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SUMMARY

bThe ever more pressing needs for implementation of environmental as well as socio-economic  sustainability principles  in all systemic value creation organisms of our post mass production society in the context of the ever increasing volatility of technical, social and environmental performance demands and operation conditions for value creation and streaming processes require introduction of revolutionary sociotechnical system concepts, for emergent integral multiple lifetime cost-benefit optimization of the streams of value creation and conversion processes. Most significant trends in system evolution are:

· transitions from free market agent-to-agent transaction structures, 

· towards network and/or chain formation  for cooperative multi agent value creation and transaction patterns. These trends in many market segments of our socio-economic systems are amongst others spurred by transitions:

· from local and national market economies towards transnational or global network economies.

· from consumption and waste economies towards waste less recycling presumption economies,

· from smoke stack bulk industries towards flexible, lean and clean supply and recycling chains,

· from economies of scale towards economies of scope: i.e. 

· from centralized mono-agent towards decentralized multi-agent value creation 
· for combinations of upstream production up-scaling for cost reduction, 
· with downstream scoping and product and service differentiation, 
· for optimal customer satisfaction, innovation acceleration  and/or legibility redistribution,

· from fixed integral product concepts towards product and service modularizations and large scale introduction of open systems product en process system architectures, 

· based on modular interface standardisation for product service system evolvability, 

· from product oriented towards combined product-service system and service process oriented design, engineering and construction,

· from nationally concentrated value creation towards geo-economic mobility of industry and business,
· from continentally or even globally integrated monetary exchange systems towards combinations is such systems with local exchange trading system.

In the context of present day and near future trends towards globalization of supply chains and acceleration of technological and societal innovation, networks of industries and businesses tend to grow into sets of wide varieties of alliances, linked by individual ‘actors’. Considering an alliance network from the perspective of a focal company —i.e., focusing on all alliances that the observed company has, is known as an alliance portfolio (an egocentric alliance network, Werner H. Hoffmann). 

Generalization of the phenomenon of alliance portfolios results in the recognition of large scale socio-technical value creation and streaming systems; i.e. organisational and technical combinations  of social and technical actors, related in network structures and processes for creation of a wide variety of societal and environmental value streams. We may therefore refer to such systems as living (sociotechnical) multiple value creation and streaming systems. The adjective ‘living’ denotes the coercive mutual ubiquity of natural, social and technological subsystems in the arrangements of production, transfer and utilisation processes of all relevant sociotechnical multiple value creation and streaming systems in our modern societies. According to the book of Heines, Jones and Lamming a value stream system may be characterized as follows:

“The value stream is those set of tasks and activities required to design and make a family of products or services that are undertaken with a group of linked functions or companies from the point of customer specification right back to the

raw material source. Any company may focus its attention on a variety of value streams depending on which market segments or categories they are seeking to work within.

In order to maximize the value of products and services as they are delivered throughout the value stream, it is necessary to concentrate attention on a rapid and uninterrupted flow that is 'pulled' by the final demand profile. This allows for a minimum of wasteful activities, such as storage, waiting, excess transportation and quality failures. However, in order to ensure that this flow avoids waste, it is imperative to create a dynamic transparency between companies both upstream and down-stream. This transparency ensures that strategics, costs and information are appropriately shared between value stream members. In order to ensure that all the relevant functions and companies are involved in this sharing process and that maximum competitive advantage is obtained, attention needs to be directed to the complete network of organizations involved. Value stream thinking goes beyond simplistic academic models of single buyer/single supplier relationships or even supply chains involving one customer, a focal firm and its single supplier. Instead, a more realistic approach is adopted involving a complete network of com​panies arrayed in each tier of supply.”
Addition of the adjective ‘multiple’ to the concept of value stresses the paramount significance of diverse value creation for sustainable life. Over emphasizing efficient single value creation and streaming of living systems will ultimately destroy their emergence, vitality and sustainability.
In this paper the authors present and discus the Smart Living System Paradigm, as an envelope for implementation of the emergent, stigmergent or sema tectonic (Francis Heylighen) behavioural and evolutionary concepts and mechanisms of biosystems in design, engineering, construction and management of tomorrows sociotechnical multi-agent value creation systems of our society. Contributing to sustainable satisfaction (Bernard Lietaer) for all stakeholders involved in present and future multiple value creation and streaming systems is the incentive for this study. 

· knowledge creation and dissemination through product and system innovations as well as via 

· talent breeding and streaming for the new Smart Living System (SLS) paradigm.

is the essence of this paper. 
Training, validation and certification of SLS participants and their tooling is to be considered as vital condition for broad market diffusion of the SLS concept. Focus of envisaged system innovation strategies is knowledge driven integral lifetime optimisation of total system multiple input factor productivity and sustainability, through smart on-line observation and feedback control of value creation processes and contingency management of organisational and physical system facilities. Application of: 

· pervasive  technology chaining and innovation sequencing strategies, 

· serious gaming tactics for stakeholder group model building and multi-agent value exchange and multi stakeholder  negotiation,

· local exchange trading systems for system inbound value transactions and 

· new technologies enabling high-resolution synoptic monitoring and distributed feedback and feed forward control and proactive strategic management of complex multi agent systems, 
· for example for large areas, or long stretches of linear infrastructure, 

· thus bringing data-starved to data-abundant environments,

is to be focused on engineering of symbiotic combinations of trends in nature, society and technology so as to achieve environmental and socio-economic system sustainability or even more generic sustainable satisfaction for all system stakeholders involved. It should be noticed however that multi-agent negotiation processes in a multiparameter value space is further complicated when context dependent stakeholder needs, resulting interests and interest based value perceptions and/or pricing vary as a function of the systems lifetime, while  integral lifetime cost-benefit optimisation is to be realized, so as to achieve cultural, social, economic and environmental sustainability. Moreover when the number of system participants increases while paramount participant needs, resulting interests and subsequent value perceptions are at stake in case of system failure such as food or water contamination, water floods, banking crises, electricity black outs or any other type of suboptimal system performance, considerable investments may be required in measures and means for calamity prevention and resilient response strategies including efficient procedures for combinations of damage control, disturbance (propagation) prevention, prediction, detection and neutralisation.

A wide variety of new functional concepts for organisation and facilitation of value creation network systems is to be embedded in conceptual frameworks for design, management and continuous improvement of future Smart Living Systems. Examples of new system concepts are amongst others:

· concept value (Camps Th. e.a. 2008), 

· network morphology characterized by aspects as connectivity, concentration, decentralization  and entropy (Van Asseldonk A A.e.), 

· convergence of decentralized design processes (Chanron V. & Lewis K 2005) ,

· system evolvability (Borches D. 2007), 

· living building and living system concepts (De Ridder H.A.J. 2006), 

· cognitive engine controlled and managed Smart Living Systems and 

· cognitive engineering (Gielingh W.F.) as an overarching principle for functional design, construction and optimal management of smart and evolvable living systems. 

These sociotechnical system Concepts will be briefly presented in this paper, ordered according to their increasing social complexity and technical sophistication and intelligence. This framework may serve as a vehicle for the introduction of a new sociotechnical Smart Living System Paradigm (SLSP) for science, technology, industry, business, market and public systems.

Applying theory and instrumentation for multi stakeholder trust engineering and group model building in the context of the Smart Living System Paradigm envisaged should be considered as the essence of future oriented socialisation of the present paradigms for science, technology and business. 

Introduction of natural ecosystem models for restructuring of our commodity value creation systems, as the next step in the evolution of our society, may result from SLSP implementations. SLSP implementation may pave the way towards new modes for symbiotic combinations of democracy and technocracy, in particular regarding sustainable combination of social, economic, environmental and cultural value stream systems. According to the brilliant account of Brian Arthur, in his book on ‘the nature of technology’ the twenty-firsts century  may exhibit, the worlds dominating living sociotechnical multiple value stream systems, to evolve following increasingly complex patterns of concerted principles of bio system, social system and technological system evolution; thus deploying long term conserted evolution of nature, men kind and the universe. Opening up a new window on large scale multiple value streams, through our terrestrial holon of men kind, society and nature, may nurture our cognitive, emotional and intuitive, spiritual consciousness and competences for sustainable multiple value creation and utilization.
1. INTRODUCTION
Incentives for definition, development and implementation of sociotechnical system innovations emerge from the rapidly increasing integral lifetime performance demands for a wide variety of present day value creation and streaming systems in our society. Public and private parties in our post industrial societies require drastic improvements in environmental and socio-economic sustainability, resilience, integrity, multiple input/output factor productivity, quality and emergent compliance with ever more rapidly varying performance conditions and demands. Additional arguments for urgent value creation system innovations emerge from the steadily increasing risks for their deficient performance, untidy depreciation or brake down due to their institutional, social and technical inertia and resulting contingency misfits and incompliance with often ever more rapidly varying performance capacity or quality demands. 
Socio-technical value creation systems are organisational and technical combinations of natural, social and technical actors, participating in structures and processes for creation and transfer of a wide variety of societal, cultural and environmental value streams. Examples of value creation systems under concern are traffic network systems, energy supply networks, fresh food production and distribution systems, global monetary systems and land-water infrastructures of river deltas and coastal zones. Such multi actor systems most often entail strongly intertwined physical, biological, social, financial and information communication processes.

In many cases in our world such societal and infrastructure systems are gradually loaded up to there maximal capacities, often near to or even beyond their natural or deliberately constructed robustness and resilience. Production systems to be improved for triple P targets are for example the agro food and non-food production systems, the building industry and the healthcare system. Increasing end-user demands regarding price-quality relations of products and services, consumer oriented product diversification and advancements in science and technology are some of the incentives for business and industry reengineering, including chaining for specialisation, alignment, outsourcing and profitable recombination of economies of scale and economies of scope. Required improvements in value creation system performance generally entail demands for more sustainable waste less value creation and better quality and reliability at lower cost of the supply of such commodities as energy, food, water, building space and housing, transport and healthcare  services, communication and information services. In general ever increasing demands for value creation system performance include the need for more system diligence for continuous compliance with ever more rapidly changing and extended scoping performance demands and operating conditions. The search for methods and means for coping with such trends in society and technology provides the incentives for presentation of this paper as a sparkplug for generation of a new sociotechnical paradigm for developments of technology and society. That paradigm may be recognized as a programme for gradually increasing mutual coercion of human consciousness and intelligence in technological artefacts and natural systems and vice-verse.    
2. VARYING SYSTEM PERFORMANCE DEMANDS
Considering human value creation and streaming the following aspects should be recognized.

· Each society may be considered as a conglomerate of interacting and mutually facilitating living value creation and streaming systems. Each value creation and streaming system is part of overarching systems and compiled out of a number of subsystems. Each system level creates values different from lower level value creations.

· Each system interface exhibits value exchanges through interactions or transactions.

