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1. Description  
This year's Ontology Summit, 
Ontology for Big Systems, sought to explore, identify and articulate how ontology, its methods and paradigms, can bring value to the disciplines required to engineer a "big system." 
The term "big system" is intentionally vague and intended to cover a large scope that includes many of the terms encountered in the media including
    * big data 
    * complex systems - techno-socio-economic 
    * intelligent or smart 
systems 
    * cloud computing, 
    * net-centricity and 
    * collective intelligence.
Established disciplines that fall within the summit scope include (but not limited to) systems engineering, software engineering, information systems modeling, and data mining. 
1. Goals 
The principal goal of the summit is to bring together and foster collaboration between the ontology community, systems community, and stakeholders in "big systems." 
We will aim towards producing a series of recommendations describing how ontologies can create an impact; as well as providing illustrations where these techniques have been, or could be, applied in domains such as bioinformatics, electronic health records, intelligence, the smart electrical grid, manufacturing and supply chains, earth and environmental, e-science, cyberphysical systems and e-government.
1. Process   
This is our 7th annual OntologySummit season. Similar to our last 6 summits, this OntologySummit was comprised of 3 months of virtual discourse (over our archived mailing lists) and virtual panel sessions (over augmented conference calls), during which the summit participants exchanged ideas on how ontological analysis and ontology engineering make a difference, when applied in or to "big systems."  
The summit culminated in a 2-day face-to-face workshop/symposium held on 12-13 April 2012 at the U.S. National Institute of Standards and Technology (NIST) facility in Gaithersburg, Maryland, US.  
As is traditional with the Ontology Summit series, the results will be captured in the form of a communiqué, with expanded supporting material provided on the web. 
2. Summary
The common thread of this summit for big systems is models and modeling and the need to have models with greater fidelity and interoperability. The primary driver for a modeling approach to systems engineering and development is simply cost in time and money, and resultant system value.
Among the current approaches to mitigate some of the cost factors associated with engineering are executable architectures and model based engineering. Each approach involves a model to either understand the thing being designed or to provide a predictive base of design. In each case current methodologies and tools fail to provide
· sufficient rigor in their ability to adequately represent the system for the needs of the entire engineering lifecycle and its environment,
· explicit semantics, leaving those in the minds of the modelers,
· the use of logical inferencing to automate processes.
The lack of adequate fidelity of models, their conceptualizations, and consistent semantics during engineering phases can incur poor design, mis-communication across the lifecycle and among stakeholders, implementation errors, re-work, and systems that fail to meet their expected uses nor cost-effectively be extended to meet unanticipated needs. During operation such systems may be difficult to maintain, including simple maintenance, updating, or even extensions. Moreover, there is a growing expectation for systems to be more 'intelligent'. To be able to adapt, or at a minimum be adaptable, to new needs without incurring large costs.
The world has been in a 'Cambrian' age of information explosion for the last decade but this is in transition to a new era of knowledge. The information age has resulted in the production of unprecedented amounts of data and information - Big Data. Accompanying this abundance of data and information are Big Systems that attempt to handle it and provide ‘knowledge’.
Finally, as we move into the knowledge age there is a growing expectation that our systems will be more self-describing and intelligent. In order to engineer such systems, allow intuitive use and meet expectations of all stakeholders, a more consistent and complete use of ontologies and ontological analysis must be made. 
3. Introduction
Over the past 100 years, we’ve entered the Cambrian age for information, knowledge and systems. The amount of knowledge that is produced, published and shared by humanity has been growing exponentially each year. In the past decade more data has been collected, more video has been produced and more information has been published than in all of previous human history.
At the same time, with the advent of the computers and the Internet, it has been possible to model more of the complexity of reality, connect more people and connect more systems. With all this new information and all these new systems, we have also seen a growth in the complexity of our systems, their size, their scale, their scope and their interdependence.
We need novel tools and approaches to address the new problems that have arisen during the Cambrian period of our knowledge. Some of the major challenges facing Big Systems include developing more robust models that represent these systems, which in turn help us tame Big Data. At the same time, there are novel challenges for Big Systems when different groups try to work together to a common goal (say understanding Climate Change), which means that we need better solutions for interoperability among federated systems and for fostering interdisciplinary collaboration. A further questioning underpinning this entire effort is how to measure and evaluate success for ontology interventions, namely, gauging the quality of ontologies. 
Given the broad scope of this year’s theme, the summit was organized along three tracks and two cross-track initiatives. This communique seeks to distill and construct a whole from the activity that occurred within each track. The interested reader is encouraged to visit each of the individual track synthesis and community pages for further information. The tracks were as follows:
· Big Systems Engineering
· Big Data Challenge
· Large Scale Domain Applications
· Quality Cross Track
· Federation and Integration of Systems
Big Systems Engineering
One way to express a theory of (a part of) the world is to build a model. Engineers and designers have always built a variety of models to represent parts of their disciplines. Designing a car, a power plant, a transportation system or even the climate relies heavily on creating a computer model of the system. In the computing age, it has become far easier to shared these models and the promise of model reuse has become a desired goal.
Different fields have models of varying sophistication, though in many the semantics - the meaning - of the parts of the model are governed by implicit or inconsistent convention.
First in engineering and slowly in other fields, we’re witnessing a gradual shift to explicit semantics. The various sub-disciplines within engineering have evolved from using informal modeling, to using formal languages to model their systems, to underpinning said languages with explicit semantics, to recognizing the importance of understanding the underlying ontology of the elements of the languages.
Current cutting edge research in ontology engineering involves teasing the ontological status of a system component. What does it mean for one to say that a car has a headlamp as a component? What happens to the component if the headlamp is broken or replaced? Is it the same headlamp, is it the same component?
Various standardization efforts are underway as well, from the development of ISO 15926, to providing formal semantics for the Unified Modeling Language. Similarly, groups are working to build repositories of ontologies, or libraries of ontology patterns - snippets that formalize important aspects of reality such as “part-of” or “is-a”.
Big Data and Applications
A key component of the current explosion of knowledge is the proliferation of vast amounts of data. With greater computing power, we’re able to encode anyone person’s DNA, track our internet usage, credit usage, the experiments at the Large Hadron Collider and so on, each of these activities creates a staggering amount of data.
While the sheer size and scale of these data sets presents a challenge, knowing how to intelligently combine the data means that we must accurately understand the world that this data represents. If we want to combine data from multiple sources, then it becomes all the more important that we understand what each source intended by the publication of the data.  
To do this, we need theory. There are limits to blind statistical analysis. We need theory and statistical analysis together. Data publishers need to make explicit what their data represents, the systems that consume and transform To intelligently use this data and combine it for useful ends, involves developing theories about those relevant parts of the world. Especially if we want successful data reuse and adaptability.
There are a variety of groups working towards this vision. For example, the linked open data (URL) seeks to connect distributed data across the net. While there are many data sources available online today, that data is not readily accessible. The LOD cloud aims to create the requisite infrastructure to enable people to seamlessly build “mash-ups” by coming data from multiple sources.
Similarly, there has been a surge of work in bioinformatics, including the Open Biological and Biomedical Ontology, Gene Ontology and other sources which annotate big data with explicit semantics. These initiatives allow research groups to publish findings on genes, gene expression, proteins and so in a standardized consistent manner.
Another example is the FuturICT project funded by the European Union. Its ultimate goal is to understand and manage complex, global, socially interactive systems, with a focus on sustainability and resilience. FuturICT will build a Living Earth Platform, a simulation, visualization and participation platform to support decision-making of policy-makers, business people and citizens.
Interoperability
The Internet means that it is far easier for different people in the different parts of the world to share and combine data, information and knowledge. If we want to realize the true potential of this interconnected world it means that we need to be able to combine not just our data, but also our models.
An initiative like Sage Bionetworks might allow a doctor in China to integrate diverse molecular mega-datasets, and reuse a predictive bionetworks built by a team in United States that deploys new insights into human disease biology by a team in France. Each different community views and prioritizes parts of the world according to their own viewpoints and interests.
Similarly, within a single enterprise, the same product may be viewed differently by each of the marketing, engineering, manufacturing, sales and accounting departments. Making sure that these views are, if not harmonized, then aligned so that information can be successfully shared entails solving interoperability.
Semantic analysis is a fundamental, essential aspect of federation and integration. Building value by combining the views of different communities means solving interoperability, and that means negotiating the implicit meaning used by each of these groups.
The Object Modeling Group has recently put out a request for proposal to create a standard to address such issues. Similarly, within the systems engineering community, one example is the ISO 15926 standard  which aims to federate CAD/CAM/PLM systems in industry, business and eco-system-wide scales.
Interdisciplinary Collaboration
Similarly, as knowledge has become more specialized, different communities have developed their own bodies of knowledge. Bridging these gaps can unleash a lot of potential, foster innovation, reduce the reinvention of the wheel and accelerate the development of better tools.
While each specialization may use its own jargon and technical language, the underlying reality is the same. Ontologies, in the form of explicit statement of the assumptions in each sub-field can help identify points of overlap and interest between different communities. They can serve as tools to facilitate search and discovery.
The Linked Science effort is a project that aims to create an “executable paper.” It hopes to combine publication of scientiﬁc data, metadata, results, and provenance information using Linked Data principles, alongside open source and web-based environments for executing, validating and exploring research, using Cloud Computing for eﬃcient and distributed computing and deploying Creative Commons for its legal infrastructure.
Another project, the iPlant Collaborative, is building the requisite cyberinfrastructure to help cross-disciplinary, community-driven groups publish and share information, build models and aid in search. The vision is to develop a cyberinfrastructure that is accessible to all levels of expertise, ranging from students to traditional biology researchers and computational biology experts.
State of the Practice vs State of the Art
Most aspects of engineering involve models, many times residing solely in the engineer’s mind. In the process of engineering big systems there are many models, and possibly quite complex models, developed by different disciplines, different teams and different people which may be geographically and culturally dispersed. But models from different disciplines have different levels of expressivity or fidelity, different degrees of automation, and are not interoperable in general. Aside from differences in tools and modeling syntax, more fundamentally, different and not necessarily compatible conceptualizations and interpretations usually arise. At various points in the system's development and operational lifecycle(s) these differences must be resolved and models integrated, or at a minimum, differences bridged, to achieve interoperability, including syntactic, conceptual, and semantic, in order for collaboration and continued development to occur. These efforts to resolve incompatibilities add additional time and costs.
To mediate at least the possible semantic differences among models there has been a progression in engineering to shift from informal modeling toward more explicit semantics, for instance chalk/white board sketches or textual descriptions, to modeling in formal languages that support more explicit and complete semantics. However, beyond the issues of semantic differences of models, there can be, and are, differences in conceptualizations. These differences may not always be readily apparent and sometimes manifest in modeling languages.
