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Abstract

The aim of this paper is to develop a framework for the formal models of the cadastral system that is conceived as a land information management system. The objective is to develop the basic setting for modeling the inner and outer views of such systems, developing and using a specific (stereotyped) modeling methodology for conceptual formalism. Each view represents a specific aspect of the information system scrutinized. The internal view represents the inner static structure of the system, its data and therefore facts. The outer view is dynamic and stands for the users’ or externally observed aspects of the system that shape its procedural and processing behavior or supplied services.

The analytical dissection of cadastral information system bases on the system analysis approach and relies on the object-oriented methodology. The modeling approach is based on the standardized geographical information developments, its reference models and terminology. The formal descriptive technique uses UML (Unified Modeling Language), which is the standardized conceptual schema (graphical and lexical) language. The combined glossary of the related and standardized terms is also added at the end. The modeling approach and the terminology used in the paper derive from two domains, which are GIS technology standardization and information or software systems modeling. The main sources are therefore CEN TC 287 prestandards and technical reports, the similar ISO TC 211 ones, and the OMG (Object Management Group) industrial standard UML.

1
Interpretation and models of reality

Reality is considered as infinite space and time, which we conceive as the complex actuality, that surrounds us, and that as well permanently changes. Any description of reality is an abstraction that forms one of its possible interpretations. Therefore our notion is an abstract model of the selected part of reality and as such never a complete representation. Selected features are approximated and simplified. Other instances, their relations and properties are ignored. The level of abstraction and selection is biased by the foreseen purpose and usage of the model (CEN ENV 12009:1998).

A model is applied abstract supplement, which can consist of descriptive and graphical specification of the selected part of reality, and represents simplified mapping of reality into the conceived and interpreted notion. A model captures the important aspects of reality from a certain point of view and simplifies or omits the rest. Which ones are important is a matter of judgment that depends on the purpose of the model. Modeling is the process of model developing and is generally based on a chosen methodology and practical constrains as well. Modeling is a well-proven and widely accepted engineering technique (Booch et all., 1999).

2
Models of system

A system is a set of elements that are possibly arranged into subsystems, which are organized to accomplish a specific intention. Models of a system take on different forms for various purposes and appear at different levels of abstraction (Rumbaugh et all., 1999). A system is thus described by a set of models that describe it from different viewpoints. Models help us to understand, learn and shape both a problem domain and its solution domain. A model is a simplification of the selected part of reality that helps us to master a large and complex system, which cannot be comprehended easily in its entirety. The model is intended to be easier to use for certain purposes than the complete system observed. Models therefore unable us to organize, retrieve, examine and analyze the data about the large systems. Models as well evolve over time. Models with greater detail are derived from more abstract ones as the knowledge of the system expands over the development process.

3
Spatial data and information

Firstly the definition of data and information is defined and the difference between the two meanings is outlined. The described difference between the notion of data and information is respected further on in this text. Data are facts, ideas or instructions represented in a formalized manner, which is appropriate for communication, interpretation or processing by humans or computers. Information is the possible meaning of data, which humans derive from data through the known means of presentation and interpretation.

Spatial (geographic) data can be defined as computer treatable form of facts concerning phenomena directly or indirectly associated with a location relative to the Earth. Spatial data describes the thematic and cartographic characteristics and as well as various relationships among spatial phenomena, the location of which is geocoded using a reference system. Spatial data are generally kept in a dataset that is an identifiable collection of geographic data, and which can further consist of several subsets.

Geographic data models serve as the foundation on which GIS (Geographic Information Systems) databases are formed. Spatial data represent gathered knowledge about the spatial phenomena concerned and include semantic, spatial and quality aspects. The semantic aspects describe the model being represented or shortly the interpretation of data or some metadata. The spatial aspects define its position, geometry and topology. The quality aspects indicate its potential or fitness for the particular usage. Understanding defined geographic data model concept is central to knowing how to analyze and interpret geographic information.

4
Models of information system

An information system is a combination of database, human and technical resources that together with the appropriate organization means and personnel skills produce information needed to support certain economic activity, management of resources and decision-making procedures. A model of a large information system permits dealing with complexity that is difficult to deal with directly (Rumbaugh et all., 1999). A model can be suitably abstract without getting lost in the details. The level depends on its purpose and must be comprehensible to humans. Models have semantic aspect and a visual presentation. Semantic elements carry the concepts or meaning of the model. The visualization shows the semantics in a graphical form (notation) that can be seen, browsed and edited. The following related issues, which are combined and interleaved, mainly conduct the development or a renewal of an information system.