· Each system level should enable environmental, technical, social and economic sustainability and may therefore limit subsystem behaviour and performance demands.
· Each system structure or substructure entails rules for intersystem interaction limits so as to facilitate integral system stability and resilience.

· Each system level may exhibit level specific value creation missions, rules, competences and tools.

· Varying value creation system performance demands may require system contingency management so as to reconfigure and/or rescale value creation process structures and dimensions on system, subsystem or superseding system levels.

· Culture dynamics including changing social and ecological value perception schemes may require drastic value creation process redesign.

· Changing technological, social or institutional operation conditions may drastically affect system response times, stability margins and resilience.

· Increasing system sizes, network connectivity and centralisation may cause acceleration of system failure propagation.

For transitions from centralized single actor value creation towards decentralized multi-actor network value creation and streaming processes new sociotechnical system concepts, methods and instrumentation are apparently required as frames for mastering and managing the social and technical complexities and dynamics of integral lifetime design, construction, operation and productivity optimisation of tomorrows multiple value creation and streaming systems. Drivers for continuous improvement through reconfiguration and rescaling of the major as well as the minor multiple value creation systems in our post-industrial society are:

· socio-economic trends such as economic growth, globalisation, mass-individualisation, urbanisation and regionally increasing population densities;

· physical trends as increasing needs for energy efficiency and environmental load reduction and risks for  environmental degradation, resource exhaust and climate change;

· trends in the information and technology domain such as increasing capabilities of digital agents for intelligent and emergent behaviour even to the extend that social agents increasingly depend on technical agent performance for their optimal contribution to system performance.

3. SOME BASIC CONSIDERATIONS
The value creation, streaming and utilization systems in our world, supplying most of the functional values as commodities for daily life are most often to be considered as multi-actor, multi-process and multi-level sociotechnical network structures. Supply of required functional value commodities is in general carried by flows of product-service packages. Therefore optimizing cost-benefit ratios of commodity supply demands for dynamic contingency management and optimal control of value streams in multi-actor supply chains. Following actor network theory technical, social or natural actors when endowed with capacities for emergent behaviour and interactor value exchange are to be considered as agents of our multiple value creation and streaming systems. We therefore introduce the general concept of an agent according to the following definition:

An agent is a technical, social or sociotechnical actor capable of independent mission oriented action. In other words, an agent can figure out for itself what it needs to do in order to satisfy its design and mission objectives, rather than having to be told explicitly what to do at any given moment. In order to successfully interact with other agents of a sociotechnical network system agents must exhibit abilities to communicate, cooperate, coordinate, and negotiate with each other, Design and management of multi-agent value creation systems may obviously include agent design as well as agent-relation-network design and management. 

It should be noticed here that agents implemented in the context of sociotechnical network systems, must be capable of processing other values then only information such as computer based multi-agent systems are designed to do.

4.  Anatomy, physiology and psychology of value creation systems
Starting from the concept of sociotechnical systems this section presents a tentative exploration of the challenging problems of lifetime design, construction, operation, tactical management and strategic governance of tomorrow’s smart living value creation systems. Most essential for adequate appreciation of the significance of the attribute “living” for design, construction, operation, tactical management and strategic governance of the sociotechnical value creation systems considered in this text is in-depth recognition of the self organising dynamics and human centred characteristics of both their structures and processes. Fundamental aspect of their dynamics is their non-equilibrium condition, i.e. their continuous endogenously and/or exogenously driven evolution. Neither their structures or facilities nor their processes are to be considered as static and/or stable. Drivers for change are manifold, natural and/or men made. 

Evolution of the societal and/or environmental contexts of our value creation and streaming systems or enabling sciences and technologies are intricately related or even provoke patterns of change in the value stream system architectures, formally and/or informally guiding system performance dynamics. The increasing temperature (i.e. the accelerating rates of change) of our value stream system architectures forces explicit transitions from traditional system engineering, construction and management concepts towards construction, control and management of future systems for , emergent, stigmergent, sema tectonic and/or obedient process and structure dynamics. Many engineering principles, construction methods and control mechanisms such as process and structure modularisation, process and control reconfiguration and stratification and intertwining design for system evolvability with design and implementation of the evolutionary system environment (see Daniel Borches cited in later sections of this paper) should be considered for implementation of the transitions envisaged. 

Most significant of all instrumental approaches for continuous improvements of emergent value creation and streaming system structures and behaviour is strict separation of cognitive functional system design from engineering and constructive implementation of such designs. That strict separation of conceptual functional architecting from system engineering and construction offers opportunities for wide varieties of alternative technical system realisations while pertaining functional system architectural concepts and thus reducing needs and costs for re-architecting in case of demands and opportunities for implementation of new technologies and performance demands (see also section 5 of this note). In turn functional system architecting may be deduced from separate preliminary multi variable input-output value stream specification. System input-output value stream prescriptions may in turn be derived from constituting basic value perceptions and subsequent ethical frameworks of participating or otherwise system related parties. Moreover the processes for system design, construction, realisation, operation, management, governance and innovation are to be tailored and tuned so as to satisfy predominant formal and informal institutional matrices and environmental conditions. 

Kernel of the new Smart Living value stream System Paradigm for science, technology and society is design, construction, operation and contingency management for both emergent and/or induced knowledge driven change. This approach towards design, construction and operation of artificial value stream systems paves the way for broad and in-depth implementation of emotional and spiritual (irrational) value streams in addition to physical, economic and all other rational value streams  in future applications of science and technology. When natural elements, such as soils and water flows or trees are to be embedded in technical system realisations significant uncertainties are to be taken into account.
Central to the envisaged innovative sociotechnical paradigm definitions and implementations is the recognition of the fundamental significance of the sociotechnical system concept as common ground for almost all value creation system concepts to be presented and related to each other in this paper. 

Sociotechnical System Theory is an extension of Sociotechnical Theory, which provides a richer descriptive and conceptual language for describing, analysing and designing organisations of technical and social agents in their environments, including natural (i.e. non-men made) agents. 

The term Sociotechnical System recognises that our present living value creation and streaming systems of social and technical agents have boundaries and that transactions (i.e. price based formal value exchanges) and interactions (i.e. informal value exchanges) occur within the system and its sub-systems, as well as between the system and with systems in the wider context of its environment. 

The value creation and streaming processes of sociotechnical multi-agent systems generally entail combinations of at least three supply chain process faces or value creation and streaming subsystems:

· the input process; i.e. the functional value carrier input acquisition and initial carrier and value preparation for subsequent conversion and distribution,

· the throughput process; i.e. the functional value carrier conversion or preparation for end user value carrier supply and value consumption,

· the output process: i.e. the end-user value carrier processing for extraction and consumption of required functional values.

Electric currents may for example be considered as carriers of desired functional values as heat, light or mechanic power. In turn these physical values may be converted into social, economic, environmental or cultural values. Water may serve as carrier of food for biosystems or infrastructure for mobility. Human labour is to be considered as a carrier of an almost infinite variety of public, private, social and business values. Obviously each value creation face and corresponding multi-agent supply chain segment may possibly be further modularized. Each of these value creation faces or supply chain subsystems as well as subsystem combinations may be selected for design, analysis and implementation of either exogenously imposed or endogenously emergent (self organizing) value stream management and system innovations. Partitioning value supply chains however requires conditioning and facilitating convergence of decentralized integral value chain or network system design and management decision processes.

Strategic governance and optimal productivity management of such systems obviously includes optimal contingency management of their facilitating organisation structures and often capital intensive infrastructural installations such as production buildings, plants, energy distribution networks, road or rail systems, port systems or telecommunication networks.

Significant for value creation system optimisation is contingency management. In the context of organisation theory contingency management implies optimisation of the fit of qualitative and quantitative system structure aspects to performance demands and environmental conditions. The essence of the contingency research paradigm is that organizational effectiveness results from fitting characteristics of the organization, such as its structure and its facilities to contingencies that reflect the situation of the organization in its context. The value creation system organization becomes shaped by its contingencies, because it needs to fit them to avoid loss of performance. 

Donaldson explains that: “contingency theory sees maximum performance as resulting from adopting, not the maximum, but rather the appropriate level of the structural variable that fits the contingency. 

A contingency is any variable that moderates the effect of an organizational characteristic of organizational performance". A little more easily applicable, Cherrington (1994)
 wrote in his book “Organisational behaviour”: “recent management theory claims that organizational structure needs to adapt to the demands of the environment". This approach, called contingency design theory, has focused attention on identifying the most important environmental variables that should be taken into account when designing an organization for maximum effectiveness”. Central to the theory of contingency management is the concept of “fit”. Donaldson writes: 

"Fit is a combination of the levels of the contingency and structure that produce higher performance"  

“Fit is central to contingency theory because it explains variations in organizational performance, organizational change, and associations between contingencies and structures.”
Actually this statement exhibits the significance of continuous on/line triple loop action learning strategies for design and governance of value creation systems for optimizing integral lifetime performance. Later in this paper we will try to express contingency management of multi-agent value creation and streaming systems in terms of multi-agent system theory and practice. Modelling value creation systems as supply chains first of all requires schematically mapping their anatomy, physiology and social psychology. 

The anatomy of value creation systems in general, or a little more specific of supply chains, includes at least three agent categories:

· social agents such as individual persons, groups or societal organisations),

· technical agents such as computer systems or infrastructural facilities (process plants, buildings, distribution networks, road systems, data files or programme libraries),

· natural agents such as rivers, waterfalls, trees, woods and volcanoes.

Generally the physiology of advanced value creation processes of supply chains entails at least four network process levels:

· the primary value creation process level accomplishing the principle network system mission and possibly including on-line operational process control,

· the secondary  process level facilitating the primary processes and the tertiary strategic governance processes, facility management and value creation control processes, including tactical process management,

· the tertiary strategic governance, facility management and value creation control processes including multi sensor-multi parameter observation and data-analysis for triple loop learning and strategic value creation governance and system contingency management,

· system failure prevention, detection, propagation inhibition and neutralisation processes.

These processes include: 

· natural and/or technical physical  processes, 

· communication and information processes and 

· social and cultural processes.

The complexity of value creation systems is amongst others determined by:

· the number of participating agents,

· the number of agent types,

· the number and differentiations of inter-agent relations,

· the complexity of the institutional structure of formal and informal rules governing the systems value creation and streaming processes and the structural system dynamics.
Values to be created may be categorized according to many different aspects such as for example according to Camps Th. e.a. (2008)
:

· business values,

· social values,

· public values,

· creative values.

or according to De Ridder H.A.J. (2006)
:

· technical values,

· utility values,

· perception or experiential values.

Alternatively one may prefer to categorize values to be created as:

· economic values,

· social values,

· cultural values and

· environmental values.

