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Below are steps outlining a geodatabase development process.  The process includes conceptual, logical, and physical design phases.  Each of those phases ends in the creation of a product called a database model, i.e., a structural representation of some portion of the world. A database model is used to populate a database.  

As part of the conceptual phase, some of the steps use “data design patterns”.  Data design patterns are commonly reoccurring relationships among data elements that appear so frequently, we tend to rely on their existence for interpretation of data.  Data design patterns are similar to database abstractions identified some 20 or so years ago, i.e., a relationship that is so important that we commonly give it a label to provide a general meaning for the pattern. By the early 1980’s, four database abstractions were identified in the semantic database management literature – classification, generalization, association, and aggregation.  These four data abstractions related directly to what database designs are calling data design patterns, and implemented in the ArcGIS software (ArcGIS names in parentheses to follow): classification (classification), association (relationships), aggregation (topology dataset, network dataset, survey dataset, raster dataset), and generalization-specialization (subtype). Such design patterns (abstractions) specify behaviors of objects within data classes to assist with information creation.

Conceptual Design of the Database Model

The products of a conceptual design stage in database design helps analysts and stakeholders carry out a discussion about what is the intent and meaning of the data that is needed to derive information, placing that information in the context of evidence and knowledge creation.  That is, both groups want to get it “right” as early as possible in the project.

1. Identify the information products or the research question to be addressed. To the best information available, identify the information products that will be produced with the application(s). For example a product might be a water resource, transportation, and/or land use plan as an array of project improvements conceptualized to improve a community over the next twenty years (give or take). Another could be a land development, water resource, or transportation improvement program that is a prioritized collection of projects within funding constraints over the next couple of years. The priority might simply be we can fund these, and not those among a total set of projects recommended for inclusion in an “improvement program”.  A third product might be a report about social, economic, and/or environmental conditions that are impacted from the implementation of one or more of those projects in an improvement program.

A GIS data designer/analyst would converse with situation stakeholders about the information outcomes to appear in the product, rather than guess at this.  If you are the stakeholder, then mull it over a bit to make sure you have an idea.  Some information should be available in terms of a project statement.  Perhaps this is a research statement, in which one or more research questions have been posed. Sometimes such questions are called “need to know questions”. For example, what do the stakeholders “need to know” about the geographical decision situation under investigation?  What are the gaps in information, evidence, and/or knowledge?  What information is not available that should be available in order to accomplish work tasks related to decision situations?  What changes (processes) in the world are important to the decision situation? What are the decision tasks? Those are the information requirements.

2. Identify the key thematic layers and feature classes.  A thematic layer is a superclass of information, commonly consisting of a dataset(s) and perhaps several feature classes (hence feature layers), convenient for human conversation about geographic data. For each thematic layer, specify the feature classes that compose that thematic layer.  For each feature class specify the data sources potentially available, spatial representation of the class, accuracy, symbolization and annotation to satisfy the modeling, query and or map product applications. 

 To assist with the documentation of the design, one can use a computer-aided software engineering (CASE) design tool, e.g., Microsoft Visio Pro. See ESRI’s tutorial at  http://faculty.washington.edu/nyerges/gisure/dm/Designing_Geodatabases_With_Visio.pdf.

The class diagram feature within the Visio Pro product is what is used for depicting feature and object classes as needed.  It will also support the more detail design in step 3, which is why it is really useful.

3. Detail all feature class(es).  For each feature class, describe the spatial, attribute, temporal data field names for the class.  For each feature class specify scale range for spatial representation, and hence the associated spatial data object types?  This will determine if multiple resolution datasets for layers are needed. Revisit step 2 as needed to complete the specification.  Identify the relationships among the feature classes.

4. Group representations into datasets. A feature dataset is a group of feature classes that are organized based on relationships identified among the feature classes that help in generating the information needed by problem stakeholders. The dataset creates the instance of “thematic layer” or a portion of the thematic layer in which the relationships among feature classes are important for deriving information.  Analysts name feature classes and feature datasets in a manner convenient to promote shared understanding among analysts and stakeholders. We use feature datasets to group feature classes for which you want to design topologies or networks or those you wish to edit simultaneously.  

A feature dataset is but one of several “data design patterns” provided in the geodatabase data model. A data design pattern is a frequently reoccurring set of relationships that a software designer has decided to implement in a software system.  Discrete features are modeled with feature datasets composed of feature classes, but relationship classes, rules, and domains are three other design patterns.  Continuous features are modeled with raster datasets.  Measurement data is modeled with survey datasets.  Surface data is modeled with raster and feature datasets.  These other design patterns are used in more detailed database design below.

Logical Design

Data processing operations to be performed on the spatial, attribute, and temporal data types individually or collectively derive the information (from data) to satisfy step 1.  Such operations clarify the needs of the logical design.

5. Define that attribute database structure and behavior for features.  Apply subtypes to control behavior, create relationships with rules for association, and classifications for complex code domains.

Subtypes – Subtypes of feature classes and tables preserve coarse-grained classes in a data model, improve display performance, geoprocessing and data management, while allowing a rich set of behaviors for features and objects.  Subtypes let an analyst apply a classification system within a feature class and apply behavior through rules.  Subtypes help reduce the number of feature classes and improve performance of the database.

Relationships – If the spatial and topological relationships are not quite suitable, a general  association relationship might be useful to relate features. Relationships can be used for referential integrity persistence, for improving performance on-the-fly relates for editing, and joins for labeling and symbolization. 

6. Define spatial properties of datasets.  Specify rules to compose topology that enforces spatial integrity and shared geometry and specify rules to compose networks for connected systems of features and. Set the spatial reference system for the dataset. Specify the survey datasets if needed.  Specify the raster datasets as appropriate.

Topology – Topology rules are part of the geodatabase schema and work with a set of topological editing tools that enforce the rules.  A feature class can participate in no more than one topology or network.  Geodatabase topologies provide a rich set of configurable topology rules.  Map topology makes it easy to edit the shared edges of feature geometries.

Networks – Geometric networks offer quick tracing in network models.  These are rules that establish connections among feature types on a geometric level and are different than the topological connectivity.  Such rules establish how many edge connections at a junction are valid.  

Survey data – Survey datasets allow an analyst to integrate survey control (computational) network with feature types to maintain the rigor in the survey control network. 

Raster data – Analysts can introduce high performance raster processing through raster design patterns.  Raster design patterns allow for aggregating rasters into one overall file, or maintain them separately.

Physical Design

7. Data field specification. For data fields, specify valid values and ranges for all domains, including feature code domains. Specify primary keys and types of indexes. 

Classifications and domains – Simple classification systems can be implemented with coded value domains.  However, an analyst can address complex (hierarchical) coding systems using valid value tables for further data integrity and editing support.

In is at this time that primary and secondary keys for the data fields are specified, based on the valid domains of each of the fields.  A data key reduces the need to perform a “global search” on data elements in a data file. Hence, a key provides fast access to data records.  A primary (data) key is used to provide access within the collection of features that can be distinguished by a unique identifier.  When one uses a primary key, you can easily distinguish one data record from another.  A parcel identification code is an example of a potential primary key for land parcel data records.  A secondary key is used for data access when the data elements are not unique, but are still useful to distinguish data records, as for example land use codes.  All land parcel data records of a particular land use code can be readily accessed.  

8. Implementation. Construct data schema to reside in a database management system.  Test the computability of the data schema.

9. Populate the database. What data do we have, what data are needed to create a module? How do you populate that geodatabase module?

