identi�ed.An example of standardisation of outputs, illustrated in �gure 1.8(
), is; whena right-wing player has the ball, the atta
kers in front of the goal expe
ts theoutput from the right-wing player to be a 
ross-ball. When the players playdi�erent �eld-positions su
h as; right-wing and atta
ker, it is examples of stan-dardisation of skills. Least but not last, 
reativity when the players are passingthe ball to ea
h other, often making so

er entertaining to wat
h, is an exampleof mutual adjustment, based on qui
k de
isions.In future work it would be interesting to investigate further, how all of the�ve 
oordinating me
hanisms 
ould be applied in MAS, instead of the 
ur-rent narrow-minded perspe
tive of only using mutual adjustment as 
oordinat-17



CHAPTER 1. SUMMARY OF THESISing me
hanism. The following se
tion presents additional suggestions for futurework.1.8.2 Suggestions for future workEven though the developed experimental platform So

erLab prototype version2, demonstrates the essential usage and bene�ts of the AAC 
on
epts, variousaspe
ts 
an be improved. Both proposed ideas from analysis of 
on
epts 
hapterand the appli
ation survey 
hapter haven't yet been implemented, but also ideasfor future appli
ations of the So

erLab simulator have emerged during the �nalphase of this thesis though they require additional resear
h.Des
ription of an a
tivity's purpose: The 
urrent implementation of a
-tivities are both �exible and powerful. With the 
urrent implementationof a
tivities humans 
an easily de
ide whi
h a
tivity to 
hoose, based onthe name of the a
tivity, but this is not the 
ase for agents. An improve-ment that would make it easier for the agents to 
hoose the 
orre
t a
tivityin given situation would be to introdu
e some kind of formal des
ription ofa
tivities that agents understand, 
onsisting of purpose and requirementsfor the spe
i�
 a
tivity.Support for �half-baked� a
tivities: Currently a
tivities 
an only des
ribeor pres
ribe 
ollaboration between parti
ipants quali�ed by a set of re-quired roles, but one 
ould imagine 
ollaboration between parti
ipantswhere some of them are required and others just parti
ipate if they areavailable. E.g. in so

er a 
orner-ki
k possesses those properties, it onlyrequires one player for ki
king the ball, but there are no requirements stat-ing how many teammates that should be lo
ated in front of the opponent'sgoal. The number of players in front of the opponents goal may vary fromnone to ten, depending on the situation or more likely a de
ision made bythe 
oa
h or the team 
aptain.This kind of 
ollaboration 
an be handled by �half-baked� a
tivities12.A �half-baked� a
tivity is in many ways similar to the a
tivity 
on
eptpresented in this thesis, the major di�eren
e is that �half-baked� a
tivitiesqualify its parti
ipant both by essential or required roles and a set ofpossible roles, and the a
tivity will exe
ute as long as the essential rolesare �lled.Improve visual representation of a
tivities: In So

erLab prototype ver-sion 2 visualisation of a
tivities is proposed as textual, but dynami
 de-s
riptions of important information of the a
tivity in the GUI.Inspired by a notation for exe
uting a
tivities13, �gure 1.9(a), proposedin [Kristensen and May, 1996℄, a more graphi
al visualisation, 
omparedto the existing textual one, is proposed, at �gure 1.9(b).12Confer 
onversation with professor Peter Bøgh Andersen, Department of Information andMedia Studies, University of Aarhus13The a
tivities presented in [Kristensen and May, 1996℄ are abstra
tions for 
olle
tivebehaviour in obje
t orientation. Not to be 
onfused with the a
tivities presented in this thesisas abstra
tions over 
ollaboration. 18



1.8. REFLECTIONS AND FUTURE WORK
O1 O2

O4O3
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aR4aR3
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(a) Notation for an exe
uting a
tivity asproposed in [Kristensen and May, 1996℄.
Parti
ipants
Name NameName

Name Name
Dire
tive

(b) Proposal for visualisation ofa
tivities inspired by the a
tivitynotation from �gure 1.9(a).Figure 1.9: Examples of visualisation of the a
tivity 
on
ept.The 
ir
le in the middle of �gure 1.9(b) represents the a
tivity at runtimewith the name, dire
tive and parti
ipants(logi
al 
ontext) of the a
tiv-ity. Additionally the 
ir
le 
ould present the informations that the textualdisplay from the 
urrent visualisation presents. It might not be ne
essarywith a textual des
ription of the number of required roles and the numberof �lled roles, be
ause ea
h of the �legs� of the a
tivity represent a rolerequired by the a
tivity. When a spe
i�
 a
tivity is 
hosen for visualisa-tion, the �lled roles are drawn with solid lines whereas un�lled roles 
anbe drawn with dot-and-dash or shaded lines. The �lled role should alsopresent the name or an identi�
ation of the parti
ipant playing the spe
i�
role.Develop an AAC appli
ation framework: One of the most obvious stepsfor the future is to develop an appli
ation framework for working withagents, a
tivities and 
ontext, and this would of 
ourse require some stud-ies of framework theory. Additionally experiments with the AAC 
on
eptsshould be 
ondu
ted for other s
enarios than so

er, for instan
e a shipsimulator like the one des
ribed in appendix E. Currently the 
on
epts inSo

erLab prototype version 2 i not fully mature to be applied in an ap-pli
ation framework, espe
ially the agent 
on
ept needs some re�nement.

19
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Chapter 2Prototype version 1This 
hapter do
uments the development of the �rst prototype. The purposeof developing this prototype, is to get a simple experimental platform suitedfor experiments with the AAC 
on
epts. During this stage the 
ontext 
on
eptwas labelled habitat, for further elaboration on renaming the habitat 
on
eptto 
ontext refer to se
tion 4.1. The development of this prototype is founded on
Preliminary application

survey

Application survey
MAS+soccer

Literature studies
AAC

Prototype version 1
SoccerLab

Inspiration

Motivation

Motivation

Figure 2.1: The prototype version 1 
hapter in a larger perspe
tive.inspiration gained from a preliminary appli
ation survey, presented in appendixA, of four simple so

er simulations. The prototype des
ribed in this 
hapterhas motivated another appli
ation survey and the literature studies of the AAC
on
epts, as visualised in �gure 2.1, both presented in forth
oming 
hapters.During this stage the developed prototype had not yet been labelled So

erLab.The working title of the prototype during this stage was MiskMask or simplyPrototype version 1.2.1 Introdu
tionThe motivation for developing this �rst prototype is to develop a basi
 so

ersimulation platform suited for experimentations with the habitat and a
tivity
on
epts. At this early stage of the proje
t the habitat and a
tivity 
on
eptshave not been paid noti
eable attention and be
ause of that, the realisation ofthese two 
on
epts in the prototype will be rather simple.The habitat 
on
ept for this prototype will be restri
ted to be a limited area,but without restri
tions to the shape and size of it.21



CHAPTER 2. PROTOTYPE VERSION 1The restri
tions for a
tivity 
on
ept in prototype version 1 is that only so

erplayers will take the initiative to exe
ute an a
tivity, albeit it is not de
ided yetwhether this is the 
orre
t approa
h or not.The main guidelines for this prototype will be: simpli
ity, �exibility, un-derstandability and extendability to ensure that the basi
 so

er simulator issuitable for experimentation in future prototypes.2.2 Appli
ation des
riptionThe desire for simpli
ity is 
learly re�e
ted in the GUI of the developed proto-type version 1. The graphi
al user interfa
e is depi
ted at �gure 2.2.

Figure 2.2: S
reen shot of so

er simulation appli
ation.The user interfa
e 
ontains:1. The start button is used for starting the simulation. If the simulation isrunning this button restarts the simulation.2. The pause button pauses the simulation.3. The resume button resumes the simulation.4. The stop button stops the simulation.5. The speed slider adjusts the simulation speed, from zero to four timesnormal speed.6. The habitat view button toggles visibility of the habitat panel (�gure 2.3).If the simulation is not started this button has no e�e
t.22



2.3. ARCHITECTURE7. The game 
lo
k. When 90 minutes has passed, the game is over.8. The s
ore of the mat
h9. The team name. For demonstration purposes the teams are 
urrentlynamed: �Home Team� and �Away Team�.

Figure 2.3: S
reen shot of the habitat 
hooser panel.When the habitat view button is pressed, the habitat panel be
omes visible.The habitat panel is shown at �gure 2.3. This panel allows the spe
tator toenable drawing of the a
tive habitats. The habitat panel 
an be divided intothree se
tions.1. Choose one or both teams for whi
h their habitats should be drawn. Ifneither of the teams are 
hosen no habitats will be drawn.2. Choose the kind of habitat(s) to be drawn. If neither of the habitats are
hosen, no habitats will be drawn.3. Choose the player group(s) for whi
h their habitat should be drawn. Ifnone of the groups are 
hosen, no habitats will be drawn.2.3 Ar
hite
tureA 
lient-server ar
hite
ture has been 
hosen for the appli
ation, in whi
h the
lient 
onsist of the appli
ation GUI, and the server 
onsist of the model 
ompo-nent or simulation engine. The reason for 
hoosing the 
lient-server ar
hite
tureis mainly be
ause of the desire for e.g. extendability. Later on the simulator
ould be extended to support multiple users in a distributed manner. In the fol-lowing se
tions a more detailed des
ription of the GUI- and model 
omponentis given.2.3.1 The model 
omponentA 
lass diagram of the model 
omponent for this �rst prototype is depi
ted in�gure 2.4. The most important parts of the 
lass diagram besides the habitat
lass and the a
tivity 
lass is the So

erSimulation 
lass and the asso
iationbetween the Player 
lass and the A
tivity 
lass.23



CHAPTER 2. PROTOTYPE VERSION 1

Figure 2.4: Class diagram of the so

er simulation's model 
omponent.The habitat 
lass is implemented as a stati
 fa
tory [Blo
h, 2001℄. The stati
fa
tory provides the di�erent kinds of habitats. Currently the habitats only di�erin shape.As a �rst approa
h it has been 
hosen that only the player 
an exe
utea
tivities. To allow the players to exe
ute a
tivities in a uniform manner, the
ommand pattern has been implemented [Gamma et al., 1995℄. This makes theintrodu
tion of new a
tivities very simple and highly �exible. To introdu
e anew a
tivity to the so

er simulator the only thing needed is to implement anew sub 
lass of the abstra
t a
tivity 
lass.In the model 
omponent the So

erSimulation 
lass binds everything to-gether and initialises the simulation. When the simulation is started from theGUI, the request is handled by the So

erSimulation 
lass. This also apply forthe other 
ontrol options present in the GUI.To make the simulation more realisti
 all distan
es in the model 
omponentare measured in meters and all velo
ities are s
aled to realisti
 values.2.3.2 The GUI 
omponentThe GUI 
omponent only holds three 
lasses, see �gure 2.5. The main 
lassof the GUI 
omponent is the So

erSimulationGUI 
lass. This 
lass also holdsthe main method to start the appli
ation. Basi
ally the So

erSimulationGUI
lass has the responsibility to draw the graphi
al user interfa
e and to sendthe users requests, start, stop, pause, et
. to the so

er simulator model. Tokeep the simulation as smooth as possible the simulation window is updatedwith a frame rate of approximately 30 frames pr se
ond. This gives the GUIaround 30 millise
onds to read all information in the model 
omponent that24



2.4. DYNAMICSshould be presented to the user. The DrawableSo


erField 
lass is a helperFigure 2.5: Class diagram of the GUI 
omponent.
lass for the main GUI 
lass. Besides drawing of the �eld this 
lass also 
onvertsmodel 
oordinates to GUI 
oordinates. This 
onversion is ne
essary be
ause ofthe draw 
onventions in Java and the position of the origin of the 
oordinatesystem of the so

er �eld in the model 
omponent.The HabitatPanel 
lass has the responsibility of handling user intera
tion,
on
erning drawing of habitats.2.4 Dynami
sTo des
ribe the dynami
s of the so

er simulation prototype version 1, three ofthe more interesting areas from the model 
omponent has been 
hosen, for amore detailed des
ription.2.4.1 Initialisation of the so

er simulatorWhen the appli
ation is started the �rst thing that will happen is that the so

ersimulator is initialised. Figure 2.6 shows a sequen
e diagram of the initialisationmethod in So

erSimulation 
lass.First the so

er �eld is instantiated and initialised, next the ball is instantiatedand �nally the two teams are instantiated and initialised whi
h in
lude setupof the teams' formation. Now the so

er simulator is initialised and waiting forthe user to start a simulation from the graphi
al user interfa
e. The obje
ts
reated during the initialisation will exist until the simulation is stopped or theappli
ation is terminated.2.4.2 Setup of team formationThe sequen
e diagram in �gure 2.6 shows among others that the team forma-tion is set for ea
h of the teams. Figure 2.7 gives a more detailed view on thesetFormation method invo
ation.The sequen
e diagram in �gure 2.7 shows that when a so

er team obje
t'ssetFormation method is invoked it passes the method invo
ation to the so

erteam's formation obje
t whi
h has the responsibility to 
al
ulate the positionsof the players of the team. When the player positions have been 
al
ulated theplayers of the team are updated with their new position.The reason setting the formation in this manner is to be able to 
hangeformation dynami
ally during mat
hes. This feature is unfortunately not sup-ported in this prototype, whi
h is mainly be
ause a 
hange in formation doesn'ta�e
t the player kind. To put it in other words, if a mid�eld player is movedto the defen
e, due to a 
hange in formation, he will still a
t as mid�eld playerand not as defen
ive player as expe
ted. This should be 
hanged before it makessense to enable the feature of dynami
ally 
hanging formation at runtime.25
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Figure 2.6: Sequen
e diagram of the initialisation of the so

er simulator.2.4.3 The a
tivity sele
tion pro
essThe last of the three emphasised areas of the so

er simulation 
on
erning dy-nami
s, and maybe most interesting, is how an player sele
ts whi
h a
tivityto exe
ute. Algorithm 1 shows an example of the a
tivity sele
tion part of amid�eld player's run loop.For ea
h step in the mid�eld players' run loop this a
tivity sele
tion pro
essis exe
uted, whi
h allows a player to rea
t qui
kly to sudden 
hanges like; gettingin ball possession, ta
kling or simply inter
epting the ball if it's within rea
h,whi
h all are frequently o

urring events in so

er.All of the player kinds have similar a
tivity sele
tion pro
esses with onlyminor deviations, for instan
e, the o�en
ive players will try to s
ore, if theyare 
lose to the opponents goal, instead of passing the ball and the goalkeeperalmost never leaves the goal area. 26
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Figure 2.7: Sequen
e diagram showing the intera
tion between a so

er teamand it's formation.This way of handling a
tivities ensures that an agent is only engaged in ana
tivity for a short period of time and thereby prevents the agents from beingstu
k in one a
tivity when they are supposed to engaged in another one.2.5 ClassesIn this se
tion a brief des
ription of ea
h of the 
lasses in the model 
omponentand the GUI 
omponent is presented.2.5.1 The model 
omponentThe model 
omponent 
ontains the following 
lasses, presented in groups ofa
tivities, habitats, players(agents) and mis
ellaneous:A
tivity : Abstra
t super 
lass de�ning the interfa
e for a 
ommand in this
ommand pattern implementation, say, the exe
ute method. The reasonfor 
hoosing an abstra
t 
lass implementation instead of an interfa
e im-plementation is to a
hieve an inheritan
e stru
ture for all the spe
i�
a
tivities.Atta
kA
tivity: A sub 
lass of A
tivity. This a
tivity is exe
uted, when ateam be
omes in ball possession. The result is that all players on theteam, ex
ept the goal keeper, will run to a more o�en
ive �eld position.This a
tivity is a bit di�erent from the rest of the a
tivities, be
ausenormally an a
tivity is exe
uted, when a player is in ball possession, i.e.the player in possession of the ball has the initiative to exe
ute an a
tivity.This a
tivity will be exe
uted, if just one of the players team mates is inball possession.IntelligentPassBallA
tivity: A sub 
lass of A
tivity. This 
lass is 
alled �in-telligent� be
ause it is a new and more o�en
ive version of the PassBal-27



CHAPTER 2. PROTOTYPE VERSION 1Algorithm 1: A
tivity sele
tion for mid�eld playersif the ball is inside the a
tion habitat thenif the ball is inside the ki
k habitat thenexe
ute passBallA
tivity;endelseexe
ute runToBallA
tivity;endelse if our team has the ball thenexe
ute atta
kA
tivity;elseif start position 
an be rea
hed in one step thenstay and defend;elseexe
ute runToStartPositionA
tivity;endendlA
tivity 
lass. This a
tivity will try to pass the ball to a more or equallyo�en
ive positioned and unmarked team mate. If none of the team matesful�l the 
riteria of being playable, or the player exe
uting the a
tivity isthe most o�en
ive positioned player on the team, the ball will be passedto a randomly 
hosen team mate.Ki
kBallA
tivity (Depre
ated): A sub 
lass of A
tivity. This was the �rstattempt on an a
tivity to let players ki
k the ball around. When the ballis inside a player's ki
k habitat he will ki
k the ball to a random lo
ationwith a random velo
ity. This a
tivity is 
urrently not in use, but it is keptin this prototype for testing purposes.LookAtBallA
tivity: A sub 
lass of A
tivity. This a
tivity 
al
ulates the di-re
tion of the player �nose�. All the players exe
ute this a
tivity as thelast thing in their run method. It 
an be questioned, whether this is ana
tivity or not, be
ause it is 
ommon for all the players, and thereby theresponsibility 
ould be moved to the Player 
lass.PassBallA
tivity (Depre
ated): A sub 
lass of A
tivity. This is the old andsimple version of IntelligentPassBallA
tivity. This a
tivity simply 
hoosesrandomly among the players team mates, and passes the ball to the 
hosenone.RunToBallA
tivity: A sub 
lass of A
tivity. When a player exe
utes thisa
tivity, he will start running towards the ball. When this a
tivity was �rstintrodu
ed, it was the default a
tivity for all the players, whi
h resultedin some sort of �o
king behaviour, and within 30 se
onds all the playerswere gathered around the ball and following it around the �eld.RunToStartPositionA
tivity: A sub 
lass of A
tivity. This a
tivity will reseta players 
urrent �eld position. E.g. if a defen
ive player has been 
hasingthe ball be
ause it was inside his a
tion habitat,then, when the ball leaves28



2.5. CLASSESthe a
tion habitat the player will exe
ute this a
tivity and run to hisdefault position. This a
tivity is also used, when the teams swit
h halves.This is done by 
al
ulating the new starting positions at half time andduring the halftime break setting all the players to exe
ute this a
tivity.ShootAtGoalA
tivity: A sub 
lass of A
tivity. This a
tivity is exe
uted if aplayer is inside the opponents penalty area. When this a
tivity is exe
utedthe player will ki
k the ball to a random position between the poles andbehind the goal line. The speed of the ball is determined by a randomvalue between 90 km/h and 120 km/h.Habitat: This 
lass enables support for the habitat 
on
ept. This 
lass is im-plemented as a stati
 fa
tory [Blo
h, 2001℄, this allows for instantiatinghabitats in 
ir
ular and re
tangular shapes with the same fun
tionality.Player : Abstra
t super 
lass that holds all the basi
 �elds and methods of thedi�erent player types. A player has two habitats: a ki
k habitat and ana
tion habitat. The ki
k habitat is a 
ir
ular area of 1 meter in diameter.When the ball is inside this habitat the player is allowed to ki
k or passthe ball. The shape and size of a
tion habitat should be overridden withappropriate values in the sub
lasses. Currently the shape of the a
tionhabitat is re
tangular but it 
ould be any shape provided by the Habitat
lass. When the ball is inside the a
tion habitat the player is supposed totake spe
ial a
tion like running to the ball or pay more attention to theopponents.The Player 
lass severs as the implementing 
lass of the agent ar
hite
-ture supported in this prototype. The Player(agent)-
lass implements therunnable interfa
e whi
h allows the agent to a
t in an autonomous andpro-a
tive fashion. For ea
h iteration in an agents run-loop it will per
eivethe environment, whi
h is a
hieved by an if-else stru
ture in 
ombinationwith the agent's asso
iated habitats. Depending on how the agent is sit-uated, the if-else stru
ture will determine whi
h one of the a
tivities thatis appropriate to exe
ute and hen
e make the agent a
t and provide agentrea
tivity.DefensivePlayer: A sub 
lass of Player. The responsibility of this 
lass is,as the name implies, to handle the defen
ive players. The reason for dis-tinguishing between di�erent player types is that it should be possible tointrodu
e strengths and weaknesses for ea
h player type a

ording to their�eld position.GoalKeeper: A sub 
lass of Player. This type of player has the responsibilityof stopping the other team from s
oring. Hen
e he will stay at the goaland when the ball enters the penalty area, he will try to ki
k it away orpass it to one of his team mates.Mid�eldPlayer: A sub 
lass of Player. This player type is supposed to helpboth the defen
ive and o�en
ive part of the team.O�ensivePlayer: A sub 
lass of Player. The most o�en
ive of the player types.If an o�en
ive player is inside the opponents penalty �eld, he will try toshoot to s
ore. 29



CHAPTER 2. PROTOTYPE VERSION 1Ball: This 
lass holds the ball implementation. The ball is implemented as atread, to allow it to move 
on
urrently with the so

er players. When aso

er player wants to ki
k the ball, he 
alls a method on the ball obje
tthat sets the ball's desired destination and a desired velo
ity. Then theball 
al
ulates it's own traje
tory, whi
h is a straight line from the ball
urrent position to the newly set desired position. The ball thread's runmethod will now handle the movement of the ball in step sizes a

ordingto the desired velo
ity, if none of the other players intervene.Formation: The Formation 
lass is asso
iated to the So

erTeam 
lass. Thisis done to de
ouple the formation spe
i�
 responsibility from the So
-
erTeam 
lass and in
rease the �exibility of the appli
ation. A Formationobje
t is always 
reated, when a So

erTeam 
lass is instantiated. Afterthe So

erTeam 
lass is instantiated, the setFormation method 
an beinvoked with a desired formation. The desired formation is given in nor-mal so

er terms e.g. 4-4-2, that is to say four defen
ive, four mid�eld andtwo atta
king players. The Formation 
lass will automati
ally position theplayers equally over the �eld.So

erField: The so

er �eld is implemented by three re
tangular habitats,a large habitat representing the �eld and two habitats, one for ea
h end,representing the goals. All distan
es in the so

er �eld model are measuredin meters. The 
oordinates in the so

er �eld are handled by a two dimen-sional 
oordinate system with origin in the 
entre of the �eld. To ensurea proper proportioned so

er �eld all distan
es have been 
olle
ted fromFIFA's web page, [Federation Internationale de Football Asso
iation℄.So

erSimulation: The So

erSimulation 
lass has the responsibility of ini-tialising the simulation platform. Besides that, it is also the simulationengine whi
h handles all the requests from the GUI 
omponent like start-ing, stopping and pausing the so

er simulation.So

erTeam: This 
lass has the responsibility to managing a team and instan-tiate the desired number of players, normally 11 players. This 
lass alsoholds the team name and 
olour.2.5.2 The GUI 
omponentThe 
lasses of the GUI 
omponent are:DrawableSo

erField: This 
lass has the responsibility of drawing all therequired lines in a so

er �eld de�ned in FIFA's Laws of the Game [Fed-eration Internationale de Football Asso
iation℄. The 
lass also handles the
onversion of �eld 
oordinates from the model 
omponent to GUI 
oordi-nates. This is required be
ause of the drawing 
onventions in Java, wherethe origin is pla
ed in the upper left 
orner.HabitatPanel: This 
lass handles the habitat panel where the user 
an 
hoosewhi
h of the habitats that should be drawn at run time, as des
ribed inse
tion 2.2. A s
reen shot of the habitat panel is shown at �gure 2.3. Figure2.8 shows a s
reen shot of a running simulation where it has been 
hosento draw the a
tion habitats for the o�en
ive players and the goalkeeper30



2.6. TEST AND EVALUATIONfor both of the teams. The transparent magenta areas in the s
reen shotis the �rst attempt to visualise habitats.

Figure 2.8: A s
reen shot of the running so

er simulator when the visualisationof habitats is enabled.So

erSimulationGUI: This is the main 
lass of the GUI 
omponent, andit also holds the main method of the entire appli
ation. The GUI imple-mented in this 
lass is depi
ted at �gure 2.2. The green ba
kground towhi
h the so

er �eld is drawn is the graphi
s2D obje
t of a Canvas. Thegraphi
s2D obje
t has been 
hosen to utilise the openGL pipeline in Java.See appendix F for instru
tions of how to enable the openGL pipeline inJava appli
ations, whi
h by default is disabled.2.6 Test and evaluationThis se
tion will des
ribe the test of the prototype version 1 and give an evalu-ation of the prototype with suggestions for improvements.2.6.1 TestDue to prototyping working pro
ess, new features have been tested as soon asa new prototype release was available. After the �nal release of the prototypeversion 1, a full time test of the running appli
ation has been done. The ap-pli
ation was tested by running the simulation for 90 minutes, the length of anormal so

er mat
h, to verify that the appli
ation wouldn't 
rash unexpe
tedly.The simulated mat
h ended after 90 minutes as expe
ted, and no unexpe
tedbehaviour of the appli
ation was dis
overed. The pause/resume features were31



CHAPTER 2. PROTOTYPE VERSION 1tested in both �rst and se
ond half of the mat
h and they didn't have other in�u-en
e on the simulation, besides the intended. At half time the players 
orre
tlyswit
hed halves, also as intended.2.6.2 EvaluationIn general this prototype satis�es the requirements of simpli
ity, �exibility andextendability, whi
h is important be
ause it will fun
tion as the basi
 platformfor experimenting with the habitat and a
tivity 
on
epts. Even though the testof the so

er simulator was very su

essful, there are some short
omings, thatshould be improved for the next prototype. The so

er simulator 
an be dividedinto �ve parts, GUI, simulation engine, players, habitats and a
tivities. In thefollowing se
tions a brief des
ription of ea
h of the �ve parts are given.Graphi
al user interfa
eImprovements of the GUI would mainly 
on
ern user intera
tion, i.e. the usershould have more possibilities to intera
t with the running simulation, like
hanging team formation at run time, substitute players and alter player stats.It would also be desirable to improve the visualisation of habitats and a
tivitiesto bring more information to the user in a simple way.Simulation engineThe simulation engine 
urrently 
overs the So

erSimulation 
lass in the model
omponent. To make the appli
ation more understandable to other develop-ers this part of the so

er simulation might need some refa
toring. Anotherapproa
h for improving the simulation engine 
ould be to re-design and re-implement the simulation engine. By using this approa
h the understandabil-ity 
ould be in
reased, and a more maintainable simulation engine 
ould bea
hieved. An important improvement for the simulation engine is to introdu
emore so

er rules and to make the simulation more realisti
.PlayersCurrently the player implementation is rather simple. In a future version theplayer model should be improved with more attributes like stamina, agility, de-fen
ive abilities, o�en
ive abilities, et
. A more physi
al model of the playerswould be desirable too, so that instead of running at a 
onstant velo
ity, thespeed of the players would be 
ompensated when they are a

elerating or de
el-erating. Later on it might be bene�
ial to look into the multi agent paradigm togain autonomy and 
ooperation between the players by using agent prin
iples.HabitatsThe �rst and maybe simplest improvement of habitat implementation is to in-trodu
e support for polygon shaped habitats. The next improvements are farfrom simple and will require some 
onsideration, even whether the improvementsshould be in
luded in the prototype or not. The improvements in
lude:
• Making the habitats able to in�uen
e the players behaviour.32
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• Allow the habitats to exe
ute a
tivities.
• Distinguish stati
 and dynami
ally spawned habitats and give them dif-ferent privileges.A
tivitiesAn improvement for the a
tivity 
on
ept 
ould be to 
ategorise di�erent kindsof a
tivities. Currently all the a
tivities are mixed in a single layered inheritan
estru
ture. It might be a more 
lever approa
h to distinguish between the a
tiv-ities based on the number of players it takes to exe
ute them. At this stage it istoo early to make a 
on
lusive statement on whi
h approa
h to follow, be
auseit requires more thorough investigation of the subje
t.Independent of whi
h approa
h is 
hosen, it is for 
ertain that there shouldbe introdu
ed new and more 
omplex a
tivities. The introdu
tion of new a
tiv-ities will hopefully also make the simulation more realisti
. Examples on newa
tivities 
ould be: 
orner ki
k, free ki
k or some a
tivity involving 
ollaborationbetween team mates.2.7 SummaryThe main purpose of this phase of the proje
t was to implement a basi
 so

ersimulation platform suited for experimentations with the a
tivity and habitat
on
epts, whi
h have been a
hieved.The graphi
al user interfa
e has been kept very simple and understandable,as intended. The GUI supports simple visualisation of habitats. The habitatsare visualised as 2D magenta 
oloured shapes, so the user is able to see whethera player is supposed to rea
t on the ball's 
urrent position or not.The appli
ation has been implemented with a 
lient-server ar
hite
ture,where the 
lient is the GUI 
omponent and model 
omponent is the server.The model 
omponent handles the entire simulation. The main 
lass of themodel 
omponent is 
alled So

erSimulation, and has the responsibility of ini-tialising and exe
uting the simulation and providing information to be read fromthe GUI.In this prototype version 1 it is only the players that are allowed to exe
utea
tivities. This is a
hieved by implementing the 
ommand pattern to ensure�exibility and extendability and to give the player a uniform way of exe
utingthe a
tivities.The model 
omponent also holds support for the habitat 
on
ept. In thisprototype the habitat 
on
ept is simpli�ed to be a limited area, whi
h is mainlyused to de�ne the so

er �eld and to de�ne the areas in whi
h the players areallowed to ki
k the ball.The working pro
ess of this prototype version 1 has been based on proto-typing. This working pro
ess has been very suitable be
ause of the �exibilityit provides. The prototyping working pro
ess will also be
ome handy later onwhen this prototype is to be extended with better support for the habitat anda
tivity 
on
epts. Other desirable extensions worth mentioning are: give the usermore options to 
ontrol the simulation at runtime, better models of the playersi.e. stamina, agility, et
. All together it 
an be said that prototype version 1works as it is supposed to, without any unexpe
ted 
rashes and it 
an be used33



CHAPTER 2. PROTOTYPE VERSION 1as so

er simulation platform for experimenting with habitats and a
tivities asdesired.
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Chapter 3Appli
ation surveyThis 
hapter des
ribes an appli
ation survey that have been 
arried out togain inspiration and ideas for improving the So

erLab simulator. This surveyin
ludes two so

er appli
ations namely, The Tao of So

er and FIFA Football2005. This appli
ation survey was motivated by the development of So

erLab
Application survey

MAS+soccerPrototype version 1
SoccerLab

InspirationMotivation

SoccerLab
Prototype version 2Figure 3.1: The appli
ation survey 
hapter in a larger perspe
tive.prototype version 1, as visualised in �gure 3.1, and it has 
ontributed withinspiration for So

erLab prototype version 2, presented in 
hapter 5.The main fo
us of the survey will be to identify 
ollaboration strategiesbetween agents or players in the two appli
ations. Another aspe
t 
on
ernsspe
ial features in the appli
ation whi
h not ne
essarily have to involve so

erphenomena, but 
ould be of a more te
hni
al kind, to improve the simulationplatform.3.1 The Tao of So

erThe Tao of So

er (TOS) appli
ation is both a game and a simulator. TOS is afreeware appli
ation1. Be
ause TOS is both a game and a simulation it 
an be
onsidered as an appli
ation for both entertainment and edu
ational purpose.TOS is a bran
h of the RoboCup AI so

er simulator2. TOS was developed, byYu Zhang3, to allow humans to play virtual so

er against an AI multi-agentso

er team, and to investigate di�erent strategies for multi-agent 
ooperation.The Tao of So

er allows the user to implement his or her own virtual so

erteam and set it up against other virtual so

er teams. Another possibility isto join a team and 
ontrol a player with the keyboard. It 
ould also be the
ase that all the players on both teams were 
ontrolled by humans whi
h turns1It 
an be downloaded at http://so

er.sour
eforge.net/so

er/2Further information 
an be found at: http://www.robo
up.org/3Yu Zhang's homepage: http://www.
s.ub
.
a/spider/yzhang/35



CHAPTER 3. APPLICATION SURVEYthe simulation into a multi player game instead of a simulation. At �gure 3.2 as
reen shot of the TOS GUI is depi
ted.