Objective values or subjective value perceptions should be considered to emerge from certain stakeholder interest categories, which in turn emerge from their often context dependent needs.
Such patterns of stakeholder generated ‘significance chains’ will often exhibit complex network structures. Per stakeholder or group of stakeholders these structures may drastically vary in time and contexts dependencies.
Optimisation of value creation system performance may require definition and multi agent acceptance of local subsystem or integral system value creation and streaming harmonisation concepts as bases for performance optimisation criteria. Introduction of the generic concept of sustainable satisfaction (Lietaer 2001) for all social and natural system stakeholders or stakeholder groups may exemplify value spectrum harmonisation through formalized stakeholder group acceptance of an overarching concept value (an aggregate value) as mission criterion (Camps Th. E.a. 2008). In case of energy system optimisation introduction of the thermodynamic energy concept may be an instrument for optimal cost-effective energy carrier mix management and functional value conversion. Vital for design, management and strategic governance of value creation systems is careful definition and multi stakeholder acceptance of the system specific value-price-cost architecture.

In the following sections of this paper some conceptual approaches for value creation system analysis, design, construction and performance optimisation will be briefly discussed.

This discussion may serve as a launching platform for application of the concepts to be delineated for development of a revolutionary value creation and streaming system innovation paradigm. The new bread of value creation systems, to be launched in this paper, entails a compilation of existing and innovative  concepts and principles so as to achieve a step wise improvement of integral  system lifetime performance for ‘sustainable stakeholder satisfaction’.

5. The Smart Living System Paradigm
Motivated by observations and convictions as briefly presented in section 1 of this paper we will now introduce and elucidate the Smart Living System Concept as a new sociotechnical paradigm for future value creation and streaming system design, construction and performance optimisation. It is the author’s belief that in depths understanding and subsequent implementation of this value creation system concept in science, technology and society will result in a wide variety of technical, economic, social and environmental breakthroughs in the near future. The Smart Living System Concept should be considered as an envelope for all aspects of sociotechnical systems as briefly delineated above.

Living Systems are complex, entirely or partially self-organizing network systems of social, technical and/or natural actors for multi-actor and often multi parameter value creation. Living Systems exhibit emergent behaviour for system sustainability, system adaptability and system evolvability.

Following biosystem characteristics, living sociotechnical systems will timely renew and/or replace system components so as to minimize system depreciation risks while continuously maintaining demandable system performance capacity and quality levels. To satisfy the Cradle to Cradle Paradigm or even the Post Mass Production paradigm system component renewal may include system re-design, re-engineering and reconstruction in the context of campaigns for system disassembly, material recycling, component remanufacturing and system reassembly. Efficiently satisfying such continuous system refreshment characteristics should be considered as a major technical and organisational challenge for system design, construction and management, as well as a drastic innovation of supply chain structures and governance regimes for intelligent and infers logistics and the introduction of local exchange trading systems.

Emergent behaviour for system sustainability characterizes the systems homeostasis; i.e. the dynamic system stability state for survivability. Dynamic system stability entails prevention or neutralisation of endogenous or exogenous perturbations and deviations from optimal integral lifetime utility (i.e. the integral of lifetime benefits minus costs). 

Since value creation and streaming in present-day and future societies generally includes chaining of inputs, throughput and output processing, maintaining system sustainability demands for prevention of system environment destruction or exhausts. Hence system sustainability actually entails maintaining sustainability of the object system intertwined with its conditional operation environment.

Emergent adaptive system behaviour is focused at continuous best possible compliance of system processes and structures with varying operation conditions and performance demands, while overtime maintaining preset long term performance target levels. The more volatile and unpredictable system performance demands and operation conditions are, the more stringent are the requirements for system robustness, resilience and flexible responsiveness, through emergent process and structure adaptability

Emergent system evolvability includes transcendental system behaviour for evolution (or mutation) from an existing homeostasis towards a new homeostasis for improved and/or different value creation performances. Evolutionary system behaviour implies system design, engineering and construction for evolvability, combined with built-in system potentials for emergent evolution.  

Such processes may include interactions of causal, learning and probabilistic processes with quite uncertain outputs. Path dependence of system evolution history and contextual conditions may however limit possible outcomes of evolutionary process steps. In general however evolution histories show trends towards increasing system complexity and intelligence (smartness). In the context of sociotechnical system dynamics increasing system smartness reflects progress in science and technology, sometimes combined with ethical and/or institutional matrix transitions. In present-day and future societal contexts value creation system transitions should satisfy and harmonize sometimes competing sets of functional and moral demands.
To satisfy all these conditions system design and engineering should be firmly based on applications of logical functional system architecting procedures, according to standardized functional design rules, strictly separated from physical system realisation. Separating functional system architecting from design implementation through engineering and construction, paves the way for system evolvability (see also section 10 of this note). Realisation of system evolvability should be considered as a vital condition for cost-effective system refreshment and adaptability.
According to the book on modelling of business growth of Yousri Mandour, Kris Brees and Roy Wenting systemic evolution may be modelled as an iterative four fased  process including:

· definition and re-definition of divers system value streams,

· definition and re-definition of down stream value output channel structures (value demand structures),
· definition and re-definition of value creation, streaming and utilisation processes and 

· definition and re-definition of value input channel structures (value supply structures).
6. Drivers for change

To deepen understanding and promote broad market acceptance of the Smart Living System Paradigm (SLSP) this section briefly exhibits directions and drivers for change of the sociotechnical value creation and streaming systems; i.e. the constituting organisms of our societies. 

Developments in technologies, in institutional patterns of traditional society sectors and in the demands for environmental protection and (re)vitalisation of natural environments urged transitions of many existing value creation and streaming network systems:

· from the traditional spatially, temporary and financially generally rather static, centralized and top-down, information extensive controlled and managed network morphologies,

· towards internet-like, decentralized, self organizing, information intensive, resilient supply and demand value creation multi agent network morphologies.

Important drivers for changes in the organisation and governance of value creation are aspects as:

· changing firm objectives.

Firm seek to realise their objectives in a chain context through a combination of:

i) increasing responsiveness and (volume) flexibility,

ii) production concerted process innovation,

iii) concerted product-service-system innovation and market development and

iv) managing and capturing side-effects (externalities),

v) specialisation and outsourcing for combinations of company specific knowledge domains and economies of scale for product components with economies of scope for differentiation of end-products combined with customer services.

· innovation opportunities as driven by enabling technologies.

New technologies may lower production costs or may generate new products, and they may change relative operating costs of various forms of organisation (i.e., production costs, transaction costs, management costs; especially ICT).

· Consumer-market dynamics.

Value in the eyes of businesses and/or consumers depends on the developments of economic, social and environmental needs, business and consumer tastes and purchasing power. In addition evolving public awareness requires higher transparency of value chains and networks.

· Spatial constraints.

Spatial location is a determinant for collaboration between firms and patterns of collaboration determine choices of location. This process of mutual causation is contained by spatial constraints as determined by regional planning.

· Changes of the institutional matrices and socio-economic contexts for value creation.

Firms and public parties operate in a given institutional context, made up out of business law, labour law, business practices and customs. They also are confronted with a given socio-economic context, characterised by supportive or competitive  product-market-structures, labour and knowledge markets, capital markets and monetary systems and economic policies. Public authorities increasingly stress accountability and they demand limitation of negative externalities of economic activities.

This non-exhaustive list of drivers for transitions of value creation and streaming network structures and processes briefly indicate the complexity of the paradigms envisaged for sociotechnical system transitions. It’s their sociotechnical complexity, which will hamper the diffusion in society of the relevant combined technology-product-market system innovations. Paradigm implementation will only succeed at acceptable costs if adequate investment levels can be realised for arousal of business and consumer awareness regarding the potentials of those paradigms for achieving sustainable satisfaction for all parties in society (Lietaer B. 2001)
. Such sociotechnical system transitions proceed hand in hand with variations of legislative and/or contract based distributions over social and technical network elements of liabilities, responsibilities, tasks, authorities and competencies. Changing and generally increasing network performance capacity and quality demands always result in growing sociotechnical system complexities. Design, construction, optimal operation and management of such complex systems of networks of social and technical agents requires development and market introduction of new philosophies, methods and tools. All that and much more is at stake when developing and introducing in technology and society the Smart Living System Paradigm.

7. Network morphologies

Some qualitative and quantitative aspects of multi-actor network systems will be briefly discussed in this section, so as to arouse stakeholder’s attention for the significance of multi-actor network theory for modelling, design and management of the smart living sociotechnical value creation systems as envisaged by the SLSP. Actually the actors in sociotechnical value creation systems should be considered as agents. Consequently multi-actor networks for value creation may be modelled as multi-agent systems, provided that the behaviour of social, technical and natural actors can be adequately modelled as agent behaviour.

Taking account of the trend towards transition of the traditional large and centralized value creation systems into decentralized multi-actor value creation and streaming networks, future multi-actor value creation systems are to be considered as complex networks, consisting of social and technical agents, where each agent interacts with one or more other agents to form a functional entity for a given value creation and or streaming task. Hence, because of their interaction, the whole is more than the sum of individual agents. When considering and designing technical  agents  clear distinctions should be made  between  artificial men made agents  such as railroads systems, cable networks, dams or embankments and natural agents such as rivers, coastal zones or mountain areas. Combining natural agents with artificial agents for design and construction of value creation systems strict separation of functional design from technical realisation may be complicated by uncontrollable (re)action patterns of the natural agents to be involved in the system.
An agent can be a system by itself, in which case it is called a sub-system or sub network with black box characteristics. Thus complex systems may exhibit stratified multiple level architectures of micro-level substructures, meso-level intermediate structures and macro-level superstructures. Modelling, design and engineering of complex multi agent systems therefore requires introduction of a number of network morphology concepts. However prior to briefly introducing a number of such concepts it should be noticed that different functional dimensions such as physical, social, business, institutional and/or information dimensions of inter-agent links are to be distinguished. Moreover agents may be simultaneously characterized by different manifestations in corresponding functional value spaces, i.e. the physical space, the social space, the economic business or market space, the institutional or public space and/or the information or cognitive space. Each functional value space of a network system may be characterized by its particular hierarchically stratified pattern of inter-agent value flows. Therefore each functional value network space should be specifically addressed when designing or managing value creation systems. Each agent may be considered to connect different functional value spaces. 

The tremendous complexities and challenges for environmental, social and technical design, engineering and construction of Smart Living Systems becomes manifest when exploring the relations between multi-agent network morphology characteristics and living system potentials for emergent sustainability, resilience, adaptability and evolvability. Exploration of such relations and consequent deduction of rules and methods for cognitive functional living system architecting and subsequent system engineering and construction should be considered as kernel for the SLSP, as programme for action research and action learning. Social, institutional and financial aspects of SLS design, engineering, construction and operation management may far overshadow technical and environmental aspects.

