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Abstract. Collaborative networked environments emerged with the spread of 
the internet, contributing to overcome past communication barriers, and 
identifying interoperability as an essential property. When achieved seamlessly, 
efficiency is increased in the entire product life cycle. Nowadays, most 
organizations try to attain interoperability by establishing peer-to-peer 
mappings with the different partners, or in optimized networks, by using 
international standard models as the core for information exchange. In current 
industrial practice, mappings are only defined once, and the morphisms that 
represent them, are hardcoded in the enterprise systems. This solution has been 
effective for static environments, where enterprise and product models are valid 
for decades. However, with an increasingly complex and dynamic global 
market, models change frequently to answer new customer requirements. This 
paper draws concepts from the complex systems science and proposes a 
framework for sustainable systems interoperability in dynamic networks, 
enabling different organizations to evolve at their own rate.  

Keywords: Interoperability, Model Morphisms, Complexity, Dynamic Networks, 
Sustainability. 

1   Introduction 

In today’s networked economy, strategic business partnerships and outsourcing have 
become dominant business paradigms evidencing a tremendous increase in trade and 
investments between nations. This fact is evidenced by the globalization phenomena, 
which is entering a third era where the world becomes a tiny flat place and 
information can be exchanged and applied innovatively across continents, 
independently of races, cultures, languages or systems [1].  Also, mass-customization 
has become a major business hub replacing mass-productions, with trends changing 
their focus from technology and product-driven to market and customer-driven [2], 
[3], thus increasing trade and information exchange. 

This evolution has provided consumers a fundamental role on supply chains. 
Reliability and rapid delivery of defect-free products to customers is no longer seen as 
a competitive advantage, but as a requirement [4], [5]. Competitive markets are 
becoming increasingly complex and dynamic and the traditional way of doing 
business does not provide the expected efficiency [6]. Indeed, in most cases, a single 
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company cannot satisfy all customers’ requirements. It needs to streamline its supply 
chain (SC), and collaborate actively with partners to create valued networks between 
buyers, vendors, and suppliers [7].  Once, individual organizations battled against 
each other, but today the war is waged between networks of interconnected 
organisations [8], e.g. SCs. Therefore, to succeed in this collaborative but at the same 
time competitive environment, enterprise systems and applications need to be 
interoperable, i.e. be able to share technical, and business information seamlessly 
within and across organisations, and must be adaptable to different network 
environments at all product life cycle (PLC) phases [6], [9]. A proven approach to 
deal with interoperability relies on the usage of dedicated knowledge models and 
international standards acting as information regulators among organizations, and 
covering many industrial areas and activities, from design to production and 
commercialization1 [10].  

However, achieving that inside heterogeneous networks, such as SCs, is still an 
ongoing challenge hindered by the fact that they are, intrinsically, composed by many 
distributed hardware platforms, software tools and ICT. Even some standardisation 
groups are developing specific solutions to provide national capabilities, when the full 
potential benefits could only be achieved if interoperability was underpinned by a 
coherent set of open, and internationally accepted ICT standards [9], [11].  

Nevertheless, considering that the above issues are overcome and research 
successfully applied in industry, an emergent problem for seamless interoperability is 
rising, i.e. its sustainability within collaborative industrial networks: Retail and 
manufacturing systems are constantly adapting to new market and customer 
requirements, thus answering the need to respond with faster and better quality 
production; New organizations are constantly entering and leaving collaboration 
networks, leading to a constant fluctuation and evolution of business networks and 
system models; In addition, even standards need to be adjusted from time to time. All 
these factors are making interoperability difficult to maintain.   

After providing an overview on the state of the art research and applied solutions 
for interoperability achievement within industrial networks, this paper addresses the 
non-linear problem of the network stability maintenance. Concepts from the complex 
systems science are analysed and applied on top of the most advanced state of the art 
interoperability practice to elaborate a heuristic framework where dynamism is 
tolerated, thus allowing automatic readjustments in the information flows without the 
need to reprogram the full systems.  

