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I. Industrial Ontologies Group (December 2010)

1.1. Web pages of the research group:
 http://www.cs.jyu.fi/ai/OntoGroup/
1.2. Brief biography of the research activities history and profile:

http://www.cs.jyu.fi/ai/IOG_research_profile.doc
1.3. Publications online: http://www.cs.jyu.fi/ai/vagan/papers.html
II. Research Topics of Industrial Ontologies Group:

2.1. Technologies:

· Semantic Web and Semantic Technology
· Agents and Multiagent Systems

· Distributed Systems

· Artificial Intelligence

· Integration, Interoperability, Middleware

· Service-Oriented Architecture, Cloud Computing
· Web X.0

· Knowledge Management

· Software Engineering

· Ubiquitous Computing, Internet of Things
· Embedded Systems

· P2P Networking

2.2. Application Areas

· Industrial Automation, Power and Process Industry

· Electronic Commerce, Flexible Services
· Future Internet, Devices and Interoperability
· Product-Centric Applications


· Collaborative Traffic, Education, Healthcare, Wellness




2.3. Active Projects
· UBIWARE: Smart Semantic Middleware for the IoT
· SCOPE: (Semantic, Agent-Driven Platform for Mobile Public Notifications and Warnings)
· Tivit: Cloud Software (Semantic Storage in a Cloud)
III. International Collaborators of the Group and Topics for Cooperation

· SAP, Germany (Internet of things, product-centric applications);
· Massachusetts Institute of Technology, CS and AI laboratory, USA (semantic language for MAS, policy-based reasoning);

· Massachusetts Institute of Technology, Data Center, USA (semantics in RFID-based systems);
· University of California, Berkeley, USA (declarative networking, user modeling);
· University of Southern California, USA (multi-agent systems, distributed constraints optimization, robots coordination in P2P environments);
· Lulea Technical University, Sweden (smart services, embedded systems, telecommunications);

· VU Amsterdam, Netherlands (agents and Semantic Web);

· University of Athens, Greece (Service-Oriented Architectures);

· DERI, National University of Ireland, Galway (sensor networks middleware, Internet of things);

· University of Coimbra, Portugal (Semantic Web processes and services);

· Ostrava Technical University, Czech Republic (logic in MAS);

· ITIN, Cergy-Pontoise, Paris, France (educational system reforms);

· Kharkov National University of Radioelectronics, Ukraine (machine learning, semantic portals, quality assurance in education, university management), and many others.

What is UBIWARE?

UBIWARE is a Tekes project of IOG group and it is a generic, domain independent middleware platform, which is meant to be able to provide the following support:

-         integration;

-         interoperability;

-         proactivity;

-        communication, observation, negotiation, coordination and collaboration;

-         automation, design and installation;

-         lifecycle management, execution monitoring, diagnostics, maintenance;

-         self-descriptiveness, semantic search, discovery, sharing, reuse;

-         planning and decision-making;

-         adaptation;

-         learning, mining, knowledge discovery;

-         context-awareness;

-         self-management including self-configuration;

-         security, privacy and trust;

-         etc...


for the following resources, systems and components (including their groups):

-      data, information and knowledge: data, metadata, knowledge, logic, ontologies;

-         software and services: software components, software agents, software and information systems, services including Web-services;

-         humans (users, experts, administration, customers, patients, doctors,  etc);

-         machines, devices, networks, embedded electronics, RFID;

-     intangibles (human and organizational capital: innovations, property rights, trust and reputation, brand recognition, etc.)

-         organizations;

-         processes, technologies and business models;

-         interfaces;

-        intelligence: reasoning, inference, planning, learning, data-mining, etc… engines;

-         smart spaces;

-         mathematical models;

-         other middleware and CSCW tools;

-         etc.


Due to heterogeneity of provided services and supported components, UBIWARE is based on integration of several technologies: Semantic Web, Distributed Artificial Intelligence and Agent Technologies, Ubiquitous Computing, SOA (Service-Oriented Architecture), Cloud Computing, Web x.0 and related concepts.