Now let us look in more detail into structures and dynamics of networks. Network morphologies of value creation and streaming systems may be delineated in terms of for example:

· the number and diversity of agents participating in the value creation and streaming processes of the network,

· the number and diversity of interaction links (and hierarchical levels) per agent with other agents in the network,

· links between agents may be uni-directional or bi-directional and uni-value-dimensional or multiple-value- dimensional,

· inter-agent links are to be characterized by certain levels of communication or transaction intensity, strength or weight,

· the relational content per link in terms of the number of types and different values exchanged  per link between agents,

· the time dependent variability of interaction or value flow intensity  per link,

In their paper on morphology and entropy in networks Van Asseldonk, Zegveld and Den Hartigh
 write:

“Every network has a morphology. Morphology is defined as the form and structure of a network. The morphology of a network can be characterized by two aspects, i.e.: connectivity and concentration.

The connectivity of a network can be defined as the relationship between the number of nodes and the number of connections between the nodes. The higher the number of connections with respect to the number of nodes, the higher the connectivity.

Concentration defines the number of connections between a certain node and the others. The higher the number of connections from one node to all the others, the higher the concentration. The measurement of concentration has a relationship with the kurtosis of the distribution of connections among the various nodes.”

The authors continue their considerations as follows:

“We have defined a network as a structure consisting of nodes and links. Concentration and connectivity provide information over the network, they have a certain relationship, as shown in figure 1. Networks with a high connectivity and a high concentration cannot exist. This would imply that every node is connected to every other node, but still nodes exist that have more connections than others. The same reasoning can be done for medium concentration/high connectivity and medium connectivity/high concentration networks. They also cannot exist. Obviously the border areas between high, medium and low are somewhat fuzzy.”
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Figure 1: Relation between connectivity and concentration 

Let us relate these abstract network measures to economic networks, such as business organizations. The morphology concept can be applied to social systems by analyzing the links between social entities. Different configurations yield different levels of order/disorder. In this way order in social systems can be seen as an expression of the existence of meaningful and purposeful relationships between functional elements of such a system. Without such relationships the whole of the system can have no meaning or purpose. In such case the whole is identical to the sum of parts and no synergy or common purpose can exist. The principles of order through fluctuations were first formulated in thermodynamics. The central idea is that self-organizing systems do not solely thrive on order, they need a certain amount of chaos (Nicolis & Prigogine, 1989)
.

If the system fixes itself in a certain configuration, it will no longer be adaptive. It follows that a certain amount of disorder should be present for the system to remain adaptive (Ashby, 1958)
. In other words, the system should have a certain level of entropy, somewhere between order and chaos. In an optimally adaptive system order and variety (chaos) are in an optimal balance (Nicolis & Prigogine, 1989)
. Neither can be reduced without reducing the system’s adaptability. 
It is a popular belief that networked structures exists because of the ability or even necessity for all agents involved to relate to all other agents. Yet it can be shown that a high connectivity factor of a system (the average number of links any agent in the network has), combined with a low concentration factor (there are no concentration points). leads to a very rich “solution space” but an increasing inability to find a suitable solution (Van Asseldonk, 1998)
. In other words, if the number of degrees of freedom in relation to new solutions is larger than the complexity of the problem itself, the payback will rapidly decay as opposite to the conventional hierarchical situation. This, in turn, is an example of under-complexity, in which the solution space of the organization is too small for the complexity of the outside world. Here there is a low connectivity factor, combined with a high concentration factor.

Measuring network entropy - a social metaphor for the physical parameter - is advertised by the authors of the “Network encyclopaedia” as a suitable method for quantitative characterization of the degree of order or disorder of a network structure. They define network organizational entropy as follows.

ε = - Σ [Pi * log Pi]
(i  = 1 to m)

where Pn is the probability that a certain state will occur, in our case: the probability that a certain interaction link (above the threshold) will exist.

In terms of organizational entropy network morphologies should be neatly positioned between structured order and total chaos. Balancing network morphologies between order and chaos determines value creation and streaming process adaptability for compliance with changing value creation system performance demands and varying operating conditions.  Using the following expressions the authors relate their social concept of network entropy with network connectivity and network concentration; i.e. network morphology with network order.

In order to establish this relation between connectivity (characterized by a connectivity index Icn), concentration (characterized by the concentration index Icc) and network entropy ε, let us consider a network with n nodes (n>1), of which N nodes are fully connected to the other nodes (N<n) with a total number of connections in the network K (it follows that K ≥ N*(n-1)).

We define:

· The concentration index Icc as N/n;

· The connectivity index Icn as K/n2;

· Entropy ε as - Σ [Pij  *  log Pij], with i = 1 to m, and j = 1 to m, in which Pij is the chance of the existence of connection i→j

Hence, entropy ε is - Σ [Pij  *  log Pij] for the fully connected nodes plus - Σ [Pij  *  log Pij] for the not fully connected nodes, or ε = εN + εn.

For the N fully connected nodes it goes:

· Pij for the fully connected nodes is 1 (because for these nodes all connections exist);

· Therefore εN = - N * [1 * log 1] = 0 (or, the contribution of the fully connected nodes to entropy is 0).

For the n-N not fully connected nodes it goes:

· The number of remaining connections in the network is K – [N*(n-1)];

· Since the total possible number of connections in the network is n*(n-1), and since N*(n-1) connections are used up by the fully connected nodes, the total possible number of remaining connections is (n*(n-1) - N*(n-1)) or (n-N)*(n-1);

· Pij for the not fully connected nodes is [(K-N*(n-1))/((n-N)*(n-N-1))];

· Therefore εn = - (n-N) * {[(K-N*(n-1))/((n-N)*(n-N-1))] * log [(K-N*(n-1))/((n-N)*(n-N-1))]}

It follows that:

· The total network entropy ε = εN + εn = 0 - (n-N)* {[(K-N*(n-1))/((n-N)*(n-N-1))]*log [(K-N*(n-1))/((n-N)*(n-N-1))]}

It still has to be investigated to what extend these notions for characterization of network morphologies are usefully applicable for sociotechnical system analysis, design, construction and integral lifetime optimization. Even more challenging are questions regarding the significance and practical applicability of the morphological concepts discussed above for cognitive functional architecting and engineering of Smart Living Systems.

8. System complexity and decision strategies

This section addresses some aspects of multi-agent decision making in the context of value creation and streaming network management for Smart Living Systems. 

Agent to agent connections in sociotechnical networks may exhibit:

· unidirectional or bidirectional interactive value exchanges,

· unidirectional or bidirectional value transactions.

Generally interactive connections are to be distinguished from transaction connections by their differences in terms of the informality or formality of their arrangements. Moreover transaction connections will in general be characterized by value-price-cost supply-demand value exchange mechanisms.

According to Saban Özsariyildiz and Reza Beheshti (2003)
 there are in reality usually more requirements than those, which can be captured in the given stakeholders’ time and resource constraints. Thus network partners face a serious dilemma: How one selects subsets of stakeholder wishes while still just acceptably fulfilling stakeholder demands within their available resource and time budgets. Moreover within agent-to-agent connections or at multi-agent network coordination levels stakeholders may most probably have to negotiate conflicting requirements. Therefore techniques are to be devised for:

· listing and relative weighing non-optional and optional stakeholder requirements,

· prioritising optional requirements,

· managing trade-offs amongst  conflicting requirements such as quality, cost, and time; and

· allocating resources based on the requirement’s significance to the project as a whole.

At single connection levels or at integral network level the value-price-cost and procurement space models, as developed by De Ridder H.A.J. and Vrijhoef
 (2006) may serve stakeholders to construct selection mechanisms. Handling value-price ratios and price-cost ratios is most significant for decision strategies  regarding design and construction of capital intensive facilities such as buildings or other multiple value creation process facilitating infrastructures such as for example electricity supply and demand networks.

An other technique for prioritizing stakeholder requirements as advocated by Saban Özsariyildiz and Reza Beheshti is the analytical hierarchy process (AHP) involving qualitative data and dealing with the uncertainty, imprecision and subjectivity. In addition, AHP models can provide mathematical means to semantic relations between price and value. The AHP method is a technique developed by Saaty (1980)
 to compute the priority vector, ranking the relative importance of factors being compared. The only inputs to be supplied by the expert in these procedures are the pair-wise comparisons of relative importance of factors, taken two at a time. This means, in an environment of complex relationships among the variables, one follows the principle of “divide and rule”. Although further delineation  of the techniques for prioritizing and negotiating stakeholder requirements in the context of design, construction and management of complex sociotechnical value creation systems must be considered as most significant, the reader of this paper is referred to the papers of Saban Özsariyildiz e.a. for more detailed study.

In cases of increasing multi-agent network system size and complexity governance targets for network system stewardship may become diffuse. Problems for optimal value creation process control and facility management may subsequently become ill-defined. Under such conditions human agents tend to use characteristic and predictable methods of reasoning, diverting from rational deductive to more or less intuitive inductive reasoning and decision making. Reduced complexity modelling of actual value creation and streaming systems may serve the start up of negotiations and decision making.  
In his paper on bounded rationality in economics (paper given at the American Economic Association Annual Meetings 1994) W. Brian Arthur writes:

“How do humans reason in situations that are complicated or ill-defined? Modern psychology tells us that as humans we are only moderately good at deductive logic and we make only moderate use of it. But we are superb at seeing or recognizing or matching patterns-behaviour that confer obvious evolutionary benefits. In problems of complication then, we look for patterns; and we simplify the problem by using these to construct temporary internal models or hypotheses or schemata to work with. We carry out localized deductions based on our current hypotheses and act on them. And as feedback from the environment comes in, we may strengthen or weaken our beliefs in our current hypotheses, discarding some when they cease to perform and replacing them as needed with new ones. In other words, where we cannot fully reason or lack full definition of the problem, we use simple models to fill the gaps in our understanding. Such behaviours is inductive.”

Further illustrating inductive behaviour Brain Arthur
 in his article on bounded rationality refers to the practice of chess players:

“In other words, they use a sequence of pattern recognition, hypothesis formation, deduction using currently-held hypotheses, and replacement of hypotheses as needed.”

This type of learning behaviour in the context of triple loop learning regimes, fed by multi-parameter/multi-sensor observation network technologies leads us into the paradigm for design, construction and exploitation of emergent Smart Value Creation and streaming Systems, thus deliberately replacing the traditional static value creation system architectures.

Managing heavily loaded complex multi actor systems requires not only ever more precision, based on a thorough knowledge of how the system works and how much it can bear, but also an integrated approach, taking all relevant aspects, system functions and their often intricate relations into account. Moreover, it requires adequate information of, and for, all people and institutions involved in the decision-making and operational processes. At each of these points there is in many value creation systems a wide scope for improvement, even in highly organised countries like the Netherlands. 
(the data surge, De Vriend 2006
).

