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Abstract: Spatial Pattern (SP) Description, Identification, and Application Methodology (SPDIAM)
was developed for describing and detecting spatial economic, social, and environmental phenomena
and providing basic information technology (IT) artefacts that can be used for the spatial analysis
development using GIS technologies. SPDIAM allows urban planning and design practitioners to
describe SP in a computerized manner, identify SP automatically, and apply them in the spatial
planning and design domain. In this article, we explain the general SP and spatial meta-pattern
model, used in SPDIAM, that is based on the theory of Complex Spatial System (CSS), spatial
configuration, and spatial capital concepts and is presented using UML diagrams as standard used
for visualization of project models from structure and behavior points of views. The practical
experiment of describing and identifying 6 basic spatial meta-pattern values is conducted using the
new algorithm that combines Space Syntax method, Visibility Graph Analysis (VGA), and VGA
measures to create a computer model of space and to quantify its configuration, which can then be
used to handle geographic and geometric data associated with attribute information, to perform
spatial, mathematical, and statistical calculations and to visualize SP. The results of the experiment
show that the model and the algorithm are appropriate for spatial meta-patterns identification, and
the best results can be achieved using VGA measure Isovist Compactness. In the future, general SP
and the spatial meta-pattern model can be used to describe and identify complex SP and to solve
problems in CSS with the help of the spatial meta-pattern values described in this article.

Keywords: pattern analysis; geographic information system; space syntax; network theory; graph

1. Introduction

Information systems (IS) research examines more than the technological or social
system, or the two side by side; it investigates the phenomenon that emerges when the
two interact [1]. IS, as a design science, does not attempt to develop concrete information
technologies (IT) applications but, rather, general solution concepts that help to develop
the concrete IT applications or specific solution concepts [1].

In our previous article [2], we presented Spatial Pattern (SP) Description, Identification,
and Application Methodology (SPDIAM) and SP identification algorithm. SPDIAM allows
urban planning and design practitioners to describe SP in a computerized manner, identify
SP automatically, and apply them in the spatial planning and design domain. SPDIAM
is based on the Space Syntax method and normalized spatial and non-spatial measures
and can be used with the statistical social, economic, and environmental indicators, which
are related to the urban sustainability and spatial capital. The concepts that were created
at the stage of defining SPDIAM can be used for the development of the spatial structure
(such as network or grid) analysis tools in Geographic Information System (GIS). Space
Syntax approach was chosen as the most appropriate for this research as it: (a) views
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the urban spaces as a complex, constantly interacting network, thus reflecting nature of
a city as a complex, dynamic system; (b) uses mathematical methods and mathematical
graph model; (c) offers a high variety of theoretically grounded and empirically tested both
normalized and not normalized centrality measures, which create a lot of possibilities for
spatial configuration analysis and comparison; and (d) could be seen as a tool to evaluate
spatial capital [3]. Examples on disciplines where Space Syntax has been applied are:
anthropology, archaeology, architecture, urban planning and design, geography, psychology
(wayfinding and perception of safety), sociology, criminology, real estate development,
and road engineering [4]. Space Syntax was applied in various urban design, strategic
planning, and consultancy projects, such as public realm design for Trafalgar Square, the
new highway link through the Dutch city of Leiden, the strategic plan for railway stations
for North Holland, the use of space syntax in densification strategies in the Norwegian city
of Bergen, the master plan of Jeddah, the redesign of Woolwich Squares in London, the
regeneration of the areas around King’s Cross Station in London, the upgrade of the Old
Market Square in Nottingham, the evaluation of the location of the Millennium Bridge in
London, and the creation of spatial strategies for the Chinese city of Changchun, among
others [5].

In this article, we further analyze the static and dynamic view of SPDIAM [2], e.g.,
UML class model, that describes SP structure and attributes, and the methods and al-
gorithms to identify spatial meta-patterns in the spatial data sets. The analysis is based
on the theory of Complex Spatial System (CSS) as a system of interest of SPDIAM, and
CSS represents the spatial entity for which SP is identified. Examples of CSS are regional
systems (cities, regions, European Union), urban systems (cities disaggregated to show
their structure and working), functional systems (economic (agriculture, resource, man-
ufacturing industry, consumer services, producer services), social, labor market, spatial
systems (point patterns (e.g., systems of cities), interactions (commuting flows), networks
(traffic, communications), etc. [6]. SPDIAM is based on the spatial configuration and spatial
capital [7] concepts, as they closely examine the structure, constitution, and attributes of SP,
as well as on detailed research of SPDIAM problems and methods using Design Science
Research in IS [1], Complex Spatial System Approach [6], and Algorithmic Approach [8].
As aresult, a general SP and meta-pattern model is explained using UML diagrams, and
the practical experiment of using this model for the describing and identifying 6 basic
spatial meta-pattern values is conducted. For the experiment, the new algorithm using
Space Syntax method, Visibility Graph Analysis (VGA), and VGA measures [9] is presented,
and the results of the experiment are evaluated. SPDIAM flexibility, expandability, and
reusability is demonstrated in comparison with the other spatial analysis methods, such as
Cellular Automata, Agent-Based Modeling, Fractal Analysis, or stand-alone Space Syntax.

In the diagrams of this article, the blue color UML classes mean the classes used in
SPDIAM, and the white ones are added for the explanatory purpose only, to express the
main mechanics, opportunities, and flexibility of the SPDIAM model in general.

2. Research Background Overview
2.1. Complex Spatial System and Algorithmic Approach

Cities and regions are complex, adaptive, self-organizing systems [8]; thus, urban and
regional analysis can be seen as concerned with CSS [6]. CSS defines a spatial entity and
is described by many variables, with high levels of interdependence between elements,
governed by nonlinear processes and having significant spatial structure [6]. Therefore,
the analysis of the separate components does not give the full picture of CSS [10], and
the nonlinearities in CSS analysis can arise in a variety of ways: rates of change are
non-constant; distance effects involve a power or exponential function (such as in the
geographer’s gravity model), etc. [6].

Complexity is a general property of CSS that takes the form of hierarchy—a recursive
partition of a system into subsystems [1]. Hierarchies have the property of near decom-
posability: short-term behavior of each subsystem is approximately independent of the
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other components, but the long run behavior of a subsystem depends on other components
in an aggregate way, and it simplifies the behavior and the description of CSS [1]. CSS
description need not be as complex as the system due to the redundancy property and may
contain only a fraction of the connections [6], redundancy results from the fact that there
are only a limited number of distinct elementary components, and CSS are obtained by
varying their combination [1].

