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Abstract 43 

By self-organising applications, we mean essentially applications running without central 44 
control, and whose different behaviour of individual entities lead to an emergent coherent 45 
result. Biologically inspired applications, autonomous agents, applications running on peer-to-46 
peer networks all exhibit self-organising behaviour. These applications belong to several 47 
diverse domains, but we will focus on applications related to Grid computing, Games and 48 
Simulations, Business Process Infrastructure, Network Management, Robots and the 49 
Agentcities Network. By engineering self-organising applications, we mean all the 50 
methodologies and techniques necessary to design, deploy, and maintain those applications. 51 
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This document describes the framework and the goals pursued by the Engineering Self-52 
Organising Applications (ESAO) WG within the Agentcities project. 53 

54 
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1 Introduction 78 
 79 
By self-organising applications, it is usually meant applications or systems that take 80 
inspiration from biology, physical world, chemistry, or social systems. Among others we can 81 
mention systems that reproduce socially-based insect behaviour, such as robots or artificial 82 
life. Characteristics of these applications are their ability to achieve complex collective tasks 83 
with simple individual behaviours, without central control or hierarchy. 84 
 85 
If we consider now, two or more software entities that communicate with each other, but that 86 
have been designed independently, and that are supposed to interact without any central 87 
control, we notice that they present self-organising properties. Indeed, there is some global 88 
result emerging from their interaction; entities have only local knowledge but participate to 89 
some collective task;  they are heterogeneous in their design and behaviour, but nevertheless  90 
work together; and they engage spontaneous local interactions.  91 
 92 
Then, more generally, we can consider self-organising applications as being applications 93 
made of several pieces and acting without any central control, and whose different individual 94 
autonomous behaviour lead to an emergent coherent result. They include applications 95 
presenting a socially-based collective behaviour, but also multi-agent systems, pervasive or 96 
wireless applications, as well as those to be deployed on a Grid or on a peer-to-peer (P2P) 97 
network.  With the advent of wireless portable device assistants (PDAs), the number of 98 
unanticipated entities wishing to communicate will increase drastically.  They will form a highly 99 
dynamic environment, with running entities leaving and arriving continuously, making it 100 
impossible to rely on traditional engineering techniques. 101 
 102 
Indeed,  self-organising software raises engineering questions that techniques defined for 103 
traditional systems cannot answer:  104 
 105 
• How can such an application not simply crash when part of the network is down or 106 

unreachable? Exception handling may be no longer sufficient for an autonomous 107 
component that needs to continue its execution despite failures; 108 

• How can the different components interact and co-ordinate properly without run-time 109 
errors? Syntactical type checking needs to be assisted by a semantical description of 110 
behaviours and interactions; 111 

• How to be sure that the application as a whole behaves correctly and delivers the desired 112 
(or a minimal) functionality in every situation? Design time model checking or testing need 113 
to be completed by run-time verification and guidance; 114 

• What is the best way to design and program these applications? How can we perform the 115 
separation of concerns? How to engineer the applications such that a verification 116 
becomes possible? 117 

 118 
Currently, these applications are developed in an ad hoc manner, leading to solutions that do 119 
not exploit entirely the decentralised aspect of the application, and consequently do not 120 
benefit from their natural robustness, and fault-tolerance. 121 
 122 
Primary objectives of the Agentcities initiative include semantic interoperability between 123 
systems deployed in the network, and their ability to discover one another and to  provide 124 
each other with services. Traditional Web services, but also envisioned complex systems that 125 
will run on the Agentcities network naturally present self-organising principles: autonomous 126 
components interact and produce emergent results; heterogeneously designed entities 127 
discover themselves at run-time; entities join and leave permanently teams or groups. Today 128 
these systems are engineered by adhering to common standard, and pre-defined 129 
communication schemas, which prevent them from being truly self-organised. 130 
 131 
The goal of the Engineering Self-Organising Applications (ESOA) WG is to describe problems 132 
and challenges related to the design, deployment and maintenance of self-organising 133 
applications, and to bring pieces of solutions in the framework of the Agentcities project, but 134 
also more generally for next generation information networks. 135 
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 136 
 137 
This document first briefly describes the applications and domains, presenting self-organising 138 
aspects, on which the WG will concentrate. It then presents two case studies: an emergency 139 
scenario that is likely to be implemented on the Agentcities network by the Social Systems 140 
WG; and a Web Service composition based on context-awareness. Both scenarios will serve 141 
as case studies throughout the documents produced by the ESOA WG. This document then 142 
reviews current techniques, but also emerging methodologies, for designing and 143 
implementing self-organising applications. Finally, it lists open issues related to the 144 
engineering of self-organising applications. 145 
 146 