2   Interoperability on Global Business Networks 

Global business networks are suffering from the delocalisation phenomena, with 
suppliers and manufacturers moving their production networks to countries with 
cheaper human efforts or skill competences. Nowadays, worldwide non-hierarchical 
networks are characterized by non-centralised decision making. This, increases the 
autonomy of hub organizations, enabling different rules and procedures for decision 

                                                           
1 FP6-507482 Knoweledge Web, FP6- 507590 CrossWork, FP6-507626 NO-REST, FP6-

507601 SPIDER-WIN, FP6-507849 ATHENA, FP6-508011 InterOP, and others. 
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making within the same supply chain, but decreases the effectiveness in terms of 
integration and interoperability, which is defined as ‘the ability two or more systems 
or components have to exchange information and to use the information that has been 
exchanged’ [12] [13]. Paraphrasing Steve Ray, Division Chief at the National Institute 
of Standards and Technology “Supply chains are plagued with uncertainty (…) Most 
goods are still handed-off through faxes, phone calls, paper documents, and a wide 
range of proprietary or standard-based electronic exchanges” [14].   

Indeed, interoperability has become the R&D target of many public and private 
programmes to address the above situation. To better describe the evolution of this 
domain, the authors classify current practices under the four following categories.   

2.1   Slack Interoperability  

Most of the information being exchanged through the internet is not much more than 
untagged text, which might be acceptable for human reading or to large-scale 
electronic libraries, but is useless for e-business [15].  In B2B relationships it is 
expected that computer systems are able to communicate with the minimum human 
intervention possible, thus maximizing efficiency and time-to-market. 

The authors classify as slack interoperability, all communication sets (Cs) where 
there is no previous understanding between the sender and receiver. All electronic 
messages (m) exchanged between the two different organizations requires a 
corresponding “request for clarification” (rc) from the receiver side (see eq. 1), a 
response from the sender (r), and in some cases a set of actions normally involving 
human intervention (ha).  ݉׊ א ,ݏܥ ,ܿݎ׌ ݎ א :ݏܥ ݉ ֜ rc ר r  (1) 

ሻݏܥሺݐ∆ ൌ ෍ ሺ݉௜ሻݐ∆ ൅௡
௜ୀ଴ ෍ ௜ሻܿݎሺݐ∆ ൅ ෍ ௜ሻ௡ݎሺݐ∆

௜ୀ଴ ൅ ෍ ሺ݄ܽ௜ሻ௡ݐ∆
௜ୀ଴

௡
௜ୀ଴  (2) 

This is highly inefficient since the total time spent on the communications among two 
organizations is given by the sum of four operands, and as expressed in eq. 2 (n = 
total messages exchanged), is increased with the time spent on the clarifications, 
responses and human interventions. Slack interoperability does not improve over 
time, and subsequent communications between the same organizations result in the 
same costs, i.e. no knowledge is stored and there is always the need to redo the entire 
clarification process. 

2.2   Unregulated Interoperability  

As stated before, enterprise systems and applications need to be interoperable to 
achieve seamless operational and business interaction, and create networked 
organizations [16]. However, as illustrated by Fig. 1, organizations are traditionally 
focused on peer-to-peer relationships, thus disregarding the overall collaboration need 
of the network. Each organization tends to use its own data format and business rules, 
and handles as many mappings as the number of business partners. The fig. illustrates 
an extreme case where all organizations need to communicate with all the others.  
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Unregulated interoperability is quite 
efficient for networks of two or three 
organizations. However, it becomes 
unbearable for large networks, demanding a 
considerable financial effort, and producing 
an excessive workload for the software 
engineers responsible for the definition of 
the model morphisms (MMs) that enable 
communications (Cs) [17]. Each e-message 
(m) exchanged between two different 
organizations requires an initial effort to 
establish a mapping (map) among the models 
used by both (see eq. 3). Each time a new 
organization enters the collaborative network 
causes an increase of the total number of 
mappings (map(x)) of the network according 
to eq. 4, but unlike slack interoperability, the knowledge regarding the transformation 
is stored within the systems and the major time consumption is concentrated at the 
first business interaction, i.e. at the time of the mapping establishment. ݉׊ א ,ݏܥ !׌ ݌ܽ݉ א ݏܯܯ ׷ ݉ ֜  (3) ݌ܽ݉

ݔ׊ א Գ ׷ ሻݔሺ݌ܽ݉ ൌ ൜ 0, ݔ ൌ ݔሺ݌1݉ܽ െ 1ሻ ൅ ሺݔ െ 1ሻ, ݔ ൐ 1 (4) 