The modeling of big or complex systems (note that “system” can also refer to big data sets) requires conceptualizations within multiple domains of relevance to the system(s), their use(s), and engineering processes. Ontologies represent conceptualizations of aspects of a domain or environment. While ontological analysis provides a more thorough analysis methodology for understanding and distinguishing the complexity of big systems. Modeling, in all its various guises, is an area where ontology and ontological analysis is starting to be used and has great potential.
Ontologies can be viewed as patterns for what constitutes a system with parts and connections, the identity, dependence, unity of systems irrespective of their particular nature. Informally a system is an entity that consists of components, where the components are connected in some way such that the system as a whole exhibits some behavior. For engineered systems, it is usual for them to be designed such that the components are replaceable. Key relations like classification, specialization, and whole-part are well understood in the realm of ontology, and see major application in systems engineering. Computer based modeling languages provide some built-in support for component modeling and provide facilities for extending the language’s ontological commitment, but are usually not sufficient to support formal semantics, logical inferencing, nor expressive enough to take advantage of rigorous ontological analysis.
For the class of big data, its attendant challenges include those similar to engineering in general, differences in conceptualizations and differences in semantics in addition there are differences in terminologies: different data/information models. Aside from these challenges, most big data resides in systems that were engineered for specific purposes and were embedded with implicit assumptions and semantics. In order to make the most effective use and reuse of such data/information the conceptualizations and semantics must be made explicit and (machine) accessible. Doing so will allow for the automation of the discovery of new relationships and knowledge.
The class of big systems derives from the federation of systems. There are multiple dimensions to the federation of systems - hardware, software, organizations and people. Challenges in the application of ontology for these systems includes modeling which requires a broad collection of conceptualizations and semantics spanning the federates, the ability to reuse data and artifacts from one life-cycle stage in later life-cycle stages, and integrating the models and their artifacts using multiple modeling languages. Thus if different systems include their own ontologies, they too must be federated – federated ontologies for federated systems. This is thus a requirement for ontologies. That they can behave as components. That they can be assembled to contribute to an ontology of the whole. Yet in general ontology developments are one-offs with it being rare for ontologies to be reused or be reusable. For ontology to be useful for engineering ontologies must be developed so that they can be reusable.
With the advent of standards for the semantic web and supporting tools it has become easy for most people to create ontologies. Unfortunately most people have not had training or even exposure to ontological analysis, the result being that myriad incompatible ontologies are being developed in ad hoc ways leading to the creation of new semantic silos.
Many sources of ontologies that abound today come from software development. Here ontologies are viewed as more sophisticated data models (which of course they are, but not just that). And, as with the early age of software development, there are few, if any, engineering practices and processes for ontology development or ontological engineering.
A hallmark of systems engineering, distinguishing it from less rigorous systems creation activities and essential to success in developing large-scale and complex systems and managing them throughout their life-cycles, is the rigorous use of requirement specifications, requirements-centric architecture and design, multi-stage testing and revision, and other risk-management and quality assurance techniques. Quality at any of these levels is defined in terms of the degree to which any one of the system, component, process, etc., meets the specified requirements. Analysis and specification of requirements and functions at each of these levels, along with identification and application of relevant quality measures, is an essential part of good systems engineering. In order for the potential of ontology to be realized in engineering, and especially for its application to complex or big systems and big data, these same practices need to be applied.
Recommendations
This section represents a distillation of the discussion in this year’s summit. The intersection between ontology and big systems spans many communities and levels of depth. Regardless of the community, the success of any ontology intervention requires understanding its intended application. Not all ontologies need to be reasoned over, and rarely are they the end product. Clarifying how an ontology fits into the larger picture will shape what level of semantics are required, and how they may be deployed as part of a project with limited time and resources.
One of the first things to do is to gauge the level of “semantic maturity” of the organization and evironment in which an ontology is proposed. To what degree does the broader organization understand the application of ontology, and to what extent are such technologies already being deployed. Will the shift be more incremental or might it be perceived as disruptive?
For the Systems Engineering community, there was a strong emphasis on the importance of modeling, and explicating the underlying semantics. A number of candidate modeling languages were considered alongside their deficiencies in semantic clarity.  There are many engineering and enterprise tasks where ontology is definitely applicable, but is not yet in wide use. Systems engineering is all about assembly from components and understanding the whole and the relationships between the parts and support for the use of the same parts in different systems. This calls for ontologies which can themselves be components of other ontologies and be assembled to contribute to an ontology of the whole. Yet in general ontology developments are one-off with it being rare for ontologies to be reused or be reusable. For ontology to be useful for the engineering of big systems, reusable ontologies to support reusable engineering models will be important. 
Big systems have a long life and usually change over that life. This means that the ontologies that describe a system need to be able to change, but in a way that means that the history is not lost. This requires a sophisticated approach to change management in model and ontology creation and maintenance. Big systems tend to interact with their environment and change state as a result of interaction. This means those conceptualizations are needed to model state change and system evolution throughout its lifecycle. For some time information models have been used to model enterprise information. 
When deciding what ontology to implement, there is a consensus that where possible, ontologies should be reused from pre-existing sources. Two such sources were explored, as full-on ontologies residing in Ontology Repositories, or as ontology patterns that represent successful representations of particular relations or “snippets” of ontologies. The former have the advantage of providing a more comprehensive solution, while the latter afford greater flexibility and in theory, allow the designer to pick and choose among a variety of patterns.
Foundation ontologies contain conceptualizations needed for enterprise modeling. These include processes, events, descriptions, plans, physical quantities, individuals, types etc. Further ontologies provide relationships between the concepts which can be exploited to relate data needed to determine program status. Some enterprises have recognized that ontologies generalize these information models and provide better access and organization than traditional data models.
It was further noted that developing an ontology as a referent conceptual model allows an organizing to decouple it from any particular technology implementation. In this way, a sort of technology agnosticism is enabled, allowing the conceptual model to be realized in whichever technology stack is most appropriate.
Determining exactly which ontology is appropriate for an application is an involved task, and requires a number of judgments in terms of the desired expressivity, comprehensiveness and breadth. To this end, it was recognized that a number of distinct problems are often conflated. It is wise to disentangle:
1. The level of expressiveness (representation) it takes to develop the ontology you need for your domain. This is development time expressiveness.
2. Transformation of the representation of (1) to (3), i.e., knowledge compilation.
3. The level of expressiveness (representation) it takes to efficiently reason over the ontology at run-time.  This is run time expressiveness.
Not enough expressivity may mean that it is simply impossible or very cumbersome to represent an essential aspect of your problem space. Conversely, allowing extraneous expressivity for reasoning can severely affect response time. A vital task for any ontology implementation is to understand the level of expressivity as required by the problem space, while also designing for any performance criteria. One observation was that semantic technologies work best when not compromised by implementation tradeoffs.
This means that greater work is required to build adequate support frameworks for such tasks, which is currently minimal. When it also comes to the deployment or construction of an ontology, while the target community should be included in the development and evolution of the vocabularies, engineers turned ontologists often don’t have the necessary background or skills. That said, it is critical to capture and evolve domain knowledge in a form that the community is comfortable with. The transition from implicit domain knowledge to explicit encoding require community consensus, which in turn requires an organizational commitment to create the necessary infrastructure to manage such consensus.
In those applications where the ontology will be used by users, there is broad consensus that the nitty gritty details be hidden. At most, users should be exposed to a SKOS level of semantics and more complicated constructs should be deployed only on the back end if necessary. One successful project, deploy ontologies as a sort of configuration files which user interface specialists use to tailor views for their users.
…
It’s also been observed that the proliferation of ontologies has not been accompanied by adequate tools or methodologies to gauge the quality of the ontologies. Are they fit for purpose? Any ontology project should not only pay attention to quality, but develop a quality policy. How would the organization measure the success of the ontology project? While there currently exists no standard methodology, there are some efforts within the literature. Competency Questions? See references in quality track.
In general, 
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· Look for the 80-20 rule of semantic development    (387
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· Use well defined and narrow use cases to demonstrate benefits of semantic approaches    (387
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· Having explicit vocabularies (classifiers) is a must in a distributed system;    (387
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· Community should be included in the development and evolution of vocabularies    (387
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· It is critical to capture and evolve domain knowledge in a form that the community is comfortable with    (387
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· Transition from implicit domain knowledge to explicit encoding requires community consensus - and an organization to manage the consensus    (387
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· UML to OWL is a common requirement for legacy systems    (387
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· Starting from scratch is rare.    (387
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· Ontology patterns are very helpful, and encourage model reuse    (387
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· Semantic techniques work best when not compromised by implementation tradeoffs    (3880)
· Semantic methods are faster to implement and easier to maintain    (3881)
· Semantic approaches particularly suited to systems with many complex constraints, rules, laws, with frequent changes   (3882)
· Incremental implementation is possible through federation of datastores    (3883)
· Ontologies are not always applied to enable reasoners - sometimes just as a more rigorous data modeling approach   (3884)
· Engineers turned ontologists often don't have the necessary background/skills    (3885)
· Existing infrastructure supports traditional software development far better than large-scale ontology development   (3886)
· There are many ontologies of dubious quality    (3887)
· Service-oriented architectures allow separation of code and ontology updates    (3888)
· Reasoner and query engine performance is highly dependent upon the exact formulation of rules and queries    (3889)
· No single technology/tool currently provides the best solution across all large system use cases
4. Conclusion
To more completely insinuate ontology and ontological analysis into the engineering community and its processes, the skills most needed include a combined understanding of a scientific or engineering discipline and knowledge of ontology-based technologies. To realize this combination a transition based on existing paradigms and tools will need to be exploited. In particular, the efforts by the Object Management Group (OMG) to provide a formal semantic underpinning to their Unified Model Languages and it derivatives (e.g., SysML) provide a step to meet the goal. Moreover, organizations such as the International Council on Systems Engineering (INCOSE) should be engaged in helping foster the inculcation and growth in the use of ontological analysis and ontology in their community.
Pragmatically “big systems”, especially from a cost perspective, have little technological recourse but to exploit the benefits to be gained from the use of ontology and ontological analysis.
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· this is a combined track from those previously labeled    (337
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· Track-1: "Large-scale systems engineering"    (337
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· Track-2: "Large-scale engineered systems"    (337
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2. Refinement of Threads we could follow during this summit:    (345

