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Acronyms

This document and associated release materials may make use of several acronyms. We provide them for reference. 

AGC
Army Geospatial Center
CDM
Conceptual Data Model

CDMF
Common Data Model Framework
DCS
Data Content Specification

EC
Entity Catalog

Esri
Environmental Systems Research Institute, Inc.

GGDM
Ground-Warfighter Geospatial Data Model

GIS
Geospatial Information System

HTML
Hyper Text Markup Language
LDM
Logical Data Model

NAS

NSG Application Schema


NSG
National System for Geospatial Intelligence

PDM
Physical Data Model

PIM
Platform Independent Model

RDBMS
Relational Database Management Systems
SDSFIE
Spatial Data Standards for Facilities, Infrastructure, and the Environment
TDS
Topographic Data Store

URL
Uniform Resource Locator

1. Physical Data Model
Introduction
One goal of the GGDM development is to provide for automated generation of the physical data model (PDM) to Environmental Systems Research Institute (Esri) ArcGIS File Geodatabase format. The intent of the automated generations of a physical data model is to match the GGDM conceptual model in an automated system. The GGDM automated generation software was originally developed for the Spatial Data Standards for Facilities, Infrastructure, and the Environment (SDSFIE) by Zekiah Technologies, Inc (formerly Upper 90 Systems, Inc). 
The generation software was modified to accommodate specific implementation details identified in the Esri Topographic Data Store (TDS) 2.0 implementations originally provided in November 2009, updated in February 2010 and August 2010. The GGDM PDM is constructed using the Common Data Model Framework (CDMF) compliant Logical Data Model (LDM) and a toolkit developed by Zekiah Technologies, Inc. The CDMF toolkit and Platform Independent Model (PIM) structure was slightly modified for GGDM 3.0 to organize the physical attributes in alphabetical order and to accommodate the requirements of the CodeList enumerations.  
2. Terminology
This document is the technical rationale for the PDM developed from the GGDM 3.0 Logical Data Model (LDM) following the NAS 7.0. The logical data model captures the important data content for an organization by describing the possible semantic content of compliant data sets and specific data requirements. In order to build the PDM, the LDM is restructured into a Conceptual Data Model (CDM) in a format which incorporates the additional details required for physical implementations. Feature and Attribute Name lengths are constrained based on Relational Database Management Systems (RDBMS) and Geospatial Information System (GIS) software limitations.  The data types are constrained to vendor specific data structures. In certain cases, additional implementation rules are incorporated to compensate for "Reserved Words" and special data requirements. 

The complete reconstructed LDM is loaded into a PIM database, to generate the CDM. The CDMF and PIM provides a common set of elements which are more easily mapped into the actual physical implementations. With a defined database schema, it is possible to write individual applications which convert the PIM into various implementations, such as Esri File Geodatabase, Oracle Spatial, or PostGres. Creating additional applications that provide more user friendly documentation is also possible.

Within the CDMF, data is organized based on both Element (Feature, Attribute, Constraint, Value, Relationship, etc.) and relationship between elements (Attributes to Features, Constraints to Attributes, Values to Constraints, etc.). The Elements are aggregated into configurations (sets of elements) representing profiles of the entire model, allowing users to more easily select the elements of importance without compromising the model.

3. Process (Profiles and Configurations)








The GGDM 3.0 physical specification provides the mechanism for translation of the conceptual information to the physical representation. 

The CDM is transformed into a physical specification to: 

1) Allow for direct comparison tests of the CDM and the NSG Application Schema (NAS) National System for Geospatial Intelligence (NSG) Entity Catalog (EC) specification for validation. GGDM 3.0 was compared to NAS 7.0.
2) Provide for consistent and accurate (with respect to NAS 7.0 EC) codification and labeling of the features and attributes for the physical model. The GGDM codes are required to exactly match the NAS 7.0 EC codes.  The complexity of the process requires this process to be done in the LDM as a transformation from the logical data model to a conceptual data model to a physical specification. The goal is to implement the approach in a manner that would give the GGDM content a consistent look and feel.

The GGDM physical configuration consists of Feature Types (feature code and geometry), with a specified set of attributes, with individual constraints. The GGDM configuration contains profiles (subsets) of the entire model. 

All of the GGDM 3.0 features are defined as the Composite Configuration of all levels. Every other configuration is a Profile of the GGDM Composite. The GGDM 3.0 configurations are based on the NSG NAS profiles and are generated from the CDMF. The resolution-specific configurations are:

· GGDM Global - The Global Level of Feature Types ((>=400K) 
· GGDM Regional - The Regional Level of Feature Types ((>200-399K)
· GGDM Local - The Local Level of Feature Types ( 24-200K)
· GGDM Specialized - The Specialized  Level of Feature Types ( (<24K)
The entire GGDM 3.0 configuration is:
· GGDM Composite - The entire set of all GGDM 3.0 Features and Attributes
The CDMF and PIM support multiple users and multiple versions. These database elements appear throughout the CDMF and provide the basis for follow-on maintenance or custom modification.

