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What is the Geodatabase?What is the Geodatabase?

•• Core ArcGIS data modelCore ArcGIS data model
–– A comprehensive model for representing and managing GIS A comprehensive model for representing and managing GIS 

datadata

•• A physical store of geographic data A physical store of geographic data 
–– Scalable storage model supported on different platformsScalable storage model supported on different platforms

•• A transactional model for managing GIS workflowsA transactional model for managing GIS workflows

•• Set of COM components for accessing dataSet of COM components for accessing data



Geodatabase Data Management ApproachGeodatabase Data Management Approach

•• The geodatabase is built on an extended relational The geodatabase is built on an extended relational 
database.database.

–– Base relational modelBase relational model
–– Base short transaction modelBase short transaction model
–– Relational integrityRelational integrity
–– Reliability, Flexibility, ScalabilityReliability, Flexibility, Scalability
–– Supports continuous, large datasetsSupports continuous, large datasets

•• Built on the simple feature modelBuilt on the simple feature model
–– Open access (OGC, C, COM, SQL)Open access (OGC, C, COM, SQL)



Geodatabase Data Management Approach Geodatabase Data Management Approach ……

•• Simple features + logicSimple features + logic
–– All geographic data stored as tables in a DBMSAll geographic data stored as tables in a DBMS

–– Extend functionality and data integrityExtend functionality and data integrity

–– Functionality is consistent across DBMSFunctionality is consistent across DBMS’’

•• Application logic (software) Application logic (software) 
–– Works on standard DBMS tableWorks on standard DBMS tables

–– Implements GIS integrity and behaviorImplements GIS integrity and behavior

–– Business rules, topology, networksBusiness rules, topology, networks
•• Data IntegrityData Integrity



Geodatabase Data Management Approach Geodatabase Data Management Approach ……

•• Editing and data compilationEditing and data compilation
–– Rich set of editing tools Rich set of editing tools 
–– Maintain spatial and attribute integrityMaintain spatial and attribute integrity
–– Undo and redo editsUndo and redo edits
–– Multiple users editing the same dataMultiple users editing the same data

•• Versioning work flowsVersioning work flows
–– Long transactionsLong transactions
–– Distributed data managementDistributed data management
–– ArchivingArchiving

•• Robust, customizable frameworkRobust, customizable framework
–– Build and manage your own specific GIS solutionBuild and manage your own specific GIS solution



Geodatabase Data ManagementGeodatabase Data Management

•• Schema is defined in ArcCatalogSchema is defined in ArcCatalog
–– Define feature classes, datasets, relationships, etcDefine feature classes, datasets, relationships, etc

•• Import and convert data from other formatsImport and convert data from other formats
–– ShapefileShapefile
–– CoverageCoverage
–– CADCAD
–– RasterRaster

•• Copy and PasteCopy and Paste

•• Geodatabase XML Geodatabase XML Export / ImportExport / Import

–– For transferring Schema or Features and SchemaFor transferring Schema or Features and Schema

•• Use an ESRI Data ModelUse an ESRI Data Model
–– Industry specific data models availableIndustry specific data models available
–– Copy geodatabase templateCopy geodatabase template

GDB



3 Types of Geodatabases3 Types of Geodatabases

•• Personal GeodatabasePersonal Geodatabase
–– Single user editingSingle user editing
–– Stored in MS AccessStored in MS Access
–– Size limit of 2 GBSize limit of 2 GB

•• File GeodatabaseFile Geodatabase
–– 1 TB per table1 TB per table
–– Reduced storage requirementsReduced storage requirements

•• ArcSDE GeodatabaseArcSDE Geodatabase
–– Stored in an enterprise DBMSStored in an enterprise DBMS
–– Supports multiuser editing via Supports multiuser editing via 

versioningversioning
–– Requires ArcEditor or ArcInfo to editRequires ArcEditor or ArcInfo to edit

Personal
Geodatabase

ArcSDE
Geodatabase

Oracle
SQL Server

DB2
Informix

PostgreSQL

ArcSDE

ArcGIS

File
Geodatabase



Personal GDB File GDB ArcSDE GDB
(3 editions)

Storage format Microsoft
Access

Folder of
binary files

DBMS

Storage capacity 2 GB 1 TB
per table*

Depends on
edition

Supported O/S 
platform

Windows Any platform Depends on
edition

Number of users Single editor
Multiple readers

Single editor
Multiple readers

Multiple editors
& readers

Distributed GDB 
functionality

Check out/check in
and One-way 

replication

Check out/check in
and One-way 

replication

Replication
(all types)

