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Engineered Systems

Examples from everyday life

Social networking web sites
News Feeds ==~ “=
Sat-Nav

Automatic Plug-ins and Updates
Robots

Rockets Pl i T

~ :

Windows Update, Click here to review these updates and
install thern,
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Engineered Systems

Examples from current research

Self-Organising Overlay Networks
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-l'-"&,}‘.h i J
R

http://research.microsoft.com/network/soon.aspx
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Engineered Systems

Examples from current research

Swarms of robots (Swarmanoid)
Coordination among heterogeneous robots

foot-bot hand-bot eye-bot

http://www.swarmanoid.org/
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Engineered Systems

Examples from current research

Intra-vehicular Networks (Autonomos)
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http://www.auto-nomos.de
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Engineered Systems

Examples from current research

Self-assembling square balloons (Mascarillons)

http://www.mascarillons.org/
http://www5.epfl.ch/swis/page2521.html
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Concepts

Self-organisation

Self-organisation Is the process
enabling a system to change its
organisation in case of environmental
changes without explicit external
command

[DeWolf 04, deCastro 06, Dimarzo 05, Holland98]
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Concepts

Emergent phenomena

A structure (pattern, property or function),
not explicitly represented at the level of the
iIndividual components (lower level), and
which appears at the level of the system
(higher level).”

Positive / negative feedback

Positive: reinforcement of perturbation
leading to amplification of perturbation

Negative: leads towards stabilisation by
avoiding fluctuations caused by perturbation
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Concepts

10

Adaptation

Adaptation to long-term environmental
changes

Adaptation to immediate environmental
changes
Individual components behave autonomously
Local information (“up-to-date”)
Immediate response of system
Adaptation expected for engineered systems
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Concepts

Decentralised Control
Coordination of work without central decisions

Self-organisation mechanisms are (mostly)
based on decentralised architectures of
information flow

No instruction issued from leaders

Individuals gather information (directly or not) and
decides what to do
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Overall Picture

Adaptation
Mechanisms

Natural
Adaptive Systems

Model
State s,
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Analysis and
Simulation

Artificial Adaptive
Systems

Orders - Agent
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Software Agents
Definition [Wooldridge 01]

“An agent is a computer system situated in some
environment, and that is capable of autonomous action
in this environment in order to meet its design
objectives”

Characteristics
Executing program
Acts on behalf of a user or a program
Autonomous
Proactive (take initiative)
Distributed
Maintain information about own resources
Intelligent
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Software Agents

Agents
Situated in an environment
Sensors (to sense environment’s state)

Actuators (to perform some action based on environment’s state
and own tasks)

Reactive Agents
Act in response to some event/change occurring in the environment

Autonomous Agents
Make independent decisions
Take initiatives

Intelligent Agents
Adapt and learn
Reasoning (Belief-Desire-Intention BDI)

Mobile Agents
Move from one computer to another one
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Software Agents

Agents’ Interactions
Communication (exchange of messages)
Inform, request, confirm, etc.
Coordination (of individual agent’s tasks)

“Managing inter-dependencies between the activities of
the agents”

* Resource sharing
» Dependencies (tasks scheduling)

Collaboration
Competition
Transactions

Agent-oriented software engineering
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Multi-Agent Systems

Multi-Agent Systems

Systems composed of several agents

Reaching goals difficult to achieve for
single agent
May

iInclude humans

exhibit self-organising behaviour
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Multi-Agent Systems

Applications

Distributed Systems
Multi-agent system carries out some task / Nodes of systems = agents
Distributed sensing
* Vehicles monitoring using distributed cooperating sensors
Information retrieval and management (web)
Control: air-traffic control, spacecraft control

Personal Software Assistants
Individual agents
Proactive assistant helping user with some application
e Calendar assistant, e-mail assistant
E-commerce
» Shopping agents, auction bots
Virtual environments

Simulation and Modelling
Social systems (human societies)
Complex systems
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Adaptation Mechanisms

Stigmergy [Bonabeau 99, Camazine 01]

Indirect communication with environment

* Occurs through modifications brought by individual
components to their local environment

