INTEGRATING CASE BASED REASONING AND
GEOGRAPHIC INFORMATION SYSTEMS IN A
PLANNING SUPPORT SYSTEM:
CESME PENINSULA STUDY

A Dissertation Submitted to
the Graduate School of Engineering and Sciences of
[zmir Institute of Technology

in Partial Fulfillment of the Requirements for the Degree of

DOCTOR OF PHILOSOPHY

in City Planning

by

Ali Kemal CINAR

August 2009

[ZMIR



We approve the thesis of Ali Kemal CINAR

Assist. Prof. Dr. Erkal SERIM
Supervisor

Prof. Dr. Sezai GOKSU
Committee Member

Prof. Dr. Vahap TECIM
Committee Member

Assoc. Prof. Dr. Semahat OZDEMIR
Committee Member

Assist. Prof. Dr. Omiir SAYGIN
Committee Member

3 July 2009
Assoc. Prof. Dr. Semahat OZDEMIR Prof. Dr. Hasan BOKE
Head of the City and Regional Dean of the Graduate School of

Planning Department Engineering and Sciences



ACKNOWLEDGMENTS

I would like to express my thanks to my supervisor Assist. Prof. Dr. Erkal
SERIM for his support and advice on thesis research and progress.

Additionally, I acknowledge my thesis committee members for their valuable
comments and advices, Assoc. Prof. Dr. Semahat OZDEMIR for reviewing my work
and improving the writing process, Prof. Dr. Sezai GOKSU for critical debates on city
planning domain, Prof. Dr. Vahap TECIM for enhancing the model approach, and
Assist. Prof. Dr. Omiir SAYGIN for GIS works and literature reviews.

I would like to thank to Prof. Dr. Akin SUEL for his encouragement and support
while beginning to academy as a research assistant.

And special thanks to Xun SHI for inspirational comments, conceptual debates
about CBR and GIS, Juan RECIO-GARCIA for using the source codes of JCOLIBRI
software, Assist. Prof. Dr. Koray VELIBEYOGLU for advices on planning support
systems and outline of the thesis.

I thank Assist. Prof. Dr. Tugkan TUGLULAR for valuable comments in
customized software design. I would also like to thank to software engineer Giircan
GERCEK for creating the GUI and software coding in Java.

I gratefully acknowledge the contribution and assistance of my colleagues Omer
SELVI for research methods and artificial intelligence techniques, Ulas KILICKAYA
for recommending ICT and PSS literature sources, Bengi KANAT for similarity
functions and matrices, Ersin TURK for data supply and comments on case study, Ugur
BOZKURT for data supply and necessary information about Cesme region. I would
also thank to flknur UGUR for her help.

I also want to thank IYTE library staff and Mr. Giiltekin GURDAL for
delivering valuable and up to date material for researchers.

And finally, I thank to my family for their support, encouragement and patience.



ABSTRACT

INTEGRATING CASE BASED REASONING AND GEOGRAPHIC
INFORMATION SYSTEMS IN A PLANNING SUPPORT SYSTEM:
CESME PENINSULA STUDY

Urban and regional planning is experiencing fundamental changes on the use of
computer-based models in planning practice and education. However, with this
increased use, “Geographic Information Systems” (GIS) or “Computer Aided Design”
(CAD) alone cannot serve all of the needs of planning. Computational approaches
should be modified to deal better with the imperatives of contemporary planning by
using artificial intelligence techniques in city planning process.

The main aim of this study is to develop an integrated “Planning Support
System” (PSS) tool for supporting the planning process. In this research, “Case Based
Reasoning” (CBR) —an artificial intelligence technique- and “Geographic Information
Systems” (GIS) —geographic analysis, data management and visualization technique-
are used as a major PSS tools to build a “Case Based System” (CBS) for knowledge
representation on an operational study. Other targets of the research are to discuss the
benefits of CBR method in city planning domain and to demonstrate the feasibility and
usefulness of this technique in a PSS. “Cesme Peninsula” case study which applied
under the desired methodology is presented as an experimental and operational stage of
the thesis.

This dissertation tried to find out whether an integrated model which employing
CBR&GIS could support human decision making in a city planning task. While the
CBS model met many of predefined goals of the thesis, both advantages and limitations
have been realized from findings when applied to the complex domain such as city

planning.
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OZET

VAKA TEMELLI MANTIK YURUTME VE COGRAFI BiLGi
SISTEMLERININ PLANLAMA DESTEK SiSTEMI BUTUNUNDE
ENTEGRASYONU: CESME YARIMADASI CALISMASI

Sehir ve bolge planlama, bilgisayar destekli modellerin planlama pratiginde ve
egitiminde kullaniminda 6nemli degisiklikler yasamaktadir. Fakat kullanimlarindaki
artis oranina ragmen, “Cografi Bilgi Sistemleri” ve “Bilgisayar Destekli Tasarim” kendi
baslarina planlamanin ihtiyaclarini tam olarak karsilayamamaktadir. Bilgisayara dayali
yaklagimlar, yapay zeka tekniklerinin sehir planlama siirecinde kullanimiyla, cagdas
planlamanin gerekliliklerini karsilayacak bicimde diizenlenmelidir.

Bu calismanin temel amaci, sehir planlama siirecini destekleyecek entegre bir
“Planlama Destek Sistemleri” modeli gelistirmektir. Bu kapsamda, bir yapay zeka
teknigi olan “Vaka Temelli Mantik Yiiriitme” teknigi ve cografi analizler, veri yonetimi
ve ilgili gosterimler i¢in kullanilan “Cografi Bilgi Sistemleri”, “Vakaya Dayali1 Sistem”
modeli kurma agamasinda, temel planlama destek sistemi araglari olarak secilmistir.
Arastirmanin diger hedefleri ise vaka temelli mantik yiiriitme tekniginin sehir planlama
alanina getirecegi faydalar1 tartismak ve planlama destek sistemleri iginde uygulanabilir
ve kullanilabilir oldugunu gostermektir. “Cesme Yarimadasi” alan c¢alismasinda ise,
yukarida tariflenen yontemler 1s18inda, tezin operasyonel ve deneysel safhasi
uygulanmaktadir.

Bu tez calismasinda vaka temelli mantik yliriitme ve cografi bilgi sistemlerinin
entegre olarak kullanildigi bir model yaklasiminin planciya, sehir planlama siirecinde,
karar verme asamasinda yardimci olup olamadigr denenmistir. Vakaya dayali sistem
modeli tezin Onceden belirlenmis ¢ogu hedefini karsilarken, sehir planlama gibi
karmasik bir alana uygulanmasiyla elde edilen bulgular, modelin hem avantajlar1 hem

de kisith yonleri oldugunu gostermistir.
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CHAPTER 1

INTRODUCTION

1.1. Aim of the Study

This study is investigating the usefulness of “integrating planning support
system (PSS) tools for supporting the planning process”. Hence, this approach consist
applying case based reasoning technique (CBR) and geographic information systems
(GIS) to provide a planning support for solving spatial problems. Therefore, urban
planning discipline could improve its effectiveness by using recent advances in artificial
intelligence (Al) techniques and information and communication technologies (ICTs).

In this research, “Case Based Reasoning” technique will be used to build a

“Case Based System” (CBS: CBR&GIS) as a major PSS tool. By the development of a

system that integrates CBR as an Al reasoner and GIS as a spatial analyst, could be very
helpful to planners for reaching a knowledge acquisition on a special purpose in
planning process. In such an integrated system, CBR will provide a retrieval method (at
least) by using previous experiences in proposing a solution to a new problem or

providing relevant experiences to the planners.

Goals of the study are:

e To demonstrate the feasibility and usefulness of CBR technique in PSS tools,

e To combine knowledge inference capability of CBR with analytical, management
and visualization capability of GIS within an operational pilot study,

e To examine whether CBR technique and CBS model could benefit the city planning

process.

1.2. Main Focus

City planning process is experiencing fundamental changes by emerging impacts
of using computer-based models in planning practice and education around the world.

However, besides this increased use, it is realized that GIS or CAD alone cannot serve

all of the needs of planning.




“The world has changed: Can planning change?” (Castells, 1991). The question of

how our computational approaches can be modified to deal better with the imperatives

of contemporary planning practice should be considered in this concept. Because the

real world is constantly changing, planning must be concerned with this continual
change (Chadwick, 1971). In this manner if there will be a re-orientation in planning
process, city planners must demonstrate both theoretically and practically what is
possible now and what may be possible in the future to cope with continuous change.

Main hypothesis of this dissertation is: “Information of previous cases could be

used to solve new ones by a reasoning and spatial model approach in city planning

process”. Thus there are several research questions taken into consideration:

1. What are the features of current computer based planning models?
2. How can we use/integrate CBR technique as a PSS tool in city planning process?

3. What we desire to see in our model? And how?

1.3. Methodology: Intersection of City Planning, Artificial

Intelligence and Information Technology

Methodological aspects of the study are structured into five parts:

e A review of the structural concepts of PSS&CBR and citing arguments from
these findings,

e Examining the PSS tools, CBR techniques, RBR techniques and related software
packages of spatial analysis, modeling, visualization and planning issues and
their conceptual ideas. Explanation the need for CBR as promising approach of
PSS and also for city planning domain,

e Developing a CBS model (CBR&GIS): Explaining the features, components and
steps of this proposed approach and application and evaluation of the model.

e [Evaluations and concluding comments about this proposed approach and its

findings.

Background of the research and conceptual basis is presented in Figure 1.1 below:



Intersection of Spatial and Technical Conditions

Theoretical Frame __ _ _ —, Practical Frame

| |

City Planning Information Systems

&
Artificial Intelligence

} v

Spatial Systems »| PSS = CBR&GIS
(Tools&Techniques)

Figure 1.1. Background of the research: Integrating PSS in planning process

This conceptual framework above tries to outline how we can use PSS, -
technologies that are driving planning (Batty, 2003) - in city planning process. Under the
“PSS framework™, this study will present “planning support” by allowing more

intelligent modeling systems “CBR technique” and “GIS” in city planning domain.

CBR
Planning (1,:' &
Support GIS

Figurel.2. Main aim of the research

In preparing the conceptual background, aim is not to make an analytical
approach on terminology or to find final solutions, concepts and critical debates about
PSS and CBR have been tried to understand properly from reviews. Detailed reviews of
PSS, Al and ICTs and making comparative analysis are out of the scope of the study.
Additionally this dissertation is not totally based on descriptive context. An operational
case study is provided for comprehending the aims of research. However, to make a
physical plan or to reach exact solutions to real problems are not intended.

There is lack of empirical PSS studies in Turkish city planning domain. One
major contribution of this dissertation will be to fulfill a knowledge gap and awareness
generally with PSS but especially with CBR&GIS integration locally. This dissertation
is trying to differ from other studies by integrating CBR and GIS for providing a geo-

spatial planning support in Turkish city planning practice through a practical example



(see Chapter 4: Cesme Peninsula Study). The proposed experimental system will try to
process tabular data and link the inference to spatial data.

The real aim of the study is to improve the effectiveness of spatial decision
support by applying these techniques to planning practice. A working scheme for the
study is presented to check whether research aims, main questions and assumptions are
reasonable.

Table 1.1. Thesis working scheme-Analytical framework

Reasoning &

Content Notes Method or Technique

Main Focus and Statement:

e Advances in ICTs&Al have transformed To be verified | ® Examining the
technique, space and even daily life. Thus, by citing advances in ICTs &
perceiving the new form of space and to plan the arguments Al
future cities, we must redefine our methods and f .

. . rom literature. .
set new planning tools and techniques. e  Understanding the

e Urban and regional planning is experiencing Lack. f)f content of computer
fundamental changes that are having an impact empirical based planning.
on the use of computer-based models in cases.
planning practice and education. However, with e  Understanding the
this increased use, there is still a knowledge gap attitude of planners.
in ICT/ALI and city planning relationship.

Thesis Aim :

e To integrate the PSS tools for supporting the To be e Figure 1.1
planning process. supported and | | CBR

e CBR & GIS are used to develop a model. proved by

e To provide a planning support by knowledge theoretical and | ®© GIS

retrieval and inference

practical basis.

e Case Study

Assumptions, Scope:

GIS or CAD alone cannot serve all of the needs

of planning. A hybrl'd e Examining the
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1.4. Structure of the Thesis

Within the broad field of spatial and information technology and artificial
intelligence concepts, there are focused components which must be clarified. Therefore,
the rest of the thesis is organized as follows (see Figure 1.3). Chapter 2 and 3 presents a
literature review of related work on PSS and CBR. PSS: a general framework for all
computer based approaches in spatial and planning issues is presented in Chapter 2. A
brief introduction to CBR technique, model development and establishing hybrid spatial
systems such as CBR+GIS concepts are introduced in Chapter 3. In Chapter 4, “Cesme
Peninsula” case study illustrates the use of CBR&GIS in city planning through a
practical example. By this pilot project, an evaluation framework for implementation
success and failure is tested and findings are discussed. In the final 5™ Chapter, the
concluding remarks of CBS model approach and evaluation of case study research
findings are underlined. @ Moreover, the benefits, contributions and
deficiencies/limitations of using CBS model in urban planning discipline are discussed.

Chapter 5 also presents the recommendations for further studies.
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g

CHAPTER 5: Conclusions and Recommendations

Figurel.3. Outline of the Thesis



CHAPTER 2

PLANNING SUPPORT SYSTEMS

In this chapter of the study, literature review has been realized to examine the
existing structure and models of Planning Support Systems (PSS). Studies that consider
the concrete and practical issues on PSS have been searched. Therefore, main structure
of the PSS has been clarified by citing arguments from literature.

Some of these recent studies are about hardware and software trends. These
studies tried to explore emerging trends in the broad field of spatial technology. While
hardware developments open up potentials, it is the software which eventually gives the
planner access to the technology.

Most of recent studies on PSS have tried to demonstrate the achievement of the
PSS development goal: combining information (stored in the GIS or in database
manager) with models (provided by several reasoning techniques) and visualization
(provided in map, tabular, graphic forms and other spatial multimedia) to support
planning practice. Several definitions have been proposed about the PSS (also about

tools and techniques) in the literature including, in chronological order:

1. The PSS term first used as ““constellation of digital techniques (such as GIS) which
were emerging to support the planning process™ (Harris, 1989; Batty, 2003, p.v),
2. Klosterman (1997, p.51) views PSS as ““an information framework that integrates the
full range of current and future information technologies useful for planning’’,
3. Geertman and Stillwell who propose that PSS *““involve a wide diversity of geo-
technology tools that have been developed to support public or private planning
processes at any defined spatial scale and within any specific planning context”
(Geertman & Stillwell, 2003, p.5), and most recently,
4. Brail who defines them as ““planning decision support systems that have as their
purpose either projection to some point in the future or estimation of impacts from some
form of development™ (Brail, 2005).

Planning Support Systems (PSS) are tools that have been developed and are
being used to support public or private sector planning activities at any spatial scale. In

fact, up till now there is no widespread accepted definition of PSS. As a working



definition, we could define PSS as geo-technology related instruments consisting of
theories, information, methods and tools for supporting the professional planning tasks
(Geertman, 2002).

According to Geertman&Stillwell classification, PSS studies could be presented
by two main groups: a) systems dedicated to planners’ analytic, forecasting or design
tasks and b) systems designed to improve their presentation and/or communication
(Geertman and Stillwell, 2003). The classification table presented below (see Table 2.1)
considers fourteen (available/recorded) PSS analysis, forecasting, reasoning and
visualization tools that are described in the collections prepared by Brail and
Klosterman (2001) - “PLANNING SUPPORT SYSTEMS: Integrating Geographic
Systems, Models, and Visualization Tools” and Geertman and Stillwell (2003)-
"PLANNING SUPPORT SYSTEMS in PRACTICE”. There are also substantial amount
of academic interest still growing about PSS.

The models could be categorized by two dimensions: 1. Technique, the
modeling approach that was used to develop the PSS and 2. Task, the analytic task
which the PSS helps address. The five sample modeling techniques listed in Table 2.1
by the order in which they were first applied to planning: large-scale urban models,

rule-based models, state-change models, case based models and cellular automata

models (Klosterman & Pettit, 2005).

Table 2.1. Categorization of recent PSS applications
(Source: Klosterman & Pettit, 2005)

PSS TASKS
Land-Use/ .
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Place’ S
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2.1. An Overview of Planning Support Systems

2.1.1. What is Planning Support?

Increases in capacity, speed and continually lower cost of computer equipment
(hardware), development of specialized application software packages, new
opportunities in data availability and unlimited communication&sharing via internet
generate a new excitement in the world of computer based planning. “This realization
has renewed planners’ interest in computer modeling and stimulated the development of
PSS which combine GIS and non-GIS data, computer based models and advanced

visualization techniques into integrated systems to support core planning functions such

as analysis, plan preparation and evaluation™ (Klosterman, 1999b, p.393). These subset

of geo-information technologies, dedicated to support planning process to explore,
represent, analyze, visualize, predict, prescribe, design, implement, monitor and discuss
issues associated with the need to plan (Batty, 1995). According to PSS literature
(Geertman & Stillwell, 2003; Brail & Klosterman, 2001; Klosterman & Pettit, 2005; Vonk &
Geertman, 2007), PSS is capable of improving the handling of knowledge and

information in coping with complexity of planning tasks and also planning process.
2.1.2. What is System?

System: An assemblage of objects arranged in regular subordination, or after
some distinct method, usually logical or scientific; a complete whole of objects related
by some common law, principle, or end; a complete exhibition of essential principles or
facts, arranged in a rational dependence or connection; a regular union of principles or
parts forming one entire thing (Babylon's free dictionary, 2007).

“Many technologies are already being used -with varying degrees of
effectiveness- to support planning processes and provide these outcomes. These
technologies are evolving and new technologies are emerging. When one or more
technology is adapted to a planning issue it may be referred to by its authors as a PSS.
In many cases, however, it is fair to ask *‘Where is the System?”” (Bishop, 1998, p.89).

Many planning approach may indeed have an assemblage of things, and they
may be complex, but they can not form a unitary whole. To create an ideal planning-
specific system without an existing software base would be much harder. Software

modules already exist in the form of commercial GIS packages, all manner of static and

8



dynamic models, and emerging visualization systems (Bishop, 1998). Although GIS is
capable of data acquisition, manipulation, and display, current GIS softwares should be

reinforced by specialized modules and reasoning techniques to be a part of PSS.
2.1.3. Why Integration?

Most geo-information tools do not readily fit the changing needs of the planning
profession. PSS are generally regarded as systems in which technologies dedicated to
the planning profession are brought together. PSS specifically support the whole of or
some part of a unique planning task (Geertman & Stillwell, 2004).

It is reasonable to conclude that, there are increasing opportunities for making
the technologies work together more systematically and effectively. Some of the
necessary developments for extensive integration of the components are arising from
advances in new hardware and software trends. Advances in hardware and software
trends give new capabilities for extensive integration in PSS. Meanwhile, in addition to
the potential benefits of these new technologies, there are still existing
deficiencies/limitations in planning support. The emerging technologies and models try
to overcome these shortcomings.

A model in science is a physical, mathematical, or logical representation of a

system of entities, phenomena, or processes. Basically a model is a simplified abstract

view of the complex reality. Scientific modeling is the process of generating abstract,

conceptual, graphical and or mathematical models (Wikipedia, 2009). It is important to
emphasize that a model is not the real world but merely a human construct to help us
better understand real world systems. For example, the “vector data model” represents
geography as collections of points, lines, and polygons in GIS.
The conceptual ideal spatial model for a complex, spatially diverse environment
(such as a city) may include:
1. The data storage, analysis and mapping capabilities of GIS,
2. The availability of purpose-built decision support models or procedures (several
Al/reasoning techniques) and
3. Realistic, real-time, interactive visualization of the impact of decisions (partly

within GIS and partly by developing customized GUI).



All these components should work together with seamless integration for
efficiency. Together these create a continuum of support linking the real world to final
decisions. From the world we draw data, from data we develop information, conceptual
and computer-based models, and these aid our understanding & evaluation processes
which support our decisions. All stages are supported to some degree by developments

in visualization (Bishop, 1998).

Decisions

t

Understanding / Evaluation

t

(Human) Models (Computer)

t

Information

t

Data

t

Real World

Visualization

Figure 2.1. Spatial model: Abstraction of real world to decisions
(Source: Bishop, 1998)

2.2. Development of Planning Support Systems

In the 21* century, PSS have arrived in concept and in application. Urban
planners, policy makers and citizens have the means to visualize alternative futures for
cities and regions. PSS began in response to planners’ fascination with GIS as a

reminder that geographically referenced information and spatial analysis techniques

alone cannot adequately support all of the planning (Harris, 1989). PSS models include

planners’ familiar tools (such as GIS, land allocation models) for conducting analysis,
projecting future conditions, modeling spatial interaction and newly emerging artificial
intelligence techniques such as artificial neural networks, fuzzy-logic, genetic
algorithms, case based reasoning, cellular automata, expert systems, data mining, multi-
agent systems, analytic hierarchy process and other reasoning procedures.

Although the term PSS itself is fairly recent, the ideas go back to the 1950s.

According to Klosterman (1999a), PSS have matured into a conception of integrated

10



systems of information and software, which brings together the three components of
traditional decision support systems: information, models/simulation, and visualization.
“The development of a decision support system is a multifaceted enterprise that is built
on four foundations: mathematical theories, theories focusing on the structure and
behavior of urban entities, theories of the planning process and the theories of spatial
representation” (Brail & Klosterman, 2001, p.11).

We may read the progression of technology-planning relationship with many
intertwined ways. The special emphasize here is that recognizing ICTs and PSS as
planning tools in a larger historical perspective and following the paths as parallel to
changing debates in planning, technological systems, as well as planner’s attitude
toward technological systems (Velibeyoglu, 2004). As demonstrated in the Table 2.2,
Klosterman (1997) suggests that, there has already been a parallel progression over the
past decades in terms of the planning profession’s view of its own role and purpose and

in terms of the evolving concerns of information technology.

Table 2.2. Evolving views of planning and information technology
(Source: Klosterman, 1997; Brail & Klosterman, 2001)

Decade Views of Planning Concerns of Information Technologies (IT)
Planning as Applied Science/System
Optimization: Information technology is viewed [Data: “Observations which have been cleaned,
1960s as providing the information needed for a value- [coded, and stored in machine-readable form”
neutral and politically-neutral process of Electronic data processing (EDP)

“rational planning”.

Planning as Politics/Politics: Information

technology is seen as inherently political, Information: “Data which has been organized,
1970s  |reinforcing existing structures of influence, analyzed, and summarized into a meaningful form”
hiding fundamental political choices, and Management information systems (MIS)

transforming the policy-making process.
Planning as Communications/ Discourse:

Information technology and the content of Knowledge: “Understanding based on information,
1980s  |planners’ technical analyses are seen as often less [experience, and study” Decision support systems
important than the ways in which planners (DSS)

transmit this information to others.

Planning as Reasoning Together/Collective

Design: Information technology is seen as Intelligence: “Ability to deal with novel situations

providing the information infrastructure that and new problems, to apply knowledge acquired
1990s facilitates social interaction, interpersonal from experience, and to use the power of reasoning

communication, and debate that attempts to effectively as a guide to behavior”

achieve collective goals and deal with common ~|Planning support systems (PSS)
concerns.

Klosterman uses this historical timeline in the evolution of planning to specify
the needs that planners have when using computer programs; each era in planning

history represents a different definition of the main use of planning, and therefore,
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produces a different set of tasks and tools that are necessary to complete the planning
process successfully.

There are reasons why PSS issues are rising timely. First, the rapid evolution of
hardware has made it possible to design, construct and test complex computer programs
that simulate complex systems such as cities and regions. Interactive environments are
powerful and nearly common today and over the early decades of the 21* century, the
visualization tools and models presented will become commonplace as fully integrated
systems requisite to the urban planning process. Second, there has been a noticeable
development in computer software such as 3D visualization/virtual reality software as
well as continuing evolution in the analytical capacity of GIS. Third, there is the
incredible growth in the availability of data and information resources globally. The
rapid growth of an information generating industry has fed on hardware and software
developments. There has also been incredible development in satellite imaging, with
resolutions as fine as one meter now available (Brail & Klosterman, 2001).

Finally improvement of internet infrastructure rises up the potential for web-
based applications and also technical/social group interactions. Professionals,
academicians and practitioners use the internet to broadcast and share information and
specific resources for collaboration and participation. For instance, web based PSS
offers community to visualize the results of alternative planning scenarios over the web
and exploring the effects on their quality of life and on their environment as a
participative approach.

Briefly, four themes —hardware, software, data and the internet— act as the
catalyst to the rapid evolution of PSS (Brail & Klosterman, 2001). It is expected that their
use will become widespread in the next decade. Also system needs expert personnel to
operate.

Although general structure of PSS is defined above, PSS could be divided into
three major sections: information processing/management, modeling/simulation and

visualization techniques.
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2.3. Geographic Information Processing and Related Technologies

We live in the information age. Much of this information is fragmented and
technical, requiring the clustering of specialists to process it. The contemporary interest
in ICTs and GIS, continuous the involvement of the planner as a data analyzer and
synthesizer of diverse information from socioeconomic, environmental and technical
disciplines (Hartshorn et al., 1992).

By the advances in ICTs, the use of these techniques is raising rapidly. The city
itself is becoming digital of which urban planning is just part of it. In this integrated
cycle, information system is the kernel of all tools and the information society must be
based on effective digital communication (Laurini, 2001). Digital planning systems will
dominate the planning process, so planners must learn how to use these emerging
systems effectively. We can classify the geographic information processing section to

two major categories: GIS and GIS related technologies.

2.3.1GIS

There are several definitions of GIS, but essentially a GIS is a computer-based
tool for mapping and analyzing things that exist and events that happen on earth. GIS is
regarded as a set of tools for the input, storage and retrieval, manipulation and analysis,
and output of both spatial and attribute data and it is unique in its capacity for
integration and spatial analysis of various datasets such as land use, population,
transportation, infrastructure, network, topography, hydrology, climate, vegetation, etc.
in addition, output component of a GIS provides a way to see the generated information
in the form of 2D thematic maps, 3D visualizations, tables, diagrams, graphics, etc.

The history of GIS depends on the history of using computers to handle and
analyze mapped data. Availability of powerful, low-cost and easy to use GIS tools (both
hardware&software) and more extensive spatially referenced data are making GIS an
essential tool for planning tasks. It also reflects the dramatically increased quantity and
quality of spatially referenced information that is becoming available with the
maturation of municipal and regional GIS databases, the incredible growth of the
internet and the emergence of new tools and techniques (Klosterman, 1999a).

GIS was a backroom operation reserved for mostly technical staff and used largely
for static presentation of data. This role started to change in the 1990s with the
introduction of desktop GIS and friendly interfaces of the softwares. Desktop GIS is the
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traditional software application (designed to run on PC) that is thought of when

software is labeled as GIS. Many popular GIS software, such as ArcGIS (ESRI),

Maplnfo (Pitney Bows), AutoCAD Map (Autodesk), Idrisi (Clark Labs), GeoMedia

(Intergraph), Microstation (Bentley Systems), NetCAD (Ulusal Cad ve GIS Co6ziimleri

A.S) and TransCAD (Caliper Corporation) have the capability to perform most of the

basic operations.

The advent of the internet focused even more public interest on the GIS technology.
As a result, new GIS/PSS tools which reshape technology based planning share three
common features: accessibility, analysis and action (Allen & Goers, 2002).

e Analysis: The new tools produce much more than colorful maps because GIS
technology can now create complex models. Community data can be turned into
insightful evaluations of alternative plans and development impacts (e.g.
Community Viz Software, 2005; INDEX Software, 2005).

e Accessibility: GIS technology is increasingly accessible, both to professional
planners and practitioners and to citizens. In some cases, tools are showing up at
public meetings for real-time use during deliberations (e.g. PlaceMatters, 2005).
Additionally, planning and geography departments added GIS lectures to their
educational curriculum.

e Action: Perhaps most exciting about these progressing GIS tools (perhaps GIS based
PSS tools) is their interactivity and relevance to real world decision support. Users
can create scenarios "on-the-fly," get immediate feedback on the implications of their
choices, and reach consensus on outcomes much more quickly then before (Allen &
Goers, 2002).