When defining CSS as a system of interest, its elements (people (agents), organizations,
and infrastructure) can be assembled into systems in a large number of different ways at
different scales [6]. Entities which are components of CSS must be defined and categorized,
many of them have to be located in space, and their behavior has to be described over
time [6]. Therefore, the important aspects are entitation, number and breadth of categories,
and spatial (cartesian coordinates or discrete zone system) and temporal representation of
CSS [6].

Urban and regional analysis of CSS can be done through analytical human geogra-
phy and associated disciplines. An integrated system can be composed of the subsystem
models (such as agricultural, industrial, residential location, service delivery, transport,
demography, and economic systems [6,8]), and its aims are: (1) handling interdependence
of subsystems; and (2) being able to represent the main elements of urban structure. The
four stages of CSS analysis [6] are: (1) detailed system of interest and associated analytical
problems analysis (this stage is often omitted in modern quantitative geography); (2) statis-
tical analysis; (3) mathematical modeling and formal systems analysis; and (4) application
in management or planning.

CSS has to be analyzed in that case when statistical analysis, mathematical modeling,
and system analysis methods are not enough; not enough is known about the system to
make mathematical analysis possible; the system is too large for feasible analysis; or there
are too many variables [6]. In such cases, the computer modeling and computer simulation
help, but the CSS modeling task requires a framework for analysis, and SPDIAM [2] offers
such a possibility based on the fact that, in CSS, variables are properties of locations which
are either averages for the location (e.g., density) or functions of the whole surrounding
environment (e.g., accessibilities) [6].

The key to modeling cities as self-organizing systems is to treat them not only as
IT artifacts but as processes, which means embedding the model in time [8]. From this
perspective, the natural language of modeling is the algorithm (the Algorithmic Approach),
since an algorithm is a representation of a process [8]. The original algorithm that captures
the generic behavior of a complex self-organizing system was Cellular Automata, conceived
in the late 1940s, as simple tool for exploring the nature of dynamical systems [8]. Fractal ge-
ometry was invented in 1950 [11]. Agent-based systems appeared near the end of the 1980s,
thanks to the combined evolution of artificial intelligence, object oriented programming,
and distributed intelligence [12], and other types of algorithms useful for investigating
complex adaptive systems were developed, such as classifier systems, artificial neural
networks, and random Boolean networks [8]. For the public policy modeling of complexity
science, methodologies, such as network science, data mining, and game theory, were
applied [13,14]; other urban growth modeling initiatives included linear/logistic regression
and decision trees [15].

2.2. Spatial Pattern and Spatial Captial

The goal of the Design Science Research in IS is IT artifacts, such as constructs (vo-
cabulary and symbols), models (abstractions and representations), methods (algorithms
and practices), instantiations (implemented and prototype systems), and better design
theories [1]. In order to fully understand and to create such IT artifacts, we need to analyze
the origins of SP emergence and development.

Christopher Alexander noticed [16] that the purpose of the pattern analysis is to
detect invariant things in the infinite set of all possible variations [17]. This principle
can be applied in any system of interest that is based on the spatial data and needs to be
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analyzed using spatial analysis tools. First, we have to distinguish and name the elements
of which the system is made, and then to detect that all parts of the system are made of
the different combinations of the same parts, that are members of the same class of the
physical structures [16]. Second, we have to name the processes which create and build
those patterns in the particular places, and then it is possible to compare them, to make
conclusions about what kind of system landscape we have when one or the other process
and pattern is used, to detect pluses and minuses, and to select the best one suitable in
the particular case [16]. For this purpose, IT artifacts that can describe SP come in handy.
Another important insight made by Alexander [16] is that system elements themselves are
patterns of relationships, and this morphological law can always be expressed in the same
general form X—r (A, B, ... ) which means that, within a context of type X, the parts A, B,
etc., are related by the relationship r.

These patterns or relationships or the spatial configuration can play an important role
in all three domains of sustainability: environmental, economic, and social [18]. According
to the theory of spatial capital [7], urban form generates variations in spatial accessibility
and diversity, with effects on social accessibility and diversity, which are possible to
measure, whereby, in turn, it is possible to measure variations in urbanity as a socio-
spatial category. The sustainability compass model [19] uses the similar spatial theory:
spatial quality looks at the value relationship between the physical environment and the
experiential quality of using it. Thus, spatial configuration (or SP) and spatial quality (or
spatial capital) are closely related and must be considered together in any case, given the
requirements of CSS.

2.3. Spatial Pattern Types and Attributes

Alexander created the pattern language [20], which is composed of the patterns that
describe the problem which occurs over and over again in the environment and the core
of the solution to that problem. Though Alexander’s patterns are primarily dedicated
to identify the cities and architecture patterns, they are suitable for the other domains
where spatial analysis is required, as well, and they can be used to describe and express
fundamental concepts of CSS. Furthermore, Alexander patterns can be described using
geographer models [21] and the same concepts and IT artifacts described in this article
and in Reference [2]. Most common SP types (overviewed in more detail in Reference [2])
are depicted in Figure 1. In the scope of SPDIAM, the geographer models and Alexander
patterns are under consideration, as they have the biggest functional and structural potential
in the calculation of the spatial capital.

Buildings and City
frexClass Map Blocks Pattern
Land Use N
Pattern | Land-use-transportation
Model
L 1 4
Point-based o Pattern Road
Pattern Network
‘Geographer Model P\kxandu Pattern
IConcentric-zone { - Reglonal Po(l;;;s (Limits of + Country Finger
Linear | | City Policies (M:!jor +4{Local Transport
Structures of City) Area
Sector Self-governing Communities : Identifiable
1 (Physically Identifiable Places)| " | Neighbourhood
" " Connect Communities " a
Multi-nuclei (Growth of Networks) Web of Shopping

Figure 1. SP types and examples (UML class diagram).
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The term meta-pattern refers to a pattern of patterns [22], and, by analyzing pattern,
the interrelated structural, functional, and dynamical aspects of systems, their parts, and
their contexts, we draw connections and ultimately make explanatory generalizations [23].
Though the term pattern is usually understandable as spatial or geometric aspects of
the system, it can be successfully applied to the relations among parts within a system:
description of functional relationships or temporal dynamics of system as a pattern in
time [23]. As such, we can expect (1) to develop conceptual constructs arising from the
data analyses, which are based on interacting sets of meta-patterns embedded in the
system; and, (2) since meta-patterns appear throughout cultural and social contexts, to find
transferability of these conceptual constructs across contexts [24]. Thus, as meta-pattern
offers many modeling options, SP can be constructed using small indivisible spatial or
logical elements (meta-patterns) that later could be used to identify patterns of different
scale and complexity [17].