Digital pheromone

 Chemical volatile substance (Ants)
* Intensity, evaporation rate

Work-in-progress
o Stimulus provided by previous work (wasps)
 Mapping table: configuration — action

21 PERADA Summer School, Rimini, 08/09/2008



Adaptation Mechanisms

Schools of Fish / Flocks of Birds
Direct communication among components of self-organising
system

Wave of reaction: communicated progressively to all components of school,
or flock

*  Monitoring of position and speed of neighbours
e Adaptation of own position and speed

Mechanism (attraction and repulsion rules)

1. Maintain a minimum distance from other objects in the environment,
including other fishes/birds.

2. Match velocities with neighbours.

3. Move toward the perceived centre of mass of fishes/birds in its
neighbourhood.
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Adaptation Mechanisms

Gossiping [Jelasity 05]
Periodic information exchange

All nodes communicate with (randomly) selected peer
nodes

Information dissemination, information aggregation,
overlay topology construction
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Adaptation Mechanisms

Trust [Cahill 03]

Human trust in peers
Trust values, calculation of risk, decision of action
Updated on basis of positive/negative evidence

Immune System [Hofmeyr 00]

B Cells + antibodies (learning / detection and
marking) / T cells (destruction)

Bit strings / String values (anomaly to detect)
Mobile agents
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Adaptive Mechanisms

Tags [Hales 06]

Markings attached to individuals (agents) and
observable by others

Agents change behaviour on basis of utility
function value observed in peers (tag)

Metadata

Additional information (metadata) about
functional / non-functional information

Middleware processes metadata and
components adapt to policies
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Quantitative Stigmergy

Introduction of term
Pierre-Paul Grassé, French biologist, 1959

Proposed theory of stigmergy while observing termites.
Meaning: “incite to work by product of work”

stigma, wound from a pointed object;
ergon, work, product of labour
stimulating product of labour

Pheromone (quantitative stigmergy)
Work-in-progress (qualitative stigmergy)
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Quantitative Stigmergy

Pheromone
Chemical volatile substance
Deposited into environment by individual
Retrieved (sensed) from other individual

Attractive effect
Positive feedback
Examples
Ants’ Trails
Termites Mounds
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Quantitative Stigmergy

Pheromone description
Life time
e.g. 30 min — 60 min

Frequency of marking
E.g. 5 marks /20 cm

Quantity of pheromone deposited
Type of pheromone

alarm pheromones, food trail pheromones
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Quantitative Stigmergy

Pheromone on a path (arc/portion of
arc) path
Description
f, frequency
g, quantity

C =F (f, q), Concentration of pheromone
e =1/ life_time , Evaporation rate

Pheromone gradient (slope, direction)
Flux of components (e.g. rate of ants leaving nest)
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Quantitative Stigmergy

Pheromone on a path (arc/portion of
arc) path
Ant follow pheromone according to a
probability:
P oath = G (Cpath’ )))
Pheromone update
C=e*C+ *C
Evaporation + added pheromone
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Qualitative Stigmergy

Work-in-progress
Stimulus provided by previous work

Seqguence of stimulating configurations
Different at each stage of construction / work

Wasps nest construction (movie)

Different distinct phases
Initial, first cell, other cells

Cells added in a particular way (depending on
the sensed current configuration)
e.g. among two walls
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Qualitative Stigmergy
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Qualitative Stigmergy

Work in progress [Camazine 01]
Wasps apply rules to decide on what to do next
Wasp deposits “bricks” depending on
configuration — brick cannot be removed

Rule may be deterministic or probabilistic
Start with one “brick”
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Qualitative Stigmergy

Rules:
Mapping: Configuration  Action

Implementation: look-up table

Non-conflicting (one rule for one configuration)
No overlap between different stages of building
Termination:

No more stimulating configuration

Separate rule based on
the obtained size
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Stigmergy

WWW

Stigmergic communication medium for human
Everybody can upload (write) / download (read) information

Wiki
Wikipedia
Initial user leaves an idea

Other users attracted by the idea (add / modify content)
Result: Complex structure of ideas / explanations / concepts

Blogs
Communication through “boards”
Trails of information and links
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Schools of Fish / Flocks of Birds

Direct communication among components of self-
organising system
Schooling and Flocking