The hearth of any PSS will undoubtedly be a GIS. It is necessary to focus on the
use of GIS in planning, but only GIS is not equal to PSS. The set of functionalities
available in propriety GIS for modeling, planning or decision making is still quite
limited. Most functions need to be added through specifically designed add-ins such as
statistical, optimization, simulation and decision support software (Malczewski, 2004). A
PSS needs to incorporate a wide body of knowledge and use a broad range of data
sources and techniques. GIS is an essential tool for analysis and display of information,
but needs to be complemented by theories and models from a broader perspective (Brail

& Klosterman, 2001).

PSS=Variety of Theoretical Bases + Technological Tools (e.g. GIS+Modeling Techniques)
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As a result, a PSS cannot consist of a GIS alone. Instead, planners will have to
strengthen existing GIS tools to meet their needs. PSS must include the full range of
planners’ traditional tools for urban and regional economic and demographic
forecasting, environmental modeling, transportation planning and predicting future
development and land-use patterns (Brail & Klosterman, 2001). It must also include

theories, decision support aids and newly emerging artificial intelligence techniques.

2.3.2. GIS Related Technologies

GIS is an integrated technology. It allows for integrating a variety of
geographical technologies and also with reasoning, modeling and decision making
techniques. According to Malczewski (2004), these technologies/techniques could be
classified by the role of the item in enhancing GIS capabilities. But in some reviews of
PSS and GIS literature, all these “related techniques” (and also GIS) are accepted within
PSS framework.

Table 2.3. GIS related technologies
(Source: Adapted from Malczewski, 2004)

Technology Role of the Technology in Enhancing GIS

Storing attributes for display in GIS; Data querying, sorting,
Database Management Systems (DBMS) joining, appending, updating, restructuring, relating tables
and fields.

Delivering effective use of computer technology in geometric
Computer Aided Design (CAD) modeling, 3D modeling and animation; Enabling appropriate
rendering.

Extending GIS capabilities to land surveys and land records for
Land Information System (LIS) legal, administrative and an aid records for legal, administrative
and an aid for planning and development.

Enhancing GIS functions by automated mapping and map
Automated Mapping/Facilities Mapping (AM/FM) maintenance for public utilities such as waterworks,
drainage, gas and electricity.

Enhancing location accuracy of objects and verifying

Global Positioning System (GPS) accuracy of attributes in GIS; Enabling navigation and
tracking.

Remote Sensing and Photogrammetry (RS-RSP) g;t;g.ratmg image processing and analysis; Source of raster

Spatial Decision Support Systems (SDSS) Extending GIS functions for spatial decision making

Extending GIS functions by modeling and visualization to

Planning Support Systems (PSS) support planning

Enhancing visualization of geographic information by use of

Multimedia Syst MS
ultimedia Systems (MS) sound, videos, images, hypertext and hot links

Enhancing communication, participation,data sharing, joint

Internet-based Syst: IS
eret-based Systems (1) task operation and online GIS service delivery

Enabling multiple users in different locations to commit

Gi Syst GW . . .
roupware Systems (GW) tasks related to planning and decision making
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In my opinion two of them must gain importance as broad fields: Remote
sensing (as source of raster data sets) and web based systems (as enhancing
participation and collaboration). Remote sensing is defined as the acquisition of
information about an object without being in physical contact with it. The advent of
satellites is allowing the acquisition of global and synoptic detailed information about
the earth and environment (Elachi & Zyl, 2005).

Remote sensing is a very broadly based field. Professionals with backgrounds in
such diverse areas use the information processed from remotely sensing data. In
addition, many remote sensing experts are involved in basic research developing new
sensor systems, other instruments, and defining new analytical techniques. Experts are
also actively engaged in the area of digital image processing, which is changing rapidly
with major improvements in the power of computer systems, networks and visualization
techniques.

The option of one meter resolution in satellite imagery and aerial photography
will make the information useful for geographic and urban analysis. Also these
opportunities allow the user for generation of digital terrain models (DTM) and for
accurate georeferencing, street mapping, identifying and locating features and
infrastructure by using global positioning systems (GPS).

Typical samples for GIS related and web based systems are Geoportal and
Google Earth. Geoportals are web gateways that organize content and services such as
directories, search tools, community information, support resources, data and
applications. The goals of geoportals are to establish a web based portal for one-stop
access to maps, data and other geographic services; to institute a collaborative process
to develop data content standards ensuring consistency among data sets and allowing
government and private sector to share data and integrate multiple sources of
information (Maguire & Longley, 2004). Older information services were implemented on
mainframes without any link to the exterior. By the advances in ICTs, all isolated GIS
will disappear (Laurini, 2001). Groupware, OpenGIS, WebGIS, GOS (GeoSpatial One
Stop), INSPIRE (Infrastructure for Spatial Information in the European Community), Google
Earth and many other web based geo-spatial applications/consortiums have made a
major contributions to the interoperability and collaborative efforts in city planning and
geographical studies (Geospatial One Stop, 2005; Google Maps, 2009; INSPIRE, 2008).

Also, an increasing amount of information can be downloaded from the internet.
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Figure 2.2. INSPIRE Geoportal
(Source: INSPIRE, 2008)

The INSPIRE geoportal map viewer is an application that lets you view one or
multiple Internet map services in your web browser. The initiative intends to trigger the
creation of a European spatial information infrastructure that delivers to the users
integrated spatial information services. These services should allow the users to identify
and access spatial or geographical information from a wide range of sources, from the
local level to the global level, in an inter-operable way for a variety of uses. The target
users of INSPIRE include policy-makers, planners and managers at European, national
and local level and the citizens and their organizations. Possible services are the
visualization of information layers, overlay of information from different sources,
spatial and temporal analysis (INSPIRE, 2008).

Google Earth provides you an interactive, 3D exploration of the planet through
aerial and satellite imagery of the world. Google Earth lets you fly anywhere on earth to
view satellite imagery, maps, terrain, 3D buildings and even explore galaxies in the sky.
You can explore rich geographical content, save your toured places and share with
others (Google Earth, 2009). In addition, users can create KML' files within Google Earth
or export their project from their GIS software into KML file. The KML file specifies a

set of features (placemarks, images, polygons, 3D models, textual descriptions, etc.) for

! Keyhole Markup Language (KML): KML is an XML-based language schema for expressing geographic
annotation and visualization on existing or future web-based, two-dimensional maps and three-
dimensional earth browsers like Google Earth
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display in Google Earth, maps and mobile, or any other 3D earth browser (geobrowser)
implementing the KML encoding. Each place always has a longitude and latitude. Other
data can make the view more specific, such as tilt, heading, altitude, which together

define a "camera view" (Google Earth, 2009).
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Figure 2.3. Google Earth

2.4. Simulation, Modeling and Scenario Construction

Modeling systems simulate the urban futures and permit the evaluation of
alternatives, testing of alternatives and to make judgments based on these alternatives
and the construction of scenarios. To conduct this alternative analysis we use models
that can project demographic, economic, and land-use changes in cities and regions into
the future and which can estimate the effects of these changes.

Many of these models/simulations allocate aggregate area wide projections of
population and jobs to sub areas (household and job location). Depending on the
model’s purpose, these areas may be as extensive as a multi-county region or as small as
a rural enclave located among forests and farms (Brail & Klosterman, 2001). There are
varying conceptual approaches, methodologies, and overall designs on modeling and
simulation issues. It will be quite possible to construct a PSS that projects the future
across various scenarios and at different geographic scales. Models deal with alternative
land development patterns and work at both the broad metropolitan level and for small

communities.
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Notable PSS examples of simulation, modeling and scenario construction are
presented as “What-if”, “CommunityViz , “INDEX” and “Tranus”.

What-if is a scenario-based, policy-oriented PSS (developed by Klosterman) that
uses available GIS data (requires existing land use files from Arcview or ArcGIS software to
operate) to support community based processes of collaborative planning and collective
decision making. It incorporates procedures for conducting land suitability analysis,
projecting future land use demands and allocating the projected demands to the most
suitable locations. The system allows users to create alternative development scenarios
and determine the likely impacts of alternative public policy choices on future land use
patterns and associated population and employment trends. It is easy to use, can be
customized to the community’s data, user’s database and policy issues, and provides

outputs in easy-to- understand maps and reports (What if?- GIS based PSS, 2006).
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Figure 2.4. What-if PSS-main window

What-if does not attempt to predict future exactly, instead it shows What would
happen if:

» Development policies are enacted,

* Growth assumptions prove to be true.
Main components of What-if are suitability scenarios, growth scenarios and allocation
scenarios. The model abandons the unrealistic goal of producing a single “exact”
prediction of the future for the preparation of a range of alternative scenario-based
forecasts which reveal a range of potential futures (which means flexible), so alternative
policy choices allowing users to choose between these alternatives and to determine

their impacts on the area being studied (What if?- GIS based PSS, 2006).
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In this example below, What-if is used on a pilot study. This study was presented
before in IYTE, Department of City Planning in 1999 fall & 2000 spring semester as a
graduate student project. The aim of the project was to propose an alternative approach
for development and planning of rural settlement “Emiralem town” and GIS was used
as a tool to make socio-economic and geographic analysis and also to prepare threshold
and synthesis maps of those settlement. What-if sample application snapshots and

outcomes are presented in Figure 2.5, 2.6, 2.7.
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Figure 2.7. What-if PSS-suitability map

It is decided that these GIS layers of the former project could be used in the
operational stages of What-if process. After specifying the required information such as
land use, suitability factors, projections and allocation factors, we reached a suitability
map as a result (see Figure 2.7).

CommunityViz is an ArcGIS based decision support system for community
planning and design applications. This is achieved by enabling ArcGIS to modify data
on the fly, linking it to real-time photo-realistic 3D visualizations and adding the fourth
dimension (time) through the use of agent-based predictive modeling. In doing so, all
types of data become mutually accountable to each other and the impacts of the
alternative planning scenarios and designs can be evaluated on the fly. CommunityViz
software is a set of planning and decision support tools that integrate 2D mapping, 3D
visualization and policy simulation technologies that can be applied to the planning and
design issues of communities. By using the software, users can propose policies and
suggest design alternatives. Also, community members can visualize immediately how
these changes might affect their environment physically, economically and socially

(Kwartler & Bernard, 2001).
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(Source: Kwartler & Bernard, 2001)

Figure 2.9. CommunityVIZ sample project
(Source: CommunityViz Software, 2005)



INDEX is a GIS based PSS that estimates the potential impacts of community
land-use and design decisions. It is centered on a set of indicators that are used to assess
current community conditions, evaluate alternative actions and monitor changes over
time. INDEX was developed in response to central themes in contemporary planning-
collaborative decision making by public officials and citizens, the new urbanism
movement and sustainable development initiatives. One important feature of INDEX is
its capacity to estimate the transportation impacts of land-use decisions, including the

exploration of how travel behavior is influenced by design decisions (Allen, 2001).
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Figure 2.10. INDEX framework
(Source: Allen, 2001)

e

Figure 2.11. INDEX-Indicator rating and weighting
(Source: Allen, 2001)
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Tranus is one of the integrated land-use and transport models currently
operational (Modelistica-TRANUS, 2008). Tranus has its roots in spatial interaction and
discrete choice theories and creates dynamic simulations with feedback loops between
the land-use and transport modules. One important component of Tranus is its ability to
deal with both the supply and demand for land. Tranus model can be applied at urban,
regional or national levels. As a practical experience, De La Barra (2001) applied the
Tranus model to Swindon, England and simulated the transport scenarios and alternative
land use. Simulation results include job and population distributions, changes in floor

space, land consumption and transport-energy consumption across the study area (De La
Barra, 2001)
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Figure 2.12. Tranus Model-main components
(Source: De La Barra, 2001)
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Figure 2.13. Tranus-assigned nonmotorized trips 1996-2016
(Source: De La Barra, 2001)
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Figure 2.14. Tranus-floor space growth 1991-2016
(Source: De La Barra, 2001)

Shi and Yeh (1999) developed a system that integrates a case based reasoning
technique and GIS to build case based system in Hong Kong, China. They tried to show
how CBR can be used to handle planning applications in development control. In
addition to provide decision support to planners, the system can also be used as an

automation system.
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Figure 2.15. Integrated CBR and GIS system
(Source: Shi & Yeh, 1999)

25



The system simulates the way of handling planning applications in which the
planner has to recall and make reference to similar planning application case. Instead of
doing it manually and have to rely on the experience of the planner who dealt with the
case, the CBS will help the planner to re-use previous similar cases in making decisions
on the new applications (Shi & Yeh, 1999). A separate subchapter is devoted to this study
for comprehending the notable modeling approach in Chapter 3.
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Figure 2.16. CBR&GIS application result: Retrieved cases
(Source: Shi & Yeh, 1999)

2.5. Visualization

Living in a complex world requires the exploration of multiple perspectives and
a variety of visual information resources. Visual tools can provide perspective views for
understanding our environment. Visualization studies cover GIS, CAD, 2D/3D
modeling, web-based applications, animations, virtual reality (VR) and other
hardware/software tools which are utilized in various projects (Brail & Klosterman, 2001).
VR is a technology which allows a user to interact with a computer-simulated
environment, even real or imagined one.

For instance, 3D visualization of [YTE campus area is presented in Figures 2.17
and 2.18 as an exploratory version for visualization. This project was developed in 2006
by graduate level planning studio and students were intended to evaluate existing built
environment and the planned (proposed) environment with using PSS tools. After
finishing the 2D GIS maps of the campus area, 3D visualization outputs were prepared

by “SideBuilder3D” extension of the CommunityViz software.
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Figure 2.18. 3D Visualization model: [YTE Campus area

2D/3D visualizations are used for displaying the world and there is a rapidly
increasing momentum toward a broad scale use for a variety of purposes. Some of the
planners’ interest is constructing 3D visualization (sometimes virtualization) of cities.

Examples from Izmir and Istanbul are presented through 3D city guides. Izmir
3D City Guide® is developed for displaying brief information about the city. This web
based application offers displaying satellite images, previous maps, 3D buildings and
searching major places and address information to users. Izmir 3D City Guide is still on
progressive development by enhancements; addition of more data sets and extra

features.

% [zmir 3D city guide is customized version of “Citysurf Software” and developed by Turkish company
Piri Reis Data Processing Tech. Eng. Software Education Trade Ltd./Ankara. Visit
http://www.citysurf.com.tr and http://www.izmir.bel.tr for more information.
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Figure 2.19. 3D Visualization of Konak Square by Izmir 3D City Guide

Beyoglu Municipality (Istanbul) web based applications are presented in Figure
2.20. In this 3D city guide below, extrusions of special buildings and areas of Beyoglu

were developed upon Google Earth basis.
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Figure 2.20. 3D City Guide of Beyoglu
(Source: Beyoglu 3 Boyutlu Kent Rehberi, 2008)
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Visualization of different city examples (some of them are virtual cities) could
be found on the web. One notable sample is “Virtual London” project. Centre for
Advanced Spatial Analysis-University College London (CASA-UCL) is developing the
project by using standard GIS and CAD techniques but a variety of new photorealistic
imaging techniques and photogrammetric methods of data capture are being used to
render detailed scenes. CASA has started this work to create a 3D model of London in
2005, but later aim of the project is extended (named as Virtual London: Online
Participation).

Although the project is designed for professional use by architects and planning,
it is also targeted at the wider public through various processes of public participation
across the web. The target of building this communication within the built
environment is creating innovative manner using multi-user environments in which
participants will be able to roam around a “virtual gallery” as “avatars” (digital
representations of themselves) and explore the issues relating to London in game-like
space. Currently project staff is exploring how the model can be ported to external
users using ‘free software; such as Google Earth and ArcExplorer (UCL/Virtual London:
Online Participation, 2009). Variety of sources such as images, videos and critics about
the visualization and virtual space could be found at “digital urban blog”: Digital Urban:

Virtual London, 2009.

Figure 2.21. Virtual London model
(Source: Batty et al., 2001)
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Figure 2.22. Virtual London-space
(Source: UCL/Virtual London: Online Participation, 2009)

Another concept is spatial multimedia in planning. Spatial multimedia is defined
as the integration of video/image, sound and text in a distributed environment. For
instance, spatial annotation refers to the ability of computer users to place comments on
maps and graphics. These comments may be in the form of audio, video/image, text or

sketches.
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Figure 2.23. Urban transit vehicles and operating environments
using digital motion video with sound
(Source: Shiffer, 2001)
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2.6. Evaluation of PSS

Urban planning has adopted a variety of modeling and data manipulation
techniques and technologies over the last 30 years by using computer aided products.
More recently, software developers which try to support planning have begun to look
towards integration of various operations and have begun referring to their products as
PSS (Bishop, 1998).

According to Kammier (1999), the use of computers in urban planning has
followed a long road to establish operational and meaningful PSS. PSS is now a widely
accepted term which encompasses a broader ranges of concepts such as space,
geography and environment, than the earlier term decision support system. Thus the
ideal PSS is as easy to define as it will be difficult to implement technically and
institutionally (Klosterman, 1999a).

As a departure point from Britton Harris's landmark special issue on urban
models — ‘Urban development models: new tools for planning’ (Harris, 1965) — ““the
dream of using computer-based tools to support planning has proven to be much more
difficult to achieve than he or we imagined. However, many valuable lessons have been
learned and the use of computers to support planning has clearly come a long way since
the 1960s. We continue to be optimistic that the further development of truly
collaborative PSS tools that can be adapted to a wide range of planning problems will
lead to their widespread adoption by planners, community groups, and decision
makers” (Klosterman & Pettit, 2005, p.482).

Although most of the recent studies (Brail & Klosterman, 2001; Geertman &
Stillwell, 2004) suggest that the future of PSS as research tools is bright indeed, the
future role of PSS in “professional planning practice” is less clear. Inventories show that
currently a large diversity of PSS exists, but that the implementation in spatial planning
practice is dragging far behind the supply of tools. Brail (2005) suggests that three
factors are required for computer-based tools to be widely used in practice: “a shared
commitment to a well-defined methodology, extensive government support, and the
ability of available/feasible tools to provide needed outputs for a substantial user
community”. None of these conditions exists for PSS anywhere in the world today.
Until this vicious cycle is broken, PSS will never reach their potential for improving

planning practice.
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While many studies focus on how to develop PSS, few studies focus on the use
of it in practice. One notable example is from Turkey which tried to examine “what is
actually happening in organizational settings of city planning practice deriving from the
use of information technology and systems”. The general theoretical framework of the
thesis has elaborated the nature of implementation, computer-assisted urban planning,
and various evaluation frameworks to measure the individual (planning practitioner),
organizational (planning department of selected local governments; Ankara, Izmir,
Bursa), and societal (various stakeholders outside the department) consequences of
information technologies and systems (Velibeyoglu, 2004). Author’s research strategy
was based on a variety of qualitative approaches, questionnaire-based surveys and semi-

structured/unstructured interviews.

In their empirical research to find reasons for limited PSS use and lessons to
enhance PSS use in practice, Vonk & Geertman draw upon various sources of
knowledge and expertise (PSS users, developers, and experts), thereby using a range of
methods (interviews, literature study, web-surveys). In applying these methods, they
used a framework describing three key elements that determine the use of PSS in
planning practice (see Figure 2.24). The figure shows that tools with a certain instrument
quality are created by developers, after which they diffuse towards practice, in which
they need to be accepted by intended users to become used in practice (Vonk &
Geertman, 2007).

Instrumental quality |L—! tot\),lvz'}?sogn(gﬁﬁn LN Acceptance of PSS

of PSS — . — by intended users
practice

Figure 2.24. Three main factors affecting use of PSS in practice
(Source: Vonk & Geertman, 2007)

According to Vonk & Geertman some of the bottlenecks focus on perceptions of
the instrumental quality of the PSS. The main bottlenecks concerning instrumental
quality were that the quality of the PSS needs significant improvement in terms of
usefulness and user friendliness. In particular, the more advanced PSS poorly match
planning tasks. Also, while supply focuses on advanced systems, practice demands
simpler systems. Furthermore, while many PSS aim to support decision makers, they
poorly meet their demands. Some other bottlenecks focus on diffusion of PSS towards

and within planning practice. The main bottlenecks concerning diffusion were that
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diffusion of PSS towards and within planning organizations is characterized by a large
degree of friction. In some situations, managers consider the implementation of PSS as
a risk and instead they follow their own top-down strategies without PSS. Furthermore
diffusion is hampered by the lack of cooperation between PSS developers and planners
concerning PSS (Vonk & Geertman, 2007).

Vonk & Geertman state that other bottlenecks concerning user acceptance were
lack of awareness of the existence and potential of PSS in planning practice, lack of
experience with using PSS and a general lack of appreciation for PSS by the actors in
the planning community. Also lack of user friendliness and usefulness were reported as
blocking user acceptance. Furthermore, organizational support for implementation is
often limited and potential users are insufficiently organized. In addition, difficulties in
acquiring data and data quality problems lower user acceptance of PSS.

A factor that underlies all these factors is the miscommunication between
developers, experts and users on PSS. Figure 2.25 shows the main categories of
bottlenecks blocking widespread use of PSS in practice and their effect on the handling
of knowledge and information in planning. They do not have a well-developed shared
communication network to exchange knowledge and experiences. This causes PSS
development and the usage of PSS tools to remain largely within the field of developers
and academics instead of planning practice. PSS technology is still quite new and many
crucial insights on successful development and application are still missing (Vonk &

Geertman, 2007).

Major bottlenecks
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Figure 2.25. Main bottlenecks blocking usage of PSS in spatial planning
(Source: Vonk & Geertman, 2007)

Enhancing the application of PSS in planning practice could improve the
handling of knowledge and information in planning. Although an application of PSS to
support a decision making problem may increase the efficiency of the data and

information processing operation, it is not the real aim of the system. More important, a
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PSS aims to improve the effectiveness of decision making by incorporating judgments
and computer based programs within the decision making problem. PSS can be
considered as an example of collaborative SDSS. Well-designed PSS should provide an
interactive, integrative, and participatory support for structuring planning tasks
(Malczewski, 2004). Figure 2.26 provides an overview about the lessons learned from

empirical studies.

Practice oriented lessons:

e  Cooperate with researchers and
system developers

. Generate awareness of PSS

. Stimulate positive experiences

e Intermediate parties as initiators of
cooperation and system

integr_ators _ _ Enhanced use of Improved

e  Start interactive learning on PSS » PSS in planning knpwledgg and

e  Become learning organizations practice Ihformatlon )

e  Geo-information specialists as handling in planning
gatekeepers

. Innovation managers as
champions

e  Cooperation between geo-
information specialists and
planners

e  Apply these lessons in practice

Figure 2.26. Lessons to enhance usage of PSS to improve knowledge
and information handling in planning
(Source: Vonk & Geertman, 2007)

Although the lessons are influenced by the perspectives of Dutch organizations
in Vonk&Geertman’s research, many of these lessons can be generalized. In fact,
specific situations must always be carefully evaluated (Vonk & Geertman, 2007). Briefly
improving the instrument quality, improving the tools’ awareness, improving the
experience, improving the collaboration between planning organizations, improving the
user appreciation and acceptance could facilitate the performance and efficiency of PSS
in planning practice. Also researchers contribute more effort especially on urban issues

to reduce knowledge gap and lack of empirical studies.
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2.7. Future of PSS

PSS tools will become more flexible, giving users more creative freedom and the
internet (web based applications) will become the major part of PSS that facilitates
collaboration and participation. In this environment, several key technological
developments have occurred in the area of decision support and various PSS tools to
support collaboration and group processes have been developed, implemented,
evaluated, and refined. GIS and PSS has been applied as a collaborative decision
support system, allowing interested parties to interact with public or private planning
agencies on projected plans as a participatory approach. For instance, Yigitcanlar (2002)
proposed a new model called “GIS based Participatory Decision Making Approach”
which aimed enhancing participation, collaboration and strategic choice by its
components on a planning case study in Izmir.

There are some evidence to show that PSS is no longer a tool used only by
professional planners and experts, these geo-information tools are also increasingly
being employed by community groups and non-governmental organizations as part of
their planning efforts for enhancing participation and collaboration. PlaceMatters
initiative from USA states that their mission is to support the creation and maintenance
of sustainable and vibrant communities and regions through the application of
innovative decision making tools and methods. This website (PlaceMatters, 2005) is a
resource for communities (professional planners, public agencies, and concerned citizens) to
identify tools and processes for better community design and decision making.

Technology is becoming more available, less expensive, easier to use and more
relevant to real world problems. The Internet and web-based applications are creating an
environment with almost ubiquitous access to a world of information. Conditions of
data availability and quality are also improving. New era of technology based planning

is emerging not only in theory and application also in education.
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CHAPTER 3

CASE BASED REASONING

This chapter presents an overview of case based reasoning (CBR) technique.
The process of CBR technique is described and integration of CBR and spatial systems
is outlined from reviews. In addition to conceptual CBR issues, studies that consider the
practical applications have been searched. Therefore, literature survey about the usage
of the CBR technique has been clarified and also narrowed through spatial analysis and
city planning perspective. Special emphasize is given to recent studies which tried to
establish a spatial decision support systems (SDSS) by using CBR technique and
spatial/geographic information systems. The benefits and limitations of using

integrated/hybrid systems are discussed.

3.1. An Overview of Case Based Reasoning
3.1.1. What is CBR?

There are several definitions about CBR in the literature:

e To use previous similar cases to solve, evaluate or interpret a current new problem
(Kolodner, 1993).

e CBR is an artificial intelligence (AI) technology that encodes problem-solving
expertise as a database of cases, where each case encodes a solution to a previously-
encountered problem (Stottler Henke Al Software Solutions, 2006).

e CBR is a model of reasoning which consists in solving new problems by adapting
solutions that were used to solve old problems (Riesbeck & Schank, 1989).

e CBR means to solve a new problem by remembering a previous similar situation

and by reusing information and knowledge of that situation (Aamodt & Plaza, 1994).
3.1.2. Basic Specifications of CBR Technique

CBR is a family of Al techniques that simulates the human behavior in solving a
new problem. Thus in CBR, reasoning is based on remembering. When confronted with
a new problem, it is natural for a human problem-solver to look into his/her memory to

find previous similar instances for help. An important reason why a person can become
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an expert is that he/she can remember and properly use suitable cases in solving new
ones (Shi & Yeh, 2001).

CBR differs from other methods like rule/model based approaches that it allows
the knowledge to be represented as an inferred case instead of generalized/abstracted
rules. While most of Al technique try to make prediction, CBR tries to retrieve most
relevant/useful case(s) and utilize existing knowledge (if fits the situation). CBR
systems can point to the similar cases on which the prediction is based as justification.
In addition, it clearly presents and explains the internal working of the model to user
when compared with the ‘black box’ nature of other AI methods. For instance artificial
neural network (ANN) method has a limitation what constitute the optimal structure of
the network (hidden layers and bias neurons). Briefly, CBR only uses local information
at first step rather than deriving generalized rules or models.

In CBR approach, new problems are handled by remembering old similar ones
and moving forward from there. Referencing to old cases is advantageous in dealing
with situations that recur. However, CBR technique is based on two tenets about the
structure of problem solving process. The first one is similar problems have similar
solutions and the second one is future problems are likely to be similar to current
problems (Leake, 1996). When the two assumptions hold, CBR becomes an effective
reasoning strategy.

“Remembering a case” to use in “later problem solving” is a necessary learning
process. According to Kolodner, features of the CBR approach:

e Learn from experiences,

e Learning to be integrated/based on reasoning,

e Learn from mistakes and do not repeat them,

e Allows a reasoner to solve problems with a minimum of effort,
e Provides a way of dealing with an uncertain world,

¢ In most cases, what was true yesterday is likely true today.

By its cyclical nature, CBR is capable of ‘learning’ from previous experiences
(or iterations). Thus it can adapt to both ‘good’ and ‘bad’ answers. Hammond (1988)
gives the principles of CBR as:

1. If it works, use it again,

2. If it works, don’t worry about it,

3. If it didn’t work, remember not to do it again,
4. If it doesn’t work, fix it.
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Regardless of whether a case-based reasoner solves a routine or novel problem
and of whether the problem solving outcome is success or failure, the system learns
from its experience. The user/system learns from experience to gain prior success or and
avoid prior failures (Leake, 1996). At the highest level of generality, a CBR cycle may be
described by the following four processes (Kolodner, 1993):

* RETRIEVE the most similar case or cases,
* REUSE the information and knowledge in that case to solve the problem,

* REVISE the proposed solution,

* RETAIN the parts of this experience likely to be useful for future problem solving.
4

Input 1
problem RETRIEVE
RETAIN
-
—_— Iu i
case case
2

Case base
REUSE
Cnnln'.mcd ~— [ Proposed
solution :
REVISE solution
3

Figure 3.1. Generic cycle of CBR (4 REs)
(Source: Kolodner, 1993)

Each CBR process involves several more specific steps (see Figure 3.2). The top
level task is problem solving and learning from experience. Other four major CBR
tasks: retrieve, reuse, revise and retain are partitioned to sub-tasks. An initial
description of a problem defines a new case (Holt & Benwell, 1996).

