information as coherently and intuitively as possible to the end user. We must
be sure that the system created is capable of dynamically updating any graph
in view, when the underlying program changes. In other words, we subscribe
to the underlying debug model to notify us when the user steps to a different
point in the program, and update our model accordingly.

We will make use of the theory of memory graphs, as weil as forward and
hackward traces. However, we must also design intuitive ways in which to
display the overall run-time environment, as well as making the job of a debugger
simpler by highlighting the more interesting nodes.

With this in mind, 1 will now continue to explain the program in the fol-
lowing order. Firstly, we must cover some essential 3D modelling background
information, providing us with the knowledge to build a 3D universe. Then we
will look at the requirements of our system. providing the foundations for our
design phase. In explaining the design I will aim to leave out uninteresting intri-
cacies, whilst detailing the more interesting and important methods. As such, I
will cover the initial steps necessary to creating a 3D universe within Eclipse, as
well as having access to the underlying debugging information. Following that,
I will discuss the main classes in my design, detailing their roles, and any inter-
esting methods. [ will finish the design stage by providing a graphical overview
of the program as a whole, both in terms of the Java3D scene graph, and the
actual classes created. Following the design stages, 1 will aim to make use of
stringent testing to fully explore the options, and usability, of the resulting pro-
gram. Finally, I will look to draw conclusions based on the design and testing
stages, as well as the theories we have already discussed.

2 Background - 3D Modelling in Java

The 3D modelling system required for this project must be cleanly accessible
from within our Java ecode, allow for dynamic changes to the 3D world, and
provide a high-level intuitive interface for doing so. What we require is a system
which can interface cleanly with the Eclipse window, and allow user-interaction
with the underlying 3D objects.

One such three-dimensional modelling language satisfving these require-
ments is Java3D. The reason for this is that it provides a way to create a
three-dimensional scene, completely in Java, and in a high-level manner. Whilst
giving much control to the designer, Java3D abstracts away from the intricacies
of 3D modelling present in many other systems [3]. The designer does not have
to worry ahout rendering, which is done efficiently and automatically. The de-
signers aim is to construct a scene graph, which consists of instances of Java3D
objects. These Java3D objects can consist of a variety of different components,
including transforms, shapes and groups of trausforms and shapes. It is the
job of these objects to define the geometry, lighting, location, orientation and
appearance of all the visual objects in the virtual universe.

The JavadD API consists of over a hundred classes present to aid the con-
struction of this three-dimensional universe. The use of these will be crucial in
designing a clear and concise Java3D program. In order to begin describing iy
approach to the creation of a memory graph, we mnst first explain the basic
construction of a 3D nuiverse, in the Java3D environment.

As already stated, Java3D looks to create an underlying tree structure which



is subsequently rendered. The minimal such tree in order to create a 3D universe
is explained in figures 1 and 2 taken from the Java3D API guide [3].

Nuodes and NodeComponents (abjects) Ares (object relauonships)

. ‘ Al nivers
‘ _' Virwallnrverse —» parent-child link

0 Leeale s > reference

/7\1 Group
\_/

/ Teaf
/

C - Yy NodeComponent
-

wther ohyeels
o
Figure
LBy ]

1: Key for symbols in Scene Graph [3]

\W///)j VirmalUnverse \
Locale \

Ve \
(BG \ \g? BranchGroup \

\

e TG TransfennGroup \

Sm‘."l View ”::f{ CanvasiD |’| Screeniny I\

\ View Platform

\ i J } = \
Physical Body Physical Enviromisent \

— T B e —— — — — —— —

Figure 2: Scene Graph Data Structure, with minimal tree highlighted [3]

The diagram in figure 2 shows us the minimal scene graph, with an additional
group node, consisting of a shape and associated appearance and geometry.
Rendering this scene graph would produce a 3D environment, with a single
object in it. This is a very basic Java3D program, and the intricacies are far more
apparent when some code is produced. Options are available to the designer
detailing the exact viewing angles and platform that are output, interactions
with the physical environment (i.e. User input), and detailed construction of
3D objects.

Java3D allows a vast array of options; however certain construct rules must
be adhered by. For example, looking at figure 2, we could have created a Branch-
Group node, consisting of further BranchGroup nodes, each consisting of a
shape. Each BranchGroup node can then have an associated transform which



controls the positioning of all the objects below it.

Two relationships occur in the scene graph creation of a JavalD program.
The first is a parent-child relationship used in creating the graph. This rela-
tionship must adhere to a number of rules. Namely, a group node can have
any number of children, but only one parent. A leaf node can have one parent
and no children. In other words, a tree with no backward links. The second
relationship is known as a reference, and associates a ‘NodeComponent’ object,
with a scene graph node. These ‘NodeComponent’ objects are there to define
the geometry and appearance attributes used to render their associated visual
object.

The tree created can be described as having a single root, being acyclic, with
no backward links. This means that each leaf can be fully described based on
it’s so called “scene graph path”. The path from the root node, to the leaf.
In this way, the Java3D renderer is able to configure the most efficient render
order, for the leaves of the graph. It should be noted that this is the case for the
parent-child relationships, the reference relationships may go between branches,
but in essence they are not dependent on this tree structure, and simply define
‘shareable’ attributes (such as appearance and geometry). This overall tree
definition describes the construction patterns used in creating a scene graph
which is renderable by the JavadD renderer, and gives a general idea as to the
processes required to making a three-dimensional user interface.



3 Requirements

In designing any program, one must consider the requirements, in terms of
fulfilling and achieving certain goals, whilst also adhering to the requirements
in efficiency and usability enforced by an end-user. I will now discuss what these
requirements are:

Accuracy: One of the most important aspects of such a program is that no
objects are displayed incorrectly. We must be sure to carefully produce
any code, following design patterns if possible, to ensire that what appears
on the screen is consistent with the underlying model.

Efficiency: When debugging, a user may step through many breakpoints, and
thus, many visualisations will be generated. As such, we must ensure
that this generation process is as efficient as possible. Some efficiency
considerations must come into play when considering what we expect the
renderer to do, but we must also ensure that the calculation of positions,
sizes, rotations of any of our objects is done efficiently also. We will he
forced to keep track of possibly thousands of run-time objects, and as
such, we should use appropriate data structures.

Usability: We must constantly consider the usability of the program during
the design phase. After all, this program is designed as an interface to an
underlying model. As such, it should be intuitive, simple, and yet allow
for much variety in the need of the user. Be it for visualisation of the
memory graphs. or for thorough analysis.

Extensibility: The code should be designed to allow for extensions to be made.
For example, I propose the design of a layout manager to handle the
positioning of objects. As such, it should be simple to create new layout
patterns, without having to completely restructure the code. There should
be a separation of concerns in this respect.

Integration: The program should provide seamless integration inte the Eclipse
framework. It would make sense to create the three-dimensional environ-
ment in a frame which sits alongside the debugger. A view which is only
available during debugging, perhaps.

This list prescribes themes which should feature throughout the design process,
whilst giving an overview of what we plan on achieving. We will now continue
to describe various aspects of the design which aims to meet these requirements.



4 Design

The design of this 3D Debugger consists of a number of aspects. Firstly, we must
consider the creation of an Eclipse plug-in, allowing for a side-by-side view of
the JD'T debugger, and our final three-dimensional view. Becondly, we must
consider interfacing with the underlying framework that sits between the JD'T
debugger, and the program to be described. Thirdly, we must look at the in-
tricacies in creating a virtual 3D universe which allows for dynamic behaviours,
and user manipulation. Finally, we must consider our layout manager, the lay-
outs we wish to display, and the general data structures in place for keeping
track of all the objects in the system. In the remainder of this section 1 will
highlight some of the more interesting aspects of the code, including code ex-
amples. Any details that are omitted will be available in the code listings in the
Appendix. A general overview of our design can be found in §4.7.

4.1 Preliminaries

This section will discuss the methods used in setting up a framework to allow
for the dynamic placement of 3D visual objects.