Wave of reaction

Mechanism (attraction and repulsion rules)

1. Maintain a minimum distance from other objects in the
environment, including other fishes/birds.

2. Match velocities with neighbours.

3. Move toward the perceived centre of mass of fishes/birds
In its neighbourhood.
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Schools of Fish
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Schools of Fish / Flocks of Birds

Huge Flocks of Birds - Starling (UK)

http://news.bbc.co.uk/player/nol/newsid 7250000/newsid 7255000/7255039.stm?bw=
bb&mp=wm&news=1&bbcws=1

Schools of Fish

http://www.youtube.com/watch?v=0QSfO2xPv-Wq&NR=1
http://www.youtube.com/watch?v=Sk Blp6w528

http://www.youtube.com/watch?v=MGYDMPIiW|gc&feature
=related
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Boids

Craig Reynolds
http://www.red3d.com/cwr/boids/
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Boids

Reaction (apply rules) only based on the flockmates
within a small neighbourhood around boid

Neighbourhood is defined by:
Distance
Angle
Taken from boid's direction

Boids: obstacle avoidance (movie)
Movie - Breaking the Ice - (movie)
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Fish Manoeuvre to avoid
Predators [Camazine 01]

Flash expansion
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Fish Manoeuvre to avoid
Predators

Fountain effect
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Fish Manoeuvre to avoid
Predators

Fountain effect
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Middleware Infrastructures

Middleware

Intermediary software layer
Allows communication and coordination among agents

Interest for decentralised adaptive systems
Shared environment

Agents coordinate their work through this environment
No need for central control

May support adaptation mechanism
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Middleware Infrastructures

Coordination spaces

“Blackboard”

Repository of tuples (n-uples) accessed concurrently

Producers and consumers of tuples

Associative memory

* Retrieval of tuples based on “pattern matching”
Swarm-based infrastructures

SwarmLinda [Charles 04]

Anthill [Babaoglu 02]

Field-based infrastructures
Co-fields / TOTA
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Coordination Spaces

Linda [Gelernter 85]

Coordination language/model based on
shared tuple spaces

Indirect communication

Insertion of tuples in the shared data space (out)
Retrieval of tuples from the shared data space (in or rd)
* Retrieval is based on matching a given template
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Coordination Spaces

Shared Tuple Space

(‘name’, John', surname’ ‘Smith’, ‘age’, 5

1 i 3

(“name”, “Arthur”, “surname”, “Smith”, “age”, 7)
rd
(“name”,?x, “surname”, “Smith”, “age”, ?i)

e “‘.."'
(“name”, “Arthur”,
“surname”, “Smith”, “age”, 7)
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Coordination Spaces

Coordination spaces as middleware layers
Uncoupled interactions

Limited form of self-organisation

Decentralised control, anonymous and indirect
Interactions among agents

No specific support for adaptation mechanism

Languages
Linda

JavaSpaces (Sun)
Tspaces (IBM)
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Field-Based Infrastructures

50

Co-Fields (Computational Fields) [Mamei 02, Mamei 06]

Principle — Force Fields
Agents generate application-specific fields

Propagation of fields in environment according to field-
specific laws

Composition of different fields (coordination field)
Agents follow field gradient (downbhill / uphill)
Agents movements are driven by fields (no central control)

Coordination emerges from
Interrelated effects of agents following the fields
Dynamic fields reshaping due to agents movements
Composition of different fields at each point
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Field-Based Infrastructures

Abstraction

Different types of environments, different types of
coordination tasks

Same approach for modelling/developing different
types of systems

Application Development
Generation of fields, Definition of fields propagation,
Agent reaction to fields

Examples
Ants foraging, birds flocking, traffic modelling
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Field-Based Infrastructures

Co-Fields Modelling of Ants Foraging
Two fields: Home and Food fields
Generated and spread by environment
Ants follow home or food field

Environment change fields according to ants
movements

Wrinkling of fields where ants are located
Wrinkle = Abstraction for the pheromone
Fields = channels
Food-fields: down to food
Home-fields: down to home
Pheromone evaporation

Environment removes the wrinkle
after elapsed time
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Field-Based Infrastructures

