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Chapter 1

Introduction

1.1 Summary

In this report we aim to give a full explanation of the projects lifecycle, from
the initial design to the implementation of the project.

This report is divided into three main sections. We will first outline the
basic specifications of the application, as well as the advanced features that
were suggested as possible extensions. We then offer an indepth account
of the exact methodology used throughtout the design and implemenetation
process. This descrpition includes Class diagram, and a discussion of the
functionality that all the main classes provide. The third main section will
analyse how successful the project has been, in both meeting the specifi-
cations, and whether there are any areas that could either be improved or
expanded upon.

The Appendices provide full documentation of the project, including ex-
panded Class diagrams, the project log, user documentation and some sam-
ples of code.

1.2 Background

The puzzles the game is based on are a sub-set of sliding block puzzles known
as "Piano Moving” puzzles, so called because the object of the game is to
move a block larger than most of the others across the board. One of the
board designs is in fact a reasonably old puzzle known as 'L’Ane Rouge’(The
Red Donkey). Initially, the specification of the games was to switch the large
piano block with four small blocks on the opposite side of the board, but it
was suggested that this was not in fact feasible, and therefore the winning
criteria are set upon moving only the large block into its target position.



CHAPTER 1. INTRODUCTION



Chapter 2

Specification

2.1 What was asked for?

The goal of this project was to produce an application which would enable
users to play sliding block puzzles. There were a variety of requirements
about exactly what minimal features it should provide, and there were also
suggestions for beneficial extensions to the project. The basic requirements
were:

e Display the puzzle for the user

Allow them to manipulate the puzzle via keyboard or mouse

Prevent the user from making illegal moves

Keep track of the user’s moves

Allow moves to be withdrawn

Allow replays of the game

Create the program in Java
The suggested extensions were:

e Allow the user to design their own puzzles to play
e Enable the program to solve the puzzles itself

e Implement the program as an applet
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2.2 Implementation choices

There were two main choice areas that faced us when beginning to design
this program. First, we needed to decide which of the extensions we were
going to aim for, and secondly, how were we going to implement the user
interface.

Since the project was required to be in Java, there was really a choice of
two graphical toolkits: AWT and Swing. It was decided to use Swing, as it
builds upon AWT, and therefore one can use the features of both.

With the extensions, we decided early on that the AI component was a
priority, and that following that, the board design feature would be next. We
investigated making the program into an Applet, but decided that because
some of the features would have to be removed and it would require diverting
a significant amount of work away from the main project, it was best to leave
the program as a stand-alone Java application.

The final product contains the following features:

e Mouse-driven GUI that allows users to drag blocks around a board

e Undo and redo functions that extend over the whole length of the game
e Scoring and timing of games, and pause ability for games

e Ability to design new games, and save them to disk

e Solve function that operates on all boards, both inbuilt and user-created

It meets all the requirements of the specification, and includes two of the
extensions.
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Methodology

3.1 Overview of implementation

The code is organised into six packages, each representing a major functional
area.

e GUI - the classes in this package provide the interface between the user
and the game.

e Board - provides all the functionality required to load and save puzzles.
Together with the Block package, it encapsulates all the information
required to play a game. It also contains some helper functions for the
AT package.

e Block - encapsulates the behaviour of puzzle pieces and provides some
helper functions for the Al package.

e History - keeps track of the moves made, and permits the undooing
and redoing of moves, and a full replay.

e Common - contains the Move and Direction classes, which are used
throughout the project.

e Al - provides the capability to solve puzzles using a variety of search
algorithms, implemented in both Java and Prolog.
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Figure 3.1: GUI class diagram

3.2 GUI package

3.2.1 GUI class

T

See Panel Structure UML

RightPanel
ButtonPanel
GamePanel

StatusPanel

MessagePanel

The GUI class acts as the main class for the game. As such it extends JFrame

and implements the ActionListener interface. Therefore, it represents the
game window that the game is loaded into, and has references to many other
of the classes used by the game.

The GUI class’ main role is to act as the top-level control structure for
the game. It is therefore a fairly complex class due to the large number of
other objects it has to communicate with. It is also the main listener for any
user actions that occur while the game is being played. Its structure can be

summarised by figure 3.1.
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Figure 3.2: Labelled screenshots

As can be seen from the class diagram, the GUI class has associations
with all of the other main classes. It also has several static members, which
enable the exact state of the game to be monitored. This is necessary because
method calls on the GUI object must have different effects depending on the
state of the game. The following is a summary of the most important methods
within the GUI class.

e The GUI constructor - this method initialises the game panels and the
main data structures. It loads the panels into the main JFrame, and
then loads the current board library. It also initialises the layout of the
game. We have decided to use the built-in GridBagLayout manager,
as it provides the most flexibility for complex GUI structures. The
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GridBag constraints are therefore initialised with the constructor. The
timer object is also created for use in the replay function.

The main method - creates a new GUI object, finalises the display of
the JFrame, and ensure that the game loads in the centre of the user’s
screen by calling the setGamePosition method.

actionPerformed(ActionEvent evt) - this method implements the Ac-
tionListener interface. It listens for any user action and calls the cor-
responding methods that relate to that specific action. For example,
if the user chooses the Design Game option from the menu bar, the
createDesignBoard method will be called.

makeNewGame(Board b) - is called whenever the user chooses to load a
new game from the menu bar. This method provides the general func-
tionality needed to create a new game, such as creating a new History
object, setting the button status, and creating a new ShapePanel.

createDesignBoard(Board b) - is called when the user chooses design
mode. This method creates a new CustomShapePanel object, Design-
Panel object, and a ControlPanel object.

makePause() - is called when the user presses the pause button, or
chooses pause from the menu. The actions resulting from this method
call depend on the state of the game. If the game is in normal mode,
the clock will be paused, and the game will be deactivated so that the
user cannot move any blocks until they unpause the game by pressing
the pause button again. If the game is in replay mode, the replay will
be paused, but the clock will not be. The replay will start again when
the pause button is pressed again.

makeSolve() - is called when the user presses the solve button or choose
solve from the menu. The game will then attempt to solve the board
from its current position by creating a new SolveDialog object, with the
board as its parameter. Once the user has chosen the Al parameters
from the SolveDialog and pressed ‘Solve’, if a valid solution is returned,
the user will be able to replay this solution by pressing the replay
button.

undoMoves(int moves) - this method is called when the user presses
undo or chooses undo from the menu. It has the effect of simply undoing
the number of moves sent to it as a parameter, or all moves if the
parameter is -1, and then displaying each move to the screen.
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e redoMoves(int moves) - same as undoMoves, but will redo any moves
that were previously undone.

e CheckReplayType() - is called when the replay function is chosen. This
method simply provides slightly different replay functions depending on
which kind of replay is being shown i.e. a normal replay which occurs
whilst the game is being played by the user, or a solve replay which
occurs when the game has been solved.