4.1.1 Creating the Eclipse Plug-in

Creating an Eclipse plug-in is a straightforward process. Dave Springgay gives
a good outline of the processes necessary [13]. However, essentially we are
concerned with creating an Eclipse ‘View’. We give the user the option of
opening this view whilst debugging an application, and thus, sticking to our
usability requirements. Once we have a genera! Fclipse view framework set-up
(for which Eclipse does most of the work), we can add any SWT (Standard
Widget Toolkit) components into it. In our case, this will comprise of adding
our 3D canvas to the frame.

e
Fhie s o callback that will allow us to create the view perspectine el
fodnatialise it
o Whal s expreeted s that we ereate o frinue bascd ou the inpur Composie
voobpeor o owlnes wall contimn o view
*/
public void createPartControl(Composite parent) {

J/ Create new Compostle object piven parent node
Composite composiie = new Composite{parent , SWI.EMBEDDED) ;
FFosel the 2D layout wanager as o FillLayonn
coinposite.setLayout (new FillLayout{));

i Create a frame 1o add our canvas mnto, along with

at ey COMPOICHT S Wi wish 1o (llh]}lil\
f = SWTAWT. new_Frame(composite};
“ot the internal tranme taveut to o FlowLasvout

f.setLayont(new FlowLayout{});

Ix

= Create an Updote bowdler object to o deal with all undevhving chaned
+ volilications  Subscrihe the npdate handler 1o ome ternmediary

= debugging rames ok

#/

UpdateHandler uh = new UpdateHandler(this);
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4.5.5 A Different Approach to Determining Object Size

As we have seen in the Divide and Resize algorithm, the visual objects size can
play a vital role in the usability of the general layout. The halving method
employed in the divide and resize algorithm seems rather naive, even if it works
well visually. Given that the model has access to an importance score for each
object, it would seem nonsensical for two objects to be of the same size, when
one is vastly more important than the other. Hence, I suggest a sizing algorithm
based solely on the importance of the object. In the Divide and Resize algorithm
of §4.5.4, the pattern of decreasing size will still exist by definition of the way
the objects are positioned, however, the size may now be deemed as having more
relevance.

This solution will also work with any layout manager pattern, regardless of
whether it uses importance in positioning. For example, our naive grid and stack
methods will instantly be more usefnl with such an implementation. Hence, I
now model the objects size as a function of its importance. This is done by taking
the highest scoring object, setting that at an acceptable size, and calcnlating
every other object’s size as a ratio of this size, corresponding to the ratio in
importance scores between the two objects. We shift the available range such
that every object in the system will be visible, generating a minimum value.
Thus, every object’s size lies between our minimum, and the size of the most
important object, determined by its relative importance.

4.5.6 Clustering Method

As we have discussed thronghout this section, onr aim is to draw upon infor-
mation in the graph strncture, and present this information as well as possible
in the layout of our 3D environment. Following on from the Divide and Re-
size algorithm in §4.5.4, we build an extra layer of information. What we now
utilise is the fact that in order to keep the 3D graph as ‘tidy’ as possible, it
would be preferable to keep all similar items close together. Drawing upon
knowledge from computational linguistics, we can apply the ‘Distributional Hy-
pothesis’ [10]. In linguistics, this refers to gaining knowledge regarding a single
word from the company it keeps. We apply this to the object model by draw-
ing upon the knowledge of referenced nodes, in order to define the positioning
of a single node. We essentially cluster groups of objects together. Thus, our
disconnected graph is divided np into its connected sections.

In order to achieve this, we use the framework of the Divide and Resize
algorithm, however, when producing our sub-lists, instead of distributing on
importance alone, we distribute on the context of the objects. In other words,
we put all objects in the same connected graph, into the same list. We can
perform this creation of groups of connected objects, by iterating through all
the node points in our current subgraph, iteratively calculating the references it
contains as we go. We ensure that each sub-group still maintains its importance
order however, an important feature of this algorithm.

The other main difference between this algorithm and the divide and resize
algorithm is that we remove the space requirement. We no longer keep all the
objects within a predetermined sphere of 3D space. In essence, we allow the
graph to grow outwards in all directions. In order to do this effectively we
always allow our objects to move away from the centroid, once we reach a point
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where the subgraph is fully connected, we apply the divide and resize algorithm
as before.

What this provides us with is a simple solution to the problem of over-
crowding and crossing of links between different parts of the program. We
now separate out the different memory graphs, and provide an extremely user-
friendly approach to dealing with the disconnected nature of the overall graph.
In cssence, we maintain the most important object as the centroid, and cluster
the graph based on our reference context measure. We then apply this itera-
tively to each of the subgraph’s most important objects.

Figure 4 shows us the view this algorithm achieves. Figure 5 shows a side by
side comparison of the two layout managers, showing the added detail brought in
by the clustering model. It also shows a midway step, whereby we have clustered
the initial group, before finally showing the result of doing this iteratively for
each sub-group. It must be noted however that due to the added complexity
of this algorithm, our code is no longer quite as efficient. A more detailed
explanation and the effects of this are detailed in §5.2.

Figure 4: The Clnstering based layout manager in usc.
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Figure 5: A side by side comparison of the two algorithms.
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amblLight.setinfluencingBounds({bounds);
mainBranchGroup.addChild{amblLight);

// Create the directional light

Vector3f dir = new Vector3f(-1.0f, -1.0f, -1.0f);
DirectionalLight dirLight = new Directionallight{white, dir);
dirLight.setinfluencingBounds(bounds);
mainBranchGroup.addcChild{dirLight);

/{ Create the transform group node
mainTransformGroup = new TransformGroup();

// Set the appropriate capabilities for the TranformGroup node.

mainTransformGroup.setCapability{TransformGroup ALLOW TRANSFORM_READY);

mainTransformGroup.setCapability(TransformGroup ALLOW_TRANSFORM_WRITE);

mainTransformGroup.setCapability{Node ENABLE_PICK_REPORTING);
mainTransformGroup.setCapability(BranchGroup ALLOW _DETACHY);
mainTransformGroup.setCapability{Group ALLOW _CHILDREN_EXTEND);
mainTransformGroup.setCapability(Group ALLOW_CHILDREN_WRITE);

mainBranchGroup.setCapability(BranchGroup ALLOW _DETACH);
mainBranchGroup.setCapability{Group ALLOW_CHILDREN_EXTEND);
mainBranchGroup.setCapability(Group ALLOW _CHILDREN_WRITE),
// Add the main TransfaormGroup node to the main TransformGroup.
// This means the main transform group will be in charge of all the
// transformations of the universe as a whole.
mainBranchGroup.addChild{mainTransformGroup);

return mainBranchGroup;

1
/*t

* This method is called when a menu item is selected, and allows for the

* relevant task to he carried out,
L3

* @param e -
* provides the menu item which was selected.
*/

public void actionPerformed{ActionEvent e) {
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/f Get the menu item, to be compared to the known items.
Object target = e.getSource();

if (target == forwardTrace) {
// Set global trace direction parameter to forwards.
traceDirection = Q;
/f Call the trace generating method.
createTrace();
// Reset the users perspective.
resetViewl);

}

if (target == backwardTrace) {
// Set globa' trace direction to backwards.
traceDirection = 1;
// Call trace creation method,
createTrace();
// Reset users perspective.
resetView();

}

if (target == resetViewl | | target == resetView2) {
// Allows the user to reset the view.
resetView();

}

if (target == exitTrace) {
// 1f in a trace view, can exit to the main view.
currentRoctNode.removetighlight();
currentRootNode.remaveObjectLinks({);
currentRootNode.replaceAllObjectsi);

resetView();

}

if (target == showObjectNames1 | | target == showObjectNames2) {

// Allows the showing of object names.
if (justSubObjects) {

// If in the trace view, anly create the names of the items in

// the trace.

for {\DebugObject i : Object3D.seenObjecttist) {
idoToObject3D.get{i).shawDetails(};

}

} else {

// Else, create all names for ALL the objects in the collection.
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433

for (Object3D o : idoToObject3D.values|)} {
o.showDetails();
}
}
}
if (target == hideObjectNames1 | | target == hideObjectNames2) {
/{ Inverse of above, hiding the object names.
if (justSubObjects) {
for (IDebugObject i : Object3D.seenObjectlist) {
idoToObject3D.getl(i).hideDetails();
}
} else {
for {Object3D o : idoToObject3D.valuest)) {
o.hideDetails(});
}
}
}

if {target == showLines) {

/{ Create the directed lines of the graph.
for (Object3D o : idoToObject3D.values()) {
o.showlines();
}
// Set global all lines visible to true,
// \f user continues debugging, all new objects will have lines
/f created,
ofiLinesVisible = true,
}
if {target == hideLines) {
// Remove directed lines of the graph.
for {Object3D o : idoToObject3D.valuest)) {
o.hidelines();
}
alilinesVisible = false;
}
if (target == showObjectLines) {
/{ Create lines for this object only
currentRightClickedMode showLines();
}
if {target == hideObjectLines) {
/{ Hide lines for this object only