TOTA — Tuples on the Air
Based on Coordination Space
Uncoupled adaptive interactions
Provides Context-awareness
Follows Co-Field principle

TOTA System
Agents inject tuples in the system

Environment propagates and diffuses tuples in the system
Propagation follows a specified pattern or propagation rule

Agents locally sense the resulting fields

Application Development
Inject tuples (content + propagation rule)
Query local tuples (pattern-matching)
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Field-Based Infrastructures

Principle — Force Field Metaphor

Propagation of tuples is similar to propagation of fields in the
physical space

Particle do not interact directly but locally perceive the fields

Implementation
P2P Network of (Mobile) nodes (running TOTA middleware)
Nodes maintain a limited list of neighbours

TOTA-tuple = content + propagation rule + maintenance rule
Content = information (C)
Propagation rule (P)
How to diffuse the tuple
Scope (distance) of propagation of the tuple
Direction of propagation
How to change tuple content during propagation
Maintenance rule (M)
How tuple reacts to changes in its environment

TOTA Middleware actively supports tuples propagation

If new node join the system, tuples are propagated to this new node
(according to their propagation rules)
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Field-Based Infrastructures

Field Tuple

C = (id, distance)
P = (propagate everywhere, increment distance by one at each hop)
M = (update structure upon network topology changes)

@ \ Agents follow gradients

@ \ @ Flocks of Bird
ocks of Birds
@ = \ Traffic Management

/\
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Field-Based Infrastructures

Pheromone Tuple

C = (id, strength)
P = (propagate in neighbourhood)
M = (evaporate by diminishing strength periodically)

Agents sense pheromone

o | O | ..

O @
@/\@
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Methodologies and tools

Simulation Tools

Engineering Tools
Middleware Infrastructures

Methods / Methodologies
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Simulation Tools

Reference

Martijn C. Shut [Schut]

Tutorial on collective intelligence simulations
http://www.Sci-ScCi.org
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NetLogo / StarLogo

StarLogo

Study of decentralised systems
Many active agents

Research / Educational purposes
http://education.mit.edu/starlogo

NetLogo

Based on StarLogo
Make an applet with the simulations

HubNet
Distributed participatory simulations

http://ccl.northwestern.edu/netlogo
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Swarm / RePast

Swarm

Platform for agent-based models
Objective-C / Java
http://www.swarm.org

RePast
Inspired by Swarm
Agent-based models and simulations

Built-in features (e.g. genetic algorithms)
Java, .net, Python

http://repast.sourceforge.net/
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New Ties / Mason

New Ties
Grow a large scale artificial society
Indidual / Social learning

Large scale experiments using distributed P2P
infrastructure

http://www.new-ties.orqg/

MASON
Java based, very large number of agents (10000+)
Visualisation 2D / 3D
http://cs.gmu.edu/~eclab/projects/mason/
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Breve / Cormas

Breve
3D simulator
Multi-agents systems, artificial life
Python / Steve scripting language
http://www.spiderland.org/breve

Cormas
Modelling of natural resources by groups
Multi-agent systems
SmallTalk
http://cormas.cirad.fr/indexeng.htm
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LEADSTO / SDML

LEADSTO
Dynamic processes modelling

LEADSTO formal language
Temporal language

Simulations of LEADSTO specifications
e.g. human reasoning process
http://www.few.vu.nl/~wai/TTL

SDML
Strictly Declarative Modelling Language

MAS modelling logic based on autoepistemic logic
To express facts, knowledge and lack of knowledge about facts

Supports cognitive theories within agents
http://cfpm.org/sdml
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AgentSheets

AgentSheets

Agents with behaviour and missions /
Reactive to messages

Interactive simulations

Authoring tool supporting non programmer to
create agents

Commercial product
http://www.agentsheets.com
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Methodologies

Software engineering methodology

Set of practices

training materials, educational programs,
worksheets, diagrams

repeatedly carried out to produce software

Disciplines
Project management
Analysis
Specification
Design
Implementation
Test
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Methods / Methodologies

ADELFE [Bernon 02]
Guide + help designer
Determination of type of system

Based on AMAS Theory
Cooperative agents
Avoiding non cooperative situations

MetaSelf [Dimarzo 07]
|dentification of self-* mechanisms
Software architecture
Agents / Metadata / Policies
Run-time infrastructure
Enforcement of policies on basis of metadata
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Methods / Methodologies