3.2.2 GUIJMenuBar class

The controlling GUIT class contains a reference to an extension of the JMenuBar
class, called GUIJMenuBar. This provides some of the functionality of the

ButtonPanel and enhances the basic in-game options with multiple-move

undo/redo actions, choices for new games and display options. The opera-

tions available from each menu are as follows:

@ Piano ™oving

File | Game | Al Help

Wl : New game ]
e
Design Game
File | Game Al Help =
Restart
Load library -
Undo b
Save library N
Orgeniza lib = O b
rganize libra
Qrg y Replay
Exit
= ¥ Show goal L

Figure 3.3: File menu(left) and game menu (right)

The File menu (figure 3.3) allows the user four basic choices, three of
which provide access to the BoardLibrary object associated with the GUI,
and the fourth exits the program. The library options are:

e Load library: Load the board library from disk. This will restore the
current library to the state that it was in the last time the library was
saved, or the state the library was in when the program was loaded.

e Save library: Save the boards in memory to disk, and update the
recorded list of boards accordingly.



10 CHAPTER 3. METHODOLOGY

e Organise library: This opens a new window, allowing boards in the
library to be deleted or edited.

The Game menu (figure 3.3) provides options to start new games, to
design a new board, common in-game functions such as restart, redo and
undo, and an option to toggle the goal display on and off.

e New game: This pops up a new menu that lists the contents of the
currently active BoardLibrary object. These are user-selectable, and
selecting one halts the current game/custom game and loads the se-
lected board (see figure 3.4, left image)

e Design game: This pops up a menu that offers the choice of creating a
small or large board. Selecting one of these halts the current game in
progress and begins the custom game process with an empty board of
the appropriate size.

e Restart, Undo, Redo, Replay: These options allow the user to perform
basic functions on the game which is being played. The enhancements
here permit multiple undo/redo via a popup menu (see 3.4, right im-

age).

Figure 3.4: Screenshots illustrating the method for selecting new games (left)
and the multiple undo/redo move options(right)

3.2.3 le al an l e al I classes

The Al is activated through the interface provided by displaying a SolveDi-
alog object. This provides a choice between using the Java algorithms or
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Figure 3.5: UML diagram showing the GUI, SolveDialog and helper classes

calling SICStus Prolog to solve the puzzles. When the user clicks on Solve,
an instance of the Al class is created using the information in the dialog box,
and this is passed to a new SolveDialogAl object, which appears on top of
the SolveDialog, allowing the user to cancel the AI before it has completed
its search and returned an AIReturner object.

When the user clicks on the Solve menu option or the Solve button, the
dialog in figure 3.6 appears, offering a choice of generating a Java or Prolog
Al Further options appear depending on the language selected.

Once the language for the AI has been selected, the type of search al-
gorithm is chosen from the JComboBox, and the selection here alters the
parameters that can be sent to the AI. When the desired language, algo-
rithm and parameters have been chosen the board can be solved by clicking
Solve.

This pops up another small window on top of the SolveDialog, which
notifies the user that the Al is running and allow them to interrupt and
destroy the Al before it returns a history. This is useful if the user wishes to
cancel a solve process which is taking longer than expected. The SolveDialog
object creates the SolveDialogAl as a modal dialog, and waits for it to hide
itself before retrieving the AIReturner object the Al has created.
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Figure 3.6: SolveDialogAl

3.2. I n r er class

This class extends the abstract SwingWorker class, which is not part of the
standard Java APIs, but provides a method of allowing a GUI to remain
responsive while running a CPU-intensive task as a background thread. A
Thread is not used directly, since it would be impossible to integrate the
Prolog component of the AI with Threads in a way that would allow the
operation of the method to be cancelled. An instance of the AISwingWorker
class is created with an instantiated AI, and a link to the object that cre-
ates it, in this case a SolveDialogAl object. Once the object is ready, the
start() method in the SwingWorker superclass is called, and this calls the
overridden construct() method in AISwingWorker. The construct() method
is where the CPU-intensive task is executed, for the AISwingWorker we call
the solveBoard() method on the AI. During the execution of this method,
the SolveDialogAl listens for a click on the cancel button, if this occurs then
the AISwingWorker is halted, and a null History object is returned. If the
task runs to completion, then the AISwingWorker passes the non-null History
object to its associated dialog, and disposes of the SolveDialogAl.

3.2. u al class

A minimal class that extends the JDialog class and pops up a window with
showing the game information.

3.2. a ¢ 2 class

This class acts as the timer for the game. It implements the Runnable inter-
face, and has a thread as a private member. The timer is started when the
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user makes their first move in any game, and is stopped when the game is
completed or if the user pauses the game (it will restart when the user un-
pauses the game). The clock is reset to zero every time the game is restarted
or a new game is chosen.

3.2. r an se rar class

When a user has created games and added them to the library, they may wish
to go back and edit those (or other) boards, or to delete unwanted boards
from the library altogether. The File menu option Organise Library allows
the user to do this, by creating an instance of the OrganiseLibrary class.
When this dialog is created, the dialog in figure 3.7 appears.

Figure 3.7: OrganiseLibrary display

3.2. Ga e n al class

This class exists to display a message congratulating the user on completing
the game. An example of the dialog is pictured in figure 3.8.

3.3 anels package

The panels package contains components that are added to the container
classes in the GUI package. This includes JPanels, Shapes, Sliders and
Timers. There follows a description of the purpose and functionality of each
of these classes.
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Figure 3.8: GameWonDialog display

3.3.1 Bu n anel class

The button panel contains the most commonly used functions which include
undo, redo, restart, replay, pause and solve. The original implemention of
the ButtonPanel was to create JButton components from the JSwing library,
arrange them on the button panel and label them with text and imported
icon images to identify them.

However, the aesthetic quality of any game is an important factor in
obtaining a user’s attention since it will be the first thing that a first time
user will notice. Although the original implementation functionally worked
very well it was felt that the visual result was dull and uninspiring.

Hence, it became one of the tasks to improve on the aesthetics of the but-
ton panel along with the other sub-panel components of the GUI. Although,
JButton component classes allowed imported images to be drawn on them,
it was very di cult to change the shape of the buttons.

