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Abstract: Today’s Geoinformation Provision (GIP) business has become very dynamic and highly competitive. The responsibilities of GIP organizations are constantly changing; driven by factors like legislations, trends in Information and Communication Technology (ICT), global markets, competition, sharing schemes, etc. This continuous change has a deep impact on the behavior and responsiveness of organizations and presents a remarkable test for survival. To respond to the challenge with technologically fresh products and services that get to the market on time, organizations need reliable and flexible GIP systems. Traditionally, however, GIP systems were not designed with these criteria in mind. On the contrary, they were rather complex and incorporated large numbers of elements with quite intricate interactions among them. They were organized in a semi-structured way with very elaborated production lines, and complicated networks of units often distributed geographically that worked on ad-hoc data storages. In this paper an alternative approach devised to drive the design of typical (large and distributed) GIP systems is presented. In this approach the object paradigm is adopted as the structuring principle. Formal specifications are used for the definition of system components at different abstraction levels, and process models are used for the representation of the behavior and relations between components. The result is a mechanism for capturing knowledge of a GIP system in terms of simple components that can be assembled into large functional specifications. In this paper, the focus has been placed on the presentation of the underlying principles that support the concept. A briefing of the steps for the incorporation of this approach in a working system is as well presented.
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1. Introduction

Global markets of products and services, the worldwide availability of knowledge (know-how), access to Information and Communication Technology (ICT) and fluent capital are the main characteristics in today’s business environment. These factors have had a large impact on the business of Geographic Information Provision
 (GIP), making it highly dynamic and very competitive. Privatization, competition and continuous (supporting) technology evolution have made customer satisfaction the exception rather than the rule. Product innovation, system flexibility and low-cost production processes are the real assets, which allow GIP organizations to compete in the market place.

To respond to the new information demand with technologically fresh products and services that get to the users on time; organizations need reliable and flexible GIP systems. However, existing GIP systems were not built with these criteria in mind. On the contrary, they are rather complex and incorporate large numbers of elements with quite intricate interactions among them. They are organized in a semi-structured way with very elaborated production lines, and complicated networks of units often distributed geographically. They rely on ad-hoc data storages, and more significantly, GIP systems were not meant to fulfill the requirements of their stakeholders but to 


maintain a monopoly on the information produced. To conceive, implement and manage a new breed of GIP systems, a smarter approach to GIP system design is needed.

Architectural modeling for large distributed systems has become increasingly popular, and experts in the field agreed that successful system design or system reengineering should start with accurate knowledge of the system under consideration [10]. Knowledge of a system is captured in conceptual models that represent its various elements such as structure, behavior and functionality. These models are created using different modeling techniques [14]
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[12], each of which specializes in a specific aspect of a system. A modeling technique is composed of design concepts and rules to associate those concepts. Such techniques have been used with software systems and manufacturing systems with a high degree of success. Some of these techniques have also been used with GIP systems but always focusing on an individual aspect of the system (data, functions, processes, etc.) and never on the system as a whole. There are three main reasons for this. One is that different aspects of a GIP system require different types of models and integrating them in a coherent way requires design concepts that are under development. Another reason is that there were no powerful design tools to help designers to generate and make proper use of the models. And finally because most of the existing techniques for modeling do not consider some factor that are specific to GIP types of systems.

The focus of this paper is to report on the status of an ongoing research project that aims to devise a new integrated methodology for the design of GIP systems. The aim is to develop a set of design concepts and procedures to identify and combine and structure elements of the system as functional specifications that satisfy design problems or system responsibilities. In this approach we have adopted the object paradigm as the structuring principle. Formal specifications are used for the definition of system components at different abstraction levels and process models are used for the representation of the behavior and relations between components. 

The remaining part of the document is organized as follows: Section 2 discusses the environment in which GIP systems perform, and the method used to scan such environment and identify design requirements. Section 3 presents the underlying elements used to define a functional specification. Section 4 describes the mechanism to identify the basic pieces of a specification, the procedure to collect those pieces and to combine them into functional specifications, and the method to incorporate the new into a working GIP system.

