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Part I ïMulti -Agent Simulation



Multi -Agent Systems (1/2)

Multi -Agent Systems (MAS) refer to a computer research
domain that addresses systems composed of agents (i.e. micro
level entities) which have an autonomous and proactive behavior
and interact with each other through an environment (observed
at the macro level).

Specifically, an agent:

V can be a physical or a virtual entity,

V can act,

V partially perceive its environment,

V communicate with other agents,

V is autonomous,

V has specific goals and tendencies, and

V has skills to achieve these goals and tendencies.



Multi -Agent Systems (2/2)



Multi -Agent Simulation

Among its various applications, Multi-Agent Systems are an
interesting modeling alternative for simulating real-world or
virtual systems that can be decomposed in interacting
individuals.

Simulation refers to the process of designing a model of a real
system and conducting experiments with this model for the
purpose of understanding the behavior of this system and/or of
evaluating various strategies for the operation of the system (e.g.
projecting how the system would respond to a set of changes).

Accordingly, the use of Multi -Agent -Based Simulation (or
MABS or Multi -Agent Simulation) is analyzed as the modeling
of distributed (usually social) systems using MAS as the model
structure.



But what exactly is MABS?

Multi-Agent Simulation can have multiple uses.

ü Entertainment: an intellectual computer game where an artificial
system comprising a number of agents is set up and played with to
examine the resulting effects

ü Art: a running MAS designed for people to admire or enjoy

ü Illustration: MAS designed to illustrate a principle (of sociological,
philosophical or mathematical nature) and its application

ü Mathematics: a simulation tool for symbolic deduction in
distributed systems where such deduction is otherwise impractical
or impossible

ü Communication: an interactive medium for social exploration and
communication

ü Science: A tool for understanding observed systems and possibly
projecting effects of imposed changes (e.g. new policies, plans or
programmes)



And how does it work?

As Edmonds (2001) notes, the basic sequence in Multi-Agent

Simulation of a system is the following:

1. Design: a process is chosen and a Multi-Agent System is

designed so as to incorporate the structural aspects of the system

2. Inference: the Multi-Agent System is run

3. Analysis: a set of means is chosen in order to analyze the

resulting process (e.g. inspection, Monte Carlo method,

visualization techniques, statistics)

4. Interpretation: relevant conclusions about the behavior displayed

in the system are drawn; this can be as strong as a concrete

numerical prediction or as weak as a qualitative indication of

possible behaviors



Applications (1/3)

Å Pipattanosomporn et al. (2009) designed, developed and implemented a

multi-agent system that enables real-time management of a distributed

smart micro-grid, at the energy distribution level, in order to secure critical

loads and support non-critical loads during outages. After several

simulations, results indicated that Multi-Agent Simulation could contribute

to seamless transition and facilitate the micro-grid operation

management.

Å Parker et al. (2003) reviewed a class of Multi-Agent Systems used to

simulate land use and land cover change (MAS/LUCC), and found that

these models are well suited for:

V representing complex spatial interactions,

V modeling decentralized, autonomous decision making, and

V analyzing relevant scenarios and policies that focus on human-

environment interaction.



Applications (2/3)

Å Zhang et al. (2010) developed a dynamic urban expansion model based on

a Multi-Agent System, in order to simulate the interaction among different

agents (residents, peasants, governments etc.) and provide land-use

decision-making support to government and urban planners; the model was

then used to simulate and study the urban expansion process taking place

in Changsha City, China.



Applications (3/3)

Å Tao et al. (2009), in order to simulate urban residential patterns,

introduced certain evaluation indicators of urban residential suitability in

the human-environment science, and integrated a Multi-Agent model

with a GIS (Geographic Information System), thus creating a

heterogeneous and dynamic simulated environment.

In the proposed MAS, simulated inhabitants would wander through the

universe to find the optimal place of residence. Constraints included

incomes and preference of environment.

The GIS quantified evaluation indicators, such as traffic accessibility, life

convenience and landscape beauty.

Finally, the probability of an agentôsleaving its current residence

depended on its residential pressure (as defined by basic house price

and house environmental price).

The model was applied to simulate the formation of residential spatial

patterns in a district of Guangzhou, Guangdong, China.



Part II ïThe Ecological Footprint



Background (1/2)

Å Urbanization is usually considered to be an economic or

demographic phenomenon but it also represents a human

ecological transformation.

Å Therefore, understanding the dramatic shift in human spatial and

material relationships with nature is a key to sustainability.

Å Rather than asking what population a particular region can

sustainably support, we should be asking:

ñHowlarge an area of productive land ðwherever on Earth it is

locatedð is needed to sustain a defined population ðwhatever its

dependence on trade or its level of technological sophistication isð

indefinitely?ò



Background (2/2)

Å Given most forms of natural income (resource and service flows),

we should be able to estimate the area of land/water required to

sustainably provide the resources required by a population (or

economy), as well as sustainably assimilate its wastes.

Å The sum of such calculations would provide an area-based

estimate; this area is called thepopulationôsñecological footprint ò.