A more flexible way around this was to actually draw custom made shapes
using graphical drawing primitives onto the ButtonPanel. Each of the dif-
ferent shaped buttons extend an abstract ButtonShape class. They have
their own shape drawing method along with their appropriate mouse cursor
detection method. The ButtonPanel has separate symbol drawing methods
according to the buttons functionality. It implements mouse listening meth-
ods in order to know what button has been selected and subsequently is able
to invoke the appropriate button function and communicate this back to the
GUI object to which it is linked. Further more, the custom button shapes
were designed to imitate common functions of GUI buttons such as change
in colour/shading when pressed, released and disabled. Tool tips, which are
small helpful messages that appear after a short delay when the mouse cursor
is over an object, were also added for usability.
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3.3.2 es n anel class

This class is again initialised when the user choose ‘Design Mode’. It has
been designed to enable the user to choose which shape of block they wish
to add to their custom board. A screen shot can be seen in figure 3.9.

As can be seen from the picture, the user can
choose from the four standard block shapes. When
the user clicks on a particular block, this is set as
the block to be drawn. Therefore, when the user
then clicks on the board space, the selected block is
drawn.

We decided that this functionality would work
better than a simple drag-and-drop method, as it al-
lows the user to draw multiple blocks of the same
type, by simply clicking the mouse.

The class has a paintComponent method, which
draws the images to the panel, and a findShape()
method, which locates which shape the user has clicked
upon.

Figure 3.9: Design
panel

3.3.3 Me al anel class

MetalPanel extends the JPanel class from the javax.swing API. It alters the
paintComponent() method to draw a textured background instead of the
default uniform grey. The screenshots in figure 3.10 illustrate the difference
between the basic JPanel background and the enhanced MetalPanel look.

Figure 3.10: JPanel and MetalPanel comparison

This extension of the default JPanel is a simple method of improving the
look of the entire GUI. The visual impact of the textured background gives
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the program an individual look and feel.

3.3. nr |l anel class

This class is initialised when the user chooses the ‘Design Mode’. It consists
of three JButtons, which provide the user with the following functionality
during the process of game design:

e (Clear - Clears the board display, and the board class, enabling the user
to begin designing a fresh game.

e Target - when pressed, this button changes the game into ‘Target
Mode’, whereby the user can select their target block and drag it into
the goal position.

e Confirm - when pressed, the Al class is sent the board configuration,
and the target/goal information to see if the user defined game is solv-
able. As such, the Solver dialog is loaded enabling the user to choose
the AI parameters they wish to use to solve the puzzle.

The class has accessor methods for the three buttons.

3.3. G al s la anel class

Upon selecting a new game it may not be clear what the intended goal is
from the initial board layout, so to provide this information is vital. The
GoalDisplayPanel allows the GUI to create an animated display to do so, for
any given Board object. This panel is constructed with a single parameter,
the Board object for which it should show the goal. It achieves the ani-
mation by extracting the initial and target positions for the Board object’s
TargetBlock, and animating the movement between the two states. The an-
imation is performed by implementing the Runnable interface, and dividing
the animation into three phases (see also 3.3.5):

1. Slide block from initial position to target position
2. Highlight block with ‘zooming’ rectangle
3. Pause for two seconds whilst in target position

The GoalDisplayPanel object contains methods to activate and deactivate
the display, and a method to alter the goal that the object is displaying. This
allows the creation and re-use of just one GoalDisplayPanel for the duration
of the program.
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Figure 3.11: An example animation for the goal display, showing, left-to-
right, motion from initial to target position

3.3. Messa e anel class

Along with popup dialog boxes, the main means of communication with
the user is to display messages in the panel that lies along the bottom of
the main GUI window. The MessagePanel is the non-intrusive method of
relaying information to the user, it can display any String object in a variety
of ways:

e As a left-justified message that persists until the MessagePanel object
is cleared or another message is written to the MessagePanel.

e As a scroll-on message, which scrolls until it hits the left boundary and
then behaves as a persistent message.

e As a fader message, which appears and either scrolls off the panel after
five seconds (the default setting) or scrolls off after a specified number
of milliseconds.

Figure 3.12: Example of a simple message (top), and a fader mes-
sage(bottom)

The MessagePanel contains two Timer objects, which perform the anima-
tion of the scrolling and sliding messages. When the MessagePanel receives
a call to display a new type of message, it clears the current message, halts
the timers and initialises the new message for display. Once the message is
ready, the appropriate Timer is started. Once the animation is complete the
Timer is stopped.
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3.3. (Ga e anel class

A short class which extends MetalPanel look and feel and sets the foundation
the subclasses PuzzlePanel and ShapePanel.

3.3. u le anel

Another small class of type JPanel which further sets the foundations for
ShapePanel

3.3. a e anel class

The ShapePanel is instantiated with a reference to a board to be played,
a history object for managing moves on the board hence allowing undoing,
redoing and scoring as a board is played. A ShapePanel is also constructed
with reference to the GUI object. This reference allows for GUI controlled
actions to be triggered by actions detected by the ShapePanel.

A ShapePanel object creates RectShape objects representing the blocks
contained in the Board it is instantiated with. These RectShapes are drawn
and the way in which the RectShapes are displayed on the screen is deter-
mined in the paintComponent() method of the object.

The ShapePanel implements the MouseListener interface for the motion
of the displayed RectShapes. It then makes on the board the move of the
block represented by the moved RectShape. The history is updated on the
move made and then queried on the total number of moves made on the
board since the start of play on the board. Using the reference to the GUI
object, the score display is updated. Finally, the RectShape catches the
GameCompleteException that is thrown by the TargetBlock when it reaches
the target position on the board. On catching the GameCompleteException,
the game clock is stopped and the GUI is also notified of the solution of the
board and hence the winning of the game.

In addition to methods for accessing private members of the object, other
functionality provided by the ShapePanel class is as follows:

e A deactivate method for disabling further play of the board by stopping
the object mouse listeners.

e Methods that provide miniaturised images of a board as drawn to the
screen. These images are used for the display of the goal, the target
position of the target block, and also as accents in dialogs used at
different times by the game.
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3.3.1 ec a e class

RectShape objects are constructed by ShapePanel and are controlled by
mouseEvent methods within ShapePanel. The RectShape class contains es-
sential information about the visual characteristics of the blocks on the board
display and also contains methods that control their general movement be-
haviour. The movements must be constrained according to both the board’s
edges and to the other shapes present on the board so that no overlapping
may Occur.

The RectShape class has a draw method that uses the graphical primitives
such as fillRect which paints a rectangle on the display. When painting is
updated, the location of any block is calculated according to the top left co-
ordinate of the RectShape object and the rest of the block is drawn according
to the object’s width, height and colour attributes.

RectShape has an important containsPoint(mouse , mouse ) method
which passes in mouse coordinates as arguments and returns a boolean value.
This returns true if the mouse cursor is within the RectShape.