The research and design on UBIWARE is started by Industrial Ontologies Group within UBIWARE project: “Smart Semantic Middleware for Ubiquitous Computing” funded by Tekes and industrial partners (June 2007 – December 2010).
In addition to internationally recognized scientific outcomes of the project, the UBIWARE platform (current version: UBIWARE 3.1) and unique semantic programming language S-APL for declarative design of complex distributed systems have been already designed and moreover several real industrial cases has been developed on top of it. See more references about UBIWARE below.
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Integrated research and development profile of the group as possible partner for Tekes, Academy, FP7 or SHOK activities:
"Semantic Middleware for Proactive, Self-Managed Ubiquitous Distributed Resources of Different Nature”

Recent advances in networking, sensor and RFID technologies allow connecting physical world objects to the IT infrastructure, which could enable realization of the “Internet of Things” vision. However, as the systems become increasingly complex, traditional solutions to manage and control them reach their limits and pose a need for self-manageability. Also, heterogeneity of the ubiquitous components, standards, data formats, etc, creates significant obstacles for interoperability in such complex systems. The promising technologies to tackle these problems are the Semantic Web, for interoperability, and Software Agents for management of complex systems. Industrial Ontologies Group profile and experiences allows applying Semantic Web, Distributed AI and Human-Centric Computing to the Ubiquitous Computing domain. It aims at a new generation middleware, which will allow creation of self-managed complex industrial systems consisting of mobile, distributed, heterogeneous, shared and reusable components of different nature, e.g. various products, smart machines and devices, sensors, actuators, networks, web-services, software, humans, business processes, etc. The middleware will enable various components to automatically discover each other and to configure a system with complex functionality based on the atomic functionalities of the components. The middleware can be considered also as excellent tool for design of complex distributed applications, for support of self-configuration, for smart product (or any other resource) life cycle management, for various data/application integration purposes, etc.

The above experience fit well the vision of future ICT systems according to the EU 7-th Framework Programme (2007-2013), e.g. engineering of more robust, context-aware and easy-to-use ICT systems that are able of self-improvement and self-adaptation within their respective environments.
Samples of expertise relevant to ICT SHOK activities:

1. Future Internet: Integrated profile: PROFI: “Proactive Future Internet: Smart Semantic Middleware Overlay Architecture for Declarative Networking”. (Expertise: utilization of semantic languages for declarative specification of network components and their behavior, and application of software agents as engines executing those specifications, designing overlay architecture that will integrate autonomous (self-managed) proactive programmable Internet components with the help of a specialized agent-driven middleware platform for enabling flexibility, adaptability, self-configurability and self-management of the future Internet infrastructure.) 

2. Devices and Interoperability: Integrated Profile: UbiSpace: “Agent-based Semantic Middleware Platform for Device Interoperability in Smart Space Environments”. (Expertise: utilization of semantic languages for declarative specification of devices’ and services’ behavior, application of software agents as engines executing those specifications, and establishment of common ontologies to facilitate and govern seamless interoperation of devices within smart spaces with the help of a multi-agent system as a mediation facility enabling rich cooperation capabilities (e.g., discovery, coordination, adaptability, and negotiation) amongst the devices inhabiting the smart space environment.)