In Ref. [10], characteristics and differences in urban pattern are analyzed to understand
the structure of the urban pattern. Spatial parameters that are used to analyze physical
space are classified into four categories: basic features of physical structure are geometrical
features of the pattern, such as dimensions of the spatial elements; the second category
comprises topological characteristics of the physical space; the third category is focused
on measures related to the visibility and perception of space; and the last category is
complexity of urban pattern that includes the mathematical relationship and hierarchical
structure of the spatial systems. As the result, SP identification gives two main insights
about spatial structure: (1) values, that give information about spatial characteristics and
diversity of urban pattern; and (2) spatial distribution map of changing urban pattern
reflects the unique structure of settlements [10].

However, when creating IT artifacts that can be used in several different domains, it is
not enough to analyze the characteristics of SP. The main concepts of spatial data, spatial
analysis, and spatial entity (or CSS) as a whole should be analyzed, too. Below, there is a
short survey of the most characteristic spatial features, with some examples.

In a feature-based GIS, features are the fundamental representation of geographic
phenomena, and it is both a real world geographic entity and its digital representation, and
shares common attributes, relations, and functions [25]. A feature object may contain six
components of a feature-based object [25]: (1) unique identifier; (2) positional or geometric
information (depending on the type of the feature and application); (3) non-spatial attribute
data (such as names or values of attributes); (4) topological relations among geometric
objects (such as boundaries, neighbors, and interior); (5) non-topological relations (non-
geometric links between features); and (6) methods embedded in each object.

According to the other classification [26], the main objectives of the spatial information
formalisms are to provide specific concepts and notations used in conceptual models to
facilitate the following goals: (1) representation of types of basic spatial objects (points, lines,
etc.); (2) enumeration of spatial relationships between objects (such as an embankment
always being adjacent to a river); (3) description of the evolution of spatial objects over time
(birth and death, object shape changes); (4) modeling of multi-representation of objects; (5)
description of objects with uncertain boundaries or positions (such as areas of pollution);
(6) representation of continuous spatial data (temperature, vegetation cover density); and
(7) modeling of the structure of networks (such as water systems).

The features of the spatial data model of geologic map database presented in Refer-
ence [27] divide all data into four categories: (1) occurrence (spatial geometry for each
geologic feature); (2) descriptor (descriptive information for each feature); (3) concept
(essential concepts and definitions essential for querying the database); and (4) symbol
(cartographic entities for symbolizing the map on-screen and in print form). The spatial
database dedicated to morphological research on architectural heritage [28] divides all data
into two categories: (1) spatial data (topographic map, which shows the locations and the
shapes of historic architectures, and the relation between them); and (2) non-spatial data
(including attribute data and architectural thematic data). These different, but at the same
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time similar, structures for the storage of spatial information must be reflected in the design
of the general SP and meta-pattern model.

2.4. Research Problem and Methods

There are a number of problems that require additional Design Science Research
in IS and make it difficult to develop spatial analysis tools that use SP in CSS analysis.
User-defined SP have to conform to CSS problems and are critically dependent upon
human cognitive (e.g., creativity) and social (e.g., teamwork) abilities to produce effective
solutions [1], so SP must be flexible and configurable. The methods and tools are missing
understanding of what can be achieved through the deployment of generic tools and
what has to be developed which is specific to that discipline, as many of the spatial
problems, across domains, have many common features but are distinguished by the
different objectives of the units in those sectors [6]. Because of the high levels of connectivity
between different entities and subsystems, there is a strong argument for building a very
comprehensive model, but the ideal solution is often impractical, and the partial approaches
have to be used [6]. Existing spatial analysis methods and tools can only describe and
identify user-defined SP in CSS to a very limited extent, as the constructs created by these
methods (such as Space Syntax) are too complex and difficult to understand. Although the
taxonomy of SP has been studied extensively, there remains a lack of a clear criterion for
SP formalization and automatic identification [29]. Though SP can be regarded as abstract
types that allow generalization and a better understanding of the spatial entities, there is
no single correct way of classifying SP nor identifying SP types [17,30]. There are already
empirically determined urban patterns [20-22,31], but the tool, that would let planning
and designing practitioners to identify those SP and have various recommendations and
indicators for commercial and social objects placement or utility indicators for public and
private sector needs, is still missing. In the existing quantitative GIS tools, the preliminary
systems analysis and theorizing cannot be done in activities, such as entitation, scale context,
spatial representation, model partial-comprehensive, and appropriate conceptualization [6].

There are two main research methods used in this work: Design Science Research in
IS [1] and Complex Spatial System Approach [6]. Both of these methods are defined in
Table 1, showing how the process and the goal of the Design Science Research in IS can be
aligned with the goal and the process of CSS analysis. The main concept of this work is to
achieve (to analyze, design and test in computerized manner) the structural approach as it
is defined by CSS theorists and formalize it as the methodology (SPDIAM).

Table 1. Research methods used to define SP problem in CSS.

Design Science Research in IS [1] Complex Spatial System Approach [1]

1.  Problem identification and 1.  Articulation of system of interest
motivation 2. Theory development for system
2. Definition of objectives (needs toolkit of concepts to use
Process 3.  Design and development in model-building)
4. Demonstration 3. Deployment of appropriate
5. Evaluation methods to operationalize the
6.  Communication theory
Artifacts:
e  Constructs System models:
Goal e  Models e  Functional approach
e Instantiations e  Structural approach
e  Better design theories

In a general sense, Design Science Research in IS addresses the problems characterized
by unstable requirements and constraints, based on ill-defined environmental contexts,
complex interactions among subcomponents of the problem, inherent flexibility to change
design processes, and design artifacts, and, here, one repeatedly stumbles upon the com-
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plex systems and their behavior [1]. CSS approach could be divided into the functional
(static) versus structural (dynamic) approaches [6]. With a functional approach, the forms
of organizations and institutions are taken as given, and the emphasis is on the way they
function both individually and in a relation to each other, whereas structural approach
explores the deeper structures and forces which create these particular forms of organi-
zations [6]. The functional analysis of the city is a statement based on the results of the
empirical observation, which has limited explanatory possibilities and no prognostic po-
tential. This is the simplest collection of data on the current situation “who, where, when,
how” and so on. A functional approach (for example, a comprehensive plan developed
in the territorial planning process) zones territory (CSS) according to its functions, when
the structural approach (e.g., SPDIAM) evaluates CSS connections and explores a structure
that can perform a variety of functions. More advanced approaches provide a functional
and structural analysis of a city modeled as a composition of several networks [32].