452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492

currentRightClickedNode.hideLines{);
}
if (target == redrawSpace) {
// Allows the space to be redrawn.
for (Object3D o : idoToObject3D.values(}) {
o.update():
if (o.linesVisible | | aliLinesVisible) {
o.showlLines();
}
}
resetView();
1
if {target == showQbjectDetails) {
/1 Allows the user to view extended details of an object.
if {objectDetails 1= null) {
// If object table already exists, remove it.
J.remove{objectDetails);
}
Vector<String> columnNames = new Vectar<String>(};
columnNames.add{"Data");
columnNames.add("Value");

/{ Create data vector, add all the information to it.
Vector<Vector<String>> data = new Vector<Vector<String>>(};
Vector<String> name = new Vector<String>{);
name.add{"Name:");
name.add{currentRightClickedNode.name);

data.add{name);

Vector<String> javaType = new Vector<String>();

javaType.add("Java Type:");

try {
javaType.add(currentRightClickedNode.ido.getValue()

.getlavaTypef).toString(});

} catch (DebugException e2) {
e2.printStackTrace();

1

data.add{javaType);

Vector<String> ref = new Vector<String>();
ref.add{"J)VM Reference");
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try {
ref
.addi{currentRightClickedNode.ido.getValue()
.getValueString());
} catch {DebugException e2) {
e2.printStackTrace();

}
data.add(ref);

try {
for (IVariable var : currentRightClickedNode.ido.getvalue()
.getVariables(}) {
Vector<String> variable = new Vector<String>{};
variable.add(var.getName());
variable.add(var.getvalue().toString(});

data.add{variable);
1
} catch (DebugException el) {
el.printStackTrace(};
)

/{ Create table from collected data
ITable objectDetailsTable = new JTable(data, columnNames);
objectDetails = new IScrollPane(objectDetailsTable);
// Add tabie to frame.
f.add{objectDetails);
/{ pack the frame.
f.pack();
}
if (target == gridview} {
/{ Change general layout manager.
Object3D.JayoutMonagerType = Object3D.gridtype;
Object3D.JayoutMonager = new GridLayout(};
// Update objects to update positions from new layout manager.
for {Object3D o : idoTeObject3D.values()) {
o.update(};
}
// all abjects created, create lines.
for {Object3D o : idoToObject3D.values()) {
if {0.linesVisible) {
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o.hideLines();
o.showlines();
}else if (aliLinesVisible) {
o.showlines{);
}
}
resetView();
// Disable relevant menu option.
gridview.setEnabled{false);
stackView.setEnabled(true);
divideResize.setEnabled(true):
clusteringBased.setEnabled(true);

if (target == stackView) {

// Change general layout manager.
Object3D.layoutMonagerType = Object3D stacktype;
Object3D.fayoutMonager = new StackedLayout();
// Update objects to update positions from new layout manager.
for {Qbject3D o : ideToObject3D.values()) {
o.update();
}
/7 All objects created, create lines.
for (Object3D o : idoToObject3D.values()) {
if {0.linesVisible) {
o.hidelLines(};
a.showlines();
} else if {alilinesVisible) {
o.showlines(};
}
1

resetView();

// Disable relevant menu option.
gridView.setEnabled(true);
stackView.setEnabled(false};
divideResize.setEnableditrue);
clusteringBased .setEnabled|true);

if (target == divideResize) {

// Change general layout manager.
Object3D.layoutMonogerType = Object3D.rankbased;
Object3D.foyoutManager = new RankBasedLayout();
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// Update ohjects to update positions from new layout manager.

for (Object3D o : idoTaObject3D.values()) {
o.update();
}
// All objects created, create lines.
for (Object3D o : idaTaObject3D.values()) {
if {0.linesVisible) {
o.hidelines();
o.showlines();
} else if (aliLinesVisible) {
o.showlLines();
}
}
resetView();
// Disable relevant menu option.
gridView.setEnabled(true);
stackView.setEnabled(true);
divideResize.setEnabled{false);
clusteringBased.setEnabled(true);
}
if (target == clusteringBased) {
// Change general layout manager.
Object3D.JayautManagerType = Object3D.ciusterbosed;
Object3D.jayautManager = new ClusteringBasedLayout();

// Update objects to update positions from new layout manager.

for {Object3D o : idoToObject3D.values()) {
o.update();
}
/1 All objects created, create lines.
for (Object3D o : idoTaObject3D.values()) {
if {0.linesVisible) {
o.hideLines();
o.showlines();
} else if {alitinesVisible) {
o.showlines();
1
)i
resetView();
// Disable relevant menu option.
gridView.setEnabled(true);
stackView.setEnabled(true);
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divideResize.setE nabled(true);
clusteringBased.setEnabled{false);
}

/.0

* This method aims to reset the View, in case the user wishes to return to

* the default view position.

*/

private void resetView() {
mainTransformGroup.setTransform{new Transform30D());
TransformGroup tg = universe.getViewingPlatform()

.getViewPlatformTransform(};

transform = new Transform3D();
transform.set(65.f, new Vector3f{0.0f, 0.0f, 600.0f));
tg.setTransform{transform};

}
/lt

* This method generates a trace based on the current node which has been
* selected, and a pre-set int representing the direction of the trace.
*/
public void createTrace() {
Object3D tempo = currentRightClickedNode;

Collection<Object3D> ¢ = idoToObject3D.values(};

// Clear the scene graph
tor (Object3D03d : ¢} {
mainTransformGroup.removeChild{o3d.getBranchGroup(});

}

/t

* Signify which object is the root. We need to know this for further
* right click events.

*/

currentRootNode = tempo;

// create tree layout for objects.
if (traceDirection == 0} {
// Create forward trace.
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tempo.createCurrentTree();
tempo.displayObjectLinks();

} else if (traceDirection == 1} {
// Create backward trace
tempo.createCurrentBackLinkTree();
tempo.displayObjectBackLinks();

}

// We only want to highlight the root node.

tempo.highlightCurrentObject();

H

/**
* This method generates new Object3D instances, We expect it to be called

* from the UpdateHandler class when new objects have been generated.
*

* @param ido -

* the |DebugCbject we would like to make an Object3D wrapper
* for,
*/

public void createNew(iDebugObject ido) {

if {idoToObject3D.isEmpty() | | lidoToObject3D.containsKey{ido)) {
Object3D newObj = new Object3D{ido, this);
mainTransformGroup.addChild{newObj.getBranchGroup());
idoToObject3D.put{ido, newOhj);
}
}

/uz

* If the underlying system removes an object, we must remove it from our 3D
* graph.

*

* @param ido -

* The IDebugObject which has been removed.

*/

public void remove(IDebugOhbject ido} {

mainTransformGroup.removeChild{idoToObject3D.get(ido}).getBranchGroup(});
idoTeObject3D.removelido);
}
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/aux

* Dealing with user interaction.

*

* Alt+Left-Click = Reset View.

* Left-Click on Object = Generate name for that object.

* In general view:

* right-click in "space' = Create main menu.

* right-click on object = Create Object menu.

* In Trace view:

* right-click in "space’ = Create trace menu.

* right-click on root = go back to general view.

* right-click on child node = create selected objects trace.
* @parame -

* The MouseEvent received from which we can decipher what action
* must be taken,

*/

public void mouseClicked{MouseEvent e) {

/7 Alt+ Left-Click resets the view.

if (e.isAltDown() && e.getButton(} == MouseEvent. BUTTONI) {
resetView();

}

// Left-Click generates name of object selected.

else If (e.getButton() == MouseEvent. BUTTON1) {

pickCanvas.setShapelocation|e);
// Pick object in that position.
PickResult result = pickCanvas.pickClosest(};
if (result == null) {
// Nothing Picked, do nothing.
}else {

// Get Object selected.
Primitive p = (Primitive) result.getNode(PickResult.PRIMITIVE);

if {p 1= null} {
// Get Object3D wrapper for selected object.
Object3D tempo = tgToObject3D.get{p.getParent());
// Show/hide name object for picked node.
if {Itempo.detailsVisible) {
tempo.showDetails();
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}else {
tempo.hideDetails();
}
}
}

b
// \n general view, right-click generates main menu, or object menu
// dependent on whether object selected or not.
else if {!justSubObjects && e.getButton() == MouseEvent.BUTTON3) {

pickCanvas.setShapelocation(e};
PickResult result = pickCanvas.pickClosest();

if (result == null) {
// Nothing picked, show main menu,
mainMenu.show{e.getComponent{), e.getX(), e.get¥());

lelse {
// Create object menu, for this object, setting current right
// clicked node parameter.
objectMenu.show(e getComponent(}, e.getX(}, e.getY(});
Primitive p = (Primitive) result.getNode{PickResult. PRIMITIVE);
Object3D tempo = tgToObject3D.get(p.getParent());
currentRightClickedNode = tempo;