HYPERLINK "http://ontolog.cim3.net/cgi-bin/wiki.pl?OntologySummit2012_BigSystemsEngineering_CommunityInput#nid345U"U

HYPERLINK "http://ontolog.cim3.net/cgi-bin/wiki.pl?OntologySummit2012_BigSystemsEngineering_CommunityInput#nid345U")
[2012.02.02] ... Brought forward from the session
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identify thread champions too!    (345
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· #3 - Composite System Modeling - candidate champion: GiancarloGuizzardi    (345
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· #4 - System Descriptions For Different Uses, e.g., Requirements & Design    (345
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· #5 - Success And Relevance Of Semantic Issues In Engineering - to be partially addressed by AmandaVizedom et al. in X-Track-A1 and also by SteveRay et al. in Track-4    (345
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· #6 - (in lieu of the Natural vs Artificial Systems discussion) discussion of rules of engagement where Systems and Ontology discussion would make sense, essentially where Systems can pick up Ontology    (3460) 
· #7 - Semantic Interoperability - candidate champion: RaviSharma (semantic mapping) with support from LeoObrst    (3461) 
3. Triage on Engineering Tracks 1 & 2    (34
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-- HensonGraves / 2012.02.03 - ref. http
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The mission statement for tracks 1 and 2 is within the engineering domain is to bring key challenges to light with large-scale systems and systems of systems for ontology and identify where solutions exist, where the problems require significant research, and where we can work towards solutions as part of this summit. A number of areas are identified in the mission statement. From this list a smaller list of threads has emerged in the dialog.    (34
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The next step to achieving the mission goal is to triage the list of threads emerging from the mission statement. The emerging list has been constructed by examining the email and chat dialog. The purpose of the triage is to produce a more manageable for which there is the interest and opportunity to make useful progress within the timescale of the ontology summit. In some cases the progress may be only to identify solutions which already are available. In other cases significant research may be needed, but within the Summit context we can at least identify the research and a plan forward. There will of course a number of other topics which would be relevant to this track, but to pursue them would dissipate our resources.    (34
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The following list is the current candidate list of threads. I ask you to weigh in on whether the list should be changed, dropped, reformulated, or added to.    (34
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· Composite System Modeling: There has been a lot of discussion regarding concepts needed to describe engineered and other systems regarding Including parts, components, roles, qua-objects, functions, part replacement and virtual individuals. Engineers are not the only ones interested in this, but presently it is recognized as critical in engineering. Use cases would be easy to obtain. Some have already been mentioned. While there is an enormous literature from ontologists a triaged list of references suitable for engineers would be very useful. We could also identify issues, based on engineering examples, where we can achieve something beyond literature.    (34
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· System Descriptions for Different Uses, e.g., Requirements & Design: There has been discussion of different forms of conceptual models based on their use, particularly in AnatolyLevenchuk’s presentation and his references, i.e., (ConradBock). This Is also a very topical issue with engineers as they need better methods of translating or relating these different models. There is lot of current system engineering discussion concerning formalizing requirements so they can be embedded as models (ontologies) within engineering languages and in refining requirements models to design models.      (34
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· Success and Relevance of Semantic Issues In Engineering: This topic was introduced by JohnSowa among others. There has been push back on this topic on the grounds that it was covered last year. However, marketing ontology is not the same as establishing where there are successes and analysis of failures, and conditions that might drive success. SteveRay and AmandaVizedom are addressing this, respectively, in track
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· Ontology for engineered systems which uses ontologies and semantic methods: It has been noted that existing engineered systems already use ontologies in the pursuit of objectives. This seems a perfect place to apply upper level ontological concepts of plans, actions, and such concepts. Use cases are not too hard to come by. ElisaKendall introduced
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HYPERLINK "http://ontolog.cim3.net/cgi-bin/wiki.pl?ConferenceCall_2012_02_02#nid32Y6"examples. Military systems offer a rich collection of use cases. Autonomous systems are likely already being given rules of engagement in the same way that soldiers are given them. The rules specify circumstances in which it is ok or not ok to kill someone, or mandatory that someone be killed. Clearly these situations also have legal and moral implications. There are more prosaic examples as well such as systems using ontologies to monitor their health and safety and make decisions of whether to abort a mission.    (34
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· Semantic Interoperability: Semantic interoperability crosses many tracks, but has specific relevance for engineering. Many current engineering problems result from this lack of semantic interoperability. We have seen some suggestions such as GiancarloBuizzardi posing ontologies as reference models of consensus to provide bridges, LeoObrst posing hierarchies of ontologies for semantic integration. It would be good to have more specifics e.g., how to deal with different levels of abstraction, different terminology and different axioms sets. Triaged literature relevant to solutions, not the problem would help.    (34
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Please feel free edit, comment, and most importantly sign up to champion a thread.    (34
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Enter your input below ... (please identify yourself and date your entry)    (337
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· Semantic Interoperability: Some of these are indicated in Triage slides from Dr. HensonGraves (ref. GiancarloGuizzardi and literature relevant to solutions, not the problem) and provide direction for some of the approaches / inputs to Questions on SI -Semantic Interoperability; other topics / inputs from community are invited. Where are we in defining Big Systems and Systems Engineering related or general semantics? Are there one or multiple formal definitions? What other attributes are required / involved beside vocabularies, terms, data and information (sharing and exchange), XML as transport or exchange medium, XMI as model data exchange, when we talk of Semantic Interoperability (SI)? Are there tools beyond Information Sharing and Exchange (e.g. NIEM and UCore) or Models (E-R, O-R or Metadata models) that we can leverage when determining SI? For this thread we would hope to list summary: Where are we -Current literature survey and topics on SI, in Ontolog and other forums? What additional value is brought by ontology considerations when added to semantics? Topics - Etc…. more to come. (--RaviSharma / 2012.02.04)    (349
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dialog between Henson Graves and Matthew West: Dear Matthew, I have been attempting to follow the discussion on “system components, roles, fillers, and role relations”. For the most part I think that I agree with you and disagree with a lot of people. Sometimes I am not sure whether this is the case and wonder if the problem is different terminology. Perhaps we can sort this out.    (351
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· MW: The main problem is that most people with any background in philosophical ontology, especially if it is slight, have preconceptions about what sorts of things there possibly are at a high level, and system component does not fit neatly into any of them. So mostly what you have seen is various people trying to shoehorn system components into the things they do know. Most of my comments on the proposals of others have been to point out why their scheme is not correct, or where their approach falls short of meeting natural intuitions of engineers.    (3520) 
· HG: This is my impression also. They keep talking about earth worms or space-time worm holes or in any case things I am not very familiar with. So your comments are to address what ontologists need to know about the ontology of engineered systems.    (3521) 
· MW: The obscure language (to us) here is a space-time worm. To translate, they mean what we would understand by a state, i.e. something for a period of time during which some property is true, e.g. a door whilst it is open. One of the tricks I have noticed philosophical ontologists play is to wrap ideas they do not like up in obscure language like space-time worm when there are perfectly ordinary words they could use. These then get absorbed into the literature, and so when they get read back to people like you and I, we think that the idea is strange rather than just the language.    (3522) 
· HG: To attempt to sort out terminology and see who is really arguing what I would like to put the discussion in the OMG MOF framework. As you no doubt know the MOF specification adopts a four-layer metamodeling architecture:    (353
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· M0—What is to be modeled within the real world    (353
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· M1—Models (for example, a UML model of some part of the world    (353
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· M2—Metamodels (for example, an abstract syntax model in the UML specification)    (353
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· M3—The meta-metamodel which specifies the metamodel languages.    (3523) 
· MW: I should probably point out that I am not a fan of the OMG four layer architecture. It’s not so much the layers, but that they are disjoint. My view would be that all these things are in the real world or things that are themselves signs for other things, or classes of those things, and classes of classes. The 4 level architecture requires that at each level that you have classes, but no way of saying which things across all the levels are classes.    (3524) 
