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Workshop OutlineWorkshop Outline

•• GeoprocessingGeoprocessing OverviewOverview
•• Developing Tools with Models and Developing Tools with Models and 

Scripts/ProgramsScripts/Programs
•• Executing Tools in VB6, .NET, Scripting, and Executing Tools in VB6, .NET, Scripting, and 

C++C++
•• Developing Tools with Developing Tools with ArcObjectsArcObjects
•• A Look Ahead at A Look Ahead at ArcGISArcGIS 9.29.2



Who we think you are:Who we think you are:

•• You add value to ArcGIS communityYou add value to ArcGIS community
–– Through your understanding of GIS and expertise in Through your understanding of GIS and expertise in 

a particular domain (wastewater, urban planning, a particular domain (wastewater, urban planning, 
etc.)etc.)

•• You develop new functions for ArcGISYou develop new functions for ArcGIS
–– VB, C++, C#, .NET, JAVA, ScriptsVB, C++, C#, .NET, JAVA, Scripts
–– Extend behavior of the system (i.e., new feature Extend behavior of the system (i.e., new feature 

class behavior)class behavior)
–– Extend functionality of the system (new toolbars and Extend functionality of the system (new toolbars and 

tools)tools)



……and why you should know about and why you should know about 
geoprocessinggeoprocessing

•• Empowers GIS professionals to implement Empowers GIS professionals to implement 
workflowsworkflows
–– Reduces barriers between GIS professionals and Reduces barriers between GIS professionals and 

software developerssoftware developers
•• A complete platform for delivering solutionsA complete platform for delivering solutions

–– Universal capability that can be used and deployed Universal capability that can be used and deployed 
by all GIS users to automate their work, build by all GIS users to automate their work, build 
repeatable and wellrepeatable and well--defined methods and defined methods and 
procedures, and to model important geographic procedures, and to model important geographic 
processes.processes.

•• SignificantSignificant reduction of your development cyclereduction of your development cycle



Geoprocessing isGeoprocessing is……



GeoprocessingGeoprocessing FrameworkFramework
As a dialog…

As a command…

As a model…

As a script…



ArcToolboxArcToolbox

• Presents toolboxes and tools in a functionally 
ordered tree

• Dockable window in all ArcGIS applications –
no longer a separate application

• Custom toolboxes can easily be added to 
access custom tools (models & scripts)



GeoprocessingGeoprocessing ToolsTools
Tools (450+ tools)

– ArcGIS tools
– Models
– Scripts

Toolboxes
3D Analyst tools - 45
Analysis tools - 16
Cartography tools - 3
Conversion tools - 25
Data management tools - 118
Geocoding tools - 7
Geostatistical Analyst tools - 1
Linear Referencing tools - 7
Spatial Analyst tools - 160
Spatial Statistics tools - 18



GeoprocessingGeoprocessing ToolsTools

• Tools work with:
– Personal geodatabase feature classes and tables
– SDE feature classes and tables
– Shapefiles
– Coverages
– GRIDs
– Rasters
– Plug-in datasources (SDC, VPF, FME, etc)



GeoprocessingGeoprocessing ToolsTools

• Tools support metadata and have built in 
documentation 
– Users can create documentation for custom tools 

using a new geoprocessing tool documentation 
editor 

– Custom tools use the same documentation style as 
tools created by ESRI



Creating ToolsCreating Tools

• Model Tool
– FeatureClassToFeatureClass Tool

• Script Tool
– FeatureClassToGeodatabase Tool
– Spatial Statistics Tools

• Function Tool (System Tool)
– Most Geoprocessing Tools are Function Tools

• Custom Tool
– i.e. Data Interoperability Extension



ModelBuilderModelBuilder

Model Tools



Script ToolsScript Tools

•• Two basic language categories: system & scripting Two basic language categories: system & scripting 
–– System languages: System languages: 

•• C++, .Net, Java.C++, .Net, Java.
•• Create applications from scratch, using lowCreate applications from scratch, using low--level primitives and level primitives and 

raw resources of the computerraw resources of the computer
–– Scripting languages: Scripting languages: 

•• Python, VBScript, Java script, Perl Python, VBScript, Java script, Perl 
•• Useful for gluing applications together, using higher level Useful for gluing applications together, using higher level 

functions of the computer, masking the nuts and boltsfunctions of the computer, masking the nuts and bolts
•• Easy to learn and useEasy to learn and use——a basic understanding of programming is a basic understanding of programming is 

all that's needed to be productive. all that's needed to be productive. 

