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}����W�¨òU�W�<}s�»¢��^£��§�W�������^� �o�Ã�o�o�Ã�o�Ã�o�o�o�o�o�Ã�o� À ÝÑ�� À^À ÞÄ�L�:�¨èê�����<�¨�é©�òY�:�<}s���o�Ã�o�Ã�o�o�Ã�o�Ä�Ã�o�Ã�o�o�Ã�o�Ã�o�o�o�o�o�Ã�o� À îÑ�� À Å ã
}s�����W~^}sòY�W��}s���¡�Ã�o�o�Ã�o�Ã�o�o�Ã�o�Ä�Ã�o�Ã�o�o�Ã�o�Ã�o�o�o�o�o�Ã�o� À îÑ�� À Ñ ����~^|L���§�W�<}�� �Ä�Ã�o�o�Ã�o�Ã�o�o�Ã�o�Ä�Ã�o�Ã�o�o�Ã�o�Ã�o�o�o�o�o�Ã�o�þÅ ëÑ�� À Ó]Çä�L�W���
¢��¨�W���'�<�¨�W~W���W£ �o�Ã�o�o�Ã�o�Ä�Ã�o�Ã�o�o�Ã�o�Ã�o�o�o�o�o�Ã�o�þÅ^ÅÑ�� À Ý<�>=Z�<�ç�:�W��}��Z��íG�L�W���<�ð�o�Ã�o�Ã�o�o�Ã�o�Ä�Ã�o�Ã�o�o�Ã�o�Ã�o�o�o�o�o�Ã�o�þÅ^ÝÑ�� À à Çä��� ¢¥� �Ò© �,}�� �Ä�Ã�o�o�Ã�o�Ã�o�o�Ã�o�Ä�Ã�o�Ã�o�o�Ã�o�Ã�o�o�o�o�o�Ã�o�þÅ^ÝÑ�� À î�Çä�L�W�����Y����}��¥�:~^�'�Ã�o�o�Ã�o�Ã�o�o�Ã�o�Ä�Ã�o�Ã�o�o�Ã�o�Ã�o�o�o�o�o�Ã�o�þÅWàÑ�� À ñ Çä�L�W�����Y����}u�:��������í<����}s� �o�Ã�o�o�Ã�o�Ä�Ã�o�Ã�o�o�Ã�o�Ã�o�o�o�o�o�Ã�o�þÅWàÑ�� À å Çä��� ¢¥�y¢s���W���'���¨�W~^���W£ �Ã�o�Ã�o�o�Ã�o�Ä�Ã�o�Ã�o�o�Ã�o�Ã�o�o�o�o�o�Ã�o�þÅ^îÑ�� Å ë ãJ�W�<|§�.���¥�:�
�<�������W�<¢s}¤�Ã�o�Ã�o�o�Ã�o�Ä�Ã�o�Ã�o�o�Ã�o�Ã�o�o�o�o�o�Ã�o�ýÑ^ñ
�Ã� À óä�^£Â�<�W�������^���W�Oá^�é�W� Á }s�W��¢¥| Á �����:��}�~^��}��ª�Ã�o�o�Ã�o�Ã�o�o�o�o�o�Ã�o�þÝ^Å�Ã� Åöóä�^£Â�<�W�������^���W�Yò1���^���^~ Á }é�:��¢¥| Á �����.��}s~W��}s�4�o�o�Ã�o�Ã�o�o�o�o�o�Ã�o�þÝWÑ�Ã�ÆÑ á^�8�:�4� �¡ò1���^���^~Â�Ã�o�o�Ã�o�Ã�o�o�Ã�o�Ä�Ã�o�Ã�o�o�Ã�o�Ã�o�o�o�o�o�Ã�o�þÝ:Ó
Ç¡� À óä�¨�W�������¨�W~^���W£ �:�1ÞÄß¡«j�W�<�
òY�W��}s�B�Ä�Ã�o�Ã�o�o�Ã�o�Ã�o�o�o�o�o�Ã�o�þÝWàÇ¡� Å óä�¨�W�������¨�W~^���W£ ò1���^���^~4�¡«��o�o�Ã�o�Ä�Ã�o�Ã�o�o�Ã�o�Ã�o�o�o�o�o�Ã�o�þÝ^î
ó�� À ãJ�W����~L�:£Â}ê�����<�<�8� �Ã�o�Ã�o�o�Ã�o�Ä�Ã�o�Ã�o�o�Ã�o�Ã�o�o�o�o�o�Ã�o�þÝWå