· HG: I too have never been a fan of the OMG 4 level architecture for similar reasons. However, speaking of MO and M1 do enable separating the models in some engineering language to be distinguished from their interpretations in the sense of logic. Note that in the 4 level architecture the interpretations of an M1 model which consist of physical parts is in M0. However, an M1 model which contains individuals may be used to construct valid interpretions of the model in M1 which are in M1.    (3525) 
· HG: Actually for this discussion one only needs M0 and M1, but for a discussion of the relationship between conceptual models and ontologies, M2 seems to be needed. My impression is that a lot of confusion arises by an inability to distinguish between M0 and M1. I suspect that I am using terminology somewhat differently from you. But maybe we can figure this out.    (3526) 
· HG: M0 is where the real world of airplanes, oil refineries with their parts with identification numbers live. Further in this world one part may be connected to another. For example a pump with serial number no. 5755/A may be connected to two tanks. Also I agree that the components live in a 4D world.    (3527) 
· MW: That’s a pretty good start. Where do properties live, and the manufacturer’s model for the pump? HG: Properties live in M0 and a manufacture’s model lives in M1. The models in M1 are expressed in some language that is assumed to have individuals, classes, and binary properties as specified by an M2 metamodel. I will defer discussion their semantics for a bit. M0 is the target for valid real world interpretations of the models in M1. In my naïve view I do not assume that M0 has classes as extensional things, rather one has procedures to evaluate if an individual component satisfies a class. I am assuming that the component has a model number which identifies the class that is presumed to be an instance of and a serial number which identifies the component uniquely. As you are aware in some industries counterfeit components is a real issue. As a result one may need elaborate testing procedures to determine if a component is a valid instance of the specification class. On your last flight on a commercial aircraft take a guess as to how many counterfeit parts were on it.    (3528) 
· HG: M1 is where models live. There are different kinds of models. One kind of model attempts to describe say a particular crude distillation unit uniquely at a point in space-time.    (3529) 
· MW: A key question here is whether your model is a representation of the crude distillation unit, or a specification of a crude distillation unit, i.e. are we looking at some signs that stand for it, or some classes that it is a member of. I’m not sure the OMG architecture is clear about this distinction. HG: I agree that OMG does not appear to appreciate the difference between a representation of the crude distillation unit and a specification for the unit.    (352
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· HG: Such a model would have serial numbers for all of the components and connection lines between them.    (352
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· MW: OK. So these are signs. HG: yes a model that attempts to describe a particular distillation unit would consist of individuals which are within the language in M1. Lets look at your crude distillation unit example from the 4 layer perspective. The diagram on the right looks like an M1 model which could be a design specification or a description of a particular distillation unit. I cannot tell without more detail. The pump symbol on the left with the label “Serial No. 5755/A” appears to be an individual within an M1 language.    (352
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· MW: Yes. I always try to start analysis from real world individuals, and then work out from there in various directions (classes, things that might be, etc). I find this keeps you grounded. So the diagram is supposed to represent a real distillation unit that you can walk up to and kick. There are specifications for the items in the diagram, but the diagram shows particular objects that meet those specifications.    (352
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Figure: A crude distillation unit.    (352
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P101 is a system component of the Crude Distillation Unit. It is the bottoms pump from C1 to C2. Initially the pump with serial No S1234 is installed. At a later date this pump is removed and pump with serial no S3456.    (352
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· HG: However, this is not the kind of model used for a design specification. An architecture or design specification describes a class of implementations or realizations.    (352
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· MW: Right. The second type of model I mentioned.    (352
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· HG: In UML, SysML or OWL such a model would use three classes: C1 and C2 for tanks and 101H for pumps. The distillation unit model would likely have a connection relation R1 between C1 and 101H and another connection relation R2 between 101H and C2.    (352
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· MW: You need to be careful here. I think what you are calling a connection relation, is really class of connection, in that it is a member of one class that is connected to a member of the other class, i.e. it is an instance of the C1 tank class that is connected to an instance of the 101H class. HG: Yes that is what I mean. A connection relation is a subtype of the Cartesian product (C1,101H) and a connection instance in M0 is a pair <c1,p1> in Conn1 where c1 is an instance of C1 and p1 is an instance of 101H.    (352
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· HG: In many languages these connection relations would be called properties or roles.    (352
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· MW: Which does nothing to aid clarity. Actually, even relation is a mathematical structure, and not what is really being represented…HG: yes but I am talking about models in M1. I am making some assumptions regarding the expressiveness of the language in which the distillation unit is being modeled. I am assuming that one has at least individuals, classes, and subtypes of Cartesian products of classes. As I am sure that you know there are a lot of logical languages other than set theory which provide these constructions as well as semantics for the constructions. The distillation unit model would be called a class model. The real distillation unit on the M0 level would presumably be a valid interpretation (in the sense of logic). By adding sufficiently many individual terms to the model one could construct a term model for the distillation unit within an M1 model.    (352
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· MW: Actually, in logical terms – strictly model theoretic terms, the real live distillation unit is a model of the ontology  of the class model at the M1 level. HG: I am being careful. In strictly model theoretic terms the models in M1 are really axiom sets and the valid interpretations of them are distillation units in M0.    (352
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· MW: NO!! In strict model theoretic terms the real physical distillation unit (or at least a representation of it) is a model of the axiom set. I know that sounds crazy, but logicians have what is a model of what the opposite way round from us engineers. In model theory logicians take an axiom set and consider valid instantiations (models) of the theory and are concerned about unintended models, i.e. models (instantiations) that are valid, but which they did not wish to be valid. HG: I do not see that we are in disagreement, see below.    (352
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· HG: I am not sure how ontology got in at this point. I just haven’t said what logic I assume that I am working in. I haven’t really mentioned it except to say that it is an M3 concern. I will generously assume that you are in some way referring to the semantics of classes, properties and any other language constructions I use to build my models in M1.    (352
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· MW: You introduced it with the phrase “(in the sense of logic)” above. That sent us down this rat hole. It’s useful to have the engineers and logicians different uses of the word “model” clarified, but that was the only purpose of this section for me. HG: I perfectly understand that what engineers call models are what logicians call axiom sets and what logicians call models or valid interpretations are what engineers call implementations, realizations, or maybe virtual reality if the interpretations are not in the real world. By the way there are a lot of results which show how engineer’s models in UML or SysML can be embedded within various kinds of logics. When the engineer’s model is embedded it becomes in a natural way an axiom set. We may have gone down a rabbit hole in our dialog as we didn’t realize when one of us what using the word “model” in the engineer’s sense and when it was being used in the logician’s sense. The real rabbit holes in conversation result in my opinion when people cannot keep the distinction between an axiom set and its valid interpretations straight.    (352
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· HG: There may be many other valid interpretations of the distillation class model. One interesting problem for logicians is how to build something like a class model for which all valid interpretations have the same structure. You really cannot do this in OWL without some extensions.    (352
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· MW: We have had problems rendering ISO 15926 in OWL, even OWL 2. HG: That is not surprising. I don’t know anything about ISO 15926 but if it can be used to build effective models of things beyond Napa wines and pizza toppings then OWL2 would be insufficient. This statement does not cast any aspersions on OWL it simply notes that OWL2 for good reason does not have constructions for embedded parts, operations (functions), or behavior.    (352
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· MW: Strictly it doesn’t need to. It only needs the things that you can build those with. For ISO 15926 the problem is that OWL only allows a single level of classification. So if I have some items of equipment, then I can talk about types of equipment, but not classifications of equipment types (where the equipment types are instances). Or at least I cannot do that using the internal instance of relation. HG: I think that I agree with you, but this need more discussion. It sounds like you are saying that you need a higher order logic in which a type of equipment can be an instance of for example a power type.    (352
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· MW: First order logic is sufficient for this. I’ve not yet found a need for anything genuinely beyond FOL.    (352
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· HG: The way that I think about roles is that R1 is a subtype of the product type (C1,101H).    (352