147 
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2 Self-Organising Applications 147 
 148 
Self-organisation principles or properties are present in applications ranging from agents, to 149 
decentralised systems, and to biologically inspired systems. This section mentions briefly 150 
applications and domains presenting self-organising aspects. A more complete survey of self-151 
organising applications can be found in [ESOA02b]. 152 
 153 

2.1 Biologically Inspired Systems 154 
 155 
Biologically Inspired Systems.  As mentioned in many researches dealing with the 156 
biological diversity, living organisms are a good example of self-organised entities because 157 
they exhibit  macroscopic order from microscopic disorder within themselves.  One of the 158 
most studied cases of natural behaviour is the social insects colonies. Indeed, each colony 159 
acts/represents a complex system where individual/simple entities organise themselves to 160 
ensure the survival of the colony by means of a reactive individual behaviour and a co-161 
operative collective one. Such behaviours can be observed from different activities: foraging, 162 
building nests, sorting larvas,...etc.  Co -operation in these systems is mediated by an efficient 163 
communication mechanism relying on the inscription of task evolution in the environment. 164 
This indirect communication between the different members of the colony through the 165 
environment is called stigmergy and was introduced for the first time by Grassé in [Grassé59]. 166 
This paradigm has inspired many computer scientists across various research domains such 167 
as robotics [Kube98], network routing [Dorigo98], network load balancing [Fenet98], and 168 
optimisation algorithms [Mallon00].  169 
 170 
In all these cases the global and complex collective behaviour, emerging from interactions 171 
between simple entities, is dominating. 172 
 173 
 174 

2.2 Grid 175 
 176 
Distributed Computing Initiatives. Peer-to-peer (P2P) computing applications run on sets of 177 
peer machines, i.e., with no central server. Examples of these applications include: files 178 
sharing, such as the one provided by Gnutella1; computing power sharing from SETI@home2, 179 
a scientific experiment that uses Internet-connected computers in the Search for 180 
Extraterrestrial Intelligence (SETI); common storage such as provided by OceanStore3 181 
[Rhea01].  182 
 183 
The common point of all these applications is their decentralised nature; the sharing by all, 184 
sometimes anonymous, users of the available computing  resources (information, CPUs, and 185 
storage capacities); and the highly dynamic network topology, since nodes can join and leave 186 
continuously the network. 187 
 188 
 189 
Grid Computing. Grids are persistent environments that enable software applications to 190 
integrate instruments, as well as computational and information resources managed by 191 
diverse organisations in widespread locations [Foster01]. 192 
 193 
The self-organising aspect of Grid applications lays in the fact that heterogeneous, 194 
independent software, hardware, databases are asked to be combined in order to perform 195 
some world-wide computation. 196 
 197 

                                                   
1 http://www.gnutella.com/system 
2 http://setiathome.ssl.berkeley.edu 
3 http://oceanstore.cs.berkeley.edu 
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2.3 Business Process Infrastructure 198 
(to be completed) 199 
 200 
Manufacturing Systems. (to be completed) 201 
 202 
 203 
Electronic and Mobile Services (rather than web services). 204 
Services are defined as software components, or building blocks that are provided in order to 205 
be assembled, and re-used in a distributed Internet-based environment [Pernici00], [Maamar]. 206 
Development of customised services by integration of existing ones referred to as service 207 
composition, has received a lot of attention in the last few years.  Mainly the development of 208 
such services goes through three main steps:  first services are matched against a user query 209 
(discovery) in order to select the relevant service offers, secondly a feasible order in whish 210 
these services can be executed is determines (generally using workflow models) and finally 211 
the composite service is executed.   212 
 213 
The process of discovery, composition and execution of services can be viewed as a self-214 
organising system, where. each service provider participates in the task of forming “a new 215 
composite service” (the emergent behaviour is the formation of composite services) without 216 
being aware of it.   217 
 218 

