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AimAim

identifying the forthcoming changes in ouridentifying the forthcoming changes in our
everyday lifeeveryday life
introducing a bio-inspired world modelintroducing a bio-inspired world model
proposing a high level architecturalproposing a high level architectural
scheme of an AmI spacescheme of an AmI space



IntroductionIntroduction
AmI impliesAmI implies
–– a seamless environment of computing,a seamless environment of computing,
–– advanced networking technology andadvanced networking technology and
–– specific interfacespecific interface

The AmI environmentThe AmI environment
–– hosts Ubiquitous Computing (UbiComp) applicationshosts Ubiquitous Computing (UbiComp) applications
–– merges physical and digital spacemerges physical and digital space

This work builds upon the envisaged structure ofThis work builds upon the envisaged structure of
AmI environment as one populated byAmI environment as one populated by
thousands of communicating tangible objectsthousands of communicating tangible objects
and virtual entities.and virtual entities.



Research issues and requirementsResearch issues and requirements

New research issues arise concerningNew research issues arise concerning
–– the system complexitythe system complexity
–– the need for flexible and dynamic systemthe need for flexible and dynamic system

architecturearchitecture
–– the context dependence, andthe context dependence, and
–– the human involvement.the human involvement.



Research issues and requirementsResearch issues and requirements

The development of a framework isThe development of a framework is
necessarynecessary
The framework must be capable to reflectThe framework must be capable to reflect
the available services as well as thethe available services as well as the
potential use of the participating objectspotential use of the participating objects



Conceptual frameworkConceptual framework
A living/working AmI space could be consideredA living/working AmI space could be considered
that is populated by a heterogeneous swarm.that is populated by a heterogeneous swarm.
Intelligent behaviour is inextricably tied to itsIntelligent behaviour is inextricably tied to its
cultural context and cannot be understood incultural context and cannot be understood in
isolationisolation
All the necessary information is out thereAll the necessary information is out there
changing dynamically; thus the world is thechanging dynamically; thus the world is the
model itselfmodel itself
Dealing with the collective behaviour: analyseDealing with the collective behaviour: analyse
and synthesise small pieces of primitiveand synthesise small pieces of primitive
behavioursbehaviours



Conceptual frameworkConceptual framework

Extelligent ecologies: knowledge and toolsExtelligent ecologies: knowledge and tools
are diffused in the environmentare diffused in the environment
Corporal literacy: the awareness of theCorporal literacy: the awareness of the
extelligence and the working knowledge ofextelligence and the working knowledge of
all sensesall senses
Synthetic phenomenology: theSynthetic phenomenology: the
understanding of the own self and itsunderstanding of the own self and its
relation with the surrounding worldrelation with the surrounding world



Conceptual frameworkConceptual framework

emergent , self-aware, self-
reconfigurable , symbiotic ecologies

ABSTRACT LEVEL
Ubiquitous digital environment

SOCIAL LEVEL
Emergent ecology

DEFINITION LEVEL
Interfaces with the end-user

INFRASTRUCTURE  LEVEL
Tools for the designer of the 

system

INDIVIDUAL LEVEL
Basic building blocks



InstrumentsInstruments

Formulation and development of bio-Formulation and development of bio-
inspired models and theories focusing oninspired models and theories focusing on
emergence, modelling cognitive andemergence, modelling cognitive and
awareness processes, physical growth,awareness processes, physical growth,
and ontogenesis.and ontogenesis.



InstrumentsInstruments

Development of a methodology on how toDevelopment of a methodology on how to
construct autonomous entities withconstruct autonomous entities with
““flexible structuring of the internal andflexible structuring of the internal and
external stimuliexternal stimuli”” and an integration and an integration
framework that leads to the realization offramework that leads to the realization of
self-reconfigurable ecologies.self-reconfigurable ecologies.