The retrieve task starts with a new case description and ends when a best
matching previous case has been found. The goal of the matching task is to return a set
of cases sufficiently similar to the new case (similarity computing techniques are used).

The reuse of the retrieved case focuses on two aspects: the difference among the
past and the current case and what part of a retrieved case can be transferred to the new
case. The retrieved case is combined with the new case through reuse into a solved case.

The possible two subtasks of reuse cycle are copy. In copy task differences are
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abstracted away and solution class of retrieval transferred to the new case. In adapt task

there are two main ways to adapt past cases: reuse the past case solution

(transformational use) and reuse the past method that constructed the solution

(derivational reuse).
The revise phase consists of evaluating the case solution generated by the reuse
phase. During the revise process, this solution is tested for success, for example by
being applied to real world or evaluated by an expert (or domain specific knowledge)
and repaired if failed.
During retain, useful/successful experience is saved for future reuse and the
case base is updated by a new learned case. It is the process of incorporating what is

useful to retain from the case-solving episode into the existing knowledge (Holt &

Benwell, 1996).

Problem Solving and Learning from Experience
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Figure 3.2. Task-method decomposition of CBR
(Source: Aamodt & Plaza, 1994)
The challenge for using CBR technique for particular application environments

is to produce (or utilize) suitable methods. When establishing a CBR system, user

should answer the major CBR queries (Kolodner, 1993):
1. How to represent knowledge in cases?
2. How to index cases for accessibility?

3. How to implement retrieval process for efficiency?

4. How to adopt old solutions to fit new situations?
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Case Representation: The hearth of a CBR system is its case base. “In CBR
terminology, a case usually denotes a problem situation. A previously experienced
situation, which has been captured and learned in a way that it can be reused in the
solving of future problems, is referred to as a past case, previous case, stored case, or
retained case. Correspondingly, a new case is the description of a new problem to be
solved” (Aamodt & Plaza, 1994, p. 3). The representation problem in CBR is primarily the
problem of deciding what to store in a case, finding an appropriate structure for
describing case contents, and deciding how the case memory should be organized and
indexed for effective retrieval and reuse (Aamodt & Plaza, 1994). Nevertheless, a case
must contain a past solution and the useful features about the domain specific

knowledge.

Case Indexing: An indexing technique plays an important role in a CBR. The primary
role of indexing is feature matching and retrieval of cases. In this respect, cases should
be indexed. Cases may be indexed by a prefixed or open vocabulary, and within a flat or
hierarchical index structure. An index is composed of two terms: An index name and an
index value (Aamodt & Plaza, 1994). The major part of indexing is adjusting the case
base among searchable qualitative and quantitative values or value ranges. A feature
weight is also assigned as an importance ranking to the features. Thus, acceptable
ranges of the relevant parameters help the feature matching and retrieval process.
Uncertain, subjective and irrelevant inputs are not accepted and should be eliminated in
this process. There are software editor facilities to graphically build parts of the

case/index structure, and to generate user dialogues.

Case Retrieval: The ultimate aim of a CBR application is firstly “the retrieval process”.
This is the process of extracting “similar” cases and finding the most similar case (or
cases) that are supposed to suggest the right solution. *“The retrieve task starts with a
partial problem description, and ends when a best matching previous case has been
found. Its subtasks are referred to as identify features, initially match, search, and
select, executed in that order. The identification task basically comes up with a set of
relevant problem descriptors, the goal of the matching task is to return a set of cases
that are sufficiently similar to the new case - given a similarity threshold of some kind,
and the selection task works on this set of cases and chooses the best match” (Aamodt &
Plaza, 1994, p. 14).
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Similarity Assessment: CBR uses matching and ranking to derive similarity. Matching
is achieved through index and weights, while ranking is the total of the match score.

CBR also searches and matches the entire database not just by comparing two values.

Most CBR systems use the nearest neighbor' matching technique for retrieval (Kolodner,

1993). Nearest neighbor algorithm is represented as follows:

nput cstored
";‘=1W;><sim(ﬁ i )

T
1=1 Wy

3.1)

S(L5)=

Function for 3 features:

g o Waxstm (£ F1000) + Wo X stm (f™ 570 + We X stm (F5™, f5tor¢)
Wi+ We + Wy

(3.2)
Result is between 0-1 interval or percentage:

5=[0,11orS(%)=1[0,1]x100 (3.3)

where:
S: Similarity Score
Wi: Feature Weights
n: Feature Number
f inpue: feature value of input case
f history : feature value of stored case base

If S=1 two cases are equal If S=0 two cases are totally different

We can calculate the similarity of two feature vectors (includes five attributes) with

assigned weights as (Funk, 1995):

Sample Similarity Matrix:

d

Wi finput fstored
0,8 50 1 27 1
0,9 2500 | 4000 |
_ |1 - 500 513 24
3= 0,85 Xsimi(| o rism || agriculture |) SR
0,75 fault lines | |no fault Emesi

" The k-nearest neighbor algorithm (k-NN) is a method for classifying objects based on closest training
examples in the feature space. The k-nearest neighbor algorithm is amongst the simplest of all machine
learning algorithms. An object is classified by a majority vote of its neighbors, with the object being
assigned to the class most common amongst its k nearest neighbors.
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Similarity function determines the measure of similarity between the new
problem and each stored case. Most similarity measures use a numeric value to indicate
the level of similarity. This numeric value is the result of matching and ranking
techniques to provide a similarity/match score. There are numerous statistical analysis
techniques exist, such as inverse distance weighting, using linear, exponential or
logarithmic functions, fuzzy-logic and artificial neural networks (ANN) to determine
similarity (Holt & MacDonell & Benwell, 1998). Another issue in similarity assessment is
how to determine the right features to compare. Input problem descriptions should be

sufficient to determine the similarity of old and new situations (Leake, 1996).

Case Adaptation: After retrieving the similar cases, they may not exactly answer the
problem; it is necessary to adapt retrieved case(s) to the problem. Once matching cases
are retrieved from the case base, they should be adapted to the requirements of the
current case. Adaptation is generally regarded as the difficult part of CBR process.
Difficulties with the case adaptation have led many CBR systems to simply replacing
the “retrieve-adapt” cycle with “retrieve and propose” cycle (Kolodner, 1993).

Adaptation phase is equivalent of reuse and revise steps in CBR process.

Case Retainment: Retain phase is also called “learning” process in CBR systems (see
also Chapter 3.1.4.1). In ideal CBR the case base is updated no matter how the problem
was solved. If the problem was solved by other methods, including asking the user, an
entirely new case will have to be constructed for saving. But an explanation or another
form of justification of why a solution is a solution to the problem may also be marked
for inclusion in a new case. Failures (i.e. information from the Revise task), may also be
extracted and retained, either as separate failure cases or within total-problem cases

(Aamodt & Plaza, 1994).
3.1.3. Previous Applications of CBR

CBR has developed into a mature and important field of Al and used by various
researchers from various countries. Research in cognitive science and on the nature of
human memory at Yale University and the works of Roger Schank on dynamic memory
(Schank, 1982) form the roots of CBR. One of the earliest CBR systems to be developed
was CYRUS (Kolodner, 1983) which was based on the memory organization packet
concept put forward by Schank (1982). CYRUS was developed with a focus on how
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memory is used to answer questions of understanding (Bhogaraju, 1996). Frontier
examples of CBR applications are given in Table 3.1.

Table 3.1. Frontiers of CBR systems
(Source: Bhogaraju, 1996)

Name Developers/Authors Domain

CYRUS Kolodner, J., 1983 Representation 0 memory
and understanding.

MEDIATOR | Simpson, R. L., 1985 Dispute mediation.

JUDGE Bain, W. M., 1986 Subjective assessment

CHEF Hammond, K. J., 1989 Recipe planning.

CASEY Koton, P. ,1989 Heart failure diagnostics.

CLAVIER Mark,1989; Hennessey et al.,1992 | Autoclave loading designs.

There are several studies have addressed specific considerations on using CBR
for design issues. These design applications tried to bring new considerations to the use
of CBR in design. Each implementation serves as an example for those who intend to
use case-based design as a computer support system for designers. Table 3.2 lists a

selection of implementations:

Table 3.2. Applications of CBR to design
(Source: Adapted from Maher & Silva-Garza, 1997)

AV ISy REFERENCE
E. Domeshek and J. Kolodner, “The Designer’s Muse,” in
Archie, Architecture Issues and Applications of Case-Based Reasoning in Design,
Archie-Il M.L. Maher and P. Pu, eds., Lawrence Erlbaum Associates,
Hillsdale, N.J., 1997, pp. 11-38.

C B. Faltings, “Case Reuse by Model-Based Interpretation,” in
adre, ) oo o .
Faming Architecture | Issues and Applications of Case-Based Reasoning in Design,

pp. 39-60.
Cadsyn, Structural | M.L. Maher, B. Balachandran, and D.M. Zhang, Case-Based
Casecad Systems Reasoning in Design, Lawrence Erlbaum, 1995.
A. Voss, “Case Design Specialists in Fabel,” in Issues and
Fabel Architecture | Applications of Case-Based Reasoning in Design, pp. 301—
338.
A. Gémez de Silva Garza and M.L. Maher, “The Adaptation
Structural of Structural System Designs Using Genetic Algorithms,”
Gencad Svst Proc. Int’l Conf. Information Technology in Civil and
ystems Structural Engineering Design, Elsevier Science, New York,
1996, pp. 189-196.
G. Fisher, R. McCall, and A. Morch, “Design Environments
Janus Architecture for Constructive and Argumentative Design,” Proc. Human
Factors in Computing Systems Conf., ACM Press, New
York, 1989, pp. 269-275.
U. Flemming et al., “Case-Based Design in a Software
Seed Architecture | Environment That Supports the Early Phases,” in Issues and
Applications of Case-Based Reasoning in Design, pp. 61-86.
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Several recent approaches in Table 3.2 used the case based design concept for
design assistance or design automation. Although practitioners have addressed these
issues in developing and implementing case-based design systems, they also indicated
that this aspect of case-based design has not matured enough to lead to general
principles of how to represent a design case (Maher & Silva-Garza, 1997).

Additionally, the following studies were selected noteworthy samples from the
related literature. Many domains used CBR for different purposes, such as software
development-computer engineering (Recio-Garcia et al, 2005; Chan & Chen & Geng, 2000),
electronics, robotics, mechanics (Lee D. & Lee K., 1999), urban planning (Shi & Yeh,
2001), environmental planning (Kaster & Medeiros & Rocha, 2005), architectural design
(Domeshek & Kolodner, 1993), architecture (Dogan, 2005), civil engineering (Dikmen &
Birgéniill & Giir, 2007), real estate (Pacharavanich et al., 2000), industrial engineering
(Chang & Cheng & Su, 2004), farm planning (Bhogaraju, 1996), soil/landscape analysis
(Holt & Benwell, 1999), medicine (Abidi & Manickam, 2002), tourism (Niknafs & Shiri &
Javidi, 2003) and consumer services.

Shi & Yeh (2001) developed a system that integrates a CBR shell (ESTEEM) and
GIS package (ArcView) to build Case Based System (CBS) in Hong Kong, China. They
tried to show how CBR can be used to handle planning applications in development
control. Authors state that CBR can simulate the present working style of a planner in
dealing with development applications which is based on his/her knowledge of past
application records. They used the previous planning application cases to support the
suggestions to the decision makers rather than generalizing rules and then performing a
logic inference to get the conclusion. A special subchapter (see Chapter 3.2.2) devoted to
this study as a successful and inspirational reference for this dissertation.

Kaster & Medeiros & Rocha (2005) explore a solution which couples CBR to a
spatial decision support system to help planners to profit from others' experiences in
Brazil. Proposed model, named WOODSS (WOrkflOw-based spatial Decision Support
System) is based on GIS and scientific workflows. The research describes how CBR has
been used as part of WOODSS' retrieval and storage mechanism, to identify similar
models to reuse in new decision processes. As a future work, authors state that retrieval
scheme must be extended to handle geographic data, using GIS functions in the
similarity evaluation. In addition, the implementation can be extended to single user to

multi-user environment for participatory planning.
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Figure 3.3. Architecture of WOODSS model
(Source: Kaster & Medeiros & Rocha, 2005)

Holt & Benwell (1999) proposed an approach, which consist of combining CBR
with GIS to form a hybrid system to solve spatial problems. Authors applied the hybrid
system: “ZONATION” to the problem of soil classification which is solved by the
searching the case base for other spatial cases similar to the problem case. Then the
results from this new approach with a traditional method of soil classification compared.
They used the CASPIAN software for retrieval mechanism. According to Holt &
Benwell, CBR is beneficial in modeling spatial and environmental issues.

Pacharavanich et al. (2000) examined the usefulness of the CBR system for the
valuation of townhouses in Bangkok/Thailand. This system should be useful as an aid
for experienced valuers and a guide to assist inexperienced valuers to learn proper
judgment and methodology. A CBR software shell was used a tool. A larger sample of
valuers needs to be investigated when the system is developed further. The research
shows that the system has potential to become a viable tool for the valuation of
residential property.

Recio-Garcia et al. (2005) from Complutense University of Madrid have
developed jCOLIBRI® framework which aims to formalize CBR and to provide a design
and implementation assistance with software engineering tools. They try to demonstrate
the usefulness of the jJCOLIBRI framework in view of encouraging other CBR
researchers to use it. JCOLIBRI is an object-oriented framework in Java for building
CBR applications and provides graphical tools and codes to facilitate the CBR systems

design. The main advantage of using jJCOLIBRI is that it provides an easier

? JCOLIBRI: Java Cases and Ontology Libraries Integration for Building Reasoning Infrastructures
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development of CBR systems. To reach this goal they propose a design process that is
based on reusing existing CBR knowledge (terminology, designs, tasks, methods, and
implementations), the integration of new components, and the extension of existing
components and their collaborations. They have also focused on some design,
implementation and use details regarding JCOLIBRI 1.0&2.0 platforms such as: travel
recommender, cooking advisor, spam filter, etc. The research is still broadening by
experiences acquired during the development and with contributions around the world
(JCOLIBRI, 2008).

GAIA - Group for Artificial Intelligence Applications

Data Types . Task
: Structure
Helper
Functions
- # | | | |
' - PSMs
J b | 1 l f Library ll ll
Case Based Reasoning Framework
Tasks
Library

Figure 3.4. JCOLIBRI 1.0 architecture
(Source: Recio-Garcia et al, 2005)
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Abidi & Manickam (2002) propose a novel medical knowledge acquisition
approach that leverages routinely generated electronic medical records (EMRs) as an
alternate source for CBR-compliant cases in Canada&Malaysia. They present a
methodology to autonomously transform EMR to specialized CBR-compliant cases
(OCC: operable clinical cases) for CBR driven medical diagnostic systems. From an
information-content perspective, routinely collected EMRs contain both the situation
(observed symptoms and findings) and the solution (diagnosis/prognosis/treatment-
plans prescribed by a medical expert) information. According to authors, transformation
of generic EMR to specialized OCC is an interesting yet challenging research problem
in a real-life setting; nevertheless, initial results, though based on certain realistic

premises are quite encouraging.
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Figure 3.5. CBR task specific layer
(Source: Abidi & Manickam, 2002)
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(Source: Abidi & Manickam, 2002)

Lee, D. & Lee, K. (1999) from South Korea presented a ship design assistant in
their research. Major design factors and parameters of the existing ship data were stored
in case base as design cases and was connected with database for information exchange.
To extract a good and suitable design case for a new ship design from case base,
learning algorithm was adapted. They developed the interactive intelligent conceptual
design system: BASCON-IV. As a result of this work, a reliable design support system is
available which greatly help ship designers perform the conceptual design using
existing mother ship data.

Bhogaraju (1996) developed a CBR system that evaluates crop rotations for their
soil erosion and risk of insect pest problems in USA. The purpose of this system is to
provide decision support for an automated whole-farm planner. The system was
prototyped by using ESTEEM software. The proposed automated planning system:
CROPS, requires an adequate methodology to assess the impacts of cropping plans on
pests and pesticide risks. This research provided a framework to develop a robust CBR
system that will allow CROPS to generate pest risks for a given crop rotation. Author
inferred that effectively domain-specific algorithms are required to be able to implement
a CBR system to its fullest potential.

Archie is the product of collaboration between architects, computer scientists,
design researchers and environmental social scientists at the Al lab of Georgia Tech’s
College of Computing. Archie helps architects in the high-level task of conceptual
design as opposed to low-level tasks such as drawing and drafting, numerical

calculations, and constraint propagation. It is a case-based design aid that provides
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access to past experience so that human designers can adapt the cases for use in a
present situation. Firstly, the system implemented for office building design and
contains several types of information like area, lighting, furniture, budget, etc. It
supports architects during the conceptual design phase through three means: (1) raising
design issues, (2) proposing responses to design issues, and (3) identifying pitfalls and
opportunities. This is accomplished by not only collecting successful cases, but also by
having some cases that didn’t work out as was hoped for (Domeshek & Kolodner, 1993;

Heylighen & Neuckermans, 2001).
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Figure 3.7. Archie screen capture
(Source: Zimring & Bafna & Do, 1996)

Archie II is the newer version of former Archie. In Archie II, cases were not just
described, but the case materials have been drawn from post-occupancy evaluation
studies, which were collected from the builder. Evaluations of the current buildings
serve to highlight the good and the bad features of the design (Domeshek & Kolodner,
1993). Archie-II supports architects during the early conceptual stage of building design

by providing them design cases from the past. The system focuses on case
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representation and retrieval, leaving manipulation completely to the user (Heylighen &
Neuckermans, 2001). However, developers of the Archie state that the studied versions of
Archie could be regarded as partially successful in supporting architectural design and
also some of the most important contributions of the Archie experiment are the lessons
they learned from its limitations.

There are also significant studies about CBR application in Turkey. Dogan (2005)
investigates the possibility of predicting the cost of construction early in the design
phase by using machine learning techniques. To achieve this objective, CBR prediction
and artificial neural network (ANN) models were developed in a spreadsheet-based
format. The study demonstrated the practicality of using spreadsheets in developing
CBR and ANN models for use in construction management as well as the potential
benefits of enhancing CBR and ANN models by using different weight generation
methods. Conclusions mainly cover methodological contributions that include the

development of ANN and CBR Excel models and their testing results of cost data.

Table 3.3. Main parameters used in the cost prediction model
(Source: Dogan, 2005)

Input

Attribute Attribute Range
No
1 The total area of the building 330 m’ — 3.484 m’
» The ratio of the ry‘p.lcall floor area to the 0.07 — 0.26
total area of the building
The ratio of the footprint area to tk
3 e ratio of the footprint area to the 0.07 — 0,30
total area of the building
4 The number of floors 4-8
5 The type of overhang design No overhang or one-way
6 The foundation system Pier, wall, slab
7 The type of floor structure S
precast concrete
8 The location of the core At the sides, in the

middle

The cost of the structural system per

$30/m* — $160/m’
square meter

Output

Dikmen & Birgoniil & Giir, (2007) aimed to present a DSS tool to estimate bid
mark-up values for international construction projects in a more systematic way. Using
the 95 cases (collected by a questionnaire), a CBR model has been developed to
estimate risk, opportunity and competition ratings. ESTEEM software is used to

develop CBR model. The study differs from others by searching the problem from three
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aspects: risk, opportunity and competition. They state that, in order to improve accuracy

of the model, higher number of scenarios should be incorporated into the case base.

General factors —m| Risk Rati
s n
CBR Model 1 -, (RR) 9 N
Risk factors —m
Risk
|y Mark-up
Linear Bid (%)
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Profit
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4-. .
Competiton —— ating
factors (CR)

Figure 3.8. Generic structure of the bidding model for a construction project
(Source: Dikmen & Birgoniil & Giir, 2007)

Moreover, CBR is an active area of research and has also been adopted by many
companies such as AT&T, British Airways, Cisco, Compaq, Daimler-Benz, Dell, GE,
Intel, Lockheed, Nokia, Siemens, Visa and Google (Case Based Reasoning Homepage: Al-
CBR, 2007; Cognitive Computing Lab, 2009).

3.1.4. CBR & Problem Solving

Cases record the past, giving us and computer a way to make assumptions about
the present. The CBR process (4RE cycle) seems feasible for problem solving
situations. It might be easier to capture experts’ knowledge in the form of rules, so

building expert systems might be easier in CBR. CBR technique is a promising way to

build and apply more powerful PSS. In contrast to rule-based or model-based reasoning,

CBR uses concrete knowledge directly and its inference is basically the processes of

retrieval and adaptation (Shi & Yeh, 2001).

There are no universal CBR methods suitable for every domain of application.
The challenge in CBR as elsewhere is to come up with methods that are suited for
problem solving and learning in particular subject domains and for particular
application environments. A set of coherent solutions to these problems constitutes a

CBR method (Aamodt & Plaza, 1994).
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In the problem solving process of CBR, the basic idea is, given the description

of a new problem, retrieving from a case base a similar problem and the solution of this

case is adapted to this new problem. A case-based system has two main components, a

case base and a problem solver. The case base contains the description of the solved and

unsolved problems. The problem solver has two modules, the retriever and the reasoner.

Given the description of the problem, the set of features that define it, the retriever has

the function of searching and retrieving a similar case from the case base.

Watson suggests that if we know the result of 10 X 10, then we can multiply the
10 X 11 by (10 X 10) +10 in CBR context. The following example provides a simple
illustration of how CBR system can be used as a problem solver. This example is

concerned about printing problems. The user begins by typing in a description of the

problem. For instance:

“printer outputs white streaks”

Then the search results are displayed. In this sample 5 of 96 cases selected:
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Case Score Description

1 100  ink cartridge low on toner causes white streaks

2 73 ink cartridge low on toner causes faded print area
3 55 using bad transparency stock

4 45 printing on the wrong side of the paper

5 44 damaged ink cartridge is causing black streaks

The similar cases are displayed with a number indicating the percentage of the
number of attributes in the retrieved case that match the search criteria and ranked in
ascending order. The user can click on the case (e.g. case 1) and a picture with

instructions of how to re-install the toner is displayed (Holt & Benwell, 1996).
3.1.4.1. Learning from Successes and Failures

Learning in CBR systems is driven by both successes and failures. After a
solution has been generated, the final step is to apply the solution, to repair it if

necessary, and to learn from the experience.

Success-driven learning: When the CBR process is successful; the resulting solution is
stored for future reuse, avoiding the need to rederive it from scratch. Stored cases
provide the information that a particular solution did or did not work in a specific real
situation. In this way, case acquisition refines initial domain knowledge and allows the
system to favor solutions that are more likely to be successful, based on its experience

(Leake, 1996).

Failure-driven learning: CBR is committed to the value of learning from failures as
well as successes. First, failures reveal that learning is needed. Second, failures help
focus decisions about what to learn: the needed learning must help avoid future failures
(Leake, 1996). CBR systems learn both from task failures, in which their solutions are
unsuccessful, and expectation failures (Schank, 1982), in which observed outcomes
differ-for better or for worse-from predictions. For example, when a planner generates a
plan that is expected to work and doesn't, there are two failures. The task failure
prompts the system to try to learn a successful plan; the expectation failure prompts the
system to learn how to anticipate similar problems in the future, in order to avoid them

(Hammond, 1989).
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In CBR systems, failures can trigger multiple types of learning. When a failed
solution is repaired, the new solution is stored; this is simply learning from a new

successful solution. In addition, information about the failure itself can be stored as

database for future analysis when new information becomes available (Riesbeck &

Schank, 1989) or to provide a warning about possible future failures that should be
avoided. Within a planning context, if our purpose is to learn from previous cases bad

practices are certainly very important.

3.1.4.2. Advantages and Limitations

In the literature, previous researchers of CBR technique cited the advantages of
applying the system. Watson (1995) and Kolodner (1993) summarized the general
advantages of CBR from the view of both sides of a system builder and system user. In
this summary, I would also like to give samples from reviews for city planning domain.
CBR tends to store knowledge in the form of concrete instances rather than abstract and
general rules or models, the system builder can largely avoid meeting the knowledge
elicitation bottleneck (Watson, 1995). Firstly, extracting knowledge “becomes a simple
task of acquiring past cases”. Secondly, different solutions to different cases of a similar
problem -which are quite common in planning- can be explicitly and conveniently
represented. And finally, when the new problem is solved and the effects of the solution
in the real world are known, the user can conveniently save this new case in the case-
base and increase the knowledge of the system. Case-based systems are maintained and
expanded easily by the addition of cases.

According to Shi & Yeh (2001), from the perspective of the users, the
enlightening style of CBR may be more welcome to planners. There are five main
reasons for this:

1) The reasoning process is more visible to the users,
2) The user can take part in the inference process,

3) The way CBR provides help is not compelling,

4) The cases can provide knowledge about exceptions,

5) A real case is more inspiring than abstract knowledge.

Especially the third reason is more advantageous to planners: CBR will not just
tell the planner what he/she should do. Instead, it presents cases related to previously

handled similar problem and suggests what has been done under similar situation, what
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the consequences of the applied solutions are and what tips the precedents can provide
for dealing with the current problem (Shi & Yeh, 2001).

The ability to retain cases and form new generalizations is one of the main
strengths of CBR systems. This method of incremental learning results in increased
efficiency in familiar situations and allows a CBR to cope with problematic situations
(Kolodner, 1993).

In summary, a CBR provides planners to recognize, understand and generate
creative solution to a new problem while it provides raw but comprehensive and
original information, and tools to facilitate the decision-making process.

The use of CBR is not without limitations. One of the obvious limitations is the
lack of cases for new problems and changes in the planning/spatial environment which
makes previous cases to be irrelevant. In general, a CBR system will be able to generate
a better recommendation if it has a large case base. CBR is unsuitable when there is
little or no case data available. Therefore, a large collection of cases might be necessary
for developing an effective CBR system. A CBR system might be tempted to use old
cases blindly, relying on previous experience without validating it in a new situation
and it might allow cases to bias it too much in solving a new problem (Kolodner, 1993).
Such situations require robust indexing and similarity assessment.

In the process of learning, a CBR might try to retain all the cases it encounters
and increase its case-base quickly. This might reduce the efficiency of the reminding
schemes if the cases are not significantly different from one another. By employing
control measures like setting a threshold number of instances required for forming a
generalization the problem of false generalizations can be overcome. Validation and
verification of CBR systems is a difficult process. Further, most CBR systems add
solved cases to their case-base. Such learning mechanisms can impact a CBR’s
performance, and thus, validation results. However, some of the conventional methods
of validation and verification used in KBS development can be extended to CBR
systems (Bhogaraju, 1996).

Another disadvantage of case-based reasoning is that users might rely on
previous experience without validating it in the new situation (Kolodner, 1993). For
instance, in medical/clinical CBR applications, there is no guarantee that every patient
could be cured by similar former record of treatment. Users might allow cases to bias
new problem solutions. In addition, when novice users are reasoning, they might not

recall all appropriate sets of cases for solving problems.
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However, successful use of the technique depends on how to acquire, represent,
index, retrieve and adapt existing cases for particular domains. According to the
background literature of CBR, attention is also devoted to the combination/integration
of CBR with other methods to establish more efficient systems. There is also a need to
explore the integration of CBR with rule-based reasoning. Different reasoning engines
can be complementary to each other (Kolodner, 1993; Shi & Yeh, 2001). Rule based
system can be used when there is no case in the CBR which is similar to the new
application or when new regulations are introduced which make old cases in the case-
library to be irrelevant. The integration of theses two reasoning engines may lead to a

more powerful system.

3.2. Using CBR Technique for Geographic and Spatial Analysis

The study of CBR is driven by two motivations. The first one is the desire to
model human behavior (from cognitive science). The second one is the pragmatic desire
to develop technology/technique to make Al systems more effective (Leake, 1996). In
this respect, the use of PSS, such as CBR, can reduce the time to process the
applications and help in making consistent decisions for similar applications. When
dealing with such problems, experts usually draw upon previous experiences or the
memory of how similar cases had been solved in the past. This is the type of problem
solving cycle which is most suitable for CBR. Also it can overcome the problems with
black box inference process of some Al techniques and rule-based reasoning.