General Methodology [Gershenson 07]
Representation

Modelling

Adaptive Control
* Mediator (reduce frictions / increase synergies)

Simulation

Test different scenarios
Application
Evaluation

Customised Unified Process [De Wolf 07]
Requirements Analysis
Macroscopic properties
Design
Architectural design / Patterns
Abstractions: Localities and Information flow
Implementation
Microscopic issues
Testing and verification
Numerical analysis for dynamical systems
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ADELFE Methodology

ADELFE Methodology
Guide + help designer
Determination of type of system

Based on AMAS Theory

Cooperative agents
Avoiding non cooperative situations
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AMAS Theory

Adaptive Multi-Agent Systems (AMAS) Theory [Bernon 02]

System’s functionality
No coding of global behaviour

Global function of system has to emerge from the interactions
among the agents

Agent’s behaviour
Cooperative behaviour
Agent try to avoid non cooperative situations
Anticipation:
* Try to act cooperatively and to avoid non cooperative acts
Treatment:

- If an agent is in a non-cooperative situation, he acts to come back to a
cooperative one (changing interactions)

Cooperation failure produced at the collective level
» detected and treated at the local level

Changing interactions at local level solve problem at global level
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ADELFE Methodology

Requirements
Definition of the studied system

Environment model:
agents, context, environment

Analysis
|dentification of agents
Adequacy to AMAS theory

Design
Agent model
Cooperative agent design

Non cooperative situation model
Cooperative and non cooperative interactions
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ADELFE Methodology

Non cooperative situation (NCS) model
Table of all NCS cases

For each agent:
Agent state, NCS description, conditions, actions

Three kinds of NCS

Signal perceived from environment is not
understood (or with ambiguity)

Perceived information does not lead to activity
Actions are not useful for environment
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Cooperative Agents

Cooperative attitude of an agent
Local and autonomous
Independent of the global function of the system
Heuristic to move through state space in a right direction

Definition of cooperation (see types of NCS)
All perceived signals must be understood without ambiguity
Received information is useful for the agent’s reasoning
Reasoning leads to useful actions towards others agents
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Cooperative Agents

Cooperative Agents
Skills (what agent is able to do)

Knowledge about world (itself, other agents,
environment)

Interaction language
Aptitude (reasoning)
Social attitude (cooperation)

Cooperative agent fundamental activities:

Perceive, decide and act in the world
If in a cooperative situation  realises its function

If in an uncooperative situation (failure) acts to come
back in a cooperative state
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Robots Simulation [Picard 05]

Rob Environment
obots Two rooms

Narrow corridors separate the rooms
spatial interference

Emergence of a traffic direction
not coded in robots

Autonomous

Resource transportation task
Internal State guided
Micro-level entity
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Carrier Robots NCS

Conflict

A robot cannot move forward

because it is in front of a wall or another robot moving in
the opposite direction

“The closer robot from its goal wins"

Uselessness

After a blocking, a robot must move backward and
away from its goal

“To move on its sides” or

“To move backward until it cannot continue or it
encounters another robot which is returning and
which is closer to its goal”
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Multi-Agent Applications

AMAS Theory
Flood forecast
Optimized ant simulation
Robot transport
Adaptive ontology / semantics building
Autonomous mechanical design
Emergent Programming (instruction agents)
Manufacturing control
Time tabling
Bioinformatics
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MetaSelf

78

Answer the question:

How to build trustworthy and
controllable self-* systems?

