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What is TopologyWhat is Topology

•• Process to describe & maintain Process to describe & maintain spatial spatial 
relationshipsrelationships of map featuresof map features
–– AdjacencyAdjacency
–– CoincidenceCoincidence

ConnectivityConnectivity–– ConnectivityConnectivity
–– ContainmentContainment
–– OthersOthersOthers …Others …

•• GIS usesGIS uses
–– AnalysisAnalysisAnalysisAnalysis
–– Data integrityData integrity

UC 2009 Tech SessionsUC 2009 Tech Sessions 22



Topology in the geodatabaseTopology in the geodatabase

•• Helps ensure Helps ensure spatial integrityspatial integrity of dataof data
–– Finds errors in data Finds errors in data Monuments

–– Fix with edit and topology toolsFix with edit and topology tools
•• Relationships not storedRelationships not stored Lot lines

–– Discovered onDiscovered on--thethe--fly by ArcMapfly by ArcMap
•• CoincidenceCoincidence--basedbased topologytopology

Parcels

Zoning

–– Snaps feature verticesSnaps feature vertices
(user prioritizes through ranks)(user prioritizes through ranks)

–– Between one or two feature classesBetween one or two feature classesBetween one or two feature classesBetween one or two feature classes
•• Requires an ArcEditor or ArcInfo licenseRequires an ArcEditor or ArcInfo license
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RealReal--world examplesworld examples

•• Single feature class examplesSingle feature class examples
–– Zip Code boundaries must not overlapZip Code boundaries must not overlap
–– Sewer lines must not have danglesSewer lines must not have dangles
–– Vegetation polygons must not have gapsVegetation polygons must not have gaps

Rule: Soil polygons must not overlapRule: Soil polygons must not overlap

Find 
error

Fix 
error

•• Two feature class examplesTwo feature class examples

error error

–– Parcel boundary must be covered by parcel linesParcel boundary must be covered by parcel lines
–– Zoning must not overlap with waterZoning must not overlap with water

Oil well must be in an authorized leaseOil well must be in an authorized lease–– Oil well must be in an authorized leaseOil well must be in an authorized lease
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Topology workflowTopology workflow
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f t
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Creating a Geodatabase topologyCreating a Geodatabase topology

•• Created in feature datasetCreated in feature dataset
–– Only “simple” feature classes (no annotation, multiOnly “simple” feature classes (no annotation, multi--point, point, 

dimensions etc )dimensions etc )dimensions, etc.)dimensions, etc.)
–– A feature class may be in only one topology at a timeA feature class may be in only one topology at a time

•• User specifies topology propertiesUser specifies topology properties
–– Cluster tolerance Cluster tolerance 
–– Participating feature classesParticipating feature classes
–– RanksRanksRanks Ranks 
–– Topology rulesTopology rules

•• Creates and Creates and enforces topological relationshipsenforces topological relationships
–– Snaps feature vertices during validationSnaps feature vertices during validation

•• Edited in ArcMapEdited in ArcMap
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Topology propertiesTopology properties
•• Cluster toleranceCluster tolerance

–– A distance within which all geometry is made coincident, or “identical” in A distance within which all geometry is made coincident, or “identical” in 
locationlocation

•• RanksRanks
–– Control how vertices move during validationControl how vertices move during validation
–– LowerLower--ranked vertices move to higherranked vertices move to higher--ranked verticesranked vertices

Equal ranks

H = Highest rank      L = Lowest rank

Unequal ranks

Cluster tolerance= feature class 1
= feature class 2
old location 

E d i t tE d i t t

L

LL H H
Which data should 
be ranked higher?

H
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Topology rules(!)Topology rules(!)
•• Define valid Define valid spatial relationshipsspatial relationships

–– Between feature classes or subtypesBetween feature classes or subtypes

•• 25 rules available25 rules available (C:(C:\\Program FilesProgram Files\\ArcGISArcGIS\\DocumentationDocumentation\\topology rules poster pdf)topology rules poster pdf)25 rules available 25 rules available (C:(C:\\Program FilesProgram Files\\ArcGISArcGIS\\DocumentationDocumentation\\topology_rules_poster.pdf)topology_rules_poster.pdf)

–– Many rules for each type of feature (point, line, polygon)Many rules for each type of feature (point, line, polygon)

•• Set when creating topology; tested during validationSet when creating topology; tested during validation

“Parcels … boundary must be covered by … Parcel Lines”
Topology rule

FC 1 FC 2

“Roads … must not overlap with … Railroads”

FC 1 FC 2Topology rule
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Some commonly used topology rulesSome commonly used topology rules
•• Must not overlapMust not overlap

–– Census blocks cannot overlapCensus blocks cannot overlap
–– Vegetation cannot overlapVegetation cannot overlapVegetation cannot overlapVegetation cannot overlap
–– Zoning cannot overlapZoning cannot overlap
–– Soils cannot overlapSoils cannot overlap