2.4 Networks 219 
 220 
Ad-Hoc networks. Technologies such as PDAs and Bluetooth are permitting a new form of 221 
ad hoc network, spontaneously built while people carrying PDAs are located in a close area. 222 
These networks permit in turn new forms of applications where people need to locate other 223 
people or information in their vicinity. 224 
 225 
Ad-hoc networks are wireless, self-organising systems, formed by co-operating nodes within 226 
communication range of each other, that form temporary networks. Their topology is dynamic, 227 
decentralised, ever-changing and the nodes may move around, join and leave, arbitrarily. 228 
 229 
 230 
Pervasive/Ubiquitous Computing. Communicating computer systems are now invading our 231 
everyday's life: phones, cars, domestic appliances, clothes, smart-cards, PDAs. 232 
Communication occurs within short or long distances, depending on the wireless or 233 
networked nature or the systems. Application domains are as diverse as: health monitoring, 234 
home networking, automobile network, mobile e-business, spontaneous networks, smart 235 
spaces, sensors nets. 236 
 237 
The ubiquitous nature of applications running on such computers make them self-organised, 238 
since software running on heterogeneous devices engage interactions either spontaneously, 239 
or in a more disciplined manner in order to realise some expected service. 240 
 241 

2.5 Games and Simulations 242 
 243 
Robocup. (to be completed) 244 
RoboCup is an international joint project to promote AI, Robotics and related fields. It 245 
attempts to foster research in AI and robotics by providing standard problems, i.e. a football 246 
competition (RoboCup Soccer) and a rescue task (RoboCup Rescue), where a wide range of 247 
technologies can be integrated and examined. 248 
  249 
Disaster rescue is one of the most serious social issues which involves very large numbers of 250 
heterogeneous agents in the hostile environment. The intention of the RoboCupRescue 251 
project is to promote research and development in this socially significant domain at various 252 
levels involving multi -agent team work co-ordination, physical robotic agents for search and 253 
rescue, information infrastructures, personal digital assistants, a standard simulator and 254 
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decision support systems, evaluation benchmarks for rescue strategies and robotic systems 255 
that are all integrated into a comprehensive systems in future. Its origin is drawn from the 256 
observation of the inefficiency of the current rescue efforts when a significant natural disaster 257 
occurs. This was illustrated at the time of the catastrophe of Kobe in Japan. The problems 258 
that are faced are very close to multi-agent systems in a strongly dynamic environment. 259 
  260 
A generic urban disaster simulation environment is constructed on network computers. 261 
Heterogeneous intelligent agents such as fire fighters, commanders, victims, volunteers, etc. 262 
conduct search and rescue activities in this virtual disaster world. Real-world interfaces such 263 
as helicopter image synchronises the virtuality and the reality by sensing data. Mission-critical 264 
human interfaces such as PDA support disaster managers, disaster relief brigades, residents 265 
and volunteers to decide their action to minimise the disaster damage. 266 
  267 
A RobocupRescue situation exhibits self-organising aspects, since there is no agent at the 268 
RobocupRescue scenario that knows what is happening everywhere. Central buildings will 269 
know information from the environment if they receive inputs from the corresponding team 270 
agents. Team agents can co-operate each other but with a local view. A message sent by an 271 
agent can only be perceived by agents 30m around. Each type of agents can perform actions 272 
upon a set. Agents can only receive and send four mails every simulation cycle. Central 273 
buildings can divert agents to specific zones of the map in order to make a more profitable 274 
operation. 275 
 276 
 277 
Games. (to be completed) 278 
 279 

