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Abstract

This paper presents the uses of Unified Modeling language (UML) for describing cadastral information systems in terms of functional, static and dynamic models. These models enhance the transparency of the national cadastral organization by visualizing its business in the forms of UML diagrams and notations. 

1. Introduction

In this modern era of information communication technology (ICT), the transparency of business processes in the national cadastre and national mapping organizations can be considered as dominant issue. Because it provides a strong basis for total quality assurance in terms of what, why and how agencies conduct their business, the users or stakeholders will have better confident on the reliability of services, products and their respective costs. It also provides specifications for establishing automated cadastral land information systems. 

This paper deals with the uses of Unified Modeling Language (UML) for the cadastral information systems. It describes why modeling approach for cadastral domain and what concepts are available in UML. Three kinds of models such as functional, static and dynamic models are discussed. They are developed through UML using use case, activity, class and sequence diagrams in MS Visio software. 

In this paper, a hypothetical situation on “transfer of ownership” is taken as a test case and is used to visualize some of the streamlined processes and information resources. 

2. Why is modeling approach?

Cadastral system is a complex system, which consists of many subsystems with many sets of activities or processes and supporting data bases located at different geographical locations. It has to deal with institutional, legal, economical and technical issues. Therefore, we need a systematic modeling approach for requirement determination, analysis, design and implementation of the system. This approach would have to ensure consistency within and between all phases of development cycle so that it avoids gaps and mismatches among them. The same is valid if an existing cadastral system is to be modeled for the entire operational processes of the system. Using a modeling language, one can model them in the structural forms of specifications that can be visualized them in graphical notations. The specifications also aim at the better understanding of complex systems to all parties involved in development and operational phases enhancing transparency of the organizational business.
Modeling always starts with the capture of user requirements in the forms of descriptions and sketches of processes and data used, and ends with a formalized specifications of data and operations defining what has to be done in the organization, how it would be done, and by whom in normal and abnormal operating conditions and constraints. Modeling can assist us in various ways. 

a) By examining user requirements or by abstracting what the users need, the models can represent business processes or services in a clear, concise way, thus providing insight in their structures, the dependencies between processes, the time scales on which they operate, etc. These are very important when the services or products need to deliver in time.

b) Understanding the existing business of survey and land registry offices is essential for reengineering their functions and tasks. Reverse engineering allows us to bring these current business processes to models. We can analyze them to find bottlenecks. Detailed analysis can be made at all levels of system under development. Sometime it is classified as the documentation of the existing process and its sub-processes in terms of process attributes such as activities, resources, communication, roles, IT and cost. This includes processes for data handling, data storing/archiving and data supply such as issuing certificates or maps.

c) Models may also help us in redesigning and evaluating changes. Processes such as manual editing and printing of cadastral maps having no value or not relevant to the organization can be replaced by Geo-ICT components and they can be verified using a modeling language. In this situation, a new process design is developed. This is accomplished by devising process design alternatives through brainstorming and creativity techniques. The new design should meet strategic objectives and fit with the human resource and Geo-IT architectures. Documentation and prototyping of the new process is typically conducted and a design of new information systems to support the new process is completed.

d) Models can be translated into a set of specifications such as business functions, data models for databases, user interface models, operating systems, hardware and software, networking, communication system, etc. for development phase. Redesigning step provides us proposed system architecture and its detailed specifications.

e) Since models mostly consist of a series of diagrams, it facilitates communication to the steering committee or members of the organizations about the business processes by creating a common frame of reference. Models are a mean of communication that helps to understand processes and to document them.

There are basically two approaches on modeling. First approach is rather traditional oriented, which is based on the algorithms and the main building block is the procedure or function. Second one is Object-Oriented approach, where the main building block is the object or class. An object may be defined as a thing such as parcel, person, house, etc. It has unique identification, and one can name it or distinguish it from other objects. It has state, which means that there is generally some data associated with it, and it includes behaviour aspects how object changes, and interacts with other objects.

3. Components of modeling cadastral systems

We may distinguish modeling activities into the four most essential components or models for a simple cadastral system. They are not separated; they are different perspectives on one or more specific aspects of the system. Components when combined create a set of the system models.


Figure no. 1 - Components of system models

· Organizational model: it describes the overall vision of the system and organisation. It also describes goals and structure of the organisations and illustrates strategic plans and actions how these goals are reached. It describes resource requirements. Most critical element is coordination and cooperation among departments and individuals. It has to deal with database sharing that causes many obstacles in carrying processes optimally within organisations.

· Functional model: It represents the activities and value created in the business between the processes and resources to achieve the goal of each process. In other word, it illustrates the activities of the systems, the transformation and the functionality, while concentrating on the interaction among the resources, goals and rules in the organization. Basically it focuses on how the system is supposed to function satisfying the users or stakeholders.

· Static model: It concerns about the structuring of databases for all kind information or resources used in the organizational business, and contain all information about the objects participating in the business. Data models are usually static, because the entity types do not change during their life cycles. The changes are only objects that belong to their respective classes.
· Dynamic model: It describes the behaviour of the system containing each important resource and interacts between several different resources. The behaviour concerns the evolution of objects in the system in terms of the changes they undergo in response to interaction with other objects inside and outside the system. 

