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GoXamprovides controls for implementing diagrams in your WPF and Silverlight applicaGaVgPHs the
name for theimplementation ofGoXamfor WPF3.5or later, GoSilverlightis thename for the
implementation ofGoXanfor Silverlight3.0or later.

You can find more documentation f@oXamin the installation kits The sitewww.goxamcomhas some
online GoXamsamples for both WPF and Silverligfithe sources for these samples are in the kits too. And
you can ask questions and search for answers in the fovuw.nwoodscom/forum or by email to GoXam

at our domain (nwoods.com).

This document assumes a reasonably good working knowledge of WPF or Silverlight. For overviews and
introductions to these technologies, we suggest you first read several of the very gooddtmmkis
developing WPF or Silverlight applications and the web sites starting at:

http://msdn.microsoft.com/enus/library/aa970268.aspx
http://windowsclient.net/wpf/default.aspx
http://www.silverlight.net/

http://www.wpftutorial.net/
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This document also assumes a good working knowledge of .NET promgnmmluding generics and Ling
for Objects and Ling for XML.


http://www.nwoods.com/
http://www.goxam.com/
http://www.nwoods.com/forum/forum_topics.asp?FID=7
http://msdn.microsoft.com/en-us/library/aa970268.aspx
http://windowsclient.net/wpf/default.aspx
http://www.silverlight.net/
http://www.wpftutorial.net/
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Summary
TheDiagramclass is &/PF or Silverligh@ontrolthat fully supports the standard customization features
expected in WPF or Silverlighthese features include:

styling

templates

data binding

use ofall WPF/Silverlight elements
use of WPF/Silverlight layout
animation

commands

=4 =4 =4 4 -4 -4 A

Diagrams consist of nodes thatay beconnected by links and that may be grouped together into groups.
All of these parts are gathered together in layers and are arranged by layidotst. parts are bound to
data.

TheDiagramcontrol is databound © your application data in two manners:

1 directly, in theDataTemplate that define the appearance and behavior of the nodes and links, and
9 indirectly, via the diagram®lodel property, which interprets your data to determin®de-to-node
link relationshipsand groupmember relationships.

Each diagram hasRartManagerthat is responsible for creatirgNodefor each data item in the
model'sNodeSourcelata collection, and for creating or deletihinks as needed.

The nodesnay be positioned manuallynteractively or programmaticallygr may bearranged by the
diagram'sLayoutand byeachGroup Bayout

Tools handle mouse eventgach diagram has a number of tools tpatform interactive tasks such as
selecting parts or dragging them or drawing a new tietween two nodes.TheToolManagerdetermines
which tool should be running, depending on tli@use events andurrent circumstances.

Each diagramlsohas aCommandHandlerthat implements various commands (such as Delete)taat
handles keyboard events.

TheDiagramPaneprovides theability to scroll the parts of the diagram or to zoom in or olihe
DiagramPaneélso contains all of theayess, which in turn contain all of thRarts (Nodes andLinks).

TheOverviewcontrol allows the user to see the wholeoghel and to control what part of that the diagram
displays.

ThePalette control holds nodes that the user may dragd-drop to a diagram.



Youcan select one or more parts in the diagraithe template implementation may change the appearance
of the nodeor link when it is selectedThe diagranmay alscadd Adornments to indicate selection and to
support tools such asesizing a node or reconnecting a link.

Diagram Models and Data Binding

One of the principal features ®fAMLdefinedpresentationis theuse of data binding. Practically all controls
in the typical application will depend on data binding to get the information to be displayed, to be updated
when the data changes, and to modify the data based on user input.

A Diagramcontrol, however, mussupport more complex features than the typical contrdhe most
complex standard controls inherit froitemsContro| whichwill have aCollectionViewto filter, sort, and
group items into a ordered list. But unlike the data used by lt&emsContro| a dagram features
relationships between data objects in ways more complex thaimgletotal ordering of items.

There areat leasttwo important kinds of relationships that a diagram can suppetiveen data items
1 binaryor ternaryrelationships forming graphof nodesandlinks(or in similar terminologynodes
andarcs or entitiesandrelationships or verticesandedge$
9 grouping relationshipswhere agroup containsmembers perhaps fowpart/ sub-part containment,
or for the nesting osubgraphs

We m&e use of anodelto discover, maintainpavigate, ananodify these relationships based on the data
that the diagram is bound toEachDiagramhas amodel, but models can be shared between diagrams.

To be useful, every model needs to provide ways to dined the following kinds of activities:
9 getting the collection of data

discovering the relationships in the data in order to build up the model

updating the model when there are changes to the data

examining the model and navigating the relationships

modifying the collection of data, and changing their relationships

notifying users of the model about changes to the model

supporting undo and redo

supporting data transfer
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Some models ardesigned to beeasier to use oto be more efficient when they have ratctions on the

kinds of relationships they support. There are different ways of organizing the data. And you might or

might not have anymplementationflexibility in the classes used to implement the data, dependimgaur
application requirements amwhetherg@ 2 dz Y & Y2RAF& @2dzNJ | LILX AOF A2y Q&

To achieve these goals we provide several model clagdbhe Northwoods.GaXamModel namespace.

Choosing a Model

There arecurrentlythree primary model clags that implement the basic notion of img a diagram model



TreeModel

TheTreeModelis the simplest model. It is suitable for applications where the data forms a graph that is a
tree structure: each node has at most oparentbut may have any number children there are no
undirectedcycles or loops in the graph, and there is at most one link connecting any two nodes.

If your graph is not necessarily trs&ructured, or if you want to suppogroupingas well as links, you will
need to use eitheGraphModelor GraphLinksModel

GraphModel

UseGraphModelwhen each node has a collection of references to the nodes that are connected to that
node and are either coming from or going to the nod&.aphModelpermits cycles in the graph, including
reflexive links where both ends of the link aretdsame node. However, there can be at most one link
connecting each pair of nodes in a single diregtamd there is no additionatformation associated with
each link

Grouping inGraphModelsupports the membership of any node in at most one other naatel cycles in the
grouping relationship are not permitted. Hence each subgiatiso a node, and nogmibgraph
membership formsts owntree-like structure.

GraphLinksModel

If you need to support an arbitrary amount of data for each link, or if yadmaultiple distinct links
connecting the same pair of nodes in the same directiorif you need to connect links to linkgu will
need to use a separate datfrgcture to represent each linkTheGraphLinksModetakes a second data
source that$ thecollection of link data.

GraphLinksModehlsosupports additional information at both ends of each link, so that one can implement
logicallydifferent connection points for eachode.

GraphLinksModesupports groupmembership(i.e. subgraphsn exactly he same manner that
GraphModeldoes.

Model Data

The model classes are generic classes. They are type parameterized by the type of the node data,
NodeType and by the type of the unique keljlpdeKey used aseferences to nodes. In the case of
GraphLinkshddel, thereis also a type parameter for the link data tyhinkType and a type parameter for
optional data describing each end of the liRlgrtKey (However, by default the implementation of diagram
Nodes expects thaPortKeymust be a String.)

The malel classes can probably be used with your existing application data classes. If you do not already
have such data classes you can implement them by inheriting from the optional data classes that are in the
Northwoods.GoXanModel namespace, to add applitan-specific properties.

Generic Models Suggested data classes

TreeModel NodeTypeNodeKey TreeModelNodeDataNodeKey




GraphModel NodeTypeNodeKey GraphModelNodeDataNodeKey

GraphLinksModel HodeType NodeKey GraphLinksModelNodData<NodeKey and
PortKey LinkType GraphLinksModelLinkDatdNodeKey, PortKey
(or UniversalLinkDati

The typical usage of models and data is:

/I create a typed model
var model = new GraphLinksModel <MyData, String
/I maybe set other model p roperties too...

, String , MyLinkData >();

/I specify the nodes, which includes the subgraph information
model.NodesSource = new ObservableCollection <MyData>() {
. /I supply the node data
h

/I specify the links between the nodes
model.LinksSource = new ObservableCollection <MyLinkData >(){
/I supply the link data
h

/I have the Diagram use the new model
myDiagram.Model = model;

The node data and link data classes would be defined like:
public class MyData : GraphLinksModelNodeData  <String >{

/I define node data properties

}

public class MyLinkData : GraphLinksModelLinkData <String , String >{
/I define link data properties

}

GraphModeland TreeModeldo not have d.inksSourceroperty and you would not need to define oraua
link data class.

Getting the model data

Each model needs access to the collection of data that it is modeling. This means setting the

IDiagramModel.NodesSourcgaroperty. The value must be a collectionnoide data.