2. Scenario

The usefulness of spatial information can only be measured from the point of view of the user who can satisfactorily use it to perform his work and consequently achieve planned goals. This appropriateness for use is based on the availability, quality and the degree of semantic fit of existing foundation data to the user’s particular application domain. How reliable one can be in delivering this satisfaction is what defines the future of an organization. Most organizations involved with spatial information production and dissemination have difficulties coping with this type of environment in which users have taken the initiative, in which com​petition has intensified, in which new technology offers a bunch of opportunities to work more effectively, and in which change is constant.
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Figure 1.  Geoinformation provision environment and
the drivers of change


Figure 1 shows how the continuous change of requirements [R1..n] through time impacts the behavior and responsiveness of the organization. Possible outputs in terms of Products [P] or Services [S] are defined by the inputs [R] to the system. Inputs varying over time mean that the organization has to change in order to respond satisfactorily. But even if organizations realize the need to change their way of work accordingly, they often do not know how to do so. Additionally, given the conditions, one would prefer to have an adaptable system rather that having to reengineer it every time. It then becomes apparent that for the correct establishment of an adaptable system, thorough (profound) appropriate understanding of it is required. This is easy to say but it creates the unknown of what will then be in-depth and proper understanding of a system like this. In order to gather such knowledge the methodology shown in Figure 2 is being followed.
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Figure 2.  Framework for the definition of GIP system’s design knowledge.


Figure 2 shows the steps taken is this research to identify all the requirements for modelling GIP systems as follows:

· Strategic evaluation of GIP systems: environmental scanning and evaluating existing goals, mission and strategies;

· Identification of the requirements necessary for modelling processes by analysing applications, production systems, and workflows. The results should provide information about sequences, data requirements, resources, duration and time, locations, measurable attributes, possible abstractions (semantic & ontology), etc;

· Description of the organisation as a system to support the conception, representation and implementation of its functionality. tc “3
Research Questions”Description of the GIP system in terms of activities, triggers, resources and information used;

· Analysis of the suitability of existing process structuring techniques, to support the description of the GIP system at various abstraction levels of hierarchy. Analysis of the applicability of these techniques in a methodology supported by available technology in spatial information production;
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Definition of a structuring technique using object oriented concepts, based on the results of the previous steps. This technique should help in identifying and representing the fundamental aspects of the GIP processes by means of architectural concepts;

· Evaluation and categorisation of processes by their properties, such as: accuracy, fitness, maintainability, redundancy, performance, etc. This should assure their suitability for being incorporated in an specific place within the overall process.

When inspecting GIP systems, we observe that they are not following a business-driven approach for producing and managing spatial information. They just have an architecture to acquire and store geographic data that can be easily retrieved at will (data acquisition), and that facilitates the production of maps but few value-added products. A quality value-added product (data development) distinguishes the progressive organisation in today’s market.

Figure 3 presents the transition from data acquisition to data development. This move takes place, as a GIP system is adapted towards a more product and service-driven style. The database containing the spatial information (foundation data) is moved back from the front-end of system and becomes a component that is used to deliver more suitable and specialized services. Devising what this value-added product should be, and how to achieve and optimise its production, is where system models can be used. Here the need for a new structured methodology for the design of GIP systems is stressed. By analysing the system, and decomposing it into sensible assemble-able components using architectural concepts, a more accurate and flexible design can be devised.
3. Specification of components

Figure 3.  Geoinformation provision system’s evolution
Researches at the University of Twente (the Netherlands) have worked for the past several years in the creation of specialized methods to support the development of various types of system models. These methods were created to help designers in effectively designing distributed systems [16]. For GIP systems, the principle of logical distribution provides a general, flexible and evolutionary approach. It offers advantages because it forces one to think in terms of objects, modularity, flexibility, structure and responsibility or, in other words, architecture. However, architecture implies the identification of components, independency, atomicity and, furthermore, interaction, relation and synchronization between independent components.

	Figure 4.  Functional specification components[image: image4.wmf]GIP System
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In a formal specification process, it is necessary to have a sound formalism that allows consistently capture and express the various relevant aspects of a system. In the case of GIP systems two main reference (abstract) elements are of importance at the design stage: data and operations. A GIP system is fundamentally a collection of data and a set of operations carried out over those data. Products or services come as a result of interactions between those two elements, and such interaction is triggered by a request. Every proper definition of a set of these interactions can be considered as a functional specification. Figure 4 shows the elements that make up a functional specification. The origin of the tri-axis reference system represents the starting point of a processing flow that is activated by a design problem. Design problems are the various inputs (request) to the system that have to be converted into products and or services.  The path taken through the cube is a functional specification that satisfies a design problem by determining the proper combination of basic components. The result of the execution of a predefined specification generates the desired product or service. A functional specification and its possible outcome can also be referred to as information chain and information unit respectively. Composition of larger specifications from smaller specifications is achieved via specification building operations that allow reuse of information units and information chains as complex components. The design concepts axis represents the mechanism that allows gluing together data and processes into valid specifications. The process for identification and definition of system classes (data and process components) and the formalization of specifications is explained in section 4. 