HYPERLINK "http://ontolog.cim3.net/cgi-bin/wiki.pl?OntologySummit2012_BigSystemsEngineering_CommunityInput#nid352U"U

HYPERLINK "http://ontolog.cim3.net/cgi-bin/wiki.pl?OntologySummit2012_BigSystemsEngineering_CommunityInput#nid352U") 
· MW: Sorry, this does not really tell me what R1 is.    (352
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· HG: An instance of R1 would be a pair <c1,p1> where p1 and c1 are instances of the respective classes.    (352
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· MW: OK, it looks like R1 is intended to be a relationship type between C1 and 101H. HG: yes R1 is a relation type. As a relation type it can have subtypes as well as instances. An instance <c1,p1> of R1 could be called an R1-relationship.    (352
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· HG: I would call the M0 connection a relation instance. The M1 property can of course have subtypes. M2 which is the OMG meta-model level is where one would specify properties for part classes and roles. Of course to expressive properties at M2 one really needs a meta-logic rather than a meta model.    (352
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· MW: Well, one of the good things is that as long as you are dealing between just two levels, then the same logic will do the job, because logic, well OWL at least knows about classes and instances, and the classes at one level of the architecture are instances at the next level up. HG: Yes, OWL has classes and instances and in some cases the instances can be used to build a valid interpretation (logician’s model) of the axiom set (engineer’s model). Of course in the M1 logic you have to equate equal terms of the logic, e.g. 2+2 is the same thing as 4.    (352
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· HG: Let me know how this fits or doesn’t fit with your way of thinking about things.    (3530) 
· MW: Yes, that seems reasonable. But it does not cover a system component (M0) being replaced, but still remaining the same system component. HG: what I have said does not cover the issues of identity and we still haven’t talked much about ontology, or the semantics of classes, properties, and language constructions in M1. My impression is that if a part with a specific serial number is replaced with another component with a different serial number that the two components certainly are not identical but the unit in which they were replaced is still the same unit.    (3531) 
· MW: Terminology alert. I am using system component for what you are calling unit. So I talk about a system component being the thing that is invariant over the life of the system, where several equipment items might be installed and spend some time as that system component. HG: This is a good and interesting point.    (3532) 
· MW: The next bit is that in allowing something to still be the same unit/system component but have all of its parts replaced when one component/equipment item replaces another as that unit sets of all kinds of identity alarms for your average philosophical ontologist. Physical objects are not supposed to retain identity when all their parts change. Take your car, if I borrow it and smash it up, buy a replacement exactly the same and re-register it with your registration no, is it the same car really? No. But what we are saying here is that for a unit/system component, when you take all its parts a way and put another one in its place, it is the same thing. It is not too hard to see why they might find this hard to accept.    (3533) 
· HG: All this says is that the criteria for identity of a unit that I am using allows replacement components.    (3534) 
· MW: Exactly. The problem for most ontologists is that they do not have such a category in their armoury, and are reluctant to admit one (another feature of ontologists is the very high value put on parsimony). HG: This is reminiscent of the problem that fire, air, water, and earth are possibly not the right concepts for an upper ontology for engineers.    (3535) 
· HG: The replaced component still has the same specification, i.e., it is still a member of the same specification class. But after being swapped out it is no longer part of a relationship instance of the connection class.    (3536) 
· MW: There are actually a number of relationships here. Being the Unit/system component means being connected to other components of the system, and being a part of (component of) the system. That is part of being a system component. The tricky bit is becoming the system component, because what I would want to say is that whilst the component/equipment item is installed, it is the unit/system component. Or to put that slightly more formally, there is a state of the component/equipment item that is also a state of the unit/system component. Now the relationships here are those of this state being a state of both the component/equipment item, and of the unit/system component. HG: This sounds like a fruitful topic for ontologists.    (3537) 
· HG: Relationship instances change with respect to space-time. People who once were friends of mine are no longer friends. So friendship and partOf are not invariant relationships.    (3538) 
· MW: Actually, in the way I have said it above, all the relationships are eternal. That state will always be a state of the system component and the equipment item. The temporality is determined by the start and end date/time of the state. Some people (myself included) would argue that having temporal relationships is problematic, because they are essentially abstract (you cannot kick them) and it is questionable whether abstract things can exist in space-time, and hence cannot really have a temporal extent (since they do not have a spatial one). But there are plenty of people who ignore that difficulty without dying. HG: This argues the need for more ontological analysis of how things are indexed by space-time.    (3539) 
· HG: Other than your non-smiley face we have avoided talking about ontology.    (353
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· MW: Well there a plenty of ontological issues you have touched on in your latest comments.    (353
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· HG: What is the difference between an ontology and one of my design models (axiom sets)? The distinction between an ontology and a model is imprecise in the literature. However, a conventional definition might say that an engineering ontology provides terminology for modeling physical objects, their properties such as parts and connections as well as properties which are observed and measured. For example, candidate terminology for an engineering domain might include physical object for entities as vehicles.    (353
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· MW: Well I would want an ontology of both your physical objects and your design models, and the relationships between them. HG: Yes I agree and this is where I think that upper or foundation ontologies are extremely useful in the engineering of systems.    (353
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· HG: In OMG terminology, Models are created using a modeling language that is described by a metamodel (M3). OMG also describes a level M3 metamodel as a specification for an ontology and the modeling language in which the ontology is expressed. This makes some sense in that their metamodels which are class models describe the syntax used within a model constructed according to the metamodel. For example, the OMG MOF facility contains definitions of metamodels for UML, SysML, and OWL. This is ok as far as it goes. The metamodel does syntactically specify the terminology, e.g., that classes and property are language constructions to be used in a model of the language in which the model is defined. This is a start, but of course it does not provide any semantics for the language constructions. This could be done by using a meta-logic rather than simply a meta-model.    (353
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· MW: There is no such thing, that I am aware of, as meta-logic. You can of course apply logic to meta-models, but that does not make a meta-logic, it is just the same old stuff applied at a different level of abstraction. HG: Sure there is such a thing. The UML metamodels can be embedded as axioms within a logic whose valid interpretations are axiom sets in M1. In fact if one replaces metomodels with meta-logic then many of the axioms about mereology can be stated there and can be syntactically checked when axiom sets (engineer’s models) are parsed. MW: Hmm. Well for me an example of a logic is: and, or, not, implication, universal quantifier, existential quantifier. Everything else is part of the lexicon. So I would say you are dealing with different lexicons in M0, M1, etc, but the same logic.    (353
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· HG: Within a meta-logic one could express axioms for classes such a Part class. My impression is that the properties of Part classes needed for modeling oil refineries and aircraft have somewhat different axioms than are used by most ontologists. This of course requires more discussion.    (353
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· MW: Well, the philosophical ontology literature has quite a lot of mereology and mereotopology (the posh words for whole-part and connection) but relatively little on what I have called system component. So this is what I think is the biggest are that needs more work. The other area I think could do with work is on the class of part relationship that you get in e.g. a bill of materials. It seems to me that there are many possible flavours here, e.g.:    (353
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· A whole of class A may have a part that is a class B.    (353
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· A whole of class A must have a part that is a class B.    (353
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· HG: Again I agree with you. What you are saying are typical issues of creating design specifications and acceptance criteria for the resulting manufactured articles. By the way the OWL and Description Logic class constructions can be used effectively to express necessary parts. For example, I am told that a water molecule must have exactly one oxygen and two hydrogen atoms connected in a specific way to be a water molecule. One can express the necessary parts with “Water subclass of hasoxygenatom[1]Oxygen and hashydrogenatom[2]Hydrogen.” Here Oxygen and Hydrogen are classes and hasoxygen is a part relation whose domain is Water and whose range is Oxygen. This is a restricted existential quantification statement.    (353
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· HG: I notice that you have used the word system occasionally. I have not used it yet. It is not that I don’t like it; I do like it. I am just tired of people insisting that we cannot proceed with discussion without defining “system” or “engineered system”. Another suggestion has been that we enumerate all of the systems or engineered systems as opposed to defining them. This idea does not seem very realistic to me. One could give examples of system of course. I am sure that the same argument that one has to define terms could be applied to “unit” or most any other common word in order to stop discussion, as well as providing cover for those who do not believe the discussion should be continued. While I agree that one should work towards precision in classification the lack of precision need not stop useful discussion. To quote the mathematician Bruno De Finetti it is better to build on sand than on nothing at all.    (353
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· MW: Hmmm. Well on the one hand I don’t think it is that difficult to come up with a definition of a system. The only problem is coming up with one definition that everyone agrees to, and I don’t think that is necessary. I think it is enough to list as many definitions as people wish to propose, in fact I think such a list has already been contributed. I agree examples are always useful.    (353
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· MW: My definition would be that: a system is a physical object that consists of components where the components are connected and interact such that the system has behavior that is more than that of the sum of the parts.    (353
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· MW: The importance of having a system as something that is defined, is that unit/system component does not exist without it. A system component is a component of a system, and without a system that it is a component of, does not exist. HG: Ok I can go with that. My units certainly have that property. My basic objection to the word “system” in the Ontology Summit context is that mention of it seems to set people off on a line of magical thinking in the sense of conflating somebody trying to build an oil refinery to refine oil and the oil refinery having some intrinsic intension to refine oil. I do not think the latter is needed to talk about oil refineries. If one is discussing the political and social aspects of oil refineries, then more may be needed.    (353
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· HG: I hope that we haven’t added too many more worms to our can. (-- HensonGraves and MatthewWest / February 18 2012)    (353
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System Descriptions for Different Uses. We should distinguish at least 5 stakeholder groups with different interests in big systems: designers, analysts, builders, users, and theorists. Designers imagine new configurations of materials, new communication networks, or new transformations of energy to produce novel results. They write down their imaginings for the benefit of analysts and builders. Analysts apply specialized techniques, usually from an established discipline, to vet known aspects of designers' creations. (For example, the materials engineer will verify the strength requirements of structural components.) Builders of systems create physical manifestations of the designer's imagination: they obtain the materials, arrange the activities, fabricate and assemble the components, and deliver the product or service. And users adapt themselves as needed--for better or worse--when a big system intersects their lives.    (353
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Lastly we have the theorists (a class which includes all of us in this forum along with various OMG and ISO technical committees and Sowa's pantheon of knowledge engineers: Aristotle, Leibniz, Kant, Peirce, Whitehead, and others). Theorists are usually the least relevant players in big systems, and the most likely to be wrong about them. It is off topic to explore in depth the reasons for this, but let us be aware of the different ideals and motivations of theorists, and therefore wary of their recommendations and pronouncements. We theorists favor the abstract, eternal, universal, static, and rational; those who do real work are intricately bound up with the real world of special cases, exceptions, creativity, change, and irrationality. Theorists are immune to the profit motive and exempt from budget constraints; and if they have any interest in market share it is only in the marketplace of ideas. (I say this as one who believes that "there is nothing so practical as a good theory" and finds nothing more pleasing than an apt principle or pattern.) I don't say all theory is useless. I just suggest we ask of our theories how, specifically, they favorably affect the day-to-day activities of designers, analysts, builders, or users of big systems.    (353
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I don't mean to impose a rigid or unnatural separation of duties on these groups. Designers can be competent analysts or builders; practically anyone touched by a system can contribute to its design. Different stakeholders can often profit from close communication--in some phases of system development a great deal of interaction is required. Furthermore each group has activity specializations within it, with specialized information diets.    (353
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2. OntologySummit
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3. Problems    (32
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Programmers are not able to optimize the use of unstructured data for scientist and engineers    (32