ሻݏܥሺݐ∆ ൌ ሻ݌ሺ݉ܽݐ∆ ൅ ෍ ሺ݉௜ሻݐ∆ ൅௡
௜ୀ଴ ෍ ௜ሻܿݎሺݐ∆ ൅ ෍ ௜ሻݎሺݐ∆ ൅௞

௜ୀ଴ ෍ ሺ݄ܽ௜ሻ௞ݐ∆
௜ୀ଴  ௞

௜ୀ଴  (5) 

When comparing the total time spent on communications (given by eq. 5) with the 
previous eq. 2, one might think that it has increased. However, that is not true since 
the request for clarifications (rc), corresponding responses(r) and human interventions 
(ha) are significantly reduced, being ‘k’ a limit lower than the total number of 
messages in the communications among two organizations within the network (n).  

Despite being the most common interoperability practice in industry, especially 
among SME’s, the costs of establishing a new mapping in unregulated 
interoperability is preventing the enlargement of networks, thus slowing the 
organizations expansion. Only through the adoption of harmonized and rigorous 
strategies is possible to break this barrier [18], [19]. 

2.3   Standard-Based Interoperability  

Standardization rapidly became an evident priority adding efficiency to unregulated 
interoperability. Several dedicated reference models covering many industrial areas 
and related application activities, from design phase to production and 
commercialization, have been developed enabling industrial sectors to exchange 
information based on common models [20] [21].  

 

 

Fig. 1. Unregulated Interoperability 
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In that sense, one of the most important 
sets of standards for representation of 
product information in industrial 
environments is ISO 10303, commonly 
known as the Standard for the Exchange of 
Product Model Data (STEP) [22]. It 
encompasses standards for several industrial 
sectors as the automotive, aircraft, 
shipbuilding, furniture, construction, and 
others. When using standards as the 
reference format for information exchange 
(Fig. 2), organizations only need to be 
concerned with a single morphism, i.e. the 
one describing the mapping among its 
internal system model and the standardized 
one being used in the communication. 
Therefore, for each message (m) exchanged 
between two different organizations, a single mapping (map) is required (see eq. 3). 

The major advantage comparing with unregulated interoperability concerns the 
total amount of mappings required within the network. As expressed by eq. 6, the 
total mappings (map(x)) correspond to the number of organizations (x). In this case, 
the collaboration effect is maximized and when a new organization enters the 
network, only needs to do a one-time effort of integration with the standard model. 
The remaining ones have no extra work.  ݔ׊ א Գ ׷ ሻݔሺ݌ܽ݉ ൌ ሻݏܥሺݐ∆ (6) ݔ ൌ ሻ݌ሺ݉ܽݐ∆ ൅ ෍ ሺ݉௜ሻݐ∆ ൅௡

௜ୀ଴ ෍ ௜ሻܿݎሺݐ∆ ൅ ෍ ௜ሻݎሺݐ∆ ൅௝
௜ୀ଴ ෍ ሺ݄ܽ௜ሻ௝ݐ∆

௜ୀ଴  ௝
௜ୀ଴  (7) 

Concerning the total time spent on the communications between organizations (given 
by eq. 7) with eq. 5 from unregulated interoperability, one might think that it is the 
same. However, that is not true since the request for clarifications (rc), corresponding 
responses(r) and human interventions (ha) are significantly reduced, being ‘j’ a limit 
lower than ‘k’, which is also lower than the total number of messages in the 
communication (n). Here, all the clarifications are related with domain semantic 
issues, not with the morphisms syntax, since they follow a standardized structure. 

2.4   Semantic Interoperability 

Interoperability is not a characteristic exclusive to ICT systems. On the contrary, it 
should be homogeneous throughout the network, crossing all enterprise levels, from 
the human knowledge, to business processes, down to plain data [16].   

Unfortunately, that is not yet completely accomplished, and not addressed by 
standard-based interoperability [23]. To this envisaged level, the authors refer as 
semantic interoperability. It is defined by two kinds of knowledge: tacit knowledge, 
that people carry in their minds, providing context for people, places, ideas, and  
 

 