According to Holt & Benwell (1996), lack of analytical and modeling functionality
is a major deficiency of current spatial information systems. Therefore, there is a
perceived need to integrate spatial information systems with additional analytical
approaches to overcome this deficiency. CBR is proposing a methodology for building
and applying more practical PSS for planning. The results derived directly from real
cases in CBR process are more convincing and acceptable to planners. Urban planning
often requires the experiences and expertise of planners and assistance of planning
models and analytical methods in its complicated decision-making process. However
the capability of people in handling large amount of information and the availability of
experienced planners are often limited (Shi & Yeh, 2001). By the usage of CBR
technique, the traditional working style of a planner (which are based on his/her

knowledge of past records) in dealing with applications could be simulated. The
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following section tries to highlight CBR issues/methods relate to GIS and city planning
process.

This is an example of “search to find a similar spatial pattern and associated
non-spatial attributes” from the study of Holt & Benwell (1996). They state that users
may need to know about a spatial phenomenon before they make a decision. Knowing

what has been done before can aid the decision-maker. All process is simplified for easy

comprehension.
The searched spatial phenomena The case-base
H m |
— - %
|
The revised&retained spatial phenomena 1
H The similar spatial phenomena
E

Figure 3.10. Using CBR for spatial phenomena
(Source: Holt & Benwell, 1996)

3.2.1. System Building by Integrating CBR&GIS

City planning domain has been experiencing various problems. If GIS are to be
used to solve these problems, then systems with a diverse range of analytical functions
are needed. Hence there have been attempts and approaches to integrate additional
analytical approaches with GIS.

Within the similar studies in literature (Benwell&Holt, 1999; Shi&Yeh, 2001;
Kaster&Medeiros&Rocha, 2005) CBR has been used as a part of spatial reasoning system
to assist spatial/nonspatial retrieval mechanism. Most of these approaches consist of
CBR and GIS to form a hybrid system to solve spatial/urban problems. In a planning

case (in terms of CBR), spatial and non-spatial information are very important in

56



representing the features of a case. In this manner, CBR could improve the ability of
SDSS.

GIS has inevitably become a widely used powerful tool in planning. GIS can
store, display and generate spatial information related to a case. Therefore a system that
integrates CBR and GIS can very helpful to planning process and planners (see Figure

3.11). “In such an integrated system CBR will provide the method for decision support

in proposing a solution to a new problem or providing relevant experiences, tips or

lessons to the planners™ (Shi & Yeh, 1999, p. 349). In the handling of spatial data, GIS

can be an analysis, data generator, a database management system and a visualization

tool (as a fundamental part of PSS).
3.2.2. Building a Sample CBS for City Planning

In this subsection (CBS for city planning), major specifications of establishing a
CBR application in city planning are presented mostly by samples and reviews from the
study of Shi & Yeh (1999): “The Integration of Case-Based Systems and GIS in
Development Control”. Based on the discussion developing an integrated model, Shi &
Yeh (1999) developed a system that integrates a CBR shell (ESTEEM) and a GIS
package (ArcView) to support planning process (development control) in Hong Kong.
They tried to show how CBR can be used to handle planning applications in planning
department. While developing this system, they went through the entire process of
system building (in their study: development control): a) how to define a case; b) how to
define the index of such cases; ¢) how to build retrieval and adaptation methods; and
d) how to apply such a system to practical planning. In some studies (not in general),
quantitative evaluation step were utilized for testing the whole system for
verification/validation purposes.

The building of CBS includes the case library, defining an index for the cases
and retrieval and adaptation methods primarily. From the functional perspective, the

system has three basic parts: GIS module, CBR module and a case library. Accordingly,

the system provides two kinds of retrieval methods: nonspatial and spatial.
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Figure 3.11. The framework of the integrated CBR and GIS system
(Source: Shi & Yeh, 1999)

The case library is the core of CBR. Two questions must be answered before
building a case library: 1) What is a case in this domain? 2) What should be used to
describe a case or what are the contents of a case? (Shi & Yeh, 1999) For instance, in this
system, a planning application case has three parts: graphics (vector data), tabular

features and comments.
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Figure 3.12. The structure of the case library of the system
(Source: Shi & Yeh, 1999)

The index of the case is the symbolized and simplified or partial description of
the case. With the index, cases can be more efficiently and appropriately retrieved
(Kolodner, 1993). Two types of indexes were used in this kind of CBS systems, spatial

index and conventional database index. Spatial index could be built with GIS software,
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so user can directly retrieve cases through the index maps. Database index could be
built with CBR tool (sophisticated software) like JCOLIBRI, ESTEEM, CBR Express,
CASPIAN, REMIND or customized Microsoft Excel spreadsheets.

Table 3.4. The dimensions of the index for building CBS
(Source: Shi & Yeh, 1999)

Dimension Dala Type \ alue Ran ;_'. ot "{1
Time of the End Number* 1980 ~ 2000
Planned Use One of a List I (industrial)
(an element from a
defined list)

ercial)

ential group A)

Rb ( tial group B)
Rc (residential group C)
G/IC (government/institution/com
CDA (comprehensive developm
V (village type development)
OS (open space)

- GB (green belt)
OST (open storage)
SSSI (site of special scientific interest)
UU (unspecified use)

Existing Use Text (Simple words describing the existing land use, such as indusirial
office, oil depot, residential, natural protection, vacant, warehouse
agriculture, and so on. If the information is not available, N/ will i
assigned to this dimension.)

Applied Use Text

(Simple words describing the proposed development, Such as
| industrial, warehouse, office, low-density residential, recrealional

A theoretically ideal CBR tool should support each of the main processes of
CBR (4 REs). In addition, the tool must be flexible to integrate with other systems such
as GIS and must provide a user interface both for the developers and operational users.

(Watson, 1996)

The cases should contain case specific details as much as possible, because they
are very important for distinguishing one case from another and will directly affect the
final decision. For retrieval, the system should know how to match each feature of a
new application with those of a previous case and how to evaluate the similarity
between two cases. The similarity assessment methods for evaluating each feature and
the entire case should be defined and the value of each parameter of the algorithm must
be set. (Shi & Yeh, 1999)

The nearest neighbor algorithm (NN or KNN) is used by the system (for retrieval)
to find the similarity between a new problem and a previous one. The KNN algorithm is:

S, X sim (£, £

§ = =1 (3.5)

5w
i1
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where s (Similarity Score) is the sum of weighted similarities of each feature and only
those cases whose s is larger than a predefined threshold (for example, 60 percent) will
be retrieved as the similar cases; w; is the importance of feature i, sim is the similarity
assessing function for comparing feature f;, and ' and £R are the values for feature f; in

the input new case and the retrieved old case respectively (Kolodner, 1993).

mront . 50 i : Bo S Sin efinitior: Simhkapp Threshold [61 | % |
| mégcwm‘ﬁmdm Type of Similaiity: [\Weighted Feature Computation |

! Sd‘.ected Feature Name Type of Featuie Matching Weight/Rule Base Hame
TimeEnd Absolute Fuzzy Range : 20 0.05 ' [t
PlanUse Exact 0.3
ExistUse IPartiaI Word (case indifferent) [0.05 {
WpplicationUse ﬂllnrﬁal Word [case indifferent) 0.3
M RelAE Exact ll].l]S
RelAP Absolute Fuzzy Range : 2 0.25 A

Figure 3.13. A similarity-assessment template for retrieving cases with similar land uses
(Source: Shi & Yeh, 1999; ESTEEM Software-Stottler Henke Al Software Solutions, 2006)

When retrieving cases, the system calculates the similarities of the old cases in
the library. For instance, in the study of Shi & Yeh (1999), only those cases whose
similarity values are higher than (or equal) a threshold (in general, this is not compulsory)
set by the user will be retrieved (see Figure 3.13). In that template, the similarity
assessment methods for evaluating each case are defined and the value of each

parameter is set.
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Figure 3.14. Representation of a planning application case
(Source: Shi & Yeh, 1999)
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Although CBR cycle is defined by 4Re process; retrieve, reuse, revise and retain,

certain studies used adaptation and learning instead of reuse, revise and retain. In most

situations, it is very rare to see a new case is exactly the same as a previous case. Users
have to adapt this knowledge according to the context of the new problem. Moreover, to
develop an automatic adaptation process is a challenging attempt.

The reuse of the retrieved case solution in the context of the new case focuses on
two aspects: a) the differences among the past and the current case and b) what part of a
retrieved case can be transferred to the new case. When a case solution generated by the
reuse phase is not correct, an opportunity for learning from failure arises. This phase is
called case revision and consists of two tasks: a) evaluate the case solution generated by
reuse. If it is successful, learn from the success (case retainment), b) otherwise repair
the case solution using domain-specific knowledge (repair fault) (Aamodt & Plaza, 1994).

According to Shi & Yeh, retrieved similar previous cases could be modified to
some extent to fit (adapt) new situation. For example, under the new condition, a new
opinion may need to be added, a previous opinion may not be needed any more or need
to be modified (Shi & Yeh, 1999). They state that the algorithms of adaptation can be
presented with if-then rules:

IF new case location <> previous case location,

AND new number of parking lots > previous number of parking lots

THEN the car parking problem is not serious

There is no special learning scheme in their system, the planner can add or delete
cases according to necessity and the knowledge of the system. This is the process of
incorporating what is useful to retain from the new problem solving episode into the
existing knowledge. The learning from success or failure of the proposed solution is
triggered by the outcome of the evaluation and possible repair (Aamodt & Plaza, 1994). A
new planning application can be stored as a new case. After the case is stored in the
case library, planner can still modify it later with new knowledge and delete the
obsolete cases. Thus the planners can easily make the system learn from practical work.

Flow diagram of the whole system is presented in Figure 3.15.
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Figure 3.15. Flow diagram of the CBS
(Source: Shi & Yeh, 1999)

The aim of developing CBS is to help planners to prepare reasonable,
comprehensive and consistent recommendations on planning applications. The system
simulates the way of handling planning applications in which the planner has to recall
and make reference to similar planning application case. Instead of doing it manually
and have to rely on the experience of the planner who dealt with the case, the CBS will
help the planner to re-use previous similar cases in making decisions on the new
applications (Shi & Yeh, 1999). By the advances in its structure, the proposed approach
will be an effective and feasible PSS in decision making process for planners. In
addition to provide decision support to planners, the system can also be used as an
automation system. According to authors, the capability of matching and adapting
cases, which is based on “spatial similarities” and relationship, is another important

topic that needs further research.
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3.3. Future of CBR based Spatial Approaches

The concept of decision support and knowledge-based systems has evolved in
the 1990s from a ‘static’ system focusing on the combination of objective and
subjective knowledge into an ‘intelligent’ system (see Chapter 2/Table 2.2). Unlike the
conventional DSS, the intelligent system is characterized by the ability to handle “novel
situations and new problems” to apply knowledge acquired from experience and to use
the power of reasoning effectively as a guide to behavior (Klosterman, 2001).

During the 1990s there has been a movement away from the traditional
knowledge-based approaches toward the development of CBR systems along many Al
techniques (Clayton & Waters, 1999; Holt & Benwell, 1999). The advantage of the CBR
approach over the traditional rule-based reasoning is that it can record and represent
knowledge that is hard to express with explicit rules or is too case-specific (Shi & Yeh,
1999).

A number of people who studied CBR technique state that (Shi&Yeh, 2001;
Benwell&Holt, 1999; Kaster&Medeiros&Rocha, 2005; Domeshek&Kolodner, 1993) using the
spatial similarity concept for exploratory spatial analysis and design proposal needs
further research, because the concept have not been totally clarified and identified. For
instance, retrieval of GIS maps, CAD drawings and raster images should be investigated
in order to progress the technique. For example, a pollution source has the spatial
relationship of distance and direction to a residential building. How to use GIS to
automatically recognize this relationship and automatically retrieve cases with similar
pattern needs further research (Shi & Yeh, 1999).

According to Holt & MacDonell & Benwell (1998), variety of queries and context

(non-numeric, graphical, spatial, etc) could be used for similarity measuring and retrieval.
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Figure 3.16. A non-numeric attempt to measure similarity
(Source: Holt&MacDonell&Benwell, 1998)

Although experimental and limited CBR systems could partially and
conceptually support the spatial decision making process, it is possible to develop
promising and satisfactory approaches. Moreover, improving the quality and usage of
CBR tools deserves another research area.

In Chapter 2&3, the brief survey on literature have been done and theoretical
and practical lessons learned from recent studies (both PSS and CBR). In the next
chapter, an empirical case study research reveals the application of desired model. In
Cesme Peninsula Study, an experimental and partly hypothetical planning process is
simulated. Firstly cases are generated within GIS environment. The proposed system
will try to retrieve tabular data and link the inference to spatial and exterior data. Hence,
after retrieving the similar cases from the case library, to enable an extended connection
to further data (about the similar cases) is considered to provide knowledge acquisition.
In Chapter 4, “Cesme Peninsula case study” illustrates the application details of the PSS
model “CBS” (CBR&GIS) in city planning through a practical example.
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CHAPTER 4

CASE STUDY: CESME PENINSULA PILOT PROJECT

In this chapter, a pilot study is presented for comprehending the methodology of
the thesis. In order to achieve the goals of the study and to verify the hypothesis,
proposed model is tested on a pilot project by integrating Case Based Reasoning (CBR)
technique and GIS (which was named Case Based System-CBS formerly) as a PSS tool.
Although the hearth of many PSS is GIS, PSS cannot consist of a GIS alone. It must
also include other techniques to aid spatial decision support. To develop a CBS model -
classification and configuration of its requisites systematically to use on an operational
pilot project - is aimed. Briefly, this chapter provides details of the model
implementation process on a pilot study area in Cesme Peninsula.

This pilot study will also try to identify the proper role and advantages of using
CBR and other required computer based tools in the desired planning process. Thus, it
is expected that the case study will help to query feasibility, advantages and limitations
of CBR technique for city planning issues. The significant features, mechanism and
steps of the CBR process on planning action will be clarified in the further steps of the
chapter. Running the CBS model in a case study is applied by practical usage of this
approach within a partly hypothetical city planning project. It is considered that creating
and using a partial PSS model could be proved in the end of the study.

The major aim of developing this pilot project is to utilize the former city
planning experiences (land use pattern, geographic analyses, conservation regulations
and plans) of “Cesme Peninsula” and to estimate and interpret the possible
incremental/minor applications of urban/spatial cases in the future by retrieving this
experiences. In Cesme Peninsula Study, an experimental and partly hypothetical
planning process is simulated. Firstly cases are generated semi-automatically within a
GIS environment by cellular representation. The proposed CBS model will retrieve the
cases through tabular data and link the inference to spatial and exterior data. For
instance, after the similar case(s) found, we can reach their GIS data, reports, photos,
etc. Hence, after selecting the similar cases from the case library, to enable an extended
connection to further data (about the similar cases) is considered to provide knowledge

acquisition.
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4.1. Using CBR Technique in City Planning

According to previous studies in the literature, it is clear that urban and regional
planning is experiencing fundamental changes on the use of computer-based models in
planning practice and education. However, with this increased use, “Geographic
Information Systems (GIS)” or “Computer Aided Design (CAD)” alone cannot serve all
of the needs of planning.

In order to predict the probable future, urban professionals need to understand
how the new technologies act in the planning process and urban space. For practitioners
in urban planning, the main goal is to understand ICTs’ potential in solving the current
urban problems (Maldonado, 2004). Computational approaches should be modified to
deal with the imperatives of contemporary planning by using planning support tools and
artificial intelligence techniques in city planning process.

As mentioned in the Chapter 3, CBR is an artificial intelligence technique. There
are several definitions about “CBR technique” in the literature:

e Using past cases to make a decision,

e Using suitable answers of recent problems for solving new ones,

e To use previous similar cases to solve, evaluate or interpret a new problem,
e Modeling by past events.

Undoubtedly, CBR systems are domain dependent. In addition, real planning
problems and their solutions are specific and local. But they can be used in a specific
CBR model which adjusted to local situations.

For the success of the CBR method, user/expert must be informed about the
concerned scientific field. This method starts by the definition/query of the new case as
an input, and releases the most similar case(s) as an output. The process of CBR method
is an open source application and it is distinguished from other techniques (like rule-
based/black box methods) by using concrete knowledge base or experimental facts for
knowledge inference. Therefore it is decided that the practical/local usage of the CBR
technique could benefit the city planning process. In the next section, application of the
model to the city planning discipline is tested on a pilot project to comprehend

predefined goals of the thesis.

66



4.2. System Development in Cesme Peninsula

Previous city planning experiences could be used to make new plan
decisions/recommendations. Consequently, a digital archive and a working reasoning
model are needed to verify this hypothesis on a real case.

In this study, it is tried to provide a spatial decision support model. When
developing minor/incremental implementations (assumed as a new case) within a
structurally planned region like Cesme Peninsula (see Figure 4.1&4.2), we can find most
similar recent cases and use their knowledge in decision making. There are no universal
CBR methods suitable for every domain of application. In this respect, the following

subsections provide model implementation process in Cesme Peninsula.

© Gesme Center
@ izmir City Center - Konak
Gesme Municipality Boundary

D Izmir Metropolitan
Municipality Boundary

[ ] central Towns
Highway
— Major Roads

Figure 4.1. Location of Cesme Peninsula in Izmir Metropolitan Area
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Figure 4.2. Project area—Cesme Municipality boundary
(Source: Google Earth, 2009)

4.2.1. Selection of the Study Area

(Cesme Peninsula is a special place for both having natural-cultural heritage and
development potentials. Cesme is under pressure of continuous tourism investment and
urban development demands. There are variety of modifications on archeological and
natural sites and variety of plan revisions since 1980s in the planning history of the
region. Brief information about archeological and natural sites and planning history of
Cesme region are listed below:

e Archeological and Natural Site Regulations

First conservation decision made for preserving the historical and natural
beauties of Karaburun-Cesme Peninsula is Resolution No: 3890 of izmir Conservation
Committee 1 in 23.07.1992.

Abbreviations are used to symbolize conservation types in legend illustrations:
A: Archeological Conservation
D: Natural Conservation
K: Urban Conservation
Numbers are used for hierarchical order. For instance D1 are superior to D2 about

conservation criteria.
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Figure 4.3. Conservation Zones — 1992
(Source: IYTE, 2002)
Later on, some changes have been made for adjusting conservation and
development balance and to control informal physical development. izmir Conservation
Committee 1 stated new archeological and natural site locations and classifications

Resolution No: 5928 in 06.10.1995.
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Figure 4.4. Conservation Zones — 1995
(Source: IYTE, 2002)
Conservation committee modified the archeological and natural site zones and

classifications in 1996, 1998 and finally 2006 for: a) preventing the dilemma of
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conservation and development by establishing a new balance between public interest
and individuals’ (private) interest and rights, b) sites have been classified according to
their importance, characteristics and the conditions for conservation and use in that
district, ¢) geographic analysis such as; ownership pattern, existing plan decisions, soil
classification, geological condition, underground and fresh water resources,

infrastructure investments and damp buffer zone used in evaluations (IYTE, 2002).
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Figure 4.5. Conservation Zones — 1996
(Source: IYTE, 2002)
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Figure 4.6. Conservation Zones — 1998
(Source: IYTE, 2002)
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Figure 4.7. Conservation Zones — 2006
(Source: Ege Planlama, 2006)

e Previous Planning Practices

First structure plan (Cevre Diizeni Plani) of the Cesme Peninsula (1/25000 scale)
was prepared by the Ministry of Public Works and approved in 13.11.1984. The scope
of the plan boundary was Cesme, Alacati, Ildir1, Ciftlikkdy and Dalyankdy settlements.

The next structure plan (1/25000 scale) of the region was prepared and approved
by the ministry of public works and settlements in 1991. This plan was intended for
within Cesme Municipality boundary. Cesme Municipality made additional revisions on
this plan in 1992, but this revision was not approved by the Ministry. This revision plan

was approved and implemented later by the municipality as a master plan of Cesme.
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Figure 4.8. Structure Plan — 1991
(Source: IYTE, 2002)
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Figure 4.9. Structure Plan — 1992
(Source: IYTE, 2002)

The latest structure plan (and current) for Cesme was prepared by IYTE City and
Regional Planning Department during 1996-2002 period and approved by the Ministry
of Public Works and Settlements in 2002 (IYTE, 2002).
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Figure 4.10. Structure Plan — 2002
(Source: IYTE, 2002)

Cesme City (Cesme Tourism City Project) is a part of “Tourism Strategy of
Turkey-2023" project/strategy of Ministry of Culture and Tourism. Ministry of Culture
and Tourism prepared a structure plan (1/25000 scale) in 2006 within “Cesme-Alacati-
Pagsalimani Cultural and Tourism Preservation and Development Region” which was
depended on Tourism Encouragement Act No: 2634. This structure plan consists 10330
hectares of tourism development sub-regions and has been generating alterations and

conflicts on existing structure plans of Cesme and Alacati Municipalities.
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Figure 4.11. Tourism Development and Structure Plan — 2006
(Ministry of Culture and Tourism, 2007)
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Ministry of Environment and Forestry provided the regional/environmental plan
of Manisa-Kiitahya-izmir provinces (1/100000 scale) in 2006. This regional plan consists
of policies, strategies, spatial development and land use regulation issues of that multi-
provincial region. Consequently, Cesme Peninsula is located within the geographic
scope of this regional plan (Izmir part) and hierarchically affected by the conservation
and land use regulations of the plan. Figure 4.12 is derived from Structure Plan of

Manisa-Kiitahya-Izmir (Ege Planlama, 2006).
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Figure 4.12. Structure Plan — 2007
(Source: Ege Planlama, 2006)

Previous-existing “planning applications and conservation decisions” which
explained about the Cesme region above are problematic and cause uncertainty in
legislation-authorization and implementation. Due to the existing administrative,
managerial and planning factors, it is decided that the geographic/spatial extent of the
project area should cover Cesme Municipality boundary (see Figure 4.2).

Another advantage of selecting Cesme Peninsula region as a case study is,
gathering required data like geographic analysis, natural and historical conservation
zones/regulations and structure plans are available/usable. According to all these
factors, it is considered that Cesme could be a proper pilot project area for the case

study.
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4.3. Building the CBS Model in Cesme

If planners try to consider all aspects of the problems/issues, city planning
domain can show infinite variety. Thus, any attempt to study all the facts relating to a
system is unrealistic. This situation can be overcome by simplification and with
sampling methods. Planners can proceed by abstraction from the real world to symbolic
representation by which to analyze, understand and deduce (Chadwick, 1971).

In this manner, it is decided that the practical usage of CBR includes a) building
the case library, b) defining an index for the cases, and c¢) building retrieval and
adaptation methods (Kolodner, 1993). In the second step, a system that integrates a CBR
tool and a GIS package form the CBS. In this integrated formation, the GIS part
provides the functions of handling spatial data and CBR part makes inference. In this
respect, JCOLIBRI (see Chapter 4.3.2) software (CBR tool) and ArcGIS (GIS tool)
software were chosen for developing the approach. In such an integrated model, CBS

could provide a method for “planning support” in proposing a solution to a new

problem or providing relevant experiences, tips or lessons to the planners.

ArcGIS software is used for preparing and handling geospatial data and
JCOLIBRI software is used to utilize the GIS database as a case library, indexing of
these cases and retrieval processes (see Figure 4.13). Firstly, spatial data and non-spatial
attributes are generated by using ArcGIS as a tabular input for the CBR software
JCOLIBRI. Then user must calibrate this database to develop a case library structure for
jCOLIBRI.

User Interface

GIS CBR Tool
U (ArcGIS) (iCOLIBRI)
ser
~ + i P
GIS |« Intelligent _
Assistant Case Library

Figure 4.13. Prototype of the CBS architecture
(Source: Adapted from Lanter, 1992; Shi & Yeh, 1999)
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In the process of preparation steps before running the model, data is converted from

raw or existing form into one that can be used by GIS:

e Up-to-date maps and related database are presented for using in CBS
development cycle,

e Spatial and tabular data were acquired, reformatted, georeferenced (if required),
compiled and checked to reduce errors,

e All dataset were updated for using in ArcGIS software,

e Main features of the JCOLIBRI software were tested to use for CBR framework.

After finalizing the prerequisite works defined above, extended explanations,

steps and examples for developing the CBS are presented in the next sections.

4.3.1. Developing the Case Library

Cases are the fundamental units of CBR. They are the essence of CBR and their
structure in effect determines how CBR operates. A case is a contextualized piece of
knowledge, representing an experience that teaches a lesson fundamental to achieving
the goals of a reasoner (Kolodner, 1993).

Main steps for building a case library:

1. Defining what a case is (contents/general information),
2. Deciding which features should be used to describe the case,
3. Input the feature values for each case.

Case representation is the hearth of the CBR system, so case library should
correctly represent the experience and knowledge (about the domain) we obtained
before. There must be a good number of projects in the ideal case library. To acquire a
data is not enough for developing a case library; this data should be identified,

classified, indexed and reformatted if required.’

! Database and case base are used for different purposes. Database systems are designed to do exact
matching between queries with stored information, while the goal of CBR is to retrieve most similar cases
and knowledge inference.
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CASE LIBRARY

Vector Raster Tabular Multimedia Web Based

— Shapefiles — Sattellite | Demographic — Documents — Googlearth
images

— Geodatabase — Transportation - Images — Geoportals
Aerial
images

1 Real Estate - Videos — Web Pages

Figure 4.14. The structure of the desired case library
(Source: Adapted from Shi & Yeh, 1999)

This library topology could be extended both vertically and horizontally. In
addition, by the support of relational database management sys‘[ems2 (RDBMS), GIS
software facilitate to establish linkages between inner and outer components, so
RDBMS could benefit the CBR process. Afterwards, we can store geodata within GIS
environment and link it to other sources to build effective case library topology (see

Figure 4.14).

CASE LIBRARY
Vector Raster Tabular Multimedia Web Based
— Casel.shp — Casel.img | Casel.dbf — Casel.pdf — Casel.kmz
Casel.gdb — Casel.tiff Casel .xls Casel .jpg Casel.html

Spatial Non-Spatial

Figure 4.15. A case instance for developing case library

? Relational Database Management System (RDBMS): A database or database management system that
stores information in tables (rows and columns of data) and conducts searches by using data in specified
columns of one table to find additional data in another table. Advantages of using relational model
include: easy access for users, flexibility for unforeseen inquiries, easy modification and addition of new
relationships, data, records and physical storage of data can change without affecting the relationships
between records (Malczewski, 2004).

77



A separate subsection (Chapter 4.4.4) is devoted to clarify CBR cycles within
JCOLIBRI software framework and pilot study.

4.3.2. CBR Software Tool: JCOLIBRI

To operate the CBR tasks, an interactive software tool is needed. There are
available CBR tools for applying the technique to the domain specific problems/issues.
A theoretically ideal CBR tool should support the 4Re process which means: retrieve
the most similar case(s), reuse its/their knowledge to solve the problem, revise the
proposed solution and retain the experience. In addition, the tool must be
flexible/developable to integrate with other systems. Hence, CBR tools should not be
stand alone tools; they must be able to import records from existing databases and
communicate with other applications (Watson, 1996).

According to the selection principles given above, JCOLIBRI was chosen to use
as a CBR software tool. This software tries to help application designers to develop and
quickly prototype CBR systems interactively. JCOLIBRI is a Lesser General Public
License’ (LGPL) software which means; it is free, available for researchers and some
source codes are open, however you can modify or redistribute it under the terms of the
LGPL rules. jCOLIBRI is not developed for commercial purposes. Also when
compared to previously used (some of them discontinued) CBR software tools (ESTEEM,
CBR Express, CASPIAN, REMIND and others), it is free, mature, platform independent

and still under progressive development both by its developers and contributions.