For exampleconsiderthe following model initialization
model.NodesSource = new List <String >(){ "Alpha"

, "Beta" , "Gamma", "Delta" };

Thisproducesa graphwithout anylinks. The node data are just string8Vithout any customized templates
it might appear as



Alpha Beta

Zamma Delta

If you want b be ableto add or remove datérom the NodesSourceollection and have the model (and
diagram) automatically updated, yahoulddo the following:

model.NodesSource =
new ObservableCollection <String >(0){ "Alpha" , "Beta" , "Gamma", "Delta" };

ObservableCodictionis in the System.Collections.ObjectModel namespace. It provides notificathoaTs
the collection is changed, gdding a string to thaDbservableCollectionvill cause an extra node to be
created in the model and shown in the diagram.

Discovering Relationships in the Data

In order to build upthe mod€la |y 2 6f SR3IS nades the ngdelaust@@uiide &y node

data for link information orit needs to be given link datdescribing the connections betwedine node

data. Usuallythat information is stored as property values on the data, so you just need to provide those
property names to the modelFor generality, not only are simple property names supported, but also
XAMLstyle property paths, typically property names separated by periokdsus most model properties

GKFG aLISOATE LINPLISNI & | OO0 8atha ANaxddplé iKatleKeyPath@hicfi I YSa
specifies how to get the key value for a node data object.

However, when the information is not accessible via a propesthi, perhaps because a method call is
required or becausthe informationneeds to be computed, you can override protected virtual methods on
the model to get the needed information. These discoMarglementation methods have names that start
g A UFiace @ecause usingaroperty path may use reflection, werridingthesemethods also produces an
implementationthat is faster and thatis more likely to work in limiteghermission environments, such as the
typical Silverlight or XBAP application

Link inform ation in the node data

If you have the linkelationshipinformation stored on each node data, you might implement the node data
class to have a property holding the name of the node and another propettyo holding a collection of
names that the nodesiconnected to.This is howsraphModelexpecsthe information to be organized.

L¥ @2dz R2y Qi 6l ylG G2 AYLXSYSyid @&2dzNJ 26y y2RS RIGI
GraphModelNodeData This is a generic class, parameterized byitpe of the key vie. In the following
examples, the keys are stringé/e just need to spegifthe property names for discoveriigk SY & § | 2 T

each node and for discoveritige collection ofconnectednode names.

/I model isa GraphModel usin g GraphModelNodeData<Strin g> as the node data
/I and strings as the node key type



var model = new GraphModel <GraphModelNodeData <String >, String >();

model.NodeKeyPath = "Key" ; /I use the GraphModelNodeData.Key  property
model. ToNodesPath = "ToKeys" ; /lthe node property  to get a list of node keys
model.NodesSource = new ObservableCollection <GraphModelNodeData <String >>() {
new GraphModelNodeData <String >() {
Key="Alpha" ,
ToKeys=new ObservableCollection <String >(){ "Beta" , "Gamma" }
}l
new GraphModelNodeData <String >() {
Key="Beta" ,
ToKeys=new ObservableCollection <String >(){ "Beta" }
|3

new GraphModelNodeData <String >() {
Key="Gamma",

ToKeys=new ObservableCollection <String >(){ ‘"Delta " }
}1
new GraphModelNodeData <String >(){

Key="Delta" ,

ToKeys=new ObservableCollection <string  >() { "Alpha" }
}

h
myDiagram.Model = model;

The result might appear as:

Alpha=——®Eeta

\O

Gamma—»Dzlta

Link information in  separate link data
If you have the link data separate from the node data, as is the casgréphLinksModelyou might do:

/I model isa GraphLinksModel using strings as the node data

/l'and  UniversalLinkData as the link data

var model = new GraphLinksModel <String , String , String , UniversalLinkData >();
/I the key value for each node data is just the whole data itself, a String
model.NodeKeyPath = "

model.NodeKeylsNodeData = true ; //NodeT ype and NodeKey values are the same!
model.LinkFromPath = "From" ; /[ Univ ersalLinkData.From C source 6 s node key
model.LinkToPath = "To" ; /I UniversalLinkData.To C destination 6 s node key

model.NodesSource =

new ObservableCollection <String >(){ "Alpha" , "Beta" , "Gamma", "Delta" };
model.LinksSource = new ObservableC ollection  <UniversalLinkData >0 {
new UniversalLinkData ("Alpha" , "Beta" ),
new UniversalLinkData ("Alpha" , "Gamma"),

new UniversalLinkData ("Beta" , "Beta" ),



new UniversalLinkData ("Gamma", "Delta" ),
new UniversalLinkData ("Delta" , "Alpha" )

%
myDiagram.Model = model;

Note that the node data in this example are just strings. Because the node value, a string, is also its own key
value, there is no property to get the key given a nqdence theNodeKeyPaths the empty string.Of
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GraphLinksModelNodeDatar defined from scratch. This would allow you to add all of the properties you

need for each node, bindable from the node data tentgéa

In this example we are using tlniversalLinkDatalass thatve provide as a convenient pi@efined class
that you can use for representing link datBheFromproperty ofUniversalLinkDatas supplied as the first
argument of the constructor; it fers to the source node. TH@propertyis supplied as the second
argument; it refers to the destination node.

UniversalLinkDatanherits fromGraphLinksModelLinkDataAs with the node datahie typicald NB I ¢
application would define its own link datdass geither inheriting fromGraphLinksModelLinkDatar defined

from scratchholding whatever informabn was needed for each linldefining your own data classes is also
moretyped F S GKIFy dzaAy3a GKS a! yADBSNEOjesté Of  aasSa GKI

The resulting diagram is exactly thenge as for the previous example:

Alpha=——®Eeta

‘\U

Gamma—»Dzlta

Group information in the node data
Grouping/membership information is accessible in a similar manner, as properties on the nodé&’'data.
need toset two more model propertieased for model discovery:

/' model isa GraphModel ora GraphLinksModel

model.NodelsGroupPath = "IsSubGraph" ; // node property is true if itbds

model.GroupNodePath = "SubGraphKey" ; /[ node property gets containeros
Then change th&lodesSourcedata as followsinitializing the two additional properties

/I model isa GraphModel using GraphModelNodeData <String > as the node data,

/[ and the node keys are strings

var model = new GraphModel <GraphModelNodeData <String >, String >();

model.NodeKeyPath = "Key" ; /[ use the GraphModelNodeData.Key property

model.ToNodesPath = "ToKeys" ; [/l this node property get s a list of node keys

model.NodelsGroupPath = "IsSubGraph” ; // node property is true if it

model.GroupNodePath = "SubGraphKey" ; // node property gets containe



model.NodesSource

new GraphModelNode Data <String >() {
Key="Alpha" ,
ToKeys=new ObservableCollection

2

new GraphModelNode Data <String >() {
Key="Beta" ,
ToKeys=new ObservableCollection

}1

new GraphModelNode Data <String >() {
Key="Gamma",
ToKeys=new ObservableCollection
SubGraphKey= "Epsilon"

}1

new GraphModelNode Data <String >() {
Key="Delta"
ToKeys=new ObservableCollection
SubGraphKey= "Epsilon"

3

new GraphModelNode Data <String >() {
Key="Epsilon"
IsSub Graph=true

3

h

myDiagram.Model = model;

This results in a diagram that might look like:

Alpha—®Beta

N _U
=N

Gamma—*Delta

Group information with separate link data

new ObservableCollection

<String

<String

<String

<String

<GraphModel NodeData <String >>() {

>0 {

"Beta" , "Gamma" }

>0{ ‘'Beta" }

"Delta"

>0 { 2

>){ "Alpha"

2

The same result is easily achieved @raphLinksModeby usingGraphLinksModelNodPatainstead of
GraphModelNodDataas the node dataln this example we will subcla&saphLinksModelNodeDatan

order to add a property for each node.