Fig. 2. Standard-based Interoperability 
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experiences; and explicit knowledge that has been or can be articulated, codified, and 
stored in certain media, e.g. a standard [24]. It is because of the first, i.e. the human 
knowledge involved in businesses, that the previously described interoperability 
practices still require requests for clarification, and human actions need to be 
accounted in the total communications time. As an example, each stakeholder can 
have its own nomenclature and associated meaning for their business products. 
Therefore the information exchanged, even if sharing the same structure as in the 
standard-based interoperability, still may not be understood by all business partners 
[25]. Semantic annotation, semantic enrichment and knowledge mediation using 
domain ontologies are the current state-of-the-art research to address the above issues 
[25], [26], [27], [28]. Only when these challenges are accomplished, complemented 
with the usage of a standard, and applied in industry, seamless interoperability will 
become a reality.  ݉׊ א ,ݏܥ !׌ ,݌ܽ݉ ݌ܽ݉݋ݐ݊݋ א ݏܯܯ ׷ ݉ ֜ ݌ܽ݉ ר ݔ׊ (8) ݌ܽ݉݋ݐ݊݋ א Գ ׷ ሻݔሺ݌ܽ݉ ൌ  (9) ݔ2

ሻݏܥሺݐ∆ ൌ ሻ݌ሺ݉ܽݐ∆  ൅ ሻ݌ܽ݉݋ݐ݊݋ሺݐ∆ ൅ ෍ ሺ݉௜ሻ௡ݐ∆
௜ୀ଴  (10) 

As evidenced by eq. 8 and eq. 9, the number of mapping within the network will be 
more than in standard-based interoperability. This is because in addition to the 
morphism expressing the mapping (map) between the organization’s model and the 
standard model, there is also the need to map (ontomap) the organization’s semantics 
to a domain ontology, which is common to the collaboration network [29], [30]. The 
total time spent on the communications between two organizations (given by eq. 10) 
is heavily reduced when comparing with the previous practices, since having the 
domain semantics integrated, clarifications will no longer be required, and the 
communications set (Cs) automated. If semantic integration is done with other type of 
interoperability, other than the standard based, then the equations might not apply. 

3   Sustainable Systems Interoperability 

In the global market, companies and the networks which they are part of, tend to 
follow a dynamic and evolutionary behaviour as in complex adaptive systems (CAS), 
exhibiting similar properties: heterogeneous agents, interaction, autonomy, ability to 
learn, self-organization, melting zone, and coevolution [31], [32].  Organizations wish 
to adapt themselves accordingly to the market demands and the availability of new 
systems and applications, or just by reusing existing ones introducing new 
requirements and corrections (e.g. to adapt themselves to a new client or making part 
of a new marketplace). However, adaptation also builds complexity [33]. As a 
consequence of these adaptations, models and semantics change, resulting in 
harmonization breaking, and introducing a new dimension to interoperability 
research: sustainable interoperability.   
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3.1   Harmonization Breaking  

It is a well-established fact that in classical sciences, like physics, certain phenomena 
can be described in exactly the same way even if experiments are carried out under 
different observational circumstances. This means that the laws describing the 
phenomena display similar results for similar inputs, i.e. symmetries, or symmetric 
behaviour. Yet, experiments have proven that in extreme circumstances small 
fluctuations acting on a system may cause it to cross a critical point and evidence an 
unexpected behaviour. This disorder is designated as symmetry breaking, and is a 
characteristic of complex behaviour [34].  

Drawing a parallelism with the collaboration networks addressed in this paper, the 
behaviour evidenced by organizations can be characterized similarly. After 
interoperability is first established, the set of organizations within a network 
demonstrate stability exchanging e-messages following established laws (i.e. 
morphisms). Therefore, networks display symmetry.  However, as explained before, 
that may change according to new market requirements. If just one of the network 
members adapts to a new requirement, the harmony is broken, and the network begins 
experiencing interoperability problems. Therefore, the authors designate 
harmonization breaking, as the interoperability behaviour equivalent to symmetry 
breaking from classical sciences.       

3.2   Collaboration Networks and Complex Adaptive Systems  

Cybernetics and systems thinking are well established in management literature. 
However, they are limited in scope to the boundaries of a system and by the 
perspective of management. Cybernetic systems operate at the level of basic 
processes that are relatively undisturbed, and systems thinking is an approach to 
problem solving when substantial changes have occurred in processes, viewing 
disruptions as parts of an overall system. However, neither can deal with major 
environmental changes of collaborative networks. Real dynamic systems are too 
complex to manage in a traditional manner [35].  The information age has highlighted 
the complex nature of systems, which move between ordered and disordered states, 
and networked organizations are an emerging logical form for organizing [36].  