SPDIAM with the help of Space Syntax is essentially a structural approach because it
evaluates the functional potential of a city through the network configuration (e.g., struc-
ture) measures that show the availability, transit of the location, and so on. Space Syntax
creates a simulation model based on the structure, connectivity, etc., and it corresponds
to the real processes of the city. The functions themselves are shown by statistic data (or
indicators), such as building density, points of interest, flows, and so on. Thus, in the first
case, we have only the essentially observational data (statistical indicators) without a model,
and, in the second case, we have the model and the observational data to check the accuracy
and obtain the additional information. For example, a transport model, if presented only as
a result of the flows measurement, can be classified as a functional approach, but, if it is
based on a model, such as network analysis, it becomes a structural approach. In addition
to Space Syntax, there are other methods that belong to the group of structural approaches:
Agent-based modeling, Cellular Automata, and Fractal analysis.

The main problem of the existing methods of CSS analysis, and, commonly, even
spatial analysis, is that these methods only explore the statistics and functions of CSS, but
they lack a structural approach [16] and use quantitative spatial analysis methods instead
of qualitative ones. Summarizing all the problems described above, it can be concluded
that there is a great need for the methods and tools for a structural approach to CSS and
quantitative spatial analysis methods of spatial phenomena (or SP).

2.5. Research Tools

In this section, we overview the method and the tools that were used to construct
and to test IT artifacts and algorithms for the general SP and meta-pattern model. One
of the most important is Space Syntax approach that is used as a computer model of
space [33] and address the issues relevant to the formation of the land use strategy and
location: to help boost the economy, revitalize central areas, increase social sustainability,
and improve cycling and pedestrian access, as it offers an evidence-based approach and
a scientific and objective tool for the decision-making and testing strategic interventions
and design proposals [34]. Space Syntax is a spatial network analysis method that incor-
porates the urban morphology and offers the main variables of urban form (accessibility,
density, diversity) and the measures of user preference and perception of open space and
spatial capital [2,7,10]. In Space Syntax, the network made by street lines is modeled as a
mathematical graph, and, from this point of view, Space Syntax approach is not unique, as
a mathematical graph is used for transport flow modeling by experts of logistics [3]. The
essential difference between Space Syntax and other urban modeling approaches appears
in a process of graph construction: the logistic modeling chooses crossroads as graph nodes
as the main points for logistics in a city [3]. Space syntax marks street axes or segments as
nodes, thus focusing on spaces essential for street culture [3].

Space Syntax can operate the axial, convex, or visibility graph analysis maps and
provide a range of spatial property parameters derived from the connectivity graph (con-
nectivity, control, integration, and many others) [2]. There are currently three methods
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available for Space Syntax analysis: line-based (axial/segment) analysis, convex-space
analysis, and grid-based analysis or VGA [9].

VGA is a means to quantify the configuration of space as regular units which can then
be used to identify the relationship of that space to the behavior of the humans that occupy
it [9]. For the graph, notation is defined as G = (V,E), where V (the vertices) are the cells
of the grid that are part of the graph; V = {vy, vy, ... , v,} and E (the edges) are the pairs
of mutually visible cells; E = {ey, ey, ... , e,}. For a specific vertex v;, the neighborhood
(the other cells that are visible from it) is defined as: N(v;) = {v;le; € E}, where i and j
correspond to the indices of the cells in the grid. An isovist is all the points visible from a
specific point in space, and, in two dimensions, it can be thought of as a polygon [9]. Apart
from providing a way to make the graph, isovists also allow for the creation of different
metrics that described the space that is around a cell, such as its area or perimeter [9]. A
more detailed overview and an explanation of main Space Syntax concepts and terms can
be found in Reference [4].

A range of software [35] has been developed to perform Space Syntax analysis, to
handle geographic and geometric data associated with attribute information, to perform
spatial, mathematical and statistical calculations, and to visualize the results. In this work,
we use the main tool used by the Space Syntax community: DepthmapX [36]. There are
25 VGA metrics that DepthmapX can currently calculate, a mixture of classic graph-theory
metrics, metrics borrowed from the urban-scale Space Syntax theories, and some VGA-
specific metrics describing local spatial properties [9]. DepthmapX provides a set of global
metrics, e.g., for each cell, the values are affected by every other cell in the set, and the
aspect that provides this connection in VGA is Visual depth—the least amount of visual
steps (a step from a cell to any other immediately visible cell) required to reach another
point in the space, and, given that the grid also functions as an undirected graph, the visual
metrics can be thought of as topological distance in steps [9].

3. General Spatial Pattern and Meta-Pattern Model
3.1. Essential Assumptions

Design Science Research in IS is guided by the specific research problem that is usually
divided into more manageable subproblems, accepts certain critical assumptions, and
requires collection and interpretation of data and creation of IT artifacts [1]. The standard
analytical CSS problems, which can be solved by SP, have spatial, functional, and structural
background. Where is CSS spatial, economic, social, or environmental capital? What is
the pattern of that capital? Is the existing capital optimal? What parts of CSS are more
important than the others? Is the planned spatial intervention, such as urban development,
in synergy with the existing capital, or will it force to change or even no longer to use the
existing capital? There is a relation between such analytical problems, solutions (or SP),
and objectives that could be set for CSS. Each solution has to be stated in a such way that it
gives the essential field of relationships needed to solve the problem, but in a very general
and abstract way, so that the analyst can solve the problem by adapting it to his preferences,
as well as the local conditions [20].

In CSS, effectiveness of the developed framework is the extent to which it can lead
to efficient modes of analysis that will contribute to problem-solving in these contexts [2].
For it, we have to aggregate the properties, measures, and indicators describing CSS
into abstract logical entities, thus creating IT artifacts necessary for solving the tasks of
spatial planning and design analysis. Summarizing the assumptions from Section 2 and
considerations above, the proposed decomposition of SPDIAM problems is presented in
Table 2. It reflects the complexity of the problem applying SPDIAM and can be used as a
basis for further development of the proposal.
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Table 2. Composition of SPDIAM problems and solutions.

