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Information Systems Architecture
DT113 M.Sc. Spatial Information Management,

Semester-1 2008-9

Student Name: yourName
Student Number: yourNumber
Please attempt three questions. Questions 1 and 2 are compulsory; you may choose one other question from the remaining three. All questions carry equal mark, with one complementary mark. Please enter your name and number above. The completed assignment, in MS-Word or PDF format, should be emailed to me at Patrick.Browne@comp.dit.ie on or before the 19h of January, as: 
YourStudentNumber.doc
You should enter your solutions in this document. The solution to each question should be placed after the appropriate question under the words ‘QX.Y Solution’. When answering the questions be sure to cite the source of your information. 

Auxilary material is available the course web site at:

http://www.comp.dit.ie/pbrowne/MScSpatial%20Information%20Management/index.htm
Question 1: The Unified Modelling Language
Q1.1 Briefly, describe class diagrams in Unified Modelling Language (UML). What are the main purposes of class diagrams? 
Q1.2 Describe how class diagrams are related to the following UML diagrams:

· sequence diagrams
· use-case diagrams
· object diagrams

Q1.3 Briefly, describe any UML diagrams that can be used to represent components, configurations, and architectures.
Q1.4 Describe the Object Constraint Language (OCL) language. You should describe its main constructs. What are the roles of OCL within the UML?
Q1.5. Describe the facilities provided by the USE tool. What do you feel are the main advantages of such a tool?
Q1.6 Identify the roles and uses of UML/OCL in GIS. You should cover issues such as:
· Modelling range, adequacy, and expressiveness in the geo-domain.
· Software tool support.
· Industry acceptance in mainstream IT and in the geo-domain.
· Role in geographic standards.
· Role in specific geo-applications.
· Role as design and documenting languages.

Q1.7 Describe one potential or actual application of the UML/OCL relative to your own professional practice.
Q1.8 The size of a GIS project is often measured in terms of time, manpower, and financial resources. What size GIS project would benefit from using UML/OCL?
Question 2: Ontologies and the Semantic web
Q2.1 Describe the principal features and uses of an ontology. 

Q2.2 In general what are the expected benefits to using ontologies as a knowledge representation?

Q2.3 What is the semantic web? How could ontologies be used on the semantic web?
Q2.4 What are upper level and domain specific ontologies?
Q2.5 What are description logics? What is their role in ontology languages?

Q2.6 Describe the principal features of the Protégé tool. 
Q2.7 Describe the purpose of each of the main tabs in the Protégé tool.
Q2.8 Explain the underlying semantics of primitive classes and defined classes. What practical value are these classes? Describe one case where each of these classes could be used in the geo-domain.
Q2.9 Identify the roles and uses of ontologies and the ontology language OWL in the geo-domain. You should cover issues such as:

· Modelling range, adequacy, and expressiveness of OWL.

· Software tool support for OWL (e.g. Protégé)
· Industry acceptance in mainstream IT and the geo-domain.

· Role in geographic standards.

· Role as design and documenting language.

Q2.10 Describe one potential or actual application of the semantic web and ontologies relative to your own professional practice. 
Q2.11. Do you think that the semantic web together with ontologies will quickly find their way into current GIS practice or do you feel that they offer a more long term future potential?
Question 3: An Upper Ontology and a Domain Specific Ontology.
This question is based on two ontologies namely the Basic Formal Ontology (BFO) and Ontology of Transportation Networks (OTN). The OWL files and supporting papers are on the course web page.

Q3.1 Use BFO and OTN to describe the concepts of upper level ontology and domain specific ontology.
Q3.2 Describe the BFO. You should include a discussion on the purpose and rationale behind the BFO.

Q3.3 How many Axioms, Classes, Object Properties, and Data Properties are used in BFO?
Q3.4 How are the axioms classified? You can omit the general concept inclusions axioms (labelled GCI)
Q3.5 Describe the following classes in the BFO hierarchy:

· Continuant, 
· TwoDimsionalSpatialRegion,

· Occurent,

· ProcessualEntity, 
· SpatiotemporalRegion, 
· SpatiotemporalInterval.
Q3.6 Are there any Object Restrictions on BFO classes? If there are restrictions then explain your understanding of any one restriction.
Q3.7 Describe the issues surrounding multiple inheritance in BFO.
Q3.8 Describe the OTN ontology. You should include a discussion on the purpose and rationale behind the OTN.