& versioning

* By default; option to have 256 TB per table

3 Types of Geodatabases3 Types of Geodatabases……
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Inside the GeodatabaseInside the Geodatabase

•• A geodatabase contains datasetsA geodatabase contains datasets

•• Datasets represent collections of information with a Datasets represent collections of information with a 
realreal--world interpretationworld interpretation

•• Types of geographic datasets:Types of geographic datasets:
–– TablesTables
–– Object classes, feature classes, relationship classesObject classes, feature classes, relationship classes
–– Feature datasetsFeature datasets
–– Networks, Topologies, Raster and cadastral datasetsNetworks, Topologies, Raster and cadastral datasets

•• Datasets have associated information to help manage Datasets have associated information to help manage 
integrity, behavior, and interpretationintegrity, behavior, and interpretation

–– Domains, Relational integrity, Topology, MetadataDomains, Relational integrity, Topology, Metadata



Feature dataset

Terrain

Topology

Network dataset

Geometric network

Feature class

Line
Polygon

Point
Dimension
Annotation

Route

Relationship class

Table Raster dataset

Raster catalog

Survey dataset

Project folder Project

Toolbox

Tool Model Script

Schematic dataset

Behavior
Relationship rules
Connectivity rules
Topology rules

Attribute domains
Attribute defaults
Split/merge policy

Inside the GeodatabaseInside the Geodatabase……



Objects and Object ClassesObjects and Object Classes

•• Objects are entities with properties and behaviorObjects are entities with properties and behavior
•• An object is an instance of an object classAn object is an instance of an object class
•• All objects in an object class have the same All objects in an object class have the same 

properties and behaviorproperties and behavior
•• An object can be related to other objects via An object can be related to other objects via 

relationshipsrelationships A row stores an Object

A table stores an ObjectClass



Features and Feature ClassesFeatures and Feature Classes

•• Builds on the Relational ModelBuilds on the Relational Model
•• A feature is a spatial objectA feature is a spatial object
•• A feature is an instance of a feature classA feature is an instance of a feature class
•• Extended the relational model withExtended the relational model with

–– Geometry attribute typesGeometry attribute types

A feature class is a table of rows, where 
each row has a geographic column



Field data typesField data types

•• The geodatabase supports The geodatabase supports eighteight field data typesfield data types

•• Supported field data types are genericSupported field data types are generic
–– Data types specific to an RDBMS are not supported Data types specific to an RDBMS are not supported 



Geodatabase Supports Advanced GeometryGeodatabase Supports Advanced Geometry

•• Points, lines, polygonsPoints, lines, polygons
–– Single and multipart featuresSingle and multipart features

•• Text and surfacesText and surfaces
•• Flexible coordinatesFlexible coordinates

–– XY, Z, MXY, Z, M

One record in feature class tableOne record in feature class table
Feature with many partsFeature with many parts



Geodatabase Raster DataGeodatabase Raster Data

•• Support for many formatsSupport for many formats
–– tiff, bmp, GRIDtiff, bmp, GRID

•• Raster datasetRaster dataset
–– Separate rastersSeparate rasters
–– MosaickingMosaicking

•• Raster catalogRaster catalog
–– A collection of raster datasets A collection of raster datasets 
–– Accessed as one entityAccessed as one entity
–– Each member can be accessed as Each member can be accessed as 

a raster dataseta raster dataset
–– Each member can have its own Each member can have its own 

storage propertiesstorage properties
–– Managed/UnmanagedManaged/Unmanaged



Feature DatasetsFeature Datasets

•• A container object for other datasets A container object for other datasets 
–– Same spatial referenceSame spatial reference

•• Analogous to a coverageAnalogous to a coverage
–– Less restrictiveLess restrictive

•• Contain geometric networks Contain geometric networks 
and topologiesand topologies

–– Optionally relationship classesOptionally relationship classes

ParcelCorner

Parcel

ParcelAnno

LotLines

Parcel_Topo

LotDimensions

Subdivision

BoundryLines



Validation RulesValidation Rules

•• Store attribute, connectivity, and relationship rules on Store attribute, connectivity, and relationship rules on 
objects as part of the geodatabaseobjects as part of the geodatabase

•• Predefined, parameter drivenPredefined, parameter driven
–– Attribute range ruleAttribute range rule
–– Attribute set ruleAttribute set rule
–– Connectivity ruleConnectivity rule