3. Collaborative Traffic: Integrated profile: UbiRoad: “Semantic Middleware Platform for Dynamic Context-Aware Smart Road Environments”. (Expertise: facilities to enable seamless mobile service provisioning to the users of future traffic environment, which is operating on top of numerous sensor and access networks and governing the process of mobile services provisioning to traffic environment users in self-managed and proactive way and should provide solutions to the following two interoperability problems: interoperability between the in-car and roadside devices produced and programmed by different vendors and/or providers, and the need for seamless and flexible collaboration (including discovery, coordination, conflict resolution and possibly even negotiation) amongst the smart road devices and services. Utilization of semantic languages for declarative specification of collaborative traffic components, cars, roads, devices and services behavior, application of software agents as engines executing those specifications, and establishment of common ontologies to facilitate and govern seamless interoperation of devices, services and traffic users within smart road environments.)
4. Flexible Services.  Integrated profile: UbiService: “Agent-driven Semantically Enriched Ubiquitous Services Architecture”. (Expertise: “tools and platform for universal ubiquitous service architecture that would allow creation and robust provisioning of flexible, personalized, dynamically configurable, context-aware electronic services with the help of specialized agent-driven middleware platform acting as a mediation facility enabling rich cooperation capabilities (e.g., discovery, coordination, adaptability, and negotiation) amongst the services inhabiting the distributed computing environment. Utilization of semantic technologies will ensure efficient and autonomous coordination among agents and interoperability and flexible collaboration between associated services.”)
5. Cross-Program. Integrated Profile: UbiVERSE: “Ubiquitous Virtual Ecosystem for Resource-oriented Smart Environments”. (Cross-ICT-SHOK concept of Industrial Ontologies Group: a high-level multidisciplinary research vision towards the future global information society. The UbiVERSE vision is created with incentive to bring an innovative and universal roadmap to tackle the majority of the information technology challenges identified throughout major ICT-SHOK research programs “Future Internet”, “Flexible Services”, “Devices and Interoperability Ecosystems” and “Cooperative Traffic ICT”. This vision is intended to bring the four ICT-SHOK Strategic Research Agendas together under the umbrella of a common future information society roadmap and to express particular viewpoint on possible methodology and implementation of this concept. This can be used for the ICT-SHOK cross-program horizontal actions. Our vision of the UbiVERSE future information society targets creation of a single global and unified distributed information environment which is based on the concepts of (information) resource and seamless internetworking, interoperability and integration amongst ubiquitous resources. Architectural and functional organization of such an environment should be based on the principles of openness, extensibility, configurability, flexibility and sustainability. Methodologically UbiVERSE will entail meta-level architectural approach and will utilize a semantics-based agent-driven inter-middleware platform (UBIWARE) that employs declarative programmability, personalization, proactivity and semantic technologies to step up as a universal and efficient superstructure over future Web/Internet and other ICT systems and environments, and to act as intelligent glue seamlessly interconnecting all constituent technologies and components of the future information society.)
Milestones of the research history of the group:

· 1978-1989 – Participation in the development of the first in USSR Industrial Natural Language Processing System “DESTA”, which included semantic analysis and ontologies. Participation in the development of the first in USSR Industrial Automated Natural Language Programming System “ALISA”, which enabled semantic annotation, discovery and integration of software components (a prototype of today's Semantic Web Services concept);
· 1990-1993 – Under the name of Metaintelligence Laboratory, we were piloting the concept of a Metasemantic Network (triplet-based (meta-)knowledge representation model) – a prototype of today’s RDF standard;
· 1994-2000 – Various industrial projects in Ukraine, e.g. MetaAtom – “Semantic Diagnostics of Ukrainian Nuclear Power Stations based on Metaknowledge”; MetaHuman – industrial medical diagnostics expert system based on Metaknowledge”; Jeweler – metamodelling and control of industrial processes, got several research grants from the Academy of Finland, etc
· 2000-2001 – We started close collaboration and exchange with University of Jyvaskyla (Finland) and Vrije Universiteit Amsterdam (heart of Semantic Web activities in Europe), and established research groups in Kharkov (Ukraine) on Data Mining, Educational Ontologies, Telemedicine, etc;

· 2001-2003 – We participated in the MultiMeetMobile (“Multimedia, Electronic commerce, and Transactional services for mobile computing”) Tekes Project, and in the Tempus EU Compact Project.

· 2003-2004 – Creation of the Industrial Ontologies Group. InBCT project - research of the Semantic Facilitator for Web Information Retrieval and development of Semantic Google software, which utilizes Google and WordNet APIs. Participation in the IdeaMentoring project (funded by Nokia and Jyväskylä Science Park) – defining and refining new applications for mobile camera phones based on Semantic Web technology.