•• Scripts are analogous to models, in that they create Scripts are analogous to models, in that they create 
new tools. new tools. 
–– ModelBuilderModelBuilder: visual programming language : visual programming language ModelBuilderModelBuilder
–– Scripts: textScripts: text--based language and text editors.based language and text editors.



Developing Script ToolsDeveloping Script Tools

•• Scripts and executables may be added to Scripts and executables may be added to 
toolboxes as a script tooltoolboxes as a script tool
–– AmlsAmls, python scripts, and program executables , python scripts, and program executables 

(exe) can be used as source to script tools(exe) can be used as source to script tools

•• Once added as a tool, the script behaves like Once added as a tool, the script behaves like 
other tools, it can be run using a dialog, in other tools, it can be run using a dialog, in 
ModelBuilderModelBuilder, at the command line, or in , at the command line, or in 
another script/program.another script/program.



Scripts and Executables as ToolsScripts and Executables as Tools

• Script tool source is 
pathname to 
script/program file.

• Define input and 
output parameters



Running Running GeoprocessingGeoprocessing ToolsTools

•• Tools have a fixed set of parameters required Tools have a fixed set of parameters required 
for execution.for execution.

•• Parameter values must be correctly set so it Parameter values must be correctly set so it 
can execute when the program is run.can execute when the program is run.

•• Parameters are specified either as strings or Parameters are specified either as strings or 
objects (i.e. objects (i.e. IFeatureClassIFeatureClass, , ISpatialReferenceISpatialReference). ). 

•• Tool with the same name can exist in different Tool with the same name can exist in different 
toolboxes. Use toolbox alias to avoid tool name toolboxes. Use toolbox alias to avoid tool name 
conflicts.conflicts.
–– E.g. E.g. Clip_analysisClip_analysis and and Clip_managementClip_management



Running Tools in VBA, VB6, and VB.NETRunning Tools in VBA, VB6, and VB.NET

• Tools are executed using the 
GPDispatch object

• Tools are accessed as methods on the 
GPDispatch object 

• Environments and settings are accessed 
as properties on the GPDispatch object



Public Sub Public Sub CreateShapefileCreateShapefile()   ()   
Const Const strFolderstrFolder As String = "D:As String = "D:\\DATA"DATA"
Const Const strNamestrName As String = "As String = "MyShapeFileMyShapeFile" ' " ' DontDont include .include .shpshp extensionextension
Const Const strShapeFieldNamestrShapeFieldName As String = "Shape"As String = "Shape"

' Open the folder to contain the ' Open the folder to contain the shapefileshapefile as a workspaceas a workspace
Dim Dim pFWSpFWS As As IFeatureWorkspaceIFeatureWorkspace
Dim Dim pWorkspaceFactorypWorkspaceFactory As As IWorkspaceFactoryIWorkspaceFactory
Set Set pWorkspaceFactorypWorkspaceFactory = New = New ShapefileWorkspaceFactoryShapefileWorkspaceFactory
Set Set pFWSpFWS = = pWorkspaceFactory.OpenFromFile(strFolderpWorkspaceFactory.OpenFromFile(strFolder, 0), 0)

' Set up a simple fields collection' Set up a simple fields collection
Dim Dim pFieldspFields As As IFieldsIFields
Dim Dim pFieldsEditpFieldsEdit As As IFieldsEditIFieldsEdit
Set Set pFieldspFields = New = New esriGeoDatabase.FieldsesriGeoDatabase.Fields
Set Set pFieldsEditpFieldsEdit = = pFieldspFields

Dim Dim pFieldpField As As IFieldIField
Dim Dim pFieldEditpFieldEdit As As IFieldEditIFieldEdit