9. Management of convergence in decentralized value creation and streaming
This section addresses some aspects of process management and control in the context of large value creation and streaming system networks. If sociotechnical value creation and streaming systems are to be considered as large scale, complex, multi-process level and multi agent networks, then network decomposition combined with decentralized governance, management and control often is to be preferred over centralized decision authority. However under such organisational conditions network participants have to device and formally accept conditions and procedures for convergence, integrity, responsiveness and stability of decision and communication processes.

In their paper on convergence of decentralized design processes Chanron and Lewis
 address the problem of decomposition and coordination of decisions in the design of complex engineering systems. They aim to model the mechanisms of a decentralized set of decisions within a complex design process. Applying the theories of matrix series and linear algebra they determine a set of conditions for convergence of decentralized design problems. Their work includes two major steps:

· studying the convergence characteristics and

· finding the final equilibrium solution of a decentralized problem.

In the context of the development of self optimising sociotechnical network systems for value creation with limited concentration of decision power combined with limited connectivity the question arises to what extend the methods for conditioning convergence in decentralized decision processes are applicable. Obviously industrial networks under pressure of highly competitive market conditions have to device methods and means for effective management of convergence in technical product and process innovations.

Reducing the time to market, increasing market share while ever upgrading customer value and complying with ever stricter demands for environmental sustainability as well as for increasing returns on investments are the pressures for the post mass production industries.  This implies that they are forced to develop and facilitate adequate multi-agent evolutionary environments for convergence of decentralized decision making in their supply and demand networks.

The authors Chanron and Lewis refer in their paper to the significance of applying game theory for the solution of decentralized decision problems in the context of complex product design processes. In addition to their approach of conditioning decentralized decision processes for convergence it should be noticed that sociotechnical system modelling, simulation and gaming may facilitate and accelerate decentralized decision convergence.

Limitations and conditions for applicability of that body of theoretical knowledge in a large societal network system design, construction and management environment are however still to be investigated.
10. Evolvability of value creation systems

The potential for efficient and sustainable value creation of network systems however strongly depends on their natural or built-in evolvability and evolutionary capabilities. Evolvability as a concept has its deepest roots in the biological and social sciences.

Designing value creation and streaming systems for evolvability should be considered most essential for achieving built-in system potentials for emergent management of cost-effective compliance with widely varying multiple factor inputs, operational conditions and output performance demands, combined with controllable externality levels, possibly including reverse logistics and remanufacturing. The need for system potentials for emergent management of cost-effective compliance with run-time varying conditions and demands increases even more if value creation systems are demanded to provide their stakeholders with the potential for increasing returns on investments.

According to Daniel Borches
 (2007) evolvability is defined as follows:

“Evolvability is the system’s ability to adapt to changing requirements and different environments throughout its lifespan in a time-efficient and cost-efficient way.”

However Daniel Borches in his paper on evolvable design rightly concludes that system design for evolvability should be reflected by its architecture. Facilitating cost-effective absorption of future variations in performance demands and operating conditions, amongst others through absorption of new technologies or through other aspects of system contingency management of organisation structures, facilities and processes for value creation and streaming.

To this definition Daniel Borches adds the following remark:

“Evolvability refers to how the system or system design changes from one generation of a product design to the next, such as specifying which elements of the design are passed down and which elements of the design are new to the latest generation. It is to say, evolvability deals not only with the current system, it also deals with the future system. Evolvability enables the future system to easily adapt to changing requirements or different environment, with less effort than redesigning the system, which can be achieved through flexibility, extensibility, upgradeability, or other properties.”

By designing a system for evolvability, it will be better suited to cope with unknown future requirements. However in the following statement the author adds a limiting note:

“As we are interested in the industrial sector, in our research concerning evolvability of complex systems we focus on those complex systems that have the following characteristics:

· man-made commercial products

· multidisciplinary systems (the knowledge and disciplines of the system are too large to be managed by one or a small group of persons)

· software-intensive.”

Apparently the concept of Evolvability as discussed and explored by Daniel Borches mainly refers to technical products or processes. The author seems to draw his inspiration for investigating the concept of evolvability primarily from the industrial product innovation arena.

“In most industrial domains, the current way of working is based on incremental design and incremental development. The systems are not designed from scratch but reuse existing designs and artefacts. Designing a system for evolvability simplifies this incremental way of working and ensures easy adaptation to changing requirements. This reduces the time to market and increases market share while adding more value to the customer”.

As shown in Figure 1, current trends in the industry and their consequences, causes evolvability to be required in the industry at different levels. Among these trends and consequences, it is worth to mention:

· Complexity increase: solutions in response to demands for new features to add value to the system such as higher performance, greater ease of use, improved reliability, more safety and interoperability have been increasing rapidly in recent years and are driving an increase in system complexity.

· Time to market pressure: the innovation cycle of products is decreasing. In most industrial sectors, competition is fierce and price erosion is fast. In a global market, product manufacturers are under severe pressure to reduce product and development costs and yet remain technologically one step ahead of the competition.

· Open system demands: customer’s expectations are that their products can connect to a variety of products and systems from different manufacturers. To support this interoperability, the ability to communicate and interface using open standards is essential.

· Product families: customers demand personalized products. The final system is not just one product but a family of products. This leads to an increase in the effort required during the life-cycle design, as product families are derived from a common platform in order to enable re-use of current knowledge and infrastructures.

Anyhow designing complex technical systems for Evolvability demands for cognitive design of functional architectures (Gielingh W.F. 2005)
, including functional modularisation and stratification and emphasizing open systems interconnection and standardized communication and interaction protocols.

If however social agents such as businesses or public institutes are part of the network systems to be designed and managed for evolvable value creation many other aspects than technical functionalities will have to be considered for cognitive functional network design. The theory of multi agents systems and agent based design may provide further guidance for value creation network system design and operational optimisation, provided that irrational behaviour of social agents can be modelled adequately for cognitive  system design and engineering.

In his text Daniel Borches focuses attention on the art and science of designing for Evolvability (DFE) However most significant for introduction and development of the Smart Living System Paradigm is the authors combination of the technology based concept of DFE with the sociotechnical concept of the “evolutionary environment” for technical object design and construction. The process to ensure the development of an evolvable system is called evolutionary development (Isaac and McConaughy 1994).

Daniel Borches stresses that system architectural properties such as functional independence of system modules are important for designing for evolvability though not sufficient. The organisational context for system design and construction should provide an evolutionary design time environment.

“As stated before, the concept of system architecture and its relation with system properties such as evolvability is unclear, however in order to achieve an evolvable system, the system architecture should include architectural constraints and design guidelines that enable evolvability. Components and interfaces must be developed to satisfy not just the functional requirements, but in addition the evolutionary requirements. Implementation and test activities must also verify that evolvability requirements are met. Finally, the engineering process of the system should provide feedback mechanisms both in the design and operational phases to early identify and adapt changes.

The success in re-architecting the system for other system ‘ilities’ (Richards, Hastings et al. 2007)
 illustrates the importance of considering methods that extend beyond the domain of physical design to include design of organizations and operational behaviour. Thus not only delivered systems or system designs have to incorporate evolvability attributes. Companies them self-need to incorporate evolvability concepts within their entire development process, it is to say, an evolutionary environment. A success in the transition from a non-evolvable system to an evolvable system (architecture) even without mayor physical of functional modifications might be possible by setting up the appropriate (design-time) environment.”

11. Stepping from technology to socio technology

Fascinating is the philosophical step of Daniel Borches from purely technical considerations regarding product design for Evolvability towards socio-technical aspects of the evolutionary design time environment as required for implementation of DFE. To achieve the development of evolvable systems Daniel Borches summarizes that  DfE will focus on the creation of an evolvable architecture, the description of an evolutionary development process and establishing evolutionary design-time and run-time environment. Such evolutionary environments may entail facilities and expertise for:

· system analysis, 

· system modelling, 

· system architecting, 

· cognitive functional system design, 

· system process simulation/gaming, 

· rapid product or product-service-system (PSS) prototyping and 

· system testing.

Evolutionary environments  will benefit from action based research and training. Group model building is essential for knowledge sharing and mutual creative inspiration in evolutionary environments.

The art and science of group model building emerged from the system dynamics methodology (Forrester J.W. 1950 – 1960) for modelling and simulation of dynamic social systems characterized by feedback mechanisms for management and control of their value creation processes.  This methodology and the pertaining tools are instrumental for analysis, design and management of complex sociotechnical systems through mapping and modelling of their feedback mechanisms. Basic corollary of the system dynamics methodology is “structure drives behaviour”. Group training is considered as most significant for stimulation of constructive group behaviour through improvement of group relations. Group model building is to be considered as a methodology for team building and team learning. This methodology is instrumental for group based generation of the systems situational awareness and situation analysis as a basis for strategic system governance, tactical system contingency management and operational control of the relevant ensemble of value creation processes. Group model building includes both qualitative modelling for mapping of causal loops and quantitative methods for conversion of such causal loop models into stock and flow diagrams which can be quantified, so as to serve as a basis for multi agent system simulations. Causal loop models can be used for problem analysis and detection of intervention opportunities for problem solving. Dynamic system simulations may serve as tools for comparative evaluation of alternative problem solution strategies and tactics in terms of their effectivity and robustness.

For further reading on organization and instrumentation of evolutionary environments the reader is referred to the paper of W.F. Gielingh on methods for continuous improvement of products and processes (2008).

For design and operation of each complex value creation system, projects, comparable with the 

DARWIN PROJECT for innovation of the Philips MRI system as reported by Borches, may have to be implemented so as:

· to understand evolvability as a system property,

· to identify, create and apply constructs, models, and methods to support evolvability.

12. The Living Building and Living System Concepts

Implementing the Smart Living System Concept, shouldering on the Living Building Concept as introduced by Hennes A.J. De Ridder paves the way towards inclusion of evolvability in design, construction and renovation of value creation systems, including their technical and organisational facilities. Actually integration of the social subsystem and the technical subsystem for sustainable and emergent (self organizing) optimal cost-benefit compliance of value creation systems with rapidly varying performance demands and operating conditions implies fusion of the systems evolvable value creation and streaming environment with its own evolutionary system environment. This fusion of subsystems should be considered as a most significant conceptual innovation for design, management and governance of emergent self optimising sociotechnical systems.

Under conditions of integral lifetime optimization of net returns on investments the realization of the required evolutionary design-time and run-time environments for DFE and extending DFE and the evolutionary environment for these lifetime sections with DFE and the pertaining evolutionary environment for the demolishment and/or creative recycling of major system facilities paves the way towards the Living Building Concept as introduced by De Ridder in 2006 and its generalization towards the Living System Concept. Implementing the living building concept for self organizing optimal process and facility management drastic cost reductions will result from avoiding the risks and needs for traditionally often substantial investments in technical and organisational means and measures for a priory process risk reduction and compensations for untidy depreciations of capital intensive value creation process facilities, such as often resulting from rapid degradations of functional compliance with changing performance capacity and quality demands. 