}

}

// In Trace view, right-click generates trace menu if ‘space’ clicked,

// if root node picked, we return to general view, else we create trace
// for selected object.

else if {justSubObjects && e.getButton(} == MouseEvent.BUTTON3) {

pickCanvas.setShapelocation(e);
PickResult result = pickCanvas.pickClosest{);

if {result == nult) {
// Nothing picked, show trace menu.
subObjectsMenu.show{e.getComponent(}, e.getX(}, e.get¥(});
} else {

Primitive p = (Primitive) result.getNode(PickResult. PRIMITIVE);

if (p !=null) {
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Object3D tempo = tgToObject3D.get{p.getParent(}};

if {tempo == currentRootNode) {
// Go back to general view.
tempo.removeHighlight();
tempo.removeQbjectlinks();
tempo.replaceAllObjects();
resetViewl);
}else {
/*
* In this situation, the user probably want to pick the
* tree corresponding to the clicked on object. We must
* therefore reset the view, and perform the operation
* for the new object.
*/
currentRootNode.removeHighlight();
currentRootNode.removeOhjectLinks();
currentRootNode.replaceAliObjects();

currentRightClickedNode = tempo;

/7 Create trace takes into account the trace direction.
createTrace();

// Centre the root node.

resetViewl);



34
35

package view.interfaces;

import java.util.LinkedList;
import javax.vecmath.Vector3d;
import view.views.Object3D;

/ns

* This class serves as a controller for the positions of each Object3D in the
* system,

*

* @author Darjus Bradbury

*/

public interface LayoutManager3D {

/* *
* Maintained current ranking list, updated each time updateAllPositions is
* called.
*/
public static LinkedLlist<Object3D> currentRanking
= new LinkedList<Qbject3D>{);

/.‘
* ®param o3d -
. the Object3D we want the position of.

* @return A three-dimensional vector representing it's position.
*/
public Vector3d getPosition(Object3D 03d);

/*t
* This method tells the Layout Manager to reconsider its position values.
* We call this method when the underlying model changes.
*/
public void updateAllPositions();
}
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/‘ L

* The Gridlayout Class:

* This class aims to maintain a grid of 3D vector

* positions. New positions are created as new objects are passed into the
* model.

*

* @author Darius Bradbury.

* o
r— —_—

public class GHGEIYOUE

implements LayoutManager3D {

// Storage of Object3D to position vectors.

private HashMap<Qbject3D, Vector3d> o3dvectorMap;
// Current position in the grid.

private Vector3d curPos;

/1*

* Instantiate object, and set initial grid position.

*f

public GridLayout() {
o03dvectorMap = new HashMap<Object3D, Vector3dd>(};
curPos = new Vector3d(-50, 30, 0);

}
/tt

* This method creates a new 3D vector for the given Object3D object.
*

* @param o3d -

* Object wanting new grid position.

* @return - Vector corresponding to that Object3D's position.

*/

private Vector3d createNewPosition{Object3D 03d) {

// Make sure we haven't gone past the screens width.
if (curPos.getX() > {(View3D f.getBounds() height *
View3D.wideScreenRatio) / 10) {
/{ \f gone past screen width, drop down 2 line, and go back to
/{ initial X-axis position.
curPos.setX({-50);
curPos.set¥(curPos.getY() - 25);
}

/{ Generate a new vector for current position.

vector3d thisVec = new Vector3d{curPos);
/{ Mave vector along.
curPos.setX(curPos.getX() + 25);

/{ Place this vector into the map.
o3dVectorMap.put{o3d, thisVec):

// Return newly generated vector.

return thisVec;

}
/!t

* This is a public method designed to return the position of the given
* Object3D. If it's never been seen, create a new one, else pass on old
* position.

*

* @param 03d -

* Object querying for it's position vector.

* @return - 3D Vector representing its position.

*/

public Vector3dd getPosition(Object3D 03d) {

if {o3dVectorMap.isEmpty(} |} 'o3dVectorMap.containsKey(o3d}) {
// Never seen this Object3D, thus create new position.
return new Vector3d(createNewPosition{o3d));

}else {
// Seen this Object3D before, return it's position vector.
Vector3d pos = 03dVectorMap.get{o3d);
return new Vector3d({pos);

}

1

/tt

* This is a required method for all subclasses of the LayoutManager class.
* We require it te maintain the ranking of the objects when called, this

* allows for proper resizing of the objects when the underlying state

* changes.

*

*/

public void updateAllPositions() {

// First extract all the Object3D objects stifl in our system.

Collection<Object3D> totallistOfObjects = View3D.idoToObject3D.values();



LinkedList<Object3D> totalRankedListOfObjects = new LinkedUist<Object30>(
totallistOfObjects);

/7 Sort the collection based on rank
Collections.sort{totalRankedList OfObjects, new Comparator<Qbject3D>{) {
public int compare{Object3D arg0, Object3D argi) {
double diff = argD.ido.getPageRank() - argl.ido.getPageRank();
if (diff > 0} {
return-1;
} else i {diff <0} {
return 1;
jelse {
return 0;
}
1
ik
// Clear current ranking.
currentRanking.clear();
// Save this total object ranking.
currentRaonking.addall(totalRankedList OfObjects);



/tt
* The RankBasedLayout Class:
* This class performs the Divide and Resize process to distribute the objects,

* providing a layout manager to access the positions for each Object3D ohject.

L]

* @author Darius Bradbury
*/
public class RankBasedLayout implements LayoutManager3D {
// Storage of Object3D to position vectors.
private HashMap<Object3D, Vectorid> o3dVectorMap =
new HashMap<Object3D, Vector3dd>();
// Locally stored ranked list of objects, used to generate positions.
private LinkedList<Dbject3D> totalRankedListOfObjects;
// The radius of the 3D sphere we are to contain our objects within.
private double totalRadius;

’[t*
* We instantiate a new RankBasedLayout manager, update the
* current list of objects, and define the size of the 3D space we are to
* contain our objects within.
*/
publle RankBasedLayout() {
createRankedListOfObjects();
totalRadius = 100;
}

/-¢
* This method creates, or updates, our ranked list of objects. It is called
* each time the underlying state changes, and is used in generating the
* layout.

*f

private void createRankedListOfObjects() {

// First extract all the Object3D objects still in our system.
Collection<Object3D> totallistOf Objects = View3D.idaTaObject3D.values();

totalRankedListOfObjects = new LinkedList<Object3D>({totalListCfObjects);
// Sort the collection based on rank

Coilections.sort{totalRankedListOfObjects, new Comparator<Object3D>() {
public int compare{Object3D arg0, Object3D argl) {

double diff = arg0.ido.getPageRank(} - argl.ido.getPageRank(};
if (diff > 0) {
return-1;
} else if {diff < D) {
return 1;
} else {
return 0;
}
)
HH
// Clear current ranking
currentRanking.clear();
/{ Save this total object ranking.
currentRanking.addAll{totaiRankedListOfObjects);
}

/!*

* Performs a BFS to create all nodes in order of rank. This method is only
* called once, and creates positions for all the objects when called.

*

* @param o3d -

* The Object3D wishing to get it's position vector.

*

private Vector3d createNewPosition(Object3D 03d) {

// Create all pasitions.
createPositions{new Vector3d{0, 0, 0), totalRadius, 6,
totalRankedListOfObjects});
// Return position for given Object3D.
return o3dvectorMap.get{o3d);
}

f'.‘
* This method updates our ranked list of objects, and then creates the
* positions for all Object3D objects based on our new ranking.
*/
public void updateAllPositions() {
/{ Create Ranking.
createRankedListOfObjects();
// Create Positions.
createPositions{new Vector3d(0, 0, 0}, totalRadius, b,
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}
/t

* (non-lavadoc)

.

* @see view.interfaces.LayautManager3D#getPosition(view.views.Object 3D)
*/

public Vector3d getPosition(Object30 03d) {

if {o3dVectorMap.isEmpty{)) {
// If map empty, create ranked list, and a!l positions.
createRankedListOfObjects();
Vector3d vad = createNewPosition(o3d);
return v3d;

} else if (!o3dVectorMap.containsKey(o3d)) {
// If map non-empty, but doesn't contain given Object3D, clear the
// mapping, recreate our ranked list, and recreate alll positigns.
o3dVectarMap.clear();
createRankedListOfObjects();
return createNewPosition{o3d);

} else {
// Position in map, just return it.
return o3dVectorMap.get{o3d);

1

}

/1!1!

