Foundations of GIS Data Modeling
On Data and Information 

Let’s formally examine data, information, evidence, and knowledge.

Data – is/are raw observations (as in a measurement) of “some reality”, whether past, current, future, in the context of some shared understanding of an “organizational context”.  Often times we value what we measure and we measure what we value – that is, what is important enough on which to spend human resources to get data.

Information – is/are data placed in a context for use “tells us something” about a world we share.  Geographic information is a fundamental basis of decision making, hence information needs to be transparent in groups if people are to share an understanding about a situation. 

Evidence – is/are information we use to make reasoned thought (argument) about the world.  All professionals, whether they be doctors, lawyers, scientists, GIS analysts, etc. use evidence as a matter of routine in their professions to establish the “shared valid information” in a community.  Credible (as in the source is believable) information is the basis of evidence. How we interpret evidence influences how we gain knowledge.

Knowledge – is/are evidence as credible information that has withstood a “long lasting effect” that helps us interpret the world through new information, and of course, data.  Knowledge about circumstances is what we use to interpret information, and decide if we have gained new insight or not.  It is what we use to tell whether information is useful of not.  When we integrate information into our world circumstances we create knowledge. 

Data Models and Database Models 

- Data model - language that can used to describe entity (feature object) classes 

- Database model - use of that language to specify a specific set of entity (feature object) classes  

See table 1.1 for distinguishing characteristics
Database design process - several levels of database descriptions, some oriented for human communication, while others oriented to computer-based computation. In the database modeling literature, “conceptual, logical, physical” are used to differentiate levels of data modeling abstraction.  

A conceptual data model organizes and communicates the meaning of data categories in terms of object (entity) classes, attributes and (potential) relationships. This interpretation of the term data model is often credited to James Martin (e.g. see Martin 1977), a world-reknowned information systems consultant, having authored some 25 books as of the mid 1980’s.  Many of these books described graphical languages for specifying databases at an information level of design.  That level was called the “infological level” by Sundgren (1977), distinguishing it from the datalogical level, to highlight the difference between “information” and “data”.  Information was defined as “data placed in a meaningful context”, i.e., an interpretation of data by a definition.

Conceptual data model language – ER Model and its use See Figure 1.1 ER language

A logical data model expresses a conceptual data model in terms of computable: a) data constructs (i.e., entity classes or object classes, b) operations (to create relationships), and c) validity constraints. This interpretation of the term “data model” is often credited to Edgar Codd (e.g., see Codd 1979), the person credited with inventing the Relational Data Model as the design basis of relational database management systems.  A logical data model is a “formal design” for a data management system to be implemented as a software system.  Hence, the data construct component of the relational data model is the table.  The operations component is the relational calculus (later simplified to the relational algebra).  The validity constraints component tests for data entry errors in order to keep database “clean”

Geospatial data constructs – the building blocks of geospatial data models as geometry and topology relationships (See Figure 1.2 graphical language)
See Table 1.2 for geospatial data constructs associated with data models
Some ArcGIS logical data model language differences
·  shape file data model – features with no topologic relationships

·  coverage data model – feature topologic relationships in separate data layers (no between)

·  geodatabase data model – functional “logic” is more than “topologic” (surface)
· TIN data model – terrain surface topologic relationships

·  grid data model – grid cell topologic relationships (simplest of all – implicit topologic relations)

We can differentiate geospatial data constructs in terms of simple and complex geometries. We will work with simple geometries in beginning then move to complex geometries.

Geodatabase model – ESRI’s object-based data model

- spatial data and attribute data are at the same “level of precedence”, i.e, either can be stored followed by the other

· in a coverage data model, spatial data geometry had to be stored first, 

then attribute data to follow

- temporal data is still stored as an attribute; it does not have its own “special domain” of operations

Advantages of geodatabase model
- Built-in behavior – feature ways of acting (implemented through rules) can be stored with data

- Geodatabase manager – management performed by a single database manager (object relational)


Previously, spatial data managed by file manager and attribute data managed by relational data

- Large geodatabases – do not need to be tiled (squares of space physically managed) using file manager

- Customized features are possible – transformers, parcels, pipes (not geometry defined, but attribute defined)