Question

Component of Problem

Solution

Concept

1. How to describe CSS?

1.1. How to create CSS model?

(a) partially comprehensive
model
(b) bottom-up model

Spatial Entity (CSS model)

1.2. How to describe CSS
analytical problems?

(a) classify and assign solution
(SP) to the problem

Problem

2. How to describe SP in
computerized manner?

2.1. How to structure SP
properties and values?

(a) create SP (b) create SP
attributes
(c) create SP values

Pattern, Pattern Attribute

2.2. How to create user
defined and reusable SP?

(a) create SP based on
previously defined
meta-patterns and SP

Pattern Type
Pattern Attribute

2.3. How to make SP
configurable and extendable?

(a) use SP value measures
(b) create new measures with
new measure attributes

Pattern Value, Measure,
Measure Attribute

3. How to identify SP
automatically?

3.1. How to describe CSS
properties?

(a) define quantifiable and
scientifically based CSS
measures

(b) perform assessment of CSS
based on measures sets

Spatial Entity Attribute,
Measure,

Measure Attribute,
Pattern Value

3.2. How to measure CSS
properties?

(a) use whole CSS information
(b) combine different methods
(c) use generic and specific
spatial tools

(d) make constructs created by
method simple and
understandable

Method, Operation
Form, Structure

3.3. How to evaluate
identified SP?

(a) use statistical indicators

Indicator

4. How to apply SP?

4.1. How to analyze present
CSS model?

(a) assess CSS at different size
and level

(b) compare different CSS

(c) use SP with CSS statistical
data

(d) use different dimensions
(e) associate SP with other
patterns and models

(f) use quantitative methods
instead of qualitative ones
(g) manage consequences of
interdependence

Method, Measure, Indicator,
Pattern Attribute

4.2. How to indicate directions
of CSS future transformation?

(a) use CSS measures

Operation

3.2. Spatial Pattern Formalization Model

The aim of this section is to explain the general model of SPDIAM [2] that is used for
SP identification algorithm and let us identify SP in the vector data of the spatial entities.
In the scope of this article, the SP model will be used to describe and identify spatial
meta-pattern defined in Section 4.

The general assumption of SPDIAM is that there is SP formed by the existing distribu-
tion of variables across space [14]. Out of these distributions, certain aggregate quantities
can be calculated, such as densities and accessibilities, which form part of the basis for
ongoing decisions that will generate changes in CSS, as the whole [6]. SP is a recurring form
of a complex physical entity that has spatial structure and can be presented as geometrical
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or topological primitives in a map [2,29]. A structure is a set composed of relations between
its elements [12]. SP could be approached on the basis of the theory of urban capitals by
Lars Marcus [7] as the four capitals (spatial, economic, ecological, social) are forming the
functional background of a city and interacting constantly. The spatial capital is formed
by spatial configurations that can significantly affect economic, social, and ecological pro-
cesses [3]. Therefore, Marcus spatial capital approach could be seen as an expansion and
additional explanation to the idea of pattern language by Alexander and makes a back-
ground for SP modeling and analysis. Space syntax as a mathematical graph based model
is used for SP modeling to catch the spatial capital, but the appropriate selection of the
different syntactic measures and indicators could be related to different types of the capitals
(economic, social, etc.). The main concepts of the general model to address CSS problems
that need analytical approach are presented in Figure 2. There are existing SP in CSS, and
these SP can be described by the measures. Every CSS can have different capitals, that can
be expressed in terms of spatial configuration, which is the basis for the spatial capital.
Spatial configuration can be defined by different spatial characteristics; therefore, spatial
configuration consists of SP that consists of different measures.

Complex Spatial

System -
|1
[0..1 [0..1 0.1 1
Economical . . Ecological Spatial
Capital Social Capital Capital Capital
[o.1 Jo.1 [o.1 ¢
[1
Spatial
Configuration| - Pattern *
Spatial .
Characteristic| = e asure
[
Accessibility Diversity Density

Figure 2. General model to address CSS problems that need analytical approach (UML class diagram).

In UML, cardinality is represented by characters: “..1” (meaning that an instance of the
first entity class can be associated with no more than one instance of the second class) or “..*”
(meaning that the first entity can be associated with an unlimited number of instances of the
second class). A relationship’s optionality can be either “0..” (meaning that the relationship
is optional) or “1..” (meaning that it is required). Composite aggregation is described as a
binary association decorated with a filled black diamond at the aggregate (whole) end. In
a composite aggregation, the whole system is responsible for the disposition of its parts,
which means that the composite must manage the creation and destruction of its parts. An
aggregation is a special type of association in which objects are assembled or configured
together to create a more complex object. An aggregation describes a group of objects and
how you interact with them. An aggregation association appears as a solid line with an
unfilled diamond at the association end, which is connected to the classifier that represents
the aggregate [37].

Every SP, as spatial feature, can be defined as consisting of the different kind of
attributes (described in Section 2), as presented in Figure 3.
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Pattern
Pattern

Astribute

Non-Spatial . . Computational
Astribute Spatial Attribute Agtribute
> a
Descriptive Hiearchical Sectoral Geometrical | |Topological | |Complexity Visibility and
Astribute Attribute Attribute Astribute Astribute Astribute Perception Attribute

Figure 3. Types of SP attributes (UML class diagram).

The elaborated model of SP is presented in Figure 4, and it has some significant changes.
First, the class PAttribute for non-spatial SP attributes is created; it defines descriptive
SP attributes (any descriptive SP characteristic, such as origin or scientific justification of
SP, etc.), hierarchical SP attributes (such as Configuration), sectoral SP attributes (such
as Dimension (spatial, economic, social, or environmental), or SP Context (region, city,
district, site). Class Pattern has its own attributes, such as SP Name, Description and
Type (SP or meta-pattern). The algorithm for specific SP identification relies on the chosen
identification method (such as Space Syntax) (class PatternMethod). The algorithm is
described as a sequence of calculated spatial forms that step after step identifies SP. So, for
SP spatial attributes, two classes, Form and FAttribute, are created. Class FAttribute defines
SP geometrical attributes (area, perimeter, part size), topological attributes (zone count,
part count), visibility and perception SP attributes (visibility, distance), and complexity SP
attributes (fractal dimension, lucinarity). Each SP consists of SP values (class PatternValue)
that let us identify the specific SP. For example, SP City Layout can have values, such as:
co-centric, linear, sector, and so on. Each SP value consists of computational SP attributes
(class PatternValueMeasure). Using instances of this class, the real values of the measures
that define SP value are kept. The SP identification algorithm compares the return value of
SP identification method with the measures that define SP value.

Pattern PatternMethod
=

* *

PatternValue Form

! i

*® i3 | ¥

Computational Non-Spatial
Attribute Aftribute

I | |

Spatial Attribute

Qe ueMoas PAttribute FAttribute
| | | \ | | |
Descriptive Hiearchical Sectoral Geometrical Topological Visibility and Complexity
Attribute Attribute Attribute Astribute Astribute Perception Attribute Attribute

Figure 4. General SP formalization model (UML class diagram).