Figure 3.2: A s
reen shot of The Tao of So

er.At the end of this se
tion the des
ribed features of The Tao of So

er aredis
ussed.3.1.1 Collaboration strategiesThere are no prede�ned player 
ollaboration strategies in the tao of so

er,be
ause it's the user's responsibility to implement the team and it's strategywhi
h afterwards 
an be tested against another so

er team implementation.The simulator 
ontains two simple AI teams for demonstration purposes. TheAI for these two teams is so simple that no 
ollaboration strategies 
an befound, be
ause they are pra
ti
ally none existing. The most 
ollaborative a
tionfor these two team is when one player passes the ball to another player. It isunfortunate that the simulator isn't provided with a more 
lever AI team, whenthe main fo
us of the appli
ation survey 
on
erns 
ollaboration strategies. TheTOS appli
ation is well do
umented [Zhang, 2005℄, and it brings inspiration forimprovements of the So

erLab prototype version 1 platform.3.1.2 Platform featuresThe tao of so

er has a lot of ni
e platform related features. The most interestingof those is brie�y des
ribed in the following se
tion.Client-server ar
hite
tureThe tao of so

er is implemented with a 
lient-server ar
hite
ture, as presentedin �gure 3.3. The server 
an be run both as a lo
al server or a network server36



3.1. THE TAO OF SOCCER

Figure 3.3: Diagram des
ribing the ar
hite
ture of The Tao of So

er, as pre-sented in [Zhang, 2005℄.allowing the user to set up mat
hes over the Internet. The server 
an be dividedinto three parts:1. The host provides the basi
 server fun
tionality, su
h as handling requestsfrom 
lients when adding or removing players from a team.2. The so

er world is the model of the world in whi
h the simulation takespla
e.3. The simulation engine, referred to as HeartOfWorld at �gure 3.3, exe
utesthe simulation and keeps the so

er world updated when, for instan
e,the players have moved or ki
ked the ball. The simulation part is also in
harge of sending so

er world state to the 
lient(s) in order to updateplayer position on the 
lient side.The three 
lient modesThe GUI 
lient for TOS is 
alled So

erMaster. This 
lient 
an be run in threedi�erent modes: view mode, play mode and replay mode. Figure 3.3 only showstwo di�erent 
lient modes, this is be
ause there are no reasons to distinguishbetween user 
ontrolled and AI 
ontrolled agents from a server perspe
tive.
• When the 
lient is run in view or simulation mode, the user 
an log intoand wat
h a simulated mat
h between two AI teams. When the 
lient isrun in this mode it is very similar to the So

erLab simulator just withsome extra features. 37



CHAPTER 3. APPLICATION SURVEY
• When the TOS 
lient is in play mode the user is allowed to use the key-board to 
ontrol a so

er player on an AI team, and 
ompete againstanother team, whi
h 
an either be 
ontrolled by AI or another user.
• The last of the three modes in the TOS 
lient is the replay mode, it 
anplay ba
k a mat
h re
orded in either play or view mode. When a mat
his re
orded it is stored at the 
lient side.In general it is a great idea to be able to run the simulation in di�erent modesdepending on the user's intension of running the appli
ation. It might be tooearly to transform the 
urrent So

erLab prototype into a user 
ontrolled game,but it is a feature that should be kept in mind. A multi purpose 
lient or userinterfa
e for the So

erLab simulator is a good 
andidate for an improvementthat should be introdu
ed in a future prototype version.3.1.3 Spe
ial featuresBesides the earlier mentioned features, a spe
ial feature in the TOS appli
ationis the possibility of hot swit
hing between a 2D and a 3D visualisation of asimulation. The intension of the 3D view is only a matter of appearan
e and itdoesn't in�uen
e the simulation in any way, (this 
on
lusion is based on the fa
tthe ball never leaves the ground and bene�t from the third dimension). Whenthe view is swit
hed from 2D to 3D the player representation 
hanges fromsmall dots into small animated humans. Unfortunately the representation of theanimated humans is very simple and thereby this feature doesn't 
ontribute tothe realism of the simulation, but it is still a good feature and a good alternativeto the dot-representation of the players in the 2D view.3.2 FIFA Football 2005FIFA Football 20054, developed by EA SPORTSTM, is 
urrently one of themost popular so

er games in the world. FIFA 2005 is a 
ommer
ial produ
tand it's purpose is purely entertainment. Figure 3.4 shows a s
reen shot ofthe appli
ation simulating a mat
h between Real Madrid CF and LiverpoolFC. Be
ause FIFA 2005 is a 
ommer
ial appli
ation it is di�
ult to �nd anydo
umentation, des
ribing how the game has been implemented and how player
ollaboration is a
hieved. Due to that fa
t, the following se
tions is only basedon the author's observations during mat
hes between two 
omputer 
ontrolledteams. I.e. for this appli
ation survey FIFA 2005 is used as a simulation tool,instead of a game with user intera
tion, as it is prin
ipally intended.3.2.1 Collaboration strategiesAt a �rst glimpse it 
an be di�
ult to get the full overview of both teams duringa mat
h be
ause it isn't possible to 
hoose a 
amera angle that 
overs the entire�eld. Instead the appli
ation holds at feature labelled radar, whi
h gives a bird'seye view of the �eld showing how the players are positioned. A s
reen shot of therunning appli
ation is depi
ted at �gure 3.4, with the radar view is lo
ated in4The o�
ial FIFA Football 2005 web page: http://www.easports.
om/games/�fa2005/home.jsp38
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Figure 3.4: S
reen shot of FIFA Football 2005 appli
ation.the bottom of the pi
ture. The 
ollaboration strategies des
ribed in the followingse
tions will all be based on observations of both the normal view, 
amera angle,and the radar view.Ta
ti
 preferen
esIn FIFA 2005 the user has some team options to in�uen
e the team's 
ollab-oration strategy. The options will in�uen
e the team di�erently depending onwhether the team is under user 
ontrol or 
omputer 
ontrol. If the team is 
on-trolled by a user it would be more 
orre
t to say that the team options a�e
tthe team's positioning strategy instead of it's 
ollaboration strategy, be
ause assoon a player be
omes in ball possession he is 
ontrolled by the user and therebythe user de
ides how the player should a
t. For this survey both teams are 
om-puter 
ontrolled so in this 
ase the team options will a�e
t the individual teams'
ollaboration strategies.Figure 3.5 shows a s
reen shot of the team ta
ti
s s
reen in FIFA 2005.The ta
ti
s s
reen allows the user to modify the general team setup. For thissurvey the most interesting options provided by the ta
ti
s s
reen are Mentality,Atta
king and Defen
e, be
ause they all a�e
t the team's 
ollaboration strategy.The following gives a thorough des
ription of ea
h of the three options.Mentality: The team mentality option in�uen
e the team's general �eld po-sition and it's players' preferred passing dire
tion. The team's mentality
an be set to following three values:
• Defen
e � This option will make the players obtain a defen
ive �eld39
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Figure 3.5: A s
reen shot of FIFA Football 2005 ta
ti
s s
reen.position as well as the majority of their passes will be dire
ted ba
k-wards.
• Neutral � The players are positioned neutrally in the �eld and theydon't have a preferred passing dire
tion. Instead the passing dire
tionis determined by the spe
i�
 situation. In most 
ases an equal amountof forward and ba
kwards passes 
an be observed when the teammentality is set to neutral.
• Atta
k � The Atta
k option will put team in an o�en
ive �eld positionand the players rarely passes the ball ba
kwards.Atta
king: This option gives the user the possibility of 
hoosing the team'satta
k strategy when it is in ball possession. The three values are as follows:
• Long Pass � This strategy is also known as ki
k and rush. The basi
prin
iple is that defenders and mid-�elders will ki
k long balls to theatta
kers, to qui
kly setup an atta
k formation and thereby get ans
oring opportunity.
• Wings � When 
hoosing this atta
k strategy the players, mostly themid-�elders, will play the ball over the wings and then make a 
rossto the players, usually atta
kers, in front of the goal.
• Possession � The last strategy is based on passing the ball to stay inball possession as long as possible. One 
ould argue that this strategyis more �safe� be
ause as long as the team is in ball possession theopponents will not s
ore.Defen
e: This option applies to the team when it is not in ball possession. Thefollowing three values are available for the defen
ive strategy:40
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• Contain � This strategy will try to keep the defen
ive line inta
tby giving the mid-�eld players more defen
ive responsibility, i.e. themid-�eld players have to support the defen
e to gain the player ma-jority when the team is under atta
k. When the team atta
ks all thedefen
e players will stay at the middle-line to avoid situations like,for instan
e, 
ounter-atta
ks.
• Neutral � The neutral defen
ive strategy is more �exible than the
ontain strategy. For instan
e, the defen
ive players are allowed to a
tmore individually like running a little forward to mark an opponent.This strategy also allows a defen
ive player to help the o�en
e andmid-�eld players when the team is atta
king.
• Pressing � The pressing strategy is obtained by letting the defen
ivewings mark an opponent ea
h, while the mid-�eld players will try tota
kle the opponent in ball possession. This leaves the 
entre defen
eobserving and ready to take a
tion if the mid-�eld players fail to stopthe atta
k. When the team atta
ks only the 
entre defen
e will stayat the middle-line while the wings will parti
ipate in the atta
k.Due to the fa
t that ea
h of the three options, Mentality, Atta
king and De-fen
e, have three sub-options, the user has 27 di�erent possibilities of 
hoosingthe team's 
ollaboration strategy. Be
ause FIFA 2005 is a game, the intensionof the tree earlier mentioned options is to allow the user to de�ne how the play-ers should position them self when they are not under user 
ontrol, instead ofde�ning the team's 
ollaboration strategy. For this appli
ation survey, as earliermentioned, FIFA 2005 is used as a simulator and in this 
ase the Mentality-,Defen
e- and O�en
e option will not only de�ne player position but they willalso a�e
t the team's 
ollaboration strategy, be
ause of the �missing� user in-tera
tion, whi
h is the reason for des
ribing these three options as 
ollaborationin�uen
ing options.Guidelines for understanding the strategy outlinesSome of the 
ollaboration strategies found in FIFA 2005 are sket
hed as outlinesin the following two se
tions. In ea
h of the outlines both a defen
ive team anda o�en
ive team are situated. It should be emphasised that the notation usedin all of the outlines is de�ned by the following six guidelines:1. The o�en
e is always atta
king from the bottom to the top.2. The large numbers pre�xed by a �#� is the player number. The playernumber is used for distinguishing the player kinds on ea
h team. Theplayer number is asso
iated to a player by using the following regulations:
• The goalkeeper always has number 1.
• Defen
ive players have numbers between 2 and 5.
• The mid-�eld players' number range is from 6 to 9.
• O�en
ive players have the numbers 10 and 11.3. The purpose of the small numbers is to refer to a spe
i�
 part of theoutline. 41



CHAPTER 3. APPLICATION SURVEY4. The dot-and-dash line arrows, represents the path that the player willfollow when he starts running. Dotted lines with arrowheads in both di-re
tions, indi
ates that the player is moving a little and not just lookingpassively at the ball.5. The solid line arrows, represent the path of the ball when it is passed.6. Ea
h of the player are marked with an arrow, representing his 
urrentorientation.Possessive 
ollaboration strategiesThis se
tion will des
ribe some of the possessive 
ollaboration strategies in FIFA2005, in this 
ase possessive de�nes that the team is atta
king or in ball posses-sion. An outline for ea
h of the four most interesting possessive 
ollaborationstrategies is presented at �gure 3.6 and 3.7.Pass the ball ba
kwards is the �rst of the emphasised 
ollaboration strate-gies. Figure 3.6(a) illustrates an example of this strategy, where the o�en
emakes a temporary break in their atta
k to pass the ball ba
kwards to a teammate and thereby stays in ball possession.1. Player #9 dribbles the ball up the �eld and when player #3 approa
hes,player #9 stops and turns around with the ball.2. Player #9 then passes the ball to his team mate player #8, who has posi-tioned himself in a playable position behind player #9.3. Player #9 then re-positions himself, a

ording to the shown path, to beplayable again.4. Player #8 now have the 
hoi
es of either playing #7 or #9 to 
ontinue theatta
k.The atta
king team in FIFA 2005 often uses this 
ollaboration strategy, espe-
ially if the Atta
king option, des
ribed in se
tion 3.2.1 is set to Wings. In this
ase the idea of playing the ball ba
kwards, like illustrated in �gure 3.6(a), isalso to tempt the defen
e, #3, to move further up the �eld and thereby 
reatingadditional spa
e for the o�en
e, #9, to establish an atta
k over one of the wings.The triangular pattern 
ollaboration strategy is emphasised as the se
ond
ollaboration strategy, �gure 3.6(b) depi
ts an outline for this strategy. At �g-ure 3.6(b) the players are situated in almost the same way as at �gure 3.6(a).The main di�eren
e of the two strategies is the o�en
e's way of handling thesituation. The following des
ribes the strategy of passing the ball in triangularpatterns:1. Player #9 is put under pressure by player #2 and #3, so he passes the ballto team mate #8. 42
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Offence:Defence: Ball:
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(a) Collaboration strategy 1: Pass theball ba
kwards.

Offence:Defence: Ball:

#2

#3
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Pass ball
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23(b) Collaboration strategy 2: Triangu-lar pattern.Figure 3.6: Outlines of the two identi�ed possessive 
ollaboration strategies 
on-
erning passing the ball.2. Player #3will start 
hasing the ball to maintain the pressure on the o�en
e,as a result of that a
tion player #3 will semi-mark player #9 at the sametime. When player #8 re
eives the ball he passes it to player #7 due to thefa
t that player #9 is semi-marked.3. When player #7 re
eives the ball, he will pass it on to player #9, to avoida ta
kle from player #4. The ball has now been passed in a triangularpattern.When the ball is ba
k at player #9, the pattern 
an be repeated if the situationhasn't 
hanged. For instan
e, before player #7 passes the ball (at point 3.),player #3 has three 
hoi
es: he 
an 
ontinue 
hasing the ball, stay and try tomark player #8 or retreat to his initial position to maintain the defen
ive line,where the latter two might be the most possible solutions. If player #3 
hoosesto stay and mark player #8, it might 
reate an opening for player #9, who then
an 
ontinue the atta
k along the wing of the �eld. If player #3 instead 
hoosesto run to his initial position, the pattern is likely to be repeated.Through-pass is the most frequently observed of the possessive 
ollaborationstrategies in FIFA Football 2005, parti
ularly in the 
ase where a team s
ores.To put it in other words, roughly 70% of the s
ored goals during this surveywere 
ondu
ted by using this strategy. The outline at �gure 3.7(a) is des
ribedin the following enumeration:1. Player #9 is dribbling the ball up the �eld. Player #9 �sees� the openingin the defen
e and passes a fast ball in front of player #11. Be
ause FIFAfootball 2005 runs in 3D the pass 
an be either a fast pass at the groundor lob ball over the defen
e. 43
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Offence:Defence: Ball:
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(a) Collaboration strategy 3: Pass theball to s
ore.
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(b) Collaboration strategy 4: Crossthe ball to s
ore.Figure 3.7: Outlines of the two identi�ed possessive 
ollaboration strategies 
on-
erning s
oring.2. Player #11 runs to the ball. The defen
ive players, #2 and #3, will alsorun to the ball to either ki
k it away or ta
kle player #11 to prevent himfrom s
oring.3. If player #11 gets the ball he will shoot at goal and try to s
ore.During the appli
ation survey it was observed, that the atta
ker in most 
aseswill get the ball and if he 
hooses to shoot in the far side of the goal he isalso likely to s
ore. This observation indi
ates that the appli
ation holds somesort of patterns to guide the positioning and a
tions of the players when they
ollaborate. This strategy 
an also be observed in other parts of the �eld, butwill of 
ourse not always result in a goal.Cross the ball to s
ore is the last of the emphasised 
ollaboration strategies.An outline of this very 
lassi
 situation is depi
ted at �gure 3.7(b). The strategy
an be explained as follows:1. Player #9 ki
ks a 
ross behind the defen
e to his team mates in front ofthe goal.2. The defen
e, player #2 and #3, will try to mark the o�en
e, player #10and #11. As soon player #9 has ki
ked the ball, player #10 and #11 willstart running towards the ball to get it, and thereby getting the 
han
e ofs
oring a goal.In the FIFA 2005 appli
ation the 
ross 
an be made both as a high ball or alow ball, due to the 3D environment.Even though these four emphasised strategies are 
ategorised as possessive,they also give a simple des
ription of how the defen
e is organised in these44
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i�
 situations. The next se
tion will give a more thorough des
ription of thenon-possessive 
ollaboration strategies in FIFA 2005.Non-possessive 
ollaboration strategiesThis se
tion will des
ribe two of the non-possessive 
ollaboration strategies ob-served in FIFA 2005. A 
ollaboration strategy is de�ned as non-possessive ifthe team is not in ball possession while it takes pla
e. An outline of the twoobserved strategies is presented at �gure 3.8.
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(b) Collaboration strategy 6: Contain-ing defen
e.Figure 3.8: Outlines of the two identi�ed non-possessive 
ollaboration strategies
on
erning defending.Pressing defen
e. The outline at �gure 3.8(a) gives several examples of de-fen
ive 
ollaboration strategies to mark the opponents. The following enumera-tion gives a more detailed des
ription of the spe
i�
 situations:1. Player #4 tries to ta
kle player #10 to stop the atta
k.2. Player #8 runs ba
k home towards player #10 to support the defen
e instopping the atta
k.3. Player #7 will try to mark player #9. At the same time player #6 andplayer #5 will mark player #11, to minimise player #10's 
han
e of makinga su

essful pass to one of his team mates.4. Player #2 and player #3 of the 
entre defen
e are 
onstantly observingthe play to see whether it is possible to inter
ept a loose pass from theo�en
e's players.The overall strategy for the defending team is in this 
ase to put pressure onthe o�en
e. This is 
arried out by having the wings of the defen
e �atta
king�or marking the opponents. The 
entre defen
e has a more passive role but they45
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onstantly aware of the play and they will try to inter
ept the ball wheneverit is possible. To gain the player majority the mid-�eld players, of the defendingteam, have defen
ive duties too. This kind of defen
ive strategy 
an be observedin FIFA 2005 if the Defen
e option, des
ribed in se
tion 3.2.1, is set to Pressing.Containing defen
e Figure 3.8(b) presents an outline of another defen
ive
ollaboration strategy. A detailed des
ription of the strategy is given in thefollowing:1. The defen
ive line has obtained it's defen
ive position. From this positionthe defen
ive players will wait and observe when to take a
tion.2. The mid-�eld players of the defen
e have obtained defen
ive positions too.3. Player #8 will try to put the player in ball possession, player #10, underpressure and hopefully ta
kle him.4. Player #7 will run to player #9 to mark him.5. Player #6 is already marking player #11 and he will 
ontinue doing thatuntil the ball is ki
ked out of danger.The intension of this 
ollaboration strategy is to prevent the opponents froms
oring by 
ontaining the defen
ive line while the mid-�eld players have the re-sponsibility of 
onquering the ball. In FIFA 2005 this strategy 
an be a
hievedby setting the Defen
e option des
ribed in se
tion 3.2.1 to Contain.The reason for only depi
ting two non-possessive 
ollaboration strategies is thatthey in general give a good des
ription of the a
tivities involved in defending.Of 
ourse defen
ive a
tivities 
an take pla
e in other part of the �eld, but thisis just variations of those presented in the outlines of �gure 3.8.3.2.2 Spe
ial featuresIn addition to the 
ollaboration strategies, various spe
ial features, that 
ouldbe desirable for future version of So

erLab, have been observed. The mostinteresting of the observed spe
ial features are des
ribed in appendix D.1.A spe
ial feature that will be appli
able, in the So

erLab appli
ation isa feature similar to the player biography s
reen, des
ribed in D.1. The playerbiography s
reen gives a slight look into how the players maybe are handledin FIFA 2005 by presenting 24 values de�ning the individual players' skills.The idea of the players having di�erent skills seems very useful, and should beintrodu
ed in a future version of So

erLab. It will be too 
omplex to introdu
eall 24 skills at on
e, instead a more realisti
 approa
h would be to 
hoose �veor six skills for the �rst approa
h. For further details of the player biographys
reen see appendix D.1.2.3.3 SummaryTwo so

er related appli
ations have been investigated during this appli
ationsurvey, The Tao of So

er and FIFA Football 2005.46



3.3. SUMMARYThe Tao of So

erUnfortunately the AI of the teams provided with The Tao of So

er isn't veryadvan
ed so the survey of this appli
ation hasn't 
ontributed any ideas of player
ollaboration strategies to the so

er simulator. Instead The Tao of So

er hasprovided a lot of inspiration 
on
erning the simulation platform su
h as; lettingthe simulator be run in three modes, simulation-, play- and replay mode. Theapproa
h of using a 
lient-server ar
hite
ture allows for di�erent 
lient imple-mentations, and at the same time it is possible to run a simulation over theInternet.The Tao of So

er holds a spe
ial feature whi
h is an experimental 3D vi-sualisation of the simulation, however it might be more bene�
ial to introdu
ea 3D simulation model instead of a 3D visualisation of the simulation in theso

er simulator.FIFA Football 2005FIFA Football 2005 by EA SPORTSTM, is a 
ommer
ial so

er game. In thissurvey FIFA Football 2005 has been used as a simulator, to observe player 
ol-laboration strategies.Both o�en
ive and defen
ive 
ollaboration strategies havebeen identi�ed in FIFA 2005. The appli
ation also allows the user to in�uen
ethe players 
ollaboration strategies at team level, through the use of the threevalue, Mentality, Atta
king and Defen
e, in the team ta
ti
s s
reen. Ea
h of thethree values 
an be set to three di�erent options, whi
h result in 27 possibilitiesof de�ning the team strategy. Six 
ollaboration strategies, four o�en
ive andtwo defen
ive, have been emphasised in the survey of this appli
ation. Two ofthe four o�en
ive 
ollaboration strategies 
on
ern playing the ball and the othertwo mainly 
on
ern s
oring goals.Besides the 
ollaboration strategies FIFA Football 2005 also has a spe
ialfeature 
alled the player biography whi
h shows that ea
h player's abilities arede�ned by 24 di�erent skills. It is desirable to have a similar approa
h in theso

er simulator for de�ning the individual player skills, but it might be su�
ientto have �ve or six di�erent skills instead of 24. In general the FIFA Football2005 appli
ation is a ni
e attempt to make a realisti
 so

er game, whi
h alsomight be the reason for it's popularity.The appli
ations in generalBoth of the investigated appli
ations in this survey have 
ontributed with in-spiration for new features for the so

er simulator. The identi�ed features thatshould be introdu
e in future version of So

erLab, 
on
erning both 
ollabora-tion strategies and platform features, are summarised in the following list:
• Multi-mode So

erLab 
lient with support for:� View/simulation mode � standard simulation.� Play mode � allowing user 
ontrolled players in a simulated so

erteam.� Replay mode � analysing tool.
• The six presented 
ollaboration strategies.47
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• The ability to de�ne the overall team strategy, similar to the approa
hfound in FIFA 2005 using the options like; Mentality, Atta
king and De-fen
e.
• Player biography with approximately �ve skills.

48



Chapter 4Analysis of 
on
eptsThis 
hapter presents an analysis of the 
on
epts; agent, a
tivity and 
ontext,based on literature studies. In appendix B summaries of the majority of thestudied literature for this 
hapter is presented. This analysis was motivated by
Prototype version 1

SoccerLab
Motivation

SoccerLab
Prototype version 2

Applied

AAC
Literature studiesFigure 4.1: The analysis of 
on
epts 
hapter in a larger perspe
tive.the development of So

erLab prototype version 1 and the result of it is appliedin So

erLab prototype version 2, as visualised in �gure 4.1.The following summarises the organisation of this 
hapter: First an intro-du
tion in
luding the motivation for this work is given. In the later se
tionsthe 
on
epts agent, 
ontext and a
tivity are dis
ussed, basing on the knowledgethat studied literature have brought to this proje
t. Finally the result of thiswork is summarised.4.1 Introdu
tionDuring the investigation the 
on
epts; agent, habitat and a
tivity, it was de-
ided to rename the habitat 
on
ept to 
ontext. The reason for renaming the
on
ept is simply be
ause of the semanti
 of the word habitat. If we lookup theword habitat in a di
tionary1 it is de�ned as: The area or environment wherean organism or e
ologi
al 
ommunity normally lives or o

urs. This is of 
ourse
orre
t if we wanted to use the 
on
ept just as an abstra
tion over environment,but during the investigation it was dis
losed that it would be bene�
ial to usethe 
on
ept both as an abstra
tion over environment and grouping of agents,this is elaborated in se
tion 4.5.1. If we lookup the word 
ontext in a di
tionary,it is de�ned as: The 
ir
umstan
es in whi
h an event o

urs; a setting, whi
h isin a

ordan
e with how we 
on
eive of the (
ontext )
on
ept.1The de�nitions of habitat and 
ontext are from www.di
tionary.
om49



CHAPTER 4. ANALYSIS OF CONCEPTSBesides renaming the habitat 
on
ept, during the investigation of the AAC
on
epts, we qui
kly realised that it was required to study other 
on
epts too, inaddition to three main 
on
epts. This lead to the study of 
on
eptual modelling,the role 
on
ept and organisation of agents.4.1.1 MotivationSo

erLab prototype version 1, des
ribed in 
hapter 2, only supports immaturead ho
 de�ned versions of the AAC 
on
epts. Among others, the a
tivity 
on
eptsupported in prototype 1 is an abstra
tion over individual a
tions and not anabstra
tion over 
ollaboration as intended. Also the 
ontexts(prior to this knownas habitats) are simpli�ed to being 
ir
ular or re
tangular areas, and last butnot least the agents in the �rst So

erLab prototype 
ould be re�ned as well.Our motivation for this work is to investigate 
on
epts that are abstra
tionsover 
ollaboration and environment to be able to 
hara
terise the 
on
epts a
-tivity and 
ontext. Also, literature 
on
erning MAS theory will be studied tomake us able to propose a suitable agent ar
hite
ture.4.2 Con
eptual modellingVarious perspe
tives on programming exist, and all of them re�e
t the 
on
ep-tual framework on whi
h they are based. Con
eptual modelling uses 
on
eptsof phenomena, 
on
ept and mappings of abstra
tion su
h as spe
ialisation andaggregation.BETA [Madsen et al., 1993℄ is an example of an obje
t-oriented programminglanguage from the S
andinavian s
hool of obje
t-orientation. The BETA pro-gramming language is provided with a 
on
eptual framework whi
h is a meansto be used when modelling phenomena and 
on
epts from the real world.A 
orner stone in the 
on
eptual framework of BETA is that software devel-opment, analysis, design and implementation, is 
onsidered as modelling a
tiv-ities at di�erent abstra
tion levels.4.2.1 Physi
al modellingIn [Madsen et al., 1993℄ the perspe
tive on obje
t-oriented programming is de-�ned as follows:A program exe
ution is regarded as a physi
al model simulating thebehaviour of either a real or imaginary part of the world.The de�nition of the obje
t-oriented programming implies that an exe
utingprogram is 
omposed of some physi
al material. In this 
ase the material isobje
ts whi
h are 
onsidered as 
omputerised material.Referent system and model systemThe 
on
eptual framework of BETA distinguish between; the real or imaginarypart of the world being modelled 
alled the referent system and the programexe
ution or physi
al model whi
h is 
alled themodel system. Figure 4.2 presentsthe programming pro
ess that involves identi�
ation of 
on
epts and phenomena50
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Obje
tsModel systemReferent systemFigure 4.2: Referent system and model system.in the referent system and representation of these in model system.In the 
on
eptual framework of BETA phenomenon and 
on
ept are de�ned asfollows:A phenomenon is a thing that has de�nite, individual existen
e in reality orin the mind; anything real in itself.A 
on
ept is a generalised idea of a 
olle
tion of phenomena, based on knowl-edge of 
ommon properties of instan
es in the 
olle
tion.The abstra
tion pro
ess relates phenomena and 
on
epts and it o

urs in boththe referent system and the model system.Abstra
tion pro
essThe abstra
tion pro
ess in the 
on
eptual framework of BETA is des
ribed asthe pro
ess of produ
ing and using knowledge and it 
onsists of:1. Identi�
ation of phenomena and their properties.2. Classi�
ation of phenomena into 
on
epts.3. Generalisation and 
omposition of 
on
epts.Figure 4.3, as depi
ted in [Kristensen, 2003℄, presents the basi
 elements of ab-stra
tion; 
lassi�
ation, generalisation and aggregation, whi
h 
an be seen asmappings between 
on
epts and phenomena.Phenomena possessing similar properties 
an be 
lassi�ed into 
on
epts. These
on
epts 
an be either spe
ialised/generalised or de
omposed/aggregated and a
on
ept 
an be exempli�ed by any phenomenon in its extension.As part of this work we have experimented with 
on
eptual modelling ofa
tivities and 
ontexts, by utilising the general abstra
tion model, �gure 4.3, ina so

er s
enario. The result of the experiment is presented in appendix C.51
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Concept

Aggregation/Specialisation/
DecompositionGeneralisation

Classification Exemplification

PhenomenonFigure 4.3: General abstra
tion model.4.3 The Agent Con
eptWe have 
hosen the agent 
on
ept for modelling so

er players. A so

er playeris seen as an abstra
tion over a set of phenomena in the referent system.The following se
tions des
ribe how we understand this 
on
ept and whatinternal stru
ture we have 
hosen for its representation. Our understanding ofagents is based on the literature studies of both agent-oriented and obje
t-oriented resear
h areas.4.3.1 Des
ription of the agent 
on
eptThe notion of agen
y was formalised by Wooldridge and Jennings [Wooldridgeand Jennings, 1995℄ whi
h is based on extensive review of resear
h done in thisarea. Their 
on
lusion is that the term agent is used to denote a hardware or(more often) software-based 
omputer system that enjoys following properties:Autonomy - agents operate without intervention of human or others, and havesome kind of 
ontrol over their a
tions and internal state.So
ial ability - agents intera
t with other agents and possibly humans.Rea
tivity - agents per
eive their environment, and respond in a timely fashionto 
hanges that o

ur.Pro-a
tiveness - agents do not simply a
t in response to their environment,they are able exhibit goal-dire
ted behaviour by taking the initiative.Some resear
hers go even further and 
on
eive agents to be either 
on
eptu-alised or implemented using 
on
epts that are more usually applied to humans,like mentalisti
 notions, su
h as knowledge, belief, desire, intention or obliga-tion [Wooldridge and Jennings, 1995℄, [Wooldridge et al., 1999℄. In this manner,agents are seen as an in
rease of abstra
tion 
ompared to obje
ts [Wooldridgeet al., 1999℄, [Parunak, 1997℄, where agents are given its own thread of 
ontroland its own internal goals and no longer need external invo
ation.52



4.3. THE AGENT CONCEPTAgent Ar
hite
tureAgents should organise themselves and adapt dynami
ally to 
hanging 
ir
um-stan
es without top-down 
ontrol. Therefore some resear
hers propose 
omplexagents to emulate human intelligen
e, reintrodu
ing many of the problems of
omplex system design and implementation, that motivated the in
rease of lo-
alisation and introdu
tion of agent 
on
ept.We agree with these resear
hers, who, inspired by world of nature, proposethin agents instead, and 
laim that even simple behaviour of the individualagents 
an generate signi�
antly 
omplex behaviour of the system.One of the requirements of an autonomous agent is the ability to performmeans-end reasoning2, whi
h has been a major resear
h issue in arti�
ial in-telligen
e. A large majority of the MAS 
ommunity uses a beliefs, desires andintentions3 agent model, whi
h we have 
hosen to fo
us on.BDI ar
hite
tureWe adopt beliefs, desires and intentions agent model as des
ribed by the 
on
ep-tual framework proposed by [Rao and George�, 1995℄. This approa
h enablesagents to break down ultimate goals, so they 
an 
ommit themselves to a
hievea subset of their entire goal universe. An agent still has to perform means-end reasoning and determine the plan to ful�l the sele
ted goals, as stated in[Meneguzzi et al., 2004℄. After Rao and George� we adopt the meaning of thethree mental states in the BDI agent model:Beliefs: The agents knowledge about the world, whi
h is highly subje
tive.Beliefs 
an be divided into environmental, so
ial, relational and personal.Desires: Obje
tives to be a

omplished, whi
h do not have to be 
onsistentwith ea
h other and do not have to be believed to be a
hievable.Intensions: Plans 
urrently under exe
ution.As seen in Figure 4.4, the BDI kernel o

upies a 
entral position and itsexe
ution is as follows:
• The BDI-kernel observes desires, that 
ould be a�e
ted by the environmentor by the agent itself.
• A desire is sele
ted.
• The most suitable plan, a

ording to the agent's beliefs, is sele
ted.
• The sele
ted plan is pla
ed in the intention stru
ture.
• The plan is exe
uted.
• The exe
ution of the intention may 
hange the environment, whi
h 
anestablish new goals and in�uen
e beliefs.2Means-end reasoning bases on sele
ting su
h 
ourses of a
tions that ultimately a
hievegoals of the agent.3We also use abbreviation BDI for Beliefs, Desires and Intentions throughout the report53



CHAPTER 4. ANALYSIS OF CONCEPTS

Environment

Desires

Beliefs Plans

Intensionsaffect

affect

affect

has

hashas

use

use has

Agent

BDI Kernel

Figure 4.4: Beliefs Desires Intentions model.If an agent do not 
ommit itself to parti
ipate in an a
tivity, its desires 
an
ontain a mixture of single-agent oriented goals and roles proposals made bya
tivities through 
ontexts. The BDI kernel sele
ts a desire, where 
ollaboration-oriented ones will be more likely 
hosen. Lets assume that a spe
i�
 role wassele
ted, the role 
on
ept is presented in se
tion 4.3.2. Then 
apabilities of theagent are 
he
ked, and a spe
i�
 plan for taking on the role is sele
ted, pla
ed inintentions and exe
uted. Now, the a
tivity in�uen
es the agent's desires, takingthe 
ontrol over the agent. The desire for �nishing on
e 
hosen a
tivity is higherthan for 
hanging it into another.Sele
ted extensions. Inspired by studied literature, we would like to proposeseveral extensions to the original BDI model. First of all we would like to presentthe 
on
ept of plan, whi
h is a re
ipe representing pro
edural knowledge of anagent. Plans are spe
i�
ations for a
hieving 
ertain goals or doing tasks on theway to a
hieve goals and the 
onditions under whi
h the plan is appli
able[Padgham and Lambrix, 2000℄. The main advantage of introdu
ing the plansstru
ture is to redu
e 
omplexity of 
reating 
omplete plans at runtime.We propose to in
lude the degrees of belief as an extension to the BDI model.Rao's and George�'s model expli
itly a
knowledges that an agent's knowledgeabout the world is in
omplete. By using beliefs, it does not attempt to introdu
einformation about how likely agent's imagination is to be the a
tual world inwhi
h an agent operates. We introdu
e a new property of belief modelling,des
ribing how 
ertain an agent is of its belief, similarly to [Parsons and Giorgini,1999℄.Reje
ted extension proposals. The resear
h on MAS 
overs a variety ofareas. Throughout the years there have been many attempts to extend BDI the-ory with new 
on
epts. Padgham and Lambrix in [Padgham and Lambrix, 2000℄propose to in
lude 
apabilities, whi
h are used to make advantage in 
hoosing54



4.3. THE AGENT CONCEPTplans that 
ould be used to ful�l given desire. Capabilities 
luster plans intogroups, where ea
h group of plans 
an ful�l spe
i�
 goal. The motivation of
apabilities stru
ture is in 
ontradi
tion with our model, where the 
apabilitiesof the agent will be spe
i�ed by a basi
 set of plans for simple a
tions and rolesthat the agent is 
urrently playing. Usage of roles allows agents to appear asthey have di�erent 
apabilities, depending on the perspe
tive from whi
h it isa

essed.As we mentioned above, degrees of beliefs are in
luded into our model. We donot 
onsider to in
lude various kinds of intentions and desires as introdu
ed in[Meneguzzi et al., 2004℄. Furthermore, we hope to ar
hive 
ollaboration throughuse of a
tivities and we do not 
onsider to introdu
e plans ex
hange as a meansfor rea
hing 
ooperativity, as proposed in [An
ona and Mas
ardi, 2003℄.4.3.2 The role 
on
eptAs mentioned previously, agents take on roles. The understanding of roles inagent-oriented analysis and design is similar to the view 
onsidered in obje
t-oriented analysis, ex
ept that phenomena that take on roles are 
alled agents,not obje
ts or tangible obje
ts (from [May et al., 2001℄). In the following se
tionwe des
ribe the 
on
ept of role.RolesIn MAS the role is seen as a basi
 
on
ept that builds the stru
ture of organi-sation of agents. It is an abstra
t representation of an agent fun
tion, servi
e oridenti�
ation within a group [Ferber and Gutkne
ht, 1998℄ [Wooldridge et al.,1999℄. Roles and intera
tions between them are typi
ally expe
ted to be stableand 
hange slowly. The role is 
onne
ted with obligations and responsibilities,but might also have requirements about spe
i�
 abilities needed to take on roleand may provide new abilities.The motivation for roles, as seen in [Kristensen, 1995℄ , is to allow spe
ialperspe
tives on a phenomenon. This perspe
tive is used by other obje
ts in themodel as a sele
tive way of knowing and a

essing the obje
t. The perspe
tiveis a set of properties of the phenomenon modelled by a set of methods.As seen in [Kristensen and Osterbye, 1996℄ the role introdu
es new proper-ties into an obje
t, properties that are present only be
ause of the perspe
tive.They 
annot modify properties of an obje
t, but only extend it with new prop-erties. Role properties must be a

epted by the obje
t and re
ognisable by otherobje
ts.Notion of roles seems to be similar in both obje
t-oriented and agent-orientedperspe
tives, the most important properties of roles in
lude:
• An entity 
an play di�erent roles simultaneously whi
h supports modellingof 
hanging perspe
tives.
• An entity 
an 
hange its role.
• An entity 
an play the same role several times simultaneously, meaningthat an entity might be a
ting di�erent spe
ialisations of the same role ata time
• A single role 
an be played by di�erent entities.55



CHAPTER 4. ANALYSIS OF CONCEPTSRoles is treated as a language 
onstru
t [Kristensen, 1995℄ , and, more spe
if-i
ally, as a spe
ialisation of 
on
ept [Kristensen and Osterbye, 1996℄ . Rolei�
a-tion is seen both as a kind of spe
ialisation and 
lassi�
ation. It di�ers howeverfrom spe
ialisation, be
ause no property of an obje
t 
an be modi�ed by therole and the 
lass of an obje
t is not a natural generalisation of the role, evenif the role may seem as a natural spe
ialisation of that 
lass. It di�ers from
lassi�
ation, be
ause it is dynami
, an obje
t 
an be dynami
ally re
lassi�edinto new roles. The phenomenon will belong to the role extension only for somepart of its life.The availability of methods of the subje
t (obje
t with its 
urrent roles)depends on 
lassi�
ation of the subje
t - if the subje
t is only known by theobje
t, then only methods of the obje
t are known; if the subje
t is known by itsrole, then both the methods of the obje
t and of the role are known/available.Methods of the role 
an utilise methods of the obje
t in their de�nitions, butnot vi
e versa. Other obje
ts 
an a

ess an entity through its roles to obtaindi�erent interfa
es and behaviours from the obje
t, whi
h supports subje
tivebehaviour, as suggested in [Kristensen, 2001℄ .We a
knowledge and adopt the role 
on
ept as it is des
ribed in this se
tion.4.4 The a
tivity 
on
eptTo be able to des
ribe and pres
ribe 
ollaboration between agents, we havede
ided to use the a
tivity 
on
ept.The following se
tions des
ribe how we understand the a
tivity 
on
ept andhow it 
an be used to des
ribe and pres
ribe 
ollaboration between agents, bothat a 
on
eptual level and at a language level. Our understanding of the a
tivity
on
ept is founded upon literature studies and pra
ti
al experien
e gained dur-ing the development of �rst prototype of the So

erLab simulator, see 
hapter2.4.4.1 Chara
terisation of the a
tivity 
on
eptThe studied literature 
on
erning the a
tivity 
on
ept en
ompass �ve arti
les. Inall the studied arti
les an a
tivity is des
ribed by a 
lass that 
an be instantiatedas obje
ts with state, behaviour and identity. The a
tivity 
on
ept has evolvedover time, and the following gives a brief overview of the most important stepsin the evolution of the 
on
ept.Inspiration from the studied literatureThe a
tivity 
on
ept emerged as transverse a
tivities in [Kristensen, 1993a℄ ,whi
h is one of the �rst approa
hes to model 
ollaboration from a 
on
eptualperspe
tive.A transverse a
tivity is presented as a means to model non obje
t-
entri
a
tions between several obje
ts whi
h is not part of the existing methodologiesfor obje
t-oriented analysis, design and implementation. A transverse a
tivitymust at least in
lude a listing of parti
ipant and a sequen
e of a
tion form-ing the 
ombined dire
tive of the a
tivity. We a
knowledge that a
tivities haveknowledge of their parti
ipants, but we think of the parti
ipants as a logi
al56
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ontext, see se
tion 4.5 for further elaboration of logi
al 
ontexts, instead of themore general term listing.In [Kristensen and May, 1996℄ the 
on
ept of transverse a
tivities was re-named to a
tivities and the 
on
ept is seen as a modelling and language me
h-anism that may be used to 
reate abstra
tions relating obje
ts together anddes
ribing their interplay. Another addition to the a
tivity 
on
ept is that thea
tivity 
ommuni
ates with the parti
ipants through roles.The addition to the a
tivity 
on
ept of 
ommuni
ating with parti
ipantsthrough roles, makes the a
tivity 
on
ept even more �exible and introdu
es thepossibility to des
ribe and pres
ribe 
ollaboration between even more abstra
tentities than obje
ts, in our 
ase agents.The 
on
ept of asso
iation introdu
ed in [May et al., 2001℄ models intera
-tion of artifa
ts. Tangible obje
ts and habitats (also introdu
ed in this arti
le)are the only artifa
ts 
onsidered. Asso
iations make it possible for tangible ob-je
ts and habitats to intera
t in di�erent ways at di�erent times where thisintera
tion is neither �xed nor predetermined by the properties of these twoartifa
ts.We don't 
onsider an a
tivity as an artifa
t for modelling 
ollaboration be-tween agents and 
ontexts, our understanding of the relation between a
tivitiesand 
ontexts is des
ribed later in se
tion 4.5. Besides the relation between ahabitat and its inhabitants, the notion of asso
iations presented in the arti
le isvery similar to our notion of a
tivities.The asso
iation 
on
ept is further elaborated in [Kristensen, 2003℄, where itis seen as abstra
tion over 
ollaboration. There are a lot of similarities betweenasso
iations and a
tivities, as presented in [Kristensen and May, 1996℄ , i.e.the parti
ipants are quali�ed by roles. Additionally, a new powerful aspe
t isintrodu
ed in the asso
iation 
on
ept whi
h is an event-based me
hanism that
an be used for asyn
hronous broad
ast of information to potential re
eiversamong the asso
iation's parti
ipants. The event-based 
ommuni
ation, is anattempt to a
hieve interleaved exe
ution using existing language 
onstru
ts.We re
ognise this event-based 
ommuni
ation between parti
ipants of thea
tivity, in our 
ase this 
an be a
hieved by utilising the logi
al 
ontext of thea
tivity whi
h 
ontain all the parti
ipants of the a
tivity.The latest attempt to de�ne an asso
iation is given in [Kristensen, 2005℄,where the asso
iation 
on
ept from [Kristensen, 2003℄ is further re�ned. Thefo
us in the arti
le is put on explaining how the 
ollaboration 
an be expli
itlydes
ribed through the dire
tive of the asso
iation.The following summarises the 
hara
teristi
s of the a
tivity 
on
ept:
• A
tivities are abstra
tions over 
ollaboration.
• An a
tivity 
onsist of a set of parti
ipants, a logi
al 
ontext, quali�ed byroles and a dire
tive.
• An a
tivity only 
ommuni
ates with its parti
ipants through roles.
• The dire
tive of an a
tivity is a sequen
e of a
tions, des
ribing or pres
rib-ing the 
ollaboration between its parti
ipants.57
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• An a
tivity is des
ribed by a 
lass that 
an be instantiated as obje
ts withstate, behaviour and identity.Additionally, we allow a
tivities with only one parti
ipant, even though it 
ouldbe questioned whether it is 
ollaboration or not when only one parti
ipant isrequired.We allow a
tivities to pres
ribe 
ollaboration between di�erent kinds of en-tities as long they ful�l the required roles. When nothing else is mentioned wethink of the parti
ipants as agents.In all the studied arti
les the notion of a
tivities builds on the same 
on
ep-tual understanding. Appendix C.1, des
ribes our experiments with 
on
eptualmodelling of a
tivities in a so

er s
enario.4.5 The 
ontext 
on
eptTo be able to model environments in whi
h agents a
t and engage in a
tivities,we have de
ided to re�ne and use the habitat 
on
ept introdu
ed in [May et al.,2001℄. We have also de
ided to rename the 
on
ept from habitat to 
ontext, asexplained in se
tion 4.1.4.5.1 Chara
terisation of the 
ontext 
on
eptThe 
on
ept of 
ontext is an abstra
tion over environment in whi
h agents 
anmove around and 
ollaborate with other agents. In [May et al., 2001℄, a habitatis de�ned as a logi
al 
ontext in whi
h tangible obje
ts intera
t and exist. Thisis similar to our understanding of 
ontexts if, of 
ourse, tangible obje
ts arerepla
ed by agents.The 
on
ept of habitat is also an abstra
tion over environment where the
on
ept 
aptures the three spa
es physi
al, informational and 
on
eptual. Thephysi
al spa
e is spatial and limited by physi
al boundaries. Informational spa
estores information and may possess 
omputational abilities too. The 
on
eptualspa
e may in�uen
e its inhabitants to a
t in an appropriate manner at a giventime, the 
on
eptual boundaries are delineated to what is appropriate where andwhen. The interplay between these three spa
es 
on
erning habitats is furtherelaborated in [Andersen and Nowa
k, 2002℄.The three spa
es 
overed by the habitat 
on
ept also indi
ates that the
ontext 
on
ept should be 
onsidered from di�erent perspe
tives.Physi
al 
ontexts vs. logi
al 
ontextsAnother property of habitats is that they are aware of their inhabitants, whi
his implied by the following quote, from [May et al., 2001℄, whi
h exempli�es theusage of habitats:S
enario: The Living Room. . . The 
ontext in this 
ase is TheLiving Room. . .The Living Room also has tangible qualities: it isaware of the tangible obje
ts that are situated within and 
an intera
twith them.We a
knowledge and adopt the idea of inhabitant awareness of habitats, so that
ontexts are aware of agents present at any time.58



4.5. THE CONTEXT CONCEPTSimilar to [Pedersen and Kristensen, 2002℄ we think of both physi
al andlogi
al 
ontexts as temporal, they may emerge or disappear, but physi
al 
on-texts are spatial and delimited whereas the logi
al 
ontexts are dimensionlessand ubiquitous. Another dissimilarity between physi
al and logi
al 
ontexts istheir individual purposes in a modelling perspe
tive, where physi
al 
ontextsmodel lo
ation, logi
al 
ontexts model grouping of agents. E.g. a so

er team
an be 
onsidered as a logi
al 
ontext, and hen
e the boundaries of a logi
al
ontext are identi
al to those of the 
on
eptual spa
e in [May et al., 2001℄.It should be 
onsidered whether logi
al 
ontext should be renamed to so-
ial 
ontext, inspired by [May and Kristensen, 2004℄, be
ause of its purpose ofgrouping agents, but for now we will settle with logi
al 
ontext.Besides the earlier mentioned di�eren
es physi
al and logi
al 
ontexts o�erthe same fun
tionality to agents whi
h indi
ates that both of them might bespe
ialisations of a general 
ontext 
on
ept.The 
ontext 
on
ept in generalIn general we think of 
ontexts as des
ribed by 
lasses that 
an be instantiatedas obje
ts with state, behaviour and identity. Contexts may overlap and theyare not isomorphi
 [May et al., 2001℄.In [May and Kristensen, 2004℄ a more elaborated and detailed des
ription ofthe understanding of the habitat 
on
ept is given:
• Spe
ifying some kind of lo
ality, an area that is delimited by some kindof boundary.
• Comprising inhabitants.
• Providing support to its inhabitants in the form of opportunities and ser-vi
es that allow its inhabitants to intera
t and a
hieve their various goals.This is almost analogous to how we 
on
eive of 
ontexts, if 
omprising inhabi-tants doesn't mean that a 
ontext always 
ontain at least one agent. It is not ane
essity that a 
ontext is inhabited at all times. E.g. in a so

er �eld it isn'ta requirement that there are players in, for instan
e, the goal area all the time(assuming that the goal keeper has run up the �eld).Another de�nition of the notion of habitat is presented in [Andersen andNowa
k, 2004℄, and is as follows:A habitat is a 
ontainer. Inhabitants 
an move into a habitat, livethere for a while, and move out again. The a
tion possibilities (andas a 
onsequen
e the information needs) of the inhabitants dependupon the habitat they 
urrently inhabit.This de�nition is in full agreement with our notion of 
ontext. Espe
ially thatinhabitants' a
tion possibilities are dependent upon the habitat they inhabit. A
ontext provides a
tivities, in whi
h agents may engage, to support the a
tionsof the agents present in that spe
i�
 
ontext.The following list summarises the 
hara
teristi
s of the 
ontext 
on
ept:
• Physi
al 
ontexts are abstra
tions over environments, that are spatial anddelimited. 59
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• Logi
al 
ontexts are abstra
tions over grouping of agents, and they aredimensionless and ubiquitous.
• A 
ontext is aware of the agents it 
omprises, and in�uen
e the agents byproviding a
tivities.
• Contexts may overlap and are not isomorphi
.
• A 
ontext is des
ribed by a 
lass that 
an be instantiated as obje
ts withstate, behaviour and identity.Appendix C.1, des
ribes our experiments with 
on
eptual modelling of 
ontextsin a so

er s
enario.4.6 Organisation of agentsMulti-agent systems 
apture the agents �exible, autonomous and problem solv-ing behaviour, variety of intera
tions and organisational stru
tures into oneentity [Jennings and Wooldridge, 1995℄, [Parunak, 1997℄. The MAS approa
h isinspired by biology and therefore it is suggested that agents should be able toform populations that organise themselves and adapt dynami
ally to 
hanging
ir
umstan
es without external 
ontrol.4.6.1 Approa
hes for organising agentsIn the early MAS resear
h, it was suggested that both 
omplex stru
tures and
omplex behaviours 
ould emerge naturally in agent so
ieties as a result ofa
tions of simple agents 
ollaborating in the similar way that we see in nature.Ferber states in [Ferber and Gutkne
ht, 1998℄ that only very few works haveattempted to develop models of MAS using organisational approa
hes, and pra
-ti
ally no e�ort has been made to in
orporate organisational terms and 
on
eptsinto MAS, even though organisation has been treated and presented as a majorissue of these systems. It also suggests that this la
k of interest in organisa-tions 
omes from the general trend that de�nes MAS as mere aggregations ofagents intera
ting together, where agents are treated as autonomous entitiesthat behaves individually, almost sel�shly.Even though resear
h in MAS is widespread 
ertain 
hara
teristi
 featuresthat des
ribe most of the systems of agents 
an be de�ned. Inspired by [Zam-bonelli and Parunak, 2002℄ and [Jennings and Wooldridge, 1995℄, we sele
tedthe following to be essential to understand and design the system of agents forthe purpose of this proje
t:Situatedness: Agents exe
ute in the 
ontext of an environment, per
eive itand 
an both in�uen
e and be in�uen
ed by it.Lo
ality in 
ontrol: Agents represent autonomous lo
i of 
ontrol, althoughthere is a need of 
oordinating a
tivities with other agents.Lo
ality of intera
tions: Agents intera
t with ea
h other, and the systemshould be modelled as 
lusters of lo
ally intera
ting agents, where inter-
luster intera
tions should be modelled expli
itly.60



4.7. SUMMARY
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(b) Agent-A
tivity-Context-Role model.Figure 4.5: The AACR-model inspired by the AALAADIN-model.We propose AACR-model, �gure 4.5(b), whi
h is highly inspired by and amodi�ed version of the AALAADIN-model, �gure 4.5(a) [Ferber and Gutkne
ht,1998℄. We think of a
tivities as 
entral 
omponent 
apturing roles intera
tions.Agents engage in a
tivities by taking on roles and we 
onsider agents to be 
apa-ble of handling several roles simultaneously, if these roles require only ex
lusivesets of resour
es. When agents take on roles, they a
quire new abilities, thatthey would not have obtained otherwise.A
tivities 
ontrol agents through roles and they are not aware who exa
tlyis playing the role at a spe
i�
 point of time. Agents are grouped basing bothon their physi
al and logi
al 
ontext. Logi
al 
ontexts 
an be formed for agentsengaged in the same a
tivity. Agents 
an inhabit several 
ontexts and they
an 
ommuni
ate with other agents only through 
ommon 
ontext. Contextsalso 
ommuni
ate with agents providing various information. This if furtherelaborated in se
tion 4.5.A
tivities, roles provided by them and 
orresponding logi
al 
ontexts arevery temporal in nature, emerge and disappear dynami
ally.Agents are treated as autonomous in that sense that the ultimate de
isionabout the 
hoi
e of a
tivity is made independently by an agent. After they
ommit themselves, however, to perform spe
i�
 role in 
hosen a
tivity, a
tivityin�uen
es their desires, and indire
tly in�uen
es their 
hoi
es of a
tions. Asstated in [Parunak, 1997℄ it is important property of an e�e
tive organisationto limit information pro
essing, whi
h is done by use of 
ontexts.4.7 SummaryThe purpose of this work was to investigate various 
on
ept to be able to proposean agent ar
hite
ture and to 
hara
terise the two 
on
epts a
tivity and 
ontext,whi
h have been a

omplished.Proposal of agent ar
hite
tureWe have proposed a BDI4-ar
hite
ture for the agents. The BDI-ar
hite
ture isa widely used agent ar
hite
ture that allows the agents to break down ultimategoals, so they 
an 
ommit themselves to a
hieve a subset of their entire goaluniverse.4Beliefs,Desires,Intentions 61



CHAPTER 4. ANALYSIS OF CONCEPTSFor organisation of the agents we have proposed a modi�ed version of theAALAADIN-model, that supports the 
on
epts of a
tivity and 
ontext. Thereason for using this approa
h is that the AALAADIN-model doesn't imposeany restri
tions on the agent ar
hite
ture and at the same time provides supportfor the role 
on
ept, whi
h is required by the a
tivity 
on
ept.Chara
teristi
s of the a
tivity 
on
eptBased on literature studies and experien
e gained during development of So

er-Lab prototype version 1, we have 
hara
terised the a
tivity 
on
ept as follows:
• A
tivities are abstra
tions over 
ollaboration.
• An a
tivity 
onsist of a set of parti
ipants, a logi
al 
ontext, quali�ed byroles and a dire
tive.
• An a
tivity only 
ommuni
ates with its parti
ipants through roles.
• The dire
tive of an a
tivity is a sequen
e of a
tions, des
ribing or pres
rib-ing the 
ollaboration between its parti
ipants.
• An a
tivity is des
ribed by a 
lass that 
an be instantiated as obje
ts withstate, behaviour and identity.We have 
hosen this �exible 
hara
terisation of the a
tivity 
on
ept to allow forexperimentations, although it later on might be
ome a 
andidate for a de�nitionof the a
tivity 
on
ept.Chara
teristi
s of the 
ontext 
on
eptSimilar to the a
tivity 
on
ept, we have made 
hara
teristi
 of the 
ontext 
on-
ept. We have 
hara
terised the 
ontext 
on
ept as follows:
• Physi
al 
ontexts are abstra
tions over environments, that are spatial anddelimited.
• Logi
al 
ontexts are abstra
tions over grouping of agents, and they aredimensionless and ubiquitous.
• A 
ontext is aware of the agents it 
omprises, and in�uen
e the agents byproviding a
tivities.
• Contexts may overlap and are not isomorphi
.
• A 
ontext is des
ribed by a 
lass that 
an be instantiated as obje
ts withstate, behaviour and identity.Additionally, we have 
ondu
ted two experiments of 
on
eptual modelling ofa
tivities and 
ontexts in a so

er s
enario. These results are presented in ap-pendix C.
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Chapter 5Prototype version 2This 
hapter do
uments the development of So

erLab prototype version 2.The purpose of this prototype is to introdu
e support for the AAC 
on
epts. Byutilising the AAC 
on
epts, new 
ollaboration strategies are introdu
ed in theso

er simulator. The development of this prototype is based on the literature
Application survey

MAS+soccer

Literature studies
AAC

SoccerLab
Prototype version 2

Inspiration

Future work

Applied

Motivation

Figure 5.1: The prototype version 2 
hapter in a larger perspe
tive.studies in 
hapter 4, the inspiration gained from appli
ation survey in 
hapter3, as visualised in �gure 5.1.5.1 MotivationThe motivation for developing the So

erLab prototype version 2 is to evolvethe �rst prototype of the so

er simulator to support the AAC 
on
epts de�nedin 
hapter 4. Besides supporting the AAC 
on
epts it is desirable to introdu
emore user intera
tion in the appli
ation to illustrate how the 
on
epts are usedin the so

er simulator.The development of this prototype is also motivated by the appli
ation sur-vey, des
ribed in 
hapter 3, whi
h suggest a list of both platform features and
ollaboration strategies that would be desirable to have in a so

er simulationappli
ation like So

erLab.5.2 Appli
ation des
riptionThe graphi
al user interfa
e of the appli
ation has been modi�ed in the So

er-Lab prototype version 2. A s
reen shot of the exe
uting appli
ation is presented63



CHAPTER 5. PROTOTYPE VERSION 2at �gure 5.2. The following enumeration des
ribes the 
orresponding parts of

Figure 5.2: S
reen shot of So

erLab prototype version 2.the So

erLab GUI presented at �gure 5.2:1.-5. Have the same fun
tionality as in the �rst prototype, des
ribed in se
tion2.2 page 22, they have just been slightly repositioned.6. The agent option panel whi
h is similar to the habitat panel in prototype1, �gure 2.3 page 22, has just been made a permanent part of the graphi
aluser interfa
e for So

erLab prototype version 2. A more detailed des
rip-tion of this part of the GUI is given in se
tion 5.3.2.7.-9 Also have the same fun
tionality as in prototype 1; game 
lo
k, s
ore andteam names, respe
tively.10. Console for presenting text feedba
k to the user.11. The 
ontext option panel, whi
h 
an enable drawing of 
ontexts. A moredetailed des
ription of the 
ontext option panel is given in se
tion 5.3.2.12. The a
tivity option panel in
luding both the a
tivity info panel and thea
tivity exe
ution panel. A more through des
ription of this part of theGUI is presented in se
tion 5.3.2.To tests the new version of the So

erLab simulator the left side team,prototype 1 team, is using the implementation from prototype 1 whereas theright side team, 
lever team is using the new prototype 2 implementation ofa
tivities and 
ontexts. By simulating a mat
h between these two teams, the�nal s
ore of the mat
h hopefully will give an indi
ation of whether the se
ondprototype is better than the �rst prototype or not.64



5.3. ARCHITECTURE5.3 Ar
hite
tureIn the �rst prototype, 
hapter 2, it was de
ided to use a 
lient-server ar
hite
-ture. This de
ision was substantiated by the result of the appli
ation survey,
hapter 3, whi
h also brought inspiration for making a multi-mode 
lient forthe So

erLab prototype version 2, allowing for instan
e, normal simulation ofso

er mat
hes and replay of already simulated mat
hes. This So

erLab proto-type doesn't support the multi-mode 
lient feature, but uses a single-mode 
lientsimilar to the solution of So

erLab prototype version 1, where the graphi
aluser interfa
e is 
onsidered to be the 
lient and the model 
omponent is theserver.The following se
tions give a more detailed des
ription of the model 
ompo-nent and GUI 
omponent of the So

erLab prototype 2 appli
ation.5.3.1 The Model 
omponentFigure 5.3 depi
ts the general 
lass diagram of the model 
omponent of So
-
erLab prototype version 2. The model 
omponent 
onsist of both modi�edand non-modi�ed 
lasses from prototype version 1, and new 
lasses have beenintrodu
ed to support the AAC 
on
epts de�ned in 
hapter 4.The following se
tions des
ribe in details the segments of the 
lass diagram
on
erning agents, a
tivities, 
ontexts and whi
h modi�
ation that have beenmade to the existing 
lasses from prototype version 1.AgentDue to the limited time available for developing this se
ond So

erLab pro-totype, it was de
ided to keep the agent ar
hite
ture applied in So

erLabprototype version 1, instead of improving the agents by introdu
ing a BDI-ar
hite
ture as suggested in 
hapter 4. The reason for 
hoosing this limitationis that several examples on how to implement the BDI-ar
hite
ture is des
ribedin various literature and thereby doesn't 
ontribute with new knowledge to thisproje
t. E.g. [Appel and Nielsen, 2005℄ des
ribes su
h an implementation wherethe BDI-ar
hite
ture is 
ombined with the AGR-model. Figure 5.4 present thesegment of the 
lass diagram of the So

erLab prototype version 2 
on
erningagents and roles.Be
ause the left team, Prototype 1 Team, 
onsist of players with the pro-totype 1 implementation the 
lasses Defen
ivePlayer, Mid�eldPlayer and Of-fen
ivePlayer are kept in the Player (agent) inheritan
e stru
ture. Both teamsuse the goalkeeper implementation, GoalKeeper whi
h extends the super-
lassPlayer. The 
lass NewStylePlayer, whi
h is also a sub-
lass of the abstra
t Player
lass, has the responsibility to handle the prototype version 2 agents with rolesand how they engage in a
tivities.The new agents 
an parti
ipate in a
tivities if they 
an play one of the rolesrequired by an a
tivity. Be
ause it has been de
ided to keep the agent ar
hi-te
ture from prototype version 1, the role implementation doesn't re�e
t therole 
on
ept des
ribed in 
hapter 4. In this prototype roles are 
onsidered to betransparent and they are only used for qualifying the parti
ipants of an a
tivity.This is a
hieved by giving the agents a set of instantiated roles that they 
ur-rently hold, then it 
an be 
he
ked if an agent 
an play a spe
i�
 role simply by65
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Figure 5.3: General 
lass diagram of So

erLab prototype version 2 model 
om-ponent.
he
king whether it has the role in the set of 
urrent roles or not. A transparent66
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Figure 5.4: The segment of the 
lass diagram of the model 
omponent of So
-
erLab prototype version 2 
on
erning agents.role is understood as a role that provides full a

ess to its owner whi
h mean thatthe role neither provides additional properties nor restri
t the abilities of therole owner. The reason for 
hoosing this simple role implementation is mainlybe
ause of the simple agent ar
hite
ture. The simple agent ar
hite
ture doesn'ten
ourage the use of roles and be
ause of that it has been of higher priority tofo
us on the implementation of a
tivities.The 
lass OldA
tivity holds the a
tivity implementation from prototype1, be
ause the understanding of the a
tivity 
on
ept has 
hanged during theproje
t. These old a
tivities are not 
onsidered to be a
tivities any more, theyare more like 
apabilities for the individual agent exe
uted when no 
ollabora-tion is needed or when the dire
tive of an a
tivity tells an agent to exe
ute aspe
i�
 
apability. The reason for naming the super 
lass OldA
tivity is to re-�e
t the 
hange from prototype 1 to prototype 2. In the 
lass diagram in �gure5.4 it should be noti
ed that the Player 
lass(agent) has been de
oupled fromthe (new )A
tivity 
lass, whi
h is di�erent from prototype 1(OldA
tivity).A
tivityAfter �nishing the development of So

erLab prototype version 1, it was 
on-
luded that the platform among others was well suited for experimenting witha
tivities. This statement was qui
kly proved wrong when experimenting withmore 
omplex a
tivities involving more than one parti
ipant, whi
h among othermotivated the literature study des
ribed in 
hapter 4. The literature study leadto the de�nition of the a
tivities implemented in this prototype.The a
tivities implemented in So

erLab prototype version 2 is 
on
eptuallyin a

ordan
e with the a
tivities de�ned in se
tion 4.4 with only a minor �awwhi
h is that the parti
ipants are not treated as a logi
al 
ontext when theyengage in an a
tivity.In 
hapter 4 examples on how a
tivities 
an be used to des
ribe 
ollaborationin the referent system are given. The following des
ribes how the a
tivities areused to pres
ribe 
ollaboration between agents in software or the model system.67
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Figure 5.5: The segment of the 
lass diagram of the model 
omponent of So
-
erLab prototype version 2 
on
erning a
tivities.A
tivities are implemented as threads, �gure 5.5 depi
t the segment of the So
-
erLab prototype version 2 
on
erning a
tivities. The 
ommon parts for all thea
tivities, su
h as implementing the run loop for the thread and assigning rolesto parti
ipants, are implemented in the A
tivity super-
lass. Ea
h of the spe-
ialised a
tivities are implemented as sub-
lasses that override the dire
tive ofthe general a
tivity.Table 5.1 presents a simple pseudo example of an a
tivity sub-
lass imple-mentation.publi
 
 lass ExampleA
tivity extends A
t iv i ty {private Role ro le1 , ro le2 , ro le3 , r o l e 4 ;publi
 ExampleA
tivity ( ) {5 super ( ) ;r o l e 1=new Defen
 iveRole ( " de f en
 iveRo le" ) ;r o l e 2=new Defen
 iveRole ( " de f en
 iveRo le" ) ;r o l e 3=new Defen
 iveRole ( " de f en
 iveRo le" ) ;r o l e 4=new Defen
 iveRole ( " de f en
 iveRo le" ) ;10 r equ i r edRo l e s . add( a l l f ou r r o l e s ) ;}prote
ted void d i r e 
 t i v e ( ) {do{15 for ( Role r o l e : getRequiredRoles ( ) ) {i f ( i sRo l eC lo s e s tToBa l l ( r o l e ) ) {r o l e . runToLo
ation ( Bal l . g e tPos i t i on ( ) ) ;}else {20 r o l e . runToLo
ation ( de s i r ed l o 
 a t i o n ) ;}}Thread . s l e e p ( a
t iv i tyThreadDelay ) ;}while ( a l l the r o l e s are f i l l e d | | the 
o l l a b o r a t i o n i sn ' t done ) ;25 }} Table 5.1: Example of an a
tivity sub-
lass implementation.The 
onstru
tor in table 5.1, initialises and adds the roles to the list of requiredroles. When the required number of parti
ipants, in this 
ase four, have joinedthe a
tivity(all the required roles are �lled) the dire
tive of the a
tivity is exe-
uted. The dire
tive in table 5.1 is an example on how to pres
ribe 
ollaborationbetween four parti
ipants. In this 
ase the parti
ipant 
losest to the ball is di-re
ted to 
hase the ball and the last three parti
ipants are told to obtain a moredefen
ive or o�en
ive position depending on the purpose of the a
tivity. Thea
tivity will 
ontinue to guide its parti
ipants until one or more of them have68



5.3. ARCHITECTUREto leave the a
tivity due to a 
hange in their environment, e.g. the team gets inball possession or looses ball possession. The example a
tivity in table 5.1 arehighly similar to the Defen
eDefen
iveA
tivity from �gure 5.5.The reason why a
tivities are su
h a powerful tool for pres
ribing 
ollabora-tion is that an a
tivity only a

esses its parti
ipants through roles, whi
h makesit indi�erent to the parti
ipants as long as they 
an ful�l one of the requiredroles. In the long term perspe
tive this means that a
tivities 
an des
ribe andpres
ribe 
ollaboration between di�erent spe
ies if they just 
an ful�l the re-quired roles. A
tivities are easy to use when pres
ribing 
ollaboration betweenagent and as a result of that a
tivities su
h as throw-in and 
orner-ki
k has beenadded to so

er simulation appli
ation.ContextThe support for 
ontexts in So

erLab prototype version 2, has been a
hievedby de�ning a 
ontext interfa
e, table 5.2. The interfa
e in table 5.2 reveals that
ontexts distinguish the a
tivities it provides in o�en
ive and defen
ive a
tiv-ities. Of 
ourse this should not be the 
ase, but this solution has been 
hosenbe
ause, 
urrently, there are no other way to distinguish between the purposesof a
tivities. Also the prototype doesn't have any examples of temporal 
on-texts, but it is be
ause no example has been found and not be
ause it is notpossible. Besides these two ex
eptions the 
ontexts implemented in So

erLabprototype version 2 is in 
on
eptual a

ordan
e with the de�nition of 
ontextfrom 
hapter 4. A 
ontext is represented as a 
lass that implements the 
ontextpubli
 interfa
e Contex t In t e r f a
e extends Runnable {publi
 List<A
t iv i ty > ge tO f f e n 
 i v eA
 t i v i t i e s ( ) ;publi
 List<A
t iv i ty > ge tDe f en 
 i v eA
 t i v i t i e s ( ) ;publi
 List<Player > getContainedAgents ( ) ;5 publi
 int getNumberofContainedAgents ( ) ;publi
 void addOf f en
 iveA
t iv i ty ( A
t i v i ty a 
 t i v i t y ) ;publi
 void addDefen
 iveA
t iv i ty ( A
t i v i ty a 
 t i v i t y ) ;} Table 5.2: The general 
ontext interfa
e.interfa
e. Contexts are implemented as threads whi
h is also de�ned by the 
on-text interfa
e. This makes it possible for the 
ontext to 
ontinuously keep tra
kof for instan
e how many agents that are 
urrently present.To re�e
t the physi
al and logi
al 
ontext of the 
ontext 
on
ept two sub-interfa
es have been de�ned, the interfa
es for physi
al and logi
al 
ontexts arepresented as table 5.3 and table 5.4, respe
tively. The physi
al 
ontext interfa
e,table 5.3, extends the general 
ontext interfa
e and de�nes three methods, to getthe physi
al 
ontext's lo
ation, width and height. The logi
al 
ontext interfa
e,table 5.4, also extends the general 
ontext interfa
e but it doesn't de�ne anymethods. This implies that the understanding of 
ontext should be modi�ed sothat all 
ontexts are logi
al and then a physi
al 
ontext is simply a spe
ialisationof a logi
al 
ontext, for handling the spatiality of the 
ontext.The following gives a more detailed des
ription of how 
ontexts have beenused in the So

erLab prototype version 2.69
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 interfa
e Phys i 
a lContex t In t e r f a 
e extends Contex t In t e r fa 
e{publi
 So

erLabPoint getLo
at ion ( ) ;publi
 double getWidth ( ) ;publi
 double getHeight ( ) ;5 } Table 5.3: The physi
al 
ontext interfa
e.publi
 interfa
e Log i 
a lContex t In t e r f a 
 e extends Contex t In t e r fa 
e{} Table 5.4: The logi
al 
ontext interfa
e.Physi
al 
ontexts: Figure 5.6 presents in details the segment of the 
lassdiagram of model 
omponent that 
on
erns physi
al 
ontexts.

Figure 5.6: The segment of the 
lass diagram of the model 
omponent of So
-
erLab prototype version 2 
on
erning physi
al 
ontexts.The abstra
t 
lass GeneralArea implements the physi
al 
ontext interfa
e, andthereby also the general 
ontext interfa
e. This 
lass implements all the meth-ods de�ned in the interfa
es and the run loop of a physi
al 
ontext. For ea
hstep, approximately 10 times pr se
ond, the run loop in a 
ontext(GeneralArea)
ounts the 
urrent number of agents present and determine whether the ball ispresent in the spe
i�
 
ontext or not. The two 
lasses Cir
ularArea and Re
t-angularArea are both sub-
lasses of GeneralArea, the only di�eren
e in thesetwo 
lass is the shape of the 
ontext they implement.The sub-
lass of Cir
ularArea and the sub-
lasses of Re
tangularArea areused for 
omposing So

erFieldContext, whi
h itself is a sub-
lass of Re
tangu-larArea. This means that when the appli
ation is running the so

er �eld 
onsistof eight physi
al 
ontexts, in
luding the so

er �eld itself. This approa
h allowsfor getting information of in whi
h physi
al 
ontext the ball is and how manyagents that are 
urrently present in ea
h of the physi
al 
ontexts.70
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al 
ontexts: Figure 5.7 presents in details the segments of the model
omponent 
on
erning logi
al 
ontexts.
Figure 5.7: The segment of the 
lass diagram of the model 
omponent of So
-
erLab prototype version 2 
on
erning logi
al 
ontexts.The logi
al 
ontext inheritan
e stru
ture, �gure 5.7 is similar to the inheritan
estru
ture of physi
al 
ontexts, �gure 5.6. The logi
al 
ontexts are intended togroup agents whi
h is the reason why the Logi
alContextInterfa
e, is imple-mented by the abstra
t super-
lass TeamContext. The TeamContext implementsthe run loop of logi
al 
ontexts similar to the one for physi
al 
ontext.The reason for having the TeamContext 
lass to provide the �exibility for im-plement additional agent 
ontexts besides the so

er team 
ontext. For instan
e,later on it 
ould be desirable to implement a so

er team as a 
omposition ofthe logi
al 
ontexts defen
e, mid�eld and o�en
e, similar to how the so

er �eldis 
omposed from other physi
al 
ontext. This approa
h is not tested in thisprototype, but it should be 
onsidered in later prototype version.The 
lass So

erTeamContext is a sub-
lass of TeamContext. The So

erTeam-Context 
lass is similar to the So

erTeam 
lass from prototype 1, it just havesome additional fun
tionality whi
h makes it a logi
al 
ontext, inherited fromthe TeamContext 
lass. It should be noti
ed that it is only the right team, 
leverteam �gure 5.2, that uses this new so

er team implementation to be able to
ompare the two prototype to ea
h other, the left team, prototype 1 team �gure5.2 uses the so

er team implementation from prototype 1.Both the physi
al 
ontext interfa
e and the logi
al 
ontext interfa
e areimplemented by abstra
t 
lasses, implying that these two interfa
e 
ould berepla
ed by abstra
t 
lasses. This approa
h should be investigated further in alater prototype.5.3.2 The GUI 
omponentAdditional features have been added to the graphi
al user interfa
e in So

er-Lab prototype version 2, this is re�e
ted in the GUI 
omponent where a fewadditional 
lasses have been introdu
ed. Figure 5.8 depi
ts the 
lass diagram ofthe GUI 
omponent. An option panel have been added in the right side of thegraphi
al user interfa
e, see Figure 5.2. The following des
ribes the usage of theoption panel and hen
e how to enable visualisation of 
ontexts and a
tivities.71
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Figure 5.8: Class diagram of So

erLab prototype version 2 GUI 
omponent.The agent option panelThe agent option panel, item 6 se
tion 5.2, 
orresponds to the habitat panel inthe �rst prototype, and have the same fun
tionality as des
ribed in se
tion 2.2.Due to the de�nition of a 
ontext in 
hapter 4, the understanding of 
on-texts(formerly known as habitats) has 
hanged and for that reason the agentoption panel no longer enables visualisation of habitat but the areas in whi
hthe agents are supposed to take spe
ial a
tions, like ki
king/passing the ball ortry to inter
ept the ball.The 
ontext option panelAn example of usage of the 
ontext option panel, item 11 se
tion 5.2, is presentedat �gure 5.9 as a modi�ed sequen
e diagram. To left in �gure 5.9 the user'sintera
tions time line is shown, similar to standard sequen
e diagrams. Insteadof representing method invo
ations on di�erent obje
ts the horizontal arrowsrepresent the user's a
tion and the visual feedba
k from the GUI. The followinggives a brief des
ription of the modi�ed sequen
e diagram at �gure 5.9.

• The upper s
reen shot shows the initial layout of the 
ontext option panelwhen the appli
ation is started.
• The se
ond s
reen shot shows the 
ontext option panel when the �Drawphysi
al 
ontext(s)� has been enabled(
he
ked).
• The third s
reen shot shows how the 
entre 
ir
le 
ontext has been se-le
ted.
• The lower s
reen shot shows a se
tion of the so

er �eld when drawing ofthe 
entre 
ir
le has been 
hosen. In the upper left 
orner of the visualised
ontext, the information of the 
ontext is presented: the 
ontext's name,the number of 
ontained agents, the number of a
tivities provided by this
ontext and, at last, whether the 
ontext 
ontains the ball or not.The 
ontext option panel gives the possibility of visualising any of the physi
al
ontexts in So

erLab prototype version 2. It should be noti
ed that to enablevisualisation of any of the penalty areas, goal areas or goals either left half orright half has to be sele
ted. 72
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Figure 5.9: Sequen
e diagram exemplifying of usage of the 
ontext options panelin So

erLab prototype version 2.The a
tivity option panelThe a
tivity option panel 
an be divided into three sub-panels: a 
urrentlyexe
uting a
tivity panel, an a
tivity info panel and an a
tivity exe
uter panel.Figure 5.10 depi
ts the a
tivity option panel in both its initial and a
tive statewhen the appli
ation is running. The following gives a more detailed presentationof the a
tivity panel.The a
tivity info panel: Figure 5.10(a) depi
ts the initial state of the a
tiv-ity option panel when the simulation is started, where the 
urrently exe
utinga
tivity panel lists the exe
uting a
tivities.Figure 5.10(b) shows how a
tivity information is visualised when an a
tivity hasbeen sele
ted. The a
tivity information 
an be displayed by either sele
ting oneof the 
urrently exe
uting a
tivities from the 
urrently exe
uting a
tivity panelor by sele
ting an a
tivity from the 
ombo box asso
iated with a
tivity infopanel by 
li
king the show info button. When an a
tivity has been sele
ted, thea
tivity info is presented as text informing the user of the name of the a
tivity,73
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(a) The a
tivity panelwhen it isn't showing a
-tivity information. (b) The a
tivity panelwhen it is showing a
tiv-ity information.Figure 5.10: S
reen shots of the a
tivity panel.the required number of parti
ipants, the 
urrent number of parti
ipants, the a
-tivity state, des
ribed later on, and whether the a
tivity's dire
tive is exe
utingor not.Additionally a table presents the type of the required roles if the left 
olumnand the parti
ipant �lling the role in the right 
olumn.The a
tivity exe
uter panel: At the bottom of the a
tivity option panelthe user managed a
tivity exe
ution panel1 is positioned. By default this panelis disabled. Figure 5.11 depi
ts a modi�ed sequen
e diagram, similar to the onein �gure 5.9, exemplifying how to enable and use the a
tivity exe
uter panel,whi
h is also des
ribed in the following.
• The upper left s
reen shot shows how to enable the a
tivity exe
uter panelby right 
li
king a 
ontext in the so

er �eld 
ontext, in this 
ase the so

er�eld 
ontext itself. This will bring up a pop-up menu and by sele
tingManage a
tivities the a
tivity exe
uter panel will be
ome enabled, at thesame time the simulation is paused.
• The upper right s
reen shot shows the enabled a
tivity panel. The 
ombo1Refered to as the a
tivity exe
uter panel.74
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Figure 5.11: Sequen
e diagram exemplifying of usage of the the 
ontext optionspanel in So

erLab prototype version 2.box in user managed a
tivity exe
ution panel allows the user to sele
t be-tween all the a
tivities provided by the sele
ted 
ontext(the right 
li
ked
ontext from the previous item). In this the so

er �eld 
ontext is sele
tedwhi
h is shown just above the 
ombo box, and the Defen
eO�en
iveA
-tivity 
hosen whi
h is intended for defen
ive players when the team is inball possession. It should be noti
ed that the a
tivity info panel displaysthe information of the sele
ted a
tivity.
• The lower left s
reen shot shows how the roles required by the a
tivity 
anbe �lled by using the mouse. The table below the 
ombo box shows whi
h75



CHAPTER 5. PROTOTYPE VERSION 2roles that are require and whi
h parti
ipant is �lling the role. A parti
ipant
an be added to a role by left 
li
king on the desired parti
ipant and nextleft 
li
king on an empty role in the �Filled by� 
olumn in the table. If aparti
ipant that 
an not �ll the role is sele
ted then he is simply ignoredand will not be added in the �Filled by� 
olumn. While the a
tivity's rolesare �lled the a
tivity info panel is updated, in this 
ase it shows that onlytwo of four roles are 
urrently �lled.
• The last s
reen shot, to the lower right, shows that all the parti
ipants havebeen gathered and the a
tivity is ready to be exe
uted, this 
an be seenbe
ause the Exe
ute a
tivity button has been enabled, also the state inthe text �eld has swit
hed to Ready, but the a
tivity is not exe
uting yet.When the Exe
ute a
tivity button is pressed, the simulation is resumedand the a
tivity exe
uter panel will be
ome disabled again.When an a
tivity is exe
uted there is no guarantee for how long it will exe
utebe
ause if the a
tivity from the example is exe
uted, if the team isn't in ballpossession it will terminate immediately.5.4 Dynami
sCompared to the old prototype not mu
h of the dynami
s have 
hanged. Forinstan
e, the initialisation of So

erLab prototype version 2 is almost identi
alto the initialisation of prototype version 1, sequen
e diagram �gure 2.6. Theonly di�eren
e is that in prototype version 2 the away team is instantiated as anewly implemented so

er team 
ontext instead of as the old so

er team. Eventhough the away team has 
hanged from being a so

er team into being a so

erteam 
ontext the setup of team formation are identi
al.Be
ause of the new implementation of a
tivities in prototype version 2, theagents' ways of sele
ting a
tivities has 
hanged. In So

erLab prototype version2 all the agents, of 
ourse only the agents using the new agent ar
hite
ture,use the same strategy for sele
ting an a
tivity, whereas the prototype 1 agentsused slightly di�erent sele
tion strategies depending on the agent type, defen
iveplayer, o�en
ive player, et
. Algorithm 2 des
ribes how the prototype version 2agents sele
t a
tivities.The following summarises the strategy of algorithm 2; �rst the agent de-termines whether it is required to take immediate a
tion su
h as: shooting theball, passing the ball or run to the ball. If this is not the 
ase it will determineif there are any 
hanges to how it per
eive the environment, this is 
urrentlysimpli�ed to: is my team still in ball possession or is my team still not in ballpossession. If there are any 
hanges the agent will leave the a
tivity in whi
h itis 
urrently parti
ipating, to be able to 
hoose another more suitable a
tivity.At last the agent will a
t as dire
ted from the a
tivity if it is engaged in one,else it will �nd an a
tivity to join.5.5 EvaluationSeveral improvements have been applied to the So

erLab appli
ation to formthe So

erLab prototype version 2. Among others, espe
ially the support for76



5.5. EVALUATIONAlgorithm 2: A
tivity sele
tion for So

erLab prototype version 2 playersif the ball is inside the a
tion area thenif the ball is inside the ki
k area thenif 
lose enough to goal thenexe
ute shootAtGoalA
tivity;elseexe
ute passBallA
tivity;endelseexe
ute runToBallA
tivity;endelse if any 
hanges thenbreak 
urrent a
tivity;endif parti
ipating in an a
tivity then
ontinue exe
ution of this a
tivity;else�nd new a
tivity to join;endthe 
on
ept of a
tivity and 
ontext should be emphasised. The graphi
al userinterfa
e has been improved too, to provide more user intera
tion.To be able to test the improvements from the �rst prototype to the se
ondprototype, the home team, prototype 1 team, uses the old implementation ofa
tivities. When so

er mat
hes are simulated at normal speed the away team,
lever team, wins 95 % of the mat
hes, as expe
ted, whi
h indi
ates that theprototype 2 implementation is better than the old implementation. If the so

ermat
hes are simulated at full speed(four times normal speed) the result is 
om-pletely reversed so that prototype 1 team wins 
lose to 100 % of the mat
hes.This strange phenomenon o

ur due to the handling of thread delays. Whenthe simulation speed is in
reased the agents' thread delay is equally de
reased,giving the agents more a
tion per se
ond, whereas the a
tivities' thread delay is
onstant. As a result of the thread handling the agents in prototype 1 team aregiven more a
tions per se
ond whi
h is not the 
ase with the agents in 
leverteam as long as they are parti
ipating in a
tivities.5.5.1 Agent supportA short
oming in So

erLab prototype version 2 is the simple agent ar
hite
ture.It is en
ouraged that the next prototype version implements a more advan
edagent ar
hite
ture similar to the one presented in se
tion 4.3, 
ombining theBDI-ar
hite
ture and the modi�ed AALAADIN-model.Even though the agent ar
hite
ture implemented in So

erLab prototype2 is simple it has proven to be well suited for the simulated so

er players.The agents 
an engage in a
tivities depending the roles they hold. The roles inSo

erLab prototype 2 should be improved, for instan
e a role 
ould de�ne aset of required properties, then when an agent has a desire for joining a givena
tivity it 
ould 
he
k the properties required by the role and if he ful�ls the77
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an play that role and thereby parti
ipate in the a
tivity.5.5.2 A
tivity supportThe a
tivities implemented in So

erLab prototype 2 are in 
on
eptual a

or-dan
e with the a
tivity 
on
ept 
hara
terised in se
tion 4.4. The 
on
ept ofa
tivity seems as a powerful 
on
ept for des
ribing and pres
ribing 
ollabo-ration between multiple agents. Another powerful aspe
t of a
tivities is thatthey only a

ess their parti
ipants through roles. This provides a high level of�exibility, for instan
e if the agent ar
hite
ture is 
hanged as suggested in theprevious se
tion the a
tivities are not a�e
ted be
ause they only require thatthe parti
ipants 
an play the roles they spe
ify.After implementing the a
tivities of So

erLab prototype 2, it is suggestedthat some kind of me
hanism is added to the a
tivities whi
h 
an be used todetermine the purpose of a spe
i�
 a
tivity to ease the task for the agents to
hoose a suitable a
tivity. In the 
ase of so

er simulation the purpose of ana
tivity 
ould be determined by properties des
ribing whether it should be usedfor o�en
ive or defen
ive strategies, whether it requires one of the parti
ipantsto possess the ball or maybe just the team should be in ball possession, et
.The following lists the bene�ts gained by implementing the a
tivities 
har-a
terised in 
hapter 4.
• It is easy to add new a
tivities whi
h is simply a
hieved by sub-
lassing.
• An a
tivity is a �exible tool for pres
ribing 
ollaboration between agentsbe
ause it only a

esses its parti
ipants through roles.
• Complex 
ollaboration 
an easily be pres
ribed be
ause of the 
entralised
ontrol of the parti
ipants using the a
tivity's dire
tive.5.5.3 Context supportBoth physi
al and logi
al 
ontexts have been implemented in this prototype. Inthe 
urrent version 
ontexts in�uen
e its inhabitants by providing a
tivities inwhi
h they may engage.5.5.4 The graphi
al user interfa
eThe graphi
al user interfa
e has been improved with di�erent kinds of user inter-a
tions supporting the AAC 
on
epts. Where the fo
us has been on visualisingthe a
tivity and 
ontext 
on
epts. The visualisation of 
ontexts and a
tivitiesgives the user a good overview of whi
h a
tivities are 
urrently exe
uting andwhere the 
ontexts are lo
ated.The agent panel 
ould be improved to display agent information. This fea-ture is 
urrently only available by right 
li
king a spe
i�
 agent and sele
tingPlayer info in the emerging pop-up menu, whi
h will produ
e a text outputpresenting the agent information in the GUI 
onsole.In general So

erLab prototype version 2 seems as a well suited platform for
ontinuing the experiments with the 
on
epts of: agent, a
tivity and 
ontext.78



5.6. SUMMARY5.6 SummaryThe purpose of implementing So

erLab prototype version 2 was mainly to addbetter support for the improved AAC 
on
epts, 
ompared to prototype version1. Additionally it was to introdu
e more user intera
tion and visualisation ofthe 
on
epts a
tivity and 
ontext.Due to prioritising the suggested agent ar
hite
ture has not been imple-mented in this prototype version. Instead the existing agent ar
hite
ture fromprototype 2 has been modi�ed to support simple roles and to be able to engagein a
tivities.A
tivities has been implemented is So

erlab prototype version 2 for pre-s
ribing 
ollaboration between multiple agents. New a
tivities are simply addedto the So

erLab appli
ation by sub-
lassing the general A
tivity 
lass. After ex-perimenting with a
tivities in So

erLab prototype version 2 they have proved tobe �exible and powerful for pres
ribing 
ollaboration. The �exibility is a
hievedbe
ause a
tivities only a

ess their parti
ipants through roles. The a
tivitiesare powerful be
ause they provide 
entralised 
ontrol of their parti
ipants andhen
e it is easy to pres
ribe 
omplex 
ollaboration between them.The support for the 
ontext 
on
ept in So

erLab prototype version 2 hasbeen a
hieved by de�ning two interfa
es, one for physi
al 
ontexts and one forlogi
al 
ontexts, for the 
ontext implementing 
lasses. After experimenting withthe 
ontext 
on
ept in the prototype it is suggested to 
hange the representa-tion of 
ontexts from interfa
es to abstra
t 
lasses. The de�nition of the 
ontextinterfa
es also implied that a physi
al 
ontext simply is a spe
ialisation of a log-i
al 
ontext. This issue requires further investigation. In this prototype 
ontextsin�uen
e their inhabitants by providing a
tivities, in whi
h they may engage,and information data.The graphi
al user interfa
e has been improved with an option panel allow-ing the user to intera
t with the three 
on
epts agent, a
tivity and 
ontext. Theuser in also allowed to enable visualisation of 
ontext and a
tivities. Contextsare visualised by 
yan 
oloured shapes on top of the so

er �eld and additionallypresenting information of the spe
i�
 
ontext su
h as the number of 
ontainedagents and a
tivities. A
tivities are visualised in the option panel, whi
h presentsthe 
urrently exe
uting a
tivities and if a spe
i�
 a
tivity is 
hosen more de-tailed information of the a
tivity is presented su
h as whi
h roles are �lled bywhi
h agents, how many parti
ipants are required for the a
tivity to exe
uteand whether the a
tivity is exe
uting its dire
tive or not.In general So

erLab prototype version 2 is a good platform for experiment-ing with a
tivities and 
ontexts and a good tool for demonstrating the AAC
on
epts �in a
tion�.
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Appendix APreliminary appli
ationsurveyThis appendix des
ribes the preliminary appli
ation survey. During the 
ourseSD02 in the fall of 2004, four so

er simulations have been implemented. Asan initial step four existing so

er simulations will be analysed. The reason for
hoosing this approa
h is to able to reuse and extend 
lever ideas and designsolutions, instead of starting from s
rat
h. In the following se
tion a short de-s
ription of the four existing so

er simulations is given.A.1 Appli
ation des
riptionsThe des
ription of the four so

er simulations will be based on the importantparts of their 
lass diagrams and a runtime s
reen shot of ea
h appli
ation.A.1.1 The blue teamThis appli
ation seems to run just �ne, and the GUI is very simple, but highlyunderstandable, see �gure A.1. Ea
h player is represented as a dot with a �nose�to indi
ate whi
h way the player is moving/looking.To the left in the GUI a 
ontrol panel is pla
ed to allow some user intera
tionat runtime. The �rst three buttons from the top are self explaining and handlesexe
ution of the simulation.The two middle buttons give the user the ability to 
hange team formation atruntime. This feature 
an be used to test di�erent team formations, to see whi
hone is best suited for this simulation to s
ore goals.The lower of the last two buttons in the bottom of the 
ontrol panel terminatesthe appli
ation, the other toggles debug informations on and o�. The debuginformation is in this 
ase rather useful not just for the developers. When thedebug information is enabled various useful debug info is shown at runtime. Aspe
ially ni
e feature in debug mode is the square around ea
h player to showtheir parti
ular zone of interest. A s
reen shot of the appli
ation with the debuginformation enabled is shown at �gure A.2.The important parts of the blue team's 
lass diagram, at �gure A.3, showsthat there has been 
hosen some reasonable design 
hoi
es. The best part of the85
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Figure A.1: A s
reen shot of the blue team's so

er simulation.design is, that the role pattern has been applied to handle players, so 
ommonproperties for players are implemented in an abstra
t player 
lass and spe
iali-sations of atta
kers, defen
e and goalies are a
hieved by inheritan
e, this easesthe understandability of the appli
ation. A good idea whi
h should be noti
edis in the Team 
lass where the �rst 
ouple of instan
e variables 
orresponds toa player formation for the team. This might not be the only way to handle theplayer formations, but it's an example on how it 
ould be done, and is worth tokeep in mind.A.1.2 The green teamThe green teams so

er simulation runs �ne and again the GUI, at �gure A.4, iskept simple and understandable. A feature in the GUI is that the so

er playerslook like animated humans, this feature is a
hieved by using three small so

erplayer images whi
h then are �ipped like a looping slide show. In the upperleft 
orner of the GUI three buttons are pla
ed to 
ontrol the appli
ation, play,options and exit. When the options button is pressed a new window pops upand shows a list of players for ea
h team. In the bottom of the GUI a pi
tureof some spe
tators is pla
ed they don't move and have no in�uen
e on the sim-ulations, so the only reason they are there is to 
reate some asso
iations to aso

er stadium.The Green team's 
lass diagram for the domain model, whi
h in this 
ase is theimportant part, is a
tually one large inheritan
e diagram so everything in theso

er domain model is at some level a spe
ialisation of the SSComponent 
lass.From a understandability perspe
tive this design is a bit 
onfusing be
ause itis a little strange that both a �eld and a player 
an be used as a 
omponent.On the other hand it is easy understandable that a mid�eld player is a spe
ial-isation of a parti
ipant. Two 
lasses whi
h draw some attention are SSRefereeand SSCoa
h. The referee 
lass is not yet implemented and thereby he isn'tgraphi
ally represented in the simulation either. The bene�t of having a referee86
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Figure A.2: A s
reen shot of the blue team's so

er simulation, when the debuginformation toggled on.

Figure A.3: The blue team's 
lass diagram.

lass/stru
ture is that it immediately leads one to think about so

er rules, sothe idea of having a referee is a
tually good,even though it in this 
ase haven'tbeen implemented yet. The 
oa
h 
lass is also good to have for abstra
tionpurposes, be
ause in this 
ase the 
lass has the responsibility for formation se-le
tion, like a 
oa
h in the real life has. This mapping from a 
oa
h to a software
oa
h would be even more bene�
ial if instead of using just a 
oa
h 
lass forformation sele
tion, a full 
oa
h 
lass stru
ture 
ould be implemented to handleseveral 
oa
h relevant tasks. 87
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Figure A.4: A s
reen shot of the green team's so

er simulation.

Figure A.5: The green team's 
lass diagram of the so

er domain model.A.1.3 The pink teamThe pink teams so

er simulation, doesn't seem to be fully implemented. Theplayers don't move at all, they just ki
k the ball around, before they pass it tothe other team. The only things, that brings your mind on so

er, are the �eld,eleven players on ea
h team and a ball. A s
reen shot of the GUI is shown at�gure A.6.The pink team's 
lass diagram is shown at �gure A.7. This 
lass diagram88



A.1. APPLICATION DESCRIPTIONS

Figure A.6: A s
reen shot of the pink team's so

er simulation.doesn't 
ontain any inheritan
e stru
ture like two previous ones did. Instead thedi�erent kinds of players are handled by a single 
lass logi
ally named Player.Two 
lasses Contingen
ies and PlayerMind are asso
iated to the player 
lass.The Contingen
ies 
lass handles random events like injuries. It might be agood idea to bring some randomness into the simulation be
ause it gives a betterre�e
tion of the real life so

er game. The PlayerMind 
lass in this 
ase is justa dummy 
lass with no fun
tionality, but the perspe
tives are highly relevantbe
ause it 
an be used for implementing player intelligen
e or 
ooperativenesswith the other team mates.A.1.4 The red teamThere are no goalies in the red team's so

er simulation, but besides that itruns �ne, maybe a bit fast but one 
ould argue it equals a
tion. At �gure A.8 a

Figure A.7: The pink team's 
lass diagram.89



APPENDIX A. PRELIMINARY APPLICATION SURVEYs
reen shot of the red teams so

er simulation is presented. The main di�eren
efrom the red team's GUI and the previous ones, is that the �eld is positionedverti
al and not horizontal. The rotation of the �eld doesn't in�uen
e the un-derstandability of the simulation, but it brings memories from early 90's so

ergames like Ki
k O� and Sensible So

er.The red teams 
lass diagram mainly 
onsist of two inheritan
e stru
tures, as

Figure A.8: A s
reen shot of the red team's so

er simulation.shown at �gure A.9. The upper stru
ture handles moving obje
ts like playersand the ball. The player spe
ialisation is further spe
ialised in three sub
lassesto handle di�erent kind of players. It seems, a little strange, that the players anda ball 
an repla
e ea
h other, just be
ause they are moving obje
ts. The greatesta
hievement of pla
ing a ball and a player in the same inheritan
e stru
ture isto simplify handling of movements in the simulation. An other way to a
hievesimple movement handling 
ould be to de�ne and implement an interfa
e andthereby a
hieve similar fun
tionality.The lower inheritan
e stru
ture handles team strategy and formations. This isa ni
e alternative for handling team formations 
ompared to the approa
h de-s
ribed in se
tion A.1.1. A great advantage of handling team formations andteam strategies in this manner is, that it is highly extend-able. The only thingneeded for adding new team formations, is to extend the Team 
lass with a newsub 
lass 
ontaining the new formation and strategy.A.2 ComparisonsSin
e all four appli
ations are so

er simulations, an obvious result is that 
oin-
iding designs have been 
hosen. To summarise the important parts of the fourappli
ations table A.1 has been made.The similarity of the GUIs in the four appli
ations are very high, this is be
ausethey all are kept very simple. The simpli
ity is good and in
reases the under-standability. One of the appli
ations uses small images to represent players, this90
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Figure A.9: The red team's 
lass diagram.approa
h works �ne, but it isn't in any way better than the other appli
ationsthat just uses dots for player. One might even argue that the dot representationis better be
ause it doesn't draw as mu
h attention from the simulation as thesmall images might do. In some of the appli
ations spe
tators are pla
ed alongthe �eld, but as long they don't in�uen
e the simulation there is no reason forrepresenting them in the GUI.In all of the appli
ations ex
ept one some sort of 
ontrol panel is implementedin the GUI. In two of those appli
ations it is possible to 
hange team formationat runtime from the 
ontrol panel, this is a ni
e feature whi
h enables the possi-bility to experiment with di�erent formation without restarting the appli
ation.The debug information whi
h has been implemented in the blue teams GUIis an outstanding feature. The idea of showing the square of interest for ea
hplayer is very good, be
ause it helps understanding why a given player doesn'ta
t as expe
ted be
ause the ball isn't in his area of interest.The similarities of appli
ations are not just showing in the GUIs, they are alsopresent in the 
lass diagrams. The primary 
lasses that appear in ea
h of theappli
ations are; player, ball, �eld and point or position. The only di�eren
es inthese 
lasses from one appli
ation to another are minor derivations in the 
lassimplementation and naming, but in general the responsibility for ea
h of themare the same.In the previous se
tions only the player 
lasses have been mentioned, be
ausedi�erent design solutions have been 
hosen, but the responsibility to handle aplayer is the same for all four appli
ations.Some of the 
lasses besides the player 
lass, almost seems mandatory for a so

ersimulation domain model, namely the �eld and the ball 
lass. As expe
ted thesetwo 
lasses exist in all the 
lass diagrams. Just by looking at the 
lass namesit implies their responsibilities and importan
e for the domain model. The ball
lasses are quite similar and take 
are of ball size, velo
ity, 
olour and position.The �eld 
lasses are also great examples on the similarities among the di�erent91



APPENDIX A. PRELIMINARY APPLICATION SURVEYThe teams Uniqueness Pros Cons
The blue team

The debug in-formation whi
hshows the area ofinterest for ea
hplayer. The GUI iskept simpleand highly un-derstandable.The playersare graphi
allyrepresented asdots with noses.Di�erent kindsof players are bythe role pattern.
The stati
 han-dling of teamformation as in-stan
e variables.

The green team The players aregraphi
ally rep-resented as ani-mated humans. The GUI iskept simple andhighly under-standable.The idea tointrodu
e a ref-eree 
lass, whi
hhandle so

errules.
The inheritan
estru
ture whi
hallow both a balland a goalkeeperto be used asthe same 
ompo-nent.

The pink team
The team hasthought aboutmodulating 
on-tingen
ies andplayer minds,but any of thesehaven't beenimplemented.

The GUI is verysimple. The playersdon't move, butthey ki
k theball around andunfortunatelythey often passthe ball to theiropponents.There are nopossibilities for
ontrolling theappli
ation atrun time.
The red team Handling ofteam formationsand strategies. The team 
lasswhere new for-mations andstrategies 
anbe added assub
lasses. There are nogoalies.Using a super
lass for movingobje
ts whenan interfa
emight be moreappropriate.Table A.1: Overview of the four appli
ationsappli
ations, they have the responsibility of de�ning �eld size and 
olour.The most trivial of the 
ommon 
lasses are the point or position 
lasses. This92



A.3. SUMMARYtype of 
lass is a ne
essity for the mathemati
al part of simulation. Exampleson situations where su
h a position 
lass is useful are; to 
al
ulate the distan
ebetween a player and his opponents, to 
al
ulate the distan
e to the ball or to
al
ulate distan
e to the goal. In general the position 
lass i useful whenever adistan
e has to be 
al
ulated or when a distan
e between two players in a playerformation is de�ned.A.3 SummaryAll of the four so

er simulations, that have been implemented during the 
ourseSD02 in the fall of 2004, have both strengths and weaknesses. The best solutionwould a
tually be to merge the appli
ations in a proper and suitable way.The following list summarises the most important parts of a so

er simulationappli
ation based on the analysis.
• Simple GUI with a 
ontrol panel for run time intera
tion.
• Some kind of debug view with the ability to �explain� whether a player isa
ting as expe
ted or not.
• Applying design patterns to the domain model for understandability, �ex-ibility and re-usability purposes.In all of the appli
ation the GUIs are kept very simple and understandable. Ani
e GUI feature is a 
ontrol panel whi
h enables the possibility of 
hangingteam formations and strategies at runtime. The easiest way to 
reate a graphi-
al representation of the players is, to let a player be represented by a dot witha nose for dire
tion indi
ation.A very ni
e GUI feature that would be desirable to have is a debug view ofthe appli
ation with the ability to show a given player's area of interest, playerspeed, player stamina et
.The 
lass diagrams for all four appli
ations 
ontain valuable design 
hoi
es.A good strategy for handling players is to have an inheritan
e stru
ture withan abstra
t player 
lass, and then by sub-
lassing spe
ify the di�erent kind ofplayers. The good part 
hoosing this strategy is that it in
reases understand-ability, and it is highly �exible and extend-able too, be
ause new player types
an be introdu
ed without 
hanging the existing 
ode base.Handling of team formation and strategy has been implemented in various ways,the most suitable solution is an inheritan
e stru
ture like the one for the play-ers. The argumentation is the same as for the player stru
ture, but instead ofadding player types as sub
lasses, team formations and strategies 
an be appliedas sub
lasses for the abstra
t team super 
lass.
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Appendix BLiterature studiesThis appendix 
on
erns the arti
les read and summarised during the analysisof the AAC 
on
epts, presented in 
hapter 4. Both during this and the otherstages in this thesis additional relevant arti
les have been read, but these havenot been summarised and be
ause of that they not presented in this appendix1.The following lists the summarised arti
les in random, the arti
les su�xed witha * are summarised by Beata Hargesheimer:
• Obje
t-Oriented Programming in the BETA Programming Language
• TangO: Modeling In Style *
• Ar
hite
ture = Abstra
tions over Software
• Transverse A
tivities: Abstra
tions in Obje
t-Oriented Programming *
• A
tivities: Abstra
tions for Colle
tive Behavior
• Complex Asso
iations: Abstra
tions in Obje
t-Oriented Modeling *
• Obje
t-Oriented Modeling with Roles *
• Roles: Con
eptual Abstra
tion Theory & Pra
ti
al Language Issues
• Subje
tive behavior
• Asso
iations: Abstra
tions over Collaboration *Evaluation of the summarised arti
lesAll of the summarised arti
les have been 
ategorised into the following 
ate-gories:
• Con
eptual framework � inspired by the 
on
eptual framework of BETA[Madsen et al., 1993℄.
• Agent 
on
ept � if the arti
le 
ontributes with inspiration or understandingof agents.1Additionally, an arti
le 
on
erning ball passing in so

er simulation have been summarised,whi
h is also in
luded in this appendix, appendix B.1195
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• A
tivity 
on
ept � if the arti
le 
ontributes inspiration or understandingof a
tivities.
• Context 
on
ept � if the arti
le 
ontributes inspiration or understandingof 
ontexts.The summarised arti
les have been evaluated and graded; Low, Medium or High,with respe
t to the relevan
e of this thesis. The evaluations were done with fo
usonly on this thesis, that means an arti
le evaluated to �Low� relevan
e for thisthesis is not ne
essarily uninteresting or a bad arti
le.B.1 Obje
t-Oriented Programming in the BETAProgramming LanguageThe 
hapters read are: 1,2 and 18, and the book [Madsen et al., 1993℄ 
an bedownloaded at http://www.daimi.au.dk/ beta/books.html. Table B.1, presentsthe evaluation of Obje
t-Oriented Programming in the BETA ProgrammingLanguage. Con
eptualframework Agent
on
ept A
tivity
on
ept Context
on
ept Relevan
e

✓ HighTable B.1: Evaluation of: Obje
t-Oriented Programming in the BETA Program-ming LanguageB.1.1 Brief summaryThe �rst two 
hapters, 
hapter 1 and 
hapter 2, mainly 
on
ern obje
t-orientationi general, whereas 
hapter 18 des
ribes the 
on
eptual framework asso
iatedwith the BETA programming language.Introdu
tion � Chapter 1The three main bene�ts of obje
t-orientation are 
onsidered to be: real worldapprehension, stability of design and re-usability of both designs and implemen-tations.Real world apprehension: It is important when working with obje
t-orientedprogramming, to make the programs re�e
t that part of the reality theyare going to treat as far as possible. Another important aspe
t of programdevelopment is to understand, des
ribe and 
ommuni
ate about phenom-ena and 
on
epts of the appli
ation domain.Stability of design: Obje
t-oriented programming provides a natural frame-work for modelling the appli
ation domain. The idea is to make a physi
almodel of that part of the real world that is treated. This approa
h allowsfor 
hanging or adding fun
tions later on without the need of 
hangingthe underlying model. 96



B.1. OBJECT-ORIENTED PROGRAMMING IN BETARe-usability: Obje
t-oriented programming languages have strong 
onstru
tssupporting in
remental program modi�
ation (inheritan
e). This allowsthe programmer to de�ne a new 
omponent as an in
remental extensionof and existing one, thus preserving the relations between the two 
ompo-nents.Obje
t-oriented programming and BETA: BETA is a modern languagein the Simula tradition. A key senten
e when talking about BETA is: �To pro-gram is to understand�. It is of utmost importan
e that developed programsreveals an in-depth understanding of the appli
ation domain, to ensure thatthey will �t into the organisations that are to use them.The model underlying obje
t-orientation is by it's very nature informal, al-though part of the model has to be formalised to exe
ute on a 
omputer. BETAmay be seen as a formal notation for des
ribing those parts of the appli
ationdomain, but it is important to keep in mind that the underlying 
on
eptualframework is just as important as the language itself. In fa
t, BETA attemptsto go beyond language me
hanisms and 
ontribute a 
on
eptual framework forobje
t-orientation.In BETA the notion of physi
al modelling is introdu
ed, to 
apture modellingof parts of the world based upon the identi�
ation of phenomena and 
on
epts,and the notion of the physi
al model, to denote the models that are 
reatedin this pro
ess.Introdu
tion to basi
 
on
epts � Chapter 2This 
hapter gives a brief and informally introdu
tion to some of the basi
 
on-
epts underlying obje
t-oriented programming. It also gives a short introdu
tionto other perspe
tives on programming, to des
ribe how obje
t-orientated pro-gramming relates to these.Perspe
tives on programming. In the following three simple de�nitions ofdi�erent perspe
tives, pro
edural-, fun
tional- and 
onstraint programming, aregiven:Pro
edural programming. A program exe
ution is regarded as a (partiallyordered) sequen
e of pro
edure 
alls manipulating variables.Fun
tional programming. A program is regarded as mathemati
al fun
tion,des
ribing a relation between input and output.Constraint programming. A program is regarded as a set of equations de-s
ribing relations between input and output.Despite the di�erent perspe
tives on programming, an ideal programming lan-guage should integrate all of them, be
ause they are suited for di�erent purposes.Obje
t-oriented programming may be de�ned as follows:Obje
t-Oriented programming. A program exe
ution is regarded as a phys-i
al model, simulating the behaviour of either a real or imaginary part ofthe world. 97



APPENDIX B. LITERATURE STUDIESIn a 
omputerised physi
al model, obje
ts are the material used for representingphysi
al phenomena from the appli
ation domain. Obje
ts are 
hara
terisedby attributes, whi
h represent or model a property of the phenomenon beingmodelled. The obje
t's attributes may vary in time, so an obje
t must be ableto represent this variation. When an attribute 
hanges value, it is said that theobje
t 
hanges state.Con
epts and abstra
tion. In the real world people 
reate 
on
epts to 
ap-ture the 
omplexity of the world, this is done by making abstra
tions. A 
on
eptis a generalised idea of a 
olle
tion of phenomena, based on knowledge of 
om-mon properties of instan
es in the 
olle
tion. Con
epts 
an be 
hara
terised asfollows:
• The extension of a 
on
ept is the 
olle
tion of phenomena 
overed by the
on
ept.
• The intension of a 
on
ept is a 
olle
tion of properties that in some way
hara
terise the phenomena in the extension of the 
on
ept.
• The designation of a 
on
ept is the 
olle
tion of names by whi
h the
on
ept is known.In many situation it is useful to 
onsider a phenomena or 
on
ept as a 
omposi-tion of other phenomena and 
on
epts. An example of 
omposition is to 
onsidera whole as 
onstru
ted from parts. The notion of a whole/part 
omposition isimportant for understanding and organising 
omplex phenomena and 
on
epts.Con
eptual framework � Chapter 18This 
hapter introdu
es 
on
epts su
h as information pro
esses and systemsand dis
uss abstra
tion, 
on
epts, 
lassi�
ation and 
omposition. The 
on
ep-tual framework provides a means to be used when modelling phenomena and
on
epts from the real world. The approa
h presented is that analysis, designand implementation are programming or modelling a
tivities, but at di�erentabstra
tion levels.Physi
al modelling. The obje
t-oriented perspe
tive has been de�ned asfollows:A program exe
ution is regarded as a physi
al model, simulating the behaviourof either a real or imaginary part of the world.The key word in this de�nition is physi
al. The term physi
al model is used todistinguish these models from, for instan
e, mathemati
al models. Elements ofthe physi
al model represent phenomena from the appli
ation domain. Obje
tsare the 
omputerised material used to 
onstru
t 
omputerised physi
al models.The real or imaginary part of the world being modelled, is 
alled the referentsystem and the program exe
ution (physi
al model) is 
alled the model system.Abstra
tion in the referent system is the pro
ess of per
eiving and stru
tur-ing knowledge about phenomena and 
on
epts with parti
ular emphasis on theproblem domain. Abstra
tion in the model system is the pro
ess of buildingstru
tures that supports the 
omputerised model.98



B.1. OBJECT-ORIENTED PROGRAMMING IN BETACon
epts and abstra
tion. Abstra
tion is a powerful tool available to thehuman intelle
t for understanding 
omplex phenomena. Abstra
tions are usedfor grouping similar phenomena or 
on
epts. They arise from re
ognition of thesimilarities while ignoring the di�eren
es.The following de�nitions are given for the terms phenomenon and 
on
ept:A phenomenon is a thing that has de�nite, individual existen
e in reality orin the mind; anything real in itself.A 
on
ept is a generalised idea of a 
olle
tion of phenomena, based on knowl-edge of 
ommon properties of instan
es in the 
olle
tion.Traditionally a 
on
ept is 
hara
terised by the following terms:
• The extension of a 
on
ept refers to the 
olle
tion of phenomena that the
on
ept somehow 
overs.
• The intension of a 
on
ept is a 
olle
tion of properties that in some way
hara
terise the phenomena in the extension of the 
on
ept.
• The designation of a 
on
ept is the 
olle
tion of names (or pi
tures) bywhi
h the 
on
ept is known.The vague term �in some way� in the de�nition of the intension is used be
auseit is depending on the view in whi
h the 
on
ept is seen. The Aristotelian viewde�nes the intension of the 
on
ept as:Aristotelian view The Intension of a 
on
ept is a 
olle
tion of properties thatmay be divided into two groups: the de�ning properties that all phenom-ena in the extension must have and the 
hara
teristi
 properties that thephenomena may or may not have. the nature of the properties is su
h thatit is obje
tively determinable whether or not a phenomenon has a 
ertainproperty.In a prototypi
al view the intension of the 
on
ept is de�ned as follows:Prototypi
al view: The Intension of a 
on
ept 
onsists of examples of prop-erties that phenomena may have, together with a 
olle
tion of typi
alphenomena 
overed by the 
on
ept, 
alled prototypes.The major di�eren
e between the two views is that the extension of a proto-typi
al 
on
ept is not uniquely determined by the intension. It requires humanjudgement to de
ide whether or not a given phenomenon belongs to the 
on
ept.Programming languages like BETA is mainly useful for representing Aristotelian
on
epts.The abstra
tion pro
ess. In both the referent and the model systems, 
on-
ept stru
tures are 
reated. The pro
ess of produ
ing and using knowledge maybe split into three levels:1. The level of empiri
al 
on
reteness. At this level reality or individual phe-nomena are 
on
eived as the are. Similarities between di�erent phenomenaaren't realised, nor is a systemati
 understanding of the individual phe-nomena obtained. 99



APPENDIX B. LITERATURE STUDIES2. The level of abstra
tion. To understand the referent system the phenomenahas to be analysed and 
on
epts developed. In the programming pro
essthis 
orresponds to designing the 
lasses and their attributes and to or-ganise the 
lasses into inheritan
e stru
tures.3. The level of thought 
on
reteness. The understanding 
orresponding tothe abstra
t level is further developed to obtain an understanding of thetotality of the referent system. One may also be able to explain why thingshappen and to predi
t what will happen.The following are three fundamental means of organisation for apprehendingthe real world:1. Identi�
ation of phenomena and their properties. In per
eiving the realworld people identify phenomena and their properties. The result of thisis a number of singular phenomena 
hara
terised by a sele
ted set of prop-erties.2. Classi�
ation. Classi�
ation is the means by whi
h we form and distinguishbetween di�erent 
lasses of phenomena. That is to form 
on
epts.3. Composition. A phenomenon may be understood as a 
omposition of otherphenomena.Classi�
ation and 
omposition. Classi�
ation and 
omposition are meansto organise 
omplexity in terms of hierar
hies. Classi�
ation distinguish betweenthe 
lassi�
ation of phenomena and of 
on
epts.Clustering Is a mean to fo
us on similarities between a number of phenomenaand to ignore di�eren
es. To 
luster, is to form a 
on
ept that 
overs a
olle
tion of similar phenomenaGeneralisation Is a mean to fo
us on similarities between a number of 
on-
epts and to ignore di�eren
es. To generalise, is to form a 
on
ept that
overs a number of more spe
ial 
on
epts.Classi�
ation is supported in BETA.Composition is a means to organise phenomena and 
on
epts in terms of 
om-ponents. One important form of 
omposition is the stru
turing into whole andparts. Lo
alisation is a means for des
ribing/organising that the existen
e ofphenomena/
on
epts are restri
ted to the 
ontext of a given phenomenon. Thelo
al 
omponent phenomena/
on
epts are dependent upon the 
omposite phe-nomenon.Relations. Relation is a 
ommon form of abstra
tion used for organisingknowledge. There are three kinds of relations: One-to-one,One-to-many andMany-to-many.B.2 TangO: Modeling In StyleThis se
tion presents a short summary of the arti
le [May et al., 2001℄. Thepaper introdu
es three new 
on
epts: tangible obje
ts (physi
al obje
ts with100
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omputational power), habitats (logi
al 
ontexts for tangible obje
ts) and as-so
iations (as a mean for modelling the intera
tions between habitats, tangibleobje
ts and human beings). Table B.2 presents the evaluation of this arti
le.Con
eptualframework Agent
on
ept A
tivity
on
ept Context
on
ept Relevan
e
✓ ✓ ✓ HighTable B.2: Evaluation of : TangO: Modeling In StyleB.2.1 Brief summaryUbiquitous and pervasive worldFirst of all I would like to present the notions of pervasiveness and ubiquitous-ness.Ubiquitous - notion introdu
ed by Mark Weiser, resear
her at Xerox Par
,in 1988. �Something that is ubiquitous is everywhere or seems to be ev-erywhere at the same time.� Collins Cobuild. Something is said to beubiquitous if is satis�es following properties: appears to be invisible, obe-dient and/or intelligent, have 
ontext-aware behaviour, 
omputationallyunnoti
eable, unobtrusive to use.Pervasive - �Something, espe
ially a quality, e�e
t, or smell, that is perva-sive, is felt throughout the spa
e or thing.� Collins Cobuild. Notion ofpervasive 
omputing was introdu
ed by IBM. Pervasiveness in
lude: de-
entralization, 
onne
tivity, diversi�
ation.The 
hanging world. The introdu
tion of the ubiquitous and pervasive 
om-puting has/will 
hange the world, and therefore will 
hange our per
eption ofthe world, and therefore some physi
al models will be in�uen
ed. The questionis what to model and how to model the new emerging reality. Th epaper presentsthe approa
h to understand and respond to this 
hallenge. TangO, an abbrevi-ation for Tangible Obje
ts, is a 
on
eptual framework aimed at produ
ing realsoftware for this digitally pervasive world.Three spa
esThe authors identify three spa
es - physi
al, informational and 
omputational,in whi
h humans intera
t with various artefa
ts.Physi
al spa
e. Intera
tion with artefa
ts in their physi
al form of thing/atoms(we 
an tou
h, feel, move, throw them) in physi
al environment.Informational spa
e. Intera
tion with artefa
ts in their informational formof bits (we 
an store, 
opy, modify, erase them). These artefa
ts 
an have
omputational abilities and/or autonomy of a
ting.Con
eptual spa
e. Intera
tion with artefa
ts in their 
on
eptual form ofideas. Authors 
laim that 
on
epts shape the way we understand the worldand how we will a
t towards the world.101



APPENDIX B. LITERATURE STUDIESIf we would like to model artefa
ts that are present in more that one spa
e,like PUC devi
es, we must 
onsider relationships between those spa
es - inter-play between them and their mutual dependen
es. Physi
al spa
e be
omes moreand more 
omputerized. Informational spa
e is spreading from desktops to ev-eryday life equipment and/or even human bodies. Design of proper interfa
es tothose new applian
es is the 
hallenge. Artefa
ts have to be made task-sensitive,
ontext-aware, user-
entred but seamless and invisible to use. Pleasure of use,artisti
 appearan
e, so
ial issues and 
on
eptual 
orre
tness are important is-sues. Therefore 
on
eptual terms in�uen
e those artefa
ts, and the 
on
eptualartefa
ts are shaped by the physi
al and informational artefa
ts used.Tangible obje
tThe paper introdu
es the 
on
ept of tangible obje
ts, that are physi
al obje
tswith addition of 
omputational power, that support 
on
eptual, artisti
, so-
ial and fun
tional a
tivities. These obje
ts exist in habitats and they intera
twith ea
h other through asso
iations. Other important notion 
onne
ted withtangible obje
ts is an emergent behaviour, be
ause of the dynami
 nature ofasso
iations.The tangible obje
t is an artefa
t that has been modelled and designed inall three spa
es. It 
an belong more to one or more of them than to other(s).Tangible obje
ts learn and evolve to satisfy the dynami
 needs of the environ-ment. They must support the bottom-up growth of the system. They work inemergent behaviours.The habitatTangible obje
ts exist in a logi
al 
ontext, 
alled habitat. The habitat is awareof the tangible obje
ts inside it and 
an intera
t with them. The 
on
ept ofthe habitat was introdu
ed to 
orrespond to the world, where the behaviour ofhuman beings depends on the logi
al 
ontexts they �nd their selves in. Tangibleobje
ts need to behave and intera
t in di�erent ways, depending on the 
ontextthey inhabit. Moreover, habitats 
an be understood from the view of physi
al,informational and 
on
eptual spa
e.Authors des
ribe also other features of habitats. Habitats may overlap, 
anbe 
omposed of other habitats, are not isomorphi
 and they a�e
t ea
h otherand depend on ea
h other.The asso
iationThe intera
tions between artefa
ts and artefa
ts and human beings are pos-sible be
ause of the asso
iations between tangible obje
ts and the asso
iationsbetween tangible obje
ts and habitats. The paper introdu
es the 
on
ept of asso-
iation to 
apture the intera
tion between artefa
ts, that is dynami
, intera
tiveand 
ollaborative. The nature of pervasive world implies that 
on
epts used tomodel it must support 
ollaborative and intera
tive behaviours, in dynami
allyvarying 
ontexts. 102



B.3. ARCHITECTURE = ABSTRACTIONS OVER SOFTWAREB.3 Ar
hite
ture = Abstra
tions over SoftwareThis arti
le [Ja
obsen et al., 1999℄ 
on
erns how design of software ar
hite
ture
an be seen as a abstra
tion over the software domain. Table B.3 presents theCon
eptualframework Agent
on
ept A
tivity
on
ept Context
on
ept Relevan
e
✓ Medium.Table B.3: Evaluation of: Ar
hite
ture = Abstra
tions over Softwareevaluation of this arti
le.B.3.1 Brief summaryIn every software system, some ar
hite
ture is present. The problem is that ar-
hite
ture is only impli
itly available. The ar
hite
ture of some software is amodel of the software. The thesis in this arti
le is that software ar
hite
ture isabstra
tions over the software domain.It is important to distinguish between organising and abstra
ting. When organ-ising a 
ertain domain, the elements in the domain is somehow ordered in groups.To abstra
t from a 
ertain domain is to 
reate 
on
epts in another domain. Thenew domain holds information about the former domain.Abstra
tionDomains and views. In the analysis phase the problem domain model andusage domain model are 
onstru
ted from the problem domain and the usagedomain through 
ooperation of between user and developer. In the design phasethe developer in the development domain uses the usage domain model to re�nethe problem domain model into a system domain model.The ar
hite
ture model is an abstra
tion over the system domain model. Thear
hite
ture model forms the developer's 
on
eption of the ar
hite
ture of thesystem. The model fo
uses for example on stru
ture and intera
tion embed-ded in the system domain model. The purpose of the ar
hite
ture model is tounderstand the system domain model.Abstra
tion and modelling. The idea is to distinguish between the referentsystem and model system, like the 
on
eptual framework of BETA [Madsenet al., 1993, 
hapter 18℄. Then this view 
an be applied to di�erent domainsin the software development pro
ess. In this perspe
tive the software domain
an be 
onsidered as the referent system and the ar
hite
ture domain forms themodel system.Ar
hite
tureWhen dis
ussing software ar
hite
ture there is a distin
tion between the stati
des
ription of the program and the dynami
 exe
ution of it. The ar
hite
turalinformation of a program 
an be obtained by abstra
ting over either the des
rip-tion or the exe
ution. The des
ription is a stati
 representation of the program.103



APPENDIX B. LITERATURE STUDIESThe dynami
 exe
ution 
an be seen as snapshots with some state and a transi-tion that takes the exe
ution from one snapshot to the next. For ea
h snapshotthe ar
hite
ture 
an be des
ribed. Several types of information 
an be obtainedby applying di�erent perspe
tives for the abstra
tion. The same ar
hite
turalabstra
tion 
an be observed from both the des
ription and the exe
ution, butwill be expressed di�erently.Chara
terisation: Pro
ess of ar
hite
ture design
• Ar
hite
ture design is innovative 
onstru
tion, not just modelling or trans-formation. Design of ar
hite
ture is not just modelling: There are no ex-isting phenomena in the software domain to model. Design of ar
hite
tureis not just transformation: There is no existing model available.
• Ar
hite
ture design implies abstra
tion not just organisation. In this 
aseOrganisation means arranging and relating subparts of wholes. Abstra
-tion in
ludes organisation in the sense that 
hunk of substan
e have to beidenti�ed and delimited, but abstra
tion also involves 
lassi�
ation andabstra
tion.Chara
terisation: Notation of ar
hite
ture design
• Ar
hite
ture notation 
an be informal. Any notation supports thinking ofand des
ription of solutions and model, but it also introdu
es limitations.To be innovative expressive freedom is needed, for example by use of in-formal notation.
• Ar
hite
ture notation 
an be several notations. During innovation of amodel several notations 
an be applied simultaneously, though this oftenwill lead to in
onsisten
y, whi
h has to be resolved.Chara
terisation: Prin
iples of ar
hite
ture design
• Ar
hite
ture must be developed expli
itly. The elements in
luded in method-ologies for ar
hite
ture design are still preliminary. The result of the designis not des
ribed expli
itly.
• Ar
hite
ture must be supported by tools. Prin
iples are usually supportedby tools. Tools rely on notation. Be
ause there is no unifying notation andthe notation is partially informal, the tools for ar
hite
ture design are notvery powerful.B.4 Transverse A
tivities: Abstra
tions in Obje
t-Oriented ProgrammingThis se
tion presents one of the �rst arti
les dealing with modelling of 
ol-laboration [Kristensen, 1993a℄. The arti
le introdu
es a 
on
ept of transversea
tivities, relates to the problems dis
ussed by the resear
hers these days, 
on-
ludes about the solutions proposed by others and provides new solutions withuse of transverse a
tivities. 104



B.4. TRANSVERSE ACTIVITIESIt des
ribes the modelling of the transverse a
tivities in terms of 
lassi�
a-tion, spe
ialization and aggregation, and the possible ways of implementation ofthe transverse a
tivities using newly introdu
ed [Kristensen, 1993b℄ and existinglanguage 
onstru
ts. Table B.4 present the evaluation of this arti
le.Con
eptualframework Agent
on
ept A
tivity
on
ept Context
on
ept Relevan
e
✓ ✓ HighTable B.4: Evaluation of: Transverse A
tivities: Abstra
tions in Obje
t-OrientedProgramming.B.4.1 Brief summaryTransverse a
tivityA transverse a
tivity is an a
tivity exe
uted by several obje
ts in some 
ombi-nation, and it is des
ribed separately from the des
riptions of the parti
ipatingobje
ts. The des
ription of the transverse a
tivity must at least in
lude a listingof the 
omponents parti
ipating in the a
tivity and a listing of the sequen
eof a
tions making up the 
ombined dire
tive of the a
tivity. Su
h an a
tivity
annot exist without 
omponents and the 
omponents take part in the a
tiv-ity. The a
tivity has an a
tion sequen
e 
omposed of method a
tivations of the
omponents and possible other transverse a
tivities.ModellingIn the �S
andinavian s
hool of obje
t-orientation� the view of programming ismodelling, whi
h implies, for example, that language me
hanisms support 
on-
eptual understanding in general. That means that new language 
onstru
ts maybe designed and introdu
ed to the language to support 
on
eptual modelling.Con
eptual framework in
ludes phenomena abstra
ted into 
on
epts, 
las-si�
ation, spe
ialization and aggregation of 
on
epts, and views on the 
hara
-terization of the phenomena in the extension of a 
on
ept. The modelling viewon obje
t-orientation implies that obje
ts 
an be a
tive, i.e. a des
ription of anobje
t may in
lude an a
tion part that models a life 
y
le of the phenomenondes
ribed by the obje
t. Abstra
tion me
hanisms supporting spe
ialization andaggregation must handle a
tive obje
ts.ImplementationThe paper des
ribes a possible way for simulation of the transverse a
tivitieswith existing language 
onstru
ts and its 
ru
ial limitation. At the programminglanguage level transverse a
tivities 
an be simulated by the usual me
hanismsfor 
lasses and obje
ts only as long as we restri
t the 
on
eptual understandingto a
tions sequen
e, so that obje
ts involved in transverse a
tivities and othertransverse a
tivities are not exe
uted 
on
urrently to the transverse a
tivity.This is of 
ourse obvious limitation, and therefore we would like to prevent it.The intention is to use slightly modi�ed 
lasses and obje
ts, i.e. with referen
es,105



APPENDIX B. LITERATURE STUDIESmethods, and an individual a
tion sequen
e (similar to Runnable obje
ts inJava) for both transverse a
tivities and their parti
ipants. However the 
on
ur-rent exe
ution of a
tion part of an obje
t together with exe
ution of methodsrequested by a
tivities the obje
t is parti
ipating in should be supported addi-tionally.Intera
tions of the spe
i�
 a
tivity are des
ribed in an a
tivity-obje
t's a
-tion part, so that the life-
y
le of an a
tive obje
t (
omponent) is des
ribedboth in its own a
tion part and in various transverse a
tivities. The author dis-
usses various ways of how a
tivities 
ould invoke methods on its parti
ipantsor initialize other a
tivities. One of the possibilities is to use textb�nterleavedexe
ution, introdu
ed in [Kristensen, 1993b℄, when the parti
ipant exe
utes itsa
tion part and transverse a
tivity requests it to exe
ute other of its methods,and both parti
ipant and transverse a
tivities are modelled with use of trans-verse 
lasses from [Kristensen, 1993b℄. If this would take pla
e in usual a
tiveobje
ts, the exe
ution of method by an a
tivity 
an imply a syn
hronizationwith obje
t and possibly require an expli
it a

ept from the obje
t.Aggregation me
hanisms A
tivity-obje
ts of a
tivity-
lasses 
an be aggre-gated into other a
tivity-obje
ts of other a
tivity-
lasses. It has important impli-
ations for the parti
ipants and the dire
tive of aggregated 
lasses and obje
ts.The dire
tive of an a
tivity-obje
t may be part of the dire
tive of aggre-gated a
tivity in various ways, su
h as making the obje
t lo
al or global anda
tivating the obje
t from aggregated dire
tive, inserting the obje
t dire
tlyinto the aggregated dire
tive, so that its dire
tive will be exe
uted sequentiallywith aggregated dire
tive in spe
i�
 point of the later, or with use of spe
iallanguage 
onstru
ts enabling interleaved or 
on
urrent exe
ution of aggregateda
tivity-obje
ts, if provided by the language in use.The parti
ipants of a
tivity-obje
t may be part of parti
ipants of an aggre-gated a
tivity in many ways, for example the a
tivity-obje
t 
an be de
lared asglobal or lo
al obje
t and its parti
ipants are then a

essible by usual remotea

ess, or the a
tivity obje
t 
an be inserted dire
tly into dire
tive of the ag-gregated a
tivity and the parti
ipants of a
tivity are only impli
itly a

essiblefrom the dire
tive of aggregated a
tivity and only when the inserted obje
t isexe
uted.Spe
ialization me
hanisms A
tivity-
lass 
an be spe
ialized from anothera
tivity-
lass. The spe
ialization has impli
ations for the parti
ipants and thedire
tive of the spe
ialized a
tivity obje
ts.The a
tivity parti
ipants may be re�ned by adding more parti
ipants orre�ning the des
ription of existing parti
ipant, for example by rebinding obje
trepresenting parti
ipant to a sub
lass of its 
lass.The a
tivity dire
tive may be re�ned by re�ning the transverse a
tivitiesbeing part of the a
tion sequen
e or by extending the a
tion sequen
e, e.g.by introdu
ing a multiple inner me
hanisms to support 
ombined exe
ution ofdire
tives. 106



B.5. ACTIVITIES: ABSTRACTIONS FOR COLLECTIVE BEHAVIORB.5 A
tivities: Abstra
tions for Colle
tive Behav-iorThe arti
le [Kristensen and May, 1996℄ introdu
es the 
on
ept of an a
tivityas an abstra
tion me
hanism to model the interplay between obje
t, in obje
t-orientation. The main fo
us in the arti
le 
on
erns modelling of 
ollaborationCon
eptualframework Agent
on
ept A
tivity
on
ept Context
on
ept Relevan
e
✓ ✓ HighTable B.5: Evaluation of: A
tivities: Abstra
tions for Colle
tive Behavior.between multiple obje
ts using an a
tivity abstra
tion me
hanism. The 
on
ep-tual framework of a
tivities with multiple parti
ipants are des
ribe 
on
urrentlywith the elaboration and exempli�
ation on how the a
tivity 
on
ept should beunderstood. Table B.5 presents the evaluation of this arti
le.B.5.1 Brief summaryConventional obje
t-oriented modelling la
ks support for representing the inter-a
tion between obje
ts in a 
on
eptually intuitive way.The arti
le presents the a
tivity abstra
tion me
hanism, that seeks to 
apturethe interplay between groups of obje
ts throughout at di�erent points in time.An a
tivity 
an be de�ned as an interplay between entities over a given time,and is said to be temporal in nature. The a
tivity is a modelling and languageme
hanism that may be used to 
reate abstra
tion relating other obje
ts to-gether � des
ribing not merely their parti
ipation in the relationship, but theirinterplay.Designing with a
tivitiesIn the arti
le the is a distin
tion between part-a
tivities and sub-a
tivities. De-s
endant a
tivities � a
tivities spe
ialised from another (super)a
tivity � are
alled sub-a
tivities or just a
tivities. A
tivities that 
an aggregated to formlarger a
tivities (whole-a
tivities) are 
alled part-a
tivities. The aggregation andspe
ialisation 
an, with a few ex
eptions, be seen as an adaption of 
orrespond-ing me
hanisms of BETA [Madsen et al., 1993℄.The term 
olle
tive a
tivity denotes the abstra
tion of the a
tual sequen
e ofbehaviour taken by the parti
ipants. The dire
tive is the behaviour des
riptionpart of the 
olle
tive a
tivity. A spe
ialisation of an a
tivity re�nes the dire
tiveof the (super)a
tivity.Simulation of a
tivitiesIn uni-sequential or single threaded exe
ution, it is a need to integrate theparti
ipants behaviour with the progress of the 
orresponding a
tivity. In thesupport of a
tivities in the uni-sequential 
ase there is a distin
tion between theinitiating a
tivities and rea
tive a
tivities.In initiating a
tivities the parti
ipants may be seen as passive obje
t 
ontrolled107



APPENDIX B. LITERATURE STUDIESand a
tivated by the 
olle
tive a
tivity. In this s
enario the a
tivity will havethe initiative towards the parti
ipants, in a 
ontinued guiding manner.In rea
tive a
tivities the parti
ipants may be seen as a
tive, having the initiativetowards the 
olle
tive a
tivity, 
alling methods of the a
tivity. In turns, these
alls may provide feedba
k to the parti
ipants to dire
t their a
tions.In multi-sequential exe
ution the a
tion part of an a
tivity obje
t des
ribesthe intera
tion of the a
tivity with other entities. The 
olle
tive a
tivity is seenas a supplementary part of the life 
y
le of it's parti
ipating entities � the life
y
le of su
h an entity is des
ribed both in it's own a
tion part and in the various
olle
tive a
tivities in whi
h it is parti
ipating.ExperimentsThe a
tivity abstra
tion has been 
ompared to the Mediator pattern[Gammaet al., 1995℄. The result is that the Mediator pattern appears to be similar to the
hara
teristi
s of the 
olle
tive behaviour of the a
tivities. While the overall ar-
hite
tural te
hniques are similar, motivation and fo
us for 
olle
tive behaviouris di�erent.The emphasise of the Mediator pattern is to promote loose 
oupling and en-
apsulate obje
t intera
tion. The a
tivity abstra
tion me
hanism also seeks togive for
e to these goals, but the emphasise is to represent and give for
e to theproperties of intera
tion � 
olle
tive and otherwise.B.6 Complex Asso
iations: Abstra
tions in Obje
t-Oriented ModelingThe following se
tion presents [Kristensen, 1994℄. In the arti
le, the author treatsrelations between 
omponents as phenomena and tries to model them with useof obje
ts, not only by asso
iations or referen
es.Con
eptualframework Agent
on
ept A
tivity
on
ept Context
on
ept Relevan
e
✓ LowTable B.6: Evaluation of: Complex Asso
iations: Abstra
tions in Obje
t-Oriented ModelingTable B.6 presents the evaluation of this arti
le.B.6.1 Brief summaryAsso
iationsRelations between obje
ts are important for understanding the organization ofand the 
ooperation between obje
ts and therefore may be supported in obje
t-oriented analysis and design. A
tivities and relations are existing phenomena,that have natural 
on
eptual identity of their own, outside any other individual
omponent. 108



B.6. COMPLEX ASSOCIATIONS: ABSTRACTIONS INOBJECT-ORIENTED MODELINGAuthor distinguishes two types of asso
iations: an impli
it asso
iation,that des
ribes a relation between an obje
t and obje
ts lo
al to this en
losingobje
t; and 
omplex asso
iation, that des
ribes an expli
it relation betweenlo
al obje
ts in di�erent en
losing obje
ts. Su
h asso
iations are in the mainfo
us of the arti
le. They are des
ribed by 
lass and their obje
ts have the usualproperties, su
h as attributes and methods.Modelling with use of asso
iationsIn traditional obje
t-orientated modelling the fo
us is on identi�
ation of 
on-
epts and their mutual relations and then des
ribing these with use of 
lassesand asso
iations between them. Traditionally it is des
ribed in one, �at model,so that asso
iations between all the 
lasses are presented in one diagram, whi
hdoes not re�e
t exa
tly the way we understand su
h 
omplex systems, and 
ouldbe highly unreadable.The author proposes to use more stru
tured way for des
ribing the knowledgeabout interdependen
ies between 
on
epts. The solution is to des
ribe severallevels that 
orrespond to abstra
tion levels. At the top level we see mostly several
omponents and we 
an name abstra
t asso
iation between them. In the nextlevel, we identify and des
ribe sub-
omponents inside en
losing 
omponents. Theasso
iations between spe
i�
 sub-
omponents from di�erent en
losing 
ompo-nents 
an exist only be
ause of the asso
iation between en
losing 
omponents,and they are lo
al to the asso
iation on the top level. The domains of thoseasso
iations are lo
al to the domains of top level asso
iation.Language me
hanismsAuthor's main point is that the 
omplex stru
tures des
ribed previously seemnot only to be pra
ti
al ways to illustrate a model, but are the ways to think boutit. The 
on
ept of lo
ality was proposed, and it is available through supportinglanguage me
hanisms for both the 
on
epts and asso
iations and at many levels.The des
ription of a lo
al 
omponent is meaningful only in 
onne
tion withthe des
ription of the en
losing 
omponent. The same hold for asso
iations,the des
ription of lo
al asso
iation is meaningless if not 
onne
ted with thedes
ription of 
omplex asso
iation.Author introdu
es slightly modi�ed 
lasses and obje
ts as a means for de-s
ribing impli
it and 
omplex asso
iations. The modi�
ation in
ludes that theasso
iation 
lass is de
lared for spe
i�
 
lass domains, that 
orrespond to 
lassesof obje
ts that are related by the asso
iation or 
lasses of roles that these obje
tsplay in the asso
iation. The notation supports one-to-many and many-to-manyasso
iations. The proposed language me
hanisms support both the stati
 rela-tional stru
ture and dynami
 a

ess to the obje
ts of the 
omplex stru
ture.The author has restri
ted himself in several points. Only me
hanisms forbinary asso
iations are de�ned and only in the form of one-to-one and one-to-many. Con
erning asso
iations, they are dis
ussed as passive. Author pointsthe [Kristensen, 1993a℄ for the dis
ussion of a
tivities. Furthermore the abstra
-tion pro
ess in terms of exempli�
ation, spe
ialization and aggregation is notdis
ussed as in
luding the attributes or methods of obje
ts.109



APPENDIX B. LITERATURE STUDIESB.7 Obje
t-Oriented Modeling with RolesThe arti
le [Kristensen, 1995℄ elaborates on the 
on
ept of role. It presents the
on
ept and its 
hara
teristi
s, uses roles in modelling, and tries to simulate rolesby existing 
on
epts. This se
tion presents both the summary of the arti
le and
on
lusions and relations to my proje
t. Table B.7 presents the evaluation ofCon
eptualframework Agent
on
ept A
tivity
on
ept Context
on
ept Relevan
e
✓ ✓ MediumTable B.7: Evaluation of: Obje
t-Oriented Modeling with Rolesthis arti
le.B.7.1 Brief summaryRolesObje
ts are often des
ribed as isolated entities. They however relate to ea
hother, intera
t with other obje
ts and they play 
ertain roles in those relationsand intera
tions. The perspe
tives that obje
ts have about ea
h others are basedon the way they treat ea
h other, and they de�ne the roles that they play towardsea
h other. The paper fo
uses on roles as a mean of re�ning the understandingof an obje
t. The 
on
ept of role is intuitive and important in the modelling ofreal world phenomena.The overall motivation for roles is to allow spe
ial perspe
tive on a phe-nomenon. This perspe
tive is used by other obje
ts as a restri
ted way of know-ing and a

essing the obje
t. The perspe
tive is a set of sele
ted properties ofphenomenon, modelled by a set of methods, and it is modelled by the role.Therefore the purpose of the roles is to give restri
ted views on the 
omplexobje
ts.Perspe
tives on an obje
t depend on other obje
ts and may 
hange over time.This means that the set of properties of an obje
t is dynami
. Perspe
tives aremodelled by roles, whi
h of 
ourse in
lude set of methods, but also the statewhen they are instantiated in addition to the obje
ts. The roles may 
hange, theymay exist simultaneously and there may be other important relations betweenroles.The author introdu
es the 
on
epts of intrinsi
 obje
t (the one to whi
hthe role is allo
ated) and intrinsi
 methods (methods of su
h an obje
t). Theinstantiations of roles are 
alled role instan
es and the methods of roles arenamed intrinsi
 methods. Moreover it is pointed out, that there exist roles ofroles.Chara
teristi
s of rolesThe 
hara
teristi
s of the role in
lude:

• Visibility. The visibility of an obje
t 
an be restri
ted to the methods ofa role (in
luding obje
t methods, but ex
luding methods of other roles).This provides also possibility for multiple 
lassi�
ation of an obje
t.110



B.7. OBJECT-ORIENTED MODELING WITH ROLES
• Dependen
y. The role depends on the obje
t, and its methods 
an bede�ned in terms of obje
ts' methods, but not the other way.
• Identity. The obje
t and its roles are seen from outside as one indivisibleentity.
• Dynami
ity. Roles 
an be dynami
ally added to and removed from anobje
t.
• Multipli
ity. In general several instan
es of a role may exist for an obje
tat the same time.
• Abstra
tivity. Roles as 
on
ept 
an be 
lassi�ed and organized in general-ization and aggregation hierar
hies.Simulation of roleAuthor tries to determine how the roles 
ould be simulated with existing 
on-
epts, su
h as spe
ialization, aggregation and asso
iation. He dis
usses problemswith those approa
hes in relation to the proposed 
hara
teristi
s of the role 
on-
ept.Role abstra
tionThe abstra
tion pro
esses: 
lassi�
ation, spe
ialization and aggregation 
an beperformed on roles. The spe
ialization and aggregation introdu
e relations be-tween methods of the roles, whi
h de�ne the availability of the methods.Spe
ialization. Spe
ializations of roles are roles. Some methods of a spe
ial-ized role 
an be inherited from more general role, some 
an be modi�ed (thedes
ription is preserved, but the pres
ription 
hanges) and there 
an be addi-tional added methods in the spe
ialized role.Aggregation. Roles 
an be aggregated from other roles, for instan
e part-roles, whi
h supply various additional methods, that 
an be applied to formmethods of the whole-role. If the method of part-role is also a method for thewhole-role, it is 
alled hereditary. Hidden methods are available only in part-roles. There 
an exists new methods in whole-role, and they are 
alled emergingmethods.Asso
iationsAuthor models intera
tions between obje
ts with roles by asso
iations. Asso-
iations have properties and methods, as normal obje
ts. They support thelimitation of visibility of roles methods a

ording to spe
i�
 intera
tion. There
ould exist roles for asso
iations. The idea of asso
iation is, however, not in thes
ope of the arti
le. 111



APPENDIX B. LITERATURE STUDIESB.8 Roles: Con
eptual Abstra
tion Theory & Pra
-ti
al Language IssuesThe arti
le [Kristensen and Osterbye, 1996℄ treats the notion roles in both atheoreti
al and a pra
ti
al perspe
tive. The theoreti
al perspe
tive des
ribes arole in a 
on
eptual abstra
tion point of view, whereas the pra
ti
al perspe
tive
on
erns programming language me
hanisms.Con
eptualframework Agent
on
ept A
tivity
on
ept Context
on
ept Relevan
e
✓ ✓ HighTable B.8: Evaluation of: Roles: Con
eptual Abstra
tion Theory & Pra
ti
alLanguage IssuesTable B.8 presents the evaluation of it's relevan
e to this thesis in general.The arti
le gives a thorough des
ription of how the role 
on
ept 
an be seenfrom a 
on
eptual abstra
tion perspe
tive and how in 
an be integrated in the
on
eptual framework.Even though it is only brie�y mentioned in the arti
le, it holds useful informationof the relation between the agent 
on
ept and the role 
on
ept. If an agent isassumed to be a spe
ialisation of an intrinsi
 obje
t, the mutual relation betweenan agent and a role is similar to the relation, des
ribed in the arti
le, betweenan intrinsi
 obje
t and a role. Due to that fa
t, this arti
le i highly relevant forthe proje
t in general.B.8.1 Brief summaryThe notion of a role of an obje
t subsumes a set of properties of the obje
t. Arole is de�ned as follows:Role: A role of an obje
t is a set of properties whi
h are important for anobje
t to be able to behave in a 
ertain way expe
ted by a set of otherobje
ts.This means that other obje
ts need to see the obje
t in a 
ertain restri
ted way.A role must be played by some one, and all involved parties are aware of that,in the arti
le the �someone� is referred to as the intrinsi
 obje
t.Con
eptual programmingThe theoreti
al dis
ussion of roles builds on 
on
eptual programming, whereprogramming is regarded as a modelling pro
ess of some referent system, wherethe phenomena and abstra
tions from the referent system are expressed in aprogramming language supporting abstra
tions, whi
h are based on a generalunderstanding of phenomena and 
on
epts.The notion of a role is a spe
ialisation of the general notion of a 
on
ept. Whatdistinguishes roles from 
on
epts in general is the question of individuality. It isa mandatory property for roles that they are roles for something.In the arti
le the authors distinguish between roles and role instan
es. A role is a112



B.8. ROLES: CONCEPTUAL ABSTRACTION THEORY & PRACTICALLANGUAGE ISSUESdes
ription and models an abstra
tion. A role instan
e has state and behaviourand models a perspe
tive on a phenomena.Con
eptual abstra
tion. It is investigated what kind abstra
tion pro
ess�rolei�
ation� is when dealing with roles in a 
on
eptual perspe
tive. The 
on-
lusion 
an be summarised as follows: Rolei�
ation has major similarities withspe
ialisation and 
lassi�
ation, but important distin
tive di�eren
es.Roles have been established as a spe
ialised kind of 
on
epts, and a

ording tothe 
on
eptual framework, there are a number of abstra
tion pro
esses whi
h
an be applied to 
on
epts in general, and therefore to roles as well:
• A subje
t (obje
t with one or more roles) is 
lassi�ed by any of its roles.
• Exempli�
ation is possible for roles.
• Roles may be spe
ialised.
• Roles may be generalised.
• Roles 
an be aggregated from roles � with restri
tions.
• Roles 
an be de
omposed into rolesRole properties. The relations between the properties of the intrinsi
 obje
tand the role instan
e is des
ribed as follows:Intrinsi
 properties: The properties of the intrinsi
 obje
t are a

essible throughthe role instan
e. This 
orresponds to inherited properties in spe
ialisationand hereditary properties in aggregation.Extrinsi
 properties: The properties of the role instan
e are properties ofthe subje
t. This 
orresponds to additional properties in spe
ialisationand emerging/hidden properties in aggregation.Property-role: Properties may be seen as spe
ial 
on
epts. This enables thepossibility of having roles for properties, property-roles. This means thatproperty of the role instan
e is a role for a property of the intrinsi
 obje
t,and that the properties form a 
ombined property.The relation between the properties of an intrinsi
 obje
t and the properties ofa role are intrinsi
, extrinsi
 and property-role.Language 
onstru
tsA role is quite similar to a 
lass, ex
ept that the role is intended as a role forsomething. This means that roles 
annot be instantiated by themselves, butmust be bound to an existing obje
t.To be able to 
hange roles dynami
ally it is a need to be able to bind, unbindand transfer roles. A role instan
e 
an only be transfered between obje
ts of thetype the role is de
lared for.If the role 
on
ept isn't dire
tly supported by the implementation language thede
orator pattern des
ribed in [Gamma et al., 1995℄, 
an be used instead. Thede
orator pattern is not intended to implement the role 
on
ept, and as su
h itdoesn't re�e
t the 
on
eptual issues. 113



APPENDIX B. LITERATURE STUDIESB.9 Subje
tive behaviorThe arti
le [Kristensen, 2001℄ de�nes the notion of subje
tive behaviour andsupport of subje
tive behaviour by means of obje
t-oriented language me
ha-nisms is investigated.Con
eptualframework Agent
on
ept A
tivity
on
ept Context
on
ept Relevan
e
✓ ✓ ✓ MediumTable B.9: Evaluation of: Subje
tive behaviorTable B.9 presents the evaluation of this arti
le.B.9.1 Brief summaryIn obje
t-oriented modelling an obje
t rea
ts obje
tively to an invo
ation of amethod in the sense that it is given by the denotation of the method invo
ationwhi
h des
ription for the method is 
hosen. Subje
tive behaviour of an obje
tmeans that it is not obje
tively given whi
h des
ription is 
hosen.The motivation for subje
tive behaviour is to support more autonomous andevolutionary obje
ts for modelling and design.ModellingIn the 
ontext of obje
t-orientated modelling the following de�nition of subje
-tive behaviour is given:De�nition: A denotation of a method invo
ation for a given obje
t is said tobe subje
tive if di�erent method interpretations 
an result.De�nition: A me
hanism supports subje
tive behaviour if it 
an be used for asubje
tive method invo
ation. A subje
t is any entity that o�ers subje
tivebehaviour.For
es of real world behaviour Various �for
es� 
an a�e
t an obje
t's be-haviour in real world: A sender for
e, a 
ontext for
e and a state for
e.

• The sender of a message 
an a�e
t how an obje
t responds � it 
an bea
hieved by the role me
hanism
• The 
ontext in whi
h the message is send a�e
t how an obje
t responds �the obje
t measures the state of the 
ontext whi
h then 
an in�uen
e itsrea
tion.
• The state of an obje
t a�e
ts its responds � obje
t should be �alive� andthen its state, internal or external, 
ould 
hange during its life-
y
le.114



B.10. ASSOCIATIONS: ABSTRACTIONS OVER COLLABORATIONMe
hanismsTo a
hieve subje
tive behaviour of obje
ts at method-level, a single method 
anhave multiple implementations.Example: Method m of 
lass C has several implementations, namely im1,im2and im3. Upon invo
ation of method m of obje
t 
 it is entirely up to obje
t 
 tode
ide whi
h of the implementations to be 
hosen as response to the invo
ation� the invoking obje
t has no in�uen
e on whi
h implementation is sele
ted. Inthis 
ase it is assumed that the type of invoking obje
t determines the 
hoi
e.Obje
tifying behaviour is another approa
h to support subje
tive behaviour.The state pattern[Gamma et al., 1995℄ is an example on a pattern to supportsubje
tive behaviour by obje
tifying the behaviour of identi�ed states. It is im-portant to noti
e that that state spe
i�
 behaviour is lo
alised and delegated toseparate obje
ts, using the state pattern. The organisation obtained by the statepattern is similar to the organisation obtained by delegation and polymorphism.Other approa
hes to support subje
tive behaviour based on polymorphism.Timing polymorphism is a me
hanism for supporting 
ommuni
ation be-tween two distributed real-time obje
ts involving timing 
onstraints. The
lient obje
t spe
i�es time 
onstraints on the 
ommuni
ation, and theserver obje
ts 
an then dynami
ally sele
t among multiple exe
ution bod-ies.Performan
e polymorphism refers to the 
on
ept of maintaining and se-le
ting among multiple implementations of a method that 
arry out thesame task and di�er only in their performan
e measures(exe
ution time,memory spa
e, system 
on�guration, result pre
ision, et
,).SummaryThe following list summarises the results presented in the paper:
• Subje
tive behaviour has been de�ned in general terms, independent ofobje
t oriented me
hanisms.
• Simulation of subje
tive behaviour by using the state pattern.
• Language me
hanisms like the role, multiple implementation, polymor-phism are means by whi
h 
on
eptual 
on
epts in
luding subje
tive be-haviour 
an be supported.B.10 Asso
iations: Abstra
tions over Collabora-tionThis arti
le [Kristensen, 2003℄ fo
uses on asso
iations as abstra
tion over 
ol-laborations. This 
on
ept is motivated and explored. Table B.10 present theevaluation of this arti
le. 115



APPENDIX B. LITERATURE STUDIESCon
eptualframework Agent
on
ept A
tivity
on
ept Context
on
ept Relevan
e
✓ ✓ HighTable B.10: Evaluation of: Asso
iations: Abstra
tions over CollaborationB.10.1 Brief summaryLa
k of support for 
ollaboration in existing notations and diagramsDes
ription and pres
ription of 
ollaboration between parti
ipants is poorly sup-ported by existing notations and diagrams, whi
h are mainly based on obje
t-
entri
 modelling and programming. There exists the relation abstra
tion de-s
ribed in [Rumbaugh, 1987℄, but it is an abstra
tion over stru
tural aspe
tsonly, intera
tion aspe
ts are not 
overed by relations. The notion of abstra
tion,introdu
ed in this paper, is seen as an abstra
tion over both stru
tural and in-tera
tion aspe
ts of 
ollaborations. Additionally, an asso
iation supports bothdes
ription and pres
ription at both abstra
t modelling and 
on
rete program-ming levels. The arti
le explores one of the possible me
hanisms for expressingthe a
tual intera
tion in asso
iation - event-based me
hanism.CollaborationThe approa
h presented in the paper is inspired by the 
hange from more tradi-tional systems toward pervasive and ubiquitous ones. Authors dis
uss tangibleobje
ts existing in habitats, 
ollaborating with ea
h other and moving betweenhabitats. The notion of asso
iation is a mean of 
apturing, des
ribing and pre-s
ribing planned or spontaneous 
ollaborations between tangible obje
ts.ModellingObje
t-
entri
 modelling. The notion of asso
iation is already present inobje
t-oriented modelling and they are implemented by means of referen
es.Classi
al obje
t-oriented modelling and programming 
laims that obje
t supporten
apsulation ans are self-
ontained, but on the other hand �no obje
t is anisland� [Be
k and Cunningham, 1989℄. Authors of the paper 
laim that thefo
us here is on stru
ture (instead of fun
tion) and on methods (instead ofpro
esses), and this attempt forms essential problems be
ause it emphasizes anobje
t-
entri
 point of view.Non-obje
t-
entri
 modelling. Various approa
hes for non obje
t-orientedprogramming exist and some of them are brie�y des
ribed and evaluated in thearti
le. These in
lude relations from [Rumbaugh, 1987℄, asso
iations in UML,sequen
e and 
ollaboration diagrams from UML, 
omplex asso
iations [Kris-tensen, 1994℄, subje
t oriented programming and subje
tive behavior, a
tivitiesfrom [Kristensen, 1993a℄ and [Kristensen and May, 1996℄ and roles from [Kris-tensen, 1995℄ and [Kristensen and Osterbye, 1996℄.Programming. In obje
t oriented programming languages referen
es are usedto support relations between obje
ts. The referen
e is stati
ally bound to the116



B.11. MULTI-CRITERIA OPTIMIZATION OF BALL PASSING INSIMULATED SOCCER
lass, and the value of the referen
e 
hanges dynami
ally, and it is quali�ed by
lass, whi
h determined what types of obje
ts might be referen
ed. The referen
eis used for methods invo
ations, possible in various pla
es in various methods,whi
h makes the use of referen
e separated from the referen
e.Asso
iationThe asso
iation introdu
ed in the arti
le is an alternative to obje
t-
entri
 mod-elling. The asso
iation is a des
ription from whi
h instan
es might be dynami-
ally 
reated, deleted and asso
iated with obje
ts. It is quali�ed by a 
lass, whi
hdetermines what kind of obje
ts 
an be asso
iated with instan
e of asso
iation.The 
on
ept is used to 
apture the 
ollaboration between parti
ipants that havespe
i�
 roles in relation. It sequen
es rules for intera
tion among parti
ipatingobje
ts. Asso
iation is seen as a relation between roles.The authors present the 
on
eptual abstra
tion for the asso
iation. Theproperties of an asso
iation 
on
ept in
lude the roles (together with quali�-
ations of roles), the properties for the roles and the sequen
ing rules for in-tera
tion. Con
erning the spe
ialization, the properties of an asso
iation maybe also properties of spe
ialized asso
iation, they 
an be re�ned or there 
anbe new properties added in the spe
ialized asso
iation. In the aggregation, theproperty of part asso
iation may be hidden, may exist in whole asso
iation ora property of whole asso
iation may be aggregated from number of propertiesfrom part asso
iations.Communi
ationParti
ipant a
t and observe with use of event-based me
hanisms. It is asyn-
hronous broad
ast of information to potential re
eivers, whi
h are determinedby instan
es of asso
iations. The information in this 
ase is a 
on
epts itself,has type, and a
tual pie
e of information is an instan
e of this 
on
ept.B.11 Multi-
riteria optimization of ball passingin the simulated so

erThis arti
le, [Greber et al., 2005℄, propose a solution to the task of determiningto what teammate the ball should be passed, and hen
e to what point the ballshould be sent. The solution is based on a set of three 
riteria, ta
ti
al gain andtwo time balan
es, whi
h should be balan
ed while sele
ting an optimal pointon the �eld for passing the ball to. They 
laim that the advantage of this setof 
riteria is that dire
t and leading passes 
an be treated the same way by auniform method.B.11.1 Brief summaryThe algorithm presented in [Greber et al., 2005℄ propose a solution on how to�nd an �optimal� pass-re
eiving point when the ball is passes from a player to anteammate using multi-
riteria optimisation. The arti
le 
onsist of three majorparts, de�ning the 
riteria, generating the prospe
tive pass-re
eiving points and
hoosing the optimal pass-re
eiving point.117



APPENDIX B. LITERATURE STUDIESDe�ning the 
riteriaTo �nd the point to whi
h the ball should be sent, three 
riteria, C1, C2 and
C3, have be de�ne:
C1: Ta
ti
al gain; this 
riterion evaluates the ta
ti
al gain of a prospe
tivepass-re
eiving point. The best ta
ti
al point to whi
h the ball 
an bepassed is de�ned to be the 
entre of the opponents goal, and the worst isin the 
entre of the own goal.
C2: Time Balan
e; this 
riterion evaluates whether the prospe
tive pass-re
eivingpoint lies inside the rea
h-
ir
le of a teammate or not. If the pass-re
eivingpoint is outside the rea
h-
ir
le, the point should be dis
arded immedi-ately.
C3: Time Balan
e; this 
riterion evaluates whether an opponent 
an rea
h thepass-re
eiving point before a teammate or not. If an opponent 
an rea
hthe pass-re
eiving point before a teammate, the point should be dis
ardedimmediately.Generating the prospe
tive pass-re
eiving points.Figure B.1 shows a s
reen shot of RoboCup so

er simulation, for whi
h thealgorithm has been developed, with the rea
hable prospe
tive pass-re
eivingpoints.

Figure B.1: A s
reen shot presented in [Greber et al., 2005℄ illustrating theprospe
tive pass-re
eiving points whi
h are within rea
h of a teammate.The 
ir
les around ea
h of the teammates are the individual player's rea
h. Theradius of the rea
h 
ir
le is dependent on the individual player's running speed,118



B.11. MULTI-CRITERIA OPTIMIZATION OF BALL PASSING INSIMULATED SOCCERthe distan
e between the ball and the ball's travelling speed. Greater distan
ebetween teammate and ball equals greater rea
h of the teammate, if the runningspeeds for all the player are equal.An algorithm for generating the prospe
tive pass-re
eiving points, the dots in-side the 
ir
les at �gure B.1, is presented in [Greber et al., 2005℄.Choosing the optimal pass-re
eiving pointNow that desired number of prospe
tive pass-re
eiving point has been gener-ated, ea
h of the points are evaluated with regards to the three de�ned 
riteria.If a point ful�l all of the three 
riteria, a 3-tuple 
onsisting of a value for ea
hof the three 
riteria is made and the point is saved, otherwise the point is dis-
arded. All the dominated 3-tuples 
an then be eliminated form the solution setof 3-tuples.Finally, the 
riteria will be used one-by-one to remove the worst solution, a
-
ording to the individual 
riterion, until a single solution remains.If for instan
e 
riterion C1 is twi
e as important as the two other, this 
riterion
an be allow to remove two �wrong� solutions ea
h time the remaining two onlyremoves one.
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Appendix CCon
eptual modelling ofa
tivities and 
ontextsThis 
hapter des
ribes our experiments on modelling 
ollaboration and environ-ments/groups, where the referent system is a so

er s
enario, at the 
on
eptuallevel by using the newly 
hara
terised 
on
epts a
tivity and 
ontext.
Concept

Aggregation/Specialisation/
DecompositionGeneralisation

Classification Exemplification

PhenomenonFigure C.1: General abstra
tion model.Figure C.1 depi
ts the general abstra
tion model, as depi
ted in [Kristensen,2003℄, for 
on
eptual modelling, whi
h we will apply in a so

er s
enario.C.1 Con
eptual modelling using the a
tivity 
on-
eptWe 
an apply the prin
iples of 
on
eptual abstra
tion and modelling, 
lassi�
a-tion, spe
ialisation and aggregation, to the a
tivity 
on
ept.C.1.1 Classi�
ation/exempli�
ationClassi�
ation relates 
on
rete phenomena to abstra
t 
on
epts a

ording to their
ommon properties. Properties of the a
tivity in
lude the roles of parti
ipantsand their properties and the dire
tive whi
h models the sequen
e of their inter-a
tion. 121



APPENDIX C. CONCEPTUAL MODELLING OF ACTIVITIES ANDCONTEXTS
Concept

Aggregation/Specialisation/
DecompositionGeneralisation

Classification Exemplification

PhenomenonFigure C.2: Classi�
ation and exempli�
ation.Figure C.2 highlights the relevant part, 
lassi�
ation and exempli�
ation of 
on-
epts, of the general abstra
tion model. The following presents an example of
lassi�
ation and exempli�
ation of a
tivities in the referent system:Example: In the referent system we identify various examples of 
ollabora-tion(phenomena) between so

er players su
h as: throw-in, 
orner ki
k,ball passing, et
. All of these phenomena we 
lassify into the 
on
ept ofa
tivity. Now that the 
ollaboration phenomena have been 
lassi�ed intoa
tivity 
on
epts respe
tively, we try to identify the roles and dire
tive ofone of the a
tivities. For instan
e, the throw-in a
tivity models the situa-tion where an agent (player) from the opponent team has ki
ked the ballthe tou
h-line of the so

er �eld. To engage in the throw-in a
tivity agents(players) that 
an play the following roles are needed, an agent for playingthe �thrower�-role and one or more agents for playing the re
eiving-role(s).When the roles in the a
tivity are �lled the dire
tive of the a
tivity is ex-e
uted. In the 
ase of throw-in the dire
tive of the a
tivity 
ould spe
ifya sequen
e of a
tions as follows:1. Re
eiver(s) should reposition themselves to obtain unmarked lo
a-tion(s).2. The �thrower� should observe how re
eivers reposition.3. The �thrower� sele
ts a re
eiver and throws the ball to him.C.1.2 Spe
ialisation/generalisationA
tivities 
an be both spe
ialised and generalised. We distinguish the followingrelations between the properties of a sub-a
tivity and a super-a
tivity:
• The properties of an a
tivity also apply to its sub-a
tivities.
• Additional properties may be introdu
ed in sub-a
tivities.
• Properties of an a
tivity may be spe
ialised in its sub-a
tivities.Figure C.3 highlights the relevant part, 
lassi�
ation and exempli�
ation of
on
epts, of the general abstra
tion model.The following presents an example of spe
ialisation and generalisation ofa
tivities in the referent system: 122



C.1. CONCEPTUAL MODELLING USING THE ACTIVITY CONCEPT
Concept

Aggregation/Specialisation/
DecompositionGeneralisation

Classification Exemplification

PhenomenonFigure C.3: Spe
ialisation and generalisation.Example: In the referent system we have 
lassi�ed 
ollaboration between so
-
er players as a
tivities. The a
tivities may be organised into sub-a
tivitiesa

ording to their 
ommon properties. E.g. the a
tivities throw-in and
orner-ki
k are both spe
ialisations of the more general dead-ball a
tivitywhi
h again is a spe
ialisation of the a
tivity 
on
ept.We model 
ollaboration as a
tivity and we organise spe
i�
 a
tivities intospe
ialisation-stru
ture. For example, both of the spe
ialised a
tivities,throw-in a
tivity and 
orner-ki
k a
tivity, inherit a role for resuming thegame from the more general dead-ball a
tivity. The throw-in a
tivity thenadds additional properties to the �resuming�-role, allowing the agent play-ing this role to pi
k up the ball using his hands. Furthermore one of there
eiver-roles 
ould be spe
ialised to ensure that a parti
ipant has spe
ialproperties. E.g. The 
orner-ki
k a
tivity 
ould re�ne one of its re
eivingroles to be good at heading the ball. Both of the spe
ialised a
tivities re-quire a re�nement of the dire
tive to handle the situation when the ballis ki
ked outside the �eld, whi
h is not the 
ase for all spe
i�
 dead-balla
tivities, i.a. free-ki
k, penalty-ki
k.C.1.3 Aggregation/de
ompositionComplex a
tivities 
an be seen as aggregation of more simple a
tivities. Wedistinguish the following relations between properties of whole-a
tivities andpart-a
tivities.
• An emerging property of an (whole-) a
tivity may be aggregated from anumber of properties of some part-a
tivities, but is not expli
itly presentin any of the part-a
tivities.
• A property of a part-a
tivity may be
ome a hereditary property of thewhole-a
tivity.
• A property of a part-a
tivity may be 
on
ealed and not be a property ofthe whole-a
tivity.Figure C.4 highlights the relevant part, aggregation and de
omposition of 
on-
epts, of the general abstra
tion model.The following presents an example of aggregation and de
omposition of a
-tivities in the referent system: 123
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Concept

Aggregation/Specialisation/
DecompositionGeneralisation

Classification Exemplification

PhenomenonFigure C.4: Aggregation and de
omposition.Example: The identi�ed 
ollaboration phenomena may vary in 
omplexity de-pending on among other things, the number of player involved. This is alsore�e
ted in the a
tivity into whi
h the phenomena are 
lassi�ed. In thereferent system the through-pass a
tivity 
an be seen as an aggregationthat 
an be de
omposed into ki
k-ball a
tivity and run-to-ball a
tivity.When modelling 
ollaboration su
h as through-pass as a through-pass a
-tivity, we aggregate it from more simple a
tivities. The two part-a
tivities,ki
k-ball and run-to-ball, only require one role to be �lled ea
h to exe
utewhereas the whole-a
tivity through-pass requires two �lled roles, namelythe two hereditary roles from ki
k-ball and run-to-ball, respe
tively. Thedire
tive of the through-pass a
tivity(whole) is aggregated from the dire
-tives of the part-a
tivities, and 
ould be as follows:1. The agent playing the ki
k-ball-role should ki
k the ball to a lo
ation(in front of the re
eiving agent).2. The agent playing the run-to-ball-role should run to the lo
ation thatthe ball has been ki
ked.C.2 Con
eptual modelling using the 
ontext 
on-
eptWe 
an apply the prin
iples of 
on
eptual abstra
tion and modelling to 
ontexts.I.e. applying the prin
iples of 
lassi�
ation, generalisation and aggregation.C.2.1 Classi�
ation/exempli�
ationCommon properties of 
ontexts (physi
al and logi
al) are among others: theirtemporal nature, they provide a
tivities for agents, they are delimited by bound-aries physi
al or 
on
eptual respe
tively.The following presents an example of 
lassi�
ation and exempli�
ation of
ontexts in the referent system (see �gure C.2 for a highlight of the relevantpart of the general abstra
tion model):Example: In the referent system we identify phenomena like large grass areaswith spe
i�
 
halk patterns representing a so

er �eld. Even though the124
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halk patterns vary is size we 
lassify these phenomena into physi
al 
on-texts. From time to time groups of people may enter the so

er �eld (orphysi
al 
ontext) to play a game of so

er. These groups(i.e. so

er teams)of people we identify as phenomena that we 
lassify as logi
al 
ontexts.In both 
ases the 
on
epts 
an be exempli�ed, for instan
e; the homeground of Real Madrid CF (example of so

er team and logi
al 
ontext)is 
alled Santiago Bernabéu (example of so

er �eld/stadium and physi
al
ontext).We model so

er �elds as physi
al 
ontexts, be
ause a so

er �eld is basi-
ally an area delimited by the outer lines of the 
halk pattern en
ouragingpeople to play so

er.In the same manner we model a so

er team as a logi
al 
ontext, dueto the fa
t that a so

er team 
an be 
onsidered as a ubiquitous anddimensionless entity only delimited by �what is appropriate to do, andwhen to do it� and additionally by some agreement of being a member ofthe team.C.2.2 Spe
ialisation/generalisationContexts 
an in 
ertain 
ases be 
onsidered spe
ialisations of a more general
ontext, to form a �is a� relationship. We distinguish the following relationsbetween properties of spe
ialised 
ontexts and a general 
ontext.
• The properties of a 
ontext also apply to its sub-
ontexts.
• Additional properties may be introdu
ed in sub-
ontexts.
• Properties of a 
ontext may be spe
ialised in sub-
ontexts.The following presents an example of spe
ialisation and generalisation of 
on-texts in the referent system (see �gure C.3 for a highlight of the relevant partof the general abstra
tion model):Example: In general so

er �elds 
onsist of several di�erent areas, we identifythese phenomena and 
lassify them into 
on
epts su
h as: goal area 
on-text, penalty area 
ontext, 
entre 
ir
le 
ontext and 
orner ar
 
ontext,respe
tively. All of these areas 
an be 
onsidered as spe
ialised versions ofa general area 
ontext. All of the spe
ialised 
ontexts share some 
ommonproperties, but they may also de�ne new properties. For instan
e, if a foulis 
ommitted normally the opponents are awarded free-ki
k, but if the foulis 
ommitted inside the penalty area they are awarded a penalty-ki
k.We model a general area as a physi
al 
ontext with all the 
ommonproperties of an area. The general area 
ontext 
an be spe
ialised intosub-
ontexts like goal area 
ontext, penalty area 
ontext, et
. These sub-
ontexts are physi
al 
ontexts too, and they have the same properties asthe general area 
ontext but some of the properties may be spe
ialisedand some of the sub-
ontexts may introdu
e additional properties.C.2.3 Aggregation/de
ompositionA 
ontexts may be aggregated from various 
ontexts in a whole/part relationshipwith the following properties: 125
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• An emerging property of a whole-
ontext may be aggregated from a num-ber of properties of some part-
ontexts, but is not expli
itly present in anyof the part-
ontext.
• A property of a part-
ontext may be
ome a hereditary property of thewhole-
ontext.
• A property of a part-
ontext may be 
on
ealed and not be a property ofthe whole-
ontext.The following presents an example of aggregation and de
omposition of 
ontextsin the referent system (see �gure C.4 for a highlight of the relevant part of thegeneral abstra
tion model):Example: As earlier mentioned we identify various phenomena in the referentsystem and 
lassify them into: goal area 
ontext, penalty area 
ontext,
entre 
ir
le 
ontext and 
orner ar
 
ontext (all physi
al 
ontexts). A so
-
er �eld (physi
al)
ontext 
an be aggregated from: two goal area 
ontexts,two penalty area 
ontexts, one 
entre 
ir
le 
ontext and four 
orner ar

ontexts. We model the so

er �eld (whole) as a physi
al 
ontext by ag-gregating the earlier mentioned 
ontexts goal areas (parts), penalty areas(parts), et
. also modelled as physi
al 
ontexts.If we take a 
loser look at a so

er team (logi
al)
ontext we identify phe-nomena from the responsibilities of the di�erent members of the teamthat form the 
on
epts of: defen
e 
ontext, mid�eld 
ontext and o�en
e
ontext, respe
tively. I.e. the so

er team 
on
ept 
an be de
omposed intosmaller groups (logi
al 
ontexts). We model the logi
al 
ontext so

erteam (whole) as a aggregation of the logi
al 
ontexts: defen
e 
ontext(part),mid�eld 
ontext (part) and o�en
e 
ontext (part).
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Appendix DSpe
ial features and design ofobserved 
ollaborationstrategies in FIFA 2005This appendix se
tion present some of the spe
ial feature observed in FIFA 2005and some experiments of designing the observed 
ollaboration strategies for theSo

erLab appli
ation.D.1 Spe
ial features in FIFA 2005FIFA 2005 holds a lot of spe
ial features, whi
h also may be the main reasonwhy it is one of the most popular so

er games. This se
tion will only 
on
ern asmall subset of all the spe
ial features 
ontained in the appli
ation, and mostlythe ones whi
h are relevant to the So

erLab simulator.D.1.1 The squad s
reenOne of the spe
ial features worth mentioning is the squad settings s
reen. As
reen-shot of the squad s
reen is presented at �gure D.1. The squad s
reenallows the user to set the team formation to one of the many prede�ned forma-tions, e.g. 4-4-2, 4-3-3, 5-4-1, et
.The user 
an also modify the starting-line to suite the 
hosen formation, and
hoose whi
h of the players that should be substitutes and who that should bereserves. To get a even more detailed view of the team the user 
an 
hoose thesee the player biography for ea
h of the players. A more detailed des
ription ofthe player biography is given in the following se
tion.D.1.2 The player biography s
reenAnother of the spe
ial features worth mentioning is the player biography, whi
hevery individual player has, �gure D.2 presents two s
reen-shots of a playerbiography. The idea of the player biography in FIFA 2005 is that the user is al-lowed to modify an individual player's prede�ned skills. The rules for modifyinga player's skills are very simple, ea
h player has limited number of skill-points127
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Figure D.1: A s
reen shot of FIFA Football 2005 squad s
reen.
depending on the 
orresponding real life player's skills. The user is then allowedremove skill-points from one 
ategory an add them to another, but the userdoesn't have the ability to introdu
e additional skill-points ex
eeding the limitof total skill-points for the spe
i�
 player. When a player's skills have been mod-i�ed, the virtual player will no longer re�e
t the real life player as intended bythe developers of FIFA 2005.Ea
h player in FIFA Football 2005 has 24 di�erent skill that 
an be modi-�ed. The �rst 12 skills are presented at �gure D.2(a) and the last 12 at �gureD.2(b). Looking at the 24 skills a
tually gives a slight view on how the devel-opers of FIFA 2005 
onsider a so

er player. The 24 skills representing ea
hplayer gives a lot of possibilities for 
ontrolling the players in various situations.E.g the HEADNG value at �gure D.2(a) de�nes how su

essful the player iswhen he is heading the ball. If this prin
iple of the players having skills was tobe applied in the so

er simulator prototype version 1 it would too 
omplex tointrodu
e all of the 24 skills at on
e, but some of the obvious skills like; stamina,a

eleration and shooting power from �gure D.2(a) and ta
kling and dribblingabilities from �gure D.2(b), 
ould be
ome 
andidates for new extensions for thenext prototype version. 128
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(a) S
reen shot of �rst half of the FIFA2005 player bio s
reen. (b) S
reen shot of se
ond half of theFIFA 2005 player bio s
reen.Figure D.2: A s
reen shot of FIFA Football 2005 player bio s
reen.D.2 Design of observe 
ollaboration strategies iden-ti�ed in FIFA 2005This se
tion will mainly fo
us on adapting the identi�ed 
ollaboration strategiesin FIFA Football 2005 to the So

erLab simulator by using the 
on
epts: agent,a
tivity and 
ontext.In the following it should be understood that a
tivities are written in itali
 fontand 
ontexts are written in Sans-serif font.Before the proposals of how the identi�ed 
ollaboration strategies 
an be intro-du
ed in the So

erLab simulator are given, a new 
ontext is presented.D.2.1 Introdu
tion of agent visionTo simulate agent/player vision all the players are equipped with an additional
ontext 
alled view 
ontext. The responsibility of the view 
ontext is to keeptra
k of the nearest team mate and opponent, in front of, behind, to the leftand to the right of the player. It is not a ne
essity that ea
h of the four dire
tionsare updated equally often, in fa
t to make a more realisti
 simulation of a real lifeplayer the behind position shouldn't be updated as frequently as the �in front�position, to simulate that the player has to turn his head to get information onwhat is happening behind him.D.2.2 Pass ball ba
kwardsThe �pass ball ba
kwards� 
ollaboration strategy, as presented in se
tion 3.2.1,page 42, 
an be introdu
ed in the so

er simulator by using the AAC 
on
eptsin the following manner.When the view 
ontext, of player in ball possession, dete
ts an approa
hingopponent it should provide an a
tivity 
alled pass ball ba
kwards . This a
tivityis said to be �half-baked� whi
h means that it requires the player it self to bepresent, whi
h he obviously is, and that a playable team mate is position in theproximity behind him. 129



APPENDIX D. FIFA 2005: SPECIAL FEATURES AND DESIGNTo determine whether there is a playable player behind him or not, the playerasks his view 
ontext for the team mate behind him, if the distan
e to theopponent behind him is lager than the distan
e to the team mate, the teammate is playable and the pass ball ba
kwards a
tivity 
an be exe
uted. In most
ases this will result in a safe pass, but be
ause the positions in the view 
ontextaren't updated equally often the situation behind the player may have 
hangedand an opponent will o

asionally have a 
han
e of inter
epting the ball.D.2.3 The triangular patternThe triangular pattern strategy 
an implemented by the AAC 
on
epts, by us-ing the same prin
iples as for the pass ball ba
kwards a
tivity.When the view 
ontext dete
ts that the opponents are approa
hing and that ateam mate is present behind the player, it will provide the triangular patterna
tivity as well as the pass ball ba
kwards a
tivity, the player 
an then 
hooseone of them by some probability fa
tor.The requirements for 
hoosing the triangular pattern a
tivity are that the playerin ball possession has a playable player behind him, and that the playable playerbehind him has a playable player to the left or right of him, depending on the�eld position. Dependent on the positioning of the players the triangular patterna
tivity sequentially 
alls three pass ball a
tivities with the desired dire
tions.Before ea
h pass in the triangle the passing player should determine if the re-
eiving player is still playable, if not the 
ollaborative should be stopped toavoid loosing the ball.In the general 
ase it shouldn't be a requirement that the �rst pass has to beba
kwards, but instead the a
tivity should require that a 
hain of two playableplayers, besides the one in ball possession, 
an be made. By using this approa
hthe usage of the triangular pattern a
tivity 
an be more �exible than if it isrequired that the �rst pass always should ba
kwards.D.2.4 Through-passThe through-pass strategy 
an be introdu
ed in the so

er simulator by usingthe AAC 
on
epts in the following way.When the �in front� part of the view 
ontext of the player in ball possessiondete
ts a team mate at the edge of the opponent's penalty area, the ball pos-sessing player's view 
ontext will provide an a
tivity 
alled through-pass. If thethrough-pass a
tivity is exe
uted, the ball possessing player will pass the ballin front of the team mate straight ahead and past the opponents. Next thethrough-pass a
tivity makes the team mate run towards the ball, and it's nowup to the team mate to 
hoose a suitable a
tivity, provide by the so

er �eld
ontext, to s
ore a goal.The through-pass a
tivity 
an also be used for other purposes than s
oring, be-
ause it is the team mate's responsibility to 
hoose a suitable a
tivity when orif he rea
hes the ball. Due to that fa
t it might be better to 
ome up with amore general name for this a
tivity later on.130



D.2. DESIGN OF OBSERVED COLLABORATION STRATEGIESD.2.5 Cross the ball to s
oreThe �
ross the ball to s
ore� strategy is in fa
t just a spe
ial 
ase of passing theball, but for now this fa
t will not be taken into a

ount. The �
ross the ballto s
ore� strategy 
an be a
hieved by using the AAC 
on
epts in the followingmanner.When the ball possessing player's view 
ontext dete
ts that the 
urrent �eldposition is 
lose enough to both the tou
hline and the opponent's goal-line itwill provide the 
ross the ball to s
ore a
tivity. When the 
ross the ball to s
orea
tivity is 
hosen for exe
ution the ball possessing player will make a long passin front of the opponent's goal and behind their defen
ive line. The 
ross the ballto s
ore a
tivity will then inform the o�en
ive team mates, and maybe somemid-�eld players too, to run towards the ball in front of the goal. If a team matere
eives the ball it is his responsibility to 
hoose a proper a
tivity provided bythe so

er �eld 
ontext to s
ore a goal.D.2.6 Defen
ive strategiesThe two defen
ive strategies observed in FIFA Football 2005 and presented inse
tion 3.2.1, page 45, have very few di�eren
es. The main di�eren
es betweenthe two strategies are the �eld position of the defen
ive team and whether thedefen
ive wings will �atta
k� the opponents or hold the defen
ive line.Due to the high degree of similarity, the two strategies are 
onsidered as asingle strategy and then introdu
ed in the So

erLab simulator using the AAC
on
epts.A so

er team 
an be 
onsidered as a so
ial 
ontext. When the team 
ontextdete
ts that the team is no longer in ball possession it will provide a defen
ivea
tivity to the players in the team. When the defen
ive a
tivity is exe
uted theplayers will run to their defen
ive positions and start their defen
ive a
tivitieswhi
h follows two simple rules:1. If a player is far away from the ball he will try to mark an opponent.2. If the player is 
lose to the ball he will try to ta
kle the opponent to stopthe atta
k.An important aspe
t worth mentioning is that the mid-�eld players as mu
h aspossible should parti
ipate in the defen
ive duties, to give the defen
ive teamthe player majority whi
h in some 
ases 
ould ease the task of defending.Obtaining two strategies from one a
tivity.To repli
ate the two defen
ive strategies identi�ed in FIFA 2005, the teams inthe so

er simulator 
ould be extended with a value stating whether a team'sdefen
ive strategy is pressing or 
ontaining, similar to the approa
h in FIFA2005 des
ribed in se
tion 3.2.1, page 38.To permit the teams defen
ive a
tivity to be in�uen
ed by the 
hoi
e of defen-
ive strategy, pressing or 
ontaining, the role 
on
ept 
an be introdu
ed to theplayers. In this 
ase three roles should be 
onsidered: left wing, right wing and
entre.If the team's strategy is set to 
ontaining, the defen
ive players' roles will a
-tually be ignored and hen
e the line of defen
ive players will be 
ontained as131
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h is the approa
h in So

erLab prototype version 1. The
ontaining strategy will instead in�uen
e the players to take more defen
ive �eldpositions.If the team strategy is set to pressing instead of 
ontaining, the players' roleswill 
ome into play. The defen
ive players holding the role of either left wingor right wing, will be more aggressive to put pressure on the opponents wherethe defen
ive players holding the 
entre role will be more hesitating like in the
ontaining strategy.
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Appendix EStatek ReportA FUSS resear
h proje
t supported by it-vest. The report des
ribes the designof the two a
tivities pilot on board and defen
ive positioning.
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APPENDIX E. STATEK REPORTE.1 Introdu
tionDuring the spring of 2005 two simulators, a ship simulator and a so

er simula-tor, have been independently developed. The ship simulator has been developedas part of a FUSS resear
h proje
t and the so

er simulator has been developedas a master thesis proje
t at the Mærsk M
-Kinney Moller Institute for Pro-du
tion Te
hnology, University of Southern Denmark.Be
ause of existen
e of many 
on
eptual similarities a resear
h part of bothproje
ts has been 
ondu
ted together, starting from the summer 2005.This report mainly fo
uses on the design of two new a
tivities, one for ea
hof the simulators: pilot on board for the ship simulator and defen
ive position-ing for the so

er simulator. The last part of the report gives a proposal on howthe 
ommon parts of the two designed a
tivities 
ould be generalised to forman appli
ation framework.E.2 MotivationThe motivation for this proje
t is to investigate how �habitat-thinking� 
an berealised in software. The method is to formulate habitat-
on
epts in su
h a waythat skilled programmer with an obje
t-oriented tool 
an use the 
on
epts forprodu
ing software.The long term goal is to develop an appli
ation framework for simulation usingthe 
on
epts agent, habitat and a
tivity (AHA). The short term goals are todevelop a ship simulator and a so

er simulator suited for experimenting withthe AHA 
on
epts.E.3 Statek - Ship simulatorThe maritime s
enario has been 
hosen for experimentations with 
on
epts a
-tivity and habitat, be
ause the maritime operations have many good examplesof habitats, and the a
tivities are relatively well-de�ned in that domain. Themaritime operations also holds 
lear roles like 
aptain, pilot and sailors whi
h
an be modelled by the 
on
epts like agent and role.As a part of the investigation of how �habitat-thinking� 
an be realised in soft-ware, it is desired to introdu
e a 
ollaborative a
tivity in the ship simulator
alled pilot on board (POB). The following se
tions give a detailed des
riptionof the design of both the ship simulator and POB a
tivity.Figure E.1 presents the model of the ship simulator. We 
an distinguish agents,that are autonomous units in the simulator. Agents 
an take on various roles,but the number of roles that 
an be taken simultaneously was limited to one fornow. Agents move around in habitats, that are used to represent a part of phys-i
al environment. Habitats observe their inhabitants and provide a
tivities tothem. Agents 
an 
hoose between various a
tivities provided by habitats theyare inside at the moment. In this manner habitats 
an indire
tly 
ontrol the136



E.3. STATEK - SHIP SIMULATORagents' a
tions.The main fo
us in this proje
t is how to de�ne 
on
epts of a
tivity and habitatand how to organise the interplay between them and agents.

Figure E.1: The ship simulator 
lass diagram.
E.3.1 Pilot on board a
tivityIt is required that mer
hant vessels a
quire a pilot to guide them in larger har-bours, but it is not required for ferries and ya
hts. The pilot guides the 
aptain,but it is the 
aptain that makes de
isions. Pilot 
ooperates with VTS.Ea
h harbour 
ommands a number of pilot and itself plans their deployment.Pilot 
an transported to and from ships in boats or heli
opters.The sequen
e of a
tions is as follows. The 
aptain reports his approa
h to theVTS and he is informed by the VTS about the time and pla
e of pilot's em-barkation. Details about the manner of pilot's transportation and his identity
an be sent later. All details 
an be 
hanged by VTS at any time.If no pilot is available at the suggested time and pla
e or the berth is not avail-able, then a ship should an
hor outside the harbour, preferably at road-stead.The pilot, however, 
an only be embarked when the ship 
ontinues sailing to-wards the harbour. Pilot's embarkation 
annot take pla
e during any dangeroussituation, su
h as overtaking. The pilot leaves the ship by the gangway whenthe ship is moored in the harbour. 137



APPENDIX E. STATEK REPORTE.3.2 AgentsIn the ship simulator all the moving obje
ts are modulated as agents. The seg-ment, 
on
erning agents, of the 
lass diagram is depi
ted at �gure E.2.
Figure E.2: The part of the 
lass diagram 
on
erning agents.An inheritan
e stru
ture has been 
hosen to handle agents. The inheritan
estru
ture 
onsist of an abstra
t super 
lass whi
h handles the 
ommon respon-sibility of the agents and three sub 
lasses, or spe
ialisations, one for ea
h threeagent types represented in the ship simulator.Agent 
lassesThe agent inheritan
e stru
ture, 
urrently, 
onsist of four 
lasses, this se
tionwill give a more thorough des
ription of ea
h of the 
lasses.Agent: Abstra
t super 
lass that holds all the 
ommon �elds and methods ofthe di�erent agent types. An agent is an autonomous unit with the abilityto a
t 
on
urrently with other agents. Due to that fa
t the agents in theship simulator should be implemented as threads to allow the agents to a
tin an independent and 
on
urrent manner. It is desirable that agents 
antake on di�erent roles, mainly be
ause it o�ers a high level of re-usabilitybe
ause the same agent 
an be used for di�erent purposes just by 
hanginghis role. This kind of �exibility is espe
ially desirable in the ship simulatoreven though the agents may have di�erent purposes they also share a lotof 
ommon features. This 
lass provides the fun
tionality to allow agentsto take on roles and 
hange roles be
ause it should be handled uniformlyfor all of the agent types. For this version it is agreed-on that an agentonly 
an hold one role at a time.Air
raft: A sub 
lass of agent. This 
lass has the responsibility of �adding� allthe air
raft spe
i�
 fun
tionality to the general agent. The main reasonof introdu
ing this spe
i�
 agent type in the ship simulator is to be ablehandle the heli
opter in the pilot on board a
tivity when the pilot isembarking mer
hant ships by heli
opter.Human: A sub 
lass of agent. This 
lass holds spe
i�
 information of the agenttype human. Of 
ourse humans are, in general, more 
omplex than agents,but in this 
ase a human is seen as a spe
ialisation of an agent just todistinguish between the three agent types.Vessel: A sub 
lass of agent. This 
lass handles vessel spe
i�
 responsibilityin the ship simulator, and presen
e of the 
lass is almost obvious whensimulating a maritime s
enario. 138



E.3. STATEK - SHIP SIMULATORIn general it 
ould be stated that vessels and air
rafts 
an't be 
onsidered asagents be
ause they are rea
tive obje
ts 
ontrolled by other agents (humans),even so this design has been 
hosen due to an earlier proje
t proposal (Shipsimulator design proposal by Peter Bøgh Andersen).E.3.3 RolesThe role 
on
ept has been introdu
ed in the ship simulator to have a �exible wayfor handling agents whi
h only have small di�eren
es. Using the role 
on
eptalso enfor
es a high level of re-usability, e.g. agents like 
aptain and pilot almosthave the same abilities whi
h en
ourages to use the same agent type but withdi�erent roles.
Figure E.3: The part of the 
lass diagram 
on
erning roles.Role 
lassesFigure E.3 shows the segment of the 
lass diagram 
on
erning roles. The role in-heritan
e stru
ture 
onsists of the abstra
t super 
lass Role and the sub 
lasseswhi
h holds the 
on
rete roles. The following will give a more thorough des
rip-tion of the 
lasses shown in the 
lass diagram at �gure E.3. Be
ause of the greatsimilarities of the 
on
rete roles, for ea
h of the three agent types, only one rolefor ea
h of the agent types will be des
ribed.Role: Abstra
t super 
lass that holds the 
ommon �elds and methods of theroles. For this version of the ship simulator it has been 
hosen that rolesonly will be used to distinguish di�erent kinds of agent types. To a
hievethis, ea
h of the sub 
lasses have to set some pre
onditions de�ned in thesuper 
lass. For instan
e, one of the pre
onditions 
ould be the allowedagent type for this role, whi
h should ensure that an air
raft agent 
an'ttake on a vessel role.Heli
opter: A sub 
lass of role. This role 
an only be hold by an air
raft agentand for this reason that should be de�ned as a pre
ondition for this role.Pilot: A sub 
lass of role. This role is intended for the agent type human and
an not be hold by either vessel agents or air
raft agents.ContainerShip: A sub 
lass of role. The ContainerShip role is an example ofa vessel role.For this version of the ship simulator a very simple role stru
ture has been
hosen i.e. the 
on
rete role only de�nes some pre
onditions required of an agent139



APPENDIX E. STATEK REPORTto take the role. In a later version one 
ould imagine that a role also would holdinformation on what �extra� a
tions an agent 
ould take if he holds this role.E.3.4 HabitatsHabitats are used model either physi
al or logi
al 
ontexts. Figure E.5 presentsthe part of the ship simulator model 
on
erning habitats. In the ship simulatorit was de
ided to treat various physi
al areas, su
h as sea and land, as habitats.The land 
ould be further divided into islands and mainland.

Figure E.4: Overlapping habitats visualised.We distinguish following parts of sea: fairways (deep enough to enable mer
hantships to sail), road-stead (dedi
ated for an
horing), shoals (only ya
hts are al-lows to sail due to water depth) and berth (for disembarkation and unload ofmer
hant ships). They are modelled as spe
ialisations of sea.Additionally, we de
ided to model harbour habitat. This habitat is 
omposed ofa road-stead, a fairway and berths, and it is a part of the world.There exists also a habitat that 
overs the area where pilot on board a
tiv-ity takes pla
e, 
alled POBHabitat. This habitat will be spawned by a harbourhabitat when a mer
hant ship reports its approa
h to the spe
i�
 harbour. Therewill exist one instan
e of POBHabitat for ea
h mer
hant ship approa
hing theharbour.Habitat 
lassesFigure E.5 shows the part of the 
lass diagram 
on
erning habitats. This se
tionwill elaborate about the stru
ture proposed for habitats and will des
ribe the
lasses presented on the �gure E.5. 140
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Figure E.5: The part of the 
lass diagram 
on
erning habitats.Two level inheritan
e stru
ture was proposed for habitats. First of all, all habi-tats implement the HabitatInterfa
e interfa
e. This was introdu
ed to provide
ommon way of handling their fun
tionality, su
h as observation of their in-habitants. The implementation, however di�ers for all habitats. Ea
h habitatgenerally will be implemented as thread, so that they 
an a
t independentlyand 
on
urrently.HabitatInerfa
e: A 
ommon interfa
e for all habitats. Habitat will be imple-mented as thread.World: A 
lass implementing the HabitatInterfa
e interfa
e. As a habitat, theworld observes agents present in it and 
an indire
tly in�uen
e themthough manipulation on their available a
tivities. The world 
onsists ofa sea and land-areas. This 
lass is treated as a root for all other habitatsand will provide basi
 fun
tionality (as very simple a
tivities) for agents.The World 
lass does not 
orrespond to any parti
ular world or part ofworld in reality. An imagination of marine view of the world is the referentsystem for the ship simulator.Land: A 
lass implementing the HabitatInterfa
e interfa
e. This 
lass has theresponsibility for modelling the dry land, so that it e.g. limits the types ofagents that 
an be present in it to human, vehi
le and air
raft agents.Sea: A 
lass implementing the HabitatInterfa
e interfa
e. This 
lass has theresponsibility for modelling the wet land, limiting the types of agents that
an be present in it to human, vessels and air
raft agents. Models the
ommon properties of various sea parts. It is further spe
ialised into Berth,RoadStead, FairWay and Shoal.Berth: A sub 
lass of Sea 
lass. This 
lass holds spe
i�
 information of the seapart � berth. Vessels 
an �nish their trip at berth and next unload the
argo. There are several berth pla
es in the harbour.141



APPENDIX E. STATEK REPORTRoadStead: A sub 
lass of Sea 
lass. This 
lass holds spe
i�
 information ofthe sea part � road-stead. All vessels 
an an
hor at road-stead.FairWay: A sub 
lass of Sea 
lass. This 
lass holds spe
i�
 information of thesea part � fairway. All vessels 
an sail (and eventually an
hor) on fairways.Shoal: A sub 
lass of Sea 
lass. This 
lass holds spe
i�
 information of the seapart � shoal. Only ya
ht 
an sail (or eventually an
hor) on shoals.Harbour: A 
lass implementing the HabitatInterfa
e interfa
e. A harbour is
omposed of many berth pla
es, a road-stead and a fairway.POBHabitat: A 
lass implementing the HabitatInterfa
e interfa
e. In is spawnedaround the area where pilot on board a
tivity takes pla
e.E.3.5 A
tivitiesA
tivities are used to model 
ollaboration between agents. A group of agentshas a 
ommon goal � to moor the ship on the berth qui
kly and safely in the
ase of a Pilot On-board a
tivity. Ea
h a
tivity has a number of parti
ipantsof spe
i�
 roles. A
tivity 
an be a
tive if and only if there are agents ready tobe parti
ipants in the a
tivity. Some of the parti
ipants are 
onstant for thea
tivity, and the others are only des
ribed by their type.
Figure E.6: The part of the 
lass diagram 
on
erning a
tivities.A
tivity 
lassesFigure E.6 shows the part of the 
lass diagram for the a
tivities. This se
tionwill des
ribe the 
lasses in more detailed manner.A
tivity: An abstra
t 
lass that holds all the members and 
ommon methodsfor the spe
i�
 a
tivities.PilotOnBoardA
tivity: A sub 
lass of A
tivity. It models the situation whento mer
hant vessel is guided by a pilot in a harbour. It starts when aship de
lares its approa
h to VTS and ends when the ship is moored atthe berth and the pilot has disembarked through a gangway. It requiresparti
ipants of VTS role, Pilot role, Mer
hantShip role, and Captain role.It takes pla
e in POBHabitat. It holds 
ommon members and methods forits spe
ialisations. 142



E.4. THE SOCCER SIMULATORPOBHeli
opter: A spe
ialisation of PilotOnBoardA
tivity. It models to thesituation that the pilot is transported to the mer
hant vessel by a heli-
opter. It requires a human parti
ipant that hold role of a HeliPilot andair
raft parti
ipant that holds role of Heli
opter. It in
ludes methods spe-
i�
 for pilot embarkation with use of a heli
opter.POBBoat: A spe
ialisation of PilotOnBoardA
tivity. It models to the situ-ation that the pilot is transported to the mer
hant vessel by a boat. Itrequires a human parti
ipant that hold role of a PilotCaptain and vesselparti
ipant that holds role of PilotBoat. It in
ludes methods spe
i�
 forpilot embarkation with use of a boat.E.3.6 SummaryTo introdu
e and design the pilot on board a
tivity in the ship simulator itwas ne
essary to re-design parts of the model 
omponent too. The new model
omponent mainly 
onsists of four parts: agents, roles, habitats, a
tivities. Allmoving obje
ts are modelled by agents. For simpli
ity reasons an agent only 
anhold one role at a on
e. In this version the roles are very simple, but 
omplexenough to distinguish the agents from ea
h other.The world in the ship simulator is simply 
onstru
ted by 
omposing physi-
al habitats. The habitat 
on
ept has been designed as an interfa
e so that it
an provide the desired �exibility. Aside from the habitat keeping tra
k of it'sinhabitants, it also provides them with the a
tivities it o�ers. It is the agentsresponsibility to 
hoose in whi
h of the a
tivities, o�ered by the habitat, it wantto engage. Due to that fa
t agents 
an also 
hoose to ignore an a
tivity, like, forinstan
e, the pilot on board. However it is very unlikely that an agent refusesto parti
ipate in an a
tivity that is essential for it to a
hieve its goal(s). E.g. ifa mer
hant vessel approa
hes a harbour and refuses to parti
ipate in the piloton board a
tivity, it is not allow to enter the harbour, and 
an't for that reasonnot moor at the berth and unload it's 
argo.E.4 The so

er simulatorTo experiment with software realisation of the habitat and a
tivity 
on
epts, theso

er s
enario has been 
hosen. This 
hoi
e has been made be
ause it is easyto identify a lot of a
tivities in so

er that involves habitats. It is also obviousto apply the agent 
on
ept to model the so

er players.The following se
tions will des
ribe the design of a 
ollaborative a
tivity 
alleddefen
ive positioning a
tivity.E.4.1 Defen
ive positioning a
tivityThe defen
ive positioning a
tivity o

urs when the team is not in the ball pos-session. It in�uen
es all the players in the team, they reorganise themselvesa

ording to both the overall situation and the 
lose neighbourhood. The 
hoi
eof the a
tion depends on many fa
tors, like ball position, positions of team matesand opponents, player properties. The a
tivity is started when the team looses143
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Figure E.7: The so

er simulator 
lass diagram.the ball. Team members reorganise and try to prevent the opponents from s
or-ing. Defenders move ba
k towards the own goal and 
over opponent atta
kers. Ifthe ball is still positioned on the other half, both the atta
kers and mid-�elderswill 
ooperate to overtake the ball, else the mid-�elders will move ba
k to helpdefenders, whereas only some atta
kers will move ba
k and position themselvesin su
h the way that will enable qui
k 
ounter atta
k.E.4.2 AgentsIn the so

er simulator only the players are 
onsidered to be agents. Figure E.8shows the segment of the so

er simulator 
lass diagram 
on
erning agents. AsShown in �gure E.8 the agent inheritan
e stru
ture has two levels of spe
iali-sation. The middle level, 
urrently, only 
onsists of a player 
lass. This designapproa
h has been 
hosen su
h that non-player agents 
an be introdu
ed lateron, for instan
e, a referee. At the lowest level the player is spe
ialised into fourdi�erent kinds of players, based on �eld position, this is done to be able todi�erentiate player properties a

ording to their �eld position.
Figure E.8: The part of the 
lass diagram 
on
erning agents.144



E.4. THE SOCCER SIMULATORAgent 
lassesThe 
lasses in the agent inheritan
e stru
ture are as follows:Agent: Abstra
t super 
lass that holds all the 
ommon �elds and methods ofthe di�erent agent types. The Agents in the so

er simulator should beimplemented as threads to allow the agents to a
t in an independent and
on
urrent manner. It is desirable that agents 
an take on di�erent roles,in this 
ase the roles 
ould be used to organise the players on the so

er�eld. This 
lass provides the fun
tionality to take on roles and 
hangeroles, be
ause the handling of roles should be the same for all the agents.For simpli
ity reasons it is agreed-on that an agent only 
an hold one roleat the same time.Player: A sub 
lass of agent. This 
lass is only introdu
ed to ensure extendibil-ity so the simulator easily 
an be extended with other agent types lateron.Goalkeeper: A sub 
lass of player. This 
lass is almost self explaining it hasthe responsibility to set the properties spe
i�
 to the goal keeper.DefensivePlayer: A sub 
lass of player. The DefensivePlayer 
lass has theresponsibility to set the properties spe
i�
 to the defen
ive players.Mid�eldPlayer: A sub 
lass of player. The responsibility of the mid�eld play-ers is to help the team in both o�en
ive and defen
ive situations.O�ensivePlayer: A sub 
lass of player. The o�en
ive of the four player kinds.When an o�en
ive player is inside the opponents penalty area an o�en
iveproperty 
ould be the he will try to shoot at goal.E.4.3 RolesA simple inheritan
e stru
ture has been 
hosen to handle the roles. Figure E.9shows the role inheritan
e stru
ture from the so

er simulator 
lass diagram.The role 
on
ept for this version of the so

er simulator is introdu
ed to ease
Figure E.9: The part of the 
lass diagram 
on
erning roles.the positioning of the di�erent kinds of players in the so

er �eld.Role 
lassesRole: Abstra
t super 
lass that holds the 
ommon �elds and methods of theroles. For this version of the so

er simulator the role 
on
ept will be verysimple. The roles will only hold some sort pre
ondition whi
h have to beful�lled before an agent 
an take one of the roles.145



APPENDIX E. STATEK REPORTLeftWingRole: A sub 
lass of role. As the name implies this role should behold by players in the left side of the �eld.CenterRole: A sub 
lass of role. This role is intended for the players at the
entre part of the �eld.RightWingRole: A sub 
lass of role. This role is the opposite of LeftWingRole.This is the �rst attempt on introdu
ing roles in the so

er simulator. Laterthe role 
on
ept 
ould be very useful for positioning the players in advan
edformations on the so

er �eld. E.g. if a player 
ould hold more than one role aton
e, it would be possible to organise the mid�eld players in a diamond shapejust by having four mid�elder: a left wing, a right wing and two 
entres whereone of the 
entres have an o�en
ive role too and the other 
entre a defen
iverole in addition to their 
entre roles.E.4.4 HabitatsHabitats are used to model either physi
al or logi
al 
ontexts and it was de
idedto 
learly distinguish those two in the so

er simulator. Figure E.10 presents thepart of the so

er simulator model 
on
erning habitats. In the so

er simulatorit was de
ided to treat various physi
al areas, su
h as goal area and penaltyarea, as physi
al habitats. Logi
al habitats are used for grouping the agents, sothat 
an be more easily observed and manipulated.Habitats are used to model either physi
al or logi
al 
ontexts, that 
ontaina group of inhabitants � agents. Habitats should be implemented as threads,and their main fun
tionality will be to observe their inhabitants. Agents 
an bepresent both physi
ally in physi
al habitats, su
h as a penalty area in a so

er�eld, and logi
ally in a logi
al habitat, su
h as defenders. Therefore an agent
an be present in several habitats simultaneously and all of those habitats willtreat su
h agent as their inhabitant. Figure E.10 presents the part of the so

ersimulator model 
on
erning habitats.

Figure E.10: The part of the diagram 
on
erning habitats.Figure E.10 shows the part of the 
lass diagram 
on
erning habitats. The fol-lowing se
tion will des
ribe subse
tions of this diagram.146
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Figure E.11: The part of the 
lass diagram 
on
erning high-level inheritan
e inhabitats.It was de
ided to distinguish between the logi
al and physi
al habitat, so twointerfa
es implementing the HabitatInterfa
e interfa
e were 
reated. This is pre-sented in Figure E.11.First of all logi
al habitats will be des
ribed. They are presented in �gure E.12.Con
erning the number of inhabitants, the largest logi
al habitat modelled inthe so

er simulator is the so

er team. It is 
omposed of a number of smallerlogi
al habitats, 
orresponding to the group of atta
kers, mid-�elders, defendersand goalkeepers. Ea
h group 
an hold a number of agents.

Figure E.12: The part of the 
lass diagram 
on
erning logi
al habitats.We distinguish several physi
al habitats, that implement Physi
alHabitatInter-fa
e interfa
e. It was de
ided to model a so

er �eld as a physi
al habitat. It is
omposed of several smaller habitats, su
h as �eld halves, penalty areas, goalareas and goals. The dependen
ies between those habitats is presented in FigureE.13.Habitat 
lassesThis se
tion will des
ribe sele
ted 
lasses from the inheritan
e stru
ture pre-sented before.HabitatInterfa
e: A general interfa
e. Habitats will be implemented as threads.Physi
alHabitatInterfa
e: An interfa
e extending the HabitatInterfa
e. Mod-els physi
al environments. 147
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Figure E.13: The part of the 
lass diagram 
on
erning physi
al habitats.World: A 
lass implementing Physi
alHabitatInterfa
e. Its thread will observeall the agents present in the world, whi
h 
an 
ontain several so

er �elds.So

erField: A 
lass implementing Physi
alHabitatInterfa
e. Its thread willobserve all the agents present in this so

er �eld. A So

erField habitat is
omposed of several smaller habitats, that also observe their inhabitants.Logi
alHabitatInterfa
e: An interfa
e extending the HabitatInterfa
e. Mod-els logi
al 
ontexts. It is used for grouping and its thread will observe allthe agents present in the group.So

erTeam: A 
lass implementing Logi
alHabitatInterfa
e. Corresponds tothe group of 11 players. This 
lass was introdu
ed to 
ontrol that group asa whole unit. A So

erTeam is 
omposed of several other logi
al habitats,su
h as Mid-�elders, Atta
kers, Defenders and Goalkeepers, also intro-du
ed for 
ontrolling groups of players.E.4.5 A
tivitiesA
tivities are used to model 
ollaboration between agents. In this iteration of theso

er simulator, it is required to design and implement a defen
ive positioninga
tivity, in whi
h a group of agents has a 
ommon goal � to defend their owngoal, so that they will not loose goal. This a
tivity will be mandatory for someagents and optional for the others, depending on the dynami
 situation on the�eld. This a
tivity is provided by the team habitat, that 
orresponds to the
olle
tion of all players.A
tivity 
lassesFigure E.14 shows the stru
ture for the a
tivities in the so

er simulator. Three
lasses are presented on the diagram and des
ribed below.A
tivity: An abstra
t 
lass. 148
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Figure E.14: The part of the 
lass diagram 
on
erning a
tivities.DefensivePositioningA
tivity: A sub 
lass of A
tivity 
lass. In
ludes fun
-tionality spe
i�
 that models the situation when the players do not havethe ball.O�ensivePositioningA
tivity: A sub 
lass of A
tivity 
lass. In
ludes fun
-tionality spe
i�
 that models the o�en
ive positioning in the real so

ergame. Not to be implemented in this iteration of the simulator.AnotherA
tivity: A sub 
lass of A
tivity 
lass. Corresponds to any other
ollaborative a
tivity.E.4.6 SummaryAs it was mentioned previously, the so

er simulator proje
t started before thisproje
t. The model of that simulator in
luded a
tivities and habitats, but inslightly di�erent meaning. It was the agent that had a 
onstant list of a
tivitiesfor the whole game and just 
hosen the one that best �t into the situation.There were only physi
al habitats of various shapes, that were used to representvarious areas around the player.Most of the a
tivities were single player. The defen
ive positioning a
tivity wasimplemented with that design during autumn 2005. Several di�
ulties wereobserved, su
h as 
omplexity of manipulation with groups of players, su
h asmid-�elders, defenders or atta
kers. The la
k of roles 
aused that all the mid-�eld players were indistinguishable, and therefore it was di�
ult to implementdistin
t a
tions depending on what position on the �eld do they o

upy.The new model 
omponent mainly 
onsists of four parts: agents, roles, habitats,a
tivities. All moving obje
ts are modelled as agents. For simpli
ity reasons anagent only 
an hold one role at a on
e. In this version it was de
ided to imple-ment roles for left wing, 
entre and rightwing player.The world in the so

er simulator is 
onstru
ted by 
omposing physi
al andlogi
al habitats. The habitat 
on
ept has been designed as an interfa
e so thatit 
an provide the desired �exibility. Habitats keep tra
k of their inhabitants andprovide a
tivities. An agent 
an ignore those suggestions, but it is very unlikelyif it wants to a
hieve a 
ommon goal. E.g. if a team defends and an agent refusesto 
over an atta
ker, it is likely that the former will shoot a goal. The agent,however, has that 
hoi
e, and 
an have reasons for it, su
h as high tiredness.149



APPENDIX E. STATEK REPORTE.5 Candidates for a general frameworkAfter designing the two a
tivities, pilot on board and defen
ive positioning, ithas be
ome 
lear that both appli
ations have some 
ommon parts. This fa
ten
ourage that those parts 
an be generalised for form a framework for workingwith the 
on
epts: agent, habitat and a
tivity. At this stage it is too early to talkabout a fully formed framework and for this reason this se
tion will des
ribe the
andidates, found in the two appli
ations, that should be 
onsidered to form aframework for working with agents, habitats and a
tivities.E.5.1 AgentsBoth appli
ations use the agent 
on
ept. In both 
ases the agent's responsibili-ties are very similar �gure E.15 shows a modular layout of the most importantparts of an agent.The basi
 agent parameters, will hold all information whi
h is essential to theagent like physi
al properties and methods that are 
ommon to all agents su
has moving.When the agents move around in habitats, that provide a
tivities, the agentsshould of 
ourse have some fun
tionality so they 
an 
hoose in whi
h of thea
tivities they want to engage, this is handled by the a
tivity handling module.The agents in both appli
ations use the role 
on
ept (the role 
on
ept is furtherdes
ribed in the next se
tion). The responsibility of role handling module in theagent is to provide fun
tionality so that the agent will be able to take on anygiven role, if it is possible, or to 
hange his 
urrent role into another role.Agent:

Spe
i�
 agent parameters
Role handling

Basi
 agent parameters
A
tivity handling

of the agent)(de�ned in spe
ialisation(s)Figure E.15: The general layout of an agent.The last of the modules 
ontained in the general agent layout is the spe
i�
150



E.5. CANDIDATES FOR A GENERAL FRAMEWORKagent parameters. This is an imaginary module, this is represented as a dottedline, the reason for showing it is to illustrate that it is possible to make spe
iali-sations of an agent whi
h may override some of the basi
 agent parameters andadditionally provide more fun
tionality to the spe
i�
 agent.The agent layout depi
ted in �gure E.15 is well suited for the two simulators forwhi
h the two new a
tivities have been design. To ensure that this agent layoutis suited for appli
ations in general too, it is ne
essary to study more literatureon how agent 
ould/should be designed and whi
h drawba
k and bene�ts dif-ferent agent ar
hite
tures provide. For now on it is agreed on to use the agentlayout presented in �gure E.15.E.5.2 RolesIt has been 
hosen to introdu
e the role 
on
ept in both appli
ations. This newapproa
h of handling agents, has shown to be very useful when designing thetwo new a
tivities, and at the same time it allows for a high level of re-usability.
Role: Pre
ondition

(The role 
on
ept 
ould beextended later on)Figure E.16: The general layout of a role.It is agreed on the roles should be kept very simple in the beginning, the general,but simple, role layout is depi
ted at �gure E.16. Currently the role layout onlyhas a pre
ondition module. This module de�nes all the requirements to take ona spe
i�
 role. It is de
ided that an agent only 
an hold one role at the sametime. This de
ision doesn't ex
lude the possibility that one of the pre
onditionsof a role 
ould be that an agent should hold another unique role before he 
antake on this new role.As the role layout indi
ates the role 
on
ept should be extended later on, e.g. aspe
i�
 role 
ould provide spe
i�
 abilities to the agent holding this role. Anotherextension to the role 
on
ept 
ould be that it should be possible for an agent tohold several roles, that are not mutual ex
lusive, at on
e. To a
hieve this it hasto be de
ided whether the agent or the role has the ability to merge several roles.Besides the two mentioned extensions, there might be a lot literature des
rib-ing designs of roles and/or other useful extension for the role 
on
ept, so it isobvious to �nd and studied some literature before extending the design of roles.151
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tivityA
tivities are provided by habitats, therefore, for ea
h a
tivity there exists a
orresponding habitat, that both physi
ally and logi
ally 
overs the area, wherethe a
tivity takes pla
e, and the group of agents 
ollaborating in the a
tivity.Habitats 
an add or remove possible a
tivities for ea
h agent present in them,so that they 
an indire
tly enfor
e spe
i�
 a
tions. The ultimate de
ision aboutwhat a
tivity to 
hoose is however with the agent.A
tivities are �half-baked�, whi
h means that some of the roles in the a
tivityhave instantiated parti
ipants, while others only 
ontain des
riptions of possibleparti
ipants. An a
tivity 
an be a
tivated if all the required roles were �lled byagents, and should respond properly when an agent deserts.E.5.4 HabitatHabitats are used to model either physi
al or logi
al 
ontexts, that 
ontain agroup of inhabitants � agents. Habitats should be implemented as threads, andtheir main fun
tionality will be to observe their inhabitants.It was de
ided to 
hoose one habitat to be a root of all others (this is theWorld 
lass in both simulators). All other habitats are either physi
ally or log-i
ally 
ontained in that habitat, and they 
an overlap with ea
h other. It wasde
ided that ea
h of the habitats will provide a set of a
tivities available for itsinhabitants. The possibilities that the spe
i�
 agent has, will be uni�ed by theroot habitat, and the prohibition is prior to the permission. The agent routeplanning situation will take pla
e in root habitat.HabitatInterfa
e:Methods:
addA
tivities()getA
tivities()getInhabitants()onEnter()

extended later on)(The habitat 
on
ept 
ould beFigure E.17: The general layout for habitats.Figure E.17 shows a modular layout of the most important parts of a habitat.The getInhabitants() method retrieves the 
olle
tion of agents, that are presentin the habitat at a moment. The getA
tivities() method is used for retrieving the
olle
tion of a
tivities available in spe
i�
 habitat, whereas the addA
tivities()method is supposed to add new a
tivities to the habitat. OnEnter() method 
an152



E.5. CANDIDATES FOR A GENERAL FRAMEWORKbe used to enfor
e some kind of behaviour when an agent enters the habitat. Asit is suggested in Figure E.17, the habitat 
on
ept 
an be extended later on.E.5.5 SummaryAfter designing the a
tivities for the two simulator appli
ation it has been easyto identify the parts of the designs that 
ould be 
onsidered to be 
andidatesfor a general framework, namely: agents, habitats, a
tivities and roles.For all of the four 
on
epts very general designs have been 
hosen to have ahigh degree of �exibility. The general design 
an be re�ned later on, but it willrequire some literature studies, espe
ially for the 
on
epts agent and role.During the design phase it was dis
over that it is bene�
ial to distinguish be-tween two kinds of habitats namely logi
al and physi
al ones. The greatestdi�eren
e between the two kinds of habitats is that the logi
al habitat isn'tbounded by physi
al limits. Both logi
al and physi
al habitats provides a
tivi-ties to their inhabitants.A
tivities are 
onsidered to be �half-baked� and used for modelling 
ollabo-rative behaviour between agents. An a
tivity 
an be a
tivated if all requiredroles are �lled and it should respond properly when an agent de
ides to desert.The most important aspe
t when forming the general framework is to de�nethe interplay between the three main 
on
epts habitat, a
tivity and agent. Fornow it is de
ided that habitats provide a
tivities to the agents and therebyindire
tly in�uen
e their behaviour. Agents are free to 
hoose among all thea
tivities a�orded by the habitats they inhabit. Habitats 
an be prede�ned orspawned dynami
ally by agents or a
tivities.
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Appendix FCD 
ontentsThe atta
hed CD 
ontains the following./bin The two developed So

erLab prototypes./report Contains the report in PostS
ript and PDF/sr
 The sour
e 
ode for the two developed prototypesTo enable opengl support when running one of the prototypes, the appli
ationis started as follows:java -Dsun.java2d.opengl=True -jar <filename.jar>In 
ase of CD malfun
tion, the 
ontent of this CD will also be available at:http://appendixf.mrhunt.dkduring February 2006
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