3 Lesser General Public License (LGPL): The GNU Lesser General Public License is a free software
license published by the Free Software Foundation. It was designed as a compromise between the strong-
copyleft GNU General Public License or GPL and permissive licenses. The LGPL places copyleft
restrictions on the program itself but does not apply these restrictions to other software that merely links
with the program. There are certain other restrictions on this software. The LGPL is primarily used for
software libraries; although it is also used by some stand-alone applications. You can use/modify these
packages under the terms of the LGPL rules.
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Figure 4.16. JCOLIBRI 1 core
(jCOLIBRI, 2008)
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jCOLIBRI is an object-oriented framework in Java® programming language that
aims to formalize CBR and to provide a design and implementation assistance with
software engineering tools. Recio-Garcia, Sanchez, Diaz-Agudo and Gonzalez-Calero
from the Department of Software Engineering and Artificial Intelligence at
Complutense University of Madrid/Spain intend to design a tool to help application
designers to develop and quickly prototype CBR systems. Furthermore they want to
provide a software tool useful for students who have little experience with the
development of different types of CBR systems.

JCOLIBRI formalizes the CBR knowledge using a domain-independent CBR
ontology (CBROnto) which is mapped into the classes of the framework, a knowledge
level description of the CBR tasks and a library of reusable Problem Solving Methods
(PSMs) (Recio-Garcia et al., 2005).

JCOLIBRI 1 is mainly aimed at CBR system designers. A CBR application can
be built by instantiating the framework, or through the GUI-based configuration tools,
which allow users to build the application without writing codes. Nevertheless, if we
want to build a very complex CBR system or we need problem solving methods that are
not available in the framework, then we can program new methods and incorporate
them into the framework, contributing them for other CBR system designers to use.

According to Recio-Garcia, although this initial platform was quite successful, it

* Java is a programming language originally developed by James Gosling at Sun Microsystems and
released in 1995 as a core component of Sun Microsystems' Java platform. The language derives much of
its syntax from C and C++ but has a simpler object model and fewer low-level facilities. Java applications
are typically compiled to byte code that can run on any java virtual machine (JVM) regardless of
computer architecture.
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presented some limitations. The most important limitation was the coupling between the
components oriented to developers and the composition tools for designer users. These
difficulties led to develop a new architecture. JCOLIBRI 2 is the result of the experience
acquired during the development of the first version. Although this improved
architecture presents significant changes, it conserves many elements from the previous
architecture which have proven to be good design ideas. The new design of JCOLIBRI 2
attempts to remodel the architecture into a clear white-box system oriented to
programmers, and a white-box with builder layer that is oriented to designers (Recio-
Garcia, 2008)5.

In this study, JCOLIBRI software is used for the CBR part of the CBS model
implementation process. To understand the utilization of CBR framework, more

specific applications of jCOLIBRI will be clarified in the forthcoming sections.

5 For more information about jCOLIBRI, see APPENDIX A
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4.4. Implementing the CBS Model in Cesme
4.4.1. How the Model Operates

The goal is to help city planners to provide planning support in solving similar

problems by learning from past solutions in the city planning domain.

User wants to verify if previous solutions for solving current issue/problem
have been developed?

—> 6\)

( (ﬂ

System checks if there is similar case(s) in the case library

>

System simulates the “memory” of the planner

J

CBR tool finds relevant case(s) by feature matching, ?
then shows additional geoinformation

J

User can revise the retrieved case(s) if necessary and 3
extract knowledge by acquiring previous similar case(s)

—> H

Solution to current problem can be saved as an old case
to the case library

Figure 4.17. Example of use
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4.4.2. Obtaining Data

Firstly GIS data of land use pattern, geographic analyses, and conservation
regulations of Cesme were used to build main case library.

The most common approach for structuring the geography of the real world in
the GIS raster or vector system is to use a layered structure. The layered approach can
be conceptualized as vertical layering of the characteristics of earth surface. From the
perspective of building the case base, it is important to note that the layered approach -
modeling the geography of a real world into a series of attribute layers- was used as a
map overlay technique (Malczewski, 2004). Therefore, to build up a spatial representation

of a study area, multiple layers are used.

Data Layers: Three data frames are used: land use and roads, geographic analyses and
conservation zones. These analyses were generated for creating the structure plan of
Cesme by Izmir Institute of Technology, Department of City and Regional Planning in
2002. Classifications of these layers are as follows:

Coordinate System: Projected Coordinate System-metric

Projection: Universal Transverse Mercator (WGS 1984 UTM Zone 35N)

LAND USE: Existing land use pattern and major roads:

CESME - Land Use -
2N

. |Legend

": |Land Use
Il Residential
[:I Secondary Housing
|___‘ Tourism
| ] Dally Recreation
I commercial
- Education
B university
- Forest
- Agriculture
- Military Zone
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Seaport_Marina

Sport Areas
Parking Lot

7" Municipality Boundary

4 ! Roads
i Highway

1st. Degree
2nd. Degree

0 1,250 2,500 5,000 7.500 10,000
— Maters

Figure 4.18. Land Use — 2002
(Source: IYTE, 2002)
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ANALYSES: Ownership, Geological Formation, Slope and Seashore Buffer Zone.

CESME - Ownership : ’\
1 | N
Legend
Ownership
| Municipal
i: Governmental
l:l Municipal&Governmental
I Forestery
0 1250 2,500 5,000 7,500 oo LR ’7 UG Al
P — Meters I,A,,L- Private Property
Figure 4.19. Land Ownership
(Source: IYTE, 2002)
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Figure 4.20. Geological Formation
(Source: IYTE, 2002)

83



CESME - Slope Analysis
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Figure 4.21. Slope Analysis
(Source: Falling Rain, 2005)

Legend

0 1250 2500 5,000 7,500 10,000

{7 | Municipality Boundary

53] seashore Buffer (500m)

Figure 4.22. Seashore Buffer zone (500 meters)®

® It is assumed that the areas near to the seashore (within the 500 meters buffer zone) are more
advantageous for settlement and recreational facilities (also could be regarded as proper walking distance

to seashore) in Cesme region.
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CONSERVATION ZONES: The latest (2006) archeological and natural site zones and

classifications of Cesme.

CESME - Conservation Zones / 2006
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Figure 4.23. Conservation Zones — 2006
(Source: Ege Planlama, 2006)

4.4.3. Geoprocessing for Case Generation

Although the domain of city planning contains many cases, it is difficult to
acquire complete (due to the lack of analyses, incomplete data, out of date information, etc.),
digital and well documented real cases. So it is decided that an experimental case
generation process could be organized to overcome this limitation and semi automatic
case generation process is devoted to develop a unique case and their unity. To
represent the spatial features by cellular representation is not a new idea in urban
studies. According to Chadwick (1971), we can map our spaces as smaller sets of
material on a uniform basis. The way may be conceptual and has operational
difficulties, but much of the labor can be obviated by computer methods. This method
includes the input and output of material on a spatial basis via a matrix of a map based

coordinate grid.

GRID Layer: It is assumed that, 800m X 600m (48 hectares each) dimensioned
rectangular cell which was derived from 1/1000 scale map units could build the spatial

extent of the unique case in the CBS model.
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— 600 m ——

800 m

There are 284 cells (rectangular polygons) joined together to generate the grid
layer that overlays the Cesme Municipality boundary. Grid layer is created by the
“vector grid” function of an ArcGIS extension; ET Geowizards LT (ET Spatial
Techniques, 2008). In the next step, only required cells are selected and extracted by
“select by location” (which completely within the Cesme municipality boundary) function of

ArcGIS.

Figure 4.24. Grid layer
In this manner, a geoprocessing model (see Figure 4.25) - intersection of grid
layer with other GIS data layers- is applied to compute analysis information, which
drops to each cell unit. A sample geoprocessing result is presented in Figure 4.26. By
the finishing of this step, cellular representation of GIS based project archive (main part
of the case library) will be completed. Cellular representation is used only to generate
“GIS based spatial unique cases” for urban spatial structures, so it should not be

confused with cellular automata technique’.

7 A cellular automaton is a finite state machine (an engine of sorts) that exists in some form of tessellated
cell-space. The state of each cell in the regular spatial lattice depends on its previous state and the state of
the cells in its neighborhood. The states of the cells are updated according a set of deterministic or
probabilistic local rules (Torrens, 2003; Malczewski, 2004).
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constant

Intersect

variable

P

Figure 4.25. Intersection of two layers by ArcGIS Modelbuilder

This lattice space and other data layers are used to build a geodatabase which
constitutes the spatial core of the case library. Another advantage of using this
geoprocessing function is structural flexibility of the case library. For instance, if an

additional data layer is added (or removed); case library could be updated by the

execution of the model.

-

e i : Sample Case Unit .

Figure 4.26. Intersection of Grid + Land-Use= areas within each case unit
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After the intersection process completed, final project database (non-spatial) is
produced by joining the necessary columns of all intersected layers (sece Table 4.1).
Another simple geoprocessing model is utilized to perform this joining operation to

create the database.

constant
Join Field celltother
layers
variable final dbf

P

Figure 4.27. Joining the required fields of layers by ArcGIS Modelbuilder

The database can be defined as an organized collection of non-redundant data in
a computer so that it can be expanded, updated, retrieved and shared by various
applications (Malczewski, 2004). Feature values are stored in a table file “cell.dbf” (dbase
data file format) in ArcGIS software but this table file type is independent from both
ArcGIS and jCOLIBRI.
Table 4.1. Final database (dbf file) after joining all intersected layers

CaselD Land_Use Road_Type Cons_Type Ownership Geological Slope_perc | Sea_buffer
110] Secondary_Housing |Road_secondary |null Private_Property  [Alluvium Slope 0_2 TRUE
110 | Secondary_Housing |Road_secondary |null Private_Property  |Alluvium Slope 2 & TRUE
110 |Secondary_Housing |Road_secondary |null Private_Property | Alluvium Slope_5 10 TRUE
111 |Forest Road_secondary (D1 Governmental Alluvium Slope_0_2 TRUE
111 |Forest Road_secondary (DM Governmental Alluvium Slope_10_15 TRUE
111 |Forest Road_secondary |DM Governmental Alluvium Slope_15_20 TRUE
111 |Forest Road_secondary |DM Governmental Alluvium Slope 2 &5 TRUE
111 |Forest Road_secondary |1 Governmental Alluvium Slope_5_10 TRUE
112 |Forest null iyl Governmental Alluvium Slope_0_2 FALSE
112 |Forest null iyl Governmental Alluvium Slope_10_15 FALSE
112 |Forest null m Governmental Alluvium Slope_2_5 FALSE
112 |Forest null | Governmental Alluvium Slope_5 10 FALSE
113 | Agriculture Highway D3 Governmental Alluvium Slope 0_2 FALSE
113 | Agriculture Highway D3 Governmental Alluvium Slope 2 5 FALSE
114 | Agriculture Highway D3 Governmental Alluvium Slope_0_2 FALSE
114 | Agriculture Highway D3 Governmental Alluvium Slope_2 5 FALSE
115 | Agriculture null m Governmental Alluvium Slope_0_2 FALSE
116 | Agriculture null m Governmental Alluvium Slope_0_2 FALSE
116 | Agriculture null | Governmental Alluvium Slope 2 &5 FALSE
117 | Agriculture null m Governmental Agglomerate_Tuff |Slope 0_2 FALSE
117 | Agriculture null | Governmental Agglomerate_Tuff |Slope_10_15 FALSE
117 | Agriculture null i} Governmental Agglomerate_Tuff |Slope 2 5 FALSE
117 |Agriculture null m Governmental Agglomerate_Tuff |Slope_5_10 FALSE
118 | Agriculture null D3 Private_Property |Agglomerate Tuff |Slope_0_2 FALSE
118 | Agriculture null D3 Private_Property |Agglomerate Tuff |Slope_10_15 FALSE
118 | Agriculture null D3 Private_Property |Agglomerate_Tuff |Slope_15_20 FALSE
118 | Agriculture null D3 Private_Property |Agglomerate_Tuff |Slope_2 5 FALSE
118 | Agriculture null D3 Private_Property |Agglomerate Tuff |Slope_20plus |FALSE
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The CaselD is a number that uniquely identifies the case; also all cells have a
unique name/number, for instance “10”. The descriptive features (columns) are critical
parts of the case and they represent the key feature of a case, such as “Land Use”,
“Road_Type”, “Conservation Type”, “Ownership”, “Geological Formation”, “Slope

Analysis” and “Seashore Buffer”.

4.4.4. Calibrating the CBR Tasks in jCOLIBRI 1

JCOLIBRI 1 software platform features a semiautomatic configuration tool that
guides the instantiation process through a graphical interface. Required configurations:

Managing Connectors: Main structure of the case library should be imported to
JCOLIBRI software for executing the CBR process. In this step, JCOLIBRI software
demands sql® database (see Figure 4.28). In this respect, “dbf” file that generated before
in ArcGIS software, converted to sql file (see Table 4.2) and imported to system by
MySQL’

Table 4.2. Screenshot from internal structure of the utilized SQL file

B final.sql - WordPad

Dosya Dizen Gorindm Bde Bigm  Yardm
D & A D |

CREATE TABLE final (

By

CaselD Mumeric (4},

Land Use Character (20) ,
Cons_Typs Character (10) ,
Ownership Charaatar (20) ,
Geological Character(20),
Road Type Character(20]),
Slcp;_pcrc Character(20]) ,

sea_ buffer
bi

character (10)

INSEBRT INTO final walues | 1, 'Secondary Housing', 'Dl', 'Improper_Land', "Clay Limestone®, » 'Slops 0 _2', '"TRUE');
INSERT INTO final wvalues ( 1, 'Secondary Housing', 'D1l', 'Improper Lamnd', °"Clay Limestene®, '', 'Slope 10 15', 'TRUE')
INSERT INTC final walues ( 1, 'Secondary Housing', 'Dl', 'Improper Land', 'Clay Limastona®, s, "Slope 15 20', 'TRUE')
INSERT INTO final walues | 1, '"Secondary Housing', 'Dl', 'Improper Land', "Clay Limestens', '', 'Slepe 5 10', "TRUE')
INSERT INTO final vwalues ( 2, '', 'Dl', 'Improper Land', 'Clay Limestone', ', 'Slope 0 2°, 'TRUE');

INSERT INTO final waluss ( 2, . 'DLT, 7 Impropcr:mnd' . 'Clay:r.i_mcat,onc o R 'slopc:J.E_lE) *, "TRUE') ;

INSERT INTO final walues | 2, "', 'Dl', "Improper Land', 'Clay Limeston&', '", '"Slopa & 10', "TRUE');

INSERT INTC final walues ( 3, 'Secondary Housing', 'D3', 'Improper Land', "Clay Limestone®, '', 'Slope 0 2', 'TRUE');
INSERT INTO final wvalues ( 3, 'Secondary Housing', 'D3', 'Improper Land', 'Clay Limestone', '', 'Slope 10 15', 'TRUE'}
INSERT INTCO final walues ( 4, 'Scecndary:Housiw;[' . D3, ! Improper:mnd' . 'clay:Limcstone' e TNt Slope:O_E' » '"TRUE') ;
INSERT INTC final walues ( 4, 'Secondary Housing', 'D3', 'Improper Land', "Clay Limestone-, s 'Slops_ 10 15', 'TRUE')
INSERT INTO final walues | 4, '"Sacondary Housing', 'D3', 'Improper Land', 'Clay Limestona', "' 'Slope 15 20', "TRUE')
INSERT INTO final walues ( 4, 'Secondary Housing', 'D3', 'Improper Land', 'Clay Limestone’, '', 'Slope 2 5', '"TRUE'};
INSERT INTO final walues | 4, 'Secondary Mousing', 'D3', 'Improper Land', 'Clay Limestone’, , 'Slope 20plus’', 'TRUE')
INSERT INTO final wvalues ( 4, 'Seccndary Housing', 'D3', 'Improper Land', "Clay Limestone®, ' 'Slope 5 10', "TRUE")
INSERT INTC final walues ( 5, 'Secondary Housing', 'D1l', 'Improper Land', 'Clay Limastona®, s "Slopa 0 2', "TRUE')
INSERT INTO final walues { 5, 'Secondary Housing', 'Dl', 'Improper Land', 'Clay Limestona', '', 'Slope 10 15', 'TRUE');
INSERT INTO final walues ( 5, 'Secondary Mousing', 'Dl', 'Improper Land', 'Clay Limestone®, '', 'Slope 15 20', 'TRUE');
INSBRT INTO final walues { 5, 'scoandary:Hwaim]' . 'DAY, ! Impl:oper:mnd' . 'Glay:Lim-cat.onc' B ! Slopt.-:Qﬂi_)lua 'y "TRUE')
INSERT INTO final walues | 5, 'Secondary Housing', 'Dl', 'Improper Land', "Clay Limestons', ' 'Slope 5 10', "TRUE");

¥ SQL (Structured Query Language) is a database computer language designed for the retrieval and
management of data in relational database management systems (RDBMS), database schema creation and
modification, and database object access control management.

’ MySQL is a type of RDBMS. The program runs as a server providing multi-user access to a number of
databases. MySQL Server is available as free software under the GNU General Public License (GPL).
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& jCOLIBRI 1.1

File CBR PBEvaluation Help

8 Manage Connectors

Type: |SQL Database = Case bhase: cbrcase.ElasicCElRCaseElase| | &5 Load connector || HSavecnnnector |
Case structure file: |zz\QDDB\JCOLIERI\ﬂnal\caseStructure.me|
Properties
Driver: [com.mysqtjdbe. Driver | Database: [final |
Subprotocol: [mysal | Table: [final |
Host: [locainost | user: | |
Port; [3308 | Password: | |
Table structure rMappings
Caolumn Type Farams Columns

Road_Type String = Description.Land Use Land_Use

Cons_Type String — Description. Road Type Road_Type

Ownership String Description.Consemvation Type |Cons_Type

Geological String = Description. Ownership Ownership

Slope_perc String Description.Geological Form... |Geological

Sea_buffer Boolean - Description.Slope Analysis Slope_perc

Description.Seashaore Proxim...|Sea_huffer
| Add column || Remove column |
| Create table | | Drop table | | Read table | | + Add | | &= Remove

Figure 4.28. Managing case base connectors

Managing Case Structures: Sample structuring process attempt is presented in
Figure 4.29. The index constraints are taken from the field values (columns of ArcGIS dbf
file-see Table 4.1) input by the user for creating retrieval subsets.

Also weights for the features are assigned. When defining the case structure, a

similarity measure is associated by the user to each attribute within the software.

& jCOLIBRI 1.1

File CBR Evaluation Help

,". Manage Case Structures

E Load case structure | | H Save case structure

Case structure ‘| -Properties

I Case A Names [Land Use |
Description :

¢ = B Type: |Land Use |V|
D Land Use :
[y Road Type Weight: |D_9 |
[ conseration Type || Local simitarity: |Equal |V|
D Qwnership Siria N
D Gealogical Formation SRary B i
Mame Value

D Slope Analysis
D Seashore Proximity
o= ] Solution
D Result

| Add simple || Add compound || Remove | @Applychanges

Figure 4.29. Defining the case structures (and indexing)
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In calibration steps, JCOLIBRI uses the JDBC'%/SQL connector to communicate

with sql database and also user creates the case structure with enumerated data types''.

= JCOLIBRI 1.1 (=1

File CBR FEvaluation Help

B cer-1

[

? Bii\'gtig a Task - Select working cases task2667 ;
Otltain cases task ke

¥ CER Cycle Task name: Selectworking cases task2667
Obtain query tagk
? Retrigve Task Task description: [tz working cases from case hase and stores them into current contexd)

Selectworking cases task
Carmpute similarity task
) Select besttask

T il D

o[ Reuse Task Methods
[ Revise Task =
o B Retain Task
[ PostCycle Method name [ Method type|  Method description | Availa...Applic...
v Close connectar task icalibrimethod SelectAllC . |Execution  |Stores all cases aswarki. | [v] | [v]
File CBR Hel - =
I Available method instances
Instance name | Method name | Chosen
icalibri.method. SelectAllC .. \jcul\bri.melhud SelectllC |...|

Close

Pl il I

Figure 4.30. Deploying the CBR application

Configurations and also total CBR task could be saved for future use and
modifying. On the main window (see Figure 4.30), each one of the four CBR tasks
involves a number of more specific sub-tasks (see Appendix A). The configuration of
CBR application is finished when all the tasks have been performed. You can test the
system from inside the graphical interface selecting the tasks that are going to be
executed in the tasks tree and pushing the “Solve t0”” button (see Figure 4.30). The effects
of the execution are shown in the results window (Recio-Garcia et al., 2005).

In the next step, user (actually planner) must start to query if there is a recent case
relevant to the new case (see Figure 4.17). In this respect, user must execute the
JCOLIBRI tool and obtain and fill query form to compute similarity measurement. After
assigning values and weights to given parameters, CBR system retrieves the similar
case/cases from the case library (see Figure 4.32-4.34). In this study, retrieval process is
based on tabular features of the spatial cases (non-spatial retrieval) which were

generated semi-automatically within GIS software before.

' JDBC: Java Database Connectivity is an application programming interface for the Java programming
language that defines how a client may access a database. It provides methods for querying and updating
data in a database. JDBC is oriented towards relational databases.

"' Enumerated Type: In computer programming, an enumerated type is an abstract data type used to
model an attribute that has a specific number of options (or identifiers) such as the list of weather
conditions (i.e. Rainy, Cloudy, Snowy, Sunny, etc). Using this type allows the program (and the user) to
handle the attribute more efficiently than a string while maintaining the readability of the source code.
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4.4.5. Testing the Scenario Based Sample Application in jJCOLIBRI 1

For developing and testing the scenario, first of all case library and calibration of
the JCOLIBRI 1 software should be completed. After finishing the configurations (see
Chapter 4.4.4), the testing session begins by when planner outlines a set of requirements
for a new plan. “Features of a new case” are entered by choosing required parameters
from enumerated types (inputs) and weights are assigned. Then jCOLIBRI retrieves
most similar case(s) from the case library (output) when the interface executed.

The objective of this trial is to investigate whether CBR can figure out the
previous real cases to planner for aiding the spatial decision support process. At the
beginning, there are assumptions before testing the application:

e Planners encounter similar cases when conditions are similar within the local
district,

e General planning policies and procedures are often similar,

e All used GIS data layers and also case library are up to date,

e Optimized policies and allocations are already outlined by the structure/master plan.

Scenario:

When testing the local CBR application in JCOLIBRI, assume that we have a
semi-structured scenario and we need to develop a “new case” -an incremental
implementation- in one of the cell within or adjacency of the study area Cesme
Peninsula and we demand to find recent similar applications to use their knowledge in

decision support.

Figure 4.31. Scenario of a new case
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The details of the scenario could be clarified step by step as:

1) The location of the new case is within or adjacency of the Cesme Peninsula,

2) We already know the existing features (geographic analyses, conservation
regulations and land use pattern) of the “new case”,

3) There is no implementation plan generated for the new case unit yet,

4) And finally, we demand to find what kind of works done and decisions were

given in most similar recent cases to develop an implementation.

Geographic Conservation Land Use
Analyses Regulations Patterns
?

Basically land use, geographic analyses and conservation regulations are used as
an input query to search which decisions were given under the same situations in most
similar cases. Another desired result of the scenario would be to distribute planning
policies and regulations of the structure plan on minor/incremental ones equally by

providing CBS model.

Input Output
Parameters P / CBR / — Similar Cases

Descriptions of the new case: ?
Input parameters Feature values
Land Use Secondary Housing
Road Type 2" degree
Conservation Type D3 (Natural Site Conservation-3" degree)
Ownership Municipal
Geological Formation | Alluvium
Slope Analysis 2-5%
Seashore Buffer True (within the 500m zone)
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How it operates?

Requested parameters

Weights
Land Use ‘Secundanr_Hnusing |v‘ == -V
Parameters and features
are derived from the < || RoadType ‘Rﬂad_secundary |v‘ e J 10
JCOLIBRI case structure.
Enumerated types/weights Conservation Type ‘03 |v‘ T
are assigned by the user.
l Ownership ‘Municipal |v‘ ==l _—— 05
. 7 R
iw, Xsim(f,, ") Geological Formation ‘Alluuium |v‘ =l = 075
5
S
=1
l Slope Analysis ‘Slupe_:!_ﬁ |v‘ Y — N ;
Seashore Proximity true =1 = 038

Nearest neighbor algorithm
(knn) is used
to find the similarities

between cases.

Due to the given parameters and weights, JCOLIBRI searches the library by similarity

computing method (knn) and gives the similarity results between 0-1 interval.

Lo |

‘ Cancel ‘

Results

[MumericSimComputationMethod] INFO

[MumericSimComputationMethod] INFO

[MumericSimComputationMethod] INFO
[MumericSimComputationMethod] INFO
[MumericSimComputationMethod] INFO

[MumericSimComputationMethod] INFO

[LoadCaseBaseMethod] INFO: Using JODBC Connector
[SelectAllCasesMethod] INFO: Selecting all cases.

- Similarity with case 1 :
[MumericSimComputationMethod] INFO:

Similarity with case 1 :

- Similarity with case 1 :
[MumericSimComputationMethod] INFO:
[MumericSimComputationMethod] INFO:
[MumericSimComputationMethod] INFO:

Similarity with case 1 :
Similarity with case 2 :
Similarity with case 2 ;

. Bimilarity with case 2 :
[MumericSimComputationMethod] INFO:

Similarity with case 3:

. Bimilarity with case 3:
[MumericSimComputationMethod] INFO:

Similarity with case 4 :

. SBimilarity with case 4 ;
[MumericSimComputationMethod] INFO:

Similarity with case 4 :

. Similarity with case 4 ;
[MumericSimComputationMethod] INFO:
[MumericSimComputationMethod] INFO:
[MumericSimComputationMethod] INFO:
[MumericSimComputationMethod] INFO:
[MumericSimComputationMethod] INFO:
[MumericSimComputationMethod] INFO:
[MumericSimComputationMethod] INFO:

Similarity with case 4 ;
Similarity with case 4 :
Similarity with case &5:
Similarity with case &:
Similarity with case &5:
Similarity with case &5:
Similarity with case &5 ;

0.465986394557823145
0.4421768707432993
0.41836734693877553
0.46598639455732145
0.32312925170063024
0.29931972739115646
0.32312925170062024
0.5476190476190477
0.5238095232095238
0.5476190476190477
0.5238095232095238
0.5
0.57142857142385714
0.4761904761904762
0.5476190476190477
0.465986394557823145
0.4421768707482993
0.41836734693877553
0.3945578231282517
0.4659863945578323145

Figure 4.32. Configuration of a sample input query

Figure 4.33. Similarity computing and retrieval: Search results between 0-linterval
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Results

WORKIMNG CASES:
133

as-Description: Description
has-Description.Road Type: Road_primary
has-Description.Land Use: Secondary_Housing
has-Description.Ownership: Municipal
has-Description.Conservation Type: D3
has-Description.Slope Analysis: Slope_2_5
has-Description.Seashore Proximity: true
has-Description.Geological Farmation: Alluvium
has-Result: Result
has-Solution: Saolution

151 !
as-Description: Description

has-Description Road Type: Road_primary
has-Description.Land Use: Secaondary_Housing
has-Description.Ownership: Municipal
has-Description.Conservation Type: D3
has-Description.Slope Analysis: Slope_0_2
has-Description.Seashore Proximity: true
has-Description.Geological Formation; Alluvium
has-Result: Result

has-Solution: Saolution

262
as-Description: Description
has-Description.Road Type: Eoad_secondary
has-Description.Land Use: Secondary_Housing
has-Description.Ownership: Governmental
has-Description.Conservation Type: D2
has-Description.Slope Analysis: Slope_2_5
has-Description.Seashore Proximity: true
has-Description.Geological Formation: Alluvium
has-Result Result
has-Solution: Solution

Figure 4.34. Retrieval: Selected cases due to the given threshold or amount

Similar cases are retrieved over the predefined threshold or which have highest
scores, for example 3 cases are demanded in JCOLIBRI configuration and so 3 cases are
retrieved (see Figure 4.34). Similarity score for most similar 3 cases are:

Similarity with case133 = 0.95
Similarity with casel51 =0.92
Similarity with case262 = 0.83

Similarity Results
1
0.9
0.8
0.7
0.6
£ ——sim
= 05
—=— threshold
0.4
0.3
0.2
0.1
count 284
0 avarage 0.426464
max -
MOV AMMOVORITONINNNNLINDOLTSTDUNNMASD O D DN mostsimilar 0.952381
M ANOODET TN NO ggOLAIOANDDTAANTNONMOOMMNMOMMNOLLWONWOOWS A mOo wnwn o .
AN gN g—=-dgosoN—adNAA gANNdAAAN g gN g g @ o~ o~ oA A
L T R R R T I B B I T T B VR SR ST T v N TR B S S S B B TR B S T TR T L) 0.119048
w0 0 unu un 60 nu u un uun 6o nuonunnononmdaondon 0o OO0 o O o o v un
@ ©® O @ O @ @ O M © @ @ © O @ @ @ © @ ©@ © O @ © @ O @ O O O @ O @ © ® @ |stdev 0.155456
o O o o O O 0 0 0 O [ S S o o (8] o (SIS IS &)
threshold 0.271009

Figure 4.35. Similarity results graph
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4.4.6. Testing the Scenario Based Sample Application in
Customized GUI

Developments in software engineering such as object oriented programming
languages have enabled the increased reuse and improved modularity of code written
for specific purposes. Customizations and modifications may include the development
of graphic user interface (GUI) and specialized tools relating to a particular application
(for instance GIS).