SA/ SO (Self-Adaptive / Self-Organising)
Dependability properties
Evidence of dependability

Human administrator controls system
» Despite self-* capabilities of system
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Requirements Engineering

Autonomous Components
R: Decoupling of components

Interoperability

R: Decoupling of descriptions,
Qo0S, constraints, policies,
supporting infrastructure
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Reguirements Engineering

Self- Context-awareness

R: Sensing/monitoring capabillities —
Reasoning/Acting (different levels)

Behaviour guiding/bounding

R: Individual and global goals/policies
Environmental constraints policies
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Requirements Engineering

Development process

R: Design-time descriptions
(formal specifications)

system’s / components’ properties
behaviour patterns
policies

R: Run-time enforcement of policies

81 PERADA Summer School, Rimini, 08/09/2008



Software Architecture

Service-oriented architecture
R: Autonomous components

Self-describing Components/Services
R: Interoperability

Run-time usage of Metadata
R: interoperability + self- / context-awareness

Adaptation Mechanism
R: design-time specification of adapting policies

Executable Policies
R: run-time implementation of adaptation mechanism
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MetaSelf

Requirements
Functionality
Self-* Properties
QoS

Analysis

Identification of SA /SO architectural design pattern (autonomic manager
/ observer-controller / ...)

Ident_ificat)ion of adaptation / coordination mechanism (stigmergy / trust/
gossip ...

Design
Identification of Agents (service / component / etc)
Observed Metadata
SA / SO Policies

Implementation

Run-time infrastructure
Agents / Executable policies / Metadata
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Pool of Patterns and Mechanisms

SA/ SO Architectural Design Patterns
Observer/Controller
Autonomic Manager

Stigmergy

SA/ SO Adaptation Mechanisms

Replacement with equivalent service if QoS too low

Action / Goal / Utility Function

Application System Requirements
Self-*, Functional, QoS ...

@ Synthesis &
Validation

Application System Design

Choice and instantiation of:

E.g. Autonomic Manager

SA/ SO Architectural Design Patterns

Executable Policies
E.g. Replacement

Design of Application
Components

E.g. Ants / Cars / Peers/
Autonomic Elements

Metadata Description

Run-time Infrastructure

Application
Metadata Coordination/ Adaptation C:ompon:ents
Policies Enforcement of Policies Q O

AN

Design Time

Run Time



Run-time Infrastructure

Metadata

Policies

Coordination/Adaptation
Service

A 4

A
\ 4

Apply coordination

A\ 4

«—>| Enforcement of Poligies [¢
Service

x Apply policy

Metadata Acquisition

Sensing / Acting

Acquisition of
policies

. .
. .
. .
. .
. .
. .
. .
. .
Y A 4

Application
Components
(Services)




Internal / External Control

Three different ways (Adaptation):

Direct reconfiguration of components
Select / Remove / Change Component

Dynamic modification of metadata

Changed metadata triggers changes in component
behaviour

« Components’ behaviour depends on/modifies metadata
Dynamic modification of policies

Changed policy triggers changes in component behaviour
« Components’ behaviour depends on policies
» Change in policies triggers change in behaviour
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Control and Feedback Loop

Reasoning
| Enforcement of Policies

Metadata .
Apply polic

Policies

Sensing / Acting

Acquisition of
policies

O @ O S Q; S O O |companens

(Services)




Adaptation / Control

Mechanisms
Loose coupling and late binding
Reflection — Metadata — Feedback Loop

Exploit metadata to support decision-
making and adaptation based on the
dynamic enforcement of explicitly
expressed policies.
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Industrial Assembly System

Industrial Assembly System [Frei 08]

Assembly Layout and Production

Agentification of elements
» robots (modules), parts, products

Design supporting (Self-* requirements):

Layout formation (self-organisation)
» Selection and determination of best modules
Coordination of tasks

Self-adaptation to production conditions
* Resilience to failures, fatigue, collision avoidance
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Industrial Assembly System

90 PERADA Summer School, Rimini, 08/09/2008



Industrial Assembly System

Layout formation

Self-selection of modules
Self-selection of partners for production (satisfying given
generic assembly plan)

Mechanism:
Tiles assembly (crystal growth) — self-assembly of services

* tiles progressively attach to each other following
matching rules

Policies:

High-level goal — generic assembly plan
Find a partner

Metadata
Self-description of services
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Industrial Assembly System

Coordination of Tasks
Task sequencing and Collision avoidance

Mechanism:

Coordination through shared information stored on
RFID tag of product

Policies

Avoidance rules

Specific Assembly plan (Sequence)
Metadata

RFID info

Sensors (position)
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Industrial Assembly System

Self-adaptation at production time (policies)
Self-optimisation
Adapt speed of pieces delivery to speed of removal