Since the ShapePanel keeps a  ector of all the blocks that are currently
on the board, it can iterate through the list of shapes on the board when a
mouse event is triggered and call the containsPoint method, passing in the
current mouse co-ordinates as it does so. This allows ShapePanel to know
what shape has been selected. The selected RectShape object may then
have its moveBy(dx, dy) method called which allows the block to be dragged
around freely by the mouse.

However, it is necessary to constrain the shape according to the dimen-
sions of other shapes so that no overlapping may occur and also constrain
the shape within the board arena. The moveBy method contains calls to
various constrain methods belonging to RectShape if any collision is de-
tected. Furthermore, the final resting place of any block is determined by the
snapToGrid() method within RectShape which causes the shape to position
itself in the nearest discrete block area within the arena.

3.3.11 anel class

We have designed the RightPanel class to offer the user the extra controls
that are needed for the advanced features of the game, such as replaying and
designing games. As such, the RightPanel class acts as a container class for
a number of other classes, such as DesignPanel and ControlPanel, which are
activated depending on the state of the game. The screen shot in figure 3.13
shows the RightPanel upon game completion.
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This screen shot displays some of the features of the class. The first
slider control represents the speed of any replay chosen by the user. The
delay varies between 0 and 3 seconds per move replayed, and can be changed
dynamically at any time, during, before or after the replay.

The other slider control loads when the user solves
a game, and enables the user to replay subsections of
the game they have just played. For example, if the
slider is moved towards the start, the ‘Moves 5’ label
will decrease in line with the slider, and if replay is
then pressed, only the number of moves shown will
be replayed. This feature offers the user a greater
deal of flexibility when studying how each game was
solved.
The two slider controls are implemented by using
the helper classes SliderListener and SliderListener2.
Both of these classes implement the ChangeListener
Figure 3.13: Right interface, used for detecting to any movement of the
panel slider. If the replay speed slider is adjusted, the set-
Delay method is called on the GUI object with the
new value as a parameter, which in turn adjusts the delay time for the Timer.
If the number of moves slider is adjusted, the setNumberOf Moves method
is called on the GUI object, with the new value as a parameter, which sets
the number of moves to be replayed to this value.

3.3.12 us a e anel class

This class extends the ShapePanel class. An object of this class is cre-
ated when the user chooses to design a board. Upon creation, a Cus-
tomShapePanel object is instantiated with an empty board with no blocks,
and a GUI object and the super class constructor is called with the board
and GUI objects it is created with. The object is not created with a history
object hence the superclass constructor is called with a null history.

An object of the customShapePanel class is in either of two design modes
- add mode and target mode. Its mode, set by the value of the designMode
attribute of the class, determines the behaviour of an object of this class.
The mode of the object is set by the GUI as part of its response to actions
made by the user.

In the add mode, RectShapes representing the board blocks are created
and added to the panel. Methods implemented in the CustomShapePanel
allow for movement, deletion and colour alteration of RectShapes on the
panel and also the board blocks. The blocks are added or removed from the
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board as RectShapes are added or removed from the CustomShapePanel.
In the target mode, the target block for the board is chosen and its target
position set.

The solveBoard method of this class is called on completion of the design
of the board. When this method is called, an attempt is made by the Al
routine to solve the new board. On successful solution of the board, it can
be named and the user can attempt a solution of the board.

Methods implemented in this class include mouse listeners for responding
to user actions and methods for accessing the private attributes of the class.

3. Board package

3. .1 er e e B ar ac a e unc nal

An instantiated BoardLibrary object acts as the control for creating the
Board objects that are available to the game, and accessing a list of references
to these objects. When the GUI loads, it creates a BoardLibrary object,
which loads the boards saved in the library into the memory.

3. .2 B ar rar class

The BoardLibrary class is a simple wrapper for a ector object, which con-
tains the references to the boards loaded at startup. When the BoardLibrary
is created, the constructor calls the loadBoards() method, which loads list
of Board objects from the file, which stores the names of the
boards in text format, one name per line. Once all the names have been
loaded, the function constructs a new Board object from that file by calling
the appropriate constructor in the Board class. The library can also save
the current state of the library to disk, by saving each of the Board objects
to disk by invoking the saveToDisk() method in the Board class on each ob-
ject in the library. The save library operation is completed by updating the

file of games which currently belong to the library. Further
functions to add and delete boards exist to facilitate the amendment of the
library by the OrganiseLibrary dialog and as a result of a custom game being
created.

3. .3 B ar class

A Board object contains, updates and returns information on the current
state of a game. In more detail:
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Figure 3.14: Board class diagram



3. . OARD PACKAGE 23

e The Board maintains a list of the puzzle pieces, as a ector of Block
objects.

e The pieces can be moved, via a call to makeMove or moveBlock (two
implementations allow other classes to interact with Board objects in
their preferred manner).

e A list of the possible moves from the current state of the board can be
generated and returned as a ector of Move objects.

e Several methods exist to calculate heuristics to aid the AI. These in-
clude the Manhattan distance for the board’s TargetBlock, two mod-
ified Manhattan distance functions for the smallest blocks and the
empty spaces, and two functions to evaluate the clustering of the small-
est blocks and spaces.

Several methods exist to perform simple amendment of the Board:

e Blocks may be added to the Board using addBlock(Block b). This en-
sures that the Block passed to this function will fit within the boundary
of the Board, and will not overlap any existing Block objects.

e Blocks may be removed using removeBlock(Point p), which removes
the Block which contains the grid location p. If no such Block exists,
then it returns -1. Another function called deleteAllBlocks() resets the
entire Board.

e getBlock(Point p) is used by the custom game module to return a Block
given a grid location in the Board. Using this, individual Blocks can
be edited, i.e. the attributes can be read or the colour altered.

e Methods called morphNormal() and morphTarget() are also provided
for the custom game module. They convert a NormalBlock object into
a TargetBlock and vice versa respectively.

The Board class includes other methods to load and save the Board object
to a file, to create a deep clone of itself (an entirely new Board object, with
a collection of new Block objects), and a method to create a BoardSnapshot
object.



24 CHAPTER 3. METHODOLOGY

3. . B ar ace class

The BoardSpace is the container for a two-dimensional array of Block object
references which provide a representation of the current state of board. The
choice of Block references over integers or boolean values was found to greatly
reduce the time spent searching for a Block object given a grid position in
the game. Previous implementations used boolean or integer entries in the
array. Both of these required comparatively costly searching and testing of
a range of values, whereas the current implementation simply extracts the
reference stored at a single entry. A summary of the methods follows:

e blockAt(Point p) queries the BoardSpace object for the reference stored
at the grid location specified p. An empty space returns a null reference.

e The entire object can be reset via a call to initialiseSpace().

e A Block is written using the setSpace() function, and an area can be
cleared using the clearSpace() function.

e The BoardSpace object can be queried to test whether a certain rect-
angle contains any non-empty (non-null) entries. This is used to test
if a Block can make a move in a given direction.