The Living Building Concept should be considered primarily as an innovative business concept for the building and construction sector. Implementation of the LBC however requires far reaching technological, organisational and possibly also institutional innovations for emergent activation of buildings.

Waste-less realisation, exploitation and reconstruction of often capital intensive facilities such as buildings or production plants is to be achieved through intelligent modular construction, recycling and/or remanufacturing of building materials and components. combined with (semi)automated (robotic energy efficient assembly, reassembly and/or disassembly for building renovations. 

Thus implementation of the Cradle to Cradle principle in closed loop supply chains in the building sector is to be considered as an integral part of optimal integral lifetime value creation, applying the Living System Concept in that sector.

A unique and even intriguing aspect of the living building concept and its potential extensions towards the living city concept and the even more generic living system concept, is their power to profitably combine financial system innovations with sociotechnical system innovations, for example introducing system specific local exchange trading systems (LETS) (Lietaer B. 2001), so as to facilitate unification, modelling and management of multiactor value transactions in often heterogeneous multi input /multi output value conversions spaces of such value creation systems.

An other fascinating aspect of the Living Building Concept and its derivative concepts is the inherent replacement of the traditional probabilistic feed forward facility and process design, engineering, construction and budgeting approach by integral lifetime oriented design and engineering, for optimal system performance management.

Optimization of costs and benefits accumulated over the integral lifetime of major capital intensive facilities of value creation systems through mechanisms for on-line feedback process control and facility management of network systems is to be considered as the kernel of the Living Building, the Living City and the Living System paradigm. Just as in case of the Living Building Concept and the Living City Concept, the Living System Concept, entails keeping capital intensive value creation facilities fit for purpose through out their entire lifetime, amongst others through their design, construction and maintenance or renovation for lifetime evolvability, driven by the pertaining evolutionary environment of the value creation system.

Development and deployment in society of the living system philosophy for integral lifetime design, construction, management and strategic governance of value creation and streaming systems may trigger the birth of a new paradigm for the social sciences and technologies. This philosophy promises a refreshing perspective on many technological, environmental, societal and economic issues. It also promises to yield a new perspective on business innovation, different from mainstream thinking about market structure innovations in many sectors of our post industrial society. This paradigm shift hinging on sociotechnical system structures and system dynamics may be characterized as a revolution in the dynamics of culture, economics and technology.

The significance of the Living System Concept is its potential for focusing new developments: 

· in the social sciences and 

· in a broad spectrum of technologies, 
· on systematically integrated and integral lifetime oriented design, construction and management of: 

· social subsystems and 

· technical subsystems, 

so as to implement an integral lifetime evolutionary system environment for evolvable value creation systems, dedicated to emergent integral lifetime optimisation of returns on investments. 

Further theoretical and action research may yield insights and methods for extension of the Living Building Concepts and the Living System Concept to include conditions for management of increasing returns on investments. (“Den Hartigh 2006).

In the context of rapidly changing operation conditions and performance demands value creation and streaming process optimisation obviously demands for dynamic system contingency management, including continuous adaptation of the pertaining often capital intensive, technical, organisational and institutional facilities, so as to most cost-effectively and timely comply with changing system performance demands and operating conditions. Adaptive self organising optimisation of multi agent value creation systems is the kernel of this new paradigm.

System governance and management regimes are therefore to be focused on continuously complying  with dynamic input and operation conditions and output demands, applying on-line feedback value creation process control and dynamic facility management. 

Facility management should include periodic facility renovations so as to comply with ever changing performance demands. Hence in addition to their primary value creation processes such systems should entail processes for design, construction, management and periodic renovation of their infrastructural facilities and production systems.

In their papers cited above W. Brian Arthur and Daniel Borges seem to foresee the introduction of the Living System Concept, a generalisation of the Living Building Concept first published by Hennes De Ridder in 2006. Brian W. Arthur wrote:

“If the reader finds this system unfamiliar, he or she might think of it as generalizing the standard economic learning framework which typically has agents sharing one expectation model with unknown parameters, acting upon their currently most plausible values. Here by contrast, agents differ, and each uses several subjective models instead of a continuum of one commonly held one. This is a richer world, and we might ask whether, in a particular context, it converges to some standard equilibrium of beliefs; or whether it remains open-ended, always discovering new hypotheses, new ideas. It is also a world that is evolutionary--or more accurately co-evolutionary. Just as species, to survive and reproduce, must prove themselves by competing and being adapted within an environment created by other species, in this world hypotheses, to be accurate and therefore acted upon, must prove themselves by competing and being adapted within an environment created by other agents'. The set of ideas or hypotheses that are acted upon at any stage therefore coevolves.”

The Living System Concept should be considered as a socio-technical metaphor of natural multi agent biosystems or societal multi agent systems.

Characterising living systems it should be observed that such systems exhibit a two by two organisation matrix structure of:

· the technical environment (i.e. the assembly of technical agents) and 

· the social environment (i.e. the assembly of social agents) 

at one hand and

· the evolvable value creation and streaming process environment and 

· the pertaining evolutionary environment.

In addition to all aspects of evolvable system capacities for internalizing drivers for change, as delineated by Borches, it should be recognized that the living system concept is characterized by its inclusion of the systems ability for emergent integral lifetime optimisation of its profitability, i.e. the lifetime integral of all generated values minus generated costs. 

Obviously the living system concept includes the systems potentials to optimally comply with unknown future performance demands and operating conditions, through on-line feedback value creation process control and system (facility) contingency management. 

System contingency management includes timely adaptation of system facilities so as to keep them fit for purpose throughout their entire lifetime. 

Anderson 1972
 wrote regarding the concept of emergence: 

“We can now see that the whole becomes not merely more, but very different from the sum of its parts.”

For Goldstein, emergence can be defined as: "the arising of novel and coherent structures, patterns and properties during the process of self-organization in complex systems."(Corning 2002) 

Goldstein's definition can be further elaborated to describe the qualities of this definition in more detail:

“The common characteristics are:

· radical novelty (features not previously observed in systems),

· coherence or correlation (meaning integrated wholes that maintain themselves over some period of time),

· A global or macro "level" (i.e. there is some property of "wholeness"); (4) it is the product of a dynamical process (it evolves) and

· it is "ostensive" - it can be perceived.”

The Living system Concept may be considered as a substantial expression of the transition of the traditional twentieth century free market structures into the twenty-first century market network structures. However in many market sectors of our society process and structure innovations according to the new paradigm may have to be realized under the yoke of institutional and technological traditionalism and a fast backlog in the supply of adequately skilled human resources.

Moreover according to research results reported by Pieter De Man and Geert Duysters
 the rates of success or failure of the alliance structures, such as to be developed in the contexts of the mentioned participation conferences of system stakeholders may strongly depend on the qualities of available partner selection processes, alliance management competencies and operation tools of the participating actors. According to De Man and Duysters alliance success rates can only increase if major efforts to invest in alliance management are made. Transparent sharing of knowledge and information between alliance partners seems to be essential for successful alliance management and operations. 

Further action research should indicate how to handle systems as considered.

Group model building theory and the pertaining instrumental practice of value creation system modelling, simulation and gaming should provide conceptual insights, conditions and methods for multi social agent trust engineering so as to pave the way for lifetime sustainable self organizing emergent) optimisation by multi-stakeholder systems of their total factor productivity for sustainable stakeholder satisfaction.

13. The post mass production paradigm

Most significant for design, construction, governance and management of any large scale sociotechnical living network system is the undeniable and urgent context of the post mass production paradigm (PMPP) for industries and society. (Tomiyama 1997). In this section  we will briefly indicate  the mutual significance and coherence of the PMP-paradigm and the SLS-paradigm.

Essence of the PMP-paradigm is its focusing of technology, industry and society on balancing production and consumption with natural and social constrains. This sociotechnical post mass production paradigm aims at reducing production volume and waste while maintaining living standards and corporate profits by decoupling economic growth from material and energy consumption. Instrumental methods for realisation of the PMPP include:

· closing product lifetime loops by encouraging maintenance, remanufacturing of products, reuse of components and recycling of materials,

· implementation of de-materialisation of economic growth, through information, knowledge and service intensive product-service transactions in the context of business to business or business to consumer service level agreements (SLA),

· implementation of integral system or facilities lifetime optimisation of direct and indirect benefits minus direct and indirect costs for design, construction, assembly, operation and renovation or disassembly, recycling and remanufacturing.

The authors of the paper on the PMPP summarise the kernel of their most significant philosophy as follows:

“As a result, PMPP assumes that an artefact circulates in its life cycle repeatedly and works as a carrier of various services for customers need and therefore manufacturing industry changes into lifetime industry that designs and manages the whole product lifetimes and offers various services throughout the lifetimes. In other words, it is almost impossible without changing business strategies to shift traditional open-loop lifetimes under mass production to sustainable closed-loop life cycles. PMPP requires a structural change of design; namely, while designers traditionally design just products, we should design product lifetimes as a whole in addition to the product design. This is the central issue of lifetime design”. To cope with changing product value creation demands and operation conditions during the products lifetime, living system concepts may have to be combined with PMP-concepts.

Introduction in our post industrial society of the PMPP closely converges with implementation of the living building paradigm or the even more generic living system paradigm. Obviously introduction in society of both the post mass production paradigm and the Living system paradigm requires realisation of far-reaching transitions of the organisation structures and institutional frameworks of many product-market sectors.

The co-evolution of technologies and value creation system organizations brings with it an expanding array of new possibilities for novel business-to-business or business to consumer interactions. 

Strengthening business and consumer individual and mutual awareness of the sweeping potentials of the new post industrial sociotechnical paradigms for achieving sustainable societal satisfaction should be considered as vital for energising wide spread distribution of their autonomic responsibilities for implementation of the highly demandable transitions. These transitions should harmonise with the trend from large scale industrial smoke stack bulk production towards flexible and knowledge intensive joint supply chain optimisation of value creation through cooperative and co-innovative network compliance with rapidly varying market opportunities and supply chain performance demands.

In the next section of this paper the authors will further elucidate the Smart Living System Concept as a following step in the process of generalizing the living building concept even surpassing the living system concept. An attempt will be made to incorporate all the above-mentioned concepts, including the PMP-concept, in this overarching sociotechnical system concept of the smart living value creation systems, i.e. the smart living system or SLS.

14. The cognitive engine for smart value creation and streaming
This section will be devoted to a brief and provisional description of the cognitive engine for sociotechnical Smart Living Systems (SLS). This concept should be developed as an integrating envelope for all the concepts indicated above. Implementation of the Smart Living System Concept,  including development, design and application of the technologies, tools and methods to be proposed in this section, may result in a step change in  the  performance, robustness and resilience of a wide variety of value creation systems in our society.  Development of the cognitive engine concept for smart management and governance of living systems may result in further emergent system behaviour advancements, more closely approaching living system behavioural characteristics as indicated in section 5 of this paper.