' Make the shape field' Make the shape field
' it will need a geometry definition, with a spatial reference' it will need a geometry definition, with a spatial reference
Set Set pFieldpField = New = New esriGeoDatabase.FieldesriGeoDatabase.Field
Set Set pFieldEditpFieldEdit = = pFieldpField
pFieldEdit.NamepFieldEdit.Name = = strShapeFieldNamestrShapeFieldName
pFieldEdit.TypepFieldEdit.Type = = esriFieldTypeGeometryesriFieldTypeGeometry

Create a Create a shapefileshapefile: VB & : VB & ArcObjectsArcObjects



Dim Dim pGeomDefpGeomDef As As IGeometryDefIGeometryDef
Dim Dim pGeomDefEditpGeomDefEdit As As IGeometryDefEditIGeometryDefEdit
Set Set pGeomDefpGeomDef = New = New GeometryDefGeometryDef
Set Set pGeomDefEditpGeomDefEdit = = pGeomDefpGeomDef
With With pGeomDefEditpGeomDefEdit

..GeometryTypeGeometryType = = esriGeometryPolygonesriGeometryPolygon
Set .Set .SpatialReferenceSpatialReference = New = New UnknownCoordinateSystemUnknownCoordinateSystem

End WithEnd With
Set Set pFieldEdit.GeometryDefpFieldEdit.GeometryDef = = pGeomDefpGeomDef
pFieldsEdit.AddFieldpFieldsEdit.AddField pFieldpField

' Add another miscellaneous text field' Add another miscellaneous text field
Set Set pFieldpField = New = New esriGeoDatabase.FieldesriGeoDatabase.Field
Set Set pFieldEditpFieldEdit = = pFieldpField
With With pFieldEditpFieldEdit

.Length = 30.Length = 30

.Name = ".Name = "MiscTextMiscText""

.Type = .Type = esriFieldTypeStringesriFieldTypeString
End WithEnd With
pFieldsEdit.AddFieldpFieldsEdit.AddField pFieldpField

' Create the ' Create the shapefileshapefile
' (some parameters apply to ' (some parameters apply to geodatabasegeodatabase options and can be defaulted as Nothing)options and can be defaulted as Nothing)
Dim Dim pFeatClasspFeatClass As As IFeatureClassIFeatureClass
Set Set pFeatClasspFeatClass = = pFWS.CreateFeatureClass(strNamepFWS.CreateFeatureClass(strName, , pFieldspFields, Nothing, _, Nothing, _

Nothing, Nothing, esriFTSimpleesriFTSimple, , strShapeFieldNamestrShapeFieldName, ""), "")
End SubEnd Sub

Wait!  ThereWait!  There’’s more!s more!



Better alternative: Use the geoprocessing Better alternative: Use the geoprocessing 
object!object!

‘ ~~~ VBA/VB6 CODE ~~~
‘ Create Geoprocessing object
Dim pGP as Object
Set pGP = CreateObject("esriGeoprocessing.GPDispatch.1")

‘Set the OverwriteOutput setting to True
pGP.overwriteoutput = True

‘ use Geoprocessing tools
pGP.CreateFeatureClass_management(“C:\St_Johns”, “roads.shp”)
pGP.AddField_management(pGP.AddField_management(““C:C:\\St_JohnsSt_Johns\\roads.shproads.shp””, , ““ROAD_NAMEROAD_NAME””, , ““TEXTTEXT””))



GPDispatchGPDispatch –– GeoprocessingGeoprocessing ObjectObject

• A coarse grained ArcObject which provides  
access to all tools and environments

• Can be used in scripting languages which 
support the COM IDispatch interface: Python, 
Perl, VBScript, Jscript, etc…

• Can also be used in  programming languages: 
VB, VBA
– The object is late-bound, so intelli-sense is not 

supported for all calls



Key pointsKey points
•• ““Compute with dataCompute with data”” –– simple and relevant simple and relevant 

syntax for data operations syntax for data operations 
•• GIS Professionals can easily express their GIS Professionals can easily express their 

ideasideas
–– Some boilerplate code to create the GP object, and Some boilerplate code to create the GP object, and 

youyou’’re off and runningre off and running
•• Ubiquitous Ubiquitous –– the GP object is available in any the GP object is available in any 

compliant languagecompliant language
•• Consistent user interface, documentation, and Consistent user interface, documentation, and 

sharingsharing



Running Model and Script ToolsRunning Model and Script Tools

• It is also possible to execute your custom 
tools such as model tools and script tools 
which exist in custom toolboxes.