2.6 Robots 280 
Robotics is particularly a good domain for studying self-organisation.  Robots can be viewed 281 
as agents enjoying the following characteristics [Kouadri02]: 282 
 283 
•Embodiment: robots have bodies and experience the world directly. Their actions are part of 284 
a dynamic with the world and have immediate feedback on the robots.  285 
 286 
•Situatedness: the robots are situated in the world, they do not deal with abstract 287 
descriptions, but with the ``here'' and ``now'' of the environment that directly influences the 288 
behaviour of the system. 289 
 290 
•Autonomy: robots operate without the direct intervention of humans or others, and have 291 
control over their actions and internal states.  292 
•Social ability: robots can communicate via some kind of robot-communication languages, 293 
and typically have the ability to engage in social activities in order to achieve their goals. 294 
 295 
•Mobility: robots are mobile; this mobility provides a simple abstraction for a complex 296 
distributed system. 297 
 298 
•Adaptability: robots can adapt their individual behaviors, or the collective behaviors to new 299 
situations, while in a continuous interaction with the environment. 300 

2.7 AgentCities 301 
 302 
Autonomous Agents. An agent is anything that can be viewed as perceiving its environment 303 
through sensors and acting upon that environment through effectors, in order to satisfy an 304 
individual goal. Agents act autonomously, without the direct intervention of humans, or any 305 
central control, and are able to interact with other agents, or with humans, in order to 306 
complete their own problem solving [Weiss99,Jennings98]. 307 
 308 
Agents, and their learning capabilities, inherently vehicle the notion of self-organisation. 309 
Indeed, each agent autonomously takes decisions, on the basis of its local (incomplete) 310 
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knowledge, that will allow it to solve its goal; and the learning process smoothly influences the 311 
self-organising behaviour. 312 
 313 
 314 
Agentcities Network. Agentcities is an initiative designed to construct a world-wide, open 315 
network of platforms hosting diverse agent based services. The aim is to enable the dynamic, 316 
and autonomous composition of services, creating compound services to address changing 317 
needs. The initiative is founded on technologies, such as agent technology, Semantic Web 318 
technologies, UDDI discovery services, eBusiness standards and Grid Computing. 319 
 320 
Services and compound services that are expected to run on the Agentcities network have 321 
self-organising aspects such as: correct dynamic composition of independently designed 322 
services; or spontaneous interactions among services.  323 
 324 
 325 
 326 

3 Case Studies 327 
This section presents two case studies that will serve throughout the different papers 328 
produced by the working group. The emergency scenario describes how rescue scenario of 329 
the future. The particularity of this case study is the heterogeneity and the relative complexity 330 
of  its components. The second case study concerns the composition of Web services based 331 
on context-awareness.  This mid-term case study shows an example of self -organising 332 
behaviour of components of the same nature (Web services). 333 

3.1 Emergency Scenario 334 
Let's define a city as a cluster of organised housing, production and transportation facilities 335 
established within the atmospheric, aquatic, soil, fauna and flora environment. City related 336 
functions include: 337 
1. Provide housing facilities for people and production media 338 
2. Provide a network for water, energy and goods supply 339 
3. Provide mobility infrastructures and services 340 
4. Provide health, education and entertainment services 341 
5. Threatening life 342 
6. .... 343 
 344 
An emergency scenario is defined as a situation where one of the facilities defining the city 345 
concepts and its functions is influenced. For example:  346 
A.  Harbour fire, related to mobility infrastructures  347 
B. Gas explosion, related to network for water, energy and goods supply  348 
C. Earthquakes, related to environmental parameters  349 
D. Forest fire, related to environment, flora and fauna  350 
E. Accident in an industrial plant, related to threatening life 351 
F. Catastrophic scenarios regarding big-uncontrolled shows (soccer, pop-starts, ....), related 352 

to threatening life 353 
 354 
In a disaster scenario several emergency services need to be deployed in order to restore a 355 
normal functioning. For example, fire brigades can stop fire in a gas explosion, and then the 356 
gas company restore the damaged pipe. In the meanwhile, police forces divert the traffic to 357 
alternative routes.  358 
 359 
Agent technology can help in two dimensions in order to mitigate the disaster mainly by 360 
following two approaches: 361 
1. Agents provide support to missing damaged functionality of services; 362 
2. Agents provide training and guidelines for real emergencies. 363 
 364 
 365 
(explain why it is considered a SOA, characteristics) 366 
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3.2 Web Services Composition Scenario 367 
(scenario: to be completed) 368 
 369 
(explain why it is considered a SOA, characteristics) 370 
 371 
 372 