Growing societal value creation system complexities force designers, governors, managers and process controllers to gain ever better system situation awareness and understanding of interactive social and technical network system dynamics. Self organizing and smart network system governance, management, process control and system contingency management therefore requires processing of ever more data, information and knowledge for accurate back-casting, now-casting and forecasting of system behaviour and contextual operation conditions as a basis for cost effective proactive and reactive system management and strategic governance. These trends in turn result in increasing needs for value creation system transitions:

· from the traditional off-line information extensive and feed forward system management and control structures and processes

· toward future on-line information intensive instrumentation and procedures for integral lifetime system design, construction, feedback control and strategic governance including transition 

· from design based system performance feed forward prediction and management 

· towards integral lifetime performance management and 
· cost-benefit optimisation.

In this context, single point and incidental observations of system behaviour are to be replaced by synoptic combinations of multi-parameter, multi-sensor observation processes. Large and complex sets of information have to be communicated and processed by an increasing number of participating technical and social agents, cooperating in a formally institutionalized technical and social participation conference. Such smart system oriented participation conferences should be organized according to principles of group model building including action learning and action research for continuous system performance improvement (Gielingh 2008).

Recent developments in observation technologies including sensor network technologies , digital communication technologies and distributed computing systems  may drastically change the possibilities for design and operation of complex and emergent value creation systems, provided that the relevant scientific and engineering communities manage to correctly seize the significance and opportunities for transition of existing rigid, static and stable value creation systems into Smart living Systems. To that end a wide variety of system management and governance issues can benefit from a better supply of spatially and temporary distributed high-resolution data. Therefore:

· Upgrading of stakeholders, governors, managers and engineers competencies may be required to fully recognize the paramount significance of up-scaling investments in tooling and ruling for:

· continuous and high resolution multi sensor/multi variable sampling for:

· complex multi-parameter process observation, so as to drastically improve compliance of system performance with increasingly critical and rapidly varying demands and operating conditions,

· through the cognitive chain of: multi variable and high resolution data collection,

· data streaming and storage in functional system model based modular databanks,

· context dependent data reduction for information extraction and functional system model based modular information storage (possibly including the introduction of A new paradigm required for  applications of number theory, mathematics for vector and tensor calculus, axiomatic logic and scientific reasoning rules for information encoding as super efficient for mass-storage and retrieval),
· information context dependent and functional system model based information analysis for knowledge extraction including triple loop action learning and

· context dependent explicit and implicit knowledge driven functional system model improvement for ever more accurate and timely nowcasting and forecasting of system behaviour as an evolving basis for

· system context dependent deductive or inductive decision making for

· value creation process control and intelligent system contingency management for

· optimal total multiple factor productivity management by the institutionalized stakeholder participation conference,

· if possible, striving for management of increasing returns.

This sociotechnical “cognitive information and knowledge processing system observation and decision chain of social and technical agents” should be considered as the characteristic cognitive engine for emergent behaviour of Smart living multi-agent (value creation) Systems. 

This knowledge processing engine intricately connects:

· the lifetime evolution subsystem environment with 

· the evolvable value creation system environment of the smart living system. 

The cognitive engine will operate in real time as a sociotechnical instrument for on-line genetic system process and contingency optimization. Of paramount interest for SLS designers and managers (system stakeholders) is in-depth understanding and appreciation of the significance of the cognitive engine concept as a model for system specific bridging between the physical (including the environmental), the monetary, the social and the knowledge system value domains.  

Through multi-agent system technologies the optimization of value creation can be perceived as a negotiation process in which the interests of both individual technical value creation facilities and social stakeholders are represented by their own intelligent agent. The assembly of intelligent agents is to be designed and operated as the advisory instrumentation of the cognitive engine) for the systems stakeholder participation conference; i.e. the social part of that cognitive engine. 

The technical part in combination with the social part of the cognitive engine should provide the participation conference with the information and knowledge required for adequate system situational awareness. Situational awareness should serve as a basis for situation back casting, nowcasting and for casting. It should be possible to assign certain classes of value creation predetermined priority levels in the negotiation processes so as to provide detailed instructions for each individual technical facility (technical agent) or social stakeholder (social agent).

Actually the cognitive engine may be considered as the sociotechnical “brain-mind system” driving and controlling the evolutionary spiral of the two by two matrix structure of:

· The set of technical agents (the technical system domain) and

· the set of social agents (the social system domain), 

both domains intertwined with

· the evolvable value creation system domain and

· the evolutionary systems domain.

From a knowledge management point of view the cognitive engine is to be considered as the dynamic relation between:

· the evolving cognitive functional system model and 

· its time-dependent sociotechnical materialisation 

· in the solution space architecture, 

· prescribed by that functional model.

From a technical point of view the cognitive engine is characterized by the perfusion of advanced information technologies, through new enabling technologies, in functional value creation technologies. Examples of new enabling technologies are:

· electromagnetic power technology including power electronics,

· multi-sensor and actuator network technologies including technologies for synoptic information analysis,

· technologies for intelligent and prognostic logistics and containerized cargo quality control and management,

· robotics for (semi)automated remanufacturing in the building industry including automatic assembly, reassembly and disassembly of buildings and/or production installations.

The evolution environments of SLS may include: 

· system situation databanks, 

· system performance information storages, 

· functionally decomposed system model libraries, 

· service level agreement libraries and 

· balanced score cards for value creation process planning. 

Application of sensor network technologies for high resolution multi-parameter observation and grid computing technology, combined with applications of embedded machine intelligence may provide  innovative knowledge  processing services so as to facilitate  multi-stakeholder decision processes of specific system oriented institutionalized participation conferences .

From a social point of view applications of group model building and action learning should be considered as an essential approach for implementation, support and strategic governance of the cognitive engine for smart value creation systems.

W.F. Gielingh (2005) developed theory and linguistics for functional design and description of complex product systems. His language for cognitive engineering may be successfully applied and even extended for functionally designing, constructing and continuously improving the sociotechnical cognitive engine for design, management and governance of smart Living Systems.

Kernel of our approach towards smart emergent system innovation is the cognitive engine driven integration of subsystem innovations respectively in:

· the social domain of social and economic value concepts and value creation, , transfer and conversion processes,

· the physical domain of material and energy value concepts and  environmentally sustainable creation,  transfer and conversion processes and

· the information domain including information and knowledge value concepts and value creation, transfer and conversion processes.

All of these processes are in the context of Smart Living Systems to be integrated and controlled through the cognitive system engine, i.e. the cognitive engineering chain of social and technical agents, particularly operating in the information and knowledge domain, thus affecting value creation in the monetary, public and private social and environmental domains.

The smartness of value creation systems amongst many other conditions determines the system potentials for emergent proactive and reactive behaviour. System robustness, integrity and resilience may depend on the right balance and combination of centralized and decentralized architectures of the sociotechnical and socio-economic processes for multi-parameter high resolution observation, knowledge extraction and decision making for system management and control.

Systems enabling their participants to easily combine large streams of spatially distributed observation data, high-resolution models and knowledge, and to convert these into usable and accessible information, will offer great opportunities in scientific, societal and commercial perspectives.

15. Strategic governance of SLS

Strategic governance and integral lifetime management through optimal control by the smart engine of SLS may require periodic quadruple system road mapping as the nucleus of their evolutionary process environments, i.e.:

· human capital road mapping,

· financial capital road mapping,

· knowledge capital and technology evolution road mapping, 
· institutional roadmapping and 
· environmental capital road mapping, 
· including material and energy input-output planning.

In addition to system contingency, process and facility management for optimisation of total multiple input factor productivity, context dependent processing data, information and knowledge through triple loop learning cycles is required for risk management. Adequate risk management concerns the entire safety chain of each sociotechnical network system, i.e. pro-action, prevention, preparation, response and recovery. Each of these risk management process elements have their own type of information requirements. This risk management process should be considered as a most essential component of the so called tertiary process assembly for system governance, facility management and value creation process and multiple value stream control.

Pro-action requires long-term monitoring, in order to know under what conditions which types and levels of risks can be expected. Prevention involves implementation of risk defence measures and regular assessment of their adequacy, given the most up-to-date definition of design conditions.

Generalizing observations formulated by De Vriend in his article on the data surge it should be acknowledged that monitoring the state of risk prevention and defence systems is a critical element in the safety chain as embedded in the cognitive chain i.e. the system specific cognitive engine. Detecting early signals of prevention and defence system failure can be a matter of life and death. Adequate calamity handling, as for example in case of energy supply break down or water floods, timely evacuation, at the border between preparation and emergency response, requires two-way operational information on where people are and if, how and when they should leave the area. In the case of flood defence failure, this requires predictive modelling of the inundation process of the areas further away from the breach, where there is time to escape. This can only be done on the basis of detailed information on the actual topography of the area (including dike breaches). Once an area has been flooded, it is important to restore flood defences, power, water and food supply and the basic infrastructure as soon as possible. This requires a comprehensive overview of the state of affairs and sufficient information and communication facilities to set up the necessary logistic operations.

Similar calamity prevention and response strategies including efficient procedures for combinations of facility state monitoring with predictive modelling for system failure forecasting, preventative maintenance planning and budgeting, repair and system facility renovation are to be realized for a wide variety of vital value creation systems such as river delta areas, energy supply networks, regional healthcare networks, food and water supply or traffic management and infrastructure systems. Their smartness is the key to their environmental, social en economic sustainability and their profitable survival.

Transitions from traditional often passive systems towards dynamic emergent self optimising systems or subsystem networks determine directions for research, development, and marketing of new instrumentation for multi-sensor networks and software engines for distributed machine intelligence, including grid computing for data warehousing, data mining and analysis.

For some background considerations regarding the significance for the evolution of science, technology and society the reader is referred to appendix 1 of this paper.

System reconfigurations for the value creation system transitions towards smart living system potentials as envisaged may often entail restructuring of system stakeholder alliances, possibly including redefinitions of a wide variety of multi-actor service level agreements and stakeholder liabilities.

In closing this section on the role and construction of the cognitive engine for Smart Living Systems it should be recognized that such engines can only work out effectively if suitable combinations are realized of all system stakeholders sustainability’s and profitability’s for stakeholder survival,  in the context of societal and technological dynamics and environmental resilience limitations.  In other vital condition for successful application of cognitive engines for governance and control of Smart Living Systems is the availability of adequate value creation process competences of all parties involved.

Examples of functional value carriers are electricity or gas, carrying heat, light or mechanical power as primary functional values or water, carrying feedstock or mobility as primary functional values.

Such functional values may in turn be converted in secondary functional values such as economic, social, environmental and/or cultural values including health and well-being.