HYPERLINK "http://ontolog.cim3.net/cgi-bin/wiki.pl?OntologySummit2012_BigDataChallenge_CommunityInput#nid32TH"TH

HYPERLINK "http://ontolog.cim3.net/cgi-bin/wiki.pl?OntologySummit2012_BigDataChallenge_CommunityInput#nid32TH")
Scientist without ontology training use brute force programming – can be inefficient and scientist and engineers are not aware of options and capabilities using ontology-based technologies    (32
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Is technological growth constrained by the shortage of qualified ontologists?    (32
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4. Goals    (32
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5. Needs    (32
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The skills most needed today include a combined understanding of a scientific or engineering discipline and knowledge of ontology-based technologies.    (32
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6. Output (proposed)    (32

HYPERLINK "http://ontolog.cim3.net/cgi-bin/wiki.pl?OntologySummit2012_BigDataChallenge_CommunityInput#nid32TQ"TQ

HYPERLINK "http://ontolog.cim3.net/cgi-bin/wiki.pl?OntologySummit2012_BigDataChallenge_CommunityInput#nid32TQ")
NITRD Big Data Challenge    (32

HYPERLINK "http://ontolog.cim3.net/cgi-bin/wiki.pl?OntologySummit2012_BigDataChallenge_CommunityInput#nid32TR"TR

HYPERLINK "http://ontolog.cim3.net/cgi-bin/wiki.pl?OntologySummit2012_BigDataChallenge_CommunityInput#nid32TR")
Other challenges    (32

HYPERLINK "http://ontolog.cim3.net/cgi-bin/wiki.pl?OntologySummit2012_BigDataChallenge_CommunityInput#nid32TS"TS

HYPERLINK "http://ontolog.cim3.net/cgi-bin/wiki.pl?OntologySummit2012_BigDataChallenge_CommunityInput#nid32TS")
Please feel free to comment    (32
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Enter your input below ... (please identify yourself and date your entry)    (32
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· (Rosario Uceda-Sosa, 1/19) In my opinion, there are two dimensions to this track. The first has to do with data volume and dynamicity: how to effectively store/cache/stream large volumes of data under various levels of knowledge of the metadata, ranging from structured data with known metadata to unstructured and unknown subject. This problem may or may not require large ontology models, it's mostly about instance management. The second has to do with large ontology models for complex domains (Smarter Cities, Risk Management in financial markets, etc.) Here, the models may be monolithic, or they may integrate other preexisting models/schemas, or they may have to be authored collaboratively. In a word, it's (mostly) about the models themselves. I'd be (mostly) interested in this second aspect, and see what kinds of ontologies in this area people are working in.    (32
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7. OntologySummit
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Track Co-Champions: Dr. SteveRay and Dr. TrishWhetzel    (338
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This track will help to ground the discussions in the other tracks and bring key challenges to light by describing current large-scale systems and systems of systems that either use, or could use, ontologies in their deployment. "Large-scale" can mean either very large data sets, very complex data sets, federated systems, highly distributed systems, or real-time, continuous data systems. Examples of large data sets might include scientific observations and studies; complex data sets could be technical data packages for manufactured products, or electronic health records; federated systems could include information sharing to combat terrorism, highly distributed systems includes items such as the smart electrical grid (aka Smart Grid), and real-time systems include network management systems. Of course, some big systems might include all five aspects. T    (32
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Entry by SteveRay, 2/21/2012    (35
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· Observations / Lessons learned:    (35
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· UML to OWL is a common requirement for legacy systems    (35
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· Need better tools to help interpret legacy systems, transform into semantic systems.    (35
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· Starting from scratch is rare.    (35
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· Look for the 80-20 rule of semantic development    (35
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· Semantic techniques work best when not compromised by implementation tradeoffs    (35
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· Semantic methods are faster to implement and easier to maintain    (35
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· Semantic approaches are particularly suited to systems with many complex constraints, rules, laws, with frequent changes    (35
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· Needs:    (35
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· Need better standards for common elements:    (35
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· Datatypes (Are xsd types enough? I think not)    (35
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· Ontology patterns (e.g. whole/part patterns)    (35
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· Collect ontological primitives from observation data    (35
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· Need repositories (When is OOR going to be ready for production use?)    (35
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· Repositories of ontological patterns could be more useful than repositories of ontologies    (35
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· Need industrial strength semantic services resident in the cloud    (35
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· Need better visualization tools and approaches    (35
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8. OntologySummit
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Track Co-Champions: Dr. AmandaVizedom & Mr. MikeBennett    (338
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1. Mission Statement:    (32
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This cross-track aspect will focus on the evaluation of ontologies within the context of Big Systems applications. Whether creating, developing, using, reusing, or searching for ontologies for use in big systems, engineers, architects, designers, developers and project owners will encounter questions about ontology evaluation and quality. How should those questions be answered? How do we know whether an ontology is fit for use in (or on) a large-scale engineered system or a large-scale systems engineering effort? This cross-track aspect ties together the evaluation-related discussions that arise within the Summit Tracks and individual sessions, providing a context in which to take up and address the issues generally. Specific focus will evolve with recurring themes, potentially including such topics as ontology quality characteristics, fitness for purpose, requirements, metrics, evaluation methodologies and resources. T    (32
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see also: OntologySummit
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2. General Discussion    (333
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2012.01.25, AmandaVizedom:    (333
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Some initial thoughts on the scope of this cross-track topic and potential threads within it:    (333
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Already, after the first events of OntologySummit

HYPERLINK "http://ontolog.cim3.net/cgi-bin/wiki.pl?OntologySummit2012"2012, a variety of quality-related issues have come up. More are likely, in the judgement of your humble co-champions. Here, we begin to gather these issues under one umbrella.    (333
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· Meta-topic: Questions about the Quality Cross-track    (333
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· Question: Is this about the quality of ontologies for large-scale systems, or about the quality of such systems themselves?    (333
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· Response (AmandaVizedom): This track is specifically focused on the quality of the ontologies. This does not rule out discussion of the quality of systems incorporating, or engineered using, ontologies, insofar as dependencies exist between the two. The focus, however, is on ontology quality specifically.    (336
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· Question: Is it possible to say anything meaningful about ontology quality within the limits of the cross-track, given how much debate there is, and how little settlement, about ontology quality?    (333
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· Response (AmandaVizedom): Indeed, the unsettled state of the question, in contrast to the significant effect ontology quality has on systems that incorporate ontologies, is precisely why the track was suggested. No argument, then, as to whether this is a reasonable question. Here's why I think we *can* make useful progress: because we are limited by the specific focus of the track, and the summit itself, on ontologies for large-scale systems and systems engineering. We are therefore obligated to confine ourselves to discussing ontology quality 'as it makes a difference to' large-scale systems systems engineering. We will exercise some constraint on ourselves, and focus within this motivating context. This practical focus takes a considerable amount of potential discussion out of scope. This practical focus also gives us an agreed reference direction for the discussions we do have: the direction of big systems and systems engineering use cases, and the ways in which characteristics of ontologies support or fail to support thos    (336
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· Topic: Elements, Dimensions, or Degrees of Ontology Quality When we speak of ontology quality, even when focusing on what makes a difference to large-scale systems & systems engineering, we may be thinking of many different things. The importance of considering these different things separately has been raised. How to usefully frame and identify these quality-related things, however, is neither clear nor standardized. Within the summit discussion, at least these ways of analyzing ontology quality have been suggested:    (336
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· in terms "how much quality is needed,"    (336
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· in terms of types or dimensions of ontology quality,    (3370) 
· in terms of distinct characteristics (or features, or properties) that ontologies may have, fail to have, or have in degrees. How should we understand ontology quality? What manner of breaking down the complex    (333
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· Topic: Metrics and Measurement What metrics are available for ontology quality? What methods of measurement? What's missing? For what elements of ontology quality are metrics and measurements needed but missing? How easily might such metrics and measurements be developed?    (3371) 
· Topic: Ontology Evaluation How are ontologies evaluated? How should they be evaluated? How much ontology evaluation is general (use-independent)? How much ontology evaluation is use-specific? Are currently used methods of ontology evaluation any good? Good enough?    (3372) 
· Topic: Specification of Ontology Requirements How are ontology requirements for systems specified? How should they be specified? What guidance or assistance is available for specifying ontology requirements? What guidance or assistance is needed?    (336
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· Topic: Use Cases What about past and present Big Systems that incorporate ontologies? How do (did) they manage ontology quality? How well does (did) that work? What do these use cases contain by way of issues, solutions, lessons learned, and challenges regarding ontology quality?    (339