· 2004-2007 – The team started the series of international conferences: IFIP International Conference on Industrial Applications of Semantic Web (IASW-2005). Participation in ASG: “Adaptive Services Grid” 6th Framework Project, which aimed to develop a proof-of-concept prototype of an open development platform for adaptive services discovery, creation, composition, and enactment in web environment based on their semantic specifications. Participation in the MODE project of Vaasa University: “Management of Distributed Expertise in R&D Collaboration”. In SCOMA (“Scientific Computing and Optimization in Multidisciplinary Applications”) Tekes project developing a prototype of the Semantic Web portal that provides advanced publishing, sharing, and reuse of distributed mathematical tools, expertise and knowledge. Taking part in MODPA: “Mobile Design Patterns and Architectures” Tekes Project. The SmartResource Tekes project, research and development of the large-scale environment for integration and life cycle management of industrial products, smart devices, web services and human experts based on Semantic Web and agent technologies. A prototype platform for e-maintenance has been designed and implemented for particular tasks of industrial partners.
· 2007-2010 Tekes project UBIWARE aims at designing a new generation middleware platform (UBIWARE) which will allow creation of self-managed complex industrial systems consisting of heterogeneous components.
· 2010-2011 Working in Tivit (Cloud Software) and SCOPE (Tekes) Projects.

Key concept of the group: “Global Understanding Environment” (GUN)

The concept has been introduced in the projects of Industrial Ontologies Group such as SmartResource (2004-2007) and UBIWARE (Smart Semantic Middleware for Ubiquitous Computing (2007-2010) and has been widely published and reported internationally. GUN is a general middleware framework aiming at providing means for building complex distributed systems consisting of components of different nature, based on the semantic and agent technologies. A very general view on GUN is presented in the Figure on the cover page of this booklet. Various (industrial) resources (e.g. data, knowledge, devices, humans, organizations, markets, software components, models and other abstractions, etc.) can be linked to the Semantic Web-based environment via adapters (or interfaces), which include (if necessary) sensors with digital output, data structuring (e.g. XML) and semantic adapter components (e.g. XML to RDF). Agents are assumed to be assigned to each resource and are able to monitor (meta)data coming from the adapter about states of the resource, decide if more deep investigation of the state is needed, discover other agents in the environment, which represent “decision makers” and exchange information (agent-to-agent communication with semantically enriched content language) to get state evaluations (e.g. diagnoses) and decide if any change (e.g. treatment or maintenance, etc) is needed. It is assumed that “decision making” Web-services will be implemented based on various machine learning algorithms and will be able to learn based on samples of data taken from various “service consumers” and labeled by experts. Implementation of agent technologies and Multi-Agent Systems (MAS) within GUN framework allows mobility of service components between various platforms, decentralized service discovery, FIPA communication protocols utilization, and MAS-like integration or composition of services. When applying the semantic approach it should be obvious that the semantic technology has to be able to describe resources not only as passive functional or non-functional entities, but also to describe their behavior (proactivity, communication, and coordination). In this sense, the word “global” in GUN has a double meaning. First, it implies that various resources are able to communicate and cooperate globally, i.e. across the whole organization and beyond. Second, it implies a “global understanding”. This means that a resource A can understand all of (1) the properties and the state of a resource B, (2) the potential and actual behaviors of B, and (3) the business processes in which A and B, and maybe other resources, are jointly involved. From the Semantic Web point of view, GUN could be referred to as proactive, self-managed evolutionary Semantic Web of Things, People and Abstractions where all kinds of entities can understand, interact, serve, develop and learn from each other. 
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IV. UBIWARE platform prototype
Download a zip archive of the UBIWARE platform ver. 1.2 from:

http://users.jyu.fi/~akataso/Ubiware1.2.zip
Follow the instructions from:

http://users.jyu.fi/~akataso/itks544/Demo3.pdf 

and 

http://users.jyu.fi/~akataso/itks544/Demo4.pdf

Use programming guide:

http://users.jyu.fi/~akataso/SAPLguide.pdf
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