���



­ ? @BA�°�± 9 C

D ¯q° 9 ®FE 7 G ° 1 ®q¯

HJIKH LNM w w OQPSR
«Ò����|<���j��}s�G�^���d�j}ê�W��£%���o~^���W}ê�u���<���Ø}����<���W�§�:�����^���W�,��|<}¡�<���T+�}�¢����ä���ç��}s¢¬©�¢���}:¦Z�����^£��|<}Ä���<�ç�����W�,��}s����~^�l������|<}Ä��£Â�<��}s£�}s�L�¥�.�����W� �W�@��|<}Ä�<���T+�}s¢¬�é�{'|<������}s�G�^���¡�����<��� ���<}s�
���L������|<��}s}Ã£ �W���
��}s¢¬�����W�<�s� Ï }Ã������� �§���â�ê�^���������<}ê��|�}í<�W����¢Ã���,}�¢s���<¢é�:�����^�<���W�U��|<}¤�W�<�<����¢s�:�����^�D¦<�:���j}s���U�:����|<}¤�:���:�W�<¢s}��J��}é�.���<��}s����|§�:��j}s��}Q����~^~^}s�â��}����:� �G�^������í<��}
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í<����¢¥�ª���W��~^}��u��|§�W��£Â�W���o�W����|<} �W��|<}s���ð�W¢����^���Ã��|<}ÂíG�L�W���D� Û �<} �:�ä��|�}íG�L�W�����<}s����~^�<�d���1���4�¿�W¢��j�u��}s�W���^�<�Wí<��©ð�^�����<�<ô�ôs��}��Z�<�8��� �W��^Æï_^ì���<}¡���W�<~^}`^ba¿{'|�}��}s�Âèê�^�<�:}�©.c¬�Y«Ò�<�����¨�W����©^¦S��|�}����,}�¢s�d�§¢é�:�����^���W�G��|�}'~L�W£�}s�O�ä�W�1���Ä�����ç��¢¥|���|<}��¨�:��~^}���¨�W�<��í<����¢¥�y���ç��|
���W�<�¡��£ �:���Dí<����¢¥�Z�¡�^�
��|<}Ã�W�<�,�W������}Ã�����<}o�W�O��|<}oí,�L�:���D¦Øí<��������ä�W�o���<~W~^}s�â��}s����|§�:�u��|<���u�ä�W�o�<�W�o���ª�¿�W¢¬�o��}s�W����í<��}:¦@�W�<����|<}���}����W��}4��|<}��������<���<~¢����ç��}s���¨�4�W��}Ä��}����<�G�^��£��S� ���<~��^�<��©Â��|<}Ä���W��~^}�í<��� ¢¥�y���L�����ç�������W��~^}¬���,�W���������^�M�

À



Å ÷Se"fhg�úUû>ikj]l<m ù4ú6iuøonNpä÷�ú)m¬ø'ù



­ ? @BA�°�± 9 q

rsA ± Gt1�u G @%° 1 ®q¯

XvIKH w x Oox nyOðzzOðzYi�rêt {^m|Po}
{'|�}4~^�L�W�U�W�B��|<���ê�<����+�}s¢��u�ä�W�ê���l�<��� �<�<¢�}��W���W�<�<����¢s�:�����^�
��|<��¢¥|ª�ä�^�����ª}s�<�Wí<��}����}s��� �����<�¨�é©������������<~�í<����¢¥���<��ôsôs��}s��� {'|�}s��}
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XNI!X � w �ªpsrêw rukyxSOÃxS�sm�k g x m|�ég�rêz
{'|<}s��} �ä}���} �Ò�j�ª£Â�W���õ¢¥|<�^��¢s}y�:��}é�:�Ã��|<�:�¤�¿�W¢�}s�����¤��|<}s��íG}s~W���<�<���<~����J��}s����~^���|<���Ã�<���^~^���W£
�
�Y�����â�é¦U�j}y�<}�}s�<}������J��}s¢s���<} ��|<��¢¥|��W�'��|<} }!����}s�<�����^���¤�ä}Â�ä}���}~^�^����~J�����W��£����^�s¦B�W������}s¢��^�<�<�ç©^¦d|<�8�þ�j}s��}y�ä}�~^�W���<~J���ª��£��<��}�£Â}��L�Ã��|<}l�<��}�����L��}����¿�W¢�}W�Á ���<¢�}ê��|<}Ä�<���T+�}s¢¬���ä�W����}�=Z�<����}s������í,}u���3á^�é�W��¦<��|<}���}u���:����}é�W����© �ð¢¥|<�^��¢s}Ä�W��Ò�ä�y~W���W�<|���¢é�:�D��� �^���Z�����~�d� Ï {*�:�<� Á �����<~<�'« �����W���<}s¢����<}��
���Â�<��} Á �����<~�¦,�:�����í<�<�����<���<�G�^�3� Ï {u¦G�W������|<}s��}����^��}Ä�^�<}Ä¢é�W�3�<��}o��|<}u��}é�:���<��}����:�YíG�W��|M�Ï �ç��|Q��|<}4}�� ��}��<�����^�<��¦D�ä}��<}�¢s����}s��}é�W����©
�^�Q��|<�:�u��|<}¤��«�¢s�^£��,�W�<}s�L�ê�ä�W�o��<�����^���ç�Ò©^¦^�:�<�ð��|§�.�O���^�����8�����<~���|§�:�s¦W��|�}'í,�L�:���4�<}�����~W�ð��}é�:���<��}��j�^�<���4í,}'�<}!� �é� Ï }���L�^}�������~L�:��}s��£ �:� ���<~ ��|<}4�<���W~^���W£ ���L�����W�����<�<��}��s¦Dí<���Ä�<}�¢s���<}s����|§�.�uí,}�¢é�W����}���^£�}��W�Ø��|�}���}é�:���<��}��O�ä�^�����4|§�é�^}'���uí,}'��}s£��S�W}s���W�<���ç�Y�j�^�<���4��}~=Z�<����}'�<�ç�^}s�â�����<~�ê����~W�<���§¢s�W�L�B�W£��^�<�L�1�W�G�j�^���¤�8�ä�é©ð�����W£ ��|�}'£ �W���ð�<���T+�}s¢¬�é¦Z���U���W�BíG}s�â�d���u��}s�8�W}��|<}Ä�<���^~^���:£ �W���4�����W�<��WÒ�W���^��}oá^�8�:���W�<������¢s�:�����^�D�{'|�}��§�<�W�D�<�����<��¢���¢s�^�L���W���<�'��|<}u���^�����S�����<~¤��}s�:���<��}s���

� ã
�^�<��}�W �<���ç�^}s�JÞÄß¡«j��|§�:���W�����8���'�<��}s���������<���W~�í<��� ¢¥�Z���W���^���<�3��íG�L�W���
� ß¡�<���Ä�W�<�4��}��<�u���<�<¢¬�����W�<�Y��|<�:�1}�� ��}s�<���8�^}��B��|<}ä��|<�W��}���}s�<~W��|4�W�Ø��|<}ä~L�W£�}
� Á ¢s�W������~��W�<������£�����~ð�W�U~L�W£�}s�s¦<�W�<�3�§�W�<��}¤�Wí������ç�Ò©����^�'~L�W£�}s�
� ��í<�����ç�Ò©����Â��}s����~^���<}��ÿ~L�W£�}s�s¦<�W�<�3���é�^}Ä��|<}�£ �����<�����
� Á �^�ç�^}O���<�<¢¬�����^�ê��|§�.�T�^�,}����:��}s�»�^�o�W���WíG�L�W���<�s¦SíG�W��|u��� í��<���ç�»�W�<�Ä�<��}s��WÒ¢s��}é�:��}s�
« �ä£Â}�}������W���Ø��|<}���}~=Z�<����}s£�}s�L�����W�D��|<}ê���G}s¢����§¢s�:�����^�D¦ �W�<� ���<¢����<�<}��j�Ò�j�4�W�D��|<}}�� ��}��<�����^�<�s�
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GUI

+paintComponent(g:Graphics): void
+notifyGameWon(): void
+makeNewGame(b:Board): void
+createDesignBoard(b:Board): void
+makeRestart(): void
+makePause(): void
+makeSolve(): void
+restart(): void
+undoMoves(moves:int): void
+redoMoves(moves:int): void
+checkReplayType(): void
+setNumberOfMoves(moves:int): void
+refreshGamesAvailable(b:Board): void
+deleteBoard(b:Board,og:OrganiseLibrary): void
+editBoard(b:Board,og:OrganiseLibrary): void
+getBoardNames(): void

JFrame
«interface»

ActionListener

BoardHistory

Timer

SolveDialog

<< creates to run AI >>

«JPanel»
ContainerPanel

interface panels

history of moves

ButtonPanel

GamePanel

StatusPanel

MessagePanel

RightPanel

See Panel Structure UMLboard information

AI
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�
I!X ��� � �¡O¤gäi¢O¤v�r
£�¤¦¥o¤¨§ ©«ª«¬�­�®¨¯_°�°
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Button Panel