Over the past decades complexity theory has become a broad ranging subject 
appreciated in a variety of ways. The study of CAS has become the ultimate 
interdisciplinary science, focusing its modelling activities on how microstate events, 
whether particles, molecules, human agents, or firms, self-organize into emergent 
aggregate structure [37]. With roots in many disciplines such as evolutionary biology, 
non-linear dynamical systems, and artificial intelligence, modern theories and models 
of CAS focus on the interplay between a system and its environment and the co-
evolution of both [31]. Models of CAS can be used to explore how large-scale 
(macro) order is shaped by the characteristics of local (micro) interactions, i.e. how 
different patterns of local interaction and organization adaptive behaviour impact the 
overall network behaviour and performance [38].  

In the context of collaboration networks, the macro or networked system would 
refer to a set of organizations that collectively supply, sell, or produce a given part or 
product. The micro, or individual system is the organization itself, and the 
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ሻݏܥሺݐ∆ ൌ ሻ݌ሺ݉ܽݐ∆  ൅ ∆ݐሺ݌ܽ݉݋ݐ݊݋ሻ ൅ ෍ ሺ݉௜ሻݐ∆ ൅ ሻ௡݈ܿ݁ݎሺݐ∆
௜ୀ଴  (11) 

4   Conclusions and Future Work 

The net effect of cheap communications is a perception that individuals and 
organizations have to deal with a world that is increasingly dynamical, complex and 
uncertain, and that their actions may have unintended consequences that impact on 
other parts of the world [41]. Indeed, supply chains are plagued with uncertainty, and 
systems interoperability has become an important topic of research in the latest years. 

Evolving from slack to unregulated interoperability, and then from standard-based 
to semantic, nowadays organizations have plenty of solutions that help establishing an 
efficient business partnership. Electronic communications are the basis for automation 
and efficiency. However, that is lost when just a single organization changes its 
information structures or semantics, causing the collaboration network to begin 
evidencing interoperability problems, i.e. harmonization breaking. 

The theoretical framework that is emerging based in complexity science appears to 
have relevance as an orienting device for entrepreneurship and sustainable 
interoperability research. Interpreting knowledge of the organizations domain through 
a metaphorical language of complexity may provide building blocks for explaining 
behaviour in terms of complex adaptive systems [42]. Evolvable systems imply 
ontology-based process-specific modularity at fine granularity with local intelligence 
and a distributed control solution [43]. Hence, the internal environment of the 
organization and its information system can create the adequate response to the 
external environment. For that to happen, both human workforce and information 
systems need form an adaptive resource [40]. Therefore, there is a need for a heuristic 
framework capable of capturing environment knowledge and relate human choices 
and preferences, using monitoring and decision support. 

An early version of this framework is presented in this paper. Similarly to what 
occurs in the model-driven development (MDD) architectures, meta-information and 
technologies related to transformation automation are considered. The application of 
these adaptive techniques will also enable the characterization of the current system 
status concerning morphisms and evolutionary transitions.  

However, the major complexity associated to the study of the properties of 
complex systems is that the associated models, drive to non-linearity, which in turn, 
drives to difficulties in the system’s study and in predicting their behaviour. In this 
context and part of future work, at the system microscopic level, prediction could be 
seen as a proposal for the automatic adaptation of the network morphisms, i.e., the 
point-to-point readjustments among the different systems, answering to the 
harmonization breaking. Thus, the framework envisages to include learning 
capabilities, monitoring, diagnostic and prognostic based on the operations history 
and interventions of the involved systems. It allows a control and optimization 
process of future adaptations, monitoring the individual evolution of each networked 
system, as well as the dynamics of the entire network. 

The research to be developed will establish the scientific and technological basis to 
enable different system nodes, belonging to a collaborative network, evolve at their 
own time, and keep being interoperable on the network they want to be part of. 