The detailed idea of SP composition of meta-patterns was presented in Reference [17].
SP can be constructed of meta-patterns, and the Configuration attribute (instance of class
PAttribute) is responsible for this construction. In Figure 5, below, we present 6 spatial
meta-pattern values that are used in the spatial meta-pattern description and identification
experiment described in Section 4. These basic spatial meta-pattern values depict 6 basic
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geometrical and topological forms that repeat themselves in real-world SP in different
proportions.

Pattern <> Metapattern
[ ] Line
Geographer Model \Alexander Pattern
-y 7Y Star 4
Concentric-zone Country Finger
Star 8
. Local Transport
Linear Area
Coridor
Sector Identifiable
Neighbourhood
Labyrinth
Multi-nuclei 'Web of Shopping
Circle

Figure 5. Basic spatial meta-pattern (UML class diagram).

In Figure 6, we present the final SP and meta-patterns model (UML class diagram)
which forms the basis of the static description of SPDIAM.

PAttribute

+ Name : string
+ ValueType : ValueType

*

+ attribute
Probl *paten|y o PatternValue
roblem

+ Name : string Latiorn e + Name : string
+ Type - ProblemType | problems '+ Name : string Il = | + Description : string

- « | + Type : PatternType + Image : string

+ Description : string ?

* 1

. 1
Indicator + methods | = + measures | =
+ Name : string PatternMethod

+ Type : IndicatorType PatternValueMeasure

+ RelationType : RelationType + DefaultMethod : boolean = -

+ GeometryType : GeometryType : @:ﬁ:ﬂr‘g o.u\éal;ueKdeype
+ ValueType : ValueType + Value2 - double

Figure 6. General SP and meta-pattern model (UML class diagram).

3.3. Spatial Pattern Identification Algorithm

The new algorithm presented in this article is based on SP identification algorithm
used in SPDIAM (phase SP Identification and Evaluation) [2]. First, the area of SP is con-
structed, using Space Syntax angular segment analysis measures with a certain percentage
of maximum values, intersecting them with a grid (size of the cell 200 x 200); then, SP is
formed, identified, and evaluated.

The new algorithm further analyzes the form of SP and uses new Space Syntax struc-
ture “Visuality Graph”, together with the new VGA measures, to describe and identify the
form of SP. The steps of SP identification algorithm (presented in Figure 7) include: (1) se-
lection of SP economical, ecological, or social orientation (PAttribute. Name = ‘Dimension’);
(2) selection of the proper measures to describe PatternValue (class Measure); (3) tessel-
lation [38] of CSS area to the grid and the assignment of the calculated syntactic values
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of the measures to grid cells (classes Structure and Form); (4) construction of SP area by
taking 30% of the highest value grid cells (classes Structure and Form); (5) identification
of SP using VGA and the relation to geographers’ and Alexander’s pattern typologies
(classes PatternValue and PatternValueMeasure); and (6) evaluation of SP using open data
indicators (class Indicator). As for spatial meta-pattern, the algorithm is much simpler, and
it contains only 2 steps (Figure 8): (1) construction of spatial meta-pattern area; and (2)
identification of spatial meta-pattern using VGA measures.

s Soloct CSS Research
Field

2. Soloct Measures for
Pattern Value

Colls

4. Construct Pattern Area

5. ldonnfy Pattern Using
VGAand Pattern Typologies

6. Evaluato Pattern Using
Indicators

3. Tossolla(o CSSand
Assign Syntactic Values to

@

Figure 7. Algorithm of SP identification (simplified).

°

| 1. Construct Metapattern

Area

Using VGAMeasures

l

Figure 8. Algorithm of spatial meta-pattern identification (simplified).

L 2. Identify Metapattern

4. Experimental Application of the Model

The general model of SPDIAM explained in Section 3 was used to conduct the experi-
ment and to describe and identify spatial meta-pattern defined in Section 4. The aim of this
spatial meta-pattern identification experiment is to detect the working basic meta-pattern
values and measures that can later be used to automatically identify the geographers” and
Alexander patterns and to apply them in CSS analysis in other domains. For this purpose,
very simple spatial meta-pattern values were chosen to show the clear relationship between
their form and numerical values of the selected Space Syntax measures.
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4.1. Input Data Preparation

The SPDIAM spatial data preparation routine depends on the method that is selected
for SP identification. Space syntax method requires a vector data model, as the spatial
network is formed of the roads network layer. The spatial data preparation routine was
previously described in Reference [2], but, for spatial meta-pattern identification, this
routine is a little different as we do not need data of actual spatial entities (cities or regions).
Instead, the 6 spatial entities for 6 meta-pattern values were drawn in Autodesk AutoCAD
2017 and saved as *.DXF files as ideal forms for testing spatial measures. The first spatial
entity (Circle) consisted of 778 squares, and, then, the other entities had to fit in the same
area of the drawing. The following geometrical structures of spatial entities were prepared:
Line, Star4, Star8, Sectoral, Labyrinth, Circle. These primary spatial structures in *.DXF
format were transformed to Visuality Graph using DepthmapX (0.5.0.), and each square of
the spatial structure became a cell in the Visuality Graph (Figures 9 and 10). The vertices of
Visuality Graph were connected to each other if they could be seen from each other without
obstruction. As a result, 6 Visuality Graphs were prepared as input data for the experiment.

N/
N\

=

Figure 9. Idealized spatial entity Star8 (AutoCAD drawing, Autodesk AutoCAD).

Figure 10. Spatial structure of Star8 (Visuality Graph, DepthmapX).

Such ideal spatial structures present an idealized situation and help to analyze simple
geometric forms of SP. Such structures have to be essential (most common) and elementary
(the simplest transformation of the selected form). If the need arises, the library of spatial
meta-patterns and their values can always be supplemented with the new members; we
just have to use the same area of the drawing so that the calculated measure values will be
in the same range.

4.2. Spatial Meta-Pattern Description and Identification

For the experiment, a basic spatial meta-pattern and its values were described using
the instances of UML classes and explanatory attributes of the general SP and meta-pattern
model from Section 3, as presented in Table 3.
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Table 3. Description of basic spatial meta-pattern.
Instance_Name: . Type: Configuration:
Pattern Instance_Name: PatternValue PAttribute PAttribute
Name Name Image Value Value
‘Line’ = ‘Meta-pattern’ NULL
‘Star4’ - ‘Meta-pattern’ NULL
. ‘Star8’ ‘Meta-pattern’ NULL
Basic
Meta-pattern’
‘Sector’ ‘Meta-pattern’ NULL
‘Labirinth’ ‘Meta-pattern’ NULL
‘Circle’ D ‘Meta-pattern’ NULL

The structures of basic geometrical meta-pattern values were drawn and analyzed
with the aim to select working VGA measures and to test if they can be used for the
identification of real SP. VGA measures (listed in Table 4) were selected using these rules:
(1) evaluating them by the meaning: what the measure defines or shows on the map; (2)
taking those measures that can hypothetically define the shape of the visual field, e.g., the
geometrical form of the selected spatial area which are used for SP identification (class
Form); (3) testing measures in the VGA spatial meta-pattern description and identification
experiment (described in this section); and, finally; (4) evaluating the values of the measures
and deciding which measures can be used to define the physical and the functional form of
spatial meta-pattern value and which of them can be normalized for later use.