Running Model and Script ToolsRunning Model and Script Tools
~~~ VBA/VB6 CODE ~~~
‘ Create Geoprocessing object
Dim pGP as Object
Set pGP = CreateObject("esriGeoprocessing.GPDispatch.1")

‘ Add Custom Toolbox
pGP.AddToolbox “C:\Data\BestPath.tbx”

‘Set the OverwriteOutput setting to True
pGP.overwriteoutput = True

‘Set the Workspace Environment
pGP.Workspace = “C:\Data”

‘ Run CalculateBestPath Model tool
pGP.CalculateBestPath “souce.shp”, “destination.shp”, “bestpath.shp”



Running Tools in C++ and .NETRunning Tools in C++ and .NET

•• IDispatchIDispatch is not well supported.is not well supported.
–– Use Use IGPComHelperIGPComHelper to execute toolsto execute tools
–– Same idea as Same idea as GPDispatchGPDispatch

•• Populate a property set of parameters valuesPopulate a property set of parameters values
•• A single place for tool execution and environment A single place for tool execution and environment 

settingssettings



Running Tools in C++ and C#.NETRunning Tools in C++ and C#.NET
// Create required objects
IGPComHelper pHelper = new GpDispatchClass();
IPropertySet pPropertySet = new PropertySetClass();
ITrackCancel pTC = new CancelTrackerClass();
IGPMessages pMessages = new GPMessagesClass();

// Input feature class
string input_fc = "C:\\workspace\\near1.shp";
pPropertySet.SetProperty("in_features", input_fc);
// Output feature class
string out_fc = "c:\\workspace\\nearbuff.shp";
pPropertySet.SetProperty("out_feature_class", out_fc);
// Buffer distance
string buff_dist = "100";
pPropertySet.SetProperty("buffer_distance_or_field", buff_dist);

//Add the Toolbox
pHelper.AddToolbox("C:\\ArcGIS\\ArcToolbox\\Toolboxes\\Analysis Tools.tbx“);

//Execute Buffer Tool
pMessages = pHelper.Execute("buffer_analysis", pPropertySet, pTC);



GeoprocessingGeoprocessing MessagesMessages

•• Executing a tool will produce messages.  Executing a tool will produce messages.  
These can be:These can be:
–– Informative messagesInformative messages
–– Or  warning messagesOr  warning messages
–– Or error messagesOr error messages

•• Trap for errors (using the programming Trap for errors (using the programming 
languagelanguage’’s built in error handling).s built in error handling).



Running Tools Running Tools -- SummarySummary

•• GpDispatchGpDispatch object provides  access to all tools object provides  access to all tools 
and environments.and environments.
–– Used in scripting languages, VBA, VB6, and Used in scripting languages, VBA, VB6, and 

VB.NET.VB.NET.

•• GPCOMHelperGPCOMHelper –– used to execute tools in C++ used to execute tools in C++ 
and C#.NET.and C#.NET.

•• Use Model and Script tools to create new Use Model and Script tools to create new 
geoprocessinggeoprocessing tools that can be called in your tools that can be called in your 
program.program.



Developing Function ToolsDeveloping Function Tools

• Most ESRI Geoprocessing tools are 
implemented as COM function tools.

• Requires ( a minimum) of implementing two 
interfaces:
– IGPFunction
– IGPFunctionFactory

• Many tools can be included in a single DLL.



Developing Function Tools Developing Function Tools -- UsageUsage

• Determine the tool usage:
– What is the tool name?
– What are the parameters and their properties?

• Name
• Type – Required, Optional, Derived
• DataType – FeatureClass, Raster
• Value – FeatureClass, Raster
• Direction – Input, Output
• Domain – set of values
• Dependencies – one parameter dependent on another



Usage ExampleUsage Example

• Clip <in_features> <clip_features> 
<out_feature_class> {cluster_tolerance}

• AddField <in_table> <field_name> <LONG | TEXT | 
FLOAT | DOUBLE | SHORT | DATE | BLOB> 
{field_precision} {field_scale} {field_length} {field_alias} 
{NULLABLE | NON_NULLABLE} {NON_REQUIRED | 
REQUIRED} {field_domain}