/I model isa GraphLinksModel using MyData as the node data

/I indexed with strings, an d UniversalLinkData as the link data

var model= new GraphLinksModel <MyData, String , String , UniversalLinkData >();
model.NodeKeyPath = "Key" ; [/ use the Graph Links ModelNodeData.Key property

model.LinkFromPath = "From" ;  // UniversalLinkData.From C sourcebds node key
model.LinkToPath = "To"; [/l UniversalLinkData.To C destinationds node ke
model.NodelsGroupPath = "IsSubGraph" ; // node property is true if it
model.GroupNodePath = "SubGraphKey" ; // node property gets containe

/I specify the nodes, which includes su
/I and other properties specific to

bgraph information
MyData, such as Color

\



model.NodesSource = new ObservableCollection <MyData>() {
new MyData() { Key= "Alpha" , Color= "Purple " 1},
new MyData() { Key= "Beta" , Color= "Orange" 1},
new MyData(){ Key="Gamma", Color= "Red" , SubGraphKey= "Epsilon"
new MyData() { Key= "Delta" , Color= "Green" , SubGraphKey= "Epsilon"
new MyData() { Key= "Epsilon" , Color= "Blue" ,IsSubGraph= true 1},

k

/I specify the links between the nodes

model.LinksSource = new ObservableCollection <MyLinkData >(){
new UniversalLinkData ("Alpha" , "Beta" ),
new UniversalLinkData ("Alpha" , "Gamma"),
new UniversalLinkData ("Beta" , "Beta" ),
new UniversalLinkData ("Gamma", "Delta" ),
new UniversalLinkData ("Delta" , "Alpha" )
2

myDiagram.Model = model;

/I Define custom node data; t he node key is of type String
/I Add a property named Color that might change
[ Serializable ] I/l serializable only for WPF
public class MyData : GraphLinksModelNodeData  <String >{
publ ic String  Color {
get { return _Color;}

set {
if (_Color!= value ) {
String  old = _Color;
_Color= value ;
RaisePropertyChanged( "Color" , old, value );
}
}
}
private String _Color= "Black" ;

}

This modetesults in a diagram that looks the sameasthe GraphModell 6 2 @S ®
the new Colorproperty soon.)

Alpha—®Beta

N _U
=N

Gamma—*Delta

}
2
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If you did not need to support updating the diagram when the value of Color changes, perhaps because you
expect the data to be readnly, you could use a simpler implementation of the property:

/I Define custom node data that does not notify the diagram about Color

[ Serializable 1 /I serializable only for WPF
public class MyData : GraphLinksModelNodeData  <String > {

changes



public  MyData () {
this .Color = "Black" ;

public  String  Color { get; set; }
}

But if you do expect to modify thillyData.Colormproperty and expect the corresponding node to change its
appearance, you must use the more verbose definition shown earlier thlatRaisePropertyChangeid the
setter.

Modifying the Model

Once you have createdamodlel AYAGAL f AT SR GKS Y2RStQa RFEGF 6ONBI |
Y 2 R Q\bdesSourck told it how to discover relationships between the nodsst thevariousX t | (i K

properties of the model)and assigned the model to yoDiagram you night want to programmatically

make changes to the diagram. You do this by making changes to the model and to the data, not by trying to
change theParts that are in theDiagram
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/I Given a Node, perhaps a selected one, or one that contains a button that
/Il was clicked, create another Node nearby and connect to it with a new link.
public  Node ConnectToNewNode( Node start) {

MyData fromdata = start.Data as MyData;

if (fromdata == null ) return null ;

/Il all changes should always occur within a model transaction

myDiagram.StartTransaction( "new connected node" );

Il create the new node da ta

MyData todata = new MyData();

[/l initialize the new node data here...

todata.Text = "new node" ;

todata.Location = new Point (start.Location.X + 250, start.Location.Y);

/l add the new node data to the model's NodesSource collection

myDiagram.M odel. AddNode(todata);

/I add a link to the model connecting the two data objects

myDiagram.Model.AddLink(fromdata, null , todata, null );

/l finish the transaction

myDiagram.CommitTransaction( "new connected node" );

return  myDiagram.PartManager.Find NodeForData(todata, myDiagram.Model);

}

Whenever you modify a diagram programmatically, you should wrap the code in a transaction.
StartTransactiorand CommitTransactiorare methods that you should call either on thdel or on the
Diagram (TheDiagranQ @ethods just call the same named methods on BiagramModel) Although the
primary benefit from using transactions is to group together séfects for undo/redo, you should use
model transactions even if you are not supporting undo/redo.

Note thatyou donot create aNodedirectly. Instead you create a data object corresponding to a node,
AYAGALFEAT S AG3Z |y RodésRaigdd2 RRS QA P ® § KISG YRRSYR&AG 02
AddNodemethod, but you could instead insert thaata directly into theNodesSourceollection, assuming

the collection implement$NotifyCollectionChanged



Programmatically creating links uses the same idea: modify the model by adding or modifyingalata.
GraphModelor aTreeMode| you createalih o6& aSddAy3a I y2RS RIGFQa LINRL
I y2RS RIF{l Qa 0O2f t SSmaphliekgModeffou meBdfociezie/aditk data object@@dNI |
AYyaSNI Al AigkaSdurcedi&tiol. 2N ReRifLDKRmethod shown above mayork for any kind

of model, although for &raphLinksModethere are some restrictions.
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started with the process shown above. But if the code iadpealled from an event handler on an element

in aNode, you will need to walk up the visual tree until you find thede. The easiest way to do that is
with:

Node node = Part .FindAncestor<  Node>(sender as UlElement );

if (node!=  null ){
Node newnode = ConnectToNewNode( node);
if (newdata != null ) {

/I Select the new node
myDiagram.SelectedParts.Clear();
newnode.lsSelected = true ;

}
}

Data Templates for Nodes
The appearance of any node is determined not only by the datehioh it is bound but also the
DataTemplateused to define the elements of its visual tree.

The simplest usefuatatemplates for nodesare probably:

<DataTemplate >
<TextBlock  Text ="{ Binding Path =Data}" />
</ DataTemplate >

or:

<DataTemplate >
<TextBlock  Text ="{ Binding Path =Data.Key}" />
</ DataTemplate >

¢CKS FTANBG 2yS 2dzad O2y @SNIa ih&sScond2rieéhgeds tHedallelof G2 |
they 2 RS Q@Reyiopeltyto a string and displays ifThe first onds basicallythe one usedn the

screenshots shown before that used strings as the node data; the second one was used for those examples
that usedGraphModelNodeDatar GraphLinksModelNodeDatas the node data.

Because templates may be shared, and becausgjisito simplify the XAMLpy would normally use a
node template by defining it as a resource and referring to it as the value dfadeTemplateproperty of
aDiagram For example:

<UserControl.Resources >
<DataTemplate x: Key="NodeTemplate 1">
<TextBlock Text ="{ Binding Path =Data.Key}" go: Part .SelectionAdorned ="True" />
</ DataTemplate >



<! -- define other templates here - >
</ UserControl.Resources >

<go: Diagram x: Name="myDiagram" NodeTemplate ="{ StaticResource NodeTemplate 1} />

In this cas the node will appear just agith the simpler templates, but when the user clicks on the node, a
rectangular selection handle will be appear around the node, visually indicating that it is seletthd.
F2tft26Ay3 aONBSyaK:2ii Itedalbnh Wik the link-bghieerdther® dnd the linkNE a St S
O2yySOiGAy3a a.Silé¢ sAlGK AlGaStFo

O
AN

Gamma—®Delta

Thenode selectioreffect was achieved just by setting this attached property:
go: Part.SelectionAdorned ="True"

BecauséNodeinherits fromPart, you can refer to precisgkhe same attached property with:
go: Node.SelectionAdorned ="True"

Setting these kinds of attached properties has to be done on the root visual element ddittheemplate,
not on anynested element within that template.

In this section we will pres¢émore node data templates. These designs concentrate on simple nodes. A
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Other sections discuss data templates for groups and for links.

You ca find the XAML for the default taplates and styles as:
docs\ GenericWPF.xaml or docs\ GenericSilverlight.xaml

Data Binding

[ SGQa YI | QyDazClopdperti. Kni&his example each node will have a colored cube as the
principal shape, with somext below it. First there needs to be a resource that is a converter from strings
(the type ofMyData.Colo}j to Brush:

<go: StringBrushConverter x: Key="theStringBrushConverter" />

¢KSYy 6S Ol y Bokegréund@aluts thelBrishrét@ried by cowerting theMyData.Color
property value.
<DataTemplate  x: Key="NodeTemplate 2">

<TextBlock  Text ="{ Binding Path =Data.Key}"
Foreground ="{ Binding Path =Data.Color,



Converter ={ StaticResource theStringBrushConverter

W >
</ DataTemplate >

We now get the following screenshot:
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<DataTemplate x: Key="NodeTemplate 3">
<Border BorderThickness ="1" BorderBrush
Padding ="2,0,2,0" CornerRadius
go: Part .SelectionAdorned ="True"
go: Node.Location ="{ Binding Path =Data.Location,
<StackPanel >
<TextBlock
<TextBlock
<TextBlock
<TextBlock
</ StackPanel
</ Border >
</ DataTemplate >

="Black"
ll3ll

Mode=TwoWay}">
Binding  Path =Data.Name}" ="Bold" />
Bindi ng Path =Data.Title}" />

Binding  Path =Data.ID}" />

Binding  Path =Data.Boss}" />

Text = FontWeight
ext ="{
ext ="{
ext ="{

>

This results in nodes that look likeese three(with an offwhite backgound for theDiagran):

Corrado "Junior’ Soprano
the Boss
1

|
|

Tony Soprano
Underboss

2
1

Herman 'Hesh' Rabkin
Advizor

3

1

Note how the template is bound to the properties of the node data.sMu the bindings are onway, from

the data to the elementsBut the bindingoetweenthe Node.LocatiorattachedLINB LISNIi & |y R (KS
Locationproperty istwo-way: if the value of either property changes, the other one is updated. This means
GKIFG y20 2yt e ¢ Alodationpsperyimdve thanode kh3ne &idgriarh, Gul interactively
dragging the node will modify the data.