* This method takes the root position for this rankBased Layout, the root
* object, the radius of the sphere within it must work, and the direction
* from which it was generated.

*

* 0 means it cam from -inf(x)

* 1 means it came from +inf(x)

* 2 means it came from -inf{y}

* 3 means it came from +inf{y)

* 4 means it came from -inf(z)

* 5 means it came from +inf(z)

* 6 means it's the root, and can go out in all directions.

*

* |t then creates positions for each of the positions in the given list.
L
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* @param root -

* Our root position, the starting point for space generation.
* @param radius -

* Radius of the sphere of 3D Space allotted for our objects.
* @param cameFrom -

* Direction carne from relative to parent Object3D.

* @param rankedListOfObjects -

* The Object3Ds to distribute in this space.

*/

private void createPositions(Vector3d root, double radius, int cameFrom,

LinkedList<Object30> rankedListOfObjects) {

// Ascertain the number of objects we must distribute.
int numberOfOBjects = rankedListOfObjects. sizel);

// Place root node in position.
Object3D rootNode = rankedListOfObjects.remaveFirst();
o3dVectorMap.put{rootNode, root);

// Once placed, add to totalSeen set, so it is no longer considered by
// sub-groups.
totalSeen.add{rootNode};

// Create list of lists representing groups of objects.
// Do NOT destroy rankedListOfObjecis.
LinkedList<LinkedList<Object3D>> groups = getGroups{rankedListOfObjects);

// Create sub-lists - we want to keep similar objects tagether.
LinkedList<Object 30> lI0 = new LinkedList<Object3D>();
LinkedList<Object3D> Il1 = new LinkedList<Qbject3D>();
LinkedList<Object3D> li2 = new LinkedList<Qbject3D>(};
LinkedList<Object3D> 13 = new LinkedList<Object3D>();
LinkedList<Object3D> 114 = new LinkedList<Qbject3D>();
LinkedList<Object3D> [I5 = new LinkedList<Qbject3D>(});

// Start fram last direction used. This means we get a more even

// distribution of directions within our space.

// We could use a random number for even distribution, but we want our
// visualisations to be the same each time.

int i = directioni;

// Add groups of nodes at a time, as each group represents similar
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I11.add(rankedListOfObjects.removeFirst(}};
break;
case 2;
i++;
if (cameFrom == 2} {
break;
}
[12.add(rankedListOfObjects. removeFirst(}};
break;
case 3:
i++;
if (cameFrom == 3} {
break;
)
[13.add(rankedList GfObjects.removeFirst(});
break;
case 4:
i+
if (cameFrom == 4} {
break;
}
[14.add{rankedListCfObjects.removeFirst(});
break;
case 5:
i=0;
if (cameFrom == 5 {
break;
}
lI5.add{rankedListOfObjects.removeFirst(});
break;
}
}

ft

* Create positions far the sub-lists, each time halving their space,

* and repositioning their root. We do this in order to ensure that each
* sub-space doesn't "grow" towards it's parent node.

*/

if (cameFrom = 0 && NI0.isEmpty])) {
createPositions{new Vectordd{root.getX(} - radius, root.getY(},
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root.getZ()), radius / 2, 1, 110);
}
if (cameFrom !=1 && NlL.isEmpty()} {
createPositions{new Vector3d(root.getX() + radius, root.getY{(),
root.get()), radius / 2, 0, 111);
}
if (cameFrom 1= 2 && !l12.isEmpty()) {
createPositions(new Vector3d{root.getX(), root.get¥() - radius,
root.getZ(})), radius / 2, 3, 112);
}
if (cameFrom = 3 && !I13.isEmpty(}} {
createPositions{new Vector3d{root.getX{), root.get¥() + radius,
root.getZ({}), radius / 2, 2, 13};
}
if (cameFrom = 4 && Vl4.isEmpty{}} {
createPositions{new Vector3d(root.getX{), root.getY(}, root.getZ()
- radius), radius / 2, 5, [14);
}
if {cameFrom != 5 && NIS.isEmpty(}} {
createPositions{new Vector3d{root.getX(}, root.get¥(), root.getZ()
+ radius), radius / 2, 4, lIS);
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/t‘

* The ClusteringBasedlLayout Class:

* This class performs a clustering algorithm

* to distribute the objects, providing a layout manager to access the positions
* for each Object3D object.

*

* @author Darius Bradbury

*/

public class ClusteringBasedLayout implements LayoutManager3D {

// Storage of Object3D to position vectors.
private HashMap<Object3D, Vector3d> o3dVectorMap =

new HashMap<Object3D, Vector3d>();
// Ourlocal ranked list of objects, used in creating positions.
publi¢ LinkedList<Object3D> totalRankedListOf Objects;
private HashSet<Object3D> totalSeen; // Maintains placed objects.
private double totalRadius; // Size of space we initially work with.
private int directioni = Q; // Direction we grow into.

/’lt
* We instantiate a new ClusteringBasedLayout manager, update the current
* list of objects, and define the size of the 3D space we are to contain
* pur abjects within.
*/
public ClusteringBasedLayout(} {
createRankedListQfObjects();
totalRadius = 100;
// Create seen object list.
totalSeen = new HashSet<Dbject3Dx{);

}

private void createRankedListOfObjects() {

// First extract all the Object3D objects still in our system.
Collection<Object3D> totalListOfObjects = View3D.idoToObject3D values();

totalRankedListOfObjects = new LinkedList<Object3D>{totalListOi0Objects);
// Sort the collection based on rank

Collections.sort{totalRankedListOfObjects, new Comparator<Object3D>{) {
public int compare{Object3D arg0, Object3D argl) {

double diff = arg0.ido.getPageRank() - argl.ido.getPageRank();

if (diff > 0) {
return -1;
} else if (diff < 0) {
return 1;
}else{
return 0;
}
}
)
// Clear current ranking
currentRanking .clear();
// Save this total object ranking.
currentRanking.addAll{totalRankedListOfObjects);
]

/tt
* Performs a BFS to create all nodes in order of RANK
*/
private Vector3d createNewPosition(Object3D 03d) {

createPositions(new Vector3d(0, 0, 0}, totalRadius, 6,
totalRankedListOfObjects);
return o3dVectorMap.get{o3d);
}

/t
* {non-lavadoc)

*

* @see view.interfaces.LayoutManager3DHupdateAllPositions{)
E ]
/
public void updateAliPositions() {
// Reset parameters.
directioni=Q;
totalSeen.clear();
o3dVectorMap.clear();
// Recreate local ranked list.
createRankedListOfObjects();
// Create new positions.
createPositions(new Vector3d(Q, 0, 0}, totalRadius, &,
totalRankedListOfObjects);
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totalRankedListOfObjects);
}

/*

* (non-Javadoc)

* @see view.interfaces.LayoutManager3DigetPosition(view.views.Object3D)
*/

public Vectordd getPosition(Object3D 03d) {

if (o3dVectorMap.iskmpty(}} {
// If map empty, create ranked list, and all positions.
createRankedListOfObjects{);
Vector3d v3d = createNewPosition{o3d);
return v3d;

} else if (lo3dVectorMap.containsKey{o3d)) {
// If map non-empty, but doesn't contain given Object3D, clear the
// mapping, recreate our ranked list, and recreate alll positions.
o3dVectorMap.clear();
createRankedListOfObjects();
return createNewPosition{o3d);

}else {
// Position in map, just return it,
return o3dvectorMap.get{o3d);

1

1

/**
* This method creates the vector positions for the given Object3D's.

* The came from location tells us the location of this sub-space, relative
*toits parent’s space:

-

* 0 means it came from -inf(x)

* 1 means it came from +inf(x)

* 2 means it came from -inf(y)

* 3 means it came from +inf{y}

* 4 means it came from -inf(z)

* 5 means it came from +inf(z)

* 6 meansit's the root, and can go out in all directions.

*

* @param root -

* Our root position, and centroid of space for given Object3D's.
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* @param radius -

* Radius of the sphere of 3D Space allotted for our ohjects.

* @param cameFrom -

* Direction came from relative to parent Object3D.

* @param rankedListOfObjects -

* The Object3Ds to distribute in this space.

*

/

private void createPositions{Vector3d root, double radius, int cameFram,

LinkedList<Object3D> rankedListOfObjects) {

// Place root node in position.
o3dVectorMap.put{rankedListOfObjects.removefirst{), root);

// Create sub-[ists.