Table 4. VGA measures for basic meta-pattern values identification (measures are taken from

Reference [9]).

Instance_Name: Measure

Name Formula Component Description
K ‘MAP VARIABLE’ NULL ‘number of cells in system”
‘dxy’ ‘MAP VARIABLE’ NULL ‘distance from cell x to y’
v, ‘N’ ‘MAP VARIABLE’ NULL ‘cell of the grid’; ‘neighborhood’
‘e’; 'E "MAP VARIABLE’ NULL ‘pair of mutually visible cells’; ‘edge’
‘g’ ‘MAP VARIABLE’ NULL ‘generating point’; ‘center of gravity of polygon’
‘A TT ‘MAP VARIABLE’ NULL ‘isovist area’; ‘isovist perimeter’
‘“TD’ ‘Zy MIN dy,’ ‘dxy’ ‘total depth of system’
“Visual Mean Depth . TD » TD. K’ ‘average number of visual steps to reach every other cell
(VMDY (k=1) ! in system’
‘RA’ ‘ % ! ‘MD, k’ ‘relative asymmetry’
D’ '%’ K ‘idealized diamond system’
‘RRA’ ’%’ ‘RA, D’ real relative asymmetry
‘Point First Moment’ ’Zvj €N (v) d (Ui/ v j> ’ ‘v, N, d’ ‘isovist potentialto spin around’
‘Through Vision’ (found in DepthmapX) ‘e, E’ ‘amount of visibility lines that pass through location’
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Table 4. Cont.
Instance_Name: Measure
Name Formula Component Description
‘Isovist Compactness’ ‘4HL§4’ ‘A, TT ‘measure of isovist shape that is invariant to its area’
P . , , 5 2, . ‘vector from generating point to center of polygon
Drift Magnitude \/(Cx —8x)" + (cy — 8y) g C gravity’
‘Isovist Occlusivity” (found in DepthmapX) - ‘parts of isovist perimeter’
. . ! tt iti ded f h tt
“Visual Integration’ L1, RRA’ amount transitions needed from graph segment to
RRAp reach all segments

For the basic meta-pattern identification, Space Syntax method was defined by the
class Method, and the VGA measures used were defined by the class Measure, as presented
in Table 5. In addition, the instances of the classes Form and Structure with corresponding
instances of the class FormMeasure were described. For the structure with the attribute
Structure.Type = “Visuality Graph’, the VGA measures from Table 4 were used to identify
the values of basic spatial meta-pattern values.

Table 5. Forms and structures for basic meta-pattern.

Instance_Name: Class_Name

Instance_Name: Instance_Name: Instance_Name:
Form Structure Form Measure
Name Type Variant Description
‘Spatial Grid’ ‘Grid’ ‘Structure’ NULL
‘Point First Moment’,
‘Through Vision’, *
Isovist Compactness’,
‘Basic Meta-pattern’ ‘Visuality Graph’ ‘Structure’ ‘Drift Magnitude’,

‘Isovist Occlusivity’,
‘Visual Integration’,
‘Visual Mean Depth’

Then, the calculation of VGA measures for each basic meta-pattern value was made
using DepthMapX, and calculated VGA measures were normalized by dividing their values
by the number of the cells of Visuality Graph. The results of the calculation and the visual
representation of basic meta-pattern values are presented in Tables 6 and 7.

4.3. Evaluation of Experiment Results

In order to evaluate the results of the performed experiment, we have to determine
the differences in the numerical scale of the calculated measures values as the form of
the spatial meta-pattern changes. The main results of the conducted spatial meta-pattern
identification experiment are as follows: (1) Isovist Compactness measure is the most
suitable for SP identification as its values show the features of the form of the spatial object
and its proximity to the circle using certain clear ranges for different spatial meta-pattern
values (measure value approaching to 0 shows Line, and approaching to 1—Circle meta-
pattern value). MAX and MEAN values of Isovist Compactness can be used potentially as
the additional values for more precise SP description; (2) Drift Magnitude measure values
also show clear ranges for different spatial meta-pattern values and can be used to identify
the degree of the compositional axiality; the bigger value of Drift Magnitude measure is
found in more prolonged spatial meta-pattern values; (3) the normalized values of the
two measures “Isovist Compactness and Visual Integration” can be used to compare SP
of different size and to have the more convenient scale of SP values for SP identification;
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(4) Visual Mean Depth as the measure based on topological distance can be used not
normalized and its higher MAX or MEAN values show more Labyrinth, such as spatial
meta-pattern structure; and (5) other measures do not demonstrate clear relations between
the spatial meta-pattern form and their values, drawing the conclusions from the differences
in the numerical scale of the calculated measures.

Table 6. Basic meta-pattern value measures (MAX, MEAN, MIN) and their normalization (N).

Line Line N Star4 Star4 N Star8 Star8 N Sector Sector N Labyrinth Labyrinth N Circle Circle N
Point First Moment
396,615 4406.833 356,901 2176.22561 727,968  2239.90154 658,816 1932.012 658,816 1729.176 2,773,020  3564.2931
270,703 3007.811 247,634 1509.96341 278,051  855.541538 501,121 1469.563 453,064 1189.144 2,216,860  2849.4344
203,295 2258.833 179,093 1092.03049 203,804  627.089231 383,969 1126.009 5325 13.97638 1,632,530  2098.3676
Through Vision

1980 22 3452 21.0487805 6648 20.4553846 6954 20.39296 7023 18.43307 21804 28.025707
1278 14.2 1154 7.03658537 970 2.98461538 2145 6.290323 1937 5.08399 6424 8.2570694
0 0 0 0 0 0 0 0 0 0 8 0.0102828

Isovist Compactness

0.126 0.126 0.136 0.136 0.134 0.134 0.505 0.505 0.543 0.543 0.997 0.997
0.126 0.126 0.132 0.132 0.121 0.121 0.246 0.246 0.24 0.24 0.997 0.997
0.126 0.126 0.059 0.059 0.039 0.039 0.086 0.086 0.07 0.07 0.997 0.997
Drift Magnitude
4409 48.98889 4196 25.5853659 4201 12.9261538 4325 12.68328 3982 10.45144 3153 4.0526992
2258 25.08889 2164 13.195122 2261 6.95692308 1792 5.255132 1637 4.186701 2098 2.6966581
7 0.077778 20 0.12195122 19 0.05846154 17 0.049853 22 0.056266 39 0.0501285