For a different kinabf node, we will use ®rawinglmage(WPF only).



<DataTemplate  x: Key="NodeTemplate DI">

<StackPanel go: Part.SelectionAdorned ="True"
go: Node.Location ="{ Binding Path =Data.Location, Mode=TwoWay}">
<! --  WPF: This image uses a Drawing objectf or its source - >
<Image HorizontalAlignment ="Center">
<lmage.Source >
<Drawinglmage PresentationOptions : Freeze ="True™>

<Drawinglmage.Drawing >
<GeometryDrawing >
<GeometryDrawing.Geometry >
<GeometryGroup >
<EllipseGeometry Center ="50,50" RadiusX ="45" RadiusY ="20"/>
<EllipseGeometry Center ="50,50" RadiusX ="20" RadiusY ="45"/>
</ GeometryGroup >
</ GeometryDrawing.Geometry >
<GeometryDrawing.Brush >
<LinearGradientBrush >
<GradientStop Offset ="0.0" Color ="Blue" />
<GradientStop Offset ="1.0" Color ="#CCCCFF" />
</ LinearGradientBrush >
</ GeometryDrawing.Brush >
<GeometryDrawing.Pen >
<Pen Thickness ="10" Brush ="Black" />
</ GeometryDrawing.Pen >
</ GeometryDrawing >
</ Drawinglmage.Drawing >
</ Drawinglmage >
</ Image.Source >
</ Image >
<TextBlock  Text ="{ Binding Path =Data.Text}" HorizontalAlignment ="Center" />
</ StackPanel >
</ DataTemplate >

The exampl®rawinglmagewas taken from the WPF documentation. This node template just adds a text
label centered below the imagélhe result is:

Using eéDrawinglmagen WPF is more resource efficient when the drawing can be shared by multiple nodes.

Silverlight does not permit such sharing, but you can still get the sé@nal result by usingRathand the
sameGeometryGroupandLinearGradientBrush

<DataTemplate  x: Key="NodeTemplateEG">
<StackPanel go: Part.SelectionAdorned ="True"
go: Node.Location ="{ Binding Path =Data.Location, Mode=TwoWay}">
<! -- Silverlight: use a Path -- >



<Path Stroke ="Black" StrokeThickne ss="10">
<Path.Fill >
<LinearGradientBrush >
<GradientStop Offset ="0.0" Color ="Blue" />
<GradientStop Offset ="1.0" Color ="#CCCCFF" />
</ LinearGradientBrush >
</ Path.Fill >
<Path.Data >
<GeometryGroup >
<EllipseGeometry Center ="50,50" RadiusX ="45" RadiusY ="20" />
<EllipseGeometry Center ="50,50" RadiusX ="20" RadiusY ="45"/>
</ GeometryGroup >
</ Path.Data >
</ Path >
<TextBlock  Text ="{ Binding Path =Data.Text}" Horizonta |Alignment ="Center" />
</ StackPanel >
</ DataTemplate >

Using NodePanel

Of course you can mak@urtemplates as complex as you need and as pretty as you vigatause it is
common to have each node display some kind of shape along with some text inswdehive provided the
NodePaneklass which you can use witiNmdeShapgWPF) oPath(Silverlight). (If you want the text to
be outside of the shape, useSdackPanebr Gridto arrange the elements.)

Furthermore, we have implemented geometries formgacommon shapes. These are listed by the
NodeFigureenumeration. By setting thgo:NodePanel.Figurattached property on théNodeShapgWPF)
or Path(Silverlight), the shape will automatically us&aometrycorresponding to that particular figure.

Congder the following two resource definitions:

<! -- define a conversion from String  to Color -- >
<go: StringColorConverter x: Key="theStringColorConverter" />

<DataTemplate  x: Key="NodeTemplate 4">

<! -- a NodePanel shows a background shape and
placest he other panel children inside the shape - >
<go: NodePanel go: Node.SelectionAdorned ="True"
go: Node.ToSpot ="LeftSide" go: Node.FromSpot ="RightSide" >
<! -- this shape gets the geometry defined by the NodePanel .Figure  attached
pr operty; in Silverlight, use a Path instead of a go: NodeShape -- >

<go: NodeShape go: NodePanel .Figure ="Database"
Stroke ="Black"  StrokeThickness  ="1">

<Shape.Fill >
<! -- use a fancier brush than a simple solid color - >
<LinearGradientBrush StartPoint  ="0.0 0.0" EndPoint ="1.0 0.0">
<LinearGradientBrush.GradientStops >
<GradientStop Color ="{ Binding Path =Data.Color,

Converter ={ StaticResource theStringColorConverter i
Offset ="0.0"/>
<GradientStop Color ="White" Offset ="0.5"/>
<GradientStop Color ="{ Binding Path =Data.Color,
Converter ={ StaticResource theStringColorConverter i
Offset ="1.0"/>
</ Linear GradientBrush.GradientStops >



</ LinearGradientBrush >
</ Shape.Fill >
</ go: NodeShape>

<! -- this TextBlock elementis arranged inside the NodePanel 6 s s h ap>e
<TextBlock  Text ="{ Binding Path =Data.Key}'  TextAlignment ="Center"
HorizontalAlignment ="Center"  VerticalAlignment ="Center" />

</ go: NodePanel >
</ DataTemplate >

Note how thelLinearGradientBruslis constructed, binding two of the gradient stop colors to the
MyData.Colomroperty. [Note: this binding does not work failverlight.] The binding also depends on the
presence of &tringColorConverte(not aStringBrushConvertgr which was also defined as a resource.
The result might look like:

The above use diodePanebssumes that the shape, the first child of thenpl, has a fixed width and
height. (If thewidth or Heightare notd dzLJLJt A SR (KS@& RSTFlLdzZ & G2 wmnn:Z
shapes above.) The other children of thedePanekre arranged inside the first child, observing the
HorizontalAlignmentand/or VerticalAlignmentproperties of the child if the width and/or height are smaller
than the available area inside the first child. For example:

<DataTemplate  x: Key="NodeTemplate2">
<go: NodePanel Sizing ="Fixed">

<! -- use a Path in Silverlight; u se a go:NodeShape in WPF - >
<Path go: NodePanel.Figure  ="Parallelograml1"”
Width ="100" Height ="50"
Stroke ="Black"  StrokeThickness ="1" Fill ="LightYellow" />
<TextBlock  Text ="{ Binding Path =Data.Key}" TextAlignment  ="Left"
HorizontalAlignment ="Right"  VerticalAlignment ="Bottom" />

</ go: NodePanel >
</ DataTemplate >

This might produce:



[ [

NodePanelSizingdefaults toFixed Note the setting oWidth andHeightof the shape.

Butyou can also have the first child be sizeditafound the other children. This is convenient when you
want to show a variable amount of text and want the minimal amount of shape surrounding it. Just set
Sizingto Auto:

<DataTemplate  x: Key="NodeTemplate3">
<go: NodePanel Sizing ="Auto">

<! -- use a Path in Silverlight; use a go:NodeShape in WPF - >
<Path go: NodePanel.Figure  ="Parallelogram1"
Stroke ="Black"  StrokeThickness ="1" Fill ="LightYellow" />

<TextBlock  Text ="{ Binding Path =Data.Key}" TextAlignment  ="Left"
Margi n="10"/>
</ go: NodePanel >
</ DataTemplate >

This might produce:

[] [om]

Note how we daot set theWidth or Heightof the shape. Furthermore we do not set the
HorizontalAlignmentor VerticalAlignment because those properties have no effeciexXtAlignment
affects how the text is rendered in its allotted space, not how it is positioned in its p&fahin reserves
some room around th&extBlockg without it the parallelogram would be tightlground the text)

Resizing

If youwant to letusersresizesuchné@d& &2dz FANRG ySSR G2 GKAY]1 | 02dzi
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Part.Resizable  ="True" on the root elementyou also need to indicate which element should be the

one to get the resize handles and be resized byRksizingTool

<DataTemplate  x: Key="NodeTemplate4">
<go: NodePanel Sizing ="Fixed"

go: Part.Resizable ="True" (go: Part.SelectionElementName ="Shape">
<go: NodeShape x: Name="Shape" go: NodePanel.Figure ="Parallelograml1"
Width ="100" Height ="50"
Stroke ="Black"  StrokeThickness ="1" Fill ="Light Yellow"/>
<TextBlock  Text ="{ Binding Path =Data.Key}" Margin ="10"
HorizontalAlignment ="Center"  VerticalAlignment ="Center" />

</ go: NodePanel >
</ DataTemplate >



Note how the root element refers to th&lodeShapgWPF) oPath (Silverlightoy name so that user
resizing will actually change the width and height of that shalfgou do not specify the
Part.SelectionElementNamethe root element will get the resize handles and attemptsasize the
NodePanehre not likely to have the effégou want.