LinkedList<Object3D> ll0 = new LinkedList<Object3D>{);
LinkedList<Object3D> 11 = new LinkedList<Object3D>();
LinkedList<Object30> 112 = new LinkedList<Object3D>();
LinkedList<Object3D> 113 = new LinkedList<Object3D>();
LinkedList<Object3D> 114 = new LinkedList<Qbject3D>();

LinkedList<Object3D> IIS = new LinkedList<Object3D>();

/$
* Divide List up into 5 or & depending on cameFrom location We evenly
* distribute our Object3D's over the lists and ensure that each list
* preserves its rank order.
*
inti=Q;
while {IrankedListOfObjects.isEmpty(}) {
switch {i) {
case O:
i++;
if ([cameFrom == 0} {
break;
}
[10.add[rankedListOfObjects. removeFirst());
break;
case 1:
i++;
if (cameFrom == 1} {
break;

}



165 // ohjects. . 206 break;

166 while (lgroups.isEmpty()) { 207 }

167 switch (i) { 208 115, addAll{groups.removeFirst{)):

168 case 0: 209 break;

169 4+ 210 }

170 if (cameFrom == 0) { 211 }

171 break; 212 directioni = i;

172 } 213

173 [10.addAll{groups.removeFirst()); 214 7*

174 break; 215 * Here we distribute the objects based on how many we are dealing with.
175 case 1: 216 * If we have over 50, we "grow" our graph, such that, we move outside
176 4+ 217 * of our given bounds, however, we only grow "outwards", not towards
177 if (cameFrom == 1} { 218 * our parent node. Otherwise, we stick to the space we have, and
178 break; 219 * generate this space as in the Divide and Resize algorithm.

179 } 220 *f

180 [11.addAllgroups.removeFirst({)}; 221 if (numberOfOBjects > 50} {

181 break; 222 // Check positions are free, if not, put into guaranteed free

182 case 2 223 // direction

183 4 224

184 if (cameFrom == 2} { 225 // Set toPosition to represent moving in the negative X-axis

185 break; 226 // direction.

186 } 227 Vector3d toPosition = new Vector3d(root.getX() - radius, root
187 12.addAll{(groups.removeFirst(}); 228 .getY(}, root.getZ(});

188 break; 229 // Check no node already exists there.

189 case 3: 230 if (03dVectorMap.containsValue(toPosition)) {

190 4+ 231 // If node exists, pass these elements to a different direction
191 if (cameFrom == 3) { 232 // list.

192 break; 233 [11.addAlI{I10);

193 } 234 [10.clear();

194 113.addAll{groups.removeFirst{}}; 235 }

195 break; 236 // Set toPosition to represent moving in the positive X-axis

196 case 4: 237 // direction,

197 i++; 238 toPosition = new Vector3d{root.getX() + radius, root.getY(), root
198 if (cameFrom == 4) { 239 .getZ());

199 break; 240 if (03dVectorMap.containsValue(toPosition)) {

200 } 241 112.addAl{li1);

201 114.addAll{groups.removeFirst(}}; 242 l11.clear();

202 break; 243 }

203 case 5: 244 // Set toPosition to represent moving in the negative Y-axis

204 i=0; 245 // direction.

205 if (cameFrom == 5) { 246 toPosition = new Vector3d(root.getX(), root.getY() - radius, root
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-getZ());
if (o3dVectorMap.containsValue(toPosition)) {
l13.addAll{li2);
12 clear();
}
// 5et tePosition to represent moving in the positive Y-axis
// direction.
toPosition = new Vector3id{root.getX(}, root.getY() + radius, root
-getZ());
if (o3dVectorMap.containsValue{toPosition)) {
114 addAll{lI3);
[13.cleart);
}
// Set toPosition to represent moving in the negative Z-axis
// directian.
toPosition = new Vectordd(root.getX(), root.getY(), root.getZ()
- radius);
if {o3dVectorMap.containsvalue{toPosition)) {
115.addAll{l14);
[14.clear();
}
// Set toPosition to represent moving in the positive Z-axis
// direction.
toPosition = new Vector3d{root.getX(}, root.getY(}, root.getZ(}
+ radius);
if (p3dVectorMap.containsValue(toPosition}) {
// If we find positive Z-axis contains a node, we put nodes into
// puaranteed free direction.
// Namely, away from our cameFrom location!
if (cameFrom == 0} {
111.addAll{lI5);
}
if {cameFrom == 1) {
1i0.addAdl{li5};
}
if (cameFrom == 2} {
113.addAll{l15):
}
if (cameFrom == 3) {
l12.addAlN5);
1
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]

if {cameFrom == 5} {
14, addAll{lI5);
}
}

/*
* We now create the positions by iteratively calling this method
* again. However, not that we don't change the radius size, and we
* move along by the whole radius size.
*/
if (cameFrom t= 0 && NI0.isEmpty()) {
toPosition = new Vector3d(root.getX() - radius, root.getY(),
root.getZ(});
createPositions({toPosition, radius, 1, 10);
}
if {cameFrom 1= 1 && VI1.isEmpty(}) {
toPosition = new Vector3d(root.getX() + radius, root.getY(),
root.getZ());
createPositions{toPosition, radius, 0, l11);
}
if {cameFrom 1= 2 && N2.isEmpty(}) {
toPosition = new Vector3d{root.getX(}, root.getY() - radius,
root.get2(});
createPositions{toPosition, radius, 3, 112);
}
if (cameFrom 1= 3 && [3.isEmpty(}) {
toPosition = new Vector3d(root.getX(}, root.gety(} + radius,
root.getZ()):
createPositions{toPosition, radius, 2, l13);
}
if (cameFrom |= 4 8& lI4.isEmpty(}) {
toPosition = new Vector3d(root.getX(), root.getY{), root.getZ()
- radius);
createPositions({toPosition, radius, 5, [14};
}
if (cameFrom != 5 && HIS.isEmpty(}} {
toPosition = new Vector3d(root.getX{}, root.getY{}, root.getZ()
+ radius);
createPasitions{toPosition, radius, 4, li5);

}



329 /* 370 }

330 * |f we have under 50 objects to place in our given space then we 371

331 * perform the normal Divide and Resize algorithm. 372

332 */ 373 * We calculate groups based on cantexts. We remove all nodes aiready placed
333 else { 374 * in graph from context, and thus group or cluster these elements based on
334 // Direction to mave root for current sub-object list. 375 * |links without the parent node, and hence, all links reachable from it,
335 Vectar3d toPaosition; 376 * but not from within the group members directly. In other words, the
336 377 * context of a node is all the nodes it can reach, without going through
337 // Note that we half the radius given to our sub objects list in 378 * the abjects already placed in the graph.

338 // this instance. 379 *

339 1 (cameFrom |= 0 && N0.isEmpty()) { 380 * |n this way, we split the graph into it's sub-graphs.

340 toPosition = new Vectordd(root.getX(} - radius, root.getY{), 381 *

341 root.getZ(})); 382 * @param rankedListOfObjects -

342 createPositions({toPosition, radius / 2, 1, 110); 383 * objects in this part of the 3D graph.

343 ) 384 * @return List of related groups.

344 if (cameFrom = 1 && W LisEmpty()) { 385 */

345 toPaosition = new Vector3d(root.getX{) + radius, root.getY(), 386  private LinkedList<LinkedList<Object30>> getGroups{

346 root.getZ()); 387 LinkedList<Object3D> inputList) {

347 createPositions(toPosition, radius / 2, 0, I11); 388

348 ] 389 // Set our seen set, to all the objects PLACED in the map.

349 if (cameFrom 1= 2 && W2.isErmpty()) { 390 HashSet<Object3D> seen = new HashSet<Object3D>{totalSeen);

350 toPosition = new Vector3dd(root.getX{), root.getY(} - radius, 391

351 root.getZ()); 392 // Create ranked list of objects based on input set (which is already in
352 createPositions{toPosition, radius / 2, 3, 112); 393 // order.)

353 } 394 LinkedList<Object3D> rankedListOfObjects = new LinkedList<Object3D>{
354 if (cameFrom i= 3 && I3.isEmpty{}) { 395 inputList);

355 toPosition = new Vector3d(root.getX(), root.getY() + radius, 396 // Create list of lists.

356 root.getZ(})}; 397 LinkedList<Linkedlist<Object3D>> groups = new

357 createPositions(toPosition, radius / 2, 2, 113); 398 LinkedList<LinkedList<Object3D>>{};

358 } 399

359 if (cameFrom = 4 &8 1I4.isEmptyl)) { 400 for (Object3D o3d : rankedListOfObjects) {

360 toPosition = new Vector3diroot.getX(}, root.get¥(), root.getZ(} 401 // We only want to create new groups for UNSEEN obiects.