[Source : Rees & Wackernagel, 1996]



Calculating the Ecological 

Footprint
An Ecological Footprint (EF) can be calculated for persons, activities or

regions:

1. First, consumption is determined in a particular spatial domain
for each relevant category (food, housing, transportation, goods
and services).

2. Next, the land area is estimated for different land categories
(land appropriated by fossil energy use, built environment,
gardens, crop land, grassland and managed forest).

3. The above are calculated for both possible flows (resource
and waste) and a consumption/land-use matrix is created.

4. Summing all the figures in the matrix gives an estimate of the
Ecological Footprint of the person, activity or region
considered.



Application: Sustainable Tourism

Å Sustainable tourism development is among the key aspects of sustainable

urban planning and development, given that the rapidly growing industry of

tourism may have profound impacts on local environments. Hunter (2002)

suggested various conceptualizations of the ñtouristicecological footprintò,

while arguing that research should focus on calculating this indicator

associated with individual tourism products.

Å But tourism sustainability assessment using the Ecological Footprint has

concerned others scholars as well; Gössling et al. (2002), for example,

developed a methodological framework for the calculation of ecological

footprints related to tourism. They applied their method to the case of

leisure tourism on the island of Seychelles, paying special attention to

energy use associated with air travel as well as to safeguarding biodiversity

in protected areas, whose existence ultimately relies on income derived

from tourism.



Part III ïLife Cycle Analysis



What is Life Cycle Analysis?

Life cycle analysis (LCA) is the systematic approach of looking at a

productôscomplete life cycle, from raw materials to final disposal of the

product; it offers a ñcradleto graveòlook at a product or process,

considering environmental aspects and potential impacts.

Inputs

ÅTrees & Crops

ÅWater

ÅGas & Crude 
Oil

ÅChemicals

ÅEnergy

ÅCapital 
Equipment

Life Cycle of 
Process/Product

ÅRaw Material 
Processing

ÅManufacturing

ÅProduction

ÅTransportation

ÅProduct Life

ÅMaintenance

Output

ÅAirborne 
Emissions

ÅRecyclable 
Waste

ÅCo-products

ÅWaterborne 
Emissions

ÅLandfilled 
Waste

ÅDumping & 
Littering

Source: Williams, 2009



How does it work?

LCA examines the environmental impacts of a service or product by

taking all major stages of its life into consideration:

Ç Raw material acquisition (incl. harvesting, transportation)

Ç Processing (incl. transportation to production sites)

Ç Manufacturing (incl. assembly, packaging, transportation)

Ç Product life (incl. energy, emissions, maintenance, reuse)

Ç End of life (incl. waste management, recycling, emissions etc.)

The Analysis can be narrowed down to: (a) the goal and scope, (b)

the life cycle inventory (LCI), (c) the life cycle impact assessment

(LCIA), and (d) interpretation and the final report.



What can we get?

By doing Life Cycle Analysis, we can

V calculate the environmental impact or a product or service;

V identify a certainstageôspositive or negative impact;

V identify opportunities to improve the assessed product or service,

throughout its life cycle;

V compare processes or even products based on their environmental

impacts; and

V justify changes in a process using solid, quantitative data.



Adding Sustainability

Å Sustainable development refers to the development that not only

meets the needs of the present, but also safeguards the ability of

future generations to meet their needs as well.

Å At the same time, there has been stimulated increasing interest in

developing methods to better understand and address the impacts

of products or services along their life cycle, due to a growing global

awareness of the significance of environmental protection.

Å In this regard, the classic LCA method has been replaced by modern

LCA approach that incorporates the notion of sustainability.

Life Cycle Sustainability Assessment (LCSA) is the evaluation of all

environmental, social and economic negative and positive impacts in

decision-making processes towards more sustainable products and

services throughout their life cycle.



LCSA Benefits (1/2)

Enables practitioners to organize complex, environmental, 
economic and social information in a structured form

Helps in clarifying trade-offs between sustainability pillars, life 
cycle stages, or products

Shows enterprises how to become more environmentally 
responsible

Helps promote awareness in value chain actors on 
sustainability issues

Supports stakeholders in identifying weaknesses and 
enabling further improvements of a product life cycle

Supports decision makers in prioritizing resources, with 
regard to their useôs impacts



LCSA Benefits (2/2)

Helps decision makers choose sustainable technologies over 
conventional ones

Supports consumers in selecting cost-efficient, eco-efficient, 
socially responsible, sustainable products / services

Stimulates innovation in enterprises / value chain actors

Has the potential to inform labelling initiatives

Helps enterprises raise their credibility (by communicating 
transparent, relevant information)

Provides guiding principles to achieve Sustainable Production 
& Consumption



Application: Urban water 

systems (1/2)
Lundin & Morrison (2002) suggested a framework to develop
environmental sustainability indicators for urban water systems, based
on Life Cycle Analysis.

Å The proposed framework was based on an iterative procedure for
the selection of indicators that reflect the environmental sustainability
of urban water systems.

Å LCA provided the analytical basis for selecting the Environmental
Sustainability Indicators (ESI), which were finally evaluated in case
studies (namely Göteborg, Sweden and King WilliamôsTown, South
Africa).