Q3.9. How many Axioms, Classes, Object Properties, and Data Properties are used in OTN.
Q3.11 The Geometry class in OTN has three sub-classes Edge, Face, and Node. What is the purpose of these classes?
Q3.12 If an ontology was to be used to define a spatial data infrastructure (SDI) would more than a single level be required? Explain your reasoning. 

Question 4: Route finding, roads and the UML..
For this question, please read the attached extract from ISO Standards for Geographic Information (ISOSGI) by Kresse et al. This extract, together with a road and a graph example, are available on the course web-page.
Q4.1 Does the extract provide enough information to explain the UML diagram in Figure 3.3? Explain your reasoning.
Q4.2 With respect to the UML, describe the semantic difference between a diamond on an aggregation relation and a triangle on a subclass relation.

Q4.3 Is the description of the UML diagram in Figure 3.3 consistent with the standard semantics of the UML? Explain your reasoning.

Q4.4 Does the extract together with the UML diagram provide a sufficient description for route finding system? Explain your reasoning.

Q4.5 Suggest three types of UML diagram that could be added to Figure 3.3 that would provide a better description of the system? Describe the role each diagram and a particular aspect of the system that the diagram could describe.
Q4.6 What are the multiplicities of the association and the each of aggregations in the UML diagram in Figure 3.3? Do you feel these multiplicities are appropriate?
Q4.7 With respect to Figure 3.3, why do you think aggregations were chosen to model the links of FR_City and FR_Road to FR_RouteFinder? Why was an association used to model the relation between FR_City and FR_Road? Is it appropriate?
Q4.8 This section is concerned with running the graph example from the course web page in the USE tool. Load the model in Graph.use. Produce one object diagram from any of the supplied command files (e.g. Graph1.cmd). You should include one the screenshot of the graph in your solution. You should also include the USE system’s response to the queries in the graph file.
Q4.9 Explain the purpose and operational semantics of the method reachableFromSelf() method in the Graph.use file.
Q4.10 Discuss the issues of using the Graph model in Graph.use as representation for the roads and cities in the RouteFinder model.
Q5. Spatial standards and INSPIRE
Q5.1 Summarise Chapter 1 of Geographic Information Metadata for Spatial Data Infrastructures by Nogueras-Iso et al, which was handed out in class. 

Q5.2 Briefly summarise the technical aspects of the INSPIRE Directive (e.g. UML/OCL, Ontologies, networks, W3C, databases, database schemas,Web services, XML, GML). You should base your summary upon the information on the INSPIRE web site and the snapshot of the INSPIRE literature listed on the course web page.

Q5.3 List five distinct technical topics from Chapter 1 from Nogueras-Iso et al that you feel are most relevant to your summary of the INSPIRE Directive. Explain the relevance of each technology. 
Q5.4What languages are proposed to design, implement, and document the INSPIRE Directive? Briefly explain the role of each of your chosen languages. 
Q5.5 What levels of modelling are covered by the Directive? (e.g. meta-model level, meta-data level, conceptual level, design level, implementation level). 
Q5.6 Briefly describe the following types of heterogeneity:
· Semantic heterogeneity of spatial data.

· Heterogeneity of meta-data content.

· Heterogeneity of meta-data standards.

Q5.7 Does the INSPIRE Directive use other standards? What are the main standards that INSPIRE uses? Is the Directive dependent on those standards? In general, does reuse of other standards pose a threat or an opportunity to the Directive? 
Q5.8. Does the INSPIRE Directive use existing or emerging technologies? What technologies are proposed for the design and implementation of the directive? Is the directive dependent on those technologies? In general does the over reliance on one or more technologies pose a threat or an opportunity to the Directive? How do you think that INSPIRE could best handle emerging technologies such as the semantic web?

Q5.9 How does the INSPIRE Directive relate to legacy data and existing systems?
Q5.10 How will conformance to the INSPIRE Directive be measured? 