361 - radius); 402 if (lseen.contains{o3d)} {

362 createPositions{toPosition, radius / 2, 5, 114); 403 LinkedList<Object3D> group = new LinkedList<Object3D>{);

363 ) 404 // Add to seen list, as we don't want to pass through this node
364 if {cameFrom != 5 && I5.isEmpty()) { 405 // again.

365 toPosition = new Vector3d{root.getX(), root.getY{}, root.getZ(} 406 seen.add(o3d);

3166 + radius); 407 // Add to current group.

367 createPositions(toPosition, radius / 2, 4, 1I5); 408 group.add{o3d);

368 } 409

369 } 410 // We then find related items to this 03d, and place into this
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// list.
LinkedList<Object3D> contextList = new LinkedList<Object30>();

try {
// Look at forward links.
for {Entry<IDebugObject, IVariable> variableLink : 03d.ido
.objectLinks(}.entrySet()) {
Object3D forwardLinkObject = View30.idoToObject3D
get{variableLink.getKey(}};
if (seen.contains(forwardLinkObject}) {
// Unseen node, so add to current context,
// overall group, and seen list.
contextlist.add(forwardLinkQbject);
seen.add{forwardLinkQbject);
group.add(forwardLinkObject);
}
}
// Look at backward links.
for (Entry<iDebugObject, IVaniable> variablelink : o3d.ido
.backLinks().entrySet(}} {
Object3D backwardLinkObject = View3D.ideToObject3D
.get(variableLink.getKey(});
if (1seen. contains{backwardLinkObject)} {
// Unseen node, so add to current context,
// overall group, and seen list.
contextList.add{backwardLinkQbject);
seen.add(backwardLinkObject);
group.add(backwardLinkObject);
}

}
} catch (NullLinkException €] {

e.printStackTrace();
}

// Now iterate through this objects context nodes.
while (!contextLlist.isEmpty()) {
Object3D newContextObject = contextList.remove();
try {
// Yook at forward links.
for (Entry<IDebugObject, IVariable> variableLink :
newContextObject.ido.objectLinks().entrySet(}) {
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Object3D forwardLinkQbject = View3D.idoToObject3D
.get{variableLink.getKey()};
if (!seen.contains{forwardLinkObject)) {
// Add to current context.
contextlist.add(forwardLinkObject);
// Add to seen nodes.
seen.add(forwardLinkObject);
// Add to current group.
group.add{forwardLinkQbject);
}
}
// look at backward links.
for {Entry<IDebugObject, [Variable> variablelink :
newContextObject.ido.backLinks() entrySet()) {
Cbject3D backwardLinkObject = View3D.idoToObject3D
.get{variableLink getKey());
if (Iseen.contains(backwardLinkObject}) {
// Add to current context.
contextlist.add{backwardLinkQbject);
// Add to seen nodes.
seen.add{backwardLinkObject);
// Add to current group.
group.add{backwardLinkObject);
}
}
} catch (NullLinkException e) {
e.printStackTrace{);
}
1

// Sort our new group list based on importance.

Collections.sort{group, new Comparator<Object3D>{) {
public int compare(Object3D arg0, Object3D argl) {
double diff = arg0.ido.getPageRank()
- argl.ido.getPageRank();

if (diff > 0) {

return -1;
} else if {diff < 0) {

return 1;
}else {



493 return 0;
494 }

495 }

496 W

497 // Add this group to our overall set of groups.
498 groups.add(group);
499 }

500 }

501 return groups;

502 }

503

504 }

505



/o 42 ¥/

* The Treelayout Class: 43 public Vector3d createNewPosition(Object30 o3d) throws NullLinkException {
* This class controls the pesitioning of the all the 44
* objects in a forward trace, given a roct node. It performs a Breadth-First 45 // Create fresh list of seen nodes.

* sparch ta do this. 46 seenlist = new LinkedList<IDebugObject>(};

. 47 // Create fresh map of sub-tree sizes;

* @author Darius Bradbury 48 sizeMap = new HashMap<IDebugObject, Integer>(};

*/ 49 // Calculate the size of this IDebugOhbjects sub-tree, and all the

Lo~V hwWwMnRE

* due to the IDebugObject's link extraction method.

public class TreelLayoutC implements LayoutManager3D { 50 // |DebugObjects within that sub-tree.
51 getSize{o3d.ido);
// \DebugObject to Position Vector mapping. 52 // Create root position, place given node in roct position.
private HashMap<IDebugObject, Vector3d> idoVectorMap; 53 Vector3d thisVec = new Vector3d(rootPos);
// Pasition of the root. 54 idoVectorMap.put{o3d.ido, thisVec);
public Vector3d rootPos; 5%
// Current position in the tree. 56 // Create all the nodes, and leaves.
public Vector3d curPos; 57
// List of seen objects, to cope with loops. 58 // Forward links container mapping.
Linkedlist<tDebugObject> seenList; 59 Map<IDebugObject, Variable> linklist;
// Map of 1DebugObjects to their sub-tree size. 60 // Put objects AND primitives.
private HashMap<IDebugObject, Integer> sizeMap; 61 linklist = o3d.ido.objectLinks{};
62
J** 63 // List of link entries.
* Creates a new Tree Layout Manager, resetting the roct and current 64 LinkedList<Entry<IDebugObject, IVariable>> children =
* position vectors. 65 new LinkedList<Entry<lDebugObject, IVariable>>(};
*/ 66 // Seen list for this pass.
public TreeLlayoutCl) { 67 LinkedList<IDebugObject> seen = new LinkedList<|DebugObject>{);
idoVectorMap = new HashMap<IDebugObject, Vector3d>(); 68 // Add root node to seen list.
rootPos = new Vector3d(Q, 30, 0}; 69 seen.add({o3d.ido);
curPos = new Vector3dd(0, 30, 0); 70
1 71 // lterate through each IDebugCbject our root points to.
72 for (Entry<IDebugObject, IVariable> ido : linklist.entrySet{)) {
Jr* 73 if (!seen,contains(ido.getKey())) {
* This method creates a new position for the given Object3D object, in 74 // 1f not in seen list, add to seen list, add to children.
* doing so, it creates positions for all Object3D's in its forward trace 75 children.add(ido);
* subtree, and sets the given node as the root. 76 seen.add(ido.getKey(});
* 77 }
* @param o3d - 78 }
* Object3D not in map, thus needing its position. 79
* @return 3D Vector representing Object3D's position. 80 // Create List of lists representing levels of the tree.
* @throws NulllinkException 81 LinkedList<LinkedList<IDebugObject>> levelsOfChildren = new

82 LinkedList<LinkedList<|DebugObject>>();



83 // Create temporary list containing working level. 124

84 LinkedList<IDebugObject> thisLevel = new LinkedList<IDebugObject>(); 125 /{ Now create positions from this list of levels.
85 // indicator for level change. 126 /{ Iterating through each level, until leaves have been reached.
86 int levelindicator = children.size(); 127 // In other words, we place nodes, on a level-at-a-time basis.
87 128 while {llevelsOfChildren.isEmpty()} {
88 /* 129
89 * Here we create a list of lists containing the objects of each level. 130 // New level, so we drop down a level in our 3D space.
Q0 * In other words, we are creating a list of the levels by performing a 131 curPos.setY(curPos.getY() - 25);
91 * BFS, once all nodes in a level have been consumed, we generate a new 132
92 * list. 133 // Take current level from list of levels.
93 xf 134 LinkedList<IDebugObject> currentLevel = levelsOfChildren,remove();
94 while (!children.isEmpty()) { 135
a5 if {levellndicator == 0} { 136 /* Calculate space required */
96 // We know we have come to the end of this level, must create a 137 int currentLevelSize = 0;
97 // new one, 138 // Level size determined by the sum of the size of each child.
98 levellndicator = children.size(}; 139 for (IDebugObject i : currentLevel) {
Q9 levelsOfChildren,add(thisLevel); 140 currentlevelSize += getSizeli);
100 // Create new working list for new level, 141 }
101 thisLeve! = new LinkedList<IDebugObject>{); 142
102 } 143 // Move horizontal position all the way to the left.
103 144 curPos.setX(rootPos.getX() - ({currentLevelSize * 25) / 2));
104 // lock at current child from list, ie. BFS. 145
105 IDebugObject curcChild = children.removeFirst{).getKey(); 146 // lterate through children, and place them.
106 147 while {lcurrentlevel.isEmpty{}) {
107 // Iterate through child's forward links. 148 // Get child.
108 for (Entry<IDebugObject, Wariable> variablelink : curChild 149 IDebugObject currentObj = currentLevel.removeFirst();
109 .objectLinks{}.entrySet()} { 150 // get child’s size.
110 if (Iseen.contains{variableLink.getKey(}}) { 151 int currentObjSize = getSize(currentObj);
111 children.add(variableLink); 152 // Move position in refation to the child's size, such that
112 seen.add{variableLink. getKey()}; 153 // allits children will fit underneath it.
113 } 154 curPos.setX{{currentObjSize * 25} / 2 + curPos.getX(});
114 } 155 // Place object.
115 156 idoVectorMap.put{currentObj, new Vector3d{curPos));
116 // Add current child node to leve! list. 157 // As object placed in the middle of this space, move over to
117 thisLevel.add{curChild); 158 // the edge, such that a new object can be placed.
118 // Decrement level counter, so we know when level has finished. 159 curPos.setX{(currentObjSize * 25) / 2 + curPos.getX());
119 levellndicator—-; 160 }
120 } 161 }
121 162 // Return root position.
122 // Add final level to overall levels. 163 return idoVectorMap.get{o3d.ido});