HYPERLINK "http://ontolog.cim3.net/cgi-bin/wiki.pl?OntologySummit2012_Quality_CommunityInput#nid339D"D

HYPERLINK "http://ontolog.cim3.net/cgi-bin/wiki.pl?OntologySummit2012_Quality_CommunityInput#nid339D") 
· Topic: Relating Use Cases, Requirements, and Ontology Quality What are the relationships between use cases, ontology requirements, and elements, dimensions, or degrees of ontology quality?    (333
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2012.1.31 MikeBennett :    (3414)
· Background: What is Quality?    (340
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· There are really two distinct usages of the term 'Quality' which are in circulation:    (340
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· The natural language sense: 'How good is this thing?'    (340
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· The sense used in Quality Assurance: 'How is this thing shown to comply with the stated requirements?'    (340
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· We could think of these as qualitative quality and quantitive quality (the Q word was not really a good choice for QA - it's really about having processes that demonstrate control over deliverables)    (340
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· These are different. For example Macdonald's Golden Arches have arguably the best quality assurance of any restaurant chain, but they do not have the best burgers. It is the consistency of production which is monetizable to them.    (340
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· There is some cross-over:    (340
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· to the extent that you can quantify "what makes a good ontology?" you can build the answers to this into the formal specifications against which an ontology is verified and validated    (340
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· you can also build into the development process, the design reviews and other activities required to ensure that those who have some understanding of those intangibles are able to input to the process, correct and or veto deliverables and so on - just as in code development you would have design reviews for coding, application of agreed design conventions and so on.    (340
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· Background: Applying Quality to Big Systems    (340
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· Not all big systems are engineered, and not all engineering is big systems.    (340
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· Here we are looking at ontology quality both for engineered and for non engineered big systems    (340
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· Non engineered systems (big or otherwise) introduce a new dimension into what an ontology is required to do    (340
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· and therefore, for quantitative quality, how one is to demonstrate that these requirements are met.    (340
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· Example: Engineered systems are design by intelligent agents (people) and so are designed to operate within clearly defined and formally specified parameters    (340
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· for instance (simplifying wildly), a feedback control system is designed to operate within one stable quadrant of all the available behaviors of the system (the unstable quadrants are where you will find behaviors like unstable oscillations, things that fly apart etc.). The designer knows not to cross these mathematically defined boundaries    (340
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· non designed, i.e. emergent systems are subject to no such constraints. Complex dynamic systems have no predefined bounds on their behavior    (340
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· What does this mean for ontology?    (340
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· An ontology for an engineered system has a reasonably well defined set of ontological commitments:    (340
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· the scope, granularity and so on, of the terms within it, match the scope of the engineering design and the granularity of the terms which the engineer needed to use to design this.    (340
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· This should be reasonably amenable to formal quality controls.    (340
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· For emergent systems (or any non engineered system) the choices for ontological commitment must be made by the ontologist    (340
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· what granularity of descriptions of kinds of 'thing' is appropriate to adequately describe the system for whatever are the purposes for which it is to be described? (this depends on what is the use case for the ontology itself)    (3410) 
· What features or aspects of the system need to be described for the purposes to which the ontology is to be put?    (3411) 
· What theoretical or descriptive framework is appropriate?    (3412) 
· Much of this may be intangible, qualitative quality. How and to what extend can elements of this be quantified, or experts brought in to the review process who understand these questions?    (3413) 
2011.01.26 AmandaVizedom:    (33
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I made an attempt during today's call (Session 03, ConferenceCall

HYPERLINK "http://ontolog.cim3.net/cgi-bin/wiki.pl?ConferenceCall_2012_01_26"_2012_01_26) to notes some of the quality-related issues raised and remarks made. I'm sure I didn't get everything, or get everything quite as the speaker intended. Add and correct!    (339
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JackRing, slide 8:    (339
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· Is the ontologists' goal (iteration stop rule) Proof of Correctness or Fit for Purpose or what?    (339
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· How to ensure the continual integrity of any resulting ontology?    (339
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AnatolyLevenchuk, slide 5:    (339
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· For ontology-based formalization of systems engineering, the ontologies used must not be "folk" or "common sense" ontologies, but must be counter-intuitive, based in "engineering state-of-the-art", "knowledge about things, not about descriptions of things." (and close ideas is about descriptive vs. revisionary ontologise here: http
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·  AnatolyLevenchuk, slide 7:    (339
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· The needed type of ontology, supporting "engineering artifact...processing... needs combined usage of terminology/semiotics and ontology." {nid 339V} AnatolyLevenchuk, slide 8:    (339
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· The needed ontology must evolve, and include:    (339
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· less formal semantics, more formal pragmatics    (339
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· multi-agent belief revision theory    (339
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· separation of administrative and ontology domains (units of ontology maintaining/editing/communication/library granularity and units of belief revision. {nid 33A0} AnatolyLevenchuk, slide 10:    (33
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· The needed ontology must support:    (33
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· "knowledge computations"    (33
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· induction, deduction, and abduction    (33
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GiancarloGuizzardi:    (33
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· Many examples of failure to understand the relations between concepts in different models, especially examples in which there was a failure to understand that the concepts do not refer to the same thing.    (33
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· Need to incorporate both formal ontological theories and conceptual modeling principles    (33
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2012.02.02 Amanda Vizedom:    (3463)
During today's telecon (http
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AmandaVizedom: I am unsure how much of the thread described on Henson's slide 5 intersects the Quality cross-track. I think some but not all. I'd be happy to take suggestions, comments, thoughts regarding issues under the slide 5 topic that are at least significantly issues of ontology quality, metrics, and evaluation. We can use those suggestions to prioritize issues to cover in that cross-track.    (3465)
SimonSpero: [how to tell when an ontology is complete enough] - This fits in to the quality and metrics cross-track    (3466)
PeterYim: @Amanda - I captured that - http
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AmandaVizedom: @Simon and @David: I agree, and will make "how to tell when an ontology is complete enough" into the quality cross-track focus.    (3468)
Via the above discussion, AmandaVizedom committed to using the quality cross-track to cover some of what HensonGraves emphasized in his slides and comments, especially    (3469)
· slide 5: "Success And Relevance Of Semantic Issues In Engineering" in which it is noted:    (346
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· There has been push back on this topic on the grounds that it was covered last year    (346
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· However, marketing ontology is not the same as establishing where there are successes and analysis of failures, and conditions that might drive success    (346
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· this is of great concern to engineering decision makers    (346
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It was noted that we should coordinate this with Track 4, Large-scale domain applications. SteveRay noted that this line of interest has been emphasized with the planned speakers for Track 4.    (346
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9. OntologySummit
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Track Co-Champions: Mr. CoryCasanave & Mr. AnatolyLevenchuk    (34
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1. The Problem and Our Mission:    (34
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Title: Ontology for federation and integration of systems    (34
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Problem statement: The ability to federate and integrate data, processes services and systems components is at the foundation of the modern enterprise, business eco-system and open, collaborative government. These capabilities are essential for enterprise supply chains, fighting terrorism, business, government, inter-organizational collaboration and integrating enterprise applications. Yet, this essential capability has remained difficult and expensive to achieve in complex systems which are frequently isolated, stove piped, and difficult to integrate. The inability of our systems to share information hampers the ability of our organizations to collaborate and for our processes, services, and information resources to work together. There are multiple standards, methodologies and tools’ being applied to this problem, yet the problem is still pervasive in every major organization and community. Systems engineering is successful when applied to a single system but lacks the capability to effectively leverage and integrate data in systems of systems that exist. Ontologies and semantic technologies are seen as part of the solution but have yet to become mainstream in most organizations but there is no consensus on the terminology, ontology or architecture supporting federation and integration.    (34
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Mission Statement: This track will bring together a cross-disciplinary group of experts to address the application of ontologies and semantic technologies to the federation, integration and sharing of processes, services and information across systems. Topics will include:    (34
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· Statements of real-world problems and use cases that demand federation and integration    (34
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· Analysis of current standards and techniques (including semantic technologies) for solving federation and integration – where these techniques are succeeding and where they are lacking    (34
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· The viewpoint of experts on the application of ontologies and semantic technologies to the federation and integration problem elaborated with the required approaches, standards, tools and technologies    (34
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· Terminologies and architectures supporting semantic integration and federation    (34
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· A discussion of practical outcomes and next steps    (34
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The outputs of this track will include:    (34

HYPERLINK "http://ontolog.cim3.net/cgi-bin/wiki.pl?OntologySummit2012_SystemsFederationIntegration_CommunityInput#nid34TP"TP

HYPERLINK "http://ontolog.cim3.net/cgi-bin/wiki.pl?OntologySummit2012_SystemsFederationIntegration_CommunityInput#nid34TP")
· Categories of federation and integration use cases    (34
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· Solution architectures that include the standards, technologies and methodologies that may provide solutions    (34
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· Integration and federation terminology    (34

HYPERLINK "http://ontolog.cim3.net/cgi-bin/wiki.pl?OntologySummit2012_SystemsFederationIntegration_CommunityInput#nid34TS"TS