JCOLIBRI 2 platform offer a framework for implementing customizations
through java programming language. In this manner, an effective customized GUI
which is based on jCOLIBRI 2 core architecture is developed in java development
environment Eclipse. This GUI is also developed for seamless integration and user

interaction.

Features:
Platform Independent Java Executable, LGPL

Java Development Environment: Eclipse

Developer: Software Engineer Giircan Gergek

Algorithm/Workflow Design: Giircan Ger¢gek&Ali Kemal Cinar

Consultant: Assist. Prof. Dr. Tugkan Tuglular

Source Code: Software Engineer Recio-Garcia Juan (JCOLIBRI 2/Test 8&Test 17)

GIS
l (Input) (Outputl) (Output2)
DBF Query »| CBR > Retrieved > External
Cases Hyperlink
(JICOLIBRI2 Core) l
Similarity
Graph

Figure 4.36. Workflow of the GUI

One of the distinguishing capabilities of the modified GUI is about the dbase file
connector. This GUI utilizes the dbf file (which is generated by GIS software) as a case
library. At the beginning, this tool obtains the user preferences using a form (uses form-
filling) in query (input), and then it computes Nearest Neighbour scoring (whose

similarities are above a predetermined threshold or elicitation of desired number of top
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similarity scored ones) for retrieval in CBR core and presents most similar cases on the
first template (outputl) and presents extra media about these cases on another template
(output2). If the user does not find the desired item, he/she must return and refine the
requirements of query form once more. And additionally, a similarity evaluation graphic

is presented after the retrieval process.

We can try the GUI with the same input parameters which were used in Chapter

4.4.5/;COLIBRI 1 platform.

Query 1) B Query X
Slope_perc n C . 0.50 | Slope_perc |Slnpe_2_5 |V‘ - 0.6
Land_Use |<emply> |v| L} 050 | Land_use |Secnndary_Housing |v\ —_— 1 09
Road_Type [<empty> [~] ! 050 | Road_Type [Road_secondary [~] )10
Cons_Type [<empty> [*] s ) 050 | cons_type |03 [=] ) 107
Ownership [<empty> [~] . 050 | ownership [Municipal [~ i) 0.50
Gealogical [<empty> [*] s ) . 050 gical [Alu |[#| =—— w15
Sea_buffer |<empty> [~] . 050 | Sea_buffer |TRUE |v\ _ ) 085

Figure 4.37. Configuring the input query by GUI

After configuring the parameters by choosing required parameters from
enumerated types (input) and assign weights, the testing session begins when clicking
the “Ok button”. Then GUI retrieves most similar case(s) from the case library (output)

when the interface executed.

4 Retrieved cases

Sim Similarity Evaluation
ua'a.l

3 i | | |
e l I I [ [ f

| | i
0,52
M Similarity

e I Threshoid
028
0,13
0,00

CaselD Slope_perc Land_Use Road_Type Cons_Type Ownership Geaological Sea_buffer
O 133 Slope_2_5 Secondary_Housing [Road_primary D3 Municipal Alluvium TRUE
O 151 Slope_2_5 Secondary_Housing [Road_primary D3 Municipal Alluvium TRUE
) 262 Slope_2_5 Secondary_Housing |Road_secondary D2 Governmental Alluvium TRUE

| Quit | Extra Content! |

Figure 4.38. GUI Output Form 1
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Another noticeable feature of the customized GUI is extended case library
connection. User can reach to extra information about the retrieved cases (user should
select one case from the list) by triggering “Extra Content” button on the first template
(output form 1/see Figure 4.38). An extended part of the case library which contains

project files of cellular cases is shown in another template (output form 2/see Figure 4.39).

4 Retrieved cases

Sm Similarity Evaluation

| A SR

Extra Content [Xl

CaselD Slope_perc Land_Use Road_Type Cons_Type Ownership Geological Sea_buffer
- 133 Slope_2 5 Secondary_Housing |Road_primary D3 Municipal |Alluvium TRUE
151 Slope_2_5& Secondary_Housing |Road_primary D3 Municipal Alluvium [TRUE
262 Slope_2_5 Secondary_Housing [Road_secondary D2 Gaovernmental Alluviurm [TRUE
| Quit | Extra Content!

Figure 4.39. GUI Output Form 2

User can reach to reports, aerial/satellite images, GIS analysis, maps, plans by
simply clicking the extra content buttons. The directory which contains the files of

selected case (e.g. case133) is accessed by hitting the “Open Folder” button.

A Irseea G B e | | 3 se @ [0o% » @ | O | wrm | @reo

el

Extra Content %

/25000 OLGEXLI ZMIR il GE $ME ILCESE CEVRE DUZEN REVIZYON PLANI
PLAN NOTLARI

o T Bostmana
>

Open Reports
!". 1. nmnuunmnznzri
WJG A ORAYLANN v DUZEN! PLANRIMN
Open Images | AL AEEUAT PARAMLERRE T ¢ < (UE
HOAMK. 1 ’{BOWUNU\MIIG{EWW\VMNG
H B o e S
. v NGEN DE.A
Open GIS Projects LR e B i L AN NSO CACLATRACE LEDERL S SASTES

2 PUUILAU&NIN KAPSAMI
BU CEVRE DUZENI PLANI CESME BELEDIE VE MUCAVIR ALANI SINRLAR GROE, TESC
ALNARAX GELIFTIRILEN PLAT KARARLAR VE PLAN NOTLARS REVIZYON.NU KAPSAMAKTADIR,

Open Folder

R

Dosya Dusen  GorinOm  Skidandonls  Araglaer  Yarde

€] ©Q F | Pre im0 ([E X E 4

ades | eitne 2008 uratma yColbon_smal_erlprojecthies|isy

Dosya ve isor Gareven % DL, <> . stom0zi
9 vers Magar ok -
LT r— 6\ oeegertinkied ﬁ] serwpg

Tl B inadel puaylay

ceular_c133.m0d
1 &rcMap Diocument

- .
P B S — S R AT

Figure 4.40. Extra content
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The default result window of JCOLIBRI 1 platform shows the retrieved cases in
a simple textual format only. If the JCOLIBRI 1 platform is used, user should reach to
extra information manually by indexed and hyperlinked structure of cellular cases in
GIS software (see Figure 4.41&4.42). If the customized GUI is used, user can easily
access to the extra content and no manual effort or links are needed (see Figure 4.40).
Consequently, this is the main advantage of the customized GUI when compared to
default execution and result of the JCOLIBRI 1 software.

Although retrieved cases are the same in testing the scenario (133-151-262) by
JCOLIBRI 1 platform and the customized GUI, when various parameters and weights
(another scenario) are executed, results might be different. Because, similarity
evaluation procedures are based on different matching techniques. Thus, domain
dependent (e.g. city planning) similarity matrices are implemented (rather than default

string equality or distance) to certain parameters to gain better and realistic results in the

customized GUI.
Briefly customized GUI differentiates from jCOLIBRI 1 platform by using

dbase file format, domain specific similarity matrices and extended library connection.

4.4.7. Evaluation of Findings After Retrieval Step

If the system will be used as a PSS, the ability of CBS model should be to
handle previous judgments involved in the planning process. The main aim of the CBS
model is to help planners to prepare reasonable, comprehensive and consistent
recommendations on planning applications (Shi & Yeh, 1999).This approach calls for a
representation of the values, arguments and opinions in the system. Also, descriptions of

the cases and outcomes of the retrieval should be understandable to the user.

This pilot study attempt was made to answer the following questions:

e (Can the most similar case(s) be found by the system?
e Are there any lessons to be learned from the cases?

e (Can both good and bad practices (if any) be inferred?
e What are the advantages and limitations of the model?

From the pilot project, this study finds that this experimental model approach
has achieved its main objective because it can retrieve the useful cases to the planners in

PSS manner. Hence the system has the potential to be an aiding and advisory system.
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While the retrieval process is built on tabular data (very common in previous
studies and is used in this study), user can reach the remaining spatial and additional data
(gis maps, satellite images, plans, reports, etc.) after the similar cases are found. Even
though land use, geographic analyses and conservation regulations are utilized during
the CBR process, user can reach to extended information (e.g. structure&implementation
plans). First, user can access the work of previous plans and extract knowledge about the
goals, methods, outcomes, and lessons of past cases. Second, by providing access to the
experts’ views via the CBS model, planners could critique, predict and propose for their
new work in decision making process.

For instance, after learning the most similar cases from jJCOLIBRI 1 or
customized GUI results (case133-151-262), user can see and make comparison between
the input query and the retrieved cases in ArcMap through the formerly structured

spatial part of the case library (see Figure 4.15&4.41).

183 184 185 1
QM
166 167 168 169 1719 @
5
1=
x o
[
148 149 150 151 152 153 1927
ﬁHw;
130 131 132 133 134 135 136
ldm.:imm‘ | <Top-mostlayer> =i \’amm‘\jn pdf Ko
Et-cel_en Location: [ 443,969.135 4,239,613.551 Meters @ Aol -
m ot B , L [
= CaselD 133
Land Use  Secondary_Housing
Cons_Type D3
Ownership  Municipal
Geological  Alluvium
Slope_perc Slope_2_5 %
Road_Type Road_primary
Sea_buffer True

Figure 4.41 Cellular representation of retrieved cases in ArcMap

Browsing through the retrieved cases in GIS software (and other linked
hypermedia), planners see how other planners solved similar problems and combine
solutions from several cases to create a proposal/decision. An efficient CBR process
could facilitate detailed information within a narrowed context. This process of
retrieving, critiquing/evaluating the situation might continue until the planner is

satisfied with his/her decision.
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PLAN NOTLARI

1. PLANLAMANIN HEDEFI
BAVINDIRLIK VE ISKAN BAKANLIGINCA ONAYLANAN IZMIR-CESME CEVRE DUZENI PLANININ
GUNUMUZDE GECERLI ¥ASAL MEVZUAT HUKUMLERINE UYGUN HALE GETIRILMESI, ULKE
EKONOMIK WVE SOSYAL BOYUTUYLA BUYUK ONEM ARZ EDEN TURIZM YATIRIMLARININ G
OLGECGINDE ONCELIKLI OLARAK DOGAL, ARKEOLOJIK VE KENTSEL SIT ALANLARININ KGRUNK:
KAYNAKLARI GBI CEVRESEL DEGERLERIN KORUNARAK EKOLOJIK DENGENIN DEVAMININ '
GELECEK NESILLERE AKTARILMASININ SAGLANMAS| HEDEFLENMISTIR

2. PLANLAMANIN KAPSAMI
BU CEVRE DUZENI PLANI, CESME BELEDIYE VE MUCAVIR ALANI SINIRLARI ICINDE, TESC
ALINARAK GELISTIRILEN PLAR KARARLARI VE PLAN NOTLARI REVIZYONUNU KAPSAMAKTADIR.
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Figure 4.42. Reaching extra media of Casel133 by hyperlinks in ArcMap
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If the purpose is to learn lessons and experiences from previous cases in city
planning process, both good practices and bad practices are certainly very important for
decision maker. Contrary to CBR, within a planning context, the difference between
good and bad cases is not in similarity evaluation and retrieval but in how to use them.
Even though there are bad planning applications in Cesme region, they are not used in
pilot study.

Another underlying issue is about the utilized case numbers in CBR model. 284
cellular cases are used in case library for using in experimental pilot study. It is decided
that this case number is sufficient to test the model. Shi & Yeh (1999) used
approximately 100 cases and Domeshek & Kolodner (1993) used 20 cases at the
beginning of “Arhie” and grew up to 150 cases in 2™ version.

In this study the whole model approach is proposed to reach planning support, so
it is decided that the final decision maker should be human planner. In this manner auto
reuse/adapt cycles of CBR process are not used after retrieval. Adaptation process has
also some operational difficulties in using complex domains. According to Shi & Yeh
(1999) the main objective of a CBR model which deployed for city planning domain is
to search and represent useful cases for the user; the further inference such as auto
adaptation can be optional. The system can be used in order to transfer expertise and
render advice or recommendations, much like a human expert. Urban planning often
requires the experiences and expertise of planners and assistance of planning models
and analytical methods in its complicated decision-making process. By integrating CBR
technique with powerful capabilities of GIS can facilitate this process.

General evaluation of PSS and CBR concepts and benefits, advantages and

limitations of the CBS model will be discussed in the Chapter 5: Conclusion.
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CHAPTER S

CONCLUSION

This dissertation has presented the developments and findings of applying an
integrated model of CBR&GIS in city planning domain. Application of CBR technique
has been utilized by CBR software JCOLIBRI 1 and a customized GUI which was
developed on JCOLIBRI 2 platform. Cesme Peninsula was selected as a case study area
and GIS data belonging to Cesme Peninsula was used to test the model. Case library has
been generated semi automatically (and partly hypothetically) within a GIS
environment. Hence, CBS model has been developed by integrating both CBR and GIS

techniques to support planning process.

5.1. General Discussion on PSS, CBR and GIS

Advances in ICTs have transformed space, technique and even daily life. Thus,
perceiving the new form of space and to plan the future cities, we must redefine our
methods and set new planning tools. City planning should transform and adapt itself to a
new state to overcome challenges and cope with uncertainty. With the proper selection
and addition of new tools, planning discipline could improve its effectiveness for
making analysis, synthesis, strategy making, decision-policy making, governing, design
and operation. To plan the future cities, we will have to complement our set of planning
tools with those that involve the selection of different types of techniques.

After the 1990s, rapid evolution in hardware capacity has been matched by the
design of sophisticated software for mapping, simulation and visualization. Underlying
thematic elements for the development of PSS could be defined as hardware, software,
data, internet and operator. PSS tools are developed to support planning activities such
as land use planning, strategic planning, urban modeling and collaborative planning.
PSS strengths and also facilitates new perspectives in planning theory such as
participation,  collaboration, = community = planning,  interactive-community
planning/decision making. At the moment, people at a diversity of scientific, research

and/or planning institutions worldwide are involved in the development, testing and
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application of a whole range of PSS. However, emerging critical issues to start a PSS
research will center on data availability, quality and storage. And accordingly, the
extent of the developments, implementation, efficiencies and deficiencies of PSS is not
well known (Brail & Klosterman, 2001; Geertman & Stillwell, 2004).

PSS should also not be viewed as a closed black-box collection of computer
models which can accept raw data and automatically generate plans, forecast future
land-use patterns or identifying optimal policies and actions. Instead it must be seen as
providing the information infrastructure for planning that facilitates interaction, between
planners and other actors, both within and outside of government. The PSS must contain
structured and accessible information about the real world features and must also
support analysis, modeling, forecasting and decision making (Klosterman, 2001).

Although most of the recent PSS studies suggest that the future of PSS tools is
bright indeed, the future role of PSS in “professional planning practice” is less clear.
Inventories show that currently a large diversity of PSS exists, but that the
implementation in spatial planning practice is far behind the supply of tools. Vonk &
Geertman (2007) states that improving the instrument quality, improving the tools’
awareness, improving the experience, improving the collaboration between planning
organizations, improving the user appreciation and acceptance could facilitate the
performance and efficiency of PSS in planning practice. Also researchers contribute
more effort especially on urban issues to reduce knowledge gap and lack of empirical
studies. Hopefully, we can expect to see more efficient and powerful systems in the
future and PSS tools could be useful for planners, academicians, students, government,
private sector and the community.

CBR is a family of Al techniques that simulates the human behavior in solving a
new problem. Thus in CBR, reasoning is based on remembering. CBR tries to retrieve
most relevant/useful case(s) and utilize existing knowledge (if fits the situation). CBR
has developed into a mature and important field of Al and used by various researchers
from various countries.

There is a perceived need to integrate spatial information systems with
additional reasoning approaches. Previous studies of CBR technique showed that, it is a
promising way to build and apply the model as a PSS. Therefore, CBR is proposing a
methodology for building and applying more practical PSS for planning. The results
derived directly from real cases in CBR process are more convincing and acceptable to

planners. Urban planning often requires the experiences and expertise of planners and
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assistance of planning models and analytical methods in its complicated decision-
making process. Hence, a system that integrates CBR as an Al reasoner and GIS as a
spatial analyst and visualization tool could be very helpful to support planning process
and assist planners.

There are also critics about the use of GIS in planning process and integrated
models. This view involves a question about the accuracy of representing the real-world
situation in a GIS. According to Malczewski (2004), the notion of representational
accuracy has two elements: an accurate representation of geographical objects (the hard
data) and accuracy in representing social, economic, cultural, political elements (the soft
data) of the environment. GIS is focused on representation and visualization which is
structured towards seeing the world as composed of geographic layers containing
objects (pixels, points, lines, and polygons) along with associated attributes. At the
fundamental level, GIS systems are based on certain conceptualization of space
(particularly a geometric and relative space) and certain forms of reasoning which lacks
some certain parts of urban space. Such conceptualization provides the impression of a
value free and rigorous view of the world.

According to the critics of GIS, the users of GIS will be misled into thinking it is
entirely objective and value free technology. In order to avoid this and correctly
represent a particular planning problem, one has to focus on the right combination of
both objective and subjective data/information representing the values, opinions,
preferences, priorities, judgments, etc. of these involved in planning process. Some of
the issues related to accurate representation of planning problems have recently been
addressed by public participatory GIS and PSS. It is expected that the trend towards
enhancing public participatory approach to system design and application development
will be of critical importance for a successful use of GIS/PSS (Malczewski, 2004;
Geertman & Stillwell, 2004).
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5.2. Critiquing the CBS Model: Advantages and Limitations

This study has tried to find out whether the CBS model could support planning
process and human decision making in complex task like city planning. One of the
conclusions emerging from this study is while the CBS model met predefined goals and
beneficiary approach for city planning, we learned both from its advantages and
limitations.

One major contribution of this dissertation is to fulfill a knowledge gap
generally with PSS but especially with a CBS model implementation locally. This
dissertation is trying to differ from other studies by integrating CBR and GIS for
providing a geo-spatial planning support in Turkish city planning practice through a
practical example. Another contribution is the customized GUI which presents better
result in testing different variations of CBR inference scenarios when compared to

results of standard/generic CBR software.
5.2.1. Advantages

e Working style of a planner could be simulated by utilizing existing knowledge,

e The usage of the model could reduce the time in similar planning applications and
overcome uncertainty by avoiding to start from the beginning every time (enables
fast introduction),

o Knowledge representation logic is based on local and real past cases rather than
generalized rules/guidelines,

e Experiences and lessons could be derived both from good and bad practices,

e All internal algorithm and 4RE cycle are openly structured (contrary to black-box
models),

e More effective CBR applications could be developed by using object oriented
programming languages and customized GUI,

e To develop integrated/hybrid models could facilitate to establish domain specific
systems such as CBR&GIS, CBR&CAD, CBR&ICTs,

e Besides its’ knowledge inference capabilities, it could be used as a digital archive,

automation system and corporate memory.
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5.2.2. Limitations

e Although the city planning background contains many cases, it is difficult to acquire
complete (due to the lack of analyses, incomplete data, out of date/irrelevant information),
digital and well documented real cases to build a case library,

e New tools/models are currently under development in academic circles, and it is
tough to find a fully appropriate one in practical context. There are also difficulties
in building the system and acceptance of users to the system,

e If the quality of the tool is not satisfactory or understandable to the domain user, this
situation cause another deficiency,

e CBR technique is more appropriate for using quantitative and objective domains
like engineering (CBR is mostly used by software/knowledge engineers), current
versions of integrated/hybrid CBR models could partially support complex domains
as city planning, architectural design, medical treatment, etc,

e CBR only uses local information and inference, some researchers call it lazy
learning. In some situations CBR technique must derive external rules/models to
empower itself,

e Similar problems may not have similar solutions, every case may be unique,

e CBS model approach is mostly feasible for incremental planning applications.

5.3. General Evaluation

It may be argued that the systems which city planning deals are different and
even more complex than other disciplines like engineering. Planners may need skills of
a different order of objectivity and creativity for certain aspects of synthesis. Planners
have to deal with incompletely structured (uncertain) problems that involve both
quantitative and qualitative aspects (Chadwick, 1971). This phenomenon could partly
be overcome by PSS tools like model representations, intelligence/reasoning techniques
or GIS.

City planning is a political expertise. Unfortunately, it is not value free and
totally objective domain. You can not quantify every factor and you can not simply
abstract all urban entities to geographic or urban model representations. There are

plenty of planning problems are laying behind unsolved such as urban renewal,
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jurisdiction conflict between authorities, squatter housing, corruption, unequal
development, transportation and infrastructure problems, etc. Also circumstances are
changing rapidly in urban environment. For example land and real estate prices are
often dynamic and sensitive to macro economic situations. Under the PSS framework
all tools and techniques should be regarded as aiding and supporting methods which try
to improve the planning practice and assisting the decision maker/planner.

Consequently, the key feature of any PSS should not replace user’s judgments.
The purpose of such a system is to support a user in achieving better decisions. To
improve decision making, PSS involves the knowledge, intuition, experience, initiative,
creativity, etc. of the user/expert. The system/model should help the users to explore the
decision problem in an interactive style.

As a matter of fact, new information-technology based applications will
transform the practice of planning, our solutions and design issues. Undoubtedly, there
are changing context and debates in city planning via new tools and techniques.

However, technology serves as a means to an end-not an end in itself. As Chadwick

(1971) suggests that expression of these concepts and computational experience are

meaningful and worthwhile if the purpose is justified in planning process.

5.4. Recommendations for Future Studies

In chapter 4, operational pilot study has presented findings that support planning
process. Additionally advantages and limitations of the model have been argued in
conclusion. But there are also recommendations for further studies to decrease the
knowledge gap in PSS&CBR studies.

There should be more parameters/attributes in knowledge inference and
representation schemes of CBR based models. For instance representations/abstractions
of real world situations or urban entities should be considered within models such as
environmental aspects, historical conditions, social aspects, demographic data, land/real
estate prices, etc. Both spatial and non-spatial local knowledge should be regarded in
evaluations.

Additionally, there might be different ways to measure similarity/relevance for
particular domains. Retrieval is basic but fundamental cycle of CBR, so there could be
specialized/customized quantitative or functional ways to grab most relevant cases for a

domain specific problem. This could be done by sophisticated software codes and also
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within a technical computing environment such as MATLAB.

There is also a need to explore the integration of CBR with rule-based reasoning.
Integrated usage of reasoning models can be complementary to each other. For example
RBR can be used when there is no case in the case library or when new
regulations/circumstances are introduced which make previous cases irrelevant.

CBR models should consider how the system could learn from iterations. By the
use of 4R function of CBR process, an internal learning algorithm could be achieved.
Besides saving the solution of new cases to the case library, one way would be to
develop ontology based, logical flow maps for future CBR queries. Perhaps this could
be done when satisfied iterations practiced by the CBR system. For instance, querying
certain parameters with certain assigned weights composes a robust solution and this
robustness could be presented by ontology. Then this framework could be developed as
a reusable problem solving method recommender system.

Using the spatial similarity concept for exploratory spatial analysis and planning
needs further research, because the concept have not been totally clarified and
identified. The capability of matching and adapting cases based on spatial similarities
and relationship is another important topic that should be investigated in order to
progress the technique.

Specifically, it would be more efficient to create and maintain the case library in
web based environment rather than local or internal one. To implement a CBR inference
process within GIS softwares, designing customized GUI and extensions, deploying
web based applications are other topics which deserves further research. Hence,
findings of the study are encouraging in terms of development of such enhancements.
Moreover, improving the quality and usage of CBR tools should be another research

arca.

109



REFERENCES

3. Cografi Bilgi Sistemleri Bilisim Giinleri. (2004). Retrieved June 2009, from Fatih
Universitesi
http://cbs2004.fatih.edu.tr/index.php

4. Cografi Bilgi Sistemleri Bilisim Giinleri. (2006). Retrieved June 2009, from Fatih
Universitesi
http://cbs2006.fatih.edu.tr/index.php

Aamodt, A., & Plaza, E. (1994). Case-Based Reasoning: Foundational Issues, Methodological
Variations, and System Approaches. Al Communications. 10S Press, 7 (1), 39-59.

Abidi, & Manickam. (2002). Leveraging XML-based electronic medical records to extract
experiential clinical knowledge: An automated approach to generate cases for medical
CBR systems. International Journal of Medical Informatics, 68 (1-3), 187-203

Adams, D. (1994). Urban planning and the development process. London ; [Bristol, Pa.]: UCL
Press.

Allen, A., & Goers, R. (2002). Beyond Maps: The Next Generation of GIS. 4PA Planning
Magazine, September 2002

Allen, E. (2001). INDEX: Software for Community Indicators. In Brail, R. K., & Klosterman,
R. E. (Eds.), Planning support systems: integrating geographic information systems,
models, and visualization tools (pp. 229-261). Redlands, Calif.: ESRI Press.

Altingeki¢, F., & Unverdi, L. (2006). Yerel Rantin Global Stratejilere Ag¢ilimi: Cesme
Yarimadasi. Planlama, 2006/3-Izmir Issue, 7-17

American Society for Photogrammetry and Remote Sensing. (2005). Retrieved June 2009, from
http://www.asprs.org/career

Appleton, K., & Lovett, A. (2005). GIS Based Visualization of Development Proposals;
Reactions from Planning and Related Professionals. Computers, Environment and

Urban Systems, 29 (3), 321-339

Babylon's free dictionary. (2007). Retrieved June 2009, from
http://dictionary.babylon.com/system

Batty , M. (1997). The Computable City. International Planning Studies, 2 (2), 155-173
Batty, M. (1995). PSS and the New Logic of Computation. Regional Development Dialogue,

16,1-17

110



Batty, M. (2003). Planning Support Systems: Technologies that are Driving Planning. In
Geertman, S., & Stillwell, J. C. H. (Eds.), Planning support systems in practice (pp. v-
viii). Berlin ; New York: Springer.

Batty, M. et al (2001). Visualizing the City: Communicating Urban Design to Planners and
Decision Makers. In Brail, R. K., & Klosterman, R. E. (Eds.), Planning support

systems: integrating geographic information systems, models, and visualization tools
(pp. 405-443). Redlands, Calif.: ESRI Press.

Benedikt,& Reinberg, & Reidl. (2002). A GIS Application to Enhance Cell Based Information
Modeling. Information Sciences, 142 (1-4), 151-160

Benenson, &Torrens. (2004). Geosimulation: Object Based Modeling of Urban Phenomena:
Editorial. Computers, Environment and Urban Systems, 28 (1-2), 1-8

Benwell, G.L., & Holt, A. (1999). Applying case-based reasoning techniques in GIS.
International Journal of Geographical Information Science, 13 (1), 9-25

Beyoglu 3 Boyutlu Kent Rehberi. (2008). Retrieved June 2009, from Beyoglu Municipality:
http://webportal2.beyoglu.bel.tr:8080/GoogleEarth/TanitimWeb/index.html

Bhogaraju, P. (1996). A Case-Based Reasoner for Evaluating Crop Rotations in Whole-Farm
Planning. MSci Thesis, Virginia Polytechnic Institute and State University, USA.

Bian, L. (2004). GIS for environmental modeling: an introduction: Editorial Computers,
Environment and Urban Systems, 28 (3), 171-173

Bishop, I.D. (1998). Planning Support: Hardware and Software in Search of a System.
Computers, Environment and Urban Systems, 22 (3), 189-202

Brail, R. (2006). Planning support systems evolving: when the rubber hits the road. In J.
Portugali (Ed.). Complex Artificial Environments. New York: Springer.

Brail, R. K., & Klosterman, R. E. (2001). Planning support systems : integrating geographic
information systems, models, and visualization tools. Redlands, Calif.: ESRI Press.

