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The real voyage of discovery consists not in seeking 
new landscapes but in having new eyes. 

--Marcel Proust 
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�n�Ý�o �á�� �Ä�''
 �ÈC++(���,È�y�S*ü2O
`4»�S �ÈQP/C++�h*ü /ß�c 	Ã�¹,È�y�S*ü�î�Õ�û �Ä 

�È�t�ÝCw
G�û  

�'�4�Ô�Ÿ�S*ü���:�£	­,X�T���Ê �È�4,XKÂNl�Ú�î�
	¬ �Ä�4�á�a4t4ô�b 15 ���á��,X IF-ELSEAÁ	¹�È�4�0!6
�™�»�«AÁ�È�ê�J�ª�i��,X RTOS��)Ú �Ä,Ì	¡ �È�4�Ô�Ÿ�ü�ÈP¬,X�� õ�ã (Š�Õ�� �È�_�Ê
` ���|�ÍB5 ,X�‘B5�9�ñ
5×KÂNl�Ä�'�4�'P` �ZE­/¡N²C—�È�4�Ú	¥)„ �È
`�å �Æ4£�'P`,X �Ô�� �È4ê/ß	Ã�¹�È�ÝCw �Ä�4�a�3�á�î�Ç�²�� ���ã
�û�ýM6�5 ���ã,X�·-Õ�ê5Ù1TL�,X RTOSG 	•�Z �Ä 

�V�)6(2Ï�05Ù �Û 

�V�p�4�Í���: �È���:,X�·-Õ�ê�Ô8�,X�_�ÊPE�|4ê/ß�•"©�Ý�Ï�)�ã?•�ê5ÙKÂNl �È�å�\P¬�H6Ñ
����W�À �ÄAË4­
�å	¥+	�$F‚�Ê �Èmiro@quantum-leaps.com 
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1��ÔF¼�Ú1��ÔF¼�Ú1��ÔF¼�Ú1��ÔF¼�Ú UML (Š�Õ��(Š�Õ��(Š�Õ��(Š�Õ��  

(Š�Õ�����Ô>•'s-¹,X+ �n
`�r)„�™NO	ž�Ê,X�Í�ê+ Eg�9�_�Ê	¡�h,X�_�ÊPE�|2Ï4³,X�•"© �Ä��E¯,X UML (Š
�Õ���)/��Z�'�! 	¥�) ,X(Š�Õ��)ÚAŽ
`></�"© �Ä 

���:1� �ÔF¼�Ú�)/��Z�V�) �ü�_�ÊPE�|�h*ü/ß�c�� �rL��S*ü UML (Š�Õ��,X�•"© �È���}�4�m�ÎP¬��,X
	Ã4È�x,XEC�Ê�È�Ý>•���Ú)Ú?·,X><)„ �È5à�á���
Eô�Ý-��á��,X IF-ELSE,X��M6�5 ���·-Õ �Ä1��Ô0´�S*ü�Ô�þ
�¹�0�r�_�Ÿ4¡E­�þ�•"©,X�V�‰ �Ä1��`0´�Ÿ4¡(Š�Õ��,X�V�É
` UML ,X></��•"© �Ä1��Ý0´�)/�4ê-Õ(Š�Õ��,X
�Û�š�•"© �È1��¯0´�Ÿ4¡�Ô�þEî*ü,X�� õ�ã�_�Ê�Ø)Ú�< �Ä1��h0´�Ÿ4¡�h(Š�ÕA’Au�õ�ã,X!9Px>< �Ä�4�Ú�Z?·��
UML (Š�Õ�� �È	G�S�4"u�Ý�á��,X�·-Õ	Ü�ä�¹�K �È�3���4	Ã�¹�S*ü,X�Ô�þ���û,XA’Au�•"© �Ä 
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1�1�1�1�  1 0´0´00́´�������� 

UML (Š�Õ��
`�_�ÊPE�|�ã4ê/ß�T���ñ�v(Š�Õ��
`�_�ÊPE�|�ã4ê/ß�T���ñ�v(Š�Õ��
`�_�ÊPE�|�ã4ê/ß�T���ñ�v(Š�Õ��
`�_�ÊPE�|�ã4ê/ß�T���ñ�v  

 

�0����Aš �È�å�À G›	ª�Ô/¡�• "©�J�ñA©�W�È�V�p�W��Bù�Z �È
:)[,X�SAxE­&•�a 	•A©�ÿ,X�r
"©�Ä���ÔG¡?U,X�� �È	•A©�Ô�o�•"© �Ä  

--Franklin D. Roosevelt 

 
 
��0´�)/��Ô�þ�`�<�S*ü UML (Š�Õ��
`�_�ÊPE�|,X�h*üNM,Â�r�_ �ÄE­�þ�r�_�h*ü/ß�c���Ô�þ�x�f�ã ��N²> 
�Ø�Ï ��$��ã �È�å�‡�n���½���ü���: ,X�Ô�Ÿ�ØE­���4	Ã�¹���¿,X�Ô�Ÿ ��)}���·-Õ �Ä��0´,X,Â,X�ü�b*ü�Ô�þ�r
L�,X�r*ü/ß�c�9�)/�E­�þ�•"©,X
Î��?U2ô �È���á�îLK�9��4š8V �È?˜�í
`�_�êG M6 �Ä�¹!8���Î	¥&• �È�å�áA©
-��¼4š�´F+ �È����E­�þ�r�_
`���:�J�ª,X�r�_FÑ�)/��Z�Ô�þ�Q,XA’Au
`�|9$,X4ê-ÕN¢�� �Ä�å�á��A’�4 �Æ4£
-¹F'�\ �î�G�b UML (Š�Õ�� �ÈUML ></�"©�ê5Ù�_�ÊPE�|�ã4ê/ß �Ä�å�Ú�üLÔ?U�Ê1T?U�Ÿ4¡E­�o�V�É�ê5Ù
�A•
�4�V�)�ü���:�J�ª
��•�Ï�RAº4š,X?·Gž �Ä 

��N²> �Ø�Ï ��$��ã��
Î�b STELLARIS ,X$è/�(��+�Ê�� QUICKSTART �h*üEC�Ê,X$d-Õ[Luminary 
06]�Ä�å��G£�S ��N²> �Ø�Ï ��$��ã,X><)„	��Ú�yE¥	s�9,X QUICKSTART �h*ü/ß�c �ÈE­���4��	Ã�¹�ü,Ì	à,X
KÂNl?˜8×�Þ,È�y!¨EW�_�ÊPE�|4ê/ß�•"©
`�ô4³,X?·�‡�•"© �Ä 

1.1 �]>™���:�·-Õ  

���:G!�+5%0­ http://www.quantum-leaps.com/psicc2�Ý7¾?·	_�[�Ê �È�Ù	ÿ QP�_�ÊPE�|�G	Ä
`���:�����Ý�r
�_,X	Ã�;> ,X�`�H$d�·-Õ 	ž�[�7 �È�Ô	¥�¹�K �ÈC�$d
`�J�ª �Ä�4	Ã�¹�^�[�Ê?·	_���Ï�),Â�)�ß �Ä�4EÝ�½,X�]
>™,Â�)>•�0�� QP,X�
,Â�) <qp>�Ä 

 

"¼�Ö��1u���:���å��?U�S*ü C AÁ?Ô�r)„�·-Õ �È���:5%0­�Þ�3�Ù	ÿ1���,X C++(���,X�r)„ �ÄC++�·-Õ
`,Ì�h
,X C �·-Õ��	à��,X,Â�)4§�X �È	¾���W�À�!�b <qp>\qpcpp\...,Â�)�ß �Ä 

 
�Í�b ��N²> �Ø�Ï ��$��ã�r�_ �ÈL��ú�·-Õ�Ý 2 �þ(��� �Ä�å�¤�o�Z�Ô�þ�Û�š,X
Î�b WINDOWS,X DOS

0k	·,X�r)„ �Ä�Ò 1.1�ÅE­���4�áLÔ?U�Ï�)(M�ÿ,X� �9�ã2Ï4³�S��	Ã�¹)}E­�þ$��ã�J�rP`E­�o�·-Õ �Ä 
 
"¼�Ö�å�åEÝ	¸5Õ,X 16 �! DOS�G	Ä,X	s�´���´���W	Ã�¹�S�4�ü�Ô	Ä�Û�š,X PC�Þ�¢.@�Ê���Ô�Ÿ4ê/ß �Ä�á*ü

/•�Ô�4,X�:� �È�4	Ã�¹�S*ü���• �È,È�y�¡�0 CPU�˜�,�< �È,È�y�,	ª I/O 0NKÈ�Ä�J�ª)„�·,X 32 �!
�Û�š PC�Ô	¥�G	Ä�á�•�ç�.��E­&• �ÄE­�þ(À(ME¤> �ü DOS,X�Ä�ê5Ù�J�ª(��� WINDOWS,X DOS�Å
�Þ PC�õ�³�Z�Ô	Ä�ô4³,X 80X86.@�Ê�Ä5à�è �È�4	Ã�¹�S*ü�!C
,X�ä's,X�¹�K!¨�V BORLAND C/C++
4êA¥�<�Ä 
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�å�3���“�p,X
Î�b ARM CORTEX-M3,X STELLARIS EV-LM3S811$è/�(��¤�o�Z$��ã,X�Ô�þ� �9
�ã(��� �Ä�Ò 1.2�Å�ÄPC(�
` CORTEX-M3(��S*ü�`�<,Ì	à,X�h*ü/ß�c$d�·-Õ �È���Ô,X�Â�ÿ�ü�b(����Õ�Ù�á
*ü BSP�Ä 
 

1.2 �Ô�Ÿ)}	û  

�ßM6�Í ��N²> �Ø�Ï ��$��ã,X�£	­�Ý 2 �þ,Â,X ,Oj����?·Gž�V�))}E­�þ$��ã ,�a�����0��KÂNl?˜8×*ü�9�ü��0´
	âM6A’Au
`�r)„EC�Ê .��E’�äE­ 2 �þ,Â�Û ,�åLÔ?UAº4š,X?·Gž,���¹AË5ä�—,XC³�å�ÔCK. 

�4�ü$��ã��,X,Â�Û���úNZ�Ô8,�þ0NN²8
EîE›�Ô�þ"u�Ý����,X �È�×$µRPLË,X"��GL{F' .N²8

`L{F'�ê
5ÙRPLË,X�Ï�).„�rFÑ�î!•&AN²8
 �Ä�4	Ã�¹�S*ü PCK�,¬�Þ,X UP�ê5Ù DOWN 1•���ÝK��SN²8
	å�Þ�ê	å�ß (�Ò
1.1)�ê5Ù EV-LM3S811�S�Þ,X�ŸJ‚ �Ä�4�3	Ã�¹ �Ý PCK�,¬,X0N��K��ê5Ù EV-LM3S811�Þ,X USER�ÝJ‚ 	¥�Ø
�Ô�n�Ð�
#\&A L{F'G ,X
�LË �Ä�Ú�D�
�B$��ã,X�ÊKÈ (Eó)[��!£/¦ 30 &•)
`&Œ!•
�LË,X�DG£3�/Ã,X �È!£ õ$��ã
	¾�Ý�Ô8,N²8
 �Ä 

$��ã�Ô�Ÿ�Ê���ü$è/��õ�ã �ÈL{F'�¹!7��,XEó�z�¢	Ç���ºE@�| �È�� Press Button”�[�+�ü�#�)��KÈK¾&• �Ä
�4LÔ?U�{*ó”fire missile”�_�ÊA}$��ã�Ô�Ÿ �Ä�ü PC�Þ�Ý0N��K� �È�ü EV-LM3S811�S�Þ�Ý USER�ÝJ‚ �Å�Ä  

�üN²> �Ê�4 !£ õ	¾6Ñ�Ý�Ô�n�Ð�
 �È�´!8�'�Ð�
�üN²> �Ê�4�Ç	¥�Ø�Ð�
�� �´�� ,X�Ä�Ð�
�Ï��L{F'�m�•
"u�Ý�Ú�D �È�����Ï!•RPLË	Ã�¹�k�Ú �Ä 

$��ã���Ý 2 /¡�á	à�s6Ñ,XRPLË �Ä�ü	s(� LUMINARY “QUICKSTART” �h*ü/ß�c�� �È2 ��RPLË><)„�Ô
���È�����å�Ç$è/�(Š�Õ���V�)6Ñ�ìL™,X�Ø)Ú�á	à><)„,XRPLË �Ä 

RPLË�Ô
_EW�ã�È����	Ã�¹>•�Ð�
�Ï���W,X�Ï�)�£2ô&•5à>•�Ï!• �Ä�Ï!•RPLË�Ô
_�49‹�k 25 &•�ÄRPLË
�`
_EW�û �È����!¨EW(µ)� �È	¾�Ý�Ï���W,X���—F¼�Ú5à�á��?º?¦�!6Ñ�Ï!•�W �Ä�''
 �ÈN²8
�ÍRPLË,X�Ï�)�Ô&•
FÑ���ç>•���Ï,X �Ä�Ï!•RPLË�`
_�49‹�k 45&• 

�'�4.„���m�•�ê5ÙRPLË5à�3 !•�]N²8
�Ê �È$��ã4§�3 �È��/�K¾&•,X �� Game Over”�[�+
`�4,X�Ô	â�k
�Ú�ÄK¾&•5 /¦	â �È”Game Over”�#�)	¬�²$è/�+�M6 �È1��Y�¢�„�Ô�Ÿ$��ã �Ä 

	º�ê �ÈE­�þ�h*ü/ß�c�ú�Ý�Ô�þ�#�)�±�x �È�´��	s EV-LM3S811�S,X OLED ��/��<�Ý
` CRT 2O��,X
&»!•(M�û �Ä�V�p�ü$è/��õ�ã 20 /¦�Y"u�Ý�Ô�Ÿ$��ã�#�±��>•%”#� �Ä!¨�V �È�#�±�ü$��ãE›/ß���á�î�Î)„ �Å�Ä
�#�±���þ1T	),XLc���£2ô2O,X��/� �È
` EV-LMS3S811(�,X�h*ü/ß�c ”Game of Live”1k"©�Ô��,X �Ä�å�‡�n1T
�êE­�þ�r)„ �È�´��#Ë	Ü�£2ô1k"©�á6Ñ�ú4­�å�À�ÿ,X�„,X�ê�ÝCw,X><)„ �Ä�üE¤> �Z�#�±�Ô�ÚJs	â �È��/��<>•
#Ù0N�È	¾�Ý�Ô�þLc��&•�Î)„�ü�#�)�Þ �ÄE­�Ô&•
`	s(� ”QUICKSTART‘ �h*ü/ß�c�á�Ô�� �È	s/ß�c#Ù0N�#�)�J
�Ô�Ÿ��/� USER LED�Ä�å�
	¬�ZE­�þ><)„�´�� USER LED�Ý�È�Q,X*üEè�Ä	•��/� IDLE �~)ƒ,X#��|(Š�Õ �Å�Ä 

 

�Ò�Ò�Ò�Ò 1 E¤> �üE¤> �üE¤> �üE¤> �ü WINDOWS XP ,X,X,X,X DOS 0k	·��,X0k	·��,X0k	·��,X0k	·��,X ��������N²> �Ø�ÏN²> �Ø�ÏN²> �Ø�ÏN²> �Ø�Ï ��������$��ã$��ã$��ã$��ã  
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�Ò�Ò�Ò�Ò 2 E¤> �bE¤> �bE¤> �bE¤> �b STELLARIS EV-LM3S811 $è/��S�Þ,X$è/��S�Þ,X$è/��S�Þ,X$è/��S�Þ,X ��������N²> �Ø�ÏN²> �Ø�ÏN²> �Ø�ÏN²> �Ø�Ï ��������$��ã$��ã$��ã$��ã  

 
 

1.2.1 E¤> $��ã,XE¤> $��ã,XE¤> $��ã,XE¤> $��ã,X DOS (���(���(���(���  

�S*ü C AÁ?Ô,XDOS�ß,X��N²> A’Au ��$��ã�·-Õ�!�b <qp>\qpc\examples\80x86\dos\tcpp101\l\game\,,Â�) �ÈE­
G <qp>���4�]>™Lc�:EC�Ê�ÊEÝ�½,XCÃ�X�Ä 

4êA¥	â,X	Ã�;> /ß�c�3�¤�o�Z �È�4	Ã�¹�ü�Ï�) WINDOWS�G	Ä,X PC�Þ	 �Ï�!�b
<qp>\qpc\examples\80x86\dos\tcpp101\l\game\dbg\.,Â�),X	Ã�;> �[�Ê game.exe�Ä�4,ß��,X1��Ô�þ�#�)��$��ã
E¤> �b$è/��õ�ã �È�� Push Button”�[�+�ü�#�)��KÈK¾&• �Ä�ü�#�)NJF¼���h*ü/ß�c	Ã�¹�y	«,X �ÝK�,X 0ú	Ë�Ä
�4LÔ?U�Ý0N���Î�Ô�Ÿ)}$��ã �Ä?UEÔ�Î$��ã	Ã�¹�Ý ESC�ÝK� �Ä 

�ü WINDOWS,X0k	·�õ�ã)} ��N²> �Ø�Ï ��$��ã �È
` STELLARIS (���,Ì!¨�W,X�|+����p	Ã6Ñ�Ý&•
CÇC—�Ä�Û�6���<�#�õ�ã	Ã�¹�â��,X A}$��ãE¤> ,X�È�t#�+� �Ä�Ý�ß ALT �á�� �a�Ý ENTERK�	Ã�¹�Û�6���<�#
�õ�ã �Ä�a�S*ü ALT-ENTER 4˜	ÜK�	Ã�¹�Û�6�²0k	·�õ�ã �Ä 
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�V�4�ü�Ò 1.1 ��,ß��,X �ÈDOS(�,X$��ã�S*ü1T	),X VGA �[���õ�ã	• �õ�³ EV-LM3S811$è/�(�,X
OLED ��/��< �ÄDOS0k	·,X�#�)�ß�•>•�'�0�Ô�þ 80x16�+0ú,X���£2ô ��-½L	 �È!¨ OLED ��/��<,X 96X16
�£2ô/á�‚ �ã�È����C‡�ó)}$��ã�Z �Ä(M�ÿ,X�åFS�!�üE­�þ�Ô�Ÿ,X�r�_G �S*ü�Ï�)�ÝCw,X�Ò�6 �È�´���å�Ý�Ô�5
�È�û,X ��RP��?U&¸4­�4 �ÈE­!¨ �¡�— �´�G,X�á��,X�Ò�64ê/ß�ÈG¡?U �Ä 

�å,X��?U,Â�Û���S�4�•�ç,X)Ú?·�_�ÊPE�|�·-Õ�J*ü�W�.�rP` �Ä��!8 �È�åEÝ�½�Z Borland Turbo C++ 
1.01�¹�KLš	• �ï�ÎE­�þ�r�_
`���:,X,X�J�ª�´�þ�r�_ �Ä��1u Borland Turbo C++ 1.01���þEW5Õ,X4êA¥�<�È
�W	Ã�¹$è/� C 
` C++(���,X���Ý(M�U �Ä�Ô	â �È�W	Ã�¹�¢ Borland	.(=OZ
�� http://bdn.borland.com/article/0,1410,21751,00.html�!C
�ßEQ . 

E­�þ�¹�KLš�\�•�ç�]>™ �Ä�4�¢ Borland�ßEQTurbo C++ 1.01�]>™�[�Ê	â �È�4LÔ?U�^�W?·	_���4,X.@
,¬�Ä'
	â�4E¤> INSTALL.EXE �JFI';�W,X�]>™�¤/�	G	Ã �Ä 

 

"¼�Ö�å��&œ�|9$�4�^ Turbo C++1.01�¹�K�+�Ê�]>™�ü,Â�) C:\tools\tcpp101\. E­�� �È�4	Ã�¹,È�y�S*ü���:��
�¤�o,XNM,Â�[�Ê
` MAKE �[�Ê �Ä 

 
�3AŒ�rP` “N²> �Ø�Ï ���·-Õ,X�Ô�•�ç,X�•"©��E¤> Turbo C++ IDE (TC.EXE)�J�'�Ô�!�b,Â�)

<qp>\qpc\examples\80x86\dos\tcpp101\l\game\,XNM,Â�[�Ê GAME-DGB.PRJ.�4	Ã�¹�ü IDE G �Â�
 �ÈG¡�„4êA¥�È
�;> 
`A×A© �Ä'
5à �È�4�hA¹FS�!�üA×A©�<G 4§�3/ß�c �È�´��E­���á�î�6�á�Û�š,X DOS�ß,X�Ê��
`K�,¬��
�•	åG£ �Ä�4�hA¹E¤> �h*ü/ß�c�J*ü ESC�ÝK��9EÔ�Î �Ä 

�ü�ß�Ô8V�È�å1T?U,XAÈ�â�V�)E¤> $��ã,X� �9�ã(��� �Ä�V�p�4�Í CORTEX-M3(����á�ó�HCw �È	Ã
�¹CÇE› 1.38V�È	âM6���h*ü�·-Õ,X?·Gž �Ä 

1.2.2 E¤> $��ã,XE¤> $��ã,XE¤> $��ã,XE¤> $��ã,X Stellaris (���(���(���(���  


`E¤> �ü	¸5Õ,X�r�õ�ã 80X86�Ø)Ú�<,X DOS(���,X ��N²> A’Au ��$��ã�á	à �È	à��,X�·-Õ �ÈE¤> �ü�'�·�¹
�î�Ô��E¯,X�Ø)Ú�< ���Ô ARM CORTEX-M3�Þ�Ä  

STELLARIS Ev-LM3S811(���,X�·-Õ�!�b
<qp>\qpc\examples\cortex-m3\vanilla\iar\game-ev-lm3s811\,Â�) �È<qp>�·><�4EÝ�½�]>™���:�·-Õ,X�
,Â�) �Ä 

STELLARIS �+�Ê,X�·-Õ�Æ4£�S*ü EM-lm3s811$è/�(�L��ú,X 32KB L$�
 (� IAR � �9�ã ARM �¹�0
�G	Ä�ÄIAR EWARM�Åv5.114êA¥.�4�3	Ã�¹�ü�ü4“"¼�`	â�!C
�¢ IAR �@	Ì5%0­(www.iar.com),È�y�ßEQE­�þ
IDE�Ä 

IAR EWARM ,X�]>™�S*ü�WL��ú,X�]>™�¹�K���\,È�y,X .�4E¬LÔ?U�
�B EV-LM3S811�S,X�[�7AÈ�â
�]>™�W,X.@�ÊA×A©USBPE�| . 

 

"¼�Ö�å��&œ,X�|9$�4�ü c:\tools\iar\arm_ks_5.11,Â�)�]>™ IAR EWARM �¹�K �ÄE­�� �È�4	Ã�¹,È�y�S*ü���:
�¤�o,X workspace�[�Ê
` MAKE �[�Ê �Ä 

 
�ü�4�Í EV-LM3S811E¯> ��N²> �Ø�Ï ��$��ã�! �È�4�3AŒ�Ç��)}�Ô�î���S�Þ,X	s�9,X �� QUICKSTART”

�h*ü/ß�c �Ä 
?U�^��N²> �Ø�Ï ��$��ã4ê/ß�� EV-LM3S811,X FLASH G �È�4Oj���S*ü�+�Ê�¤�o,X USB4“4ÚE²�y

EM-LM3S811
`�4,X PC�È�J.BAx+	$d LED &•�‚ �Ä�Ò 1.2�Å�Ä '
	â �È�4LÔ?U
��| IAR EWARM�È�'�Ô�!�b
<qp>\qpc\examples\cortex-m3\vanilla\iar\game-ev-lm3s811\,X game-ev-lm3s811.eww�ÄE­�Ê�Ô�Ÿ �È�4�hA¹,ß
��
`�Ò 1.32O��,X�#�)��/� �ÄGame-ev-lm3s811NM,ÂA’5B���S*ü EM-LM3S811�Þ,X LMI FTDI Lš�äA×A©�<
�Ä�Ò 1.2�Å�Ä �4	Ã�¹EîE› PROJECT->OPTIONS9°	)G ,X OPTIONS�ÍA±��P`A•E­�þA’5B �Ä�ü OPTIONS�Í
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A±��G �4LÔ?UEÝ�½�ºM6,XA×A©�<NIM6�ÈE­G �4	Ã�¹EÝ�½ DOWNLOAD NIM6�9P`A•>™EQFLASH �Æ>•�'�Ô �Ä
EÝ��,X �� Useflash loader(s)”�ã
G-� IAR �¤�o,X flash loader�h*ü/ß�c�îOj��>•>™�9 MCU ,X RAM ���È�J�è
E­�þ�h*ü/ß�c�î*ü�4,X�h*ü/ß�c,X�ô�£�9�Í FLASH E¯> 4ê/ß�Ä  

EÝ�½PROJECT->DEBUG9°	)�ê5Ù	)�Ï �¹�K�5�Þ,X DEBUG�ÝJ‚ �Ä�Ò 1.3�Å�Ô�Ÿ FLASH 4ê/ß�ÄIAR 
WORKBENCH�hA¹��/� FLASH 4ê/ßE¯�z�5 �È�V�Ò 1.3 ��/� �Ä�� FLASH 4ê/ß4§�3�ÈIAR �Û�6�� IAR C-SPY
A×A©�<�È/ß�c�0!6�ü main()�9	· �Ä�4	Ã�¹	)�ÏA×A©�<G ,X ”GO“�ÝJ‚�ê5Ù�G�]A×A©�< �È�Ý�S�Þ,X RESET�Ý
J‚G¡
�$è/�(� �È�9�Ô�Ÿ)}$��ã �ÄE­�� �È��N²> �Ø�Ï ��$��ã)„�ü�Æ4£>•�ßEQ�� EV-LM3S811�S�È�J�è�¹	â!£
 õ�Þ+	�WFÑ�î7¾�|E¤> �Ä 

 

�Ò 3 �S*ü IAR EWARM IDE >™�9��N²> �Ø�Ï ��$��ã�� LM3S811MCU,X FLASH 

 

 
IAR � �9�ã�¹�0	Ä �S�4�\�•�ç,X�rP` ”N²> �Ø�Ï ��$��ã,X�·-Õ �Ä�4	Ã�¹4êEe�J	)�Ï F7 �ÝJ‚4êA¥�h

*ü/ß�c �Ä���Ô,X?U"����ü�]>™ IAR �¹�KLš	â�4LÔ?U�¢$d�·-Õ*ó�ä LUMINARY MICRO PE�|�g �Ä�ü
<IAR-EWARM>\ARM\examples\Luminary\Stellaris\boards\ek-lm3s811,Â�) >™�9ek-lm3s811.eww�¹�0	Ä�[
�Ê�È <IAR-EWARM>���4�]>™ IAR �¹�KLš,X,Â�) �Ä�ü ev-lm3s811.eww�¹�0	Ä �È�4EÝ�½�Þ�•�ß�•�ë><,X
�� driverlib – debug”NM,Â�È�a�Ý F7*ó�ä�g�[�Ê �Ä 

1.3 main()�Ñ�D 

�3AŒ�Ô�Ÿ?·Gž��N²> �Ø�Ï ��$��ã�·-Õ,X�Ô�G
��•���!�b�[�Ê main.cG ,X main()�Ñ�D�Ä��0´��L8M2(M�ÿAÈ�â �È
�4	Ã�¹##?œ DOS(��ê5Ù EV-LM3S811(�,X�·-Õ �È�´�� 2 �þ(���G ,X�h*ü/ß�c�·-Õ���Ô7È,X �Ä�`�H,X main.c
�[�ÊAË,ß�ë>< 1.1�Ä 
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"¼�Ö���Z?·Gž�·-Õ �È�å�ü�ó�HCw,X�·-Õ�ºE•�m�Z�ü�À	ËG ,X�D�+ �Ä�ü	âM6�Ý�ÍE­�o�ÛA„,X?·Gž �Ä�Ý�Ê �È��
�Z	��Ú(M�n!‰G 
`?·Gž!‰G ,X�ë>< �È�å�S*ü�Z�`�H,X�Ù	ÿ�ë><�c	Ë 
`�Û1R,X�é*ü �Ä�_�V �Ö�ë>< 1.1
�Ä21�Å�é*ü�ë>< 1.1,X�Û1R�Ä21�Å�Ä  

 
�·-Õ�ë><  1 N²> �Ø�Ï$��ã,X main.c�[�Ê  
 (1) #include "qp_port.h"                                         /* the QP port */ 

 (2) #include "bsp.h"                                   /* Board Support Package */ 

 (3) #include "game.h"                                       /* this application */ 

 

     /* Local-scope objects ----------------------- ------------------------------*/ 

 (4) static QEvent const * l_missileQueueSto[2];                  /* event queue */ 

 (5) static QEvent const * l_shipQueueSto[3];                     /* event queue */ 

 (6) static QEvent const * l_tunnelQueueSto[GAME_MI NES_MAX + 5];  /* event queue */ 

 (7) static ObjectPosEvt   l_smlPoolSto[GAME_MINES_ MAX + 8];  /* small-size pool */ 

 (8) static ObjectImageEvt l_medPoolSto[GAME_MINES_ MAX + 8]; /* medium-size pool */ 

 (9) static QSubscrList    l_subscrSto[MAX_PUB_SIG] ;        /* publish-subscribe */ 

 

     /*............................................ ..............................*/ 

     void main(int argc, char *argv[]) { 

                               /* explicitly invoke  the active objects' ctors... */ 

(10)     Missile_ctor(); 

(11)     Ship_ctor(); 

(12)     Tunnel_ctor(); 

 

(13)     BSP_init(argc, argv);           /* initial ize the Board Support Package */ 

(14)     QF_init();     /* initialize the framework  and the underlying RT kernel */ 

 

                                                /* initialize the event pools... */ 

(15)     QF_poolInit(l_smlPoolSto, sizeof(l_smlPool Sto), sizeof(l_smlPoolSto[0])); 

(16)     QF_poolInit(l_medPoolSto, sizeof(l_medPool Sto), sizeof(l_medPoolSto[0])); 

 

(17)     QF_psInit(l_subscrSto, Q_DIM(l_subscrSto)) ;   /* init publish-subscribe */ 

 

                                                  / * start the active objects... */ 

(18)     QActive_start(AO_Missile,/* global pointer  to the Missile active object */ 

                       1,                                   /* priority (lowest) */ 

                       l_missileQueueSto, Q_DIM(l_m issileQueueSto), /* evt queue */ 

                       (void *)0, 0,                      /* no per-thread stack */ 

                       (QEvent *)0);                  /* no initialization event */ 

(19)     QActive_start(AO_Ship,      /* global poin ter to the Ship active object */ 

                       2,                                            /* priority */ 
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                       l_shipQueueSto,    Q_DIM(l_s hipQueueSto),    /* evt queue */ 

                       (void *)0, 0,                      /* no per-thread stack */ 

                       (QEvent *)0);                  /* no initialization event */ 

(20)     QActive_start(AO_Tunnel,  /* global pointe r to the Tunnel active object */ 

                       3,                                            /* priority */ 

                       l_tunnelQueueSto,  Q_DIM(l_t unnelQueueSto),  /* evt queue */ 

                       (void *)0, 0,                      /* no per-thread stack */ 

                       (QEvent *)0);                  /* no initialization event */ 

 

(21)     QF_run();                                     /* run the QF application */ 

    } 

 
(1) N²> �Ø�Ï$��ã���Ô�þ�S*ü QP�_�ÊPE�|�G	Ä�r)„,X�r�_ .!£�þ�S*ü QP,X C �[�Ê�™NO�Ù	ÿ qp_port.h

���[�Ê .E­�þ���[�Ê�Ù�À�Z QP�Í�Û�n�Ø)Ú�<�¡�02Ï4³
`4êA¥�<,X(M�ÿ�Â�
 ,�3����/Ï�á .!£�þ QP/Ï
�á�!�b	)(À,X,Â�)�ß ,4êA¥�<EîE›�¤�o4­�W,X�ð2öCÃ�X�R��,Ì�h,X qp_port.ht���[�Ê (�L
_,X��EîE›
-I 4êA¥�Ô�G).E­���å�áLÔ?U���á	à,X�Ø)Ú�<�ê4êA¥�<�Â�
$d�·-Õ .�å	¾LÔ
�A• 4êA¥�<�ü�á	à,X,Â�)
�ß�Ï�R qp_port.h���[�Ê .�_�V .DOS(��¢ <qp>\qpc\ports\80x86\dos\tcpp101\l\�é�9 qp_port.h���[
�Ê,EV-LM3S811(��¢ <qp>\qpc\ports\cortex-m3\vanilla\iar\�é�9���[�Ê �Ä 

(2) bsp.h���[�Ê�Ù	ÿ�Z�Í�S���Õ�Ù,X�y	· �È�!�b�h*ü/ß�c,Â�)�ß �Ä 
(3) game.h���[�Ê�Ù	ÿ�Z�Í�_�Ê
`�J�ª /ß�c,XF¼�Ê�E�•�¹�K,X�Ä�â �Ä�å�Ú�ü 1.68VA|AŽE­�þ���[�Ê �Ä

�W�!�b�h*ü/ß�c,Â�)�ß �Ä 
 

QP�_�ÊPE�|�G	Ä���Ô�oF¼�Ê,XLš	Ü �È�V�
 �B UML AÁ"©�;> (Š�Õ��,X QEP�_�Ê�Ø)Ú�<
`�r)„ ���|
�ÍB5 Au1k�õ
_,X QF�r�Ê���Š �Ä�ü QF,X���|�ÍB5 ���Õ>™	â,X(Š�Õ�� �Ä!£�þFÑ�Ô�þ�_�ÊKó�ë �È�Ô�þ	) (À,X
�Ï�u�Þ�ß�[
`7¾�Å,X�ì��4{ �Å�W�ÀEîE›	¥EÕ
`�y�
�_�Ê�9�Ö!9EîAƒ , QF�Ø)Ú�<F¼4“/ß�]�<,X�_�Ê�x�6
`�f
Kó,X4š8V�Ä�ü�Ô�þ ���|�ÍB5 �YF¼�È�_�ÊEîE› QEP�_�Ê�Ø)Ú�<>•�q õEîE›E¤> -�� -�`�ä �ÄRTC�Å�•�ã�Ø)Ú �È
�ã
G-��ü�Ø)Ú�ß�Ô�þ�_�Ê�!�'�!>•�Ø)Ú,X�_�Ê�™NO>•�Ø)Ú�` �Ä 
 
(4-6) �h*ü/ß�c�™NO�����Ý �W�S*ü,X���|�ÍB5 ,X�_�ÊKó�ë�¤�o �,�|0NKÈ �ÄE­G �,�|���ü4êA¥�ÊEîE›�ÚG!

�á	¬,X �Äcontst�Å�Û	å�_�Ê,X�ÛJ\�D4˜�r)„,X �È�´�� QF �_�Ê�ÝKó�ë	¾ �¹�Ý �Û	å�_�Ê,X�ÛJ\5à�á��
�_�Ê��D• �Ä�_�Ê �Ô�o ���ü qp_port.h���[�ÊG �Ä�â,X QEvent4§�X,X�r�_ �Ä!£�þ ���|�ÍB5 6Ñ�Ý�á	à
,X�û�ã,X,X�_�ÊKó�ë ,�4	Ã�¹�
�B�4�Í�h*ü/ß�c,X�™�‰�9�‡�nE­�þ�û�ã �Ä�å�Ú�ü1� 6 
`1� 7 0´A|AŽ
�_�ÊKó�ë �Ä 

(7-8) �h*ü/ß�c�™NO�Í���Š�S*ü,X�_�Ê"4,X�¿Eó
`	Ã�‡�n,X�_�Ê,X�|�Õ�ÚG!�¤�o�,	ª0NKÈ �Ä!£�þ�_�Ê"4
	Ã�¹�¤�o�Î�n�û�ã,X�Y�,
+ �Ä���ZFS�!���ã,X�_�Ê#>C
�Y�, �ÈQF���Š	Ã�¹1u)Ú 3 �þ�á	à�û�ã
+,X
�_�Ê"4 �Ä�ã�È��1�,X
`�',X�_�Ê �Å�Ä N²> �Ø�Ï�h*ü/ß�c	¾�S*ü�J�� 2 /¡�Ä�ã,X
`��1�,X"4 �Å�Ä  

 
QF���Š���Õ 2 ���_�Ê#�EÕ���
 �Ö1T	),X,È�y	¥EÕ�_�Ê4­ ���|�ÍB5 �È
`�È��E¯ ,X�¹�“�^�_�Ê�{*ó5Ù


`#\C
5Ù�Ú�Ô ,X“ 	¥> -AvKÙ�����
 �Ä�ü ” 	¥> -AvKÙ�����
G  �È���|�ÍB5 EîE›���ŠAvKÙ�_�Ê �Ä�_�Ê*ó�{5Ù	¥
> �_�Ê4­���Š �Ä�Í!£�Ô�þ	¥> AË"� �È���Š	¥EÕ�_�Ê4­���Ý�ÆAvC�E­�þ�_�Ê,X ���|�ÍB5 �Ä�Ô�þ�â��,X ��	¥> 
-AvKÙ��,X?U"������Š�™NO�,�|AvKÙ5Ù,X�µ�C �Ä�����W�™NO6Ñ�Ø)Ú�Í�Ï�)4­�n�_�Ê2O
_,X�îG¡AvKÙ5Ù �Ä�ü
1� 6 0´
`1� 7 0´A|AŽ�_�Ê#�	¥���
 �Ä 
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(9) N²> �Ø�Ï$��ã�S*ü QF �¤�o,X	¥> -AvKÙ�_�Ê#�EÕ���
 �È�´!8�WLÔ?U�ÍAvKÙ5Ù�ë><�¤�o�,�| 0NKÈ�Ä

AvKÙ5Ù�ë><A„�#�Í!£�þ�_�ÊAvKÙ,X���|�ÍB5 �ÄAvKÙ5Ù�D�B�g,X�û�ã
Î�b�ü game.h���[�ÊG �S*ü
MAX_PUB_SIG���D�n��	¥> �_�Ê,X�DG£ �È
` QFG!5B	¬G£QF_MAX_ACTIVE �n��,X2Ï4³����
AŒ,X���|�ÍB5 ,X�Ô�û�DG£�Ä 

(10-12)  E­�o�Ñ�D�;> �Í2Ï4³�� ���|�ÍB5 ,X�ñ!9�ñ�Ÿ�ê �Ä�W�À�B$èM-�Õ���X�Î5Ù ��,X?¦8F �È�ü C AÁ?Ô���4
LÔ?U�â.B,XA×*ü�Ä(C++�üE¯�9 main()�Ñ�D�!Ld�6,XA×*üE­�oM-�Õ�X�Î5Ù )�Ä 

(13)  �Ñ�D BSP_init()�ü bsp.c�[�Ê���n�� �È�Í�S�ñ�Ÿ�ê �Ä 
(14)  �Ñ�D QF_init()�ñ�Ÿ �ê QF4˜�Ê
`�i��,X RTOS/�Y�� �È�V�p�Ý�S*ü�W�À,XA± �Ä�4LÔ?U�üA×*ü�Ï�) QF

�á�u�!�;> QF_init(). 
(15-16) �Ñ�D QF_poolInit()�ñ�Ÿ�ê�_�Ê"4 �Ä�Ñ�D,X 	–�D ���Û	å�_�Ê"4�,�|0NKÈ,X�ÛJ\ �È�,�|0NKÈ,X�û�ã
`

"4,X
+�û�ã �Ä�4	Ã�¹�Ô�î 3  õA×*üE­�þ�Ñ�D	•�ñ�Ÿ�ê7Ç�î 3 �þ�_�Ê"4 �ÄA×*ü QF_poolInit(),X õ�c
�™NO�Ý
+,X�û�ãEæ�r,X õ�c �Ä�_�V �È�ã�_�Ê"4 
+�™NO�ü���_�Ê"4
+���!>•�ñ�Ÿ�ê �Ä 

(17)  �Ñ�D QF_poolInit()�ñ�Ÿ�ê QF ,X	¥> -AvKÙ�_�Ê#�	¥���
 �Ä�Ñ�D,X 	–�D ���Û	åAvKÙ5Ù�ë><�D4˜,X�Û
J\
`E­�þ �D4˜,X4È�D�Ä 

 
���}�c Q_DIM(a)EîE› sizeof(a)/sizeof(a[0])Au1k�Î�Ô4È�D4˜ a[],X�û�ã , E­���þ4êA¥�Ê���D �ÄE­�þ�c

1T�ê�Z�·-Õ�´���W��AŒ�å�á*ü	•�m�\�î #define���D �È	ú�í�åLÔ?U�Í�á	à,X�D4˜�¤�o4È�D �Ä�å6Ñ�ü�n���Ô�þ
�D4˜ �ÈE­�þ���ÔLÔ?U�å�¤�o4È�D,X�Ê�í �È.@4ê-Õ�D4˜,X 4È�D�Ä'
	â �È�'�åLÔ?U�ü�·-Õ���S*üE­�þ4È�z�Ê*ü
�c Q_DIM()�Ä 
 
(18-20) �Ñ�D QActive_start()
�A• QF ���Š�Ô�Ÿ1u)Ú�Ô�þ ���|�ÍB5 �0���h*ü/ß�c,X�ÔF¼�Ú �ÄE­�þ�Ñ�D�S*ü�V

�ß	–�D �Ö�Û	å ���|�ÍB5 4§�X,X�ÛJ\ �È���|�ÍB5 ,X�ì��4{ �È�Û	å�W,X�_�ÊKó�ë,X�ÛJ\ �ÈKó�ë,X4È�z
�ÄKS�z�Å�È
`�Ý�þ�å�Ú�ü1� 7 0´?·Gž,X�J�ª	–�D �È�´���W�À
`)„�üA|AŽ,XKÂNl�´�G �ÄQFG ,X���|
�ÍB5 �ì��4{���¢ 1 �Ô�ŸEæ�r���J�Ù�À QF_MAX_ACTIVE�ÈEWP¬,X�ì��4{�D�+></� ���|�ÍB5 �ÝEWP¬
,X�ùE¿�û �Ä���D QF_MAX_ACTIVE �ü QF /Ï�á���[�Ê qf_port.h���n�� �È�'�!(������W�á6ÑCYE›
63�Ä 

 
�å�p ö�^!£�þ ���|�ÍB5 ,X�·-Õ
`�D�B�ù��,X�Õ>™�ü�W7¾�Å,X C �[�Ê�� �Ä�_�V �È���|�ÍB5 Ship,X�<

F¼�·-Õ
`�D�B FÑ���ü�[�Ê ship.cG �È
`�êF¼,X+ M6���Ñ�D Ship_ctor()
`�ÛJ\ AO_Ship. 
 
(21)  �¢E­G �Ô�Ÿ �È�4�¤�o�Z���Š�W1u)Ú�4,X�h*ü/ß�c��LÔ,X�<F¼�,�|0NKÈ
`�µ�C �Ä�Ô	â�4�™NO?U�.,X

����A×*ü�Ñ�D QF_run()�^�{�
���x4­���Š �Ä 
 
�üA×*ü QF_run()	â�È���Š9‹�k�`�<,X�{�
�� �Ä���ŠEîE›A×*ü�4,X�·-Õ5à�á���J�ª�•"©�9E¤> �h*ü/ß

�c�Ä�ü DOS(���,XN²> �Ø�Ï$��ãG  �È�4	Ã�¹�Ý ESC�ÝK��94§�3/ß�c �ÈE­G  QF_run()EÔ�²�� DOS5à�á��
main().�ü� �9�ã2Ï4³G  �È!¨�V�ü stellaris$è/�(�G  �ÈQF_run()�Ô,ÈE¤> �ê5Ù,È��+	$d�GKÁ��!6 �Ä 
 
"¼�Ö���Z�Ô�Q,X�G	ÄKÈ	Ã/Ï�á�û �È$d�·-Õ�S*ü �Z UNIX N¢��,X> ��4§�3?˜8× �Ä> 	¾�S*ü LF 4§�3, 0xA �+0ú�Å�Ä

E­�þ?˜8×,ß�9�Í�<F¼ C/C++4êA¥�<
`�x	•4êA¥�< ,�Ù�À	¸5Õ,X DOS�Ê�·,X�¹�K .,Ì	¡ , 
DOS/WINDWOS4§��?˜8× (> �S*ü CR LF4§�3�Ä0xD, 0xA �+0ú�Í ), �Æ-¹�î�ü UNIX 2O,X�G	Ä(M�ÿ
���ü�î> NX�Ø)Ú�<�c �ÞEô�äKÂNl,. 
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1.4 ��N²> �Ø�Ï ��$��ã,XA’Au  

���Z �È#Å�9,X?·GžN²> �Ø�Ï�h*ü/ß�c �È�åLÔ?UE¯�9��A’Au��M6 �ÄE­G �åLÔ?U?·Gž�h*ü/ß�c���V�)>•�Ú?·��
	Ø�þ ���|�ÍB5 �È�¹	ž�W�À�V�)�x�6�_�Ê�¢5à�r)„N²> �Ø�Ï$��ã,X�s6Ñ �Ä 

�Ô8�,X �È�^KÂNl�Ú?·�ä ���|�ÍB5 �J�á1T	) �ÄEî���ü�Ï�)�Ú?·�� �Ä�4,X,Â,X��E’�ä�ü	Ø�þ ���|�ÍB5 KÈ
��	Ã6Ñ�R�7,X5ú	Ü �Ä)Ú�Ç�™�‰���W�À��KÈ"u�Ý�Ï�)�E�•,XC�$d �Å�È5à�è�4LÔ?U���o�£�å�W�À��KÈEîAƒ,XNe
�z
`LÔ?U�x�6,X�_�Ê,X�û�ã �Ä 

�üN²> �Ø�Ï$��ã�r�_G  �È�åLÔ?UOj��.BAx���Ý�¹�Ý	¡�h> ��,X�ÍB5 �Ä!¨�V �È�¹�Ý�Ô�þ(Š�Õ�� �Å�Ä�å
�h*ü�Ô1T	),X.BAx�ÍB5,XM6	å�ÍB5�T�� ,�3�����åEÝKÂNl?˜8×G  >•Ne4��S*ü,X	áA¡ �Ä�¢ 1.28VG �È�å	•�Ž�Z
Ship, Missile, Mines
` Tunnel�Ä'
5à �È�á��2Ï4³��,X!£�Ô�þ(Š�Õ��FÑLÔ?U���Ô�þ ���|�ÍB5 �Ä�J�¹�Ý	)(À,X
�Ï�u�Þ�ß�[ �È�Ô�þ�_�ÊKó�ë
`���Ô,X�ì��4{ �Å�È�J�è �È�'LÔ?U�û6Ñ�ê0NKÈ�ÞLÔ?U�Ê�È=a	Ü�W�À���Ô�þ�Ý��
,XEÝ�½�Ä�0��E­�þ�•"©,X�Ô�þ���_ �È�å�^ Mines=a	Ü�� Tunnel���|�ÍB5 ���È�¢5à�å�^ Mines�0�� ���|�Í
B5TunnelG M6(À0Ÿ,X(Š�Õ��4˜�Ê�ÄE­���å�S*ü�Z�ü1� 5 0´G �£	­,X ��!7�x4˜�Ê ��A’Au�õ�ã �Ä 

�_�ÊPE�|�h*ü/ß�c�Ø�Ï,X�ß�Ô!9��4­!£�Ô�þ>•.BAx,X ���|�ÍB5 �ÚG!B÷�Ï
`C�$d �ÄFS�!�E�•C�$d,XEî
*ü,XA’Au1*+9��	û!£�Ô�þC�$d�Õ>™�ü�Ô�þ�Û�n,X ���|�ÍB5 G M6�È�JA}E­�þ ���|�ÍB5 ���h*ü/ß�c ,X�J�ªF¼�Ú
1u)ÚC�E­�þC�$d �ÄE­�� �È/ß�cEîE›�_�Ê�9�E�•�Û�n,X ���|�ÍB5 5à�á��,È�y�E�•C�$d �Ä 

���¹ �È�0���_�$ �È�å�‡�nA} ���|�ÍB5 Tunnel�91u)Ú��/��< �Ä�J�ª,X ���|�ÍB5 
`(Š�Õ��4˜�Ê �È!¨�V
Ship, Missile
` Mines�È�á,È�y�ü�#�)�Þ4¬�Ò �È5à��4­�ÍB5 Tunnel	¥EÕ�_�Ê �ÈAË"� �ü��/��<�Û�n,X
$�Û&•
(x,y)�£4¬ Ship,Missile�ê5Ù Mine ,X�!�Ò �Ä 

�ü)Ú?·�Z�Í ���|�ÍB5 ,XB÷�Ï
`�ÚG!,XC�$d	â �È�å	Ã�¹E¯�Ô!9?˜�æ�ÍB5��KÈ�á	à,X�_�Ê�x�6
��C �Ä�3
AŒE­�þL
!‰�Ô�Q,X�ñ5×E›/ß,X�Û�Ð���ü�Ò 1.4G �£	­,X UML NN�c�Ò.E­�ÑNN�c�Ò�)/��Z�üN²> �Ø�Ï $��ã�Ä��
?U,X*ü�_�È�V�p�4���ã �ÅG �Ô��?•,X�_�Ê�x�6
��C �Ä�üNN�c�Ò	â�!�k?·GžF¼�ÚKä�â�Z�Ô �o�ÝCw,X
��• �Ä 
 
"¼�Ö2O���Ò 1.4,X UML NN�c�Ò�Ý2 �þ4È�z �Ä"��G�•	å�f�ë,X�•��></�E­�þ
��CG �á	à,X�ÍB5 �ÈT¥�r4“,X

�•��></��� ���|�ÍB5 �ÄEî���ü UML G �È�ÍB5	á�S*ü�ß�æ4“ �Ä�¢�•���T�ß,X
V,È&•�æ4“><�â �ÊKÈ
,X�•	å �Ä�_�Ê*ü"��G1•��></� �È�¢	¥EÕ�ÍB5�Ô�Ÿ �È���y�
�ÍB54§�3 �Ä�È4©�r�_4“,X	ÃEÝ,X4š��><
/��{�
,X&ú&• �Ä 

 
�Ò 4 N²> �Ø�Ï$��ã,XNN�c�Ò  
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"¼�Ö���Z?·Gž�Ò�_ �È�å�ü�Ò���ó�HCw,X
��•���9�ú�À	Ë,X�D�+A„	Ë �Ä'
	â�å�S*üE­�o�ÛA„�üLc	â?·GžF¼�Ú

�é*ü �Ä���Z�ü(M�n,X�[�+!‰�é*ü(M�n�Ò,X�Û�n��2ô �È�å�S*ü�<�é*ü �Ä!¨�V �È�Ò 1.4(12)></��h*ü�ü
�Ò 1.4G ,X��2ô �Ä12�Å�Ä  

 
(1)  TIME_TICK ��$��ã���ÔG¡?U,X�_�Ê �ÄE­�þ�_�Ê+� QF ���Š�¢2Ï4³�_�Ê8V�¡���•*ó�ä , Eó)[��!£/¦

30  õ�¢5à	Ã�¹#�+�,XPE�|��/��<�Þ,X�|+� �Ä�´�� TIME_TICK �_�Ê�Í�h*ü/ß�c���<F¼�ÍB5FÑ�Ý*ü �È
�W>•���Š	¥> 4­���Ý,X ���|�ÍB5 �Ä(QFG ,X	¥> -AvKÙ�_�Ê#�EÕ�ü1�6 0´�£	­ .) 

(2)  �ü�
�� TIME_TICK �_�Ê	â �È�ÍB5 Ship�ñ�!�Ô!9/Ï�|�W,X�!5B �È�J	¥EÕ�_�Ê SHIP_IMG(x, y, bmp)
4­�ÍB5 Tunnel�Ä�_�Ê SHIP_IMG�Ý	–�D x 
`  y, �� Ship�ü��/��<�Þ,X
$�Û �ÈE¬�ÝLÔ?U�üE­�þ
$�Û
+��Î,X�!�Ò�c	Ë bmp�Ä 

(3) �ÍB5 Missile E¬"u�ÝN²> �È�´!8E­�þ�Ê���W1T	),X�Ñ+9�_�Ê TIME_TICK. 
(4) �ÍB5 Tunnel�;> �Í�h�_�Ê TIME_TICK �Ô4�G¡,X�¹�0 �ÄOj�� �ÈTunnel �
�B�'�!,X�û4ç�†	�G¡�„+�

�<F¼��/��< �ÄE­�þ�|�0!£/¦�;> 30  õ�¢5à�¤�o��/��|+�,X���p �Ä'
	â �ÈTunnel#Ù0N�û4ç�†	� �È�J
�Ô�Ÿ���ß�û��/��Ê��5à�?���û4ç�†	� �ÄTunnel	å�!�Ô!9/Ï�|L{F'�m�• �È'
	â�^�m�•�á�
���û4ç�†
	��Ä Tunnel�3#�EÕ�_�Ê TIME_TICK 4­���Ý�W,X Mine (Š�Õ��4˜�Ê �Ä 
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(5) !£�þ Mine 	å�!/Ï�|�Ô!9�W,X�!5B�J	¥> �_�Ê MINE_IMG(x, y, bmp)4­ Tunnel �ü�'�!,X�û4ç�,��
,X�!5B (x,y)+��Î	ÜEÖ,X
�LË�!�Ò �Ä�Ô
_
�LËEÕ�Î�!�Ò�c	Ë MINE1_BMP,�`
_
�LËEÕ�Î�!�Ò�c	Ë
MINE2_BMP�Ä 

(6) �ÍB5 Tunnel�ü�¢ Ship�
�� �_�Ê SHIP_IMG(x, y, bmp)	â�È�W�ü�û4ç�,G +��ÎN²8
,X�!�Ò�J�”�¹N²
8
�!�Ò
`L{F'�m�•��	ú�Ý.„�r �ÄTunnel�a	¥�×	s�_�Ê SHIP_IMG(x, y, bmp)4­�<F¼#��|,X Mine. 

(7) !£�þ Mine .B�n Ship��	ú
`�W�Ý.„�r �Ä 
(8) �'*ü��	ÃM4,X�Ý�ß�ÝJ‚ �Ä�ÝJ‚�Æ>•#\�j �Å�Ê�{*ó �_�Ê PLAYER_TRIGGER�ÄE­�þ�_�Ê>• QF ���Š

	¥> �J#�EÕ4­�ÍB5 Ship
`�ÍB5 Tunnel�ÈE­ 2 �þ�ÍB5FÑAvKÙ�Z�_�Ê PLAYER_TRIGGER. 
(9) �ÍB5 Ship�{*ó�_�Ê MISSILE_FIRE(x, y)4­�ÍB5 Missile.E­�þ�_�Ê,X	–�D�� Ship�'�!,X�{�Û (x, y), 

�W�3�� Missile ,X�Î	¥&•�{�Û �Ä 
(10) Tunnel�y�
>•	¥> ,X PLAYER_TRIGGER�_�Ê�´���
�B�™�‰ E­�þEg�9 �WLÔ?U
��| $��ã�ê5Ù4§�3�#

�±�õ�ã �Ä 
(11) Missile�Í�_�Ê MISSILE_FIRE(x, y),X	¡�h���Ô�ŸN²> �È�W�
�B Ship	¥> 4­�W,X�_�Ê	–�D (x, y)A’5B

7¾�Å,X�ñ�Ÿ�!5B �Ä 
(12) �¢E­�Ê�Ô�Ÿ �È�' Missile �üN²> �Ê �È�_�Ê TIME_TICK ��E’ �ÄMissile 	¥EÕ�_�Ê MISSILE_IMG(x, y, 

bmp)4­ Table. 
(13) Table�ü�'�!�û4ç�,G +��Î Missile ,X�!�Ò �È�J#�EÕ�_�Ê MISSILE_IMG(x, y, bmp)4­���Ý,X Mine�È

A}�W�À#�A©7¾�Å
`Missile �Ý	ú.„�r �ÄE­�� .B�n
` Mine ,X2O
_�Ý�G�Ä�üE­�þ
��CG  �È�Ô�þ(M�n,X
�ÍB5 Mine[n]�”#����Ô õ�Ï�� �È�J	¥> �_�Ê HIT_MINE(score)4­ Missile. Mine�^�Ï!•E­�þ(M�n2O
_
RPLË9‹�k,X�Ú�D�0��E­�þ�_�Ê,X	–�D �Ä 

(14) Missile�Ø)Ú�_�Ê HIT_MINE(score),�W0Ÿ��	Ã�¹NX�Û	¥�Ø �È�J�è�WA} Mine �;> 'Ú&Œ�Ä�´���å�‡�n
A} ShipBóB÷4È�x�Ú�D�ÈMissile�3�{*ó�_�Ê DESTROYED_MINE(score)4­ Ship,�y
��Ï!• Mine 9‹�k
,X�Ú�D�Ä 

(15) �ü�
���_�Ê DESTROYED_MINE(score)	â�È Ship�
�B Missile ,X�y
��È�„�Ú�D �Ä 
(16) �ÍB5 Ship�Ø)Ú�_�Ê PLAYER_SHIP_MOVE(x, y), �
�B�_�Ê,X	–�D�È�„�W7¾�Å,X�!5B �Ä 
(17) �'�ÍB5 Tunnel�Ø)Ú�_�Ê SHIP_IMG(x, y, bmp_id)�Ê�È�W�”#����ü Ship
`L{F'�m�•��KÈ�Ý.„�r �ÄE­

/¡�™�‰�ß�È�W	¥EÕ�_�Ê HIT_WALL 4­ Ship�Ä 
(18) Ship�Í�_�Ê HIT_WALL 	¡�h �È�WE@�6����'Ú&Œ��(Š�Õ �Ä 
 

��1u�Ò 1.4,XNN�c�Ò�)/��ZN²> A’Au$��ãG �\�å,X�´�þ
��C �È�å�à�ïE­�þ?·AÈ6Ñ4­�4�Ô�þ/ß�c���V
�)�¹�0,X ���'	DB5 �Ä�ÈG¡?U,X�� �È�4�hA¹�Ô�Ÿ�`�µ�Ô�o�Ô8�,X�V�)�S*ü ���|�ÍB5 
`�_�Ê�9A’Au�Ô�þ�_�ÊPE
�|2Ï4³,X�ñ5× �•"© �Ä 
 

1.5 ��N²> 
`�Ø�Ï ��$��ã��,X ���|�ÍB5  

�å�à�ï�Í�Ò 1.4NN�c�Ò,X�Ú�d6Ñ#Ù�.,XAÈ�â�È�Ô�þ ���|�ÍB5 �;> ,X> ���qM4 �b�W�y�
��,X�_�Ê
`�W�YF¼,X
(Š�Õ�Ä�_�V �È���|�ÍB5 Missile �Ø)Ú�_�Ê TIME_TICK ,X�•�ã �È�'�W�üN²> �Ê (�Ò 1.4(12)
`�W"u�ÝN²> �Ê �Ä�Ò
1.4(3)�È���`�<�á	à,X �Ä 

�Æ-¹,X�Ô�G,X�Ø)ÚE­2O�õ�ã> ��,X���
��EîE›(Š�Õ�� �È�´��(Š�Õ���S><)„�`�<,X�qM4 �b�_�Ê
`�ÍB5
,X(Š�Õ�Ä�ü1� 2 0´�È�å�î�È�t�K�',X�Ÿ4¡ UML (Š�Õ�� �V�É �Ä��8VG  �È�å�ÍN²> �Ø�Ï$��ãG 
`!£�þ�ÍB54§
	Ü,X(Š�Õ���.�þ1T?U,X?·AÈ �Ä 



UML (Š�Õ�Ò,X�r*ü(Š�Õ�Ò,X�r*ü(Š�Õ�Ò,X�r*ü(Š�Õ�Ò,X�r*ü C/C++A’AuA’AuA’AuA’Au,1��`(�1��`(�1��`(�1��`(� �È�È�È�È(���(���(���(��� 2002-2008 Miro Samek, �±+-���Ý���ý�±+-���Ý���ý�±+-���Ý���ý�±+-���Ý���ý �Ä�Ä�Ä�Ä 

Revise: 536 on 2009/11/06 11:34:00 33 

 

1.5.1 Missile ���|�ÍB5���|�ÍB5���|�ÍB5���|�ÍB5  

�å�¢�Ò 1.5,X Missile (Š�Õ���Ô�Ÿ �È�´���W���Ô1T	),X �Ä�Ò(�	âM6,X?·AÈF¼�Ú�)/��Z�ÝCw,X ?U&•�Ä 
 

"¼�Ö2O���Ò 1.5,X UML (Š�Õ�Ò�±+-�ô4³(Š�Õ E@/Ï�Ò,X�Ô8��ê�6 �È(Š�Õ*ü8V&•></� �ÈE@/Ï*ü�û4“E²�y�ü8V
&•KÈ�Ä�ü UML G �È(Š�Õ8V&•*ü�Ú?¦�•��></� �Ä(Š�Õ	á*ü2k�'�+�ü(Š�Õ��NJF¼,X	á�+��G  �Ä	ÃEÝ
,X�È�ü	á�+�ßM6 �È�Ô�þ(Š�Õ	Ã�¹�Ý�YF¼ E@/Ï���È*ü�Ô�5"��G4“
`	á�+���Ú�Ô �Ä�YF¼E@/Ï���Ù	ÿ�9
	·�|�0 �Ä�ü�±+-0ú	Ë entry	â,X�|�0 �ÅEÔ�Î�|�0 �Ä�ü�±+- 0ú	Ë exit 	â,X�|�0 �Å
`�J�ª�YF¼ E@/Ï�Ä!¨
�V�ü�Ò 1.5(3)G >• TIME_TICK ?º	¥,XFw�o�|�0 �Å�Ä(Š�ÕE@/Ï*ü�¢$d(Š�ÕE•+ �Û	å,Â,X(Š�ÕE•+ ,X
1•��></� �Ä�Ô�"?U"� �È�Ô�þ E@/Ï�™NO*ü?º	¥�_�Ê�9�Û"¼ �Ä?º	¥	Ã�¹�Ý 	ÃEÝ,X�_�Ê	–�D �È�Ô�þA:�æ
�5�Ê
`�Ô�þ�|�0�ë>< �Ä 

 
�Ò 5 Missile(Š�Õ���Ò  

 

 
(1) �¢�r�—T¥&•,X(Š�Õ E@/Ï>•/Ä���ñ�Ÿ E@/Ï�ÄE­/¡ E@/Ï><�â(Š�Õ��>•�Î0Ÿ	â,X1��Ô�þ#��|(Š�Õ �Ä�ñ�Ÿ

E@/Ï	Ã�¹�Ý,Ì�h,X�|�0 �È�
�B UML �Û"¼"©�È�ü /	â�ë�Î �Ä�ü���_�� �ÈMissile (Š�Õ���Ô�Ÿ�b ARM
(Š�Õ�È,Ì�h,X�|�0��AvKÙ�_�Ê TIME_TICK�ÄAvKÙ�Ô�þ�_�Ê�ã
G-�!£ õ �'E­�þ�_�Ê>•	¥> 4­���Š�Ê �È
���Š�^�W	¥> 4­ Missile ���|�ÍB5 �Ä 

(2) �Û"¼�Z�_�Ê MISSILE_FIRE(x, y),X1•��AÈ�â�Ô�þ(Š�Õ E@/Ï�È�3����AÈ �È�¢ armed(Š�Õ�� flying (Š
�Õ�Ä�'*ü��?º	¥ Missile(	–5×�Ò 1.4,XNN�c�Ò)�Ê�È�ÍB5 Ship�{*ó�_�Ê MISSILE_FIRE(x, y)�Ä�ü
MISSILE_FIRE�_�ÊG  �ÈShipEîE›	–�D (x,y)�¤�o4­ Missile �ñ�Ÿ,X�{�Û �Ä 
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"¼�ÖUML "u�Ý(M�ã?˜�n�|�0,X�Û"¼ �Ä�rL��h*ü�� �È�|�0 ����*ü?U�ÍE­�þ(Š�Õ��E¯> 4ê/ß,XAÁ?Ô�:�m �Ä�å
�Ú*ü C AÁ?Ô4ê�m���:�����Ý,X(Š�Õ�� �Ä5à�è �È�ü*ü C ><E’�Ê�È�åEîE›�!4Ô �� me->”�9�h�é*ü
`(Š
�Õ���ÍB5�Ý�G,X�D�B�ä
, �È*ü�!4Ô �� e->”�9></��_�Ê	¬G£ �Ä�_�V �È�|�0  “me->x = e->x;” ></�*ü�_
�Ê	¬G£ x 4­���|�ÍB5 Missile ,X�YF¼�D�B�ä
, x C��� �Ä 

 
(3) �ü(Š�Õ	á�ß�•,X�_�Ê	á TIME_TICK �ÛAš�Ô�þ�YF¼E@/Ï�Ä�YF¼E@/Ï��"u�Ý(Š�Õ�
	¬,X1T	),X�_�Ê

	¡�h �Ä�YF¼E@/Ï�È
`!7��,X E@/Ï�Ô�� �È	Ã�¹�¹�Ý�Ô�þ�\	?�5�Ê �È*ü�•�À	Ë�È�# �Ä�\	?�5�Ê���Ô�þ
�üE¤> �ÊAu1k,X�×�èG£�Ä�V�p�\	?�5�Ê ��,ó �ÈE@/Ï��	¥*ó �Ä	ú�í �ÈE@/Ï�á�î	¥*ó �È�ü /	âM6,X�|�0
�3�á�î�;> �Ä�ü�å�À,X�_�$G  �È�\	?�5�Ê�”�¹ Missile ,XEó�z�E
¡�ß�W,X x �{�Û��	úE¬�ü��/��<,X
	Ã?š8×�È�Y�Ä�V�p�ü �È�|�0���;> �ÄE­�o�|�0�Ù�À!9E¯�r�t Missile �!5B�J	¥EÕ MISSILE_IMG �_
�Ê�È�S*ü�'�! Missile ,X�!5B
` MISSILE_BMP�!�Ò�c	Ë�0��	–�D �È4­���|�ÍB5 Tunnel�Ä,È�y	¥EÕ
�_�Ê4­�Ô�þ ���|�ÍB5 ��EîE› QF �Ñ�D QActive_postFIFO()�`�ä,X �ÈE­�þ�Ñ�D�Ú�ü 7 0´A|AŽ�Ä 

(4) ,Ì	à,X�_�Ê TIME_TICK,�ú�Ý [else]�\	?�5�Ê �È><�â�Ô�þ?˜8×,X(Š�Õ E@/Ï�È�W,X�\	?�5�Ê ��
`�J�ª
�ü,Ì	à(Š�Õ�J	¥,X TIME_TICK �_�Ê ,X>9�� �ÄE­�þ�_�$G  �ÈTIME_TICK E@/Ï�� armed(Š�Õ	¾�Ý�ü
�ÍB5 Missile N²�Î��/��<�êM6�!	¥*ó �Ä 

(5) �_�Ê HIT_MINE(score)?º	¥�Z	º�Ô�þ�� armed(Š�Õ,XE@/Ï�Ä
`E­�þ E@/Ï,ÌE²,X�|�0	¥EÕ�_�Ê
DESTROYED_MIND,	–�D�� e->score�È�y
��;!•
�LË4­�ÍB5 Ship�Ä 

(6) �_�Ê HIT_WALL ?º	¥�Z�Ô�þ�� exploding(Š�Õ,XE@/Ï�È,Â,X���ü��/��<�Þ��/�'Ú&Œ�!�Ò �Ä 
(7) �Û1Rentry><�â�üE¯ �9 exploding(Š�Õ�Ê�9	·�|�0�™NO�´�5�Ê�;> �ÄE­�þ �|�0��#ÙL8�ÍB5 Missile ,X

'Ú&ŒAu�D�<(me->exp_ctr)�ä
, �Ä 
(8) TIME_TICK �YF¼E@/Ï,X�\	?�5�Ê��'Ú&Œ�á�î/Ï�Î���#�)�êM6 �È5à�è'Ú&ŒAu1k�<�"�b 16.,Ì�h,X�|

�0���{*ó'Ú&Œ,X�!5B �È�J	¥EÕ�_�Ê EXPLOSION_IMG4­���|�ÍB5 Tunnel�ÄAË"¼�ã�''Ú&ŒAu�D�<�r
�û�Ê �È'Ú&Œ�!�Ò,Ì�h,X�
	¬ �Ä 

(9) �ú�Ý �\	?�5�Ê,X TIME_TICK ?˜�í E@/Ï�S(Š�Õ�²�� armed(Š�Õ�ÄE­�þ E@/Ï�ü'Ú&Œ�|+��`�ä	â	¥*ó �Ä 
 

1.5.2 Ship ���|�ÍB5���|�ÍB5���|�ÍB5���|�ÍB5  

���|�ÍB5 Ship,X(Š�Õ���V�Ò 1.6��/� �ÄE­�þ(Š�Õ���é�9�Z�� õ(Š�Õ��,X�V�É �Ä(Š�Õ� �+,X�Õ�o�ü�b�W>•A’
Au�b*ü�9�fL8	Ã6Ñ�î	¥*ó,XG¡�á �Ä 

���|�ÍB5 Ship,X�Ô�þ��?UB÷�Ï��4È�x Ship,X�'�!�!5B�D�B �Ä�ü	s EV-LM3S811�S�ÈE­�þ�!5B*ü+	
�!�< E@EB.B�n�Ä�Ò 1.2�Å�Ä 	¾?UE@EB,X�!5B�
	¬�È���î�{*ó�_�Ê PLAYER_SHIP_MOVE(x, y)�Ä�ÍB5 Ship
�™NO�Ô,ÈC³CþEB,X�!5B�È�ã
G-� Ship(Š�Õ��,X���Ý(Š�ÕFÑ�™NO�Ø)Ú PLAYER_SHIP_MOVE(x,y)�Ä 

�ü�ô4³ ,X�ÝL$(Š�Õ�� FSM �•"©G  �È�4LÔ?U�üShip,X!£�þ(Š�Õ�
�B�_�Ê PLAYER_SHIP_MOVE(x,y)
�9G¡�á �È�„�W,X�!5B �ÄE­/¡G¡�á�S(Š�Õ��	¬�k�\�r�û �È5à�è�ÈG¡?U,X�� �È�ü�Ò
`�·-ÕG LÔ?U	à�Ê4È�x,X
�
�•�3,Ì�h,X�r�î �ÄE­/¡G¡�á
` DRY(Don’t Repeat Yourself, �á?UG¡�á�47¾�Å)	s)Ú,Ì�‰?º �ÈE­�þ	s)Ú�Í&I#�
,X
`	Ã4È�x,X�·-Õ���\M2��G¡?U,X �Ä 

�� õ(Š�Õ� �+?·�‡�ZE­�þKÂNl �Ä5×<%�ü�Ò1.6G �Ù	ÿ���Ý�J�ª(Š�Õ,X active(Š�Õ�ÄP¬��,X active(Š
�Õ>•/Ä��CY4{(Š�Õ �È�‘B5�n���� (Š�Õ���á6Ñ,È�y�üE­�þ(Š�ÕG  �È	¾6Ñ�ü�WG M6� �+,X�¤�Ô�þ(Š�ÕG  �ÄUML

`(Š�Õ� �+�Ý�G,XAÁ"©AÈ�â�Ï�)�_�Ê��>•�'�!!7�ü#��| ,X�$(Š�Õ�Ø)Ú �Ä�V�pE­�þ�$(Š�Õ�á6Ñ�Ø)ÚE­�þ�_
�Ê�È(Š�Õ���ñA©�üEWP¬�Ô��CY4{(Š�Õ,X�Þ�ß�[�Ø)ÚE­�þ�_�Ê �Ä�''
 �ÈUML G ,X(Š�Õ� �+�áL$�b�™�Ô�� �È
5à�è�ÈE­�þ�Ø)Ú�_�Ê,X1T	)?˜�í 	Ã�¹ Eæ�&,X�h*ü�b�Ï�) �î��,X� �+ �Ä 
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�Í�Ò 1.6�)/�,X Ship(Š�Õ���9AÈ �È��A’�'(Š�Õ���ü parked(Š�Õ�Ê���_�Ê PLAYER_SHIP_MOVE(x, 
y)��E’ �ÄParked(Š�Õ�á�Ø)Ú�_�Ê PLAYER_SHIP_MOVE(x, y). �ü�ô4³,X�ÝL$(Š�Õ��G E­	Ã6Ñ��E­��4§�3�Z
—�_�Ê PLAYER_SHIP_MOVE(x, y);>•T¬T¬,X�ö�×�Ä'
5à �È�Ò 1.6G ,X(Š�Õ���Ý	º�ê�Ô�� activeCY(Š�Õ�Ä
�
�B(Š�Õ� �+,XAÁ"© �ÈEWP¬��,XCY(Š�Õ�î�Ø)Ú�_�Ê PLAYER_SHIP_MOVE(x, y),E­!7���å�ÀLÔ?U,X �Ä�`�<
	à���•"©�3�h*ü�bCY(Š�Õ active,X���Ý�$(Š�Õ �È�V flying �ê exploding�È�´��E­�o�$(Š�ÕFÑ�á�Ø)Ú�_�Ê
PLAYER_SHIP_MOVE(x, y). ,Ì	¡ �ÈCY(Š�Õactive�ü	à�Ô�þ
��•5à�á*üG¡�á,X�Ø)ÚE­�þ�_�Ê �Ä 
 
�Ò 6 Ship (Š�Õ���Ò  

 
 

(1) �ü�ñ�Ÿ E@/Ï�Ê�È(Š�Õ�� ShipE¯�9��CY(Š�Õ active�JAvKÙ�_�Ê TIME_TICK 
` PLAYER_TRIGGER. 
(2) �ü� �+(Š�Õ,X!£�Ô��,XCY(Š�ÕFÑ	Ã�¹�Ý�Ô�þ/•�Ý,X�ñ�Ÿ E@/Ï�È*ü�9�Û�n,È�yE¯�9E­�þCY(Š�Õ	â,X

#��|�$(Š�Õ �ÄE­G �Èactive(Š�Õ,X�ñ�Ÿ E@/Ï�Û�n�$(Š�Õ parked�0���ñ�Ÿ#��|�$(