3. . B ar na s class

This class is used to provide another representation of the Board’s state,
but one which is generated to match the requirements of the Al algorithms.
The AI requires an array of integers which differentiate between different
block types, but not between different blocks of the same size. So, unlike the
BoardSpace representation using Block object references, in figure 3.15 the
following arrangements of blocks A, B and C are considered to be identical:

The current specification for creating BoardSnapshot object requires the
two-dimensional integer array to contain the values in figure 3.16.

The BoardSnapshot object is initially created as an array with dimension
of the calling object, with all entries initialised to zero. Then Blocks write
themselves into the array by invoking the writePattern() method on the new
BoardSnapshot object. A function is provided to return the integer array
from the object, which is then processed by classes in the Al package.

3. . B ar le

The BoardFile object is defined as an extension of java.io.RandomAccessFile,
with further methods defined to write and extract information to and from
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Figure 3.15: Equivalent boards

Block type (width x height) | Integer code |

1x1 1
1x2 2
2x1 3
2x2 4
Empty spaces -1
Target block 0

Figure 3.16: Block types

a file. The public methods that allow a .board file to be parsed to create a
new instance of a Board object provide the following functions:

e Find and return the next tag, finding tagName returns a String,
tagName”.

e Locate and move past an occurrence of an end tag, i.e. /tagName
e Read an integer, starting at the current file pointer

e Read a String, starting at the current file pointer

When writing a .board file to disk, the following help construct the blocks
defining Board, NormalBlock and TargetBlock attributes:

e An open tag, e.g. tagName , can be written to the file

e A close tag, e.g. /tagName |, can be written to the file
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e An integer attribute can be written to the file, using a specified at-
tribute name and the value of that attribute. Methods exist to write
integer and String attributes.

Figure 3.17 contains a list of the tags required to define a complete game.

‘ Tag identifier

‘ Block details

game , /game

Surrounds details defining Board object

block , /block

Surrounds details of NormalBlock object

targetblock |,

/targetblock | Surrounds details of TargetBlock object

Figure 3.17: BoardFile tags

Figure 3.18 shows the attributes these tags surround.

‘ Attribute tag ‘ Tag details

| Used for creating |

NAME String: Name of game Board

WIDTH Integer: width of object Board, Block

HEIGHT Integer: height of object Board, Block
POSITION | Integer: x-coordinate of object Block
POSITION | integer: y-coordinate of object Block

RED Integer: Red component of colour Block

GREEN Integer: Green component of colour | Block

BLUE Integer: Blue component of colour | Block
TARGET | Integer: Target x-coordinate TargetBlock
TARGET | Integer: Target y-coordinate TargetBlock

Figure 3.18: BoardFile attributes

3. Block package

3..1 Blec

class

The Block package consists of three classes, the abstract Block class and
two subclasses. Block defines the basic attributes for the game’s internal
representation of a puzzle piece, and the abstract prototypes for the basic
functionality required of these pieces. The instantiable subclasses of Block
are NormalBlock and TargetBlock, which specify how the abstract methods
work and add subclass specific functionality.

The only difference between the attributes for the subclasses is the ad-
dition of a private Point object in the TargetBlock class which defines the
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Figure 3.19: Block class diagram

winning condition for the game. The differences between the methods in
NormalBlock and TargetBlock are as follows:

e The move method for the TargetBlock performs the same translation
as for the NormalBlock, but also throws a GameCompleteException if
the block has been moved into the winning position. This exception is
caught by the calling object, which notifies the GUI that the game has
been completed.

e The addToSnapshot method alters the object received via the Board-
Snapshot parameter, by filling out the space the block occupies with a
positive integer dependent on block dimensions (for NormalBlock ob-
jects) or with zero (to denote TargetBlock objects). Empty space in
the BoardSnapshot is denoted by setting the element in the array to -1
(see the specification for the BoardSnapshot for further details).

e The targetBlock method returns which subclass of Block the receiver
is.

e The getManhattanScore method returns the sum of the horizontal and
vertical displacements from the winning position for TargetBlock ob-
jects.
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e The clone method is called by a Board object, when it requires an exact
copy of the receiving class, in order to create a complete (and separate)
copy of a Board object.

3. istory package

3. .1 s r class

For every board chosen from the Game menu to be played, a History object
is created. In the playing of the game, the History objects play an important
role. They allow for basic functionality of the game such as undoing and
redoing of moves. Also the Al routine of the game uses a History object in
its search for a solution for a board

A History object is essentially a wrapper for two stacks, the pastStack
and the futureStack. It stores, updates and returns moves that have been
executed, using the pastStack to store moves that have been made and the
futureStack as a store for moves that have been undone. Storing moves in the
futureStack allows undone moves to be redone. A summary of the methods
follows:

e moveMade(Move m) is called with a Move as a parameter whenever a
move is made on a board. This method compares the Move m with the
most recently added moves to the pastStack and the futureStack.

If m is the countermove of the last move made on the pastStack,
that last move is put on the futureStack.

If m is the same as the last move on the futureStack, in other
words redoing the last move undone, the redo move is removed
from the top of the futureStack.

Otherwise m is put on the pastStack and the futureStack is emp-
tied.

e numberOfMoves() returns the number of items in the pastStack i.e. the
total number of moves made on a board.

Other methods provided include clearHistory() to allow for resetting of
both stacks and getPrevious() and getNext() that return the moves on top
of pastStack and futureStack respectively. The method preparePlayback()
rearranges the moves in the correct order in the futureStack in preparation
for replay.



3. . COMMON PACKAGE 29

3. ommon package

3. .1 M e class

A Move object is used to represent a single transistion of a Block on the
Board it belongs to. It is represented by the starting position, represented as
a Point object, and the translation it undergoes to achieve its new position,
also represented as a Point object for ease of inter-operation. The class
provides several methods that are used in manipulation and comparison of
Move objects throughout the program.

e counterMove() - This method returns the inverse of the Move object it
is called on, and is therefore used for functions such as withdrawing a
Move made.

e equals(Move) - Basic comparision function, returns true if the values
represented by the Move parameter match those held by the Move it is
called on.

e resultOfMove() - Returns the position of the resultant point if the Move
is made.

Move objects are used extensively to communicate between GUI, Board
and History, and are probably the major inter-class communication means.