 Dynamic Business Networks: A Headache for Sustainable Systems Interoperability 203 

References 

1. Friedman, T.: The World is Flat. Farrar. Straus & Giroux (2005) 
2. Pine, B.J., Gilmore, J.H.: The experience economy. Harvard Business Press (1999) 
3. Gunasekaran, A., Ngai, E.W.T.: Build-to-order supply chain management: a literature review 

and framework for development. Journal of Operations Management 23, 423–451 (2005) 
4. Mentzer, J.T., DeWitt, W., Keebler, J.S., Min, S., Nix, N.W., Smith, C.D.: Defining 

Supply Chain Management. Journal of Business Logistics 22(2), 1–25 (2001) 
5. Panetto, H., Jardim-Gonçalves, R., Pereira, C.: E-Manufacturing and Web-Based 

Technology for Intelligent Manufacturing and Networked Enterprise. Journal of Intelligent 
Manufacturing 17(6), 715–724 (2006) 

6. Jardim-Goncalves, R., Agostinho, C., Malo, P., Steiger-Garcao, A.: Harmonising 
technologies in conceptual models representation. International Journal of Product 
Lifecycle Management 2(2), 187–205 (2007) 

7. SMART-fm project, Consolidated report on the state of the art in the research areas of 
SMART-fm. SMART-fm Deliverable 1.1 (2003)  

8. Peppard, J., Rylander, A.: From Value Chain to Value Network: Insights for Mobile 
Operators. European Management Journal 24(2-3), 128–141 (2006) 

9. Ray, S.R., Jones, A.T.: Manufacturing interoperability. Journal of Intelligent 
Manufacturing 17(6), 681–688 (2006) 

10. Information Society Technologies (IST), http://cordis.europa.eu/ist/ 
projects/projects.htm (accessed on July 2009) 

11. Mason, H.: Enabling e-business. ISO focus (July-August 2007) 
12. Institute of Electrical and Electronics Engineers. IEEE Standard Computer Dictionary: A 

Compilation of IEEE Standard Computer Glossaries. New York, NY (1990)  
13. Carnegie Mellon University.: Software Technology Roadmap (STR) (2004)  
14. Watson, S.: Material offshore sourcing undergoes standardization. SCBIZ magazine 

(April-May 2008), http://www.scbizmag.com 
15. Berners-Lee, T., Fischetti, M.: Weaving the Web: The Original Design and Ultimate 

Destiny of the World Wide Web by Its Inventor. HarperOne, San Francisco (1999) 
16. Athena Integrated Project, EC FP6-507849 (2004), http://www.athena-ip.org 
17. Agostinho, C., Sarraipa, J., D’Antonio, F., Jardim-Goncalves, R.: Enhancing STEP-based 

Interoperabity Applying Model Morphisms. In: Proceedings of the 3rd International 
Conference on Interoperability for Enterprise Software and Applications (I-ESA 2007), 
Madeira, Portugal (March 2007) 

18. Jardim-Goncalves, R., Agostinho, C., Malo, P., Steiger-Garcao, A.: AP236-XML: a 
framework for integration and harmonization of STEP Application Protocols. In: 
Proceedings of IDETC/CIE 2005, ASME 2005 International Design Engineering 
Technical Conferences and Computers and Information in Engineering Conference, Long 
Beach, California, USA (September 2005) 

19. Ray, S.: Interoperability Standards in the Semantic Web. Journal of Computer and 
Information Science in Engineering 2(1), 65–70 (2002) 

20. Building Smart - International Alliance for Interoperability (IAI). Industry Foundation 
Classes (IFC), http://www.buildingsmart.com/bim (accessed on July 2009) 

21. Jardim-Goncalves, R., Figay, N., Steiger, A.: Enabling interoperability of STEP 
Application Protocols at meta-data and knowledge level. International Journal of 
Technology Management 36(4), 402–421 (2006) 

22. ISO/TC184-SC4. Standard for the Exchange of Product Data - ISO 10303 (STEP) overview,  
 http://www.tc184-sc4.org/SC4_Open/ 
 SC4%20Legacy%20Products%20%282001-08%29/STEP_%2810303%29/  
  (accessed on July 2009) 



204 C. Agostinho and R. Jardim-Goncalves 

23. EC Future Internet Enterprise Systems Cluster. Enterprise Interoperability Research 
Roadmap (version 5.0) (March 2008) 

24. Nonaka, I., Konno, N., Toyama, R.: Emergence of “Ba”. In: Nonaka, I., Nishiguchi, T. 
(eds.) Knowledge Emergence: Social, Technical, and Evolutionary Dimensions of 
Knowledge Creation, pp. 13–29. Oxford University Press, US (2001) 

25. Sarraipa, J., Agostinho, C., Panetto, H., Jardim-Goncalves, R.: Semantic Enrichment of 
Standard-based Electronic Catalogues. In: Proceedings of 13th IFAC Symposium on 
Information Control Problems in Manufacturing (INCOM 2009), Moscow Russia (June 2009) 