Status Panel

GamePanel / PuzzlePanel 

ShapePanel

Goal Display Panel

Right Panel

Replay Control
Panel

Message Panel

Custom Shape 
Panel

instance of
RectShape
object

Control Panel

Design Panel

Menu Bar
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«JFrame»
GUI

«JDialog»
SolveDialog

-optionsPane: JPanel
-languageChooser: JPanel
-contentPane: JPanel
-cancel: JButton
-solve: JButton
-messagePanel: MessagePanel
-board: Board
-history: History
-ai: AI
-createLanguageChooser(): JPanel
-createOptionsPane(): JPanel
-createComboBox(): JComboBox
-updateComboBox(): void
+actionPerformed(evt:ActionEvent): void
+setHistory(): History

«JDialog»
SolveDialogAI

+cancelSolve: JButton
-myAI: AI
+solve(): void
+actionPerformed(): void

AISwingWorker
-myAI: AI
-h: History
+construct(): Object
+finished(): void

«abstract»
SwingWorker

-value: Object
#getValue(): Object
+setValue(x:Object): void
+construct(): Object
+finished(): void
+interupt(): void
+get(): Object
+start(): void
+stop(): void

«interface»
ActionListener

«Thread»
ThreadVar

+get(): Thread
+clear(): void
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Message Panel
Displays to the user
choices available or 
choices made, information
and instruction pertaining
to the game as it is being
played

Status Panel
Displays the following:
-Total moves made on the
  board.
-Time elapsed while board
 has been played. 
 The timer can be paused
 from the button panel or
 menu bar.
-Game Level when a built-
 in board is played or
 the name of a designed 
 board.
-Goal display, an
 animation of the target 
 block from its initial 
 position to the target
 position 

Button Panel
Buttons used during the 
game
From the left buttons are:
Undo, Redo, Pause, Replay,
Redo and Solve. 
When the game is paused,
the pause button is
replaced by the resume 
button.

Right Panel
Used to display replay 
controls (shown) or the 
custom design panel for
designing boards

Game Panel 
The main game window.
The board being played is
displayed here.

Menu Bar
File-Provides 
functionality for
organising and editing 
boards in the library.
Game - From here, the user 
can choose one of boards
available or to design a
new board. This menu item
provides restart,undo, 
redo and pause operations.
The goal animation on the 
status panel can be turned
off from this menu. 
AI - The user can choose
to solve the board from 
here.
Help - This item provides
user doumentation
detailing features of the
piano-moving puzzle
game.

Blocks
These are moved using the
mouse. The aim of the 
game is to move the target 
block (the yellow block 
in the graphic above) to 
the goal position.
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¼ÆÅ ·ÂªW¢�¦(���¡���Ä�5�('a¢%�­���¨ªT¢5�³�¨ª��%���¡¢���¬4¢2¤R�f���Á©L�5���5¸
¼ÆÅ ®8¢�¦(�6®8¢�Ê��5��'a¦�¬f�¨ª�'R¢&¯¨¦�� �¨���¥�%���¡¢��3��'�'R��'��­¢ �­���Á©L�5���5¸
¼ ·²��¬5�f�é��'É¢5¤Ó¯¨¦�ªf¬W¢�ªf¬¨Ç9¦�¬W�´¢5¤Ó®���¢&¯�Ob¢�¦(��� �����.º����­�4�­���´¬@�¥�5�('§�5ª�'[¯�¦�ªW¬f¢�ªu�*¤6�­��ª�,®(�¡¢�¯�O+�§�5¬6®8�����a¯?��¢�¬W���a¤°ªf¢����­���]'��¨¬��¡©5�n�§�2�����
¼ ·²� �������������¥�;�+�¡¢5�+¢5¤U�5������������¬v¬f¯¨ª��5���8��'7¸Ä·²��¬W¦RÃ�¯����������+�¡����¤°¢�ª4¯¨¢9'(�¡��©��5�('¬f¦RÃ�¯����������­��¬@�+����©,¢5¤R�f���o�5����������¸