16. SLS paradigm implementation

The introduction of the Smart Living System (SLS) concept, as an envelope for combination and convergence of all these network system innovation trends paves the way towards the new generation of ever smarter value creation systems, vividly and resiliently complying with ever more turbulent operational conditions and multivariable input/output conversion productivity demands. The overarching principals for design, management, and execution of SLS application programmes are to serve general interests of societies, as engines for the emergence of knowledge intensive and environmentally and socially sustainable economies. 

Goals set for SLS research and innovation programmes are therefore in general:

· to achieve  scientific breakthroughs so as

· to facilitate significant product-service system innovations for

· business and market development.

Implementation of the SLS paradigm in a wide variety of technology-product-market sectors, such as the building sector the energy sector and the logistic service sector demands for focusing of attention on issues of:

· organisation and funding of  precompetitive knowledge development and dissemination,

· action research and action training for development of SLS-expertise,

· formation of programme partnerships for competitive innovation venturing, marketing and branding and management of increasing returns on investments
.

Therefore this report provides SLS programme managers and programme network participants with concepts for planning and organization of programmes as envisaged.

SLS programmes will in general yield three categories of results:

· precompetitive developments in system sciences and technologies,

· competitive development and commercialisation of software, instrumentation, technologies and

· business networks resulting in a wide variety of products and services for the world market and

competitive development and commercialisation of knowledge and data-intensive information services, including complex system modelling, simulation and gaming for development of system management and governance competencies.

Combination of mission and capabilities of market sector oriented SLS incubators with the potentials in the field of cognitive system engineering and technological competence resources in the Netherlands research infrastructure as well as with the capabilities of a wide variety of renowned international industries generates a broad spectrum of opportunities for scientific breakthroughs and technological instrumentation network innovations. Such SLS-programmes will enable scientists to achieve data analysis, system modelling and simulation with an unprecedented degree of speed and accuracy. Hence the SLS Complex Systems Technology Programmes will provide the ICT industry and many other branches of engineering and software industries with facilities for sensor and actuator network development, testing, demonstration and certification. Thus SLS development and application programmes as envisaged in this paper will generate ample business opportunities in emerging markets for intelligent instrumentation networks and information services for dynamic value creation network management and strategic governance.

Researchers in a wide variety of disciplines of science and technology will be offered challenges to achieve breakthroughs in understanding the complex dynamics of the stratified, multi-variable, and interactive systems envisaged.

Industries and capital investors will find challenging investment opportunities through business developments, facilitated by SLS-based programme partnerships.

A unique aspect of SLS application programme organisations is integral value stream management of public / private innovation chains in programme based innovation systems, so as to reduce capital investment risks and to speed up commercialisation of new technologies. Business opportunities will have to be enhanced by investments in product-service system innovation marketing and branding strategies. Such strategies will entail investments in large-scale innovative SLS-demonstrator projects and programmes. These projects should provide industry and institutes for research and education with organisational, instrumental and financial facilities for action research and action learning.
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Figure 1: Integral management of public private innovation chains

To mobilise formal- and informal investors to share in the funding of the project ventures as envisaged on programme levels. Programme managers will focus on profit/ cost optimisation and risk minimisation of innovation and marketing processes. Each programme venture includes development, marketing, and commercialisation of products and services. Moreover each project is supposed to contribute part of its returns on investments to public-private funding of precompetitive scientific research, technology development and knowledge diffusion, to be managed on programme levels (see figure 1). This implies that each competitive programme is organised as an independent incubator enterprise with long-term economic viability. A crucial condition for sustainable economic viability of cooperative and co-innovative organisation structures is a clear definition of intellectual properties and distribution of risks and profits for participating partners. These cooperative structures are to be considered as the trajectories for development and exploitation of knowledge.

To set the stage for the processes of programme management as well as to provide the reader with a survey of the envisaged programme organisation and execution planning, the following table shows the steps to be taken as well as the phases per step to be executed. For each phase, possible funding arrangements and organizational structures will be briefly indicated.

As shown in Table 1, each SLS-application programme is supposed to be carried through in three, partially sequential and partially parallel, steps. Each step entails corresponding phases of programme action.

· Step one will be executed in a pre-competitive network arena whereas the related commercial project ventures in

· step 2 are executed in competitive arrangements (see figure 1).

· Step 3 entails investments in branding on both research programme and product/market innovation project levels including investments in field test environments for action based research and education..

The contributions of the market sector oriented SLS incubator organisations to programme definition, execution and funding includes and is limited to public-private programme network formation and start-up as well as continued programme road mapping support. The SLS Incubator corporations will assist programme managements in their efforts for fund raising and business development. In addition SLS-programme incubators will initialize per technology-product-market sector financial road mapping, knowledge road mapping, environmental road mapping and human capital road mapping and supply through education and training.

	Steps
	Phases
	(Main)Activities
	In practice

	Step 1:

Initial programme definition and programme network formation

(Precompetitive)


	Phase 1: Development of SLS application programme network of innovators and early adopters and initial pre-competitive programme definition

(SLS controlled)
	Scientific research and technology  development on programme level, complex systems modelling and simulation, technology development
	· Submission  of project proposals for public-private funding of research and development

· Mobilisation of formal and informal investors

	
	Phase 2: Definition and selection of pilot projects and formation of competitive pilot project partnerships
	· Science and technology road mapping

· Market analysis

· Functional specification and design

· Prototype testing
	· Activation  of research institutes and industrial early adopters to join project ventures

· Testing and validation of technologies in application environments

· Consolidation and formal contacting of  programme network alliances

	Step 2:

Market development

(Competitive)


	Phase 1:  Product acceptance
	Mobilisation of the early majority through the early adopters
	· Knowledge and product data sharing with Early Majority

· Communication to Early Adopters experience so as to initialise phase 2

· Formation  and contracting of project partnerships

· Product validation and certification

· Development and marketing of education programmes

	
	Phase 2: Diffusion

(Project Partnership controlled)
	Mobilisation of the late majority through the early majority
	· Knowledge and product data sharing with  Late Majority

· Communication to Laggards experience so as to initialise phase 2

· Possible extensions  of project partnerships

· Marketing of education programmes

	
	Phase 3: Market adoption
	Mobilisation of the laggards through the late majority
	· Knowledge and product data sharing with  Laggards

· Possible extensions and start ups of new of project partnerships

· Marketing of education programmes

	Step 3:

Branding
	International branding of programme networks and their partnerships
	· Pre-competitive branding policy definition on programme level

· Competitive branding policy definition on project level

· Responsibility assignment of brand management on programme level

· Definition of programme brand equities such as expertise, reliability, user convenience, and profitability

· Market differentiation and segmentation of product and service supplies

· Application of multi-media communication policies for branding on programme level


Table 1: Programme planning and organisation
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APPENDIX 1.

THE SPIRAL OF ADVANCEMENTS IN ICT AND SOCIETY

Information science and technologies seem to develop in the direction of recognition and artificial construction of semantics, syntax and expression mechanisms comparable to those of natural language. Machine intelligence may therefore gradually evolve into aspects and qualities of the cognitive mechanisms of human thinking and communication. This progress in information, science and technology does however not necessarily imply or promise that the competencies of machine intelligent systems will in the foreseeable future accurately resemble the behavioural characteristics and qualities of human performance, generated in the four dimensional functional performance space of the human brain-mind system of intellectual (i.e. rational cognitive), emotional, spiritual and physical behavioural dimensions. Nevertheless future machine intelligence may strongly affect the evolution of the four dimensional machinery of human performance by generating data surges from the complex systems of nature and society, as well as a wide spectrum of new tools for extraction of information from such data surges. This future information is probably far more than present information, free of the pre-defined mind sets of scientists, economists, regulators and so on.

The developments in information science and technology mainly include dynamics in the context dependent qualitative and quantitative relations of the hierarchical systems of:

· The architecture of the processes generating data in contexts,

· potentially generating information in contexts,

· potentially generating knowledge in contexts,

· potentially generating vision or understanding in contexts, i.e. the context  of both the observer and the object system observed.

APPENDIX 2.

ELECTROMAGNETIC POWER ENGINEERING

for

SMART ENERGIE SYSTEMS

Shouldering a SLS action research programme on the technology innovations and laboratory infrastructure realisations achieved by the preceding Electromagnetic power Technology research programme application of the SLS concept provides a most challenging and promising perspective for a Smart Energy System (SES) action research programme. Capital intensive action research including investments in large scale innovative new technology demonstrators is spurred by the ever growing demand for high quality and reliable energy supply under conditions of ever increasing demands for environmental sustainability. Moreover increasing demands for exploitation of renewable energy resources stimulate transitions of traditional centralized top-down energy supply networks towards decentralized, bottom-up, multi resource input / multi energy function output network systems. Such network transitions are to be enabled by development and large scale market introduction of applications of advanced multi sensor network technology, power electronics, energy buffers and data storage and analysis systems for smart grid operations. Enhancing rapid market introduction of all relevant technological and system structure innovations will require a wide variety of trading system innovations and rethinking of institutional conditions for the transitions envisaged for energy supply and demands.

Introduction of large scale SES implementations in our post-industrial societies demands for an intricate socio technological transition process management approach, involving all system stakeholders.

Actually the introduction is therefore required of a new paradigm for system and market innovations.

Development and deployment in society of the living system philosophy for design, construction, management and strategic governance of value creation systems as for example Smart Energy Systems may trigger the birth of a new paradigm for science and technology. This philosophy promises a refreshing perspective on many technological, environmental, societal and  economic issues. It also promises to be a perspective on business innovation, different from mainstream thinking about market structure innovations in many sectors of our post industrial societies.

In the context of often rapidly changing system operating conditions and performance demands value creation process optimisation obviously demands for dynamic system contingency management, including adaptation of the pertaining often capital intensive constructive, organisational  and institutional facilities, so as to most cost-effectively and timely comply with changing system performance demands and operating conditions. Adaptive self organising optimisation of multi actor value creation systems is the kernel of this new paradigm. System governance regimes are therefore to be focused on continuously complying with dynamic input conditions and output demands, while applying on-line feedback value creation process control and dynamic facility management, including periodic facility renovations. Hence in addition to their primary value creation processes such systems should entail smart means and processes for design, construction, management and periodic renovation of their infrastructural facilities.

The paradigm shift envisaged for large scale market introduction of SES , is best characterized as a shift of the system engineering focus:

· from the traditional probabilistic design and construction of energy network facilities as static artefacts, including a priory feed forward life cycle planning of investments, risks, costs and profits,

· towards integral lifetime oriented design, construction and continuous feedback controlled dynamic optimisation of value creation processes and concurrent on-line revitalisation of the pertaining facilities, so as to continuously keep them fit for purpose even under rapidly changing service demands and operating conditions.

Continuously keeping process facilities such as energy networks, food supply chains buildings and their pertaining installations fit for purpose throughout their entire lifetime is vital for optimal control and management of economically, socially and environmentally sustainable and profitable value creation. Process optimisation is to be based on on-line feedback control of measured and predicted integral lifetime costing and returns on investments.
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