4. Process (Features as Esri Subtypes)







Within the LDM, CDM, and the PIM, features are defined as a definition and a collection of attributes, independent of the assigned geometry. Practically, this means DAM_P, DAM_C, and DAM_S are all identically stored in the PIM and generated for the assigned geometry (P - Point, C – Curve (Line), and S – Surface (Polygon)). The identical attributes for different geometries is a requirement from the NAS, and is propagated through out the GGDM.

The Esri generation of GGDM contains one Feature Dataset and defines features as "Subtypes" of Feature Classes.  The names of the Features (subtypes), Feature Classes, and Feature Dataset is defined in the NAS Entity Catalog (EC) and in the GGDM LDM and CDM. Exact and correct specification of the Feature Classes is critical to ensure an error-free "replication/synchronization" can occur between the NAS and Esri GGDM geodatabases. The standardization of the Feature "Subtype Codes" is critical and the GGDM PDM matches those defined in the NAS EC and in the GGDM LDM and CDM. GGDM Extended Features not included in the NAS EC are added to the GGDM geodatabase with unique Feature Class names ending in "Ext"; e.g. CulturalPntExt to indicate this Feature Class and Features are NOT in the NAS baseline. This ensures the Extended Feature Classes and Extended Features do not adversely affect the synchronization process.

Within the CDMF, these assignments are "Containers".  Containers are determined based on the specification in the NSG NAS which is implemented in the PIM from the GGDM LDM.
The container names are derived from the NAS Entity Catalog.  If the Feature Type is a NAS Feature Type, the assigned container precisely matches the NAS EC.  If the Feature Type is an extension to the NAS, the container name is assigned from the set of NAS EC containers but contains the Ext suffix to ensure continued synchronization capability with the NSG schema.

In an Esri generation, these containers become the Feature Class Names and the actual Feature Type names are the Subtypes of the Feature Classes.  Esri 'subtype codes' require numeric assignments.  All GGDM feature subtype codes are specified in the GGDM LDM. The six digits 'Feature Numbers' are obtained from the NSG Application Schema (NAS).  If the Feature Type is not in the NAS, a three digit number is assigned to guarantee that no duplication of numbers can exist.
Generating features as subtypes adds some additional complexity since an Esri Feature Class can have only one set of Attributes, uniform to all included Subtypes. Since a Subtype defines a feature, a convention needs to be defined to alert users to the inclusion of attributes within a Feature Class that are not applicable to a specific Feature in that Feature Class. There is no single standard mechanism to identify which attributes are applicable. The adopted convention is based on the mechanism seen in previous Esri TDS implementations, which usea special enumeration/constraint name to indicate the condition. The enumeration is dependent on the data type of the attribute as indicated below in Table 1.

	Table 1 – Data type dependency

	Field Data Type
	Constraint Name
	Default Value
	Enumeration Contents

	String
	Mst_Null_String
	No Information
	No Information
	No Information

	Integer (Long Integer)
	Mst_Null_Integer
	-999999
	-999999
	No Information

	Double (Real)
	Mst_Null_Double
	-999999
	-999999
	No Information
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Figure 1 shows the Feature Class Properties from Esri ArcCatalog for a sample Feature Class (CulturalPnt) in the GGDM. The "SubTypes" tab allows selection of the Subtype in the upper portion of the Dialog, while Field Name, Default Value, and Domain are displayed below. The contents of the "Default Values and Domains" section indicate the Default Value and Domain that are assigned to the Feature Class attributes for the selected Subtype. Note in the example, the Default Value of CCG, CNCP, COS, CSO, and DZP indicate these attributes are not applicable to the selected subtype (ARCHEOLOGICAL_SITE_P). 

Each Coded Value Domain contains a single value that matches the Default, such that it is not able to be changed by the user.

The default values and Coded Value Domain names are NOT visible on the "Fields" tab of the dialog, but only on the "Subtypes" tab. This is an artifact of the Esri software.

5. Process (Boolean Attributes)


	Table 2 – Boolean Attributes

	Integer Value
	Definition

	1000
	False

	1001
	True

	-999999
	No Information


Within the GGDM LDM and CDM, there are a number of attributes that are Boolean (True/False) data type. In some Relational Database Management Systems (RDBMS) implementations, these are stored as a "bit". However, Esri does not support the Boolean data type, so in the Esri File Geodatabase implementations, these attributes have Integer enumerations with 3 possible values. These values and their definitions are shown in Table 2.
Since these attributes are, in fact, Boolean data type and since all Boolean data types can be represented in exactly the same way, the GGDM generations define all Boolean data type attributes as Esri Long Integer, with a default value of "No Information" [-999999], and assigned a single enumeration (GGDM_Boolean_Enum). 

6. Generations
and Containers









The tool used for GGDM physical generation is specifically intended to generate Esri Geodatabases (either Personal or File). It was modified to handle generations of Features at either the Feature Class level or the Feature Subtype level. Within the CDMF and PIM, each feature in a configuration has a "configContainer" defined. In the Esri environment, when generating a flat geodatabase as Feature Classes, the Container becomes the Feature Dataset. When generating a full geodatabase as SubTypes, the Container becomes the Feature Class. The Feature Groups defined within the Logical Data Model became the containers.

The GGDM 3.0 profile generations provided are generated as the SubType option. All generations are created with a Spatial Reference of Geographic Coordinate System World 1984 (GCS WGS 1984). Within the current application, the Spatial Reference is defined at the time of generation.

Attributes within the LDM and CDM are directly associated with a Feature rather than a container. This means that to create a Feature Class for SubType generation, the generation application must read each of the Features in the container, develop a list of the union of the attributes in each of the Features, and generate that union as the set of attributes. One of the consequences of this approach is there will be attributes included in the attribute set that are NOT applicable to a particular Feature (SubType). An examination of the approach used by Esri indicated a special enumeration (Code Value Domain) to indicate the irrelevance of the attribute (See Process - Features as Esri Subtypes). This same approach was used in the GGDM generations performed at the SubType level. At the Feature Class level, these attributes are generated exactly as they appear in the LDM and CDM physical transformation.

7. Packaging

Feature Dataset Names within the generated Geodatabases are created to match the corresponding Feature Dataset within the Esri GGDM generations. These are based on the generation configuration level generation after the “GGDM" letters. Thus, a Global generation has a single Feature Dataset with the name "GGDM_Global". Other Feature Datasets end with "Specialized", "Regional", and "Local". The GGDM Composite geodatabase Feature Dataset is named GGDM_Composite. It is important to note Feature Dataset names may be changed inside of a Geodatabase without consequence.  
8. Attributes

Attributes within the physical generations are named in strict accordance with the GGDM LDM and CDM. Prefixes and Postfixes are assigned consistent with direction provided in the NAS EC. 

Attribute Data Types

The GGDM LDM employs descriptive data types. These are converted within the PIM to the generic data types which are then mapped to an implementation data type. The following table shows the conversion of the LDM data type to the PIM data type to the Esri data type:

	LDM Data Type
	PIM Data Type
	Esri Data Type

	Double
	double
	esriFieldTypeDouble

	Real
	double
	esriFieldTypeDouble

	String
	string
	esriFieldTypeText

	Count
	integer
	esriFieldTypeInteger

	Constrained String
	string with Coded Value Domain
	esriFieldTypeText

	Enumeration
	integer with Coded Value Domain
	esriFieldTypeInteger

	Boolean
	integer with special Coded Value Domain
	esriFieldTypeInteger

	Index
	integer
	esriFieldTypeInteger

	Code List
	string
	esriFieldTypeText

	Real Interval
	expanded to double, double, integer with Coded Value Domain
	Expanded to 3 Attributes of esriFieldTypeDouble, esriFieldTypeDouble, esriFieldTypeInteger


9. Constraints/Enumerations

Attribute Values

The GGDM Attribute Value Constraints are expressed based on the contents of the GGDM LDM and CDM. Within the Esri environment, the name of the constraint is expressed uniquely depending on the Feature as well as the Attribute. These names are generated algorithmically within the CDMF and PIM based on the specification. The constraint name algorithm has two forms.

· For F_CODE attributes - constraint name is "FCODE" & the Feature Code [FCODE_AK164]

· For other attributes - constraint name is Feature Code & Geometry Code & Attribute Name [AL080_C_CRM]

Following these algorithms results in consistent unique constraints based on both features and attributes.

Code List Values

The base Rationale Document (GGDM-3-0-Rationale-Base-external-appendices.doc) specifies the logical requirement for NAS DCS code list enumerants.  Within the CDMF and PIM, these constraints contain the additional property of the External Links (FURL) which defines the location where the latest specified values are defined in a Hyper Text Markup Language (HTML) page.  Before the GGDM physical generation, these FURLs are 'scraped' and the contents compared with the contents in the PIM.  Changes are documented in separate CDMF and PIM tables so that, from version to version, precise adds/deletes of Code List values can be generated.
10. Conclusions

The tool based solution that creates the CDM, PIM and physical implementation geodatabase based on the GGDM LDM has been used to generate multiple test databases and the GGDM exemplary databases for the Global, Local, Regional, Specialized and Composite levels. Tests have demonstrated these databases to be similar to the NSG NAS logical data models. 

In order to accomplish this automated generation of the PDM there has been some propagation of information to the logical model that is not normally present in order to ensure an accurate generation from logical, to conceptual, to physical. This includes attribute ancillary information, feature “number” (subtype number) assignments, feature “group” (feature class) assignments, and the explicit generation of the physical specification. 

The spatial reference frame and explicit definition of data storage requirements per attribute data type continue to be held as parameters to the physical generation and are not part of the logical model.

The conversion process does not require human intervention other than selection of the desired configuration level. However the generation time can be significant: ~four hours for a single configuration PDM. Investigations are being conducted to optimize the process and reduce the generation time significantly.
Figure 1. Feature Class Properties window (in ArcCatalog)