26. Missikoff, M., Schiappelli, F., Taglino, F.: A Controlled Language for Semantic Annotation and 
Interoperability in e-Business Applications. In: Proceedings of the Second International 
Semantic Web Conference (ISWC 2003), Sanibel Island, Florida, pp. 1–6 (2003)  

27. Boudjlida, N., Panetto, H.: Enterprise Semantic Modelling for Interoperability. In: 
Proceedings of 12th IEEE Conference on Emerging Technologies and Factory Automation 
(ETFA 2007), Patras, Greece, September 25-28, pp. 847–854 (2007) 

28. Franconi, E.: Using Ontologies. IEEE Intelligent Systems 19(1), 76–79 (2004) 
29. Jardim-Goncalves, R., Silva, J.P.M.A., Steiger-Garcao, A., Monteiro, A.: Framework for 

Enhanced Interoperability Through Ontological Harmonization of Enterprise Product 
Models in book Ontologies: A Handbook of Principles, Concepts and Applications. 
Integrated Series in Information Systems, vol. 14, XXIV, 915 p., 245 (2007) 

30. Sarraipa, J., Silva, J., Jardim-Goncalves, R., Monteiro, A.: MENTOR – A Methodology 
for Enterprise Reference Ontology Development. In: 2008 4th International IEEE 
Conference on Intelligent Systems (2008) 

31. Choi, T.Y., Dooley, K.J., Rungtusanatham, M.: Supply networks and complex adaptive 
systems: control versus emergence. Journal of Operations Management 19(3), 351–366 (2001) 

32. Wycisk, C., McKelvey, B., Hulsmann, M.: Smart parts: supply networks as complex 
adaptive systems: analysis and implications. International Journal of Physical Distribution 
& Logistics Management 38(2), 108–125 (2008) 

33. Holland, J.H.: Hidden order: how adaptation builds complexity. Perseus Books (1996) 
34. Nicolis, G., Prigogine, I.: Exploring Complexity: An Introduction. W. H. Freeman and 

Company, New York (1989) 
35. Schary, P.: Supply chain management: the challenge of systems. In: Waters, D. (ed.) Global 

Logistics: New Directions in Supply Chain Management, 5th edn. Kogan Page Pub. (2007) 
36. Black, J.A., Edwards, S.: Emergence of virtual or network organizations: fad or feature. 

Journal of Organizational Change Management 13(6), 567–576 (2000) 
37. McKelvey, B.: Complexity Theory in Organization Science: Seizing the Promise or 

Becoming a Fad? Emergence 1(1), 5–32 (1999) 
38. Wilkinson, I., Young, L.: On cooperating: firms, relations and networks. Journal of 

Business Research 55(2), 123–132 (2002) 
39. Merali, Y.: Complexity and Information Systems: the emergent domain. Journal of 

Information Technology 21, 216–228 (2006) 
40. Courtney, J., Merali, Y., Paradice, D., Wynn, E.: On the Study of Complexity in 

Information Systems. International Journal of Information Technologies and Systems 
Approach 1(1), 37–48 (2008) 

41. Merali, Y., McKelvey, B.: Using Complexity Science to effect a paradigm shift in 
Information Systems for the 21st century. Journal of Information Technology 21(4), 211–
215 (2006) 

42. Fuller, T., Moran, P.: Small enterprises as complex adaptive systems: a methodological 
question? Entrepreneurship and Regional Development 13(1), 47–63 (2001) 

43. Frei, R., Barata, J., Serugendo, G.: A Complexity Theory Approach to Evolvable 
Production Systems. In: Proceedings of 3rd International Workshop on Multi-Agent 
Robotic Systems in conjunction with ICINCO 2007, Angers, France, pp. 44–53 (2007) 

 


	Dynamic Business Networks: A Headache for Sustainable Systems Interoperability
	Introduction
	Interoperability on Global Business Networks
	Slack Interoperability
	Unregulated Interoperability
	Standard-Based Interoperability
	Semantic Interoperability

	Sustainable Systems Interoperability
	Harmonization Breaking
	Collaboration Networks and Complex Adaptive Systems
	Heuristic Framework for Network Stability Maintenance

	Conclusions and Future Work
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