Sizing' Eixed is appropriate because that causes tiedePanelo fit the other childelements within the

shape. Sizing ¢ ! dzauwda&NodePanelo fit the shape around all of the other children, which is not what
the user would want if they are trying to resize itIn this case, if you want the user to interactively resize

the node, you will need to have tHeart.SelectionElementNameefer to a different child of thé&odePanel

not the first child.

In-place Text Editi
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DataTemplateto have its owrirextBoxthat is normallyCollapsedout that you makeVisiblewhen you want

to edit. In fact, you can have arbitrarily complex controls in each af yodes. However, the disadvantage

is that all of those controls will always be created for each node, thereby increasing the overhead.

GoXansupports inplace text editing.Just set thePat.TextEditable attached property ora TextBlock

<DataTemplate
<go: NodePanel
<l --

Sizing ="Auto">

<Path go: NodePanel.Figure

Stroke
<TextBlock

</ go: NodePane
</ DataTemplate >

="Black"
Text ="{ Binding
TextWrapping
go: Part.
| >

StrokeThickness

="Wrap"
TextEdit

x: Key="NodeTemplate5 ">

="Parallelograml1”

="
Path =Data.Text,

TextAlignment
able ="True" />

Fill

use a Path in Silverlight; use a go:NodeShape in WPF

="LightYellow" />
Mode=TwoWay}"
="Left"

Margin ="5"

(Note that since we expect the user to modify the text, we data birdtéxt to a different property on the
data, not the unique Key.f the user starts with:

Then if they select the node and then click on the text, TeatEditingToobrings up arextBox The user

can edit the text. Losing focus by clicking elsewloergy tabbing will accept the changes; typing ESCAPE

will cancel the edit and restore the original string.

Lambda
the
Ultimate

Here you can see the (blinking) cursor positioned at the end of the second line.

L2 a



Data Templates for Links
The simplest kind of link consists of pal line, perhaps consisting of multiple segments and curves. You
mustuse theLinkShapeelementfor this, in WPF:

<DataTemplate >

<l-- WPF-- >

<go: LinkShape Stroke ="Black" StrokeThickness ="1"/>
</ DataTemplate >

z 7

In Silverlight, one must useetPathelementt y R RS Of I NB (KIFG GKS LI GK Aa

<DataTemplate >

<! -- Silverlight - >

<Path go: LinkPanel.lsLinkShape ="True" Stroke ="Black" StrokeThickness ="1"/>
</ DataTemplate >

Like node templates, the typical pattern is to defimenplates as resources, and refer to them when
initializing theDiagram
<UserControl.Resources >
<DataTemplate x: Key="LinkTemplate 1">
<go: LinkShape Stroke ="Black" StrokeThickness ="1"/>
</ DataTemplate >

<! -- define other templates here - >
</ UserCo ntrol.Resources >

<go: Diagram x: Name="myDiagram" LinkTemplate ="{ StaticResource LinkTemplate 1}" />

But note that such a link template will result in links for which there is no arrowimeaény other
decoration. Thus such a simple template can telyised where the links are not directional or where the
direction is implicit in the diagram, such as in a tree.

It is more common to have at least an arrowhead on each link. For example, the following template is
similar to the default link template the one used when you do not specify theagram.LinkTemplate

property.

<DataTemplate  x: Key="LinkTemplate 2">

<go: LinkPanel  go: Part .SelectionElementName ="Path"
go: Part.SelectionAdorned ="True" >
<l-- in Silverlight substitute Path for go: LinkShape -- >
<go: LinkShape x: Name="Path" go: LinkPanel.IsLinkShape ="True"
Stroke ="Black"  StrokeThickness ="1"/>
<Polygon Fill ="Black" Points ="84 08 24 00" <! -- the arrowhead - >
go: LinkPanel.Alignment ="Middle Right " go: LinkPanel.Index ="-1"
go: LinkPanel.Orientation ="Along" />

</ go: LinkPanel >
</ DataTemplate >

Here is a visual representation of the points of the polygon:



0,0

24

08
Arrowhead for Points="84 08 24 00"

This results in links that appear like those with arrowheads shown before:

Alplha\—hleija
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Note the use of the.inkPaneklass. A.inkPanels aPanelthat should have &inkShapdWPF) oPath
O{Af OSNI AIKGOCK$ Kdlednétyhd RO # Y LIdzK & Rouded i.e.iit is §iven & s¢tiofQ a
points so that the link shape appeais2 02y y SOl (KS fAy1Qa (62 y2RSao

hyOS (KS fAyYy]lQad NikEnécamaiande llobthedsthey il ElemieritsSof the panel to
be somewhere along the path of the link. In this template, thereRelggonthat is acting as an arrowhead.
There are three attached properties that control howiakPanekhild such as thiBolygonis positioned
and rotated relative to the link shape. All three are used in this example.
1 TheLinkPanel.Alignmenattached property is &potthat indicates what pint within the polygon
should be positioned along the link path. (More about spots latier the above case the
MiddleRight spot happens to be the point 8,4.
1 TheLinkPanel.Indexattached property specifies at which segment the child element should be
pt F OSRT T SNB YSIya i d@lHBanSyYRIKSI By RKFSh RNE KS
9 ThelLinkPanel.Orientatiorattached property controls whether and how the child element is
NEGFGSRT &' t2y3é YvSIya +id GKS aly$s Ly3fs +a GK



As a practial mattermostlink templates consist of BinkPaneholding aLinkShapgWPF) oPath
(Silverlight), and some varying number of decorations positioned along the link path.

Setting thePart.SelectionElementNamattached property indicates which element ahld get a selection
handle when the part becomes selected. In this case the link shape will get the selection handle, which is
what you would normally wantlf you did not set theselectionElementNamethe user would see a big
Rectanglesurrounding the vole link, which is probably not what you want.

. 2dz Oty KIF@S a Yrye | NNRPoKSI Ra-hdadedli@ dz t A1 S® C2 N

<DataTemplate  x: Key="LinkTemplate9">

<go: LinkPanel  go: Part.SelectionElementName ="Path">
<I'-- in Silverlight substi tute Path for go: LinkShape -- >
<go: LinkShape x: Name="Path" go: LinkPanel.IsLinkShape ="True"
Stroke ="Black"  StrokeThickness ="1"/>

</l-- the Atoodo arr-oxwhead

<Polygon Fill ="Black" Points ="84 08 24 00"
go: Lin kPanel.Alignment ="10.5" go: LinkPanel.Index ="-1"
go: LinkPanel.Orientation ="Along" />

<l-- the Afromo ar-f+rw»whead

<Polyline  Stroke ="Black"  StrokeThickness ="1"
Points ="70 035 77"
go: LinkPanel.Alignment ="00.5" go: LinkPanel.Index  ="0"
go: LinkPanel.Orientation ="Along" />
</ go: LinkPanel >
</ DataTemplate >

This might look like:

Of course link templates can be complicated too. If you are usigphLinksModelyou can bind to the
link data [ S (id@ & text element with a white background:

<DataTemplate  x: Key="LinkTemplate3" >

<go: LinkPanel go: Part.SelectionElementName ="Path"
go: Part.SelectionAdorned ="True">
<! -- in Silverlight substitute Path for go: LinkShape -- >
<go: LinkShape x: Name="Path" go: LinkPanel.IsLinkShape ="True"
Stroke ="Black"  StrokeThickness  ="1"/>

<! -- the arrowhead - >
<Polygon Fill ="Black" Points ="84 08 24 00"

go: LinkPanel.Alignment ="10.5" go: LinkPanel.In dex="-1"

go: LinkPanel.Orientation ="Along" />
<! --  when using a GraphLinksModel , bind to MyLinkData.Cost as a label - >

<StackPanel Background ="White">
<TextBlock  Text ="{ Binding Path =Data.Cost}" Foreground ="Blue" />
</ StackPan el >
</ go: LinkPanel >



</ DataTemplate >
This makes use ofMyLinkDatatype that you might definevith a Costproperty:

[ Serializable 1 /I serializable only for WPF
public class MyLinkData : GraphLinksModelLinkData <String , String >{
public  double Cost{
get { return _Cost;}
set {
if (_Cost!= value ) {
double old =_Cost;
_Cost=value ;
RaisePropertyChanged( "Cost" , old, value );

}
}
}

private double _Cost;

}

If you expect the link data not to change amekdto update the diagram, you could have a simpler
implementation of the link data class:

[ Serializable 1 I/ serializable only for WPF

public class MyLinkData : GraphLinksModelLinkData <String , String >{
public double Cost{ get; set; } [/ ifsetterdoe s not need to notify
}

The result might look like:

Alpha—2—»Beta
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Data Binding to Link Nodes
The example above performed data binding dfextBlockK2 Bextproperty to a property on théinkQ Bata
(an instance oMyLinkDatg. However, it is also possible to datadimk properties to properties on either

A x_ s o.aA x

oftheLinkka O 2 yNgdesOThiS Will work even if the model does not support separate link data.