British Geological Survey. (2005). Retrieved June 2009, from
http://www.bgs.ac.uk/

Cadwallader, M. T. (1996). Urban geography : an analytical approach. Upper Saddle River,
N.J.: Prentice Hall.

Falling Rain. (2005). Retrieved 2009, from
http://www.fallingrain.com

Campbell, H., & Masser, 1. (1995). GIS and organizations. London ; Bristol, PA: Taylor &
Francis.

111



Campbell, S., & Fainstein, S. S. (1996). Readings in planning theory. Cambridge, Mass., USA:
Blackwell Publishers.

Carter, H. (1975). The study of urban geography (2nd ed.). London: Edward Arnold.

Case Based Reasoning Homepage: AI-CBR. (2007). Retrieved June 2009, from
http://www.ai-cbr.org/

Castells, M. (1991). The informational city : a new framework for social change. [Toronto]:
Centre for Urban and Community Studies, University of Toronto.

Castells, M. (1991). The world has changed: Can planning change? ACSP Annual Meeting

Chadwick, G. F. (1971). A systems view of planning; towards a theory of the urban and
regional planning process (1st ed.). Oxford, New York,: Pergamon Press.

Chan, & Chen, & Geng. (2000). Knowledge Engineering for an Intelligent Case-based System
for Help Desk Operations. Expert Systems with Applications, 18 (2), 125-132

Chang, & Cheng, & Su. (2004). Using Case-Based Reasoning To Establish A Continuing Care
Information System of Discharge Planning. Expert Systems with Applications, 26 (4),
601-613

CitySurf 3D GIS and Visualization. (2009). Retrieved June 2009, from
http://www.citysurf.com.tr

Clayton, D., & Waters, N.M. (1999). Distributed knowledge, distributed processing, distributed
users: integrating CBR and GIS for multicriteria decision making. In Thill, J.-C., &
Regional Science Association International. North American Meeting. (Eds.), Spatial

multicriteria decision making and analysis: a geographic information sciences
approach (pp. 274-307). Aldershot, England; Brookfield, Vt.: Ashgate.

Cognitive Computing Lab. (2009). Retrieved June 2009, from Georgia Tech
http://home.cc.gatech.edu/ccl

CommunityViz Software. (2005). Retrieved June 2009, from
http://www.communityviz.com/

Computers, Environment and Urban Systems. Retrieved June 2009, from
http://www.elsevier.com/locate/compenvurbsys

Cyber-Geography Research. (2004). Retrieved June 2009, from
http://www.cybergeography.org/

Dai, & Lee, & Zang. (2001). GIS Based Geo-Environmental Evaluation for Urban Land Use
Planning: A Case Study. Engineering Geology, 61 (4), 257-271

Davis, D. E. (2000). GIS for everyone : exploring your neighborhood and your world with a
geographic information system (2nd ed.). Redlands, Calif.: ESRI Press.

112



De La Barra, T. (2001). Integrated Land Use and Transport Modeling: The Tranus Modeling:
The Tranus Experience. In Brail, R. K., & Klosterman, R. E. (Eds.), Planning support
systems: integrating geographic information systems, models, and visualization tools
(pp. 129-156). Redlands, Calif.: ESRI Press.

Digital Urban: Virtual London. (2009). Retrieved June 2009, from
http://digitalurban.blogspot.com/search/label/Virtual%20London

Dikmen, 1., & Birgéniil M.T., & Giir A.K. (2007). A Case-Based Decision Support Tool For
Bid Mark-Up Estimation Of International Construction Projects. Automation in
Construction, 17 (1), 30-44

Dodge, M., & Kitchin, R. (2001). Mapping cyberspace. London ; New York: Routledge.

Dogan, Z. (2005). Using Machine Learning Techniques For Early Cost Estimation of Structural
Systems Of Buildings. PhD Thesis, Izmir, [YTE.

Domeshek, E., & Kolodner, J. (1993). Using the Points of Large Cases. Al EDAM, 7 (2), 87-96.

Edamura, T., & Tsuchida T. (1999). PSS for an Urban Environment Improvement Project.
Environment and Planning B: Planning and Design, 26 (3), 381-391

Ege Planlama. (2006). 1/100000 Olgekli Manisa-Kiitahya-Izmir Planlama Bélgesi Cevre Diizeni
Plani. Ankara

Elachi, C., & Van Zyl, J. (2006). Introduction to the physics and techniques of remote sensing
(2nd ed.). Hoboken, N.J.: Wiley-Interscience.

Engineering Geology. Retrieved June 2009, from
http://www .elsevier.com/locate/enggeo

Environment and Planning B: Planning and Design. Retrieved June 2009, from
http://www.envplan.com/epb/epb current.html

Environmental Simulation Center. (2005). Retrieved June 2009, from
http://www.simcenter.org/

ESRI Press. Retrieved June 2009, from
http://gis.esri.com/esripress/display/index.cfm

ET SpatialTechniques - ArcGIS and ArcView extensions. (2008). Retrieved June 2009, from
http://www.ian-ko.com

Foresman, J., & UNEP. (2002). My Community Our Earth, A Student Project Guide to
Sustainable Development and Geography. Redlands, California: ESRI Press.

Forth Valley GIS Limited. (2005). Retrieved June 2009, from
http://www.forthvalleygis.co.uk/gis

113



Funk, P. (1995). CBR Presentation. First International CBR Conference-ICCBR

Geertman, S. (2002). Inventory of Planning Support Systems in Planning Practice: Conclusions
and Reflections. 5th AGILE Conference on Geographic Information Science, Palma
(Balearic Islands, Spain)

Geertman, S., & Stillwell, J. (2004). PSS: An Inventory of Current Practice. Computers,
Environment and Urban Systems, 28 (4), 291-310

Geertman, S., & Stillwell, J. C. H. (2003). Planning support systems in practice. Berlin, New
York: Springer.

Geography Network. Retrieved June 2009, from
http://www.geographynetwork.com/

GEOPortal-Group on Earth Observations. (2005). Retrieved June 2009, from
http://www.geoportal.org/web/guest/geo_home

GIS Development: The Geospatial Resource Portal. (2005). Retrieved June 2009, from
http://www.gisdevelopment.net/index.htm

Google. Retrieved June 2009, from
http://www.google.com

Google Earth. Retrieved June 2009, from
http://earth.google.com

Google Maps. Retrieved June 2009, from
http://maps.google.com

GOS - Geospatial One Stop. (2005). Retrieved June 2009, from
http://gos2.geodata.gov/wps/portal/gos

Gorz, G.,& Nebel, B. (2005). Yapay Zeka. Istanbul: inkilap Kitabevi

Graham, S., & Marvin, S. (1996). Telecommunications and the city : electronic spaces, urban
places. London ; New York: Routledge.

Graham, S., & Marvin, S. (2001). Splintering urbanism : networked infrastructures,
technological mobilities and the urban condition. London ; New York: Routledge.

Habitat International. Retrieved June 2009, from
http://www.elsevier.com/locate/habitatint

Hall, T. (1998). Urban geography. London ; New York: Routledge.

Hammond, K. (1988). Case-based Planning. Proceedings of Workshop on Case-Based
Reasoning, 17-20

114



Harris, B. (1965).Urban development models: new tools for planning. Journal of the American
Institute of Planners, 31, 90-183

Harris, B. (1989). Beyond GIS: Computers and the Planning Professional. Journal of APA, 55,
85-92

Harris, B. (1999). Computing in Planning: Professional and Institutional Requirements.
Environment and Planning B: Planning and Design, 26 (3), 321-332

Hartshorn, T. A., Dent, B. D., Heck, J. L., & Stutz, F. P. (1992). Interpreting the city : an urban
geography (2nd ed.). New York: Wiley.

Harvey, F. (1997). From Geographic Holism to Geographic Information System. The
Professional Geographer, 49 (1), 77-85

Heylighen, A., & Neuckermans, H. (2001). A Case Base of Case Based Design Tools for
Architecture. Computer-Aided Design, 33 (14), 1111-1122

Holden, & Turner. (1997). Western Europe, Current City Expansion and the Use of GIS.
Landscape and Urban Planning, 36 (4), 315-326

Holt, A., & Benwell, G. (1996). Case Based Reasoning and Spatial Analysis. Urisa Journal, 27-
36

Holt, A., & MacDonell, S., & Benwell, G .(1998). Assessing the Degree of Spatial Isomorphism
for Exploratory Spatial Analysis. http://www.geocomputation.org/1998/17/gc_17.htm

Hopkins, L. D. (1999). Structure of PSS for Urban Development. Environment and Planning B:
Planning and Design, 26 (3), 333-343

Huxhold, W. E., & Levinsohn, A. G. (1995). Managing geographic information system
projects. New York: Oxford University Press.

INDEX Software. (2005). Retrieved June 2009, from Criterion Planners
http://www.crit.com/

Inference Engine. (2009). Retrieved June 2009, from
http://www.xs4all.nl/~synotix/robbieng/docs/inferenceengine.doc

Information Sciences. Retrieved June 2009, from
http://www.elsevier.com/locate/ins

Infrastructure for Spatial Information in the European Community. (2008). Retrieved June
2009, from INSPIRE

http://inspire.jrc.ec.europa.eu/index.cfm

IYTE Sehir ve Bolge Planlama Béliimii. (2002). 1/25000 Olgekli Cesme Iicesi Cevre Diizeni
Plani Raporu. izmir: IYTE

115



Jain, & Agarwal, & Bhatia. (2004). Web Enabled Master Plan. Proceedings of the Map India
Conference, India

JCOLIBRI. (2008). Retrieved June 2009 from GAIA - Group for Artificial Intelligence
Applications
http://gaia.fdi.ucm.es/grupo/projects/jcolibri/

Johnson, J. H. (1972). Urban Geography, An Introductory Analysis. London: University
College.

Juan, & Shih, & Perng. (2005). Decision Support for Housing Customization: A Hybrid
Approach Using Case-Based Reasoning and Genetic Algorithm. Expert Systems with
Applications, 31(1), 83-93

Kammier, H. D. (1999). New Tools for Spatial Analysis and Planning as Components of an
Incremental PSS. Environment and Planning B: Planning and Design, 26 (3), 365-380

Kaster, D.S., & Medeiros, C.B., & Rocha, H.V. (2005). Supporting modeling and problem
solving from precedent experiences: the role of workflows and case-based reasoning.
Environmental Modeling & Software, 20 (6), 689-704

Kellerman, A. (1993). Telecommunications and geography. London; New York, Belhaven
Press; Halsted Press.

Kellerman, A. (2002). The Internet on earth : a geography of information. Chichester, West
Sussex, England ; Hoboken, NJ: J. Wiley.

Klosterman, R. (1997). Planning Support Systems: a new perspective on computer-aided
planning. Journal of Planning Education and Research, 17 (1), 45-54

Klosterman, R. (1999a). New Perspectives on PSS: Guest Editorial. Environment and Planning
B: Planning and Design, 26 (3), 317-320

Klosterman, R. (1999b). The What IF? Collaborative Planning Support System. Environment
and Planning B: Planning and Design, 26 (3), 393-408

Klosterman, R. E. (2001). PSS: A New Perspective on Computer-aided Planning. In Brail, R.
K., & Klosterman, R. E. (Eds.), Planning support systems: integrating geographic
information systems, models, and visualization tools (pp. 1-23). Redlands, Calif.: ESRI
Press.

Klosterman, R., & Pettit J.C. (2005). An Update on PSS: Guest Editorial. Environment and
Planning B, Planning and Design, 32 (4), 477-484

Kolodner, J. L. (1993). Case-based reasoning. San Mateo, CA: Morgan Kaufmann Publishers.

116



Kwartler, M., & Bernard, R. (2001). CommunityViz: An Integrated Planning Support System.
In Brail, R. K., & Klosterman, R. E. (Eds.), Planning support systems: integrating
geographic information systems, models, and visualization tools (pp. 285-308).
Redlands, Calif.: ESRI Press.

Lanter, D. (1992). Intelligent Assistants for Filling Critical Gaps in GIS. Research Report.
National Center for Geographic Information and Analysis, Department of Geography,
University of California at Santa Barbara

Laurini, R. (2001). Information systems for urban planning @ a hypermedia co-operative
approach. London ; New York: Taylor & Francis.

Leake, D. B. (1996). Case-based reasoning : experiences, lessons & future directions. Menlo
Park, Calif. Cambridge, Mass, AAAI Press.

Lee, D., & Lee, K. (1999). An Approach to Case-based System for Conceptual Ship Design
Assistant. Expert Systems with Applications, 16 (2), 97-104

Lovett, A. (2005). Futurescapes: Guest Editorial. Computers, Environment and Urban Systems,
29 (3), 249-253

Maguire, & Longley. (2004). The Emergence of Geoportals and Their Role in Spatial Data
Infrastructures. Computers, Environment and Urban Systems, 29 (1), 3-14

Maguire, D. J., & Goodchild, M. F., & Rhind, D. (1991). Geographical information systems :
principles and applications. Harlow, Essex, England, New York: Longman Scientific &
Technical; Wiley.

Maher, M.L., & Silva-Garza, A.G. (1997). Case Based Reasoning in Design. IEEE Expert,
March-April/97, 34-41

Malczewski, J. (2004). GIS Based Land Use Suitability Analysis: A Critical Overview.
Progress in Planning, 62 (1), 3-65

Maldonado, A.M. (2004). ICT-related Transformations in Latin American Metropolises. Phd
Thesis: Delft University Press.

Mapping Cyberspace. (2004). Retrieved June 2009, from
http://www.mappingcyberspace.com/

Martin, D., & Bracken, 1. (1993). The Integration of Socioeconomic and Physical Resource
Data for Applied Land Management Information Systems. Applied Geography, 13 (1),
45-53

Masser, 1., & Onsrud, H. J. (1993). Diffusion and use for geographic information technologies.
Dordrecht ; Boston: Kluwer Academic.

117



Mather, P. M. (1993). Geographical information handling : research and applications.
Chichester ; New York: Wiley.

Michalak, W.Z. (1993). GIS in Land Use Change Analysis: Integration of Remotely Sensed
Data into GIS. Applied Geography, 13 (1), 28-44

Ministry of Culture and Tourism. (2007). Tourism Strategy of Turkey-2023. Ankara

Mitchell, A., & Environmental Systems Research Institute. (1999). The ESRI guide to GIS
analysis (1st ed.). Redlands, Calif.: ESRI.

Modelistica — TRANUS. (2008). Retrieved June 2009, from
http://www.modelistica.com/tranus_english.htm

Montgomery, G. E., & Schuch, H. C. (1993). GIS data conversion handbook. Ft. Collins, CO:
GIS World.

Murphy, R. E. (1966). The American city, an urban geography. New Y ork,: McGraw-Hill.

Nasirin, S., & Birks, D.F., & Jones, B. (2003). Re-Examining Fundamental GIS Implementation
Constructs Through the Grounded Theory Approach. Telematics and Informatics, 20
(4), 331-347

Niknafs, A.A., & Shiri, M.E., & Javidi, M.M. (2003). A Case-Based Reasoning Approach in E-
Tourism: Tour Itinerary Planning. Proceedings of the 14th International Workshop on
Database and Expert Systems Application, DEXA’03/September 1-5, Universitat Trier,
Prague- Czech Republic

Obermeyer, N. J., & Pinto, J. K. (1994). Managing geographic information systems. New Y ork:
Guilford Press.

Pacharavanich, & Wongpinunwatana, & Rossini. (2000). The Development of a Case-Based
Reasoning System as a Tool for Residential Valuation in Bangkok. Pacific-Rim Real
Estate Society Conference, PRRES/23-27 January, Sydney

Pearce M., & Goel A., & Kolodner J., & Zimring C., & Sentosa L., & Billington R. (1992).
Case-Based Design Support. IEEE Expert, October/92, 14-20

PlaceMatters. (2005). Retrieved June 2009, from
http://www.placematters.com

Progress in Planning. Retrieved June 2009, from
http://www.elsevier.com/locate/pplann

Recio-Garcia, & Sanchez, & Diaz-Agudo, & Gonzales-Calero, (2005): JCOLIBRI 1.0 in a

nutshell. A Software Tool for Designing CBR Systems. In Proceedings of the 10" UK
Workshop on Case Based Reasoning, University of Greenwich; CMS Press.

118



Recio-Garcia, J. A. (2008). jJCOLIBRI: A Multi-Level Platform for Building and Generating
CBR Systems. Phd Thesis, Department of Software Engineering and Artificial
Intelligence, Facultad de Informatica, Universidad Complutense de Madrid, Spain.

Riesbeck, C. K., & Schank, R. C. (1989). Inside case-based reasoning. Hillsdale, N.J.:
Lawrence Erlbaum Associates, Pubs.

Royal Town Planning Institute. (2005). Retrieved June 2009, from
http://www.rtpi.org.uk/

Schank, R. C. (1982). Dynamic memory : a theory of reminding and learning in computers and
people. Cambridge [Cambridgeshire] New York: Cambridge University Press.

Science Direct. Retrieved June 2009, from
http://www.sciencedirect.com

Shanmugam, S. (2004). Digital Urban Management Programme - Evolution of Bangalore GIS
Model. BATF, Bangalore, India

Shaw, S.L. (1993). Geography: A Place for GIS. Applied Geography, 13 (2), 107-110

Shi, X., & Yeh A. (2001). Case-Based Reasoning (CBR) in Development Control. International
Journal of Applied Earth Observation and Geoinformation, 3 (3), 238-251

Shi, X., & Yeh, A. (1999). The Integration of Case-Based Systems and GIS in Development
Control. Environment and Planning B: Planning and Design, 26 (3), 345-364.

Shiffer, M. (2001). Spatial Multimedia for Planning Support. In Brail, R. K., & Klosterman, R.
E. (Eds.), Planning support systems: integrating geographic information systems,
models, and visualization tools (pp. 361-385). Redlands, Calif.: ESRI Press.

Sliuzas, R. (2003). Governance and the Use of GIS in Developing Countries: Editorial. Habitat
International, 27 (4), 495-499

Stottler Henke-Artificial Intelligence Software Solutions. (2006). Retrieved June 2009, from
http://www.stottlerhenke.com/

Strategic Decision Support. (2005). Retrieved June 2009, from
http://www .stradspan.com/

Sui, D. (2005). Will Ubicomp make GIS Invisible? Editorial. Computers, Environment and
Urban Systems, 29 (4), 361-367

Tate, & Jarvis, & Moore. (2005). Locating Spatial Thinking in Teaching Practice: Editorial.
Computers, Environment and Urban Systems, 29 (2), 87-91

Telematics and Informatics. Retrieved June 2009, from
http://www .elsevier.com/locate/tele

119



The Archie Project. (2009). Retrieved June 2009, from Georgia Tech
http://www.cc.gatech.edu/aimosaic/faculty/kolodner/archie.html

The Best Practices Database. (2005). Retrieved June 2009, from
http://www .bestpractices.org/

The MathWorks. (2007). Retrieved June 2009, from
http://www.mathworks.com

Thill, J.-C., & Regional Science Association International. North American Meeting. (1999).
Spatial multicriteria decision making and analysis : a geographic information sciences
approach. Aldershot, England ; Brookfield, Vt.: Ashgate.

Torrens, M. P. (2003). Cellular Automata and Multi-Agent Systems as Planning Support Tools.
In Geertman, S., & Stillwell, J. C. H. (Eds.), Planning support systems in practice (pp.
205-222). Berlin ; New York: Springer.

Tutur2u Search Blog. (2009). Retrieved June 2009, from
http://tutor2u.net/business/ict/intro_what is_ict.htm

UCL Centre For Advanced Spatial Analysis. (2009). Retrieved June 2009, from
http://www.casa.ucl.ac.uk/

UCL/Virtual London: Online Participation. (2009). Retrieved June 2009, from
http://www.casa.ucl.ac.uk/projects/projectDetail.asp?ID=55

Urban Residue. (2005). Retrieved June 2009, from
http://www.urbanresidue.com/

UrbanSim Home. (2006). Retrieved June 2009, from
http://www.urbansim.org/

Velibeyoglu, K. (2004). Institutional Use of Information Technologies in City Planning
Agencies: Implications from Turkish Metropolitan Municipalities. Phd Thesis, Izmir,
IYTE.

Vonk, G. A. (2006). Improving planning support : the use of planning support systems for
spatial planning. Utrecht: Koninklijk Nederlands Aardrijkskundig Genootschap,
Faculteit Geowetenschappen Universiteit Utrecht.

Vonk, G., & Geertman, S. (2008). Knowledge Based Planning Using Planning Support
Systems: Practice Oriented Lessons. In Yigitcanlar, T., Velibeyoglu, K., & Baum, S.
(Eds.), Creative urban regions : harnessing urban technologies to support knowledge
city initiatives (pp. 285-308). Hershey, PA: Information Science Reference.

Voss, A. (2004). Evolution of a Participatory GIS. Computers, Environment and Urban
Systems, 28 (6), 635-651

120



Waddell, P., & Ulfarsson, G.F. (2004). Introduction to Urban Simulation: Design and
Development of Operational Models. In Haynes, K.,& Stopher, P., & Button, K., &
Hensher, D.(Eds.), Handbook of transport geography and spatial systems (pp. 203-
236). Vol. 5: Pergamon Press.

Watson, 1. (1996). CBR Tools: An Overview. In Watson, 1. (Ed.), Progress in Case-Based
Reasoning. Proceedings of the 2nd UK Workshop on Case Based Reasoning (pp. 71-
88). University of Salford, April 10th 1996. AI-CBR/SGES Publications.

What if?- GIS based PSS. (2006). Retrieved June 2009, from
http://www.whatifinc.biz/

Wikipedia, the free encyclopedia. (2009). Retrieved June 2009, from
http://en.wikipedia.org/wiki/Scientific_modelling

Worboys, M. (1995). GIS, a computing perspective. London ; Bristol, PA: Taylor & Francis.

Yeh, A., & Qiao, J. (2005). Modelobjects: A Model Management Component for the
Development of PSS. Computers, Environment and Urban Systems, 29 (2), 133-157

Yigitcanlar, T., Velibeyoglu, K., & Baum, S. (2008). Creative urban regions : harnessing urban
technologies to support knowledge city initiatives. Hershey, PA: Information Science
Reference.

Yigitcanlar, T., Velibeyoglu, K., & Baum, S. (2008). Knowledge-based urban development :
planning and applications in the information era. Hershey PA: Information Science
Reference.

Yigitcanlar, T. (2002). A Methodology for GIS based Participatory Decision Making Approach.
Phd Thesis, Izmir, IYTE.

Zimring, C., & Bafna, S., & Do, E. (1996): Structuring cases in a case based design aid. In

Vanegas, J. & Chinowsky, P. (Eds.), Computing in Civil Engineering, Conference
Proceedings (pp. 308-313). California.

121



APPENDIX A

JCOLIBRI SOFTWARE

Java Cases and Ontology Libraries Integration for Building Reasoning
Infrastructures (JCOLIBRI) is an object-oriented framework in Java for building CBR
applications. A framework is a reusable, semi-complete application that can be
specialized to produce custom applications. Application frameworks are targeted at a
given application domain providing the design for a family of applications within that
domain.

JCOLIBRI 1 Platform

JCOLIBRI is built around a task/method ontology, a knowledge level description
that guides the framework design, determines possible extensions and supports the
framework instantiation process. Task and methods are described in terms of domain-
independent CBR terminology which is mapped into the classes of the framework.

Each one of the four CBR tasks involves a number of more specific sub-tasks.
There are methods to solve tasks either by decomposing a task in subtasks or by solving
it directly. The task structure identifies a number of alternative methods for a task, and
each one of the methods sets up different subtasks in its turn. This kind of task-method-
subtask analysis is carried on to a level of detail where the tasks are primitive with
respect to the available knowledge.

JCOLIBRI is an evolution of the COLIBRI architecture, that consisted of a
library of problem solving methods (PSMs) for solving the tasks of a knowledge-
intensive CBR system along with an ontology, CBROnto, with common CBR
terminology. The CBR ontology is already populated in the framework with a number
of pre-packaged realizations of the CBR abstract entities that can be extended for
particular applications.

The architecture of the JCOLIBRI framework comprises a hierarchy of Java
classes plus a number of XML files that configure the generated CBR applications.
Next figure illustrates JCOLIBRI architecture:

1 XML: Extensible Markup Language (XML) is a method for putting structured data (such as that in a worksheet) in a
text file that follows standard guidelines and can be read by a variety of applications. Designers can create their own
customized tags, enabling the definition, transmission, validation, and interpretation of data between applications and
between organizations.
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Figure 1. JCOLIBRI 1 detailed architecture

XML

Developing CBR systems using JCOLIBRI Tools

Developing a CBR system is a complex task where many decisions must be made.

When using jCOLIBRI some of these decisions are:

Representation of the cases: we can use simple plain cases, textual cases, or we can
define the cases as complex hierarchical structures where attributes are connected.

Case base: the cases can be stored in relational databases, ASCII text files, XML
files, etc. The designer has to define the storage and retrieval mechanism, and how
to index the cases in memory to increase the speed of the queries.

Similarity measures: one of the most important tasks to be solved in a CBR system
consists on finding the most similar cases to one given. Usually different similarity
functions are used to compare the attributes of the cases.

Behaviour of the CBR system through tasks and methods: a CBR application can be
structured as a sequence of tasks that must be achieved. A CBR designer should
choose these tasks and select the methods that will solve them.

JCOLIBRI stores all the configuration data using different XML configuration

files. When the application is executed, the framework core reads these files to know
how to configure the CBR system. You can write or modify this configuration files by
hand, however it can be a very tedious task. XML intends to be a standard interchange
language of data between computers, not to be managed directly by humans. For that
reason, we have developed several tools that will help users in the configuration task,
providing graphical and intuitive interfaces.
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Definition of case structures

Figure 2 shows a visual tool provided with JCOLIBRI that can be used to define case
structures easily. As you can see, the window is divided in two regions. The left panel
displays the structure of the case as a tree, and the right panel shows the property values
of the selected attributes. A Case has a Description, a Solution and a Result. Description
and Solution are sets of Attributes, and there are two types of attributes: simple and
compound. Simple attributes are described by the following characteristics:
name(Raining), type(Boolean), weight(1.0) and local similarity function(Equal).
Compound attributes collect other simple or compound attributes allowing complex
case structures. The properties of the compound attributes are the name and the global
similarity function.

£ JCOLTBRI 1.0 beta I ] B35
File CBR Help

B Manage Case Structures

Load case structure | | Save case structure ‘

Case structure: :|-Properties

[=] case Al Name: |Rainning |
Diescription :
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[ wonth | wWeight: 1.0 |
[ Lastatch
[ result

o= ] Solution :

[ Result : Mame Walue

‘|| Local similarity: iEquaI |~ i

Similarity parameters:

Add simple H Add compound || Remove |

Figure 2. Defining the case structure

Persistence of cases: Connectors

In JCOLIBRI we propose to separate the case storage from the indexing
structure and from the PSMs that reason with cases like retrieval or adaptation methods.
That way, indexes can be built and methods can be configured without knowing how
and where the cases are stored. Moreover, different indexes can be defined upon the
same set of cases to allow the evaluation of different indexing techniques, or the
adequacy of different retrieval or adaptation methods.What we need to know for
building an index structure or choosing and configuring a method is the structure of the
cases, 1.e., which attributes will be used to describe each case.

We propose an architecture using two layers: persistence mechanism and in-
memory organization. Persistence of cases in JCOLIBRI is built around the concept of
Connector. Connectors are objects that know how to access and retrieve cases from the
storage media and return those cases to the CBR system in a uniform way. Therefore
connectors provide an abstraction mechanism that allows users to load cases from
different storage sources in a transparent way. JCOLIBRI includes connectors that work
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with plain text files, XML files, relational data bases and DLs systems. Other
connectors can be included depending on the specific application requirements by
means of the jcolibri.cbrcase.Connector java interface. Figure 3 illustrates these ideas.
JCOLIBRI offers a graphical tool that is used to easily configuring connectors to load
existing case bases in different formats.

 Storage Layer | [ jCOLIBRI \

Data Base Connectors

Plain Text Files

d(_}(:)

Ontologies

/(>\ XML
Filea

[

Task
Structure

Figure 3. JCOLIBRI connector architecture

Managing the similarity measures

When defining the case structure a similarity measure is associated to each attribute.
The available similarity measures are listed in a configuration file, and can be managed
using the tool shown in Figure 4. In the framework, each similarity measure should be
associated to a java class that computes the similarity values when the application is
running. These classes should implement the jcolibri.similarity.SimilarityFunction java
interface.