Isovist Occlusivity

0 0 8034 48.9878049 18833 57.9476923 19733 57.86804 20675 52.87724 0 0
0 0 952 5.80487805 2923 8.99384615 7516 22.04106 8870 23.28084 0 0
0 0 0 0 0 0 282 0.826979 400 1.049869 0 0
Visual Integration
no value no value 39.33 39.33 42.63 42.63 248.91 24891 50.6 50.6 no value no value
no value no value 10.36 10.36 8.6 8.6 33.61 33.61 16.54 16.54 no value no value
no value no value 9.83 9.83 7.88 7.88 8.62 8.62 3.64 3.64 no value no value

Visual Mean Depth

1 0.011111 1.491 0.00909146 1.735 0.00533846 1.619 0.004748 2.653 0.006963 1 0.0012853
1 0.011111 1.461 0.00890854 1.689 0.00519692 1.279 0.003751 1.534 0.004026 1 0.0012853
1 0.011111 1 0.00609756 1 0.00307692 1 0.002933 1.102 0.002892 1 0.0012853

Table 7. Basic meta-pattern values (DepthmapX).

Line Star4 Star8 Sector Labyrinth Circle
Number of Cells
90 164 325 341 381 778
Image

E B B3 K3 B2 [

The main conclusion of the experiment is that general SP and meta-patterns model
and IT artefacts presented in this article can be used to describe and identify spatial meta-
patterns in the spatial vector data of CSS, taking into account CSS analysis problems. In
the future, more complex SP can be analyzed using the calculated measures and values
of simple spatial meta-pattern. For that purpose, city roads (streets) vector GIS data can
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be used to create the partial-comprehensive model of CSS (the detailed procedure of such
a model preparation is presented in Reference [2]). Then, the cluster analysis on spatial
meta-patterns measures should be performed to create the clusters of measures values
combination, in order to use them to identify SP using meta-patterns. Then, VGA should
be performed on the parts of CSS to calculate measures and to cluster the parts of the cities
into the clusters with assigned meta-pattern values from the previous step. Then, for each
CSS part, the percentage dominance of the spatial meta-pattern value should be evaluated,
and SP should be assigned using simple rules. The detailed algorithm of this process is the
target of the future works. The practical benefits of this research is that the Space Syntax
method used in this article to analyze spatial meta-patterns is widely used in various
spatial research, modeling, and developing practical processes [3,5,39,40]. The presented
general spatial meta-pattern and SP model can be used to link Spatial Syntax models
to geographer’s models, Alexander’s models, and so on, thus extending the complexity
of this research and providing wider and more diverse usability of CSS analysis. The
formalized and computerized description of spatial meta-patterns and SP also allows us to
use other methods for the functional analysis of urban structures (or CSS), such as artificial
intelligence, neural networks, etc., as these methods also could be based on the analysis of
the spatial configurations mentioned in this article.

4.4. Reusability, Expandability, Flexibility, and Complexity of the General Model

Whatever technique we choose for modeling complex self-organizing systems, we
find ourselves up against a number of methodological problems that not yet been fully
resolved [8]. There are four main features of general SP and meta-pattern model that
can help to solve CSS problems (described in the Section 3): (1) reusability: SP and meta-
patterns can be reused for creating new SP, also new spatial meta-patterns can arise based
on the existing meta-patterns; (2) expandability: after the practical SP and meta-patterns
experiment, knowing the ranges of measure values, we can describe the whole new set of
SP and meta-patterns and cover many different geographical models, urban and spatial
phenomena and problems using the general SP model and the same principles (UML class
model and algorithms); (3) flexibility: existing SP, meta-patterns and algorithms can be
improved by using another measures or another SP values, together with the different
spatial forms and structures, to refine spatial problems better if the new insights arise while
working with SPDIAM; and (4) complexity: SPDIAM algorithm lets us use the different
spatial and topological structures (such as Grid, Segment, Convex, and Visuality Graph)
for the same SP, using the strengths of each structure. The other spatial analysis methods
described in Reference [2], when using them as stand-alone methods, lack these features
and need a lot of work and additional IT artefacts to have them.

Cellular Automata, Agent-Based Modeling, Fractal Analysis, and Space Syntax all can
be used for creating the simulation models, but the difference is that Cellular Automata,
Agent-Based Modeling, and Fractal Analysis show how the process is spreading over time,
whereas Space Syntax shows the whole process compressed into one moment of time, as
well as the potential of that process; this is the most valuable property of this method.
Another important feature is that SPDIAM lets us use different models of spatial entity to
follow CSS development over time and to predict changes that can happen in the future
(based on Reference [41]). SPDIAM allows the users to create their own SP, their measures,
and interpretations of measure values. In addition, SPDIAM can be used to describe other
environmental phenomena with a structure, e.g., to identify natural phenomena (natural
analysis), to evaluate building interior, etc.

5. Conclusions

In this article, the analysis of CSS problems, research methods and properties, together
with the spatial data structure, and the deeper analysis of SP and meta-pattern attributes
were conducted. As a result, a general model of SP and meta-pattern was explained and
presented as an integral part of SPDIAM. Using Design Science Research in IS and Complex
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Spatial System approach (+Algorithmic approach), SPDIAM IT artefacts were detailed
concentrating on spatial meta-pattern and VGA analysis. A new VGA-based spatial meta-
pattern identification algorithm was tested with the different VGA measures. The results of
the experiment show that the general model and algorithm are appropriate for spatial meta-
patterns identification, and the best results can be achieved using VGA measure Isovist
Compactness. The value ranges of Isovist Compactness measure can be used to identify
various SP and spatial meta-patterns in the future. Created IT artefacts can be used for the
spatial IS development using GIS technologies and for SP creation and problem-solving in
CSS using the structural approach. SPDIAM demonstrates the reusability, expandability,
flexibility, and complexity compared to the other stand-alone spatial analysis methods, and,
at the moment, there are no known limitations of this model, as it can be easily expanded by
creating new spatial meta-patterns and adding new methods, measures, spatial structures,
and forms.

In the future, the formalization of the connections between different SP and between
SP and meta-patterns, together with the application use cases of identified spatial meta-
patterns, should be detailed and added to SPDIAM. It would help to clearly define flexible
SPDIAM construction possibilities for the creation of an SP library.
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