3. .2 rec n class

This class contains four public static integer constants, which are used by var-
ious classes throughout the application. The constants (NORTH, SOUTH,
EAST and WEST) serve to improve the readability of the code where ambi-
guities could occur indexing arrays.

3. Al package

3. .1 er e e I acae
oal of the AI section

What is the reason for including an artificial intelligence component in this
project? There are two primary reasons why it is beneficial for the program
to be able to solve the puzzles it presents, as well as several other fringe
benefits. The first of the main purposes is to be able to determine whether
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any given puzzle is in fact solvable, and thus whether it is worth the user
attempting to solve it. If the user was to discover, after much time spent
attempting a solution, that the puzzle was not in fact solvable, this would not
be an enjoyable experience for them. If therefore it can be determined before
they invest any effort in solving the puzzles that they re in fact solvable,
then the user knows that they are aiming for a real goal. This does not of
course help with the frustration of not being able to see the solution, and
the likely doubt that the puzzle is in fact solvable. This is where the second
main purpose of the Al lies. When the user reaches the end of their tether,
either believing that the puzzle is not solvable at all, or that the number of
moves in which it is allegedly solvable is underestimated, the ability of the
program to solve the puzzle presented to it, and then replay that solution for
the user, can help ease suspiscion.

In addition to these main benefits, having the ability to solve the puzzles
means that a scoring system can be put in place, comparing users scores to
those known to be possible.

Specification of the AI section

The goals of the AI element are to be able to solve the puzzle, and present
that solution back to the user. Therefore, a history charting the sequence of
moves that takes the board from it’s current state to one where the winning
conditions have been met must be returned. However, in addition to this
fundamental requirement, there are some limitations that must be taken
into account.

Unlike most elements of a simple program, the resources offered by a
computer can be a genuine limiting factor for this kind of operation. Whilst
text manipulation takes little memory and few CPU cycles, the operation of
an Al algorithm can take a great deal of system resources, and may be an
open-ended problem, gobbling up resources until they are exhausted. There-
fore, one thing that must definitely be taken into account is the management
of system resources: in other words, the procedures should try to minimise
memory usage, and should perhaps be limited in the amount of CPU time
they take. The second of these tasks is taken care of both by the OS sched-
uler, and the J M scheduler, but the memory constraint can be a problem.

On the other hand, one also wants to minimise the amount of time this
admittedly complex operation takes. The more time the user has to sit
there waiting for the program to return the solution they want, the less
impressed with the program they will be. Therefore, a balance must be
struck between the profligate use of memory, which can speed up a program,
and conservation, which may leave the user bored, and tired of the game.
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eneric implementation

An Al algorithm has to work upon a board that it is presented with, and
goes through each of the following steps, regardless of what extras it adds in.

First, it must determine its current state. Usually, it will be presented
with this, so this part is easy. Following that, it must determine whether this
state is compatible with its goal criteria, in other words whether it has now
finished. If it has, it should return the sequence of moves required to get to
the current state. If it has not reached its goal, then it needs to derive all
possible child states of this one, and then choose a new state to evaluate. It
should repeat this process until it finds a solution, or runs out of states to
evaluate.

Problems encountered

Other than the obvious di culty of solving the hard Board, there were two
particularly complicating factors encountered, only one of which was resolved.
The first problem encountered was that the highger the degrees of freedom,
the greater the problems encountered during search, even when a solution
might be obvious to a human. This problem arises because the greater the
number of free spaces, the greater the number of possible positions that
are effectively no different. However, the AI does not know this, and has
to evaluate all of these states, and more importantly, it has to store them.
Therefore, it is entirely possible to create a game which is trivial for a user
to solve, but which some or all of the search methods will fail to solve due
to exhausting available memory. This problem was not resolved, but some
sort of equivalence checking might be able to do so. The second problem was
the realted factor of memory usage, which was resolved differently by the
Java and Prolog implementations. The Java version used bit-packing in the
representation of the boards, and in some cases minimal evaluation of states,
to conserve memory. However, on the larger problems, there are several of
the search methods are unable to solve the problem with a standard amount
of resources (the J M default is 64M). The Prolog implementation uses a
pared down version of the game state as well, but a language such as Prolog
is not designed for such space saving methods as bit-packing.

3. .2 I class

The Al class is the main point of contact between the Al package and other
classes. It is the class that is instantiated when a solution is called for, and
deals with marshalling the parameters for the various search engines, and
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hides the multiplicity of different types of search from other packages. When
constructed, it will instantiate an iSearchEngine, and will call upon it to
solve when solveBoard() is called.

3. .3 I e urner class

This class is a simple wrapper for the History returned from an iSearchEngine,
and some statistics that are provided for the interest of the user.

3. . earc n ne n er ace

The iSearchEngine interface is used to unify the Java and Prolog based search
engines, and requires only one method to be implemented, the solveBoard|()
method, which will begin the process of finding a solution.

3. . earc n ne class

An abstract class implementing iSearchEngine, which all the Java implemen-
tations inherit from. It provides basic functionality, such as attemptMove()
and undoMove(), and also handles setting up return values and initialisation
of data members.

3. . e class

Nodes are helper objects for the various forms of search engines. They are
representations of the various states in the search space that the search has
encountered. In order to economise on space, they do not each store a com-
plete History object, but rather each links to its parent Node, and stores the
Move necessary to go from that parent state to it’s own state. Therefore,
in order to get back the History for an individual state, the tree structure
containing the Nodes is traversed, but the performance overhead inherent in
this is minimal, and is certainly offset by the resource saving.

Nodes also have to be searched by the search engines in order to determine
whether the state they represent has been achieved before, and therefore they
implement the Comparable interface, and present the compareTo() method
to other classes. The basic comparison only compares the Nodes based on the
state of the board, but there is a NodeComparator that has a more advanced
sorting criteria.
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3. . e ara r class

This class is used to create SortedSets that need to sort Nodes more finely
than the default compareTo() method of a Node allows. It bases its sort
criteria upon the heuristic scores of the Nodes, rather than simply the board
state. Therefore, this is used in BestFirst when selecting the ‘best’ Node to
evaluate next.

3. . B ar I en er class

A BoardIdentifier object is used to represent the layout of a Board object
at any given time. It is not capable of recreating it, carrying too little
information to do so, but does enable compact storage of this information. In
order to do this, the boards are represented in a small number of integers, in
which bit sequences are used to represent squares, rather than whole integers.
Thus, in the current implementation, 3 bits represent a square, and therefore
10 squares can be packed into one integer. Whilst this does limit the number
of different block types that can be represented, the relevant information
is the size of the Block, and whether it is a TargetBlock, so for our needs
8 different states is su cient. If the same information was represented as
integers without bit-packing, 20 integers would be needed to represent the
standard size Board, as opposed to 2 under the current system, a considerable
saving.