Å Eventually, the results depended on the selected system boundaries
and impact categories.

Å The LCA helped to determine priorities and, after the boundaries
were extended, it helped to identify ESIs that were not otherwise
obvious, such as recycling of nutrients to agricultural land and
energy recovery due to heat pumps and production of biogas.



Application: Urban water 

systems (2/2)

[Source : Lundin & Morrison, 2002]



Part IV ïFuzzy Set Theory



Classical Sets

A set is a well defined collection of objects (elements).

When dealing with classical sets, one knows that an element either

belongs to a particular set or it does not.

For example, a fruit can be an apple or it cannot; extending this

concept to numerous sets, a fruit can be an apple, a banana, a pear, a

mango, a pineapple and so on, but it cannot belong to more than one

mutually independent sets.

Fruits = {apples, oranges, pears, bananas, pineapples}

Integers = {1, 2, 3, 4, 5,é}

Odd = {1, 3, 5, 7, 9,é}



The need for Fuzzy Sets

A basic idea of the Fuzzy Set Theory lies in the concept of a fuzzy

subset.

While in conventional set theory there is a clear-cut boundary between

membership and non-membership of an element to a set, under Fuzzy

Sets Theory a gradual transition from membership to non-membership

is considered as more realistic.

For example, in urban planning, decision makers often encounter some

types of budget constraints, which are vaguely expressed and involve

inexact terms (e.g. ñthebudget is about aò). The information conveyed

is thus imprecise.

To enable formal analysis, the term ñabout aòcan be represented as a

fuzzy subset.



So, what is Fuzzy Set Theory?

Å The word ñfuzzyòmeans ñvaguenessò. Fuzziness occurs when the

boundary of a piece of information is not clear-cut.

Å Fuzzy Set Theory is an extension of classical set theory, where

elements have varying degrees of membership.

Å A logic based on the two truth values, True and False, is not always

adequate when describing human reasoning; this theory uses the

whole interval between 0 and 1 to this direction.

Å Therefore, a fuzzy set is a set that allows its members to have

different degree of membership (i.e. membership function) within the

interval [0,1].

Å It should be noted, however, that this degree is not a probability:

fuzzy truth is not likelihood of a condition, but rather represents

membership in vaguely defined sets.



Evolution

The first publications in fuzzy set theory go back to 1965; its

acceptance grew slowly in the 1970s before its first successful practical

applications.

During the last decades, fuzzy set theory has developed along two

lines:

a. As a maturing formal theory that has become all the more

sophisticated and specified, was enlarged by original ideas and

concepts and by embracing classical mathematical areas (e.g.

algebra, graph theory, topology), through an ongoing process of

generalizing orófuzzifyingôthem.

b. As an application-oriented ófuzzytechnologyô(i.e. a tool for

modeling, problem solving and data mining), that has proven

superior to existing methods in many cases, or an attractive

addition to classical approaches in others.



Application: Sustainable Tourism

Tsaur & Wang (2007) proposed a fuzzy-set-theory-based evaluation

procedure of Sustainable Tourism Development and applied it to a

specific destination, namely the Green Island in Taiwan.

To that end:

1. they collected sustainable tourism development indicators about

small islands;

2. they refined these indicators using the Delphi method;

3. then, they calculated their criteria weights using AHP (Analytical

Hierarchy Process ð a multi-criteria decision analysis method);

and

4. finally, they measured the performance to each criterion using

Fuzzy Set Theory.



Part V ïStakeholder Analysis



What is Stakeholder Analysis?

To begin with, a stakeholder can be defined as:

any individual group or institution who has a vested interest in

the policy being promoted / natural resources of the project area

and/or who potentially will be affected by project activities / the

policy and have something to gain or lose if conditions change or

stay the same.

Examples include: donors, legislators, governments, ministries,

labor unions, NGOs, consumers etc.

Therefore, Stakeholder Analysis can be defined as:

a process of systematically gathering and analyzing information

to determine whose interests should be taken into account when

developing or implementing a policy/program.



Is it important?

Stakeholder analyses are important because of the increasingly

interconnected nature of the world: any program or policy, problem or

solution potentially affects numerous people, groups and organizations.

A stakeholder analysis can help a project or programme identify:

the interests of all stakeholders who may affect or be affected by the program or project;

potential conflicts or risks that might jeopardize the success of the program or project;

groups that should be encouraged to participate in different stage of the project;

appropriate strategies for stakeholder engagement; and

ways to reduce negative impacts on vulnerable groups.



Analysts, Experts & Program 

Managers (1/2)

ÅThey are responsible for overseeing the stakeholder 
analysis process and are knowledgeable about relevant 
methodologies.

Analysts

ÅThey are individuals knowledgeable about the proposed 
action.

ÅThey may range from government officials to college 
professors to officials in private or non-profit organizations.

Experts

ÅThey are individuals knowledgeable about the proposed 
action.

ÅThey are the government officials responsible for making 
programmatic decisions related to the proposed action.

Program 
Managers