•• On demandOn demand

•• Perform custom validation by writing codePerform custom validation by writing code



DomainsDomains

•• Describe the legal values of a field typeDescribe the legal values of a field type
–– Used to ensure attribute integrityUsed to ensure attribute integrity

•• Defined at the geodatabase levelDefined at the geodatabase level

•• Types of domains:Types of domains:
–– RangeRange

•• A tree can have a height between 0 and 300 feetA tree can have a height between 0 and 300 feet
•• A road can have between one and eight lanesA road can have between one and eight lanes

–– Coded Value Coded Value 
•• A tree can be of type oak, redwood, or palmA tree can be of type oak, redwood, or palm
•• A road can be made of dirt, asphalt, or concreteA road can be made of dirt, asphalt, or concrete



SubtypesSubtypes

•• Partition the objects in a class into like groupsPartition the objects in a class into like groups

•• Defined at the class levelDefined at the class level

•• Defined by the value of a subtype fieldDefined by the value of a subtype field
–– Have the same attributeHave the same attribute\\behavior schemabehavior schema
–– Can have different default values and domains for each fieldCan have different default values and domains for each field
–– Can define topology rules between subtypesCan define topology rules between subtypes

Codes
Descriptions



Relationship ClassesRelationship Classes
•• An association between two object classesAn association between two object classes

–– A class may participate in multiple relationship classesA class may participate in multiple relationship classes
•• Simple relationshipsSimple relationships
•• Composite relationshipsComposite relationships

–– Related objects can message each otherRelated objects can message each other
–– Can trigger behavior (cascade delete, move to follow, custom, Can trigger behavior (cascade delete, move to follow, custom, 

etc.)etc.)
•• Associate rules with relationship classesAssociate rules with relationship classes

–– Each Parcel can have between 1 to 3 BuildingsEach Parcel can have between 1 to 3 Buildings

ParcelToBuildingParcelToBuilding



feature class
annotation feature

class
composite

relationship class

Topanga Canyon

Sacramento

Placerville

94         Sacramento

95         Topanga Canyon

92         Placerville41
43
47
49

92
94
95

41
43
47

21
23
27

AnnotationAnnotation

•• Annotation feature classes may be Annotation feature classes may be 
–– Feature linked or NonFeature linked or Non--feature linkedfeature linked

•• Composite relationship manages linkComposite relationship manages link

•• Can store text as well as other graphicsCan store text as well as other graphics
–– Lines, arrows, boxes, etcLines, arrows, boxes, etc……



Dimension FeaturesDimension Features

•• Type of annotation that displays specific distances on Type of annotation that displays specific distances on 
a mapa map

•• Graphic features stored in a dimension feature classGraphic features stored in a dimension feature class

•• ““SmartSmart”” featurefeature
–– Special drawingSpecial drawing
–– Special editingSpecial editing

1 3/8"



Object BehaviorObject Behavior

•• You can:You can:
–– Instantiate classes with predefined behavior. (Instantiate classes with predefined behavior. (Dimensions and Dimensions and 

AnnotationAnnotation))
–– Control the default value and acceptable values for any Control the default value and acceptable values for any 

attribute in a class. (attribute in a class. (Domains and ValidationDomains and Validation))
–– Partition the objects in a class into like groups. (Partition the objects in a class into like groups. (SubtypesSubtypes))
–– Control the general and network relationships in which an Control the general and network relationships in which an 

object can participate. (object can participate. (Relationship ClassesRelationship Classes))

•• Out of the Box in ArcGIS!Out of the Box in ArcGIS!
–– Configurable, no programming requiredConfigurable, no programming required



Exploring a Geodatabase DemoExploring a Geodatabase Demo

•• Explore a GeodatabaseExplore a Geodatabase
–– TablesTables
–– Feature ClassesFeature Classes
–– SubtypesSubtypes
–– DomainsDomains
–– Relationship ClassesRelationship Classes



Exploring a Exploring a 
Geodatabase DemoGeodatabase Demo
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Geometric NetworksGeometric Networks
•• Used to model network systemsUsed to model network systems

•• Connectivity relationships between feature classesConnectivity relationships between feature classes
–– Can associate connectivity rules with the networkCan associate connectivity rules with the network
–– Connectivity is based on geometric coincidence, Connectivity is based on geometric coincidence, always livealways live