C2NJ AyaidlryOSs AT &2dz ¢yl SIOK fAy] (2 o0S 02t 2NBR
the Stroke to{ Binding  Path =Link.ToData.SomeProperty, Converter ={ StaticResource
someConverter }} .

C2NJ SEFYLX ST 6S Oly Odzaidi2YAT S (KS tAy]l] O2ft2NB 27
depend on thdnfo.Layoutldproperty, wherelnfo is a no@ data class defined in that sample, and where
the Layoutldproperty indicates which directiothe tree is growingt that node

<local : LinkBrushConverter x: Key="theLinkBrushConverter" />



<DataTemplate  x: Key="LinkTemplate">
<go: LinkPanel >

<l -- thisi s Silverlight; use go:LinkShape  in WPF instead of pPath -- >
<Path go: LinkPanel.lsLinkShape ="True" StrokeThickness  ="1"
Stroke ="{ Binding Path =Link.ToData.Layoutld,
Converter ={ StaticResource theLinkBrushConverter B>
<Polygon Fill ="{ Binding Path =Link.ToData.Layoutld,
Converter ={ StaticResource theLinkBrushConverter i
Points ="84 08 24 00" go: LinkPanel.Index ="-1"
go: LinkPanel.Alignment ="10.5" go: LinkPanel.  Orientation  ="Along" />

</ go: LinkPanel >
</ DataTemplate >

Note that in this example both thath.Strokeand thePolygon.Fillare bound to the same data property
using the same converter.

TheLinkBrushConverteneeds to convert thetring value ofnfo.Layoutld to the desiredBrush This is an
example of defining your own custom data converter:

public  class LinkBrushConverter : Northwoods.GoXam.  Converter  {
public  override  object Convert( object value, Type targetType,
object  parameter, System.Globalization. Culturelnfo culture) {

if (value is String ){

switch  (( String )value) {
case "Right" : return Black;
case "Left" : return Red;
case "Up": return Green;
case "Down": return Blue;

default : return  Black;
}
return  Black;
}
private  static Brush Black = new SolidColorBrush ( Colors .Black);

private  static Brush Red = new SolidColorBrush ~ (Colors .Red);
private  static Brush Green= new SolidColorBrush (Colors .Green);
private static Brush Blue= new SolidColorBrush (Colors .Blue);

}

For efficiency this example converter only returns one of four predefined solid brushes that are shared.
However, it is common to return@ew SolidColorBrush when thecolor is more variableln any case,
this is what the results might look like:




Link Routes

So far all of the example links have been fairly simflgou want to customize the path that each link
GF1Sax @2dz ySSR (2 RoSté EdchhiBkhaS aROutethdt it @edtesibyddfault, byt | Q a
you can replace it wit one that you have initialized.

<DataTemplate  x: Key="LinkTemplate4" >
<go: LinkPanel  go: Part.SelectionElementName ="Path"
go: Part.SelectionAdorned ="True">
<go: Link.Route >
<go: Route Routing ="Orthogonal" />
</ go: Link.Route >

<! -- in Silverlight substitute Path for go: LinkShape -- >
<go: LinkShape x: Name="Path" go: LinkPanel.IsLinkShape ="True"
Stroke ="Black"  StrokeThickness ="1"/>
<Polygon Fill ="Black" Points ="84 08 24 00"
go: LinkPanel.Alignment ="10.5" go: LinkPanel.Index ="-1"
go: LinkPanel.Orientation ="Along" />

</ go: LinkPanel >
</ DataTemplate >

TheRoute.Routingproperty controls what general rae the link will take. The default value is
LinkRouting.Normalwhich produces the direct paths you have seen so far. But if you use
LinkRouting.Orthogonalwhich tries to make each segment of the link either horizontal or veriicalight
look like:

Alpha

Beta

Another routing option assumes oidgonalsegments for the linkbut also tries to avoid crossing over other
nodes.
<go: Link.Route >
<go: Route Routing ="AvoidsNodes" />
</ go: Link.Route >

After adding two nodes to be in the way:

AIphaJ Alpha 2
Beta 2

TheRoute.Cuve property specifies what kind of path to draw given the points calculated for the route. The
default value idinkCurve.Nongwhich produces the straight line segments you have seen in the examples
so far. The.inkCurve.Bezievalue produces naturaligurved paths.



<go: Link.Route >
<go: Route Curve ="Bezier" />
</ go: Link.Route >

Alpha

Beta

You can control the amount of curvature by setting Reute Curvinesgproperty. With varying numbers of
links between the same pair of nodes it will automatigalbmpute values fo€urvinesainless you assign it
explicitly.

alpha Alpha Alpha

Beta Beta Beta

CombiningorthogonalRoutingand Corner:

<go: Link.Route >
<go: Route Routing ="Orthogonal" Corner ="10"/>
</ go: Link.Route >

produces:
Alpha
Beta

Or useCurve.JumpOvewith LinkRoutingOrthogonalor AvoidsNodes
<go: Link.Route >
<go: Route Routing ="Orthogonal" Curve ="JumpOver" Corner ="10" />
</ go: Link.Route >



Alpha 2
Alpha

Beta

Beta 2

Link Labels

It is common to add annotations or decorations to links, particularly text. You can easily add aegtelem
you want to aLinkPanel For example, let us add three text labels to a link, one in the middle, one on the
left side of the link and one on the right side of the link:

<DataTemplate  x: Key="LinkTemplate5">
<go: LinkPanel >
<go: LinkShape Stroke ="Black” StrokeThickness ="1"/>

<Polygon Fill ="Black® Points ="84 08 24 00" go: LinkPanel.Index ="-1"
go: LinkPanel.Alignment ="10.5" go: LinkPanel.Orientation ="Along" />

<TextBlock  Text ="Left"

go: LinkPanel.Offset ="0 -10" go: LinkPanel.Orientation ="Upright" />
<TextBlock  Text ="Middle"

go: LinkPanel.Offset ="0 0" go: LinkPanel.Orientation ="Upright" />
<TextBlock  Text ="Right"

go: LinkPanel.Offset ="0 10" go: LinkPanel.Orientation ="Upright" />

</ go: LinkPanel >
</ DataTemplate >

TheLinkPanel.Offseattached property controls where to position the element relative to a point on a
segment of the link A positive value for the Y offset moves the label element towards the right side of the
link, asseen going in the direction of the link. Naturally a negative value for the Y offset moves it towards
the left side.

The segment is specified by thinkPanel.Indexattached property, which defaults to the middle of the

whole link. The offset is rotateakccording to the angle formed by that link segment. Here are the results,
with the nodes at different relative positions to demonstrate how the labels follow the (only) segment of the
link.

Beta
Beta

Alpha Alpha

TheLinkPanel.Orientatiorattached property controls the angte the label relative to the angle of the link
segment. The value éflong, as you have seen above with arrowheads, results in a label angle that is the
alyYyS |a GKS &sS3ysSyupwhtis isgfd for&lements ciraini@y téxtdrauieoet



will not be upside down, althoudike Alongit will always be angled to follow the link. To continue the
counterclockwiserotation of the Beta node around the Alpha node:

Alpha

Left
Alpha—Wddte—»Beta

Beta Right

When you specify theinkPanel.Indexyou can position labels at placether than the middle of the link.

The index of zero is at the very beginning of the lankalue of one is at the next point in the route.

Negative values are permittegii KS& O2dzyi R2 ¢y TFNRBY inde$1althevéry ISy R
point of the link.