B d t b d bB d t b d b

Overlap

•• Boundary must be covered byBoundary must be covered by
–– Parcel boundary must be Parcel boundary must be 

covered by parcel linescovered by parcel lines
–– Geologic rock formation boundary Geologic rock formation boundary 

must be covered by rock must be covered by rock 
formation line typeformation line type

B d t d b liBoundary not covered by lines
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More commonly used topology rulesMore commonly used topology rules

•• Must not have gapsMust not have gaps
–– No gaps in vegetationNo gaps in vegetation

No gaps in soilsNo gaps in soils G–– No gaps in soilsNo gaps in soils
–– No gaps in temperatureNo gaps in temperature

•• Must not have danglesMust not have dangles

Gap

–– Sewer linesSewer lines
–– Parcel linesParcel lines

•• Points must be covered by linePoints must be covered by line•• Points must be covered by linePoints must be covered by line
–– Monitoring station must fall along streamsMonitoring station must fall along streams
–– Monument corners must fall along PLSS cornerMonument corners must fall along PLSS corner
–– Manhole covers must fall along storm sewer lineManhole covers must fall along storm sewer line
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Dirty areasDirty areas

•• Areas in the dataset that have not been validatedAreas in the dataset that have not been validated
–– Entire extent is “dirty” when topology is first createdEntire extent is “dirty” when topology is first created

May contain existing or undiscovered errorsMay contain existing or undiscovered errors–– May contain existing or undiscovered errorsMay contain existing or undiscovered errors
–– Edits create dirty areasEdits create dirty areas

Before Edit sessionBefore Edit session

Insert vertex Dirty area created
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Validating a topologyValidating a topology
Ch k di t fCh k di t f•• Checks dirty areas for errorsChecks dirty areas for errors

•• Snaps coordinates using cluster tolerance and ranksSnaps coordinates using cluster tolerance and ranks
•• ArcCatalog Validates entire topologyArcCatalog Validates entire topology•• ArcCatalog Validates entire topology ArcCatalog Validates entire topology 

–– Cannot undoCannot undo

•• ArcMap has additional optionsArcMap has additional options
–– Can undoCan undo

•• No new features are createdNo new features are created

Validating in 
ArcMap

Validating in 
ArcCatalog
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Topology errorsTopology errors

•• Found during validationFound during validation
–– Rule violations: Dangles, overlaps, etc.Rule violations: Dangles, overlaps, etc.

If there are no rules there can be no errorsIf there are no rules there can be no errors–– If there are no rules, there can be no errorsIf there are no rules, there can be no errors

•• Stored in topology as specialized geometriesStored in topology as specialized geometries
–– Use to locate errors in ArcMapUse to locate errors in ArcMap

•• Error propertiesError properties
–– Which rule was violated?Which rule was violated?

Which features causedWhich features caused–– Which features caused Which features caused 
the error?the error?

–– Where is the error Where is the error located?located?
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Displaying in ArcMapDisplaying in ArcMap
•• Topology error symbologyTopology error symbology

–– Red is default, can changeRed is default, can change

•• Dirty areasDirty areas•• Dirty areasDirty areas
–– Not shown by defaultNot shown by default

•• Draw participating feature Draw participating feature 
classesclasses
–– Required for feature editingRequired for feature editing

•• Display exceptionsDisplay exceptions•• Display exceptionsDisplay exceptions
–– Area, line, pointArea, line, point
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Fixing topology errorsFixing topology errors
•• Editing features that break rulesEditing features that break rules
•• Error Inspector Error Inspector 

Search for errors of a certain ruleSearch for errors of a certain rule–– Search for errors of a certain ruleSearch for errors of a certain rule
–– Search in current or full extentSearch in current or full extent
–– Apply fix to multiple featuresApply fix to multiple features
–– List of common fixes availableList of common fixes available

•• Fix Topology Error toolFix Topology Error tool
–– Interactive error fixingInteractive error fixingInteractive error fixingInteractive error fixing
–– No search capabilityNo search capability
–– List of common fixes availableList of common fixes available
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Common error fixesCommon error fixes

•• Trim: removes portion of lineTrim: removes portion of line

•• Extend: Adds segment to undershootExtend: Adds segment to undershootExtend: Adds segment to undershootExtend: Adds segment to undershoot

•• Merge: Combines multiple features into oneMerge: Combines multiple features into oneMerge: Combines multiple features into oneMerge: Combines multiple features into one
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Editing coincident geometryEditing coincident geometry

•• Topology Edit toolTopology Edit tool
Still 

connected

–– Selects and modifies edges and nodesSelects and modifies edges and nodes
–– Press E to select only edges, N to select only nodesPress E to select only edges, N to select only nodes

Sh Sh d F t t lSh Sh d F t t l•• Show Shared Features toolShow Shared Features tool
–– Pulls coincident geometries apartPulls coincident geometries apart

Uncheck layers so they 
are not modified with 

UC 2009 Tech SessionsUC 2009 Tech Sessions 1717

the coincident geometry



Using topology edit tasks Using topology edit tasks 

•• Modify edgeModify edge with Topology Edit toolwith Topology Edit tool
–– Vertex modificationVertex modification