123 levelsOfChildren.add(thisLevel); 164 )
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/t

* {non-Javadoc)

* @see view.interfaces.LayoutManager3D#getPosition(view.views.Chject3D)
*/

public Vector3d getPosition{Object3D 03d) {

if (idoVectorMap.isEmpty{) | | lidoVectorMap.containsKey{o3d.ido}) {
// Need to create the tree with this Object3D as the root.
try {
// Thus create tree with 03d as root.
return new Vector3d{createNewPosition(03d));
} catch (NullLinkException e} {
throw new RuntimeException(e);
}
Yelse {
// Object3D already in tree, thus, just return its position.
Vector3d pos = idovectorMap .get{o3d.ido);
return new Vector3d{pos);
}
}

/l
* This method returns the number of leaves in the object finks tree. The
* Size Map should be cleared at each iteration of the program, this is so
* that new sizes can be updated when they change.
*/
public int getSize{|DebugObject ido) throws NullLinkException {
// |f size already calculated, thus in size mapping, return entry.
if (IsizeMap.isEmpty()] {
if (sizeMap.containsKey(ido)) {
return sizeMap.get{ido};
} else {
throw new RuntimeException(
"SYSTEM CALLED FOR GETSIZE ON AN UNKNOWN ELEMENT.");
}
}
// If size mapping yet to be created, and given IDebugObject has some
// forward links, perform single pass through objects, calculating
// sizes as we go.
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else if {ido.objectLinks().size() > 0} {

// Create list of IDebugObject and their ancestars in the tree.
LinkedList<idoAncestorsListPair> list =
new LinkedList<idoAncestorsListPair>();
// Add root node to the seenlist.
seenList.add(ido);

// iterate through the forward links of this IDebugObject, creating
// \DebugObject, ancestor pairings as we go.
for (Entry<IDebugObject, IVariable> variableLink - ido
.objectLinkst).entrySet(}) {
if (IseenList.contains(variableLink.getKey())} {

idoAncestorsListPair idoAncestorsPair = new idoAncestorsListPair(

variableLink getKey(}};
// root is parent, so add to ancestor list.
idoAncestorsPair.addAncestor{ido);
// Add to overall BFS search list.
list.add(idoAncestorsPair);
// Add to list of seen nodes, maintaining BFS search pattern.
seenlList.add(variableLink.getKey{));
}
}

// Caleulate how many elements are below root.

// Iterate through list of children.
while (Uist.isEmpty()} {
// Create clone of our list, to allow it to be destroyed.
LinkedList<idoAncestorsListPair> templist =
{LinkedList<idoAncestorsListPair>} list.clone();
// clear current list.
list.clear();
// Iterate through each child node in the original list.
for {idoAncestorsListPair i : templist) {
int childrenCount = 0;
// Iterate through that child's forward links.
far {IDebugObject newi : i.getlDO{).objectLinks().keySet()} {
// List added with new objects
// While loop continues until all objects
// iterated through.
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if (Iseenlist.contains{newi}} {
// increment number of children counter.
childrenCount++;
idoAncestorsListPair idoAncestorsPair = new idoAncestorsListPair{

newi);

// Add all current ancestors.
idoAncestorsPair.addAncestors(i.getAncestors());
/{ Add current parent.
idoAncestorsPair.addAncestor(i.getiDO()};
{// Add this node to the "to-be iterated" list.
hst.add(idoAncestorsPair);
/{ Add to list of seen nodes. (Dealing with
/{ backlinks.}
seenlist,add(newi);

}

}

/*
*If node has no children, we know it's a leaf! Crucially,
* we can now look at all its ancestors, and increase their
* size. As we do this for all leaves, we know each node in
* the tree will have a size depending on the number of LEAF
* nodes in its sub-tree,
*/
if {childrenCount == 0} {
// New node, so put straight into map.
sizeMap.put(i.getIDOI), 1);
// We then increment the size of EVERY ancestor.
for (IDebugObject ancestor : i.getAncestors()) {
if (sizeMap.containsKey(ancestor)} {
int curSize = sizeMap.get{ancestor);
sizeMap.put{ancestor, curdize + 1);
Jelse{
sizeMap.put{ancestor, 1);
}
}
}
}
}
// Return size of original IDebugCbject.
return sizeMap.get{ido);
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}else {
// i original IDebugChject is a feaf, size is simply 1.
sizeMap.put{ido, 1);
return 1;
1
}

/*
* {(non-Javadac)
* @see view.interfaces LayoutManager3D#updateAllPositions()
*/
public void updateAllPositions() {
/{ Tree recreated at each step, this is not a general view layout
// manager, so we don't need to imp'ement this method.
// This is a special case for Layout Managers.

)
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/ta
* The idoAncestorListPair class:
* This class allows for the size of a tree to be

* calculated efficiently. It provides a way of storing each node, alongside afl

* of its ancestors.

*

* @author Darius Bradbury.
*
*/
public class idoAncestorsListPair {
// The IDebugObject node.
IDebugObject ido;
// The |DebugObject's ancestors in the tree.
LinkedList<IDebugQObject> ancestors;

/i-

* Instantiates the object, setting the node to the given IDebugObject.

-

* @param ido -
* The node we want to maintain a list of ancestors for.
*f
public idoAncestorsListPair{IDebugObject ido) {
this.ido =ido;
ancestors = new LinkedList<1DebugObject>();

}
/ht

* Add an ancestor to the list.

* @param o3d -

* One of the nodes ancestors.

*f

public void addAncestor{|DebugObject 03d) {
ancestors.add{o3d);

}
/r*

* Add a list of ancestors to the list.

*

* @param ancestorlList -
* list of ancestors to be added.

}

*/
public void addAncestors{LinkedList<IDebugObject> ancestorlList) {
ancestors,addAll{ancestorList);

}

/-H*
* Enable IDebugObject to be retrieved.

*

* @return the IDebugObject node,
*
/
public IDebugObject getIDO() {
return ido;

)

/=
* Returns a list of all the ancestors of this IDebugObject.

*

* @return List of ancestors.

Y/

public LinkedList<IDebugChject> getAncestors() {
return ancestors;

}
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/! -
* The activator class contrals the plug-in life cycle
*/

public class Activator extends AbstractUIPlugin {

/{ The plug-in 1D
public static final String PLUGIN_ID = "View";

/{ The shared instance
private static Activator plugin;

/li *

* The constructor

*/

public Activator() {
plugin = this;

}

/t
* (non-Javadocg)
* @see

org.eclipse.ui.plugin. AbstractUIPluginfstart(org.osgi.framework.BundleContext)

*/

public void start{BundleContext context) throws Exception {

super.start{context);

}
/!

* (ron-Javadocg)
* @see

org.eclipse.ui.piugin.AbstractUIPlugin#stop(org.osgi.framework BundleContext)

*f

public void stop(BundleContext context) throws Exception {

plugin = null;
super.stop({context);

1
/!‘

* Returns the shared instance
-

* @return the shared instance

}

*
public static Activator getDefault() {
return plugin;

}
Ak

* Returns an image descriptor for the image file at the given

* plug-in relative path

*

* @param path the path

* @return the image descriptor

*/

public static ImageDescriptor getimageDescriptor(String path) {
return imageDescriptorFromPlugin(PLUGIN_ID, path):

}