If queue of products is high, increase speed of
operation

If quality of product decreases, decrease speed of
operation

Self-healing

It own target position is not reached correctly, take
corrective measures

If precision is too low, request a replacement

If queuing is too high and speed is at maximum ask for
a re-configuration of layout

If one or more failures occurs more than a certain
number of times, then ask for reconfiguration
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Industrial Assembly System

Metadata

Speed of operation

Own precision / Precision of neighbours
Queuing level

Quality of assembled product

Scenarios

Robot R1 takes over from Robot R2

R2 has precision problems, asks to be replaced. R1
takes over, user is asked to move feeder B close to R1

Re-configuration triggered

After takeover, R1 experiences high level of queuing.
R1 asks for a reconfiguration
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® © o | Outline

Overview and Concepts
Agents

Adaptation Mechanisms
Middleware Infrastructures
Methods / Methodologies
Issues
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Open Issues

Issues
Interactions
Management of uncertainty

Sensitivity to initial conditions / system's
parameters

Design and development
Micro- / Macro-behaviour
Macro-to-micro programming
Prediction of good/bad behaviour

Control
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Interactions

Agent interact with:
Environment
Other unknown entities/agents/software

Interactions
Semantic understanding a peer entity

Interoperability

 transactions, service delivery, exchange of
information.
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Management of Uncertainty

Reliability and trustworthiness of:
Environment
Interacting peer entities

Examples

No permanent availability of network accesses,
capacity and loads.

Malicious entities
Failing entities (software errors, or physical failures).
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Changing Environment and
User Requirements

Adaptability to Changes

Environment’s changes
Availability of network access

Availability of interacting entities

» devices can freely join or leave an interacting zone, or
partners;

* reduced consumption power conditions may prevent
autonomous software residing in wireless devices to
perform their computation at their maximum capacity.

User’s requirements or business practices changes

A personal assistant may change the user's agenda, if
the user signals some priority activity.
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Design and Development

“Natural” properties of systems with emergent behaviour
Robustness and adaptability / Learning through experiences
Complex global behaviour arising from simple individual behaviour

Software engineers would like to benefit from these properties when building
complex and large scale systems.

But ... because of these properties

Such systems, once deployed in a physical environment, are difficult or
impossible to predict

Difficult to design correctly

Due to: non-linear nature of the interactions occurring among the different
autonomous computation entities forming the autonomous systems,

The behaviour of the system as a whole (macro-behaviour) is not a linear function of
the behaviour of the individual autonomous computation entities (micro-behaviour).

Difficult point
Ensure that “good” (i.e. expected) properties will actually emerge,
Ensure that “bad” (i.e., not expected or not desired) properties will not emerge
(appear).
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Control

Adaptive systems

... Adapt their behaviour
To changing environmental conditions (re-organisation)
To their own internal failures

... Exhibit emergent phenomena
By definition it is difficult to predict

(External) Control
Influencing the execution of the system once deployed in its
environment, e.g.:
changing the system’s global goal
stopping the system if necessary, etc.
Contradictory with adaptation and emergent behaviour!
Solutions (?)

E.g. incorporating specific features at design time that will be
useful for control.
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Case Studies

Engineering
Agents
Mechanisms
Middleware infrastructure
Methodology
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Ecosystem of Displays

Digital screens
Adapt to user (change display)
Adapt to advertiser
Combination of screens
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Ecosystem of Displays

Agents
Adaptation Mechanism
Middleware

Method / Methodology
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Adaptive Traffic Swarms

Traffic
Traffic lights
Cars

Optimisation of traffic flow
Adaptation to user’s journey
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Adaptive Traffic Swarms

Agents
Adaptation Mechanism
Middleware

Method / Methodology
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Alive Kindergarten

Smart adaptive environments
Sensing walls / games / objects
Monitoring of children

Changing configurations
Secure environment
Entertainment
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Alive Kindergarten

Agents
Adaptation Mechanism
Middleware

Method / Methodology
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All-about Diary

IPhone + GPS
Description of activities (GPS traces)
Social networking
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All-about Diary

Agents
Adaptation Mechanism
Middleware

Method / Methodology
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