<> = required {} = optional UPPERCASE = Keyword



ParametersParameters

• Defines the characteristics of the inputs and 
outputs to the function tool.

• IGPFunction::ParameterInfo property 
– Define the parameters
– Returns an array (IArray) of parameter objects 

(IGPParameter).



Parameter TypeParameter Type
• Required

– <input_featureclass>

• Optional
– {cluster_tolerance}

• Derived
– Used to indicate when the tool updates the input parameter i.e. 

AddField
– Does not show up on the dialog or command line
– Used in ModelBuilder to indicate changed state of the value 

and to provide proper chaining.



Parameter Type Parameter Type -- DerivedDerived

‘VB Code
‘ Define the datatype of the Derived Parameter
Dim Dim pGPParameterEditpGPParameterEdit as as IGPParameterEditIGPParameterEdit
Set Set pGPParameterEditpGPParameterEdit = New = New GPParameterGPParameter
Set Set pGPParameterEdit.DataTypepGPParameterEdit.DataType = New = New DEFeatureClassTypeDEFeatureClassType
'Value object is DEFeatureClass
Set Set pValuepValue = New = New DEFeatureClassDEFeatureClass
Set Set pParamEdit.ValuepParamEdit.Value = = pValuepValue
'Set Output Parameter properties
pParamEdit.DirectionpParamEdit.Direction = = esriGPParameterDirectionOutputesriGPParameterDirectionOutput
pParamEdit.DisplayNamepParamEdit.DisplayName = "Output = "Output FeatureClassFeatureClass""
pParamEdit.EnabledpParamEdit.Enabled = True= True
pParamEdit.NamepParamEdit.Name = "= "out_featureclassout_featureclass""
pParamEdit.ParameterTypepParamEdit.ParameterType = = esriGPParameterTypeDerivedesriGPParameterTypeDerived
pParamEdit.AddDependencypParamEdit.AddDependency ""input_featureclassinput_featureclass""



Parameter Parameter DataTypeDataType

• Defines the datatype of each parameter
– DataTypes: FeatureClass, Table, Rasters, …
– Basic Types: String, Double, Boolean, …
– Geoprocessing Structures: spatial reference, extent, cell 

size, remap table, …
– Complex Structures: list of values, composite datatype

(either | or)

‘VB Code
‘ Define the datatype of the Input Parameter
Dim Dim pGPParameterEditpGPParameterEdit as as IGPParameterEditIGPParameterEdit
Set Set pGPParameterEditpGPParameterEdit = New = New GPParameterGPParameter
Set Set pGPParameterEdit.DataTypepGPParameterEdit.DataType = New = New DEFeatureClassTypeDEFeatureClassType



Parameter Parameter DataTypeDataType

• Supporting layers and tables in ArcMap and 
ArcGlobe:
– GPTableViewType, GPFeatureLayerType, 

GPRasterLayerType...

‘ Define the datatype of the Input Parameter to accept layers
Dim Dim pGPParameterEditpGPParameterEdit as as IGPParameterEditIGPParameterEdit
Set Set pGPParameterEditpGPParameterEdit = New = New GPParameterGPParameter
Set Set pGPParameterEdit.DataTypepGPParameterEdit.DataType = New = New GPFeatureLayerTypeGPFeatureLayerType



Parameter Parameter DataTypeDataType -- ListsLists
•• GPValueTableTypeGPValueTableType –– a table of one or more a table of one or more datatypesdatatypes..

–– Define the Define the datatypedatatype for each column in the value table (Union Tool)for each column in the value table (Union Tool)

‘GPValueTableType
Dim pValueTableType As IGPValueTableType
Set pValueTableType = New GPValueTableType

'GPValueTable
Dim pGPValueTable As IGPValueTable
Set pGPValueTable = New GPValueTable

'First DataType
Dim pDataType1 As IGPFeatureLayerType
Set pDataType1 = New GPFeatureLayerType
pValueTableType.AddDataType pDataType1, “input_Features", 100, Nothing  

‘Second DataType
Dim pDataType2 As IGPDoubleType
Set pDataType2 = New GPDoubleType
pValueTableType.AddDataType pDataType2, "double", 100, Nothing  
'Add DataTypes to the GPValueTable
pGPValueTable.AddDataType pDataType1
pGPValueTable.AddDataType pDataType2



Parameter Parameter DataTypeDataType -- CompositeComposite