<TextBlock  Text ="From" go: LinkPanel.Index  ="0"
go: LinkPanel.Offset ="NaN NaN" go: LinkPanel.Orientation ="Upright" />
<TextBlock  Text ="To" go: LinkPanel.Index  ="-1"
go: LinkPanel.Offset ="NaN NaN" go: LinkPanel.Orientati on="Upright" />
» N Eeta ‘_//"‘eﬂpha
M —
Alpha Beta

The uses oNaNin the Offsetmeanhalf the width and halthe height of the label element, which is
convenient when the size of the label element may vary.

Links need not be straightith a single segmentHere areexamples ofDrthogonral routing and ofBezier
curves, with the middle label having two lines of text:

Alpha From
' Alpha 2
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Beta 2 id o

Labels need not b&extBlocls. The defaulLinkPanelOrientation is None, meaning that the label element
is not rotated at all.For example:

<! -- LinkPanel labels in Si Iverlight - >
<go: NodePanel go: LinkPanel.Index ="0" go: LinkPanel.Offset ="55" >
<Path go: NodePanel.Figure  ="EightPointedStar" Fill ="Red"

Width ="10"
</ go: NodePanel >

Height ="10"/>
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<Button Content ="?" Click ="Button_Click" />

<! -- LinkPan el labels in WPF - >
<go: NodeShape go: LinkPanel.Index ="0" go: LinkPanel.Offset ="55"
go: NodePanel.Figure  ="EightPointedStar" Fill ="Red"

Width ="10" Height ="10"/>
<Button Content ="?" Click ="Button_Click" />

Alpha

Beta

Link Connection Points on Nodes

In the exampleabove you have seen how each link will end at the edge of the node. To illustrate this

further, noticein the following screenshot whetihe arrowheads appear to terminate N2 dzy R G KS a! f
node, around the rectanguldrounds of the text:

Kappa Omega

Omicron

Theta

Gamma

Epsilen
Eta

If the node is not shaped like a rectangle, the link will connect at the edge.

<DataTemplate x: Key="NodeTemplate 1">
<go: NodePanel go: Node.SelectionAdorned ="True">
<go: NodeShape go: NodePanel .Figure ="OrGate" Width ="70" Height ="70"
Stroke ="Black"  StrokeThickness  ="1"

Fill ="{ Binding Path =Data.Color,
Converter ={ StaticResource theStringBrushConverter B>
<TextBlock  Text ="{ Binding Path =Data.Key}" TextAlignment  ="Center"
HorizontalAlignment ="Center" VerticalAlignment ="Center" />

</ go: NodePanel >
</ DataTemplate >



But what if you want to limit the points at which links may connect to a node? You can do so by setting the
Node.FromSpoandNode.ToSpoattached properties otthe root visual element of the nodelThe default

value isSpot.None which means to calculate a point along the edge of the element. But you can specify
spot values that describe particular positions on the element. For example:

<DataTemplate  x: Key="Nod eTemplate2" >
<TextBlock  Text ="{ Binding Path =Data.Key}" go: Node.SelectionAdorned ="True"
go: Node.ToSpot ="MiddleLeft" go: Node.FromSpot ="MiddleRight" />
</ DataTemplate >

This specifies that links coming into this node connect at the middleeothside, and that links going out
of this node connect at the middle of the right side. Such a convention is appropriate for diagrams that have
a general sense of direction to them, such as the following one which goes from left to right:

Epsilen
Beta
Zeta
Gamma Alpha
Eta
Delta
Theta

You can alo specify that the links go into a node not at a single spot but spread out along on&lsitep
the previous example to use:

go: Node.ToSpot ="LeftSide" go: Node.FromSpot ="RightSide"

And you will get:

Epsilen

Beta
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Gamma Nphaé&
a
Delta \
Theta




Of course specifying a side works well onlyrfodes that are basically rectangular and probably larger than
Ay GKAA OF aSo { 2 ft S Gonake ledRiRnode biggerNRSNJ F N2 dzy R G KS

<DataTemplate x: Key="NodeTemplate 3">
<Border BorderBrush ="Black" BorderThickness ="1" Padding ="3"
go: Node.SelectionAdorned ="True"
go: Node.ToSpot ="LeftSide" go: Node.FromSpot ="RightSide" >
<TextBlock  Text ="{ Binding Path =Data.Key}" />
</ Border >
</ DataTemplate >

Note how the attachecdhode properties have been moved to the new root element of theta template.
This node template with the same data results in:
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Gamma Alpha
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Of course you can use different kindsRijutes for the link template Consider

<go: Link.Route >
<go: Route Curve ="Bezier" />
</ go: Link.Route >

Epsilcn
Beta
/ Leta
Gamma Alpha
AN Eta
Delta
Theta

Or.

<go: Link.Route >
<go: Route Routing ="Orthogonal" Corner ="10"/>
</ go: Link.Route >

l.j
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Ports on Nodes

Although you have some control over where links will connect at a node (at a particular spot, along one or
more sides, or at the intersection with the edgtijere aretimes when you want to have different logical

and graphical places at which links should connect. The elements to which a link may connect are called
ports. There may be any number of ports in a node. By default there is just one port, the root visual
element, which results in the effect of having the whole node act as the port, as you have seen above.
Support for multiple ports is only possibledaraphLinksModebecause only when you have separate data
for each link can you attach information deibing which port the link should connect to.

To declare that a particular element is a port, set Mede.Portldattached property on it.Unlike most of

the PartandNodeattached propertieswhichmay only be applied to the root visual element of the apd

the port-related Node attached properties may apply to any element in the visual tree of the ndthese
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<DataTemplate  x: Key="NodeTemplate 4">

<Border BorderBrush ="Bla ck" BorderThickness ="1"
go: Node.SelectionAdorned ="True">
<Grid Background ="LightGray">

<Grid.ColumnDefinitions >
<ColumnDefinition Width ="Auto" />
<ColumnDefinition Width ="*" />
<ColumnDefinition Width ="Auto" />

</ Grid.ColumnDefinitions >

<Grid.RowDefinitions >

<RowDefinition Height ="Auto" />
<RowDefinition Height ="*"/>
<RowDefinition Height ="*"/>
</ Grid.RowDefinitions >
<TextBlock  Grid.Column ="0" Grid.Row ="0" Grid.Col umnSpan="3"
Text ="{ Binding Path =Data.Key}'  TextAlignment ="Center"
FontWeight ="Bold" TextWrapping ="Wrap" Margin ="4,4,4,2" />

<StackPanel  Grid.Column ="0" Grid.Row ="1" Orientation  ="Horizontal">
<!-- this Rectangle i s a port, identified with the string
links only come into it at the middle of the left side - >
<Rectangle Width ="6" Height ="6" Fill ="Black"

go: Node.Portld ="A" go: Node.ToSpot ="MiddleLeft" />



<TextBl ock Text ="A"/>
</ StackPanel >

<StackPanel  Grid.Column ="0" Grid.Row ="2" Orientation  ="Horizontal">
<! -- this Rectangle is another input port , hamed --i>B 0
<Rectangle Width ="6" Height ="6" Fill ="Black"

go: Node.Po rtld ="B" go: Node.ToSpot ="MiddleLeft" />
<TextBlock  Text ="B" />
</ StackPanel >
<StackPanel  Grid.Column ="2" Grid.Row ="1" Grid.RowSpan ="2"

Orientation ~ ="Horizontal" VerticalAlignment ="Center">
<TextBlock  Text ="Out" />
<l-- this Rectangle i s another port, identified with the
links only go out of it at the middle of the right side - >
<Rectangle  Width ="6" Height ="6" Fill ="Black"

go: Node.Portld ="Out" go: Node. FromSpot ="MiddleRight" />
</ StackPanel >
</ Grid >
</ Border >
</ DataTemplate >

Each port has Blode.Portldthat corresponds to the optiorigort parameter information aboth ends of
each link To avoid visual confusion in this exaniplere is abo aTextBlocknext to each port, showing the
same string.

This node template, combined with@raphLinksModeanddatasuch as:
var model= new GraphLinksModel <MyData, String , String , MyLinkData >();
model.NodesSource = new ObservableCollection <MyData>() {
new MyData() { Key= "Add1l" 1}

new MyData() { Key=  "Add2" },
new MyData() { Key=  "Subtract" b

h
model.LinksSource = new ObservableCollection <MyLinkData >() {
new MyLinkData () {From= "Addl" , FromPort="Out" , To= "Subtract" , ToPort= "A" },
new MyLinkData () {From= "Add2" , FromPort="Out" , To= "Subtract" , ToPort= "B" 1},
h

myDiagram.Model = model;

can produce a diagram like:

n



Collapsing and Expanding Trees
A common technique for simplifying tregructured graphs is to collapse sub#s. One way to implement
this functionality is to add Button to each node.