4 Taxonomy 373 
Links with definition of complexity theory (to be completed) 374 
 375 
The characteristics of the systems described above are the following:  376 
 377 
Heterogeneity. Independently designed and developed software systems, as well as 378 
software having different goals and communication means,  need to interact with each other. 379 
Traditional techniques rely on the use of a common ontology  and communication protocols to 380 
enable interoperability.  381 

 382 
Decentralised Control. Due to their heterogeneous and dynamic nature, to their quantity, it  383 
is impossible to centrally or hierarchically control a set of running entities.  Entities have no 384 
global knowledge, they have only a local incomplete knowledge, and their large number leads 385 
to local interactions among them. Nevertheless, a coherent result or series of results emerges 386 
from their interactions, i.e., the interaction of correct components leads to a correct global 387 
behaviour at run-time. 388 

 389 
Changing Topology. Components join and leave permanently a group, a team, or a network. 390 
The choice of the group to join is even not foreseen at design time. 391 

 392 
Pervasive. Computer systems are embedded in every object, and the network connectivity is 393 
pervasive, both for traditional and ad-hoc networks. 394 

 395 
Run-time co-ordination. Entities have to co-ordinate correctly, i.e., to understand each other 396 
at run-time, to interoperate, to discover resources and functionality, and to engage 397 
collaborations and negotiations on the basis of expected behaviour of peers.  398 
 399 
Adaptable. There is a need for adaptation to a changing environment, i.e.,  to overcome 400 
network problems, even in case of unreachable network zones, low bandwidth, or insufficient 401 
memory space; and to offer acceptable quality of service, even with low-level peers. Some 402 
computing systems need to run anytime, despite the needs for evolution and maintenance. 403 
 404 
 405 
The ESOA WG will focus on the following application domains: Grid computing (comprising 406 
P2P networks), Networks (traditional and ad-hoc networks), Games and Simulations, 407 
Business Process Infrastructure, and Agentcities. The emergency scenario falls into both the 408 
Games and Simulations domain, and the Agentcities domain. 409 
 410 
 411 
Table 1 lists the main self-organising characteristics, classified by domains, for the 412 
applications mentioned in Section 2. 413 
 414 
 Grid BPI  Networks  Games/Sim Robots Agentcities 
Heterogeneity x     x 
Decentralised x x x x x x 
Changing Top.   x    
Pervasive   x    
Run-time coor. x   x   
Adaptable   x x   

Table 1:  Application Domains and Main Self-Organising Characteristics 415 
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 416 
 417 
 418 
We have explained above the characteristics of SOAs, we will now precise what we do not 419 
consider a SOA. A system made of several entities, but all designed by the same team, such 420 
as a traditional client/server  system; entities designed by different independent teams, but 421 
whose interfaces and communication protocol are known in advance; or a system which is 422 
centrally or hierarchically controlled. 423 
 424 

5 Engineering of SOAs 425 
A more detailed review of the techniques currently used for engineering  self-organising 426 
applications is given in [ESOA02a]. 427 