•• Each feature class has a role in the networkEach feature class has a role in the network
–– A network may have multiple feature classes in the same roleA network may have multiple feature classes in the same role



Geometric NetworksGeometric Networks
•• A geometric network is associated with a logical A geometric network is associated with a logical 

networknetwork
–– Each network feature is associated with one or more elements Each network feature is associated with one or more elements 

in the logical networkin the logical network

•• Trace solvers on the logical network provideTrace solvers on the logical network provide
–– Connectivity tracing, cycle detection, flow directionsConnectivity tracing, cycle detection, flow directions
–– Upstream/downstream tracing, Isolation tracingUpstream/downstream tracing, Isolation tracing

Downstream TraceDownstream Trace



Network DatasetsNetwork Datasets

•• Network designed for the transportation industryNetwork designed for the transportation industry

•• Does not replace the Geometric NetworkDoes not replace the Geometric Network

•• MultimodalMultimodal

•• Edges, Junctions & TurnsEdges, Junctions & Turns

•• Attributes Attributes 
–– OnOn--thethe--fly calculation of costsfly calculation of costs
–– Improves analysisImproves analysis

•• Cost, restriction, descriptorCost, restriction, descriptor



Network Dataset FunctionalityNetwork Dataset Functionality

•• MultimodalMultimodal
–– Points span multiple connectivity groupsPoints span multiple connectivity groups
–– used to create connectivity between lines in different groupsused to create connectivity between lines in different groups

•• TurnsTurns
–– Turns do not alter connectivity, but traversability Turns do not alter connectivity, but traversability 

(e.g. U(e.g. U--Turn restriction)Turn restriction)



Geodatabase TopologyGeodatabase Topology

•• A topology manages a set of simple feature classes A topology manages a set of simple feature classes 
that share geometrythat share geometry

•• Topology is used toTopology is used to
–– Integrate feature geometryIntegrate feature geometry
–– Validate featuresValidate features
–– Control editing toolsControl editing tools
–– Define relationships between featuresDefine relationships between features
–– Ensure the quality of your dataEnsure the quality of your data



Topological IntegrityTopological Integrity

•• Topology defines integrity rules for associated Topology defines integrity rules for associated 
feature classesfeature classes

–– Participating feature classes / subtypesParticipating feature classes / subtypes
–– Cluster tolerance, ranks and rulesCluster tolerance, ranks and rules

•• Cluster Tolerance for XY and ZCluster Tolerance for XY and Z

•• Rules are evaluated during ValidationRules are evaluated during Validation
–– Define rules when creating the TopologyDefine rules when creating the Topology

•• Violations of these rules are expressed as error Violations of these rules are expressed as error 
features managed in the database as a part of the features managed in the database as a part of the 
topologytopology

–– Error and ExceptionsError and Exceptions
–– Examine and Fix errors in ArcMapExamine and Fix errors in ArcMap



Topology Error ExamplesTopology Error Examples

•• Rules enforced to maintain topological integrityRules enforced to maintain topological integrity
–– 25+ topology rules in ArcGIS25+ topology rules in ArcGIS



Editing with a TopologyEditing with a Topology

•• Editing creates a Editing creates a dirty areadirty area
–– Area has been edited and may contain errorsArea has been edited and may contain errors
–– Can be symbolizedCan be symbolized

•• Errors are found during Errors are found during validationvalidation
–– Errors have propertiesErrors have properties

•• What rule was violatedWhat rule was violated
•• Which feature(s) created the errorWhich feature(s) created the error

•• Your options:Your options:
–– Ignore the error Ignore the error 
–– Mark as exception Mark as exception 
–– Fix the errorFix the error

Parcels overlapParcels overlap



Geodatabase Behavior DemoGeodatabase Behavior Demo

•• Explore a GeodatabaseExplore a Geodatabase
–– TopologyTopology
–– Geometric NetworkGeometric Network



Advanced Behavior Advanced Behavior 
DemoDemo
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Editing GeodatabasesEditing Geodatabases

•• ArcGIS datasets stored in the geodatabase are editableArcGIS datasets stored in the geodatabase are editable
–– Merge adjacent parcels in a topologyMerge adjacent parcels in a topology
–– Add water mains to a networkAdd water mains to a network
–– Update land owners in a relationship classUpdate land owners in a relationship class
–– EtcEtc……

•• There is a rich transaction model for editing in ArcGISThere is a rich transaction model for editing in ArcGIS
–– Edits are performed in an edit sessionEdits are performed in an edit session