<!-- show eithera"+"ora" - " as the Button content - >
<go: BooleanStringConverter x: Key="theButtonConverter"
TrueString ="-" FalseString ="+"/>
<DataTemplate  x: Key="NodeTemplate">
<StackPanel Orientation  ="Horizontal" go: Part.SelectionAdorned ="True"
go: Node.IsTreeExpanded ="False">
<!-- go: Node.IsTreeExpanded ="False" tells the node to start collapsed - >

<go: NodePanel Sizing ="Auto">
<go: NodeShape go: NodePanel.Figure  ="Ellipse"
Fill ="{ Binding Path =Data.Color,
Converter ={ StaticResource theBrushConverter  }}" />
<TextBlock  Text ="{ Binding Path =Data.Color}" />
</ go: NodePanel >
<Button x: Name="myCollapseExpandButton" Click ="CollapseExpandButton_Click"
Content ="{ Binding  Path =Node.IsExpandedTree,
Converter ={ StaticResource theButtonConverter s
Width ="20" />
</ StackPanel >
</ DataTe mplate >

Note that theButton.Contentis bound to theNode.lsExpandedTregroperty, via a converter that converts
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Button the way you want instad of using those two text strings. ButS Qf £ 1 SSLJ AG aAYLX S

TheButton.Clickevent handler might be implemented as:

private  void CollapseExpandButton_Click( object sender, RoutedEventArgs  e){
/l the Button is in the visual tree of a Node
Button button =(  Button )sender;
Node n= Part .FindAncestor<  Node>(button);
if (n!'=  null ){
SimpleData  parentdata = ( SimpleData )n.Data;
/I always make changes within a transaction
myDiagram.StartTransaction( "CollapseExpand" );
/I toggle whether this node is expanded or collapsed
n.IsexpandedTree = In.IsExpandedTree;
myDiagram.CommitTransaction( "CollapseExpand" );
}
}

A graph might start with a single node:
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An expansion (and a controlousewheel zoomout) might produce:




sgEses | - |

white [ - ———— BB
\
£DEDO7S |+

Further expansions (and zoom outs) might produce:
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Data Templates for Groups
To define the appearance of group nodes, you can sebDibgram.GroupTemplateroperty. The default
template produces the following simple representation of a gran thisOF &S a9 LJAAf 2y € ®

Epsilon
Alpha—»Gamma——»Delta—»Beta

To customize the appearance of a group, you could define a template such as:

<DataTemplate  x: Key="GroupTemplate 1">



<StackPanel go: Node.LocationElementName  ="myGroupPanel">
<!l-- This is the Aheader o foer the group
<TextBlock  x: Name"Label" Text ="{ Binding Path =Data.Key}"
FontSize ="18" FontWeight ="Bold" Foreground ="Green"

HorizontalAlignment ="Center"/>
<Border x: Name"myBorder" CornerRadius ="5"
BorderBrush ="Green" BorderThickness ="2">

<! --  The GroupPanel is the placeholder for member parts - >

<go: GroupPanel x: Name"myGroupPanel" Padding ="5" />
</ Border >
<l --  This is some extra information for the group - >
<TextBlock  Text ="BottomRight" HorizontalAlignment ="Righ t"/>

</ StackPanel >
</ DataTemplate >

Epsilon

Alph agEGamma—hDelta}—rEueta

BottomRight

Notice thatthere is aGroupPaneklement inside théBorder. You use &roupPanehs the placeholder for
all of the nodes and links that are members of the group. The melbédes andLinks are notvisual
childrenof the panel or of the group nodethey are independent parts in the diagram.

However,GroupPanels aPane| so it can hve its own children, which caot be nodes or links. In fact,
GroupPanels aSpotPanelwhich is like &€anvasexcept that it useSpots for positioning the children.

If you use &roupPaneland if it is not the root visual element of the data template, it must be named as

the Node.LocationElementNamfor the group. Just give theroupPanebh Nameand refer to it via the
attachedproperty Node.LocationElementNamen the root element. This means that thodeQ & f 2 O (A 2
will always be the same as ti@&roupPaneRd f 20l GA2y X S @Sy GréupPardehange/ ia 2d
size or move around with respect to the panel.

<DataTemplate x: Key="GroupTemplate 2">
<Border x: Name"myBorder" CornerRadius ="5"
BorderBrush ="Green" BorderThickness ="2"
go: Node.LocationElementName  ="myGroupPanel">
<go: GroupPanel x: Name"myGroupPanel" Padding ="5,20,5,10">
<TextBlock  Text="{ Binding Path =Data.Key}"
go: SpotPanel.Spot  ="MiddleTop"
go: SpotPanel.Alignment ="MiddleTop"
FontSize ="16" FontWeight ="Bold" Foreground ="Green"/>
<TextBlock  Text ="BottomRight" FontSize ="7"
go: SpotPanel.Spot  ="BottomRight"
go: SpotPanel.Alignment ="BottomRight" />
</ go: GroupPanel >
</ Border >
</ DataTemplate >
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TextBlocks are positioned using the two attached properti€giotPanel. Spoand SpotPanel. Alignment

Note that thePaddingf S @#Sa SEGNI NR2Y F2NJ G6KS tlo0S8Sta Aya
with them.
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An alternative implementation would useStackPanebr Gridto position the text outside of the
GroupPanel with aBordersurrounding theStackPanel This would have the advantage of having the text
inside tre border, no matter how small th@roupPanebot.

Collapsing and Expanding Groups
It is common to simplify graphs by collapsing subgraphs into a single node. One way to implement
collapsible subgraphs is with a button.

<! -- show eithera"+"ora" -"ast he Button content - >
<go: BooleanStringConverter x: Key="theButtonConverter"
TrueString ="-" FalseString ="+"/>

<DataTemplate x: Key="GroupTemplate">
<Border CornerRadius ="5" BorderThickness ="2" Background ="Transparent"
BorderBrush ="{ Binding Path =Data.Color,
Converter ={ StaticResource theBrushConverter  }}"

go: Part.SelectionAdorned ="True"
go: Node.LocationElementName  ="myGroupPanel"
go: Group.lsSubGraphExpanded ="Fal se">
<! -- go: Group.IsSubGraphExpanded ="False" causes itto start collapsed - >
<StackPanel >
<StackPanel Orientation  ="Horizontal" HorizontalAlignment ="Left">

<Button x: Name="myCollapseExpandButton"
Click ="CollapseExpandButt on_Click"
Content ="{ Binding  Path =Group.IsExpandedSubGraph,
Converter ={ StaticResource theButtonConverter 1}
Width ="20" Margin ="005 0"/>
<TextBlock  Text ="{ Binding Path =Data.Key}" FontWeight ="Bol d"/>
</ StackPanel >
<go: GroupPanel x: Name"myGroupPanel" Padding ="5"/>
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</ StackPanel >

<l -- each Group can have its own Layout -- >
<go: Group.Layout >
<! -- this Layout is performed whenever any nested Group changes size - >

<go: LayeredDigraphLayout Direction  ="90"
Conditions ="Standard GroupSizeChanged" />
</ go: Group.Layout >
</ Border >
</ DataTemplate >

Note that theButton.Contentis bound to theGroup.IsExpandedSubGranoperty, via a corerter that
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Collapsed it might appear as:

SubGraph 19]

TheButton.Clickevent handler might be defined as:

private void CollapseExpandButton_Click( object sender, RoutedEventArgs e){
/I the Butto n is in the visual tree of a Node
Button button =(  Button )sender;
Group sg= Part .FindAncestor<  Group >(button);
if (sg!'= null ){
SimpleData  subgraphdata = ( SimpleData )sg.Data;
/I always make changes within a transaction
myDiagram.StartTra  nsaction( "CollapseExpand" );
/I toggle whether this node is expanded or collapsed
sg.IsExpandedSubGraph = Isg.IsExpandedSubGraph;
myDiagram.CommitTransaction( "CollapseExpand" );
}
}

Expanded it might look like:



B SubGraph 19

Su bGraph 2

AY 2 NB & & implghientatdR fora Groupmight use arExpander

<DataTemplate  x: Key="GroupTemplate6">
<Expander Header ="{ Binding Path =Data.Name}"

IsExpanded ="{ Binding Path =Group.IsExpandedSubGraph, Mode=TwoWay}"
go: Node.LocationElementName  ="myGroupPanel">
<Border BorderBrush ="Green" BorderThickness ="2"
Background ="Transparent" CornerRadius ="5">
<go: GroupPanel x: Name"myGroupPanel" Padding ="6" />
</ Border >

</ Expander >
</ DataTemplate >

Note how theExpander.IsExpandegroperty is dita-bound toGroup.IsExpandedSubGraph

(%) SubGraph2 (~) SubGraph2
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