5.1 Current Techniques 428 
Current techniques address some of the characteristics mentioned above in isolation, usually 429 
with low-level concerns (API descriptions), relying on standards, and on agreed, pre-defined 430 
communication elements. However, there is currently no means, or software engineering 431 
technique, of developing software entities and to be sure that they will be able to interact with 432 
other entities and that the outcome of the interaction is an accepted behaviour. 433 
(Link with document on issues?) 434 
 435 
Standards. List of standards (to be completed) 436 
For instance, component-oriented programming requires standards to allow independently 437 
created components to interoperate, and specifications enabling the composer to decide what 438 
can be composed under which conditions.   439 
 440 
 441 
Agreed communication elements. List … (to be completed) 442 
For instance, Web services development requires the programmers to search Web services 443 
repositories for retrieving the specification (interface, protocol, conversation), of the services 444 
they want to communicate with. Specifications are expressed using a common XML format.  445 
Autonomous agents communicate by adhering to some common communication language, or 446 
ontology. 447 
 448 
Agreed interfaces and standards offer a good basis for interoperability, since they ensure 449 
syntactical compatibility, and communication protocol adherence. However, requests for Web 450 
services cannot be expressed on the basis of the caller's needs. They are driven by what is 451 
offered by potential furnishers. Similarly, agents requests must conform to standard 452 
primitives, thus tuning of particular requirements may be impossible.   In addition, once these 453 
entities enter in some interaction, there is no means to ensure the run-time correctness of the 454 
interaction. A Web service, invoking another Web service, assumes that the partner's 455 
behaviour is compatible with the published specification, and that the issue of their common 456 
interaction will not leave one of them in a run-time error state. This problem is even more 457 
acute for a Web service satisfying a request: it has no idea of the partner's behaviour, it is 458 
committed to satisfy the request, which is  syntactically correct, but it has no guarantee on the 459 
issue of the interaction. By adhering to ontologies, agents also perform some assumptions on 460 
the partner's behaviour - relying on the underlying ontology semantics - and no guarantees 461 
are given regarding the interaction issues. 462 
 463 
A Rescue Scenario is in essence a self-organising application. Several rescue 464 
services/agents act in a same scenario with the same goal: rescue people. However, each 465 
agent has a set of abilities, namely, ambulances are able to transport victims but are not able 466 
to extinguish fires. No co-ordination strategy has been planned in advance, and if so (for 467 
example, emergency plans in chemical factories), the critical circumstances make plans 468 
planned in advance fail very often. Moreover, services can be up and down, depending on 469 
their evolution in the rescue scenario (a fire brigade can be stuck, for example, between two 470 
blocked roads). Services should co-operated in order to get a coherent emergent result.  471 
See [SCER02] for further details on the Rescue Scenario.  472 
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 473 

5.2 Emerging Trends  474 
Technologies, which take their inspiration from biology, or social systems, as well as software 475 
engineering solutions for developing those systems, are emerging. 476 
 477 
 478 
Biologically/Socially based systems. Pervasive Intelligence views and designs multi-agent 479 
systems as ``ecosystems of physical agents'',  organised after biological, physical, or 480 
chemical principles [Servat02]. 481 
 482 
Amorphous Computing envisions programming models of collective behaviour  [Abelson00], 483 
where local behaviour is obtained using primitives derived from morphogenesis and 484 
developmental biology. Amorphous computing was driven by software engineering concerns 485 
to obtain coherent behaviour from non trustable computing devices interconnected in local, 486 
unknown, irregular and time-varying ways. 487 
 488 
 489 
New Software Engineering Techniques. The behaviour of large software systems is being 490 
recognised as sharing similarities with human or biological organisations, where the global 491 
behaviour derives from the local behaviour of individual entities. The need for new software 492 
engineering techniques for modelling, testing and maintaining these software under an 493 
intentional and biological perspectives are advocated [Zambonelli02].  494 
 495 
In order to address engineering requirements for complex systems, architecturally 496 
independent methodologies that enable to build robust and scalable systems are necessary. 497 
ROADMAP, an extension of the agent-oriented software engineering Gaia methodology, has 498 
been proposed [Juan92]. It enriches the Gaia methodology with additional models capturing 499 
the environment, the organisational structure of the system, the computational organisation of 500 
the interacting roles, and the social goals. 501 
 502 
Dynamic methodologies, such as the Karma-Teamcore framework, enable rapid and robust 503 
team formation and integration of distributed, heterogeneous agents [Tambe00].  The system 504 
designer specifies the hierarchy and the high-level goals of the agent organisation. The 505 
KARMA assistant derives requirements for roles and searches for agents matching the 506 
required criteria. Teamcore wraps domain agents, and automatically enforces co-ordination 507 
synchronisation actions. The wrappers actually execute the team-oriented program.  508 
 509 
Information Exchange.  Ontologies, Entish …. 510 
 511 
 512 