•• GPCompositeDataTypeGPCompositeDataType –– this this datatypedatatype is used when the is used when the 
parameter can be more than one parameter can be more than one datatypedatatype..
–– i.e. Append Tooli.e. Append Tool

'Create the GPCompositeDataType
Dim Dim pGPCompositeDataTypepGPCompositeDataType As As IGPCompositeDataTypeIGPCompositeDataType
Set Set pGPCompositeDataTypepGPCompositeDataType = New = New GPCompositeDataTypeGPCompositeDataType
'Create the DataTypes that are permitted as input
Dim pDataType3 As Dim pDataType3 As IGPDataTypeIGPDataType
Set pDataType3 = New Set pDataType3 = New GPTableViewTypeGPTableViewType
Dim pDataType4 As Dim pDataType4 As IGPDataTypeIGPDataType
Set pDataType4 = New Set pDataType4 = New GPRasterLayerTypeGPRasterLayerType
'Add datatypes
pGPCompositeDataType.AddDataTypepGPCompositeDataType.AddDataType pDataType3pDataType3
pGPCompositeDataType.AddDataTypepGPCompositeDataType.AddDataType pDataType4pDataType4
'Set the Input Parameter
Set Set pParamEditpParamEdit = New = New GPParameterGPParameter
Set Set pParamEdit.DataTypepParamEdit.DataType = = pGPCompositeDataTypepGPCompositeDataType
Set Set pParamEdit.ValuepParamEdit.Value = New = New GPTableViewGPTableView



Parameter ValueParameter Value

• For each DataType there is a Value object 
(IGPValue).
– FeatureClass, FeatureLayer, Table …

• Used as actual inputs to each function.
– Contains the path to the FeatureClass

• Arrays of values are created based upon the 
same order as the parameters.

• This array is input to the validate and execute 
methods of the function.



Parameter DomainParameter Domain

• Used to filter values
– Feature type: Polygon, Polyline, Point, …
– Field type: string, double, …
– Coded Value domain (fixed list of values)
– Range domain (range of numeric values)

• For a complete list of Domain objects, refer to 
the ArcGIS Developer Help and search for 
IGPDomain.



Parameter DependencyParameter Dependency

• Field parameters are commonly dependent on 
another table/featureclass parameter.
– E.g. The list of fields for a field parameter is 

dependent on the input table.



IGPFunction::ValidateIGPFunction::Validate

• Performs light-weight verification that a given set of 
values are of the appropriate number, type, and value. 

• Returns an array of messages, identifying 
warnings/errors, with a one-to-one correspondence to 
the array of parameters.

• Three important roles of Validate:
– Basic validation – number of required values, datatype, etc. 

( use GPUtilities::InternalValidate )
– Complex interaction between parameters
– Populate properties of the output parameter



Validate Validate -- InternalValidateInternalValidate

• Method available on GPUtilities object.
• Tests the validity of a set of values against a 

set of parameters.
– Have all the required parameter values been 

supplied?
– Are the values of the appropriate data types?
– Does the input exist?

• This does not happen in ModelBuilder when the output 
value is the input to another tool (i.e. a derived value)



Validate Validate –– Parameter InteractionParameter Interaction

• Set rules for parameters. 
– Adding a field 

• limit the length of the field name. Sets maximum number of 
allowable characters.

• Enable/Disable parameters.
– AddField

• Selecting FieldType of Text enables the Field Length 
parameter.



Validate Validate –– Update Output PropertiesUpdate Output Properties

• Update the value (e.g. schema) of the output 
parameter.
– i.e. AddField, Overlay operations

• This is important when using the tool in 
ModelBuilder.

• Use GPUtilities::UnPackGPValue() and 
GPUtilitities::PackGPValue()



IGPFunction::ExecuteIGPFunction::Execute

• Method to execute the tool given the array of 
parameter values.

• Execute should do the following:
– Call Validate 

• basic validation
– Open the datasets 

• do this after calling validate
• Create objects from inputs (IFeatureClass, IField, etc)

– Check if overwrite output is true or false
• Delete the output if overwrite output is true

– Perform the operation



GPEnvironmentManagerGPEnvironmentManager

• Object for managing all environments and 
settings used by the tools.

• GPEnvironmentManager is passed to 
Validate() and Execute().

• The tool will then have access to all of the 
current environments and settings.



GPMessagesGPMessages ObjectObject

• Manages an array of GPMessage objects.

• Contains methods to generate and replace message 
objects.

• Validate() returns a new GPMessages object, with the 
same number and order as the parameter definition.
– GPUtilities::InternalValidate() creates/returns a new 

GPMessages object based upon a given parameter definition.

• Execute() is passed an existing GPMessages object 
and simply adds new messages as needed.



GPMessageGPMessage ObjectObject

• GPMessage objects are composed of a 
message type, error code, and description 
properties.

• GPMessage contains the following methods:
– IsInformational
– IsError
– IsWarning
– IsAbort



GPUtilitiesGPUtilities ObjectObject

• COM object which contains useful helper 
methods for the function writer
– UnPackGPValue() to get the GPValue from the 

parameter.
– PackGPValue() to put the GPValue into the 

parameter.
– Exists
– Delete
– OpenDataset to open the datasouce associated 

with a value
– Others…



IGPFunctionFactoryIGPFunctionFactory

• “Serves” up the functions.
– Factory is responsible for handing out the function 

name objects for each function.

• Registered in the CATID_GPFunctionFactories

• Logical grouping of functions.



Function Tools Function Tools -- SummarySummary

• Function Tools are built using ArcObjects.
• Required to implement IGPFunction and 

IGPFunctionFactory
• Functions in most cases are a single operation 

composed of parameters (recommended).
• Define the Tool’s usage

– Set the type, datatype, direction, domains, 
dependencies, etc.

• Each parameter is a specific data type.



Function Tools Function Tools -- SummarySummary

• Validate – 3 important roles of Validate()

• Execute – Call Validate(), Open Datasets, 
check for fields, perform operation.

• IGPFunctionFactory/IGPDataTypeFactory
serves up the functions and datatypes.

• GPUtilities provide helper functions 
– UnpackGPValue, PackGPValue, OpenDataset, etc.



Custom Tools Custom Tools -- IGPToolExtensionIGPToolExtension

• Similar, in concept, to a IGPFunction
• Function tools have static definition (i.e., 

behavior & parameters)
• Custom tools have dynamic definition (e.g., like 

model tools)
• Requires implementing four interfaces:

– IGPToolExtension, 
– IGPToolExtensionFactory
– IClone
– IPersistStream



Custom ToolsCustom Tools

• VB6 users must implement:
– IGPToolExtensionGen
– IGPToolExtensionFactoryGen

• The ParameterInfo is similar to IGPFunction, 
but the parameter array may be dynamic. 

• Validate and Execute are equivalent to 
IGPFunction

• Can override the Create and Edit methods to 
invoke as a special dialog to edit this tool type



Custom Tools Custom Tools -- SummarySummary

• Tool Extensions are similar to function tools 
except the parameter definition can be 
dynamic.

• Necessary when wanting to invoke a custom 
dialog or have dynamic parameter definition.

• Tool Extensions usually have state, therefore 
implement persistence and cloning.

• ToolExtensionFactory serves up the 
ToolExtension.



WhatWhat’’s New with s New with ArcGISArcGIS 9.29.2

•• IGeoprocessorIGeoprocessor interface interface 
–– Recommended way to execute tools.Recommended way to execute tools.