There was some concern about the computational cost of this bit-packing,
but performance savings were made by not unpacking the integers in order
to compare them, since the actual order the boards are sorted into is not
important for the basic sort, only that duplicates are avoided. The reduction
in computation was significant, cutting the time taken to perform a search
to a tenth of what it was without the packing.

3. . e rs class

The depth first algorithm is a blind algorithm that is one of the simplest in
Al Tt is consequently quite fast, but very ine cient in its use of resources.
The particular implementation used here is a recursive one, but an iterative
one is also implemented in order to overcome the limitations of the stack
structure. The recursive procedure is as follows:

Having been presented with a board, the routine first tests whether it has
reached its maximum depth at this time. A maximum depth setting is used
to prevent the algorithm from pursuing an unprofitable path to infinite depth.
This technique is known as bounded depth first search. Should the maximum
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depth be attained, the procedure returns without any further evaulation, thus
dropping to one level lower, where a new state can be derived. Assuming
that the current state is not at or beyond the maximum depth, the next step
is to test whether the state has been reached before. If it has, then there
is no reason to continue on this path, unless the current path has a lower
cost than the one already found. In order to determine this, a list of visited
states and the cost of attaining those states must be maintained, and all
newly evaluated states added to that list. Should any state be found that is
already on the list, but is cheaper to reach than it’s counterpart, it replaces
the more expensive one on the list, and all the child states are derived again
with their new costs. In this way, a fully admissable algorithm is guaranteed.

Following this, possible moves for the curent board are generated, and
then made, one at a time on the board. After each one is made, an attempt
is made to solve that board, and only if it succeeds does exectution con-
tinue here. Assuming that the attempt returns negative, the move made is
undone, and another one tried. This process is repeated until no more pos-
siblemoves are available for the current state of the board. Once this occurs,
the procedure returns control to its caller with a negative result.

Through the combination of recursive function calls and immediate board
evaluation, a back-tracking bounded depth first algorithm is implemented.
In addition to this, should the search return negative to the very top level,
the maximum depth can be increased, and another attempt made to find a
solution. Because this incrementally bounded depth first search will search
the entire state space to a certain depth until it finds a solution or runs
out of states, it is effectively a form of breadth first search, hence why is is
guaranteed to locate the optimal solution, so long as the granularity of the
depth increment is set appropriately.

A pseudo code description of the above algorithm can be found at A.1.1.

3. .1 Bes rs class

The best first algorithm is designed to reduce the number of states evaulated
to the minimum possible. Ideally, the number of states would be exactly
equal to the minimum number of moves required to achieve a goal state,
indicating that the algorithm chose the ’right’ move each and every time.
In practice, any improvement is welcome, and the measure of performance
is e er e, which is evaluated as the number of steps taken to reach the
current state divided by the total number of evaluated states. The closer
to 1 this number is, the better your algorithm works. The current best first
algorithm achieves a penetrance of approximately 5 on mid-range problems.

The way that the best first algorithm functions is much the same as the



3. . AI PACKAGE 35

depth first, but rather than instant evaluation of new states, they are added
to a list of states to be evaluated, and then the ‘best’ of these is chosen to
be evaluated next. Thus, once the coarse mechanism for this procedure is
in place, it is very easy to add in additional elements to the heuristic which
selects the next state, which in turn directly affects the penetrance achieved.
A NodeComparator is used to sort the Nodes when selecting the next to
evaluate.

Currently, the best first algorithm uses a combination of two factors to
decide which state to evaluate. Firstly, the distance of the target block from
its goal is measured using the Manhattan distance. The smaller this value,
the earlier this sate will be evaluated. Secondly, the cost to achieve a state,
in terms of Moves needed to achieve it, is also tracked, and states that are
known to be achievable by a cheaper route are dropped from the open list.

Several other factors were tested to see if they would be beneficial, but the
results were found to be too variable depending on the particular problem.
A list of heuristics evaluated can be found in A.2.1.

If these factors were used, a noticeable increase in performance could
be achieved, but they had to be tuned to each individual board: using the
same set as had increased performance on one board design would reduce
performance on another board. It was therefore decided to use only the
basic, and reliable, Manhattan distance and move cost factors.

A pseudo-code description of this implementation can be found at A.1.2.

3. .11 Iera e e rs class

In order to try an unbounded depth-first solution, an iterative version of
the depth first search was implemented. In this version, as new states are
evaluated, the child states are added to an open list, as in the best first search.
Then, when a new node is selected for evaluation, the criteria are simply that
the node is the most recently added. Therefore the open list was implemented
as a stack object, and states popped off the stack to evaluate. Some attempt
is made to order the resultant states according to the Manhattan distance
heuristic, but it has little effect, since it has only the few child states to
choose from.

3. .12 Mn al e rs class

In an attempt to speed up the processing of depth first search, another iter-
ative implementation was created, with the difference that the new version
does not evaluate child states, but rather stores the possible moves from each
state, and then actions one of those moves, before evaluating that child state.
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Therefore, fewer states are generated, and there is effectively no list of open
states, since the algorithm actually traverses the tree structure of nodes, de-
termining only those states that it is going to evaulate. This is a lot faster
and more memory e cient than other searches, but has the drawback that no
intelligence can be added to it beyond a very simple move ordering strategy
of moving the target block first if possible. A depth constraint is also placed
on the algorithm.

However, this search system is able to solve the hard puzzle in reasonable
time, and be able to find the optimal solution, if re e bounding
is implemented.

3. .13 Mn al e class

MinimalNode extends Node, but provides a noticeably different approach
to developing the state space. The major difference is that a MinimalNode
stores a ector of Move objects and a method to return the next Move to
make from this board state. To complete the implementation of the Min-
imalDepthFirst algorithm a method is included to return the parent node,
to facilitate backtracking.

3. .1 ar l er class

This alogorithm is similar to MinimalDepthFirst, but is able to find better
solutions to the hard Board, because of one variation. In this implemen-
tation, the algorithm does not check if it has visited a Node re e |
only that it has visited it . Therefore, some erratic results can be pro-
duced depending upon the particular search path the process takes, but it
is included for its ability to solve the otherwise time consuming hard Board
quickly and in fewer moves than other methods.

3. .1 r | I le ena n

As a goal-oriented language, Prolog is a natural choice for solving puzzles
such as the Piano-Moving puzzle. Within the department, SICStus Prolog
is used. It includes a set of Java classes (package Jasper) through which
it is possible to initialise the SICStus emulator, load Prolog programs, and
construct and execute queries from a Java application.

The Prolog program is split logically into two parts: the search algorithm
and the game rules.
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3. .1 r l a e rules

This set of predicates encapsulates the rules that govern the transition from
one state to another, and maintains the integrity of the game state represen-
tation. They are common to all search strategies, and as such are located in
a separate module that is linked into the program on compilation.

Within the program, the game state is described by a board area, a target
block, a list of remaining blocks, and the winning state of the target block.
The board area is represented using the functor board(Width, Height), and
a block using the functor block( Position, Position, Width, Height).

To generate a new game state the program tries to move each block in
turn. A block may move one space North, South, East or West, and only if
that position is empty.

See A.1.3 for the code of these rules.

3. .1 r l rea rs

In the breadth first search two lists are maintained: a list of nodes that
have already been visited (closed list), and a list of nodes that are waiting
to be expanded (open list), ordered by age, with the oldest node first. (A
node represents a game state, described by the position of the target block
and the positions of the remaining blocks. Additionally, for the program to
provide useful output, each node must maintain a record of the moves made
to reach it). Initially, the open list contains just one node describing the
initial game state, whilst the closed list is empty. The nodes in the open list
are expanded in turn, and all child nodes are added to the end of the open
list, provided that they do not already occur in either the open list or the
closed list. Meanwhile the node that was expanded is removed from the open
list and added to the closed list. This procedure ensures that each state is
only visited once, and avoids much unnecessary computation.
See A.1.4 for example code.

3. .1 r | es rs

The best first search is an adaptation of the breadth first search. In this case
each node is given a score, reflecting its estimated potential, and the open
list is ordered using this score so that the most promising node is expanded
first.

See A.1.6 for example code of this algorithm.

The score used is the Manhattan Distance of the target block (i.e. the
sum of the horizontal and vertical distances from the target position - see
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3.20), and states with a lower Manhattan Distance are expanded first. In
the event that two nodes have the same score, the oldest node is expanded
first. During the course of the game, very few states permit movement of the
target block, and thus allow differentiation of their child nodes on the basis
of Manhattan Distance. However, as can be seen from the search results
given in A.2, the use of this heuristic considerably reduces the total number
of states visited and consequently the time taken to find a solution.

Figure 3.20: Manhattan distance X y

3. .1 r | e rs

The depth first search is the simplest of the three search strategies. The open
and closed lists are not explicitly held. Instead the algorithm takes advantage
of Prolog’s in-built backtracking to keep track of nodes that are available for
expansion and uses the in-built assert predicate to record nodes that have
been visited as facts added dynamically to the program at runtime.

See A.1.6 for example code of this algorithm.

The search is not bounded and as a result gives a sub-optimal solution.
However, this reduces the total number of states visited and simplifies the
comparison of newly generated states with visited states (we do not need to
take into account the cost to each node), offering a considerable advantage
in terms of time and memory usage.
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3. .2 Ja a n er ace

The UML diagram in FIG.3 shows the Java classes that provide the inter-
face to the Prolog search programs. When the user requests a Prolog search,
a new object of type PrologBreadthFirst, PrologBestFirst or PrologDepth-
First is created. These are subclasses of Prolog, which like the Java search
engine implements the iSearchEngine interface, making the use of Java or
Prolog search engines transparent. Upon creation the object instantiates the
SICStus emulator by creating a new object of the SICStus class (part of
the SICStus Prolog Jasper package). It then loads the appropriate Prolog
search program, and initialises the query terms using the single parameter
of type Board passed to its constructor. The solveBoard() method executes
the query.
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Chapter

Synergistic con uences of
interacting su units

From the outset of the project, we decided to split the workload into three
main areas, the GUI, the Board and the History. As such, Matthew Sim-
monds and Alex Georgalakis were allocated to the GUI section, Marcus Bris-
tow and Oni Outosin to the Board Section and Nick Giles and Dinusha Fon-
seka to the History Section.

This seemed to work very well, as the three groups were able to work
separately, but with an understanding of what each other group was doing.
This was achieved through regular group meetings, during which the main
design issues and problems were discussed.

After working on the project for 2-3 weeks, it became clear that the GUI
section was going to need the most amount of work. The History section had
been completed, and the Board section was near to completion. Therefore,
we were able to reorganise the structure of the team to enable Marcus to
work on the GUI section, and Nick and Dinusha to start work on the Al
extension. The Al work was also divided into two sections, with Nick using
Java, and Dinusha using Prolog as the implementation languages.

The large amount of work needed for the GUI sections, meant that it
was sensible for Matthew and Marcus to concentrate on the functionality
issues, while Alex focussed on the aesthetic areas of the GUI representation.
Again, this division of work seemed to work quite well, and was kept in place
throughout the rest of the project implementation.

In general, the group has functioned very well together. Throughout the
group meetings, everyone offered their opinions on how the project should be
designed, and we were able to make important decisions easily, and without
any confrontation. The division of work was also successful, with each team
member contributing their own skills effectively and keeping the amount of

41



42CHAPTER . SYNERGISTIC CONFLUENCES OF INTERACTING SU UNITS

work done by each person as equal as possible. The group was also able to
communicate effectively with each other, resulting in the need for a group
leader being reduced to a minimum.
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Butt on Panel
Buttons used during the

ane
Fromthe |eft buttons are:
Undo, Redo, Pause, Replay,
Redo and Sol ve.

Wien the game is paused,
the pause button is
replaced by the resume
button.

Status Panel

Di spl ays the follow ng:

-Total noves nade on the
board.

-Tinme el apsed while board
has been pl ayed.

The tinmer can be paused
fromthe button panel or
nmenu bar.

-Gane Level when a built-
in board is played or
the nane of a designed
board.

- Goal display, an

ani mation of the target
block fromits initial
position to the target
position

Menu Bar

Fi |l e- Provi des
functionality for

organi sing and editing
boards in the library.
Gane - From here, the user
can choose one of boards
avai l able or to design a
new board. This menu item
provides restart, undo,
redo and pause operations.
The goal anination on the
status panel can be turned
off fromthis menu.

Al - The user can choose
to solve the board from
here.

Hel p - This item provides
user dounentation
detailing features of the
pi ano- novi ng puzzl e

gane.

Ri ght Panel

Used to display replay
controls (shown) or the
cust om desi gn panel for
desi gni ng boards

Message Panel

Di spl ays to the user

choi ces avail able or

choi ces made, information
and instruction pertaining
to the gane as it is being
pl ayed

Bl ocks

These are noved using the
nouse. The aimof the
game is to nove the target
bl ock (the yellow bl ock
in the graphic above) to
the goal position.

Gane Panel

The mai n game w ndow.

The board being played is
di spl ayed here.
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