In this paper, we concentrate only functional, static and dynamic models for the hypothetical case on “transfer of ownership” in the cadastral system.

4. UML concepts

UML is a modeling language created by Grady Booch, James Rumbaugh, and Ivar Jacobson, and later standardized by the Object Management Group (OMG) in 1997. It consists of several concepts and notations used at different levels of abstraction throughout the system development and maintenance. It can be used for many purpose purposes such as a) visualizing and documenting workflows and processes, databases and information system in an organization, b) specifying system requirements, c) design and developing information system i.e. the user analysis, system analysis, system design and system implementation. Since it uses a same language in all phases of the system development and operation, it allows the users, customers, developers and members of the projects to communicate effectively and efficiently.

UML has number of predefined diagrams with rich and varied ‘vocabulary’. Depending upon problems and abstractions for which information system is to be built, we can organize them in a most suitable way. The following are the brief descriptions of essential diagrams in UML.
Use Case diagram: It shows the relationship among use-cases within a system or other semantic entity and their actors. A primary purpose is to describe how users and stakeholders, so called actors, use the system. It is sometime called external view of the system. It describes the interaction between the system and external environments. The Use Case consists of three elements: actors, use-cases, and system boundary. 
The relationships among actors and use cases can be organized using the concepts such as generalization, “Uses” and “Extends”. In "Uses" relationships, base use case explicitly incorporates the behaviours of another use case at a location specified in the base and avoids describing the same flow of events several times. Lastly, the "Extends" relationship between use cases means that the base use case implicitly incorporate the behaviours of another use case at a location specified in directly by the extending use case. It is used to model the part of a use case the user may see as optional system behaviours.
To make sure that all actors are identified, the activity of identification of actors is iterated while defining use-cases and describing the relationship between use-cases and actors until all necessary actors and use-cases are identified and modeled.
Activity diagram: It is used to explore and describe activities or workflows in the organization. They are basically flow charts that are used to show the workflow of the system. It provides a graphical way to document a business workflow in a simple and intuitive illustration of:

· What happens in a workflow,

· What activities can be done in parallel, whether there are alternative paths through a workflow. 

Activity diagram also describes the roles and areas of responsibilities in the business, in other words who is responsible for doing what in the business. Roles and areas of responsibilities are documented as columns in the activity diagram. Swimlanes show which business workers participate in the realization of the workflow. 

Class diagram: A class is a description of a set of objects that share the same attributes, operations, relationships and semantics. The static structures are built from the classes and relationships. The classes can represent and structure information, products, documents, or organizations. The purpose of a class diagram is to document the relationships between workers and entities. It provides a way to visualize who interacts with who and who is responsible for what. The class diagram are used for two main purposes:

· To show how workers and entities are collaborating to implement a business process.
· To show static structure and relationships among entities.
Generalization and specialization, association and aggregation model relationships between classes. 

Generalization is a relationship between a general thing (called the super-class or parent) and a more specific kind of that thing (called the subclass or child). It is also known as the “is-a-kind-of” relationship. In this type of relationship, the properties and behaviors are inherited to the subclasses. There are two types of inheritance namely single inheritance and multiple inheritances

Association is a structural relationship that specifies that objects of one class are connected to objects of another class.  When a class participates in an association, it has a specific role that it plays in that relationship. The term "Multiplicity"  or "Cardinality" is used to indicate the degree of object participation in the classes in the cardinality relationship such as exactly one (1), zero or one  (0..1), zero or more (0..*), One or more (1..*), and  numerically specified (m..n)
Aggregation is a special kind of association and is also known as “whole/part” relationship. One class represents a larger thing (the “whole”), which consists of smaller things (the “parts”) and “has-a” relationship. 
Object diagram: It models facts that describe about specific entities, whereas the class diagram models the rules for types of entities. Objects are real things like parcels and persons. Object diagram would represent, for example, the fact that person owns parcel. In contrast, a class diagram would discribe the rule that person can own parcels. 

Interaction diagram: Interaction diagram is a model that describes how groups of objects collaborate in some behaviors. An interaction diagram captures the behavior of a single use-case. The diagram shows a number of objects and the messages that are passed between these objects within the use-case. Interaction diagram comes in two forms based on the same underlying information, specified as collaboration and communication. The two forms are sequence diagram and collaboration diagram. 

A collaboration diagram shows an interaction organized around the roles in the interaction and their relationships. It does not show time as a separate dimension, so the sequence of communications and the concurrent threads must be determined using sequence numbers.

A sequence diagram shows the explicit sequence of communications and is better for the complex scenarios. It presents an interaction, which is a set of messages between objects in the use-case. It has two dimensions: 1) the vertical dimension represents time and  2) the horizontal dimension represents different objects. For the sake of clarity a use-case may have several interaction diagrams each of which shows one flow of events in a use-case. A use-case is more precisely described or explained by showing the interaction between participating objects in the use-case. Interaction diagram is based on a use-case model and information model. Feedback from interaction diagram goes back to the use-case model and information model. This iterative procedure continues until the whole model is completed.
State diagram: It captures dynamic behaviour of individual object, which undergo changes to various states. It expresses possible states of a class. It is very useful for a real-time system.

There are two additional diagrams mainly used for implementation, namely a) component diagram. it describes components within a software system, and b) deployment diagram. It is used to describe hardware within a software system.

5. Modeling a process “Transfer of Ownership” of the cadastral system

To show modeling approach, we take a hypothetical test case on “full transfer of ownership”. Models shown are not necessarily complete and they are used only to demonstrate how functional, static and dynamic models can be developed.

Refering to the above figure 1, the functional model can be visualized using use case and activity diagrams. These would capture the external environments of the system and provide functionality used by users or actors. Static model can be developed by making class and object diagrams of entities in the system, while dynamic aspects can be captured using interaction (i.e. sequence and collaboration) and state chart diagrams. In our hypothetical test case, we show only class diagram for static model and sequence diagram for dynamic part. The figure 2 below shows a possible modeling approach for capturing functional, static and dynamic aspects of the cadastral system. 
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Figure 2 – Modeling approach for capturing functional, static and dynamic aspects

In the national cadastre organisations, the processes are usually available in the form of working instructions or handbooks. The benefit is that, while performing interviews in the organisations with the users often generates use cases, the activity diagrams can be generated from the working instructions or handbooks. It is possible to translate them into the use cases.

5.1. Use case model: In the national cadastral organisation, there are many business services for users or stakeholders so called Actor in Use Case model. One of our test cases is a service or process called “transfer of ownership” for the real estate transaction. The following figure 3 is Use Case model for this process as example. In this model, there are four actors interacting with eight Use Cases in a system whose boundary is defined by the “transfer of ownership”.
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Figure No. 3 – Use case model for full transfer of ownership at the national cadastre

5.2. Activity model: Activity diagram shows the flow from activity to activity within a system, and models the function of a system highlighting the flow of control among objects based on operations and workflow. In this case, we have only one activity diagram to support all use cases. There are four departments involved in the transfer of ownership as shown in the following figure 4. 
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Figure No. 4 – Activity diagram for submitting deeds to registration office

Notary initiates the process “transfer of ownership” by submitting a deed to the Registration department. Then the deed goes through a series of activities to be carried out by Registration department, Information department and Accounting department. Finally it ends at the notary company office. Such diagram provides us how a certain process is carried out by the organization. 

A number of iterations between Use cases and Activity models are required to come up the final acceptable models, as they relate to the users and existing organizational procedures.

5.3. Static model: Classes are the most important building block in a static model of any object-oriented system. In our case, three kinds of classes can be distinguished in the following figure 3. Classes such as Incoming deeds Records, Parcel, Ownership record and Person are entities that are to be maintained for transfer of ownership. Entity objects belong to these classes.
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There are two other classes, which belong to the employee of the organisation who maintains entity classes containing entity objects. They are called control objects. There is yet another class i.e. Notary record that interfaces with Notary Actor. The roles and relationship with cardinalities are also shown in the figure 5.

The above class diagram is actually an integrated data model, which can be linked to a standard spatial data model as proposed by OpenGIS. In such case, the functionality or behaviours are automatically inherited to new data model.

5.4. Dynamic model
While a static model shows the internal structure of the organization entities and business entities, the dynamic model shows the internal behaviour of the business. To achieve the goal of use-cases, interaction takes place among the objects participating in the use-case.  In UML, interaction between objects can be described in the sequence diagram. 
The figure 6 shows how various objects interact each other to realize Use Case for “submitting new deed for registration”.
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Figure No. 6 – Sequence diagram for submitting deeds to registration office

Second sequence diagram for Use Cases on “checking deeds and updating ownership databases” is presented in the figure 7. These Use Cases are carried by Registrar in the registration department and Data manager of information department.  There are six objects that are interacting at various time lines.  They are realized by passing messages from one object to another. These messages are basic operations of each class to which object belongs. 

Both these diagrams shown in the figures 6 and 7 are important to know who does the work at what time. Number of iterations would be required to come up with a good model for Sequence diagram and respective Class diagram so that use cases can be realized. In MS Visio software, there are interesting inter-relationships among various UML diagrams, and such automatic check provides consistency among a set of models.
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Figure No. 7 - Sequence diagram for checking and updating ownership data

5.5 Verification of models

Before finalizing the models, we must verify them. Prototyping are well-known techniques for testing models. It is useful to test feasibility of the models using the software on Geographical Information System (GIS) and Database Management System (DBMS). The output of the prototype can be evaluated whether it fits to the purpose and conforms to the specification.  The results will have to be verified by the users or stakeholders and are fed back to the models and then used for refinement of the models again.
6. Conclusions

This paper suggests that UML can be used for visualizing models for a complex system like cadastral system. A number of iteration is required to come up with a good set of consistent models.
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Figure No. 5 – Class diagram
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