HYPERLINK "http://ontolog.cim3.net/cgi-bin/wiki.pl?OntologySummit2012_SystemsFederationIntegration_CommunityInput#nid34TS") 
· Experiences relating use cases and lessons learned    (34
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see also: OntologySummit
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1. Questions and Answers    (35
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(from Ontology Summit list)    (35
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System Integration, Federation, Interoperability: too many terms with not clear meaning. Different communities of practice use different words and there are difficulties in understanding. Definition of system is not clear, definition of system of systems (federated system?) is not clear twice. Systems engineering have "system integration" process that provides assembling of ready to operate system from pre-implemented parts/modules. What kind process and what system (or system of systems) life cycle we address when speaks about systems/services integration, federation, interoperability?    (35
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MatthewWest: Let me start with Federation and Interoperability. These I think are easy and reflections of each other. Federation is what you have when you have established interoperability of some systems. Information Systems are interoperable when they can exchange the data that enables them to work together. Federation of some systems is a particular set of systems that are interoperable.    (35
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System Integration is a little more difficult because I have known two meanings over the years. In the early days, system integration meant the reengineering of an existing set of systems into a single integrated system. There is probably little mileage in this approach by now, but it may still be happening. Nowadays it seems to me to be being used as what you do to achieve interoperability.    (35
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Service-oriented approach suggests pay most of attention not to systems but to services. Should we speak about service integration, federation, interoperability?    (35
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MatthewWest: There are a couple of things here. The first is that a service is what something does. It has long been established for systems of any sort that decomposition by function is the most appropriate way to componentize a system. However, this is far from being the most important aspect of SOA. The key concept behind SOA is reuse. This both reduces cost and improves quality of software. So the secret of SOA is reusable components.    (35
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How integrate, federate and provide interoperability of processes (e.g. workflow traversal through several BPM engines, adaptive case management systems, complex event processors)?    (35
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What can be terminology, taxonomy, ontology of systems federation, integration, and interoperability?    (35
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MatthewWest: I think ontology is essential for SOA, though I do not see much explicit use of it. Terminologies are of course very important for integration, this is the common language that allows systems to talk to each other. Reasoning is usually done by bespoke code rather than general purpose reasoning engines, but can be particularly useful in interfacing systems to a common terminology.    (35
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How this ontology can help to build and assess architectures and frameworks for system/services integration, federation, and interoperability?    (35
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How we can express integration, federation, interoperability architectural patterns (like "bus" or "plug-ins") in such ontology?    (35
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There are ontology frameworks that specifically address integration, federation and interoperability on industry-wide scale (e.g. ISO 15926 that intended to system life cycle data integration). What special properties should have ontologies that serve integration, federation, interoperability purposes in comparison with other kinds of ontologies?    (35
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MatthewWest: We did quite a lot of work on this before we started (ISO15926). The most important things were:    (35
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· The broadest possible context,    (35
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· Extensible,    (35
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· Enable anything to be said that is valid (i.e. no artificial restrictions),    (35
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· Explicit ontological commitments that are followed consistently    (35

HYPERLINK "http://ontolog.cim3.net/cgi-bin/wiki.pl?OntologySummit2012_SystemsFederationIntegration_CommunityInput#nid35S6"S

HYPERLINK "http://ontolog.cim3.net/cgi-bin/wiki.pl?OntologySummit2012_SystemsFederationIntegration_CommunityInput#nid35S6"6) 
· Strong methodology so that the same thing is represented in the same way by different analysts, including,    (35
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· Choice of alternative approaches left open by ontological commitments,    (35
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· Consistent representation so the same thing would get pretty much the same name from different analysts,    (35
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What languages we need for integration, federation, interoperability?    (35
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MatthewWest: You need a mapping language, which my experience suggests needs to have the equivalent power of First Order Logic.    (35
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What lessons we learned in integration, federation and interoperability projects that tried to use ontology-based methodology for achieve its goals?    (35
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MatthewWest: The most important lessons we learnt were:    (35
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· The place where you compromise because you think that will never happen, will happen within 6 months,    (35
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· You can start small and grow, A little helps a little, a lot helps a lot.    (35
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· Have a quality improvement plan, the larger you get and the more people involved, the harder it is to maintain consistent quality.    (35
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What are the special capabilities ontologies have to offer for federation and integration that are not served by more traditional federation and integrations approaches such as ETL, SOA, Event Systems, etc?    (35

HYPERLINK "http://ontolog.cim3.net/cgi-bin/wiki.pl?OntologySummit2012_SystemsFederationIntegration_CommunityInput#nid35SH"SH

HYPERLINK "http://ontolog.cim3.net/cgi-bin/wiki.pl?OntologySummit2012_SystemsFederationIntegration_CommunityInput#nid35SH")
EricLittle: They often work in conjunction. I currently have a client in the medical device industry, for whom we have built a very large semantic integration system which runs in a private cloud computing system at their facility. It presently contains 36 ontologies (which link together 9 DBs, plus all spread sheet materials data). The ontologies are federated into data source, data source integration (single and multi source), domains and product genealogy (where advanced business/scientific rules sit). We use several layers of SOA to transmit data to a series of user-driven applications (desktop, laptop, mobile, apps, etc.). We have an ETL layer that provides a “semantic cache” necessary for integration with certain business intelligence UIs where people can do ad hoc querying or drive through the data in a multitude of ways. We also are beginning to employ business process modeling toolsets to provide process mappings, alerts, security layers, etc., across the enterprise and link that information to the data sources that relate to materials, equipment, documents/reports, tests, R&D data, production data, etc.    (35
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In short it is not like one should ever conceive of having an ontology do all of those things. The semantics provide the common vocabulary and set of integrated models, the logics/reasoner run over them in the form of queries, rules, autoclassifications, etc., the cloud provides the hardware, provisioning and computational horsepower to perform functions over large data graphs, the SOA layers provide means to move information to other technologies within the cloud, etc.    (35
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KatherineGoodier: I also find that in applying ontology and semantics to solving federation issues, the solution always involves a combined approach.    (35
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What features of current ontologies, or related inference capabilities, are or are not particularly useful for federation and integration?    (35
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EricLittle: Overly large models which are not federated, overly complex logics which are not decidable. People want to examine large amounts of data very quickly. This is not an academic exercise in this world. Things need to be fast with very straight-forward and intuitive front ends.    (35
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KatherineGoodier: The close integration with a co-produced front end is an innovative practice. Involving the information consumer in the design works for me.    (35
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Are upper and/or mid ontologies useful and/or necessary for semantic integration and federation?    (35
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EricLittle: Yes, very useful, but need to be federated and capable of expansion and integration with other data models. The idea of making SMEs accept someone else’s language and terminologies is simply not realistic. Good semantic systems I have seen have highly reusable components and are extensible without a lot of extra investment on the part of the company.    (35
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Where do existing ontological languages such as OWL, CL or basic FOL meet or not meet the needs of federation and integration?    (35
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EricLittle: This depends on what you want to do. My company (Orbis Technologies uses different logics for different applications). The one mentioned above utilizes Object Logic and it works very nicely.    (35
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What is the relationship between conceptual modeling and and/or logical models and ontologies?    (35
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EricLittle: I’m not sure there always is one – other than to say I understand conceptual models to be epistemic models, probably linked to specific perspectives, logic models are how the reasoner is going to perform (but I am not going to pretend to hold to this distinction). One thing everyone in industry needs to be aware of is explicitly capturing different kinds of data and having different parts of the models that can perform different tasks. Real world objects (documents, equipment, products, personnel, etc.) should be placed in real world domain ontologies. Information entities (metadata, ontologies about data objects or measurements, etc.) should be properly placed in their own domains. Entities extracted from NLP processing should be placed in its proper spot. Inferred relations and autoclassifications should be put in their spots, and so on. This way people (and reasoners) can better interpret and use the data. Doing this little bit of metaphysical cleanup is useful for moving forward as projects continue to evolve and grow. Clients can be educated into this systems approach for the ontology and often will see the value once the system begins producing good results.    (35
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What tools ,standards or other capabilities are missing?    (35
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EricLittle: Scalability is a big issue still for many ontology solutions. This often can be fixed, but not through ontologies per se. One can enhance the system on several levels. First, at the data source level itself (we sometimes can clean up the tables themselves, normalize DBs, etc.). One can federate out the models at various layers to better handle queries and rules. One can use things like Hadoop/

HYPERLINK "http://ontolog.cim3.net/cgi-bin/wiki.pl?action=edit&id=OntologySummit2012_SystemsFederationIntegration_CommunityInput/MapReduce"MapReduce approaches to be able to thread queries and algorithms so as to only utilize those parts of the models needed for certain reports, queries or investigations. Again, ontologies themselves do not really provide all of the answers here. This is a systems approach – sometimes one even cheats on the front end by performing lazy loading, etc., to make the experience seem faster than it is because things are loading in the background.    (35
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KatherineGoodier: I agree.    (35
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If ontologies solve this problem, why isn’t the problem solved?    (35
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EricLittle: I think my position is clear by now – ontologies do not solve many of these problems. This is like asking “if I have a wiring diagram that shows the entire structure of my car, why does it not fix itself?” The mechanic can use that diagram to solve problems easier than poking around blindly, but the ontology is just a map or a model of the classes, attributes, time stamps, events, etc., that people care about within a certain set of domains (I’m sure I will get flamed by my fellow philosophers for making this kind of crude statement – and I get the value of deep metaphysics). The point is the ontology is NOT an end-to-end system, it is part of the puzzle. It provides an important backbone for all of the things I list above, but it does not provide the solution in isolation.    (35
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This is an example comment.
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Isn't this orthogonal to "big systems"?  It is a good add-on, but the presentation does not indicate it.  -- df


cory Casanave:


such as