–– Coarse grain object similar to Coarse grain object similar to GPDispatchGPDispatch..
–– For COM and C++ developersFor COM and C++ developers
–– Clean and easy way to execute tools, set Clean and easy way to execute tools, set 

environments, and get messages.environments, and get messages.



IGeoprocessorIGeoprocessor –– C++C++
// Intialize the Geoprocessor COM Object

CoInitialize(NULL);
IGeoProcessorPtr ipGP(CLSID_GeoProcessor);

// Overwrite output set to true
ipGP->put_OverwriteOutput(VARIANT_TRUE);

// Generate BSTR input value
_bstr_t input(L"C:\\Workspace\\near1.shp");

// Build the variant input
_variant_t vInput(input);

// Generate BSTR output value
_bstr_t output(L"C:\\Workspace\\near1copy.shp");

// Build the variant output
_variant_t vOutput(output);

// Build the array of variant parameters
IVariantArrayPtr ipVarArray(CLSID_VarArray);
ipVarArray->Add(vInput);
ipVarArray->Add(vOutput);

HRESULT hr = ipGP->Execute(L"CopyFeatures_management", ipVarArray, 0, 0, 0);



GeoprocessorGeoprocessor -- .NET and Java.NET and Java

•• New Object called the New Object called the GeoprocessorGeoprocessor..

•• A A GeoprocessingGeoprocessing tool is executed by passing tool is executed by passing 
the tool process as input to the the tool process as input to the GeoprocessorGeoprocessor..

•• Tool members have parameter information and Tool members have parameter information and 
documentation.documentation.



Running a Tool in .NETRunning a Tool in .NET
using ESRI.ArcGIS.Geoprocessor;
using ESRI.ArcGIS.AnalysisTools; 

// Intialize the Geoprocessor
Geoprocessor GP = new Geoprocessor();

Erase eraseTool = 
new Erase (@"C:\Data\Input.shp", @"C:\Data\Erase.shp", @"C:\Data\Output.shp");

GP.Execute(eraseTool, null);

Or

Erase eraseTool = new Erase();
eraseTool.in_features = @“C:\Data\Input.shp”;
eraseTool.erase_features = @“C:\Data\Erase.shp”;
eraseTool.out_featureEclass = @”C:\Data\output.shp”;



Running a Tool in JavaRunning a Tool in Java

// Create the Geoprocessor
GeoProcessor gp = new GeoProcessor();
GetCount countTool = new GetCount("C:/data/usa/usa.gdb/states");
gp.execute(countTool);
System.out.println("Count: " + countTool.getRowCount());



SummarySummary

•• Geoprocessing is for GIS ProfessionalsGeoprocessing is for GIS Professionals
–– Tools perform essential and elemental tasksTools perform essential and elemental tasks

•• Some of these tools go back > 25 yearsSome of these tools go back > 25 years
–– Computing with data Computing with data –– express ideas quickly and express ideas quickly and 

easilyeasily
–– Framework for creating, managing, executing, Framework for creating, managing, executing, 

documenting, and sharing toolsdocumenting, and sharing tools
•• Geoprocessing is for developersGeoprocessing is for developers

–– Easy access to a rich set of tools from any languageEasy access to a rich set of tools from any language
–– Reduce barriers between GIS professionals and Reduce barriers between GIS professionals and 

software developerssoftware developers
–– Ubiquitous platform for delivering softwareUbiquitous platform for delivering software



Additional SupportAdditional Support

• Building Geoprocessing Function Tools
– http://arcgisdeveloperonline.esri.com/ArcGISDeveloper/ArcGISDevHe

lp/TechnicalDocuments/Geoprocessing/Build_GP_Functions/Build_G
P_Functions.htm

• For additional information about geoprocessing
including service pack information, knowledge base 
articles, and up to the minute information about issues 
go to:  
– http://support.esri.com/geoprocessing



Session Evaluations ReminderSession Evaluations Reminder

Session Attendees:Session Attendees:
Please turn in your session evaluations.Please turn in your session evaluations.

. . . Thank you. . . Thank you
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