£ JCOLTBRI 1.0 beta o ] £
File CBR Help

E Manage Similarities

Type: (local similarities : Package: ‘Cure |'| | Load similarities || Save similarities

Local similarities

Mame ClassMName Aftributes

EqualsStringlonoreCase jcolibrisimilarity local Equal=sStringlanore .. |String

Equal jcalibrisimilarity local Equal CERTERM

MaxString jeolibri.similarity.local MaxString String

Interval joalibri.similarity.local. Interval Integer

Threshold jcolibri.similarity local Threshold Integer

EnumCyclicDistance jcolibri.similarity local EnumCyclicDistance [StringEnumeration

EnumDistance jeolibrisimilaritelocal EnurnDistance StringEnumeration

Add similarity || Remove similarity
Parameters
Marne | walue
INTERWAL 11
| Add parameter || Remove parameter ‘

Figure 4. Managing the similarity measures
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Behaviour of the CBR system

After defining the data structures of the CBR systems, like the case structure, the
configuration of the connectors to load and store the case base and the similarity
measures to compare attributes of the cases; it's time to configure the more dynamic part
of the CBR systems: the behavior of the CBR processes (Recio-Garcia et al., 2005).

Each one of the 4R CBR tasks involves a number of more specific sub-tasks. There are
methods to solve tasks either by decomposing a task into subtasks or by solving it
directly.

The CBR system designer creates a CBR application following an iterative process:

1. Select one of the not configured tasks of the system,

2. Choose from the library of reusable methods one that is suitable to solve the selected
task. There are dummy methods assigned to the tasks that we do not require to solve it
in a particular CBR systems configuration. For instance, retrieval only systems skip the
solving the adaptation task.

Note that task/method constraints are being tracked during the configuration process so
that only applicable methods in the given context are offered to the system designer.

At the beginning of the process the only unsolved task is CBR Task (solve a problem
using previous experiences). When we choose the CBR method to solve the CBR Task,
we obtain the CBR cycle into a task sequence: retrieve, reuse, revise, retain. While the
system is not complete, select one of the not configured tasks and choose and configure
a method that resolves it.

£ jJCOLIBRI 1.0 beta = -10] x|
File CBR Help

{| 1 cBR- PiayTennis
|6 |
? CER System

9 PreCycle
Obtain cases task

Task - Select best task9344
Task

? CER Cycle Task name: Select besttagka344
Obtain query task
? Retrieve Task Task description:

Selectthe best of the found cases
Selectwarking cases task ‘
Compute similarity task
Select besttask Methods
o T Reusa Task

] [ Instance
o [j] Revise Task =
o [ Retain Task hethod narme Method typel Method description [Avail... Appli..
PostCycle jcolibrimethod Select . |Execution [Selects justthe bestof. | [v] o~
innlibei pacthod Coloet | St Coolnnt th il T T .
Available method instances
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Instance name | Method narme |zhos..
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Close

Figure 5. Selecting tasks/methods of the CBR application
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You can develop a CBR system using and instantiating the jCOLIBRI
framework classes directly, however this can be a hard process if you are not acquainted
with the framework. In order to alleviate framework instantiation effort, JCOLIBRI
features a semiautomatic configuration tool that guides the instantiation process through
a graphical interface (see Figure 5).

Deploy the CBR application

The CBR application is finished when all the tasks have been configured. You
can test the system from inside the graphical interface selecting the tasks that are going
to be executed in the tasks tree and pushing the “Solve to ...”” button.

The effects of the execution are shown in the results window.
This feature provides an easy way to test the system before generating
the java code that is needed to run your system as an independent java application.

The first task of the CBR system, Obtain query task, obtains the query that is
going to be used to retrieve the most similar cases. The framework supplies a useful and
general method, named Configure Query Method, to solve this task. This method reads
the case structure from the XML file that stores the case structure, and dynamically
generates a visual form that can be used to introduce the query data. This form takes
advantage of the best graphical components available according to the case structure
and the types of the attributes.

Once you have created and tested the application, you can generate a code
template with most of the code that you need to run your system as an independent
application. This template will contain the tasks and methods invocation code and can
be modified as needed.

JCOLIBRI has been designed as a wide spectrum framework able to support
several types of CBR systems from the simple nearest-neighbor approaches based on
flat or simple structures to more complex knowledge intensive ones.

Travel Domain Example

The travel domain case base that is available for download from the AI-CBR website
(http://www.ai-cbr.org/cases.html) offers a set of 1024 cases that represent travels. We
are using JCOLIBRI to design a travel recommendation system based on this case base.

1. Create a new CBR system and name it as desired.

4. JCOLTBRI 1.0 beta

File [ CBR | Help
Mew CBR system

Manage Tasks
= Manage Methods
Figure 6. Creating a new CBR system

T
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2. Create the case structure defining simple and compound attributes that describe the
cases together with their types, weights, similarity measure that is chosen from a
library of existing similarity functions and parameters (if any). JCOLIBRI offers a
graphical tool to include new similarity functions (see Figure 4). The case structure

can be saved/loaded in/from a XML file. 9 simple attributes were created as a case
structure and shown in Figure 7.
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Figure 7. Creating the case structure
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Figure 8. Configuring the connector with the case base

3. Once the case structure is defined we could define new cases following this
structure. Instead doing this, since we have a previously existing case base, we
configure a connector to read in the travel cases from a MySQL database. The
graphical interface helps mapping the case structure defined in step 2 with the tables
and columns from the database scheme. Like the case structure the connector
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configuration can be saved/stored in/from a XML file. In this example we are
configuring a connector to work with cases stored in the table travel of the data base
travel. In the top of the window you can select the type of connector that you wish
to configure: database, XML files, etc. Each kind of connector has its own
properties that must be configured. In Figure 8 we are creating a connector for a
relational database and the form is divided into 3 sections: properties, table structure
and mappings. The properties panel shows the information required to access to the
database. The table structure panel allows managing the structure of the table
containing the cases. Last, the mappings panel connects each column of the data
base table witch an attribute of the case structure.

4. Configure the task and methods. Note that some of the methods could require
parameters. For example, to obtain cases we provide with the name of the connector
configuration XML file, and to create queries, we use parameterized methods that
require the name of the XML file where the system stored the case structure (see
Figure 9). JCOLIBRI automatically defines a graphical interface based on this
structure to let the user introducing new queries (see Figure 10).

£ rommiobes -Ioix]

File CBR Help

[ cBR - travel
| bz |

15 GBR Sstem 1/ ¥ F Task - Obtain query task8738

e Prelycle
Ohtain cazes task [l
7 & CBR Cyele Task hame: Obtain querytaskaras
Obtain queny task
¢ [l Retrieve Task 1askK description:

Obtains and configures the guery
Selectworking cases tas
Compute similarity task

Select besttask Methods

? Reuse Task I:I&‘ e
Prepare Cases for Adapts —
[E] Atomic Reuse Task | Method name Method typel  Method description |Aveil[appli ]

[E] Atamic Reuss Task lirnlibiri rethnd Ganfin

Ferritinn |Asks userfarthe query | | |
|

% parameters for a new instance of joolibri.m
Requested parameters

Case Structure P
=ettravelicaseStructure xml| | mMethod name \Chus.
[0 file generated by JCOLIER toals| EQueny... |jcalibrirmethod ConfigureQuery.. |

CEeSs

| Close
os -
=]

Figure 9. Configuring tasks and methods

5. Once every task is configured by a method that solves it we can run the CBR

deployed system where ke | the tasks are solved using the given sequence. You
can also use the (solve to) button in the GUI to execute a selected set of tasks. The
result for the query is shown in the right area of the graphical interface.
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Figure 10. Testing the CBR system
JCOLIBRI 2 Platform

JCOLIBRI 2 is the result of the experience acquired during the development of
the first version. It solves many drawbacks like case representation, management of
metadata, development problems, etc. But the architecture of this new version is very
different (although compatible) as is based on a complete revision of CBR systems and
frameworks.

For classifying a framework we can distinguish several types. A white-box
framework is reused mostly by subclassing and a black-box framework is reused
through parameterization. The usual development of a framework begins with a design
as a white-box architecture that evolves into a black-box one. The resulting black-box
framework has an associated builder that will generate the application’s code. The
visual builder allows the software designer to connect the framework objects and
activate them. The first version of JCOLIBRI is closer to a black-box framework with
visual builder and lacks of a clear white-box structure.
The new design of JCOLIBRI 2 attempts to remodel the architecture into a clear white-
box system oriented to programmers, and a white-box with builder layer that is oriented
to designers.

The key idea in the new design consists of separating core classes and user
interface. That separation will give us the two layer architecture shown in the following
Figure 11:
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Figure 11. jCOLIBRI 2 architecture

The bottom layer contains the basic components of the framework with well
defined and clear interfaces. This layer does not contain any kind of graphical tool for
developing CBR applications; it is simply a white- box object-oriented framework that
must be used by programmers. The top layer contains semantic descriptions of the
components and several tools that aid users in the development of CBR applications
(black-box with visual builder framework).

For more information about JCOLIBRI, please visit:
http://gaia.fdi.ucm.es/grupo/projects/jcolibri/
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APPENDIX B

GLOSSARY

Application: An automated system or part of an automated system, which provides the end user
with access to and processing of stored data. An application may be a manual process, which
has been automated.

ArcGIS: ArcGIS is an integrated collection of GIS software products that provides a
standards-based platform for spatial analysis, data management, and mapping. ArcGIS can be
integrated with other enterprise systems such as work order management, business intelligence,
and executive dashboards.

ArcView: Geographic Information System Software produced by Environmental Systems
Research Institute (ESRI). In ARGIS, ArcView provides the geographic context on which
Smart Places operates.

Area: A two-dimensional graphic element made up of a series of arcs, which form a closed
figure.

Artificial Intelligence (Al): Al is the area of science which focuses on creating systems that
can engage on behaviors that humans consider intelligent. Additionally, intelligence is the
computational part of the ability to achieve goals in the world.

Attribute Table: A table containing rows of geographic elements (objects) and columns
(vertical fields) of attributes (non-spatial characteristics) describing the object.

Attribute: Information stored about a graphic element. Usually, a specific and non-spatial
characteristic of an object or entity.

Black Box: A System or a part of a system concerning which nothing is known except its input
and output characteristic: internally it is black

CAD: Computer Aided Drafting or Computer Aided Design (sometimes CADD).
Calibration: The business of finding values for the parameters of a model in a particular case.
Cartography: The art or work of making maps.

Case Based Reasoning (CBR): To use previous similar cases to solve, evaluate or interpret a
current new problem.

Case Based System (CBS): A system (model) approach that based on case based reasoning.

Case Library: It is the core of the CBR system. The cases should contain case specific
(also domain specific) details as much as possible.
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Column: A vertical field in an attribute table or A vertical group of cells in a grid or pixels in an
image.

Computer Simulation: Computer simulation involves computer modeling and photographic
imaging techniques designed to illustrate the potential results of planning, development and
design projects. This technique provides participants with an ability to visualize the outcome of
a design or planning action and assess its desirability before implementation. Computer
simulation can be effective for modeling community plan alternatives.

Coordinate System: A reference framework consisting of a set of points, lines, and/or surfaces,
and a set of rules, used to define the positions of points in space in either two or three
dimensions. The Cartesian coordinate system and the geographic coordinate system used on the
earth's surface are common examples of coordinate systems.

Database: A collection of interrelated data sets stored together in an organized manner, usually
as related tables.

Datum: The reference specifications of a measurement system, usually a system of coordinate
positions on a surface (a horizontal datum) or heights above or below a surface (a vertical
datum).

DBF: dBase data file format
DBMS: Database Management System

Decision Support System (DSS): Can be described as an interactive, computer-based system
designed to help decision makers solve poorly structured problems. Using a combination of
models, analytical techniques and information retrieval, such systems help develop and evaluate
appropriate alternatives. Decision support systems should focus on strategic decisions, not
operational ones. More specifically, they should contribute to reducing the uncertainty faced by
managers when they need to make decisions regarding future options.

Digitizing: The process of converting hard-copy maps into electronic or digital maps by storing
X, Y coordinates of points, lines and polygons using a digitizing tablet. This process can be
performed semi-automatically by scanning, manually by marking points with a digitizer puck
on a tablet, or manually entering co-ordinate values (X, Ys) at a data entry terminal.

Eclipse: Eclipse is a multi-language software development platform comprising an integrated
development environment and a plug-in system to extend it. It is written primarily in Java and
can be used to develop applications in Java and, by means of the various plug-ins, in other
languages as well, including C, C++, COBOL, Python, Perl, PHP, and others.

Element: The lowest (order) part of a system, sometimes minor part of a case

Entity: An object category, which can be geographic. Examples of entities are roads, wells and
people.

Enumerated Type (Enum): In computer programming, an enumerated type is an abstract data
type used to model an attribute that has a specific number of options (or identifiers) such as the
suit of a playing card (i.e. a Club, Diamond, Heart or Spade). Using this type allows the
program to handle the attribute more efficiently than a string while maintaining the readability
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of the source code. At run-time, enumerated types are often implemented using integers (each
identifier has a distinct integer value). However, compared to using just integers, enumerated
types make program source more self-documenting than the use of explicit magic numbers.
Depending on the language, the integer representation may not be visible to the programmer;
this prevents the programmer from doing absurd things, like performing arithmetic on
enumeration values.

ESTEEM: ESTEEM is a Windows-based software tool that enables individuals (both
non-programmers and programmers) to quickly construct decision enabling applications which
utilize case-based reasoning technology.

Event: Phenomena such as changes in attributes, which take place along a route. It is a complex
entity defined one-dimensionally along a route.

Features: Features and components are used interchangeably in GIS. Both terms refer to
elements of a land use scenario, such as buildings, roads, etc.

GCS: Geographic Coordinate System uses a three-dimensional spherical surface to define
locations on the earth. A GCS is often incorrectly called a datum, but a datum is only one part
of a GCS. A GCS includes an angular unit of measure, a prime meridian, and a datum (based on
a spheroid). A point is referenced by its longitude and latitude values. Longitude and latitude
are angles measured from the earth's center to a point on the earth's surface. The angles often are
measured in degrees (or in grads).

Geodatabase: The geodatabase is the common data storage and management framework for
ArcGIS and can be utilized wherever it is needed—on desktops, in servers (including the Web),
or in mobile devices. It supports all the different types of data that can be used by ArcGIS such
as attribute tables, geographic features, satellite and aerial imagery, surface modeling, data
survey measurements.

Geographic (Data) Model: A data model in geographic information systems is a mathematical
construct for representing geographic objects or surfaces as data. For example, the vector data
model represents geography as collections of points, lines, and polygons; the raster data model
represent geography as cell matrixes that store numeric values; and the Triangulated irregular
network (TIN) data model represents geography as sets of contiguous, nonoverlapping triangles.

Geographic Feature: An object, real or imaginary, with geographic position classed by point,
line or area; for example, a valve, road centerline, or an in-place utility pole.

Geoprocessing: Geoprocessing is based on a framework of data transformation. A typical
geoprocessing tool performs an operation on a dataset (such as a feature class, raster, or table)
and produces a new dataset as the result of the tool. Geoprocessing also supports the automation
of workflows by providing a rich set of tools and a mechanism to combine a series of tools in a
sequence of operations using models and scripts.

Georeferencing: To georeference something means to define its existence in physical space.
That is, establishing its location in terms of map projections or coordinate systems. The term is
used both when establishing the relation between raster or vector images and coordinates but
also when determining the spatial location of other geographical features
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Geo-Technologies: That group of technologies which are applied to and support, research,
management and charting of the earth, natural resources, ecosystems and infrastructure.

GIS: Geographic Information System(s). Describes any automated system for spatially
managing and analyzing geographic information.

Global Positioning System (GPS): A technology that enables an individual to identify the
location of an object by triangulating his/her coordinates from a network of satellites.

Graphical User Interface (GUI): A human-machine interaction that relies on graphic symbols
and a pointing device to control a computer rather than entry of text from a keyboard.

HTML: Hypertext Markup Language. The coding language used to make hypertext
documents for use on the WWW.

ICTs: (Information and Communication Technologies) ICT is to consider all the uses of digital
technology that already exist to help individuals, businesses and organizations use information.
ICT covers any product that will store, retrieve, manipulate, transmit or receive information
electronically in a digital form. For example, personal computers, internet digital, television,
robots.

Image: A graphic representation or description of an object that is typically produced by an
optical or electronic device. Common examples include remotely sensed data such as satellite
data, scanned data and photographs. An image is stored as a raster data set of binary or integer
values representing the intensity of reflected light, heat, or another range of values on the
electromagnetic spectrum. Also, generic term for pixel-based representation of a document.

Internet: The global network of computers that communicate through a common protocol,
TCP/IP.

Intranet: A network based on TCP/IP protocols inside an organization‘s firewall accessible
only by the organization‘s members, employees, or others with authorization.

Java: Java is a programming language originally developed by James Gosling at Sun
Microsystems and released in 1995 as a core component of Sun Microsystems' Java platform.
The language derives much of its syntax from C and C++ but has a simpler object model and
fewer low-level facilities. Java applications are typically compiled to bytecode that can run on
any Java virtual machine (JVM) regardless of computer architecture. There were five primary
goals in the creation of the Java language: It should be "simple, object oriented, and familiar",

"robust and secure", "architecture neutral and portable", "interpreted, threaded, and dynamic"
and it should execute with "high performance".

JCOLIBRI: “Java Cases and Ontology Libraries Integration for Building Reasoning
Infrastructures” is an object-oriented framework in Java for building Case-Based Reasoning
(CBR) systems. It includes mechanisms to Retrieve, Reuse, Revise and Retain cases and is
designed to be easily extended with new components.

JDBC: Java Database Connectivity (JDBC) is an application programming interface (API) for
the Java programming language that defines how a client may access a database. It provides
methods for querying and updating data in a database. JDBC is oriented towards relational
databases. JDBC API is the industry standard for database-independent connectivity between
the Java programming language and a wide range of databases — SQL databases and other
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tabular data sources, such as spreadsheets or flat files. The JDBC API provides a call-level API
for SQL-based database access. JDBC technology allows you to use the Java programming
language to exploit "Write Once, Run Anywhere" capabilities for applications that require
access to enterprise data. With a JDBC technology-enabled driver, you can connect all
corporate data even in a heterogeneous environment.
http://java.sun.com/javase/technologies/database/

KBS: (Knowledge Based Systems) A system that uses stored knowledge to solve problems in a
specific domain. KBS is a program for extending and/or querying a knowledge base. The
Computer User High-Tech Dictionary defines a knowledge-based system as a computer system
that is programmed to imitate human problem-solving by means of artificial intelligence and
reference to a database of knowledge on a particular subject. KBS are systems based on the
methods and techniques of Al. Their core components are the knowledge base and the inference
mechanisms.

Keyhole Markup Language (KML): KML is an XML-based language schema for expressing
geographic annotation and visualization on existing or future web-based, two-dimensional maps
and three-dimensional earth browsers like Google Earth. KML was developed for use with
Google Earth, which was originally named Keyhole Earth Viewer. It was created by Keyhole,
Inc, which was acquired by Google in 2004. KML files are very often distributed as KMZ files,
which are zipped KML files with a .kmz extension. When a KMZ file is unzipped, a single
"doc.kml" is found along with any overlay and icon images referenced in the KML.

KNN: The k-nearest neighbors algorithm (k-NN) is a method for classifying objects based on
closest training examples in the feature space. k-NN is a type of instance-based learning, or lazy
learning where the function is only approximated locally and all computation is deferred until
classification. The k-nearest neighbors algorithm is amongst the simplest of all machine
learning algorithms. An object is classified by a majority vote of its neighbors, with the object
being assigned to the class most common amongst its k nearest neighbors. k is a positive
integer, typically small. It can be useful to weight the contributions of the neighbors, so that the
nearer neighbors contribute more to the average than the more distant ones. The neighbors are
taken from a set of objects for which the correct classification (or, in the case of regression, the
value of the property) is known. This can be thought of as the training set for the algorithm,
though no explicit training step is required. In order to identify neighbors, the objects are
represented by position vectors in a multidimensional feature space. It is usual to use the
Euclidean distance, though other distance measures, such as the Manhattan distance could in
principle be used instead. The k-nearest neighbor algorithm is sensitive to the local structure of
the data.

Layer: A logical collection of geographic entities among which a compulsory physical
relationship exists.

LGPL: The GNU Lesser General Public License (formerly the GNU Library General Public
License) or LGPL is a free software license published by the Free Software Foundation. It was
designed as a compromise between the strong-copyleft GNU General Public License or GPL
and permissive licenses. The LGPL places copyleft restrictions on the program itself but does
not apply these restrictions to other software that merely links with the program. There are
certain other restrictions on this software. The LGPL is primarily used for software libraries;
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although it is also used by some stand-alone applications. You can use/modify these packages
under the terms of the LGPL rules.

Library: An organized, uniformly defined collection of spatial data partitioned by layers and
tiles into components. Map libraries may organize geographic data spatially as a set of tiles and
thematically as a set of layers. The data in a map library is indexed by location for optimal
spatial access.

MatLab: MATLAB is a high-level language and interactive environment that enables you to
perform computationally intensive tasks faster than with traditional programming languages
such as C, C++, and Fortran (www.mathworks.com).

Meta Data: Data about data. For example, the title, subject, author and size of a file constitute
Meta data about the file. The content of a data dictionary is considered Meta data.

Model Builder: Model Builder is an application in which you create, edit, and manage models
within ArcGIS software. It is also useful for aoutomated geoprocessing.

Model: Model is a pattern, plan, representation (especially in miniature), or description
designed to show the main object or workings of an object, system, or concept. Basically a
model is a simplified abstract view of the complex reality. Model may also refer to abstractions
of concepts and theories.

MySql: MySQL is a relational database management system (RDBMS). The program runs as a
server providing multi-user access to a number of databases. MySQL is owned by a single firm,
the Swedish company “MySQL AB”, now a subsidiary of Sun Microsystems, which holds the
copyright to most of the codebase. MySQL Server is available as free software under the GNU
General Public License (GPL). The project's source code is available under terms of the GNU
General Public License.

Network: A group of computers and associated devices connected by communications
facilities.

Ontology: In computer science and information science, an ontology is a formal representation
of a set of concepts within a domain and the relationships between those concepts. It is used to
reason about the properties of that domain, and may be used to define the domain.

Photogrammetry: The science of deducing the physical dimension of objects from
measurements on photographs.

Pilot Study: An application built to demonstrate the feasibility of a larger application.
Pixel: An acronym for picture element.

Planning Support System (PSS): Constellation of digital techniques which were emerging to
support the planning process (Harris, 1989, Batty, 2003). Briefly, PSS means combining
information with models and visualization.

Planning: Future arrangement in time and space.

Point: A graphic element identifiable by a single co-ordinate pair.
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Polygon: A multisided figure representing an area on a map. A polygon is a spatial feature
defined by the series of arcs comprising its boundary and a label-point establishing its centroid.
A closed plane figure usually with more than four sides but in GIS, any closed plane figure,
such as parcels, boundaries, etc.

Projected Coordinate System: A projected coordinate system is defined on a flat,
two-dimensional surface. Unlike a geographic coordinate system, a projected coordinate system
has constant lengths, angles, and areas across the two dimensions. A projected coordinate
system is always based on a geographic coordinate system that is based on a sphere or spheroid.
In a projected coordinate system, locations are identified by X,y coordinates on a grid, with the
origin at the center of the grid. Each position has two values that reference it to that central
location. One specifies its horizontal position and the other its vertical position. The two values
are called the x-coordinate and y-coordinate. Using this notation, the coordinates at the origin
arex=0andy =0.

Projection: A method by which the curved surface of the earth is portrayed on a flat surface.
This generally requires a systematic mathematical transformation of the earth's graticule of lines
of longitude and latitude onto a plane. Some projections can be visualized as a transparent globe
with a light bulb at its center (though not all projections emanate from the globe's center)
casting lines of latitude and longitude onto a sheet of paper. Generally, the paper is either flat
and placed tangent to the globe (a planar or azimuthal projection) or formed into a cone or
cylinder and placed over the globe (cylindrical and conical projections). Every map projection
distorts distance, area, shape, direction, or some combination thereof.

PSM: (Problem Solving Method) Problem solving has been defined as higher-order cognitive
process that requires the modulation and control of more routine or fundamental skills. It occurs
if an organism or an artificial intelligence system does not know how to proceed from a given
state to a desired goal state. It is part of the larger problem process that includes problem finding
and problem shaping.

Raster: Data displayed as discrete picture elements (pixels). A cellular data structure composed
of rows and columns. Groups of cells represent features. The value of each cell represents the
value of the feature. Image data is stored using this structure.

RBR: (Rule Based Reasoning): A particular type of reasoning which uses "if-then-else" rule
statements. As mentioned above, rules are simply patterns and an inference engine searches for
patterns in the rules that match patterns in the data.

Relational Database Management System (RDBMS): A database or database management
system that stores information in tables (rows and columns of data) and conducts searches by
using data in specified columns of one table to find additional data in another table. Most GIS
systems are RDBMS oriented. In a relational database, the rows of a table represent records
(collections of information about separate items) and the columns represent fields (particular
attributes of a record). In conducting searches, a relational database matches information from a
field in one table with information in a corresponding field of another table to produce a third
table that combines requested data from both tables. For example, two attribute tables can be
linked to a spatial data table via the postal code.
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Remote Sensing (RS): RS is defined as the acquisition of information about an object without
being in physical contact with it RS is any of the technical disciplines for observing and
measuring the earth from a distance, including satellite imaging, global positioning systems,
radar, sonar, aerial photography, etc.

Row: A record, instance, or occurrence of attributes in a table or a horizontal group of cells in a
gird or pixels in an image.

Scenario: A method of reproducing “alternative futures” by starting from the present and
following a complete range of alternative choices or happenings at successive points in the
future

Server: A computer or device on a network that manages network resources. For example, a
file server is a computer and storage device dedicated to storing files. Any user on the network
with permission can store files on the server.

Shapefile: A shape file is a simple, non-topological format for storing the geometric location
and attribute information of geographic features.

Simulation: A method of reproducing the behavior of a system without reproducing the system
itself.

Spatial Data: Information about the location, shape and relationships among geographic
features.

Spatial Decision Support System (SDSS): Spatial Decision Support System is a framework for
integrating database management systems with analytical models, graphical display and tabular
reporting capabilities and the expert knowledge of the decision-makers. Such systems can be
viewed as spatial analogues of decision support systems developed in operational research and
management science to address business problems.

SQL: SQL (Structured Query Language) is a database computer language designed for the
retrieval and management of data in relational database management systems (RDBMS),
database schema creation and modification, and database object access control management.

System: A set of relationships
Table: A collection of columns and rows. It is often represented in a single database file.

Topography: Shape or configuration of the land surface; represented in map form by contour
lines.

Topology: Descriptions of geographical relationships of features; especially which features are
adjacent to or connected to other features. The explicit representation of the position of a
feature, relative to features it defines, or is defined by.

UTM: Universal Transverse Mercator system is a specialized application of the Transverse
Mercator projection. The globe is divided into 60 north and south zones, each spanning 6° of
longitude. Each zone has its own central meridian. Zones 1N and 1S start at -180° W. The limits
of each zone are 84° N and 80° S, with the division between north and south zones occurring at
the equator. The polar regions use the Universal Polar Stereographic coordinate system.
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Vector: A geometric element, stored as a point with X, Y coordinates within a computer
database. A coordinate-based data structure commonly used to represent linear map features.
Each linear feature is represented as x,y coordinates. Attributes are associated with the feature.

Virtual Reality (VR): VR is a technology which allows a user to interact with a
computer-simulated environment, even real or imagined one.

Web Browser: Client software that is used to look at various kinds of Internet resources. The
two most popular browsers are Netscape and Internet Explorer.

WGS 1984: World Geodetic System 1984 using the WGS 1984 spheroid

XML: Extensible Markup Language (XML) is a method for putting structured data (such as
that in a worksheet) in a text file that follows standard guidelines and can be read by a variety of
applications. Designers can create their own customized tags, enabling the definition,
transmission, validation, and interpretation of data between applications and between
organizations.
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