4. Fundamentals

In order to create the necessary building blocks of our approach, it was necessary to take two steps: (1) to look into the many available techniques for process modeling. Among those we analyze the advantages and disadvantages of IDEF3 [12], Petri nets, UML’s sequence and Activity diagrams [14], Amber [17]
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[20] and flowcharts. We look into their suitability for the integrated concept specifically into the following design elements: processes and activities, sequences, iteration and recursion, reuse, information flows, activity results, decision and packaging. (2) to focus on the identification of an appropriate specification acquisition mechanism for the definition and validation of functional specifications.  We adopted Amber modeling technique because of its graphical communication capabilities and its clarity to portrait relations and established outputs and its high degree of compliance with the above-mentioned requirements. Amber is based in some few design concepts such as actions, relations, causality constraints, behavior composition, entities and refinement.

The basic design concepts present in Amber for the representation of processes are as follows:

· Actions are used to represent an abstraction of a real world activity; each action (instance of an activity) is unique and is graphically represented by a circle. Four characteristics of an activity are modeled as attributes: the information attribute models the result of an action; the location attribute models the physical or logical location at which the result of the action is made available; the time attribute models the time at which the established result becomes available; finally the probability attribute defines the probability that an action occurs once it has been enable.

· Causality relations are used to model the logical structure that relates the actions. A causality relation models the pre-conditions under which a particular action becomes enable. Figure 5 shows the basic causality relations. Figure 5ii illustrates the enabling condition; the occurrence of action a enables the occurrence of action b. Figure 5iii shows the disabling condition; the occurrence of action a disables the occurrence of action b, it implies that action b can only occur if action a has not occur yet and consequently can not make use of the attribute’s values of action a. Figure 5i represents independence; action b is independent of any other action or condition and can occur at any point in time. Figure 5iv shows the synchronization condition; it models a situation where both actions a and b must occur simultaneously.
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Figure 5.  Basic causality relations 


· Composite causality relations can be modeled using the (and) and (or) operators together with the basic enabling conditions. More complex behaviors can also be modeled by combining basic relations with constraints on the enabling condition. Constraints can be based on the information, time and location attributes of the related actions and they are of three types: The attribute value domain, which defines the values that are allowed as a result of an action; the attribute reference relation, which defines how the attribute values of an action depends on the values of the attributes of the actions that in its causality condition; the attribute causality relation, which defines how the occurrence of an action depends on the values of the attributes of the actions in its causality condition. Table 1 shows the mathematical representation for the relations of three actions (extract, represent and print).

An important characteristic of the systems that we are considering is the potential dynamic evolution in terms of the number of objects they may include. This means that we consider a GIP system as being a collection of independent objects that interact and collaborate with each other to accomplish the functions of the system. Each object has its own behavior that can be represented by the relations between its operations. The decision logic that drives these relations is based on pre and post conditions that are validated to identify the correct sequences. Pre and post conditions imposed in the objects are the result of interconnecting objects into a functional specification. Figure 6 shows the mechanism to capture and store this behavior in terms of specifications. The Reference library stores the main components presented in Figure 4 in terms of: Reference Data Types (RDT), Reference Function Types (RFT), and at a later stage the class modules that are considered functional specifications. The components of a GIP system are pre-developed specifications that can be assembled into working architecture and then enacted by a person or application, they collect, derive and distribute knowledge about geographical phenomena.
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Figure 6.  Specification acquisition mechanism


Figure 6 depicts a formal specification development method suitable to capture and assembly components (RDTs and RFTs). RDTs are devoted to represent the data structures of the specification. RFTs represent the embedded operations known to any geographic operation. In this concept a domain expert uses graphical notation to defined basic (low-level) components of the system under consideration. This knowledge is validated and checked for consistency. The resulting raw specifications are store as system classes. These classes can be understood as words in a communication language, the graphical notation, and semantics used to build specifications act as the grammar. In order to build complex structures out of these system classes, a domain expert should select design problems (functions or responsibilities of the system) and then build requirements specifications that satisfy the design problem. This step is done again using the graphical notation with its corresponding rules. The resulting specifications, once validated, are store in the reference library as functional specifications. The classes stored in the reference library act as abstract types. These abstract types can be transformed into operational specifications once they are mapped to real requests in the working system. An example of this type of specification is presented in Table 1.