Drag

•• Reshape edgeReshape edge with Sketch toolwith Sketch tool
–– Use sketch to modify coincident geometryUse sketch to modify coincident geometry

Add new line with Sketch toolSelect edge with
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Creating polygons from lines in ArcMapCreating polygons from lines in ArcMap

•• ArcMap: Construct Features toolArcMap: Construct Features tool
–– Use Use selected linesselected lines to make polygons in target polygon layerto make polygons in target polygon layer
–– Considers existing polygonsConsiders existing polygons
–– Example: Create parcels from COGO linesExample: Create parcels from COGO linesp pp p

New line splits polygons New lines add polygon
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Topology for ArcView users Topology for ArcView users -- Map topologyMap topology

•• Topology available with an ArcView licenseTopology available with an ArcView license
•• Stored in map document (*.mxd)Stored in map document (*.mxd)
•• Temporary topology between shapefiles and feature Temporary topology between shapefiles and feature 

classesclasses
•• No validation no errorNo validation no errorNo validation, no error No validation, no error 

checkingchecking
•• Coincident boundary editingCoincident boundary editing
•• For data not in a For data not in a 

geodatabase topologygeodatabase topology
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Topology at the UCTopology at the UC

Technical Workshop:  Topology in the GeodatabaseTechnical Workshop:  Topology in the Geodatabasep p gyp p gy
Tues., July 14, 1:30 PM Tues., July 14, 1:30 PM –– 2:45 PM (Upper Level 2:45 PM (Upper Level –– Room 6C)Room 6C)
Thurs., July 16, 8:30 AM Thurs., July 16, 8:30 AM –– 9:45 AM (Upper Level 9:45 AM (Upper Level –– Room 6C)Room 6C)

T h i l W k h G d t b 9 4 PlT h i l W k h G d t b 9 4 PlTechnical Workshop:  Geodatabase 9.4 PlansTechnical Workshop:  Geodatabase 9.4 Plans
Wed., July 15, 10:15 AM Wed., July 15, 10:15 AM –– 11:30 AM (Upper Level 11:30 AM (Upper Level –– Room 6B)Room 6B)
Thurs., July 16, 3:15 PM Thurs., July 16, 3:15 PM –– 4:30 PM (Upper Level 4:30 PM (Upper Level –– Room 6B)Room 6B)

Demo Theater:  Showcase Software Island Demo Theater:  Showcase Software Island ––
Geodatabase ManagementGeodatabase Management
Tues July 14 9 AMTues July 14 9 AM 6 PM (Exhibit Hall C/D)6 PM (Exhibit Hall C/D)Tues., July 14, 9 AM Tues., July 14, 9 AM –– 6 PM (Exhibit Hall C/D)6 PM (Exhibit Hall C/D)
Wed., July 15, 9 AM Wed., July 15, 9 AM –– 6 PM (Exhibit Hall C/D)6 PM (Exhibit Hall C/D)
Thurs., July 16, 9 AM Thurs., July 16, 9 AM –– 6 PM (Exhibit Hall C/D)6 PM (Exhibit Hall C/D)
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Get a free 45Get a free 45--minute handsminute hands--on lessonon lessonGet a free 45Get a free 45 minute handsminute hands on lessonon lesson
At theAt the

HandsHands--On Learning Center On Learning Center 

Topics include:Topics include:
•• Introduction to ArcGIS DesktopIntroduction to ArcGIS Desktop
•• Creating a Map In ArcGISCreating a Map In ArcGIS
•• Basics of the Geodatabase Model Basics of the Geodatabase Model 
•• and moreand more
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GIS Training and Education SurveyGIS Training and Education Survey
http://www.esri.com/traininghttp://www.esri.com/trainingp gp g

•• Brief online survey to get your feedbackBrief online survey to get your feedback
All s r e takers get a free oneAll s r e takers get a free one mod le Web co rsemod le Web co rse–– All survey takers get a free oneAll survey takers get a free one--module Web coursemodule Web course

•• Helps us develop training products that: Helps us develop training products that: 
–– Support your workflowsSupport your workflowsSupport your workflowsSupport your workflows
–– Cover the ESRI products you useCover the ESRI products you use
–– Focus on most common GIS tasks and rolesFocus on most common GIS tasks and roles

•• Survey available at:Survey available at:

–– ESRI Showcase: Training and Education IslandESRI Showcase: Training and Education Island

–– ESRI Training Web site (until July 20th)ESRI Training Web site (until July 20th)
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Questions?Questions?
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ExerciseExercise

•• EXERCISE 1A:EXERCISE 1A:
––Explore coincident geometryExplore coincident geometry
––Create a geodatabase topologyCreate a geodatabase topology

Explore geodatabase topology in ArcMapExplore geodatabase topology in ArcMap––Explore geodatabase topology in ArcMapExplore geodatabase topology in ArcMap

•• EXERCISE 1B:EXERCISE 1B:
––Create a new geodatabase topologyCreate a new geodatabase topology
–– Identify and fix errorsIdentify and fix errors
––Validate your topologyValidate your topology––Validate your topologyValidate your topology
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