InstrumentsInstruments

Design and implementation of ambientDesign and implementation of ambient
knowledge/experience repositoriesknowledge/experience repositories
available as substitutes of social memoryavailable as substitutes of social memory
Development of the necessary tools thatDevelopment of the necessary tools that
constitute a development environment.constitute a development environment.



Engineering emergent phenomenaEngineering emergent phenomena

The modelling and building of autonomousThe modelling and building of autonomous
interactive entities based on syntheticinteractive entities based on synthetic
phenomenology approach is an especiallyphenomenology approach is an especially
complex task.complex task.
The driving force behind the whole ideaThe driving force behind the whole idea
focuses on thefocuses on the
–– adaptation of concepts from complexadaptation of concepts from complex

biological systemsbiological systems
–– novel fabrication technology platformsnovel fabrication technology platforms



Engineering emergent phenomenaEngineering emergent phenomena

Basic building blocks developmentBasic building blocks development
–– which should be the basic building blockwhich should be the basic building block
–– what structural and functional properties it shouldwhat structural and functional properties it should

encompassencompass
–– how it could interact with the othershow it could interact with the others
–– how it could be realisedhow it could be realised

An essential plan is needed which initiallyAn essential plan is needed which initially
centres about the basic building block andcentres about the basic building block and
considers as such every self-sustained digitalconsiders as such every self-sustained digital
artefact with certain functionality that canartefact with certain functionality that can
operate without the contribution of others.operate without the contribution of others.



Engineering emergent phenomenaEngineering emergent phenomena

Emergent behaviourEmergent behaviour
–– In order to apply the well-established primitive behavioursIn order to apply the well-established primitive behaviours

approach in swarm societies that can learn and evolveapproach in swarm societies that can learn and evolve
component-oriented principles and practices could be employed.component-oriented principles and practices could be employed.

–– Synthetic behaviour control mechanisms could be developedSynthetic behaviour control mechanisms could be developed
based on bio-inspired approachesbased on bio-inspired approaches

–– The learning and evolution could be studied and investigated atThe learning and evolution could be studied and investigated at
both the individual and social levelsboth the individual and social levels

The outcome could contribute to a novel dynamic andThe outcome could contribute to a novel dynamic and
adaptive architecture of swarm systems that exploits theadaptive architecture of swarm systems that exploits the
global effects through local rules/behaviour.global effects through local rules/behaviour.



Engineering emergent phenomenaEngineering emergent phenomena

Collective behaviourCollective behaviour
–– Swarm system communication plays a pivotal role.Swarm system communication plays a pivotal role.
–– A flexible and light-weight approach is the indirectA flexible and light-weight approach is the indirect

((stigmergicstigmergic) communication; the temporal aspect of) communication; the temporal aspect of
this phenomenon is crucial for emergent collectivethis phenomenon is crucial for emergent collective
behaviour.behaviour.

–– The individuals could be provided with the properThe individuals could be provided with the proper
periphery (actuators/sensors) enabling them toperiphery (actuators/sensors) enabling them to
emit/perceive electromagnetic signals emulating thusemit/perceive electromagnetic signals emulating thus
the biological the biological ““quorum sensequorum sense”” signals. signals.

–– The specifics of the temporal modulation aspect ofThe specifics of the temporal modulation aspect of
this this ““quorum sense signalquorum sense signal”” will come from theoretical will come from theoretical
biology and existing simulation studies.biology and existing simulation studies.



SummarySummary
The near future of our everyday living/workingThe near future of our everyday living/working
space is indicated by a high degree ofspace is indicated by a high degree of
complexity.complexity.
The emergent complexity concerns the machine-The emergent complexity concerns the machine-
machine and human-machine interactions asmachine and human-machine interactions as
well as the provided services aimed at end userswell as the provided services aimed at end users
and at other machines.and at other machines.
This workThis work
–– attempts to introduce a bio-inspired word modelattempts to introduce a bio-inspired word model
–– introduces a high-level architecture of AmI spacesintroduces a high-level architecture of AmI spaces