•• Open session Open session –– edit edit –– save edits / donsave edits / don’’t save editst save edits

–– A series of edit operations constitutes a transactionA series of edit operations constitutes a transaction
•• Unit of work performed against the databaseUnit of work performed against the database
•• The transaction is either committed or rolled backThe transaction is either committed or rolled back



Editing GeodatabasesEditing Geodatabases……

•• Personal GeodatabasesPersonal Geodatabases
–– Single user, cubicle editing on small datasetsSingle user, cubicle editing on small datasets
–– Multiple readersMultiple readers
–– Editing locks at geodatabase levelEditing locks at geodatabase level

•• Two editors cannot edit within the same geodatabase at same timeTwo editors cannot edit within the same geodatabase at same time

•• File GeodatabaseFile Geodatabase
–– Single user , Workgroup editing on small to very large datasetsSingle user , Workgroup editing on small to very large datasets
–– Multiple readersMultiple readers
–– Editing locks at the feature levelEditing locks at the feature level

•• Two editors cannot edit the same object/feature class at same tiTwo editors cannot edit the same object/feature class at same timeme



Editing GeodatabasesEditing Geodatabases……

•• ArcSDE Geodatabases ArcSDE Geodatabases 
–– Extend the transaction model with VersionsExtend the transaction model with Versions
–– Enterprise level editingEnterprise level editing
–– Multiuser editing without lockingMultiuser editing without locking

•• Unique isolated view of the geodatabaseUnique isolated view of the geodatabase

•• Benefits of versioned editingBenefits of versioned editing
–– Long TransactionsLong Transactions
–– Undo / RedoUndo / Redo
–– ArchivingArchiving
–– Replication / mobile GISReplication / mobile GIS
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•• Massive point datasets in aMassive point datasets in a
multimulti--resolution, onresolution, on--thethe--fly generated TINfly generated TIN
–– Dataset for modeling 3D surfacesDataset for modeling 3D surfaces
–– Modeled within a feature datasetModeled within a feature dataset
–– User defined terrain (pyramid) levelsUser defined terrain (pyramid) levels

•• Different resolutions & vertical tolerancesDifferent resolutions & vertical tolerances

•• Requires 3D Analyst  Requires 3D Analyst  
–– Extension to define & editExtension to define & edit
–– No license needed to viewNo license needed to view

TerrainsTerrains



RepresentationsRepresentations

•• Property of a feature classProperty of a feature class
–– Stores info about feature symbologyStores info about feature symbology

•• One feature class One feature class -- multiple representationsmultiple representations

•• Rules and overridesRules and overrides

•• Representation Management Representation Management 
ToolsetToolset



Cadastral EditorCadastral Editor

•• Solution for parcel data managementSolution for parcel data management
–– Survey Analyst extensionSurvey Analyst extension

•• Uses COGO attributes and survey control to improve Uses COGO attributes and survey control to improve 
spatial accuracyspatial accuracy

•• Cadastral editingCadastral editing
–– Cadastral editor toolbarCadastral editor toolbar
–– Cadastral fabricsCadastral fabrics

•• Group layer with sublayersGroup layer with sublayers
•• JobsJobs



Geodatabase potpourri Geodatabase potpourri 
DemoDemo
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SummarySummary

•• The GeodatabaseThe Geodatabase
–– Data model, Storage, Transaction model, COM componentsData model, Storage, Transaction model, COM components

•• Inside the GeodatabaseInside the Geodatabase
–– Datasets, Validation rules, data behavior and integrityDatasets, Validation rules, data behavior and integrity

•• Advanced BehaviorAdvanced Behavior
–– Geometric Networks, Network Datasets, and TopologyGeometric Networks, Network Datasets, and Topology

•• Editing GeodatabasesEditing Geodatabases
–– Transaction model, Editing solutions, VersionsTransaction model, Editing solutions, Versions

•• Geodatabase PotpourriGeodatabase Potpourri
–– Terrains, Representations, CadastralTerrains, Representations, Cadastral



Learn MoreLearn More
http://www.esri.com/training

InstructorInstructor--Led TrainingLed Training
Building Geodatabases
Introduction to the Multiuser Geodatabase

WebWeb--Based TrainingBased Training
Basics of the Geodatabase Data Model
Creating, Editing, and managing Geodatabases 
for ArcGIS Desktop

ESRI TrainingESRI Training……keep critical skills up to datekeep critical skills up to date