Á�^ Ø�ÙÓÙ�ÛÓà½ÿMäÄÃlÿ�ßaÙÓÜ.å�è*ÛTÖTÚÆá�å9W
�����}ë ° í&
n�Âë é����a�

¼�Å ����¬f¬��5��'�ª����È¬T¯¨¢���� �¨�:�f¬
Z Å '('J�5®(� � �!�²±2�f¢,¯é�5��¯¨���@��ªf¦��R���¡��© Å ·
Z Ð�¢5��¦��[¬@�¥�%�f¬6¢�� Å ·Â¢5�nªW���­¦Rªf�
Z �,�¡����'�¢���¬W�©� �T¯?�§�2��©��N'�¦�ª�����©,ªf�¨���¨�¾±
Z o&¢"�µ«�� ( ¬f¢"�µ«�� ( ªf�¨���¨�¾±+¤¿�����¡¬
Z X½�('�¢ ( ªW��'�¢B'�¦�ª5�¡��©,ªf�¨���¨�¾±a��¬4©�¢�¢9'
Z S ¢�����¬f¬��5©��¨¬T¬W��¢�º6�A���a�g¦������¡������¦���'R¢ ( ªf��'�¢
Z o&¢"��¦(�+��¢��+¤°¢�¦��('n�8¢��&À ¦����¡¬4¬���¢�ºF�­¢��5�R�³�s�5ª

¼ ¶T�¨�³¢5ª5��'�¦��Á¢�� T ¢��('§�¾±
Z ·²���­ªW¢
Z d ¢�ªW�Á¤°¦R��¯����¡¢��§�%� ���²±
Z õoÊ0�­���R¬��¡¢5��¬
Z o0�f¢�ªW±�®8¢L�5ª�'�¤
Z ò?���§���9�	«W�%�¡¦§�%���¡¢��
Z Å ·Ä��¬f�¨¦�'�¢2À ¯�¢0'��Í�	Ê��5�����¡�¨¬�¤

�N�N�}ë ° í&
n�Âë é���� é
¼ ÒQ�­���¨ªL�­�§�5�B�¨�2¯�Og¢5¤³¬f¢"��¦(�+��¢���¢5¤³�§�5ª5' ®8¢L�5ª5'9Ç"©L�5���4��ªf�>���²±��g¦�¯?� ¯¨¢������¡�>�­�5¸
¼eT �5ªW¯�¦�¬l�2��' T �%�5�dºÄ¢�ª�OÆ¢��J¢5�(�+���2��¬��%���¡¢��0¢5¤��f���[©L�2� �J�5¬P'������¡¢5©�¬��5��'¬f¢����.�§�5ª@�­¬6¢5¤7�­���Á©L�2� �.ªW¦��b¬��¡¢�ºÁ¸
¼ øM��¯��¡¬���¢��U��¬+�Â��'��4�f¢�ªf�¨� ¢�«5� Õ �2���§�%�f¦�ªf�n®³¢L�2ª�'�¬+�(�¨�¾±���'ùª��5��'R¢��2�µ±Æ¢��ª���©����4�§�5������¦�¬�����© �­��ªW�é��'�¬¨¸
¼ ôj���f�[¤°¦�ª5�f����ª½ºÂ¢�ª5O)Çå�¡����ªf¢�«5�����������¡�4�­���´¢�«5��ª��%� �o¢5�³�¨ª��%���¡¢��n¢5¤
�­���g©L�5���¢�®�¬W��ªW«5��'9¸
¼ MÂªf�s��O��­��ªW¢�¦�©����¡�Í¬f¢"��¦(�+��¢��Í¢5¤��§�2ª�'g®8¢L�5ª5'9¸ Å ���f��ª��%�+��¢���¬_�¡� Å ·9ªW¢�¦(���¡���d�����¡¢�º¤°¢�ª4ª��2��� '�¬W¢"�¡¦(���¡¢���¢2¤R�f���j�<�5ª�'b®8¢L�5ª�'7¸



Á�Á
�JEV�^ë ° í)
=�Äë é���� é

¼ ò?�¡ªW¬5��'�ª��2¤6�6¢5¤�ªf���8¢�ª@�6�§�5ª5�f¬6��ªf�¨¬f�����f��'�®"±������´®8��ªW¬6¢5¤R�f���Á©�ªf¢5¦��9¸
¼ o0�­ªW¦�¯��f¦�ªf�Á¢5¤R�­���Áªf�¨�³¢5ª5���¡¬v���§��� ��¬f��'9¸
¼ �4���Áªf���Â�������¡��©�¬W��¯>�+�¡¢5��¬��5ªf�/�f¢ ®8�.¯�¢����������­��'9¸

��£N�^ë ° í)
=�Äë é���� é
¼ ¶T�¨�³¢�ª@���¡¬4��¦9���f¢�©��>�­���¨ªTªW�é��'&±+¤°¢�ª4¬f¦R®��2��¬f¬5�¡¢��


