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ABSTRACT 
The engineering of the social aspects has been acknowledged 
as one of the principal issues in the realization of reed-world 
multiagent systems. The literature proposes a number of so- 
lutions to this problem and in this paper we consider three 
of them and we discuss their relationships. First, we take 
into account hybrid coordination models based on tuple cen- 
tres. Then, we consider interaction protocols as a means to 
coordinate multiagent systems. Finally, we adctresa the im- 
plicit coordination that  the semantics of cia~ic agent com- 
munication languages propuse. We base our discussion on 
the common ground of coordination models and we sketch 
a comparison between such approaches. 

Keywords 
Multiagent System Coordination, Coordination Models, Mul- 
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1. INTRODUCTION 
Multiagent systems (MASs) root their origins in artificial 

intelligence (AI) and the multidisciplinary nature of AI jus- 
tifies the number of different point of views that  researchers 
adopt to deal with MASs. This is the case also for the spe- 
cific issues of coordination: they have been addressed by 
several research communities and count a number of dif- 
ferent approaches [22, 21]. These different research paths 
share the same goal: face social aspects of MASs as first 
class issues, providing not only mechanisms, but also mod- 
els of coordination. Typically, these social aspects concern 
inter-agent dependencies, namely the configuration of the 
system in terms of the basic interaction means~ agent gener- 
ation/destruction, and organisation of the environment [2?]. 
The introduction of such models provide a base to treat 
coordination in the scope of agent oriented software engi- 
neering (AOSE) thus enabling the realization of real-world 
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MASs [a21. 
Different approaches to coordination impact differently on 

the engineering of MASs and it would be important to have 
a conceptual framework (or a recta-model) to classify and 
to compare these approaches. The literature proposes some 
frameworks [or the comparison of these approa~es,  however 
we believe that  they are not sufficient to deal with the pe- 
culiar problem of managing the coordination of MASs. In 
particular, these frameworks (i) focus on mechanisms and 
strategies, not considering models [10], or (ii) they are fo- 
cused on a specific research area and unable to capture the 
features of such heterogeneous models [14], or (iis) they are 
not enough specific to be effective in the engineering of open 
and dynamic MASs [29, 22] 

We need a novel framework for comparing the various ap- 
proaches to coordination that  are available in the literature, 
but the introduction of such a framework and the compre- 
hensive comparison of the available approaches would re- 
quire a book on its own. In this paper we restrict our focus 
considering three approaches that  we believe represent well 
the state of the art of three different communities. Hybrid 
models based on tuple centers are among the more recent 
proposals from the coordination community for the coordi- 
nation of MAS. Interaction protocols are the one and only 
choice of the agent community. The implicit coordination 
that classic agent communication languages (ACLs) provide 
is an upcoming proposal from the more formally inclined 
part of the agent community. This proposal is meant to 
overcome many of the well-known limitations of interaction 
protocols. 

We discuss such approaches framing their concepts within 
the classic ideas of a coordination models [4]. A coordina, 
tion model consists of three elements: (i) the coordinables, 
i.e., the objects of the coordination; (ii) the coordination 
media, i.e., what enables the interaction between the co- 
ordinablee; (iii) the coordination la~Js, i.e., the laws that  
govern the interaction between the coordination media and 
the coordinables, and the rules that  the coordination media 
employs. 

The rest of this paper uses the terminology of coordina- 
tion models to analyse and then compare three different ap- 
proaches to the coordination of MASs. In particular, sec- 
tion 2 introduces tuple centres. Section 3 con~ider the ap- 
proach that  the agent community is promoting for coordi- 
nating agents, i.e., interaction protocols. Section 4 shows 
that some classic work on the semantics of ACLs implicitly 
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provides a coordination model. 

2. COORDINATION T H R O U G H  
TUPLE CENTRES 

The models of coordination that  rely on tuple centres ori- 
gin from the community of programming languages for par- 
allel and distributed systems. Start ing from the work of 
Gelernter sad  Carriero [13] and of Wegner [31], coordination 
emerged as a fuvd~mental  dimension to be placed orthog- 
onaHy, side by side, to computat ion in programming sad  
developing concurrent and distr ibuted systems. The  aim 
was to promote a clear separation between the specification 
of components of the  computat ion and the specification of 
their interactions or dependencies. This separation enables 
some impor tant  engineering properties,  among the other  the 
reuse of components  and reuse of coordination specifications. 

The  first coordination models and languages developed - 
such as Lindal Gamma,  Manifold to  cite the representatives 
of large families - were focused on basic coordination mech- 
anisms and activities, such as synchronization, exchange of 
simple information, notification emd rce~tion (see [23, 22] 
for comprehensive surveys). 

The  evolution of these first models has been toward three 
main directions: 

• more complex communicat ion languages (XML doc- 
uments in MARS-X,  objects in Objective Linda, or 
forms used in Laura); 

• more complex topologies used to  organize coordination 
medie  (such as multiple space such as in TuCSoN or 
nested spaces in Bauhaus Linda and PageSpace); 

• more expressive s ad  powerful coordination media - 
s tar t ing from providing more expressive coordination 
languages (with new primitives such as in Bonita),  
toward a more general and comprehensive approach: 
making the coordination medium programmable  [6]; 
impor tant  examples are, among the others, TuCSoN, 
MARS, PoliS, Law-Governed Linda. 

The  programmabil i ty  of the coordination medium is the 
key characteristic of h#brid  coord ina t ion  models [16, 271. Hy- 
brid models provide the benefits of bo th  information ori- 
ented models, in te rm of cleanness and elegance - agent in- 
teraction protocols cem designed ms simply and expressively 
as in data-driven models - ,  and control oriented models, in 
term of flexibility and power - the agent interaction space 
can be easily managed by the control-driven mechanisms 
provided by the coordination medium [4]. 

These characteristics make hybrid models suitable for mul- 
t iagent systems [8]. 

In particular,  hybrid models based on the tuple centre ab- 
straction [1$], such as TuCSoN [19] and Lu te  [9], seem to be 
flexible enough to provide support  for engineering of the so- 
cial aspects of MASs as first class issues. Tuple centres can 
be unders tood as general purpose coord ina t ion  v i r tua l  ~rta~ 
chines  - with a fornudly-defined operational  semantic [18] 
- which can be programmed in order to react to commu- 
nication events, executing computat ions  whose n~ture and 
properties depend on the language used to specify the be- 
haviour. Consequently 1 social tasks, social rules and global 
constraints can be specified as coordination laws and em- 
bodied as behaviour specification of tuple centres. 

The flexibility of the tuple centre models comes from clearly 
identifying as separate abstractions the communication lan- 
guages and the language used to specify the behaviour of 
the coordination media. TuCSoN and luCe models, for in- 
stance, use logic tuples as communication language and the 
ReSpecT language to program the behaviour of tuple cen- 
tree [7]. In principle multiple programming languages pro- 
viding different features - logic-based, low-level with formal 
semantic foundation such as ReSpecT, or high level, but  
without strong formal foundation such as Java as happens 
in M A R S  - could be used to program tuple centres, accord- 
ing to the needs of the application domain. 

By virtue of these characteristics, tuple centre models sup- 
port  objecti~Je [27] or uncol tpled [29] coordination: they ef- 
fectively provide the separation of the individual percep- 
tion of coordination and the global/social  coordination is- 
sues (tasks, constraints, rules), which can be described with 
proper languages (such as ReSpecT) and embedded inside 
tuple centre as social  abstrQction, ou t s ide  the coordinated 
agents. 

Summing up, in tuple-centre based models the coordinables 
ere agents using Linde~like coordinat ion language to inter- 
act, tuple centres are the coordination medium and the  pro- 
grams used to specify tuple  centre behaviour const i tute  the 
(not fixed, programmable)  coordination laws. The  proper- 
ties of the coordination laws (complexity, specificity, general 
purpose-ness) depend on the language used to program tu- 
ple centre; for instance, in TuCSoN and LuCe models - by 
vir tue of  the Turing-equivalence of the ReSpecT language - 
general purpose coordination taws can be expressed, speci- 
fied as reactions wi th  t ransact ional  semantic. 

3. C O O R D I N A T I O N  T H R O U G H  
I N T E R A C T I O N  P R O T O C O L S  

A large port ion of the  agent communi ty  is currently work- 
ing on the problem of coordination using interaction proto= 
coil, i.e., predetermined patterns of interaction. This ap- 
proach is based on considering coordination essentially as a 
problem of communication.  Communica t ion  plays a funda- 
mental  r01e for agents and many researches consider the so 
called soc/ed abil i ty  a characterizing feature of agents [33]. 
Some ACL have been designed to  support  the social nature  
of agents. The  most impor tan t  of them, e.g., KQML [11] and 
the F IPA ACL [12], rely on agents communicat ing through 
asynchronous messages that  are s t ructured in terms of (i) a 
performative verb, or simply performative,  and (ii) a con- 
tent. The  performative expresses the intent of the agent in 
sending the message. For example,  a F I P A  agent, i.e., an 
agent tha t  communicate  using the  F IPA ACL, employs a 
performative called in fo rm if its intent  in sending the mes- 
sage is informing another  agent of something that  it believes 
true. Each ACL provides its own set of performatives,  e.g., 
the F IPA ACL provides a set of performatives tha t  contains 
inform, r e q u e s t ,  p ropose  and many  others. The content 
together  with the performative az~ociate a meaning with a 
message. For example,  if the content  of an in form message 
is the proposition f a t h e r 0 f ( H a r y ,  John),  then the sender 
ut ters  the message to inform the receiver tha t  it believes 
that  John is Mary 's  father. 

Structuring messages in terms of a performative and a 
content roots to the  speech-act theory [28] and it has been 
recognized recently as a means to achieve an higher-level of 
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i n t e roperab i l i ty  be tween  agents  [1]. Th i s  pa r t i cu la r  s t ruc-  
t u r e  suggested  a way for descr ib ing in t e rac t ion  protocols.  
Classically, a n  in te rac t ion  pro tocol  relies on  a set  of roles 
t h a t  the  agents  in  t he  pro tocol  play and  it  is descr ibed  as a 
finite s t a t e  mach ine  where:  

• s t a t e s  ident ify global  s t a t e s  of the  protocol ;  

• t r ans i t ions  represen t  messages  and  t hey  are labe l led  
w i th  a role identif ier  a n d  a per format ive .  For  any  t r an -  
si t ion,  agents  p laying t h e  associa ted  role can  send  a 
message t h a t  uses the  assoc ia ted  per format ive .  

A typica l  exaxnple of in te rac t ion  pro tocol  is shown in fig- 
' ure 1. Th i s  protocol ,  called F I P A  con t r ac t  ne t ,  encompasses  
two roles: t he  m a n ~ e r  and  t h e  cont rac tor .  T h e  m a n a g e r  
sends  a c f p  (call for proposal)  to  all con t rac to r s  and  waits  
for con t rac to r s  to  p ropose .  Then ,  i t  decides to accept  one 
proposal ,  sends  an  a c c e p t _ p r o p o s a l  t o  one cont rac tor ,  while  
sending a r e f u s e _ p r o l ~ s a l  to  the  others .  T h e  protocols  end  
when  the  accepted  con t r ac to r  i n f o r m  the  m a n a g e r  t h a t  t he  
nego t ia ted  ac t iv i ty  has  been  performed.  

In t e r ac t i on  protocols  are  a coord ina t ion  model .  T h e  coor- 
d inables  are, obviously, agents .  T he  coord ina t ion  m e d i u m  is 
the  ACL,  while  t h e  coord ina t ion  laws are expressed t h r o u g h  
the  finite s t a t e  mach ine  t h a t  descr ibes  the  protocol .  

4. COORDINATION THROUGH 
THE SEMANTICS OF ACLS 

ACLs have  long been  cri t ic ized for t he i r  lack of formal  
semantics .  A formal  semant ics  for K Q M L  have  been  pro- 
posed [15] and  when  F I P A  chose to  define i ts own ACL i t  
also in t roduced  a formal  semant ics .  F IPA borrowed such a 
semant ics  f rom Sadek ' s  A R C O L  [26]. Anyway, the  deba te  
on  an  accepted  semant ics  for ACLs is far f rom concluded 
and  researchers  find no  ag reement  on  th is  topic  beyond  t h a t  
a formal  semant ics  is needed.  For  our  purpose  of showing 
how the  semsa t i c s  of an  ACL implies a coord ina t ion  model ,  
t he  semant i c s  of t he  F I P A  ACL is sufficient and  we prefer  
to  avoid th i s  debate .  

F I P A  associates  a m ean i ng  to  a message in t e r m s  of a fea- 
sibili~7 precondition (FP)  and a rational e~ect (RE).  The 
feasibil i ty p recondi t ion  s ta tes  w h a t  mus t  be  t rue  for an  agent  
to send a message,  while t he  r a t i ona l  effect shows w h a t  the  
agent  is i n t end ing  to achieve wi th  such a message.  For  exam- 
ple, a simplified version of  the  semant ics  of in.form messages 
is [12]: 

< s, inform (r, ~) > 
FP(~) : B.~ 
RE(4) : B.~ 

W h i c h  means  t h a t  agen t  s informs agent  r of  ~b only if 
i t  believes t h a t  ~b is t rue  (FP(#)  ---- B , # )  s a d  i ts  ob jec t ive  
in send ing  such a message is t h a t  agent  r comes to  know 
t h a t  ~b is t r ue  (RE(¢)  = B,~b). In th i s  example ,  only  the  
pe r fo rmat ive  is fixed, i.e., i n fo rm,  while  the  con ten t  of the  
message ~b is any. 

A n o t h e r  example  is the  following simplif ied semant ics  for 
request messages: 

< s, r e q u e s t  (r, o )  > 
FP(o) : B.(Feaai~e(~)) 
RECo) : Do~,(~) 

Which means that agent s request agent r to perform 
action ,~ only if it believes that o is feasible (FP(a)) and 

its ob jec t ive  in send ing  such a message  is t h a t  ac t ion  o is 
u l t ima te ly  done by  some agen t  ( R E ( o ) ) .  

T h e  avai labi l i ty  of feasibi l i ty  p recondi t ions  and  ra t iona l  
effects is sufficient for an  agen t  to  decide au tonomous ly  when  
to  send  which  message.  I f  t he  agen t  has  a goal g t h a t  
ma tches  t he  r a t i ona l  effect of  a message  for a given con- 
t e n t  7,  i.e., y = RE(./),  t h e n  the  agent  migh t  decide to send  
such a message.  In  order  for th i s  to  done,  the  message mus t  
be  feasible and  the  agen t  migh t  decide to b r i n g  a b o u t  a new 
subgoal  g' = FP(./) .  T h i s  process  is a classic, and  t r ivial ,  
p l a n n i n g  technique  t h a t  leads to  the  dynamic  cons t ruc t ion  
of a p lan.  

T h e  semant ics  of the  F I P A  ACL impl ic i t ly  defines a coor- 
d ina t ion  model  because  t he  d y n a m i c  cons t ruc t i on  of a p lan  
takes  in to  account  o the r  agents  and  impl ic i t ly  coordina tes  
the  act iv i t ies  be tween  agents .  Needless to  say, the  coor- 
d inables  are  the  agents .  T h e  m e d i u m  is the  ACL, while 
the  coord ina t ion  laws are impl ic i t ly  expressed th rough  the  
semant ics  of the  ACL. In par t i cu la r ,  t h e  coord ina t ion  laws 
emerge f rom the  in te rac t ion  of t he  goals t he  agents  have, i.e., 
t h e  rat ioned effects of send ing  mex~ages a n d  per fo rming  ac- 
t ions,  and  any  cons t r a in t  on  the  ach ievement  of such goals, 
i.e., the  feasibi l i ty p recondi t ions  on  messages and  actions.  

5. D I S C U S S I O N  
In  th i s  sect ion we focus on  some i m p o r t a n t  proper t ies  t h a t  

impac t  on  the  engineer ing  of coord ina t ion  in MASs. 
Tuple centre based models are particularly suitable for 

coordination of mobile agents in open and dynamic environ- 
ments like the Internet [3]. Essentially, two are the main 
reasons: first, the temporal and spatial uncoupling proper- 
ties of generative communication - on which these models 
are based - make more agile the communication among au- 
tonomous (mobile) agents, which can interact without know- 
ing each others or without establishing temporal meeting 
points. Second, objective coordination supported by these 
models allows to enable effective coordination despite of the 
openness and dynamism of the environment, without need- 
ing an agreement among the coordinated agents. 

Objective coordination makes these models suitable for 
heterogeneous MAS: tuple centre based models don't require 
any specific computational model for agents - which could 
be high level like BDI agents as well as low level like simple 
threads. Therefore, they can be used with different agent 
models, providing a uniform conceptual framework for in- 
teraction and coordination. 

The main critic coming from the agent community to tu- 
ple centre models is that they induce some form of central- 
ization in MAS. Actually, these models conceive the global 
agent interaction space as a multiplicity of independent in- 
teraction contexts, organized according topologies that de- 
pends on the specific model: in TuCSoN, for instance, tuple 
eentres belong to (network) nodes, organized in trees [5]. 
Typically, agent societies are build upon a dynamic set of 
decentralized tuple centres, according to the social aspects 
to be represented and enforced. This centezt-or~ented vi- 
sion has been promoted also by other approaches, in partic- 
ular focusing on mobility and its relationship with coordi- 
nation [2, 25]. 

Part of the agent community (in particular FIPA groups) 
also criticizes the absence of a (high level) semantic for 
the (Linda-like) coordination language used by tuple cen- 
tre models. However, these coordination models have been 
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G 
A:cfp 

~ reject 

B:not_.understood " ~  ' 

A:accept_proposa~.~ 

B :failure 

A: inform @ 

F i g u r e  1: T h e  F I P A  c o n t r a c t  n e t  p r o t o c o l .  

designed explicit ly to enable coordinat ion relying only on ob- 
sec'oable beh~viour of agents, wi thout  any assumption about  
their  mental  at t i tudes.  Again,  this choice seems to be par- 
t icularly effective to enable coordinat ion in open environ- 
ments, where no assumption about  benevolence or veracity 
of agents can be  made. 

Interact ion protocols are a coordinat ion model  tha t  has 
been part icularly criticized bo th  from the agent communi ty  
and the coordinat ion community.  The  agent communi ty  
does not  criticize the  idea of  interact ion protocol,  i.e., of 
a predefined pa t t e rn  of interaction,  but  it heavily criticize 
the  description in terms of finite s ta te  machines with the 
characterist ics showed in section 3. The  problems of using 
such a description are: 

• it does not  consider formally the contents of messages, 
e.g., the  specification of the F IPA contract  net  does not  
s ta te  what  a contractor  might  include in its proposal; 

• it does not  provide mechanisms for shor tcut t ing  the  
protocol  in favourable situations,  e.g., in the  F I P A  
contract  net  when only one contractor  is available, the  
manager  cannot  decide to hire it wi thout  engaging the 
whole protocol;  

• i t  is hard to  verify tha t  messages comply with the  se- 
mant ics  of the ACL, e.g., for the  case of the FIPA 
contract  net, no formal proof is available tha t  sending 
a p~opoee in response to  a c fp  is coherent with the  
semantics of such performatives.  

A small group of researchers is facing the problem of finding 
al ternat ive means for specifying interact ion protocols. For 
example,  Singh proposes to  formalize interact ion protocols 
in terms of commi tments  between agents playing different 
roles [30]. P i t t  and Mandhani  propose interact ion protocols 
as a means to define the  semantics of ACLs [24]. Such pro- 
posais are not  yet accepted because they require to change 
the semantics of  the ACL. 

Parts  of the coordinat ion communi ty  criticize interact ion 
protocols because they couple coordinat ion and computa-  
tion. The  useful par t  of the  code of an agent is interleaved 
with code tha t  is there  only to support  coordination.  

The  s tudy of the coordinat ion capabilit ies of the seman- 
tics of ACLs is a ra ther  novel theme  and no previous work 
with  a reasonable impor tance  is available. The  problem of 
this approach is tha t  i t  heavily demands on the  agent 's  car 
pabilities. Agents must  integrate  a full-featured planner  to  
exploit  such an approach completely. Anyway, it provides 

a purely goal-oriented coordinat ion,  i.e., interact ion is per- 
formed only to  achieve goals and it is not  an act ivi ty  on its 
own. Notably,  this approach subsumes tha t  of interact ion 
protocols because agents might  use the  semantics of the  ACL 
to assemble interact ion protocols on the  fly. This  suggests 
tha t  the  use of bo th  approaches can relax the requirements  
on the  agent 's  capabilities. For example,  a t rade  off between 
t h e ~  approaches is proposed in the  PAI tADE framework [1]. 

We conclude the  discussion compar ing models features ac- 
cording to some basic cri ter ia  / propert ies,  which we found 
interesting and useful from an engineering point  of view. 

Design Focus 
Tuple centre  modes enhance design focus because the  in- 
teract ion between agents can be designed by focusing on 
their  individual  tasks (e.g., concentra t ing  on the informa- 
t ion needed and produced / inferred by the agent in the  
process of  achieving its tasks), in many  sense disregarding 
the  social tasks of the  groups the  agent belongs to  [4]. This  
is the case also for coordinat ion based on the semantics of  
the ACL: the interact ion is not  designed at all and the focus 
is only on agent 's  tasks. 

Coordination Design 
Tupla centre models allow social rules to be  represented in 
t e rm of coordinat ion laws, changed upon the  coordinat ion 
media,  and can be designed and implemented  independently, 
wi th  no concern for the  internal  s t ruc ture  of the agents [4]. 
This  is the  case also for the  coordinat ion based on the seman- 
tics of the  ACL because the coordinat ion laws are expressed 
through the  semantics of the  performatives.  

Modularity and Reusability 
Autonomous  agents focusing on their  tasks, wi th  no concern 
with  coordinat ion issues and designed around very straight-  
forward interact ion protocols,  are a na tura l  source of mod-  
ular i ty of mul t iagent  systems. They  can be reused wher- 
ever their  capabili t ies are needed, independent ly  of the social 
rules. Dually, coordinat ion rules can be  exploited to achieve 
social tasks simply given the  agent goals and protocols, in- 
dependent ly  of the internal  s t ruc ture  of the agents [4]. In its 
more pure form, only coordinat ion based on the  semantics of 
the ACL provides suppor t  this characterist ic.  Agents take 
such semantics form a l ibrary and they are not  concerned at 
all about  the coordinat ion  issues. Also tuple  centre models 
might  exhibit  such a feature  to  some extend,  but  it depends 
how the  developer decide to  use the features they provide. 
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Incremental  Design and Implementation 

In tuple centre based models, once the social rules are de- 
signed, individual capabilities can be refined so an to im- 
prove the agent ability to achieve its task independently of 
the rest of the systems. Analogously, once that agents tasks 
and interaction protocols are designed and implemented, co- 
ordination rules can be independently refined so as to im- 
prove the capability of the multiagent system to achieve its 
social goals [4]. Basically also the other two models exhibit 
to some extent this characteristic, even if in tuple centre 
based models this feature is more evident, thanks to the 
complete separation between coordinated agents and coor- 
dination rules, encapsulated in tuple centres. 

Support f o r  Prescriptive Coordination 

Prescriptive coordination is the possibility to constrain agent 
interactions to reflect sound bel~aviours according to the so- 
cial goals defined for the agent society, balancing agents' 
autonomy and the enforcing of coordination activities. This 
can be achieved with all three models we analysed; however 
(i) it is harder to achieve it practically through interaction 
protocols because of their possible lack of semantics; (ii) 
models supporting objective coordination, such as tuple cen- 
tre based ones, can be prescriptive without relying on any 
assumption on agents' veracity, skills and knowledge about 
coordination activities, which are required by the other two 
approaches. 

Support for Formal Approaches to Interaction and Co- 
ordination 
Thple centres are interaction contexts which defines, by virtue 
of their operational semantic, a total order of the communi- 
cation events (and reactions) managed, and a local notion of 
time [181 17]. This feature - which is provided by the model 
- enables consistent observation of interactions happening 
in the social context deKned by a single tuple centre. Then, 
in principle, formal approaches and tools (such as tempo- 
ral logics, model checkers) c~n be exploited to reason about 
social context evolution, to verify properties of coordina- 
tion activities. The same features can be provided by the 
other two approaches, but as mechanisms or implementation 
strategiesj and not as feature of their models. 

6. CONCLUSIONS 
We discussed three representative approaches for the co- 

ordination in multiagent systems, coming from different re- 
search areas (distributed artificial intelligence and parallel 
computing in primls), and we provided a comparison, focus- 
ing on their impact on the engineering of MASs. 

Actually, some comparative surveys about coordination 
models can be found in literature [23, 22, 29], but  either 
they do not cover the heterogeneity cf the coordination ap- 
proaches found in MASs, or they do not account for the 
engineering impact of the models on the design and devel- 
opment. 

This paper is not meant to propose a final choice between 
the coordination models that we analysed. We believe that  
such a choice is not possible until we focus on the engineering 
properties of the system we want to build. Nevertheless, the 
comparison between such models helps understanding them 
better and provides some guidelines for choosing the right 
model for each system. 
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