5.3 Case Studies 513 
 514 
Emergency Scenario.  515 
Every service/agent has been designed independently, according to different human and 516 
organisational aspects. There are so many kind of organisations that can take part in a rescue 517 
scenario that it is difficult to establish a common framework to built a methodology.  The 518 
methodology should be in line with agent technology. But, what should be the communication 519 
protocol? What about the interaction protocol? Which is the ontology? The two first questions 520 
can be solved by standards as FIPA. However, standards are designed to be used in a 521 
normal functioning. In the rescue scenario, however, communication is a critical issue. The 522 
volume of messages can be huge and the communication channels can be damaged.  523 
 524 
Regarding ontology: at which level should it be defined? Local? National ? International? 525 
Assuming that the disaster has been in a city, it is not enough to assume also that the 526 
services provided will come from the city (local). The scale of the overall system is then also a 527 
matter of study. How is it possible to define a methodology for so many kind of 528 
services/agents? 529 
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 530 
 531 
 532 
 533 
Web Services Composition. (to be completed) 534 
In the case of the web services composition, some solutions begin to appear … 535 
 536 
 537 

6 Software Engineering Issues 538 
Both agents and distributed systems communities feel that new, best-adapted, software 539 
engineering principles, are necessary for designing, developing and maintaining systems 540 
presenting self-organising properties. 541 
 542 
From one hand, biologically inspired solutions emerge. On the other hand, there are calls for 543 
brand-new software engineering practices. However, the engineering of self-organising 544 
applications is at its infancy.  No recommendations or best practices have yet been 545 
established. There are still open issues that need to be filled in the next years by agents and 546 
software engineering community, especially issues related to the key properties expected by 547 
self-organising applications: robustness, dependability,  autonomy of design, and of 548 
behaviour. 549 
 550 
 551 
Design and Models. It is impossible to describe the behaviour of a self-organising system in 552 
terms of its components; impossible to evaluate the effect of local interaction at the global 553 
level (chaos), difficult to predict the global dynamic behaviour of the model.  Indeed, 554 
boundaries of software systems become fuzzy, it becomes hard to understand and control the 555 
overall behaviour, especially in the presence of heterogeneous entities interacting in 556 
unknown, irregular and time-varying ways. 557 
 558 
 559 
Verification and Validation. It is impossible to verify, or to test the global behaviour of 560 
millions of heterogeneous interacting entities constantly joining and leaving a system . 561 
 562 
Evolution. It will become necessary to let systems evolve (e.g., maintenance) 563 
without stopping them. 564 
 565 
 566 
ESOA WG Goals. The Engineering Self-Organising Applications (ESOA) WG intends first to 567 
clarify the links that exist between complex open systems, self-organisation, and multi-agent 568 
systems. Second, the ESOA WG advocates the need for new methodologies, and tools for 569 
designing, implementing, and maintaining large self-organising systems. Third, it aims at 570 
bringing pieces of solutions in the framework of the Agentcities network testbed.  571 
 572 

7 Conclusion 573 
Our feeling is that a modern system must be considered as a large organisation, with its 574 
global behaviour being an emergent property resulting from the local interactions of the 575 
entities or agents that form the system.  576 
 577 
Traditional techniques for modelling and designing are not suited with the dynamicity, and 578 
openness encountered by the local entities forming the system. Indeed, local entities must be 579 
given the means to overcome problems encountered during their execution life, which occurs 580 
in a global dynamic environment. They must be engineered such that they have the means to 581 
survive, i.e, to overcome failures and unexpected behaviour or partners, to adapt to changing 582 
topologies and partners, to discover each other, and to co-ordinate properly. In addition, the 583 
system as a whole must behave properly, even though the complexity of the system make it 584 
impossible to centrally control the whole system. Through local interactions and local co-585 
ordination only, the global system has to exhibit a correct macro-level behaviour. 586 
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 587 
Therefore, new software engineering practices considering such systems as self-organised, 588 
or as social decentralised organisations, and focusing on robustness, scalability, biologically 589 
inspired principles,  have to be considered. 590 
 591 
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