4.1
Problem domain - The internal view
The domain is real, abstract or hypothetical field of endeavor under consideration, which can include various groups of objects that behave accordingly to the rules and characteristics of this domain (Rosenberg et all., 1999). The term problem domain refers to the area that encompasses real world features and concepts related to the problem that the information system is being designed to solve. Domain modeling is the tasks of discovering objects and their classification that represent those instances and concepts. The result is abstract static model of reality, which we show on the class diagrams and that is based on the selected semantics, formalism and terminology. The notion of problem domain derives from information and software engineering and is similar to the terms universe of discourse and somehow narrower term nominal ground that are applied in the ISO and CEN geographic information standardization settings.

4.2
System requirements - The formal view
System requirements are an arrangement of things accountable and related together as a whole that represent the crucial responsibilities the system must manifest and fulfill. This formal view of the system shows the general and common rules, such as standards, laws, regulations etc. that govern and affect the data supply process, formal procedures, the obligatory database content and services, which the information system should perform.

4.3
Users requirements - The external view

The essence of use case modeling is to capture all-important users’ requirements of the new or renewed system by detailing all the scenarios that the users will be performing. This dynamic model of an information system gets started with the use case analysis that involves working inward from the user requirements. The result is a use case model, which is the external view of the system, forming the conceptual center of this approach. This dynamic model also drives the static model. The result of use case modeling should be that all the required system functionality is described in the use cases.

Use case is a sequence of actions that an actor (a person, external entity or another system) performs within a system to achieve a particular goal (Fowler et all., 1999). A complete and unambiguous use case describes one aspect of usage of the system without presuming any specific design or implementation. An actor represents a role a user can play with regard to a system, or an entity such as database or another system, which resides outside the system being modeled. An actor can perform many uses cases and different actors can carry out a use case. The total set of actors within a use case model reflects everything that needs to exchange information with the system. We show use cases and actors through use case diagrams.

The key for a use case is that each one indicates a function or a service that the user can master and that has a value for that user. A use case can describe one or more paths through the user operations to accomplish the case and as well the system reactions. The basic course or scenario must always be present and some alternate scenarios are optional (Fowler et all., 1999). The basic scenario of a use case is the main start to finish course of action or the critical processing path the user will follow under normal circumstances in order to obtain the required service. An alternate course of action can be present as an infrequently used or parallel path through the exceptional scenario or error condition.

4.4
Data and behavior - The static and dynamic aspects

Any specific model of information system must first define the universe of discourse or the key concepts, their internal properties and relationships to each other. This static concept consists of classes, each of them describing a set of instances or discrete objects that hold the data and communicate to implement the processing behavior. The information they hold is modeled as attributes and the behavior they perform is modeled as operations. Several classes can share their common structure through inheritance (generalization or specialization).

There are two ways to model the processing behavior of classes forming the dynamic aspects of the system. The first approach is called the state machine and models one discrete object as it interacts with its environment. The other view is called an interaction and shows the communication pattern for a set of related objects as they collaborate in order to implement the common task or generally a use case. The view of a system through the interacting objects, their links and the flow of messages between across data links can be interpreted in a sequential manner or as a collaboration and management pattern.

5
Unified modeling language (UML)

The Unified Modeling Language (UML) is a general-purpose visual modeling language, which is used to specify, visualize and document the components of a discrete system (Booch et all., 1999). UML is an industrial standard (current version 1.4), which is under the supervision of the Object Management Group (OMG). It is important to realize that UML and the methods that use it are separate but tightly related issues. The UML is a modeling language and not a standard modeling method, but still it effectively replaces the past modeling practices.

The modeling language is the most important part of any development method and certainly is also the crucial one for communication. UML is intended to support most existing object-oriented methods and it enables an incremental and iterative development process. It consists mainly of the graphical notation that various methods can use to express particular designs. The graphical notation is the basic syntax of this modeling language. Modeling a system from several separate but related viewpoints permits it to be understood for different purposes. The various views of a system can be graphically represented on nine UML diagrams with the standard content, which can be extended and enhanced by additional user defined stereotypes.

The UML captures the data about the static structure and the dynamic behavior of a system, which is modeled as a collection of classified objects. They interact to perform services that ultimately benefit its users. The static structure defines the classes that are important for a system, their properties and relationships. Any large system can be in UML further decomposed into subsystems that are represented as packages of related classes. The dynamic behavior defines the states and modifications of objects over time and the needed communications among them in order to accomplish certain service. The starting point is use cases modeling that generally drive the whole development process.

6
Conceptual modeling
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A formal model of space is an abstract and well-defined set of related concepts. Conceptual modeling is the process of creating an abstract description of some portion of the real world (ISO DIS 19101:2001). It follows so-called three levels architecture: external or conceptual, logical and internal views. Real word objects of the selected part of reality are mapped into the constructs that can be represented like classes in the information system database. Conceptual model defines concepts of a universe of discourse for a particular system and as such provides the abstract description of the selected real-world features. Conceptual formalism is a set of modeling concepts used to describe a conceptual model. The conceptual formalism provides the rules, constraints, inheritance mechanisms, events, functions, processes and other elements that make up a conceptual schema language (ISO DIS 19103:2001).

Conceptual schema is formal description of a conceptual model in conceptual schema language for some universe of discourse (ISO DIS 19103:2001). 
Conceptual schema language is the formal description technique used, which bases on a conceptual formalism for the purpose of representing conceptual schemas. A conceptual schema language provides the semantic and syntactic elements used to describe the conceptual model rigorously in order to convey its meaning consistently. A conceptual schema language may be lexical, graphical or both. Several conceptual schema languages can be based on the same conceptual formalism (UML, EXPRESS, IDEF1X etc.).
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7
Methodology for an information system development

The UML is called a modeling language and is not a method as such (Fowler et all., 1999). Many modeling methods or conceptual formalisms consist of both a formal description technique and a development process. The description technique today is mainly a graphical language and notation (UML), which the applied method uses to express analytical results and implementation designs by visualizing them on diagrams. The development process is the know how on what steps to carry out during analysis, design and implementation. The most methods today that incorporate UML are widely used in software engineering processes and as such are probably not directly transferable into the GIS technology domain.

As outlined above, the UML is a general-purpose visual modeling language that is designed to be independent of any development methodology. All the UML does is to say what the model diagrams may consist off and what they mean. The selection, abstraction, classification and specification are the liability of the developer. The crucial issue is therefore to develop or adopt a suitable method that is particularly tailored for conceptual modeling in the spatial data problem domain. The proposed approach is certainly based on object-oriented paradigm and follows the best practices from software engineering domain. However the stress should be on transparency and proper simplicity, because good methodology does not need to be complicated as well (Rosenberg et all., 1999).

The main stream of the proposed development process can be described as deriving detailed class models through use case models, which are the provenance of this approach and drive all the procedures. Use case models capture user requirements for the information system by detailing all the scenarios users will be performing. This development process tries to answer to the following questions about the information system deployment that are outlined in the following table:

Questions
UML techniques

1
Who are the users of the information system (the actors) and what they trying to do by interacting with the system?
Use case diagrams

2
What are the problem domain objects, their classes and the relationships among them?
High level (analytical) class diagrams

3
What objects are needed for each (particular) use case?
Robustness analysis diagrams

4
How do the objects participating within each use case interact?
Sequence and collaboration diagrams

5
How will be handled real-time control issues?
State diagrams

6
How are we going to design, develop and implement the system?
Detailed (design) class diagrams

The significant features of this development process are among the others as follows:
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The approach is incremental and iterative. The static model (classes) gets refined incrementally during multiple successive iterations through the dynamic modeling, which bases on the use case analysis. The process works firstly inward from the users’ requirements and system responsibilities, and later on outward from the data that is needed to support the processing services.
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The approach offers a reasonable degree of traceability. Along the development steps the reference to the users’ requirements is maintained and often also verified. The development trend proceeds from high-level analysis models to the detailed design ones.
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The approach bases on the usage of UML standard as the formal description technique (schema language) and tries to apply the minimal set of required steps for the development process.

The basic steps through analysis and design that comprise this object oriented development approach of an information system are presented in the following summary (Rosenberg et all., 1999):
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Gather available data about the legacy of the renewing information system, similar existing systems or user requirements for the new one. Do some rapid prototyping of the reengineered system.
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Identify the problem domain objects. Perform their classification (classes), generalization and aggregation in order to derive their basic structure. Specify their basic properties (attributes) and important relationships (associations and other dependencies) among them. Draw high-level analytical class diagrams that introduce the first cut data structure or the inner view of the system. This domain model serves also as a glossary of terms that are used in early use case modeling.
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Identify use cases, actors and the interactions between the actors and use cases. Present the use case model on a set of use case diagrams that mostly present the outside view of the system.
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Organize use cases into the groups. Present the organization of use cases on the package diagram.
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Write a detailed sequential description of each use case, the basic course of action (critical path) and also some alternate less frequent scenarios (alternatives, exceptions, error handling etc.).
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Allocate functional requirements to the classes in order to support the realization of each use case.
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Perform robustness analysis, which means, for each use case identify the set of participating objects (instances of classes).
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Identify all the objects that participate and accomplish each use case and its scenarios.
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Try to factor out the similar processing behavior or so-called patterns, which describe the common ways of performing tasks.
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Update class diagrams with new discovered objects (classes), relationships and new attributes.

[image: image14.png]



Finish updating the improved and detailed class diagram, which reflects the completion of the analytical phase of the development process.
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Allocate (processing) behavior or methods to the classes and for each use case define interactions.

[image: image16.png]



Identify the messages that need to be passed between objects and presume associated and invoked methods. Draw sequence diagrams to show and analyze message interchange. Update class diagrams with new discovered methods and attributes.
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If needed, use collaboration diagrams to show key transactions between objects, which form the critical path or the main scenario of each use case.
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If needed, use state diagrams to show real-time behavior and dynamics of (important) objects.
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Finish the static model (class diagrams) and the dynamic model (interaction diagrams) by adding also more detailed design, nonfunctional and implementation requirements.
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Perform information system, its components and user acceptance testing by executing use cases.
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9
Glossary

Abstraction is principle of ignoring those aspects of a subject that are not relevant to the current purpose in order to concentrate more fully on those that are.

Action is an executable atomic computation that results in a change in state of the system or the return of the value.

Activity (method) is any group of regulated (proceeding) nonatomic operations, which should be executed in order to accomplish certain task.

Actor represents a role a user can play with regard to a system, or an entity such as database or another system, which resides outside the system or business being modeled.

Analysis is a process of continual learning about the nuances of problem domain and the system responsibilities.

Application represents manipulation and processing of data in support of user requirements.
Application schema is conceptual schema for data required by one or more applications.

Attribute is some property for which each object in a class has its own value (data).

Class is a formal description of one or a set of objects with a uniform set of attributes and functions (services), including a description of how to create new objects in the class.

Conceptual modeling (also information modeling) means the process of abstracting and classifying real word objects of the selected part of reality into the constructs that can be represented like classes in the computer or information system database.

Conceptual formalism is set of modeling concepts used to describe a conceptual model. The conceptual formalism provides the rules, constraints, inheritance mechanisms, events, activities and other elements that make up a conceptual schema language. Conceptual formalism can be expressed in several conceptual schema languages.

Conceptual model defines concepts of a universe of discourse. Conceptual model provides the abstract description of the selected real-world features.

Conceptual schema is formal description of a conceptual model in conceptual schema language. The conceptual schema is a rigorous description of a conceptual model for some universe of discourse. A conceptual schema language is based upon a conceptual formalism.

Conceptual schema language is formal description technique used, which bases on a conceptual formalism for the purpose of representing conceptual schemas. A conceptual schema language provides the semantic and syntactic elements used to describe the conceptual model rigorously in order to convey meaning consistently. A conceptual schema language may be lexical or graphical or both.

Data model represents the abstract notion and conceptual interpretation of facts or knowledge for the portion of the complex real world and regarding the particular application in mind.

Dataset is identifiable collection of data.

Domain is real, abstract or hypothetical field of endeavor under consideration, which can include various groups of objects that behave accordingly to the rules and characteristics of this domain.

Dynamic model describes the system regarding its subsistence, stability and variations trough time.

Feature is an abstraction of real world phenomena. A feature may occur as a type (class) or an instance (object).

Feature attribute is an important characteristic of a feature. A feature attribute has a name, a data type, and a value domain associated to it.

Feature catalogue (objects catalogue) is a catalogue containing definitions and descriptions of the feature types, feature attributes, and feature relationships occurring in one or more sets of geographic data, together with any feature operations that may be applied.

Feature operation (method) is an activity that every instance of a feature type may perform.

Function is a synonym for service and is a constituting part of a process. Function consists of an activity or a set of activities, which that process must perform.

Geographic information service is an activity that transforms, manages, or presents geographic data to users.

Geographic information system (GIS) is the combination of skilled persons, spatial and descriptive data, analytical methods, computer software and hardware that are organized to manage and automatically process data with the aim to deliver information through the geographic data presentation.

Information system is a combination of database, human and technical resources that together with the appropriate organization skills produce information needed to support certain economic activity, management of resources and/or decision-making procedures.

Land cadastre is a public and systematic registration of land parcels for a certain administrative unit (cadastral jurisdiction). The basic role of land cadastre is identification of real estate properties in space. Therefore it forms the basic technical support for the operation of the land registry. Delineation of parcels is based on measured boundary points and lines.
Land registry is public database of titles on properties that are divided on real rights (ownership and usage), encumbrances (easements and mortgage) and obligatory rights (leasehold, tenancy, rent, redemption etc.), their changes and legal status.

Message is a selection of one of the class functions that an object knows how to perform.

Metadata is data on data or its interpretation, which describes its technical and administrative characteristics.

Metadata schema is a conceptual schema describing metadata.

Metamodel is model’s model that serves for explanation and definition of relationships among the various components of the applied model itself.

Methodology is a set of rules, methods and practical procedures that are used in the specific science or technological discipline. Methodology is science about methods.

Model is applied an abstract supplement, which is formed of descriptive and/or graphical specification of the selected part of reality, and represents simplified mapping of physical environment into the conceived and interpreted notion. Models help to understand, learn and shape both the problem and its solution domain.

Nominal ground is the view of the real world implied by the specification of the geographic dataset. The nominal ground forms the ideal geographic dataset to which the actual geographic dataset is compared regarding to their location, thematic and temporal attributes.

Object is anything in a problem domain, real or abstract, reflecting the capabilities of a system to keep data about it and interacts with it. Each object is an instance of particular abstract object type or class.

Object type is a collection of objects, which can be described with the same attributes (data), services (processing behavior) and relationships. The realization of object type is a class.

Parcel is a set of lots that are all the subject matter of a unit of real estate.

Problem domain is the area of consideration that encompasses real world features and concepts related to the problem, which the system is being designed to solve.

Process is a flow of development in which something is forming, acting or changing. Process can be regarded as an application of a method in a certain industrial activity that is going on in the real environment.

Quality schema is a conceptual schema defining aspects of quality for geographic data.

Reality is considered as an infinite space and time, which we conceive as the complex physical actuality that surrounds us and constantly changes.
Responsibility is the condition, quality, fact or instance of being accountable, answerable or liable, as for a person, trust, service, office or debt.

Schema is a formal description of a model.

Service is a synonym for function and is a specific processing activity or a set of activities that an object is responsible for exhibiting.

State is a condition or situation during the life of an object or performance of an information system, during which it satisfies some condition, performs some activity or waits for some event.

Structure is the manner of organization, and is an expression of problem domain complexity, which is pertinent to the system’s responsibilities.

System is structured arrangement of elements or mechanisms that are related or connected as to form unity, in order to achieve their efficient functionality.

System analysis is a combined process dissecting the system responsibilities that are based on the problem domain characteristics and users’ requirements.

System requirements are an arrangement of things accountable and related together as a whole that represent all the responsibilities the system must manifest and fulfill.

Universe of discourse is a view of the real or hypothetical world that includes everything of interest. A universe of discourse is described in a conceptual model and formally specified in the conceptual schemas.

Use case is a sequence of actions that an actor (a person, external entity or another system) performs within a system to achieve a particular goal. Or from inside out, a use case is a sequence of actions a system executes that yield observable results of value to a particular actor. A use case specification contains the main, alternate and the exception flows or paths.
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