This concept addresses a component based system design that allows a proactive reaction from the organization towards user requirements. User requirements have a dynamic behavior and present various patterns that can be addressed within the system design. Such a needs can be among others: multi-scale (vertical) data integration, data synchronization, cross-organizational projects, plug & play information, continuous and periodic distribution of data, etc.
Figure 7 presents the methodology to incorporate changes in the organization by means of a sustainable system development process based on the presented specification acquisition mechanism (Figure 6). First of all we have to ensure that a working system is permanently available to deal with the responsibilities of the organization within its business environment (b’). This existing system is left initially intact and an analysis of the external situation is performed. A to-be situation (a) or a vision is determined by evaluating the role of the organization with the external social/economic system. The changing pattern of the (a) region in the figure depicts the dynamic (change over time) nature of reality around the system. In the mean time a conceptual design (c) of the existing situation is performed if applicable. This means that the conceptualization of the existing situation should take place only for those elements of the existing system that are going to be preserve in the new design and will need some transition mechanisms to be incorporated in the new situation.

	* Format for specification definitions
Signature  
( = (S, (), (
 
S:
denotes a set of sorts

 
(:
denotes a set of functions over S

 
(:
denotes a set of causality conditions over (
Sorts are collections of RDTs

Functions are actions or operations (RFTs) on S

Causality relations define the effects and rules of the functions on the given values
* Example of a specification for an information chain

spec  MAP 
sorts ANY, (SP)RESOLUTION, (A)COVERAGE 
operations

  (a) extract 
: {ANY (A)} ( ANY

  (b) represent
: ANY (SP)( ANY

  (c) print
              
: ANY ( PLOT
causality conditions

  {entry […….] ( a, 

  a ( {c [ If (a = ( 2 (  3 ) ] } ( b,

  a ( {b [ If (a = ( 1 ( 4 ) ] } ( c,

  ( b (  c ) ( exit [….]}
end

spec  TOPOMAP

(S = {ANY ( topo features}

end 


Table 1.  Component specification example
The information obtained from (a & c) is used to prepare and formalize a new design (e) based on constructs of an architectural model (d’) and applying the procedural steps of its associated methodology (d’’). The new design has to be validated and the results of the validation are fed back to be analyzed, and reincorporated in the design if necessary. This is because many of the common results of the validation can be formulated as constraints and functionality of a system based on existing elements. A final step has to take place in order to adapt the existing system to the new design and to make it functional (f). The result of this task is a new system (b’’) that has been put in place and can be managed, modified and adapted easily by reflecting the new changes in the models that support the existing functional system (e). Every change made in to the system should address a particular external pattern and should generate a new commodity to the social system surrounding the organization.

5. Conclusion

This paper presents a mechanism for the acquisition and definition of system specifications. The intention of the work is to identify and represent components of GIP systems that can interact together to achieve certain functionality that is defined by requests from the outside. This is a convenient approach for GIP system design since it removes the common static production lines approach that is behind any geoinformation production organization. In addition, the idea of formalizing service specifications by means of formal concepts provides a convenient framework in which suitable structures will take place only when necessary. In addition rigid patterns and assumptions are unfrozen or removed.

Architectural modelling can be used as an adaptive and comprehensive method to overcome a number of limitations in designing GIP systems, to reinforce a direct move of GIP organisations towards a more effective and profitable business with a data development approach opposite to the common non-proactive data acquisition approach. Process modelling, when properly applied, has proven its contribution in streamlining system development, systems integration and interoperability, component reusability and reduction in maintenance and upgrading cost, which would be an encouraging environment for GIP businesses to work in. A key point in architectural modelling is that its effective execution depends, to a large extent, upon the correct focus given to the purpose of the models. This approach is more appropriate for enterprise-wide projects; a total system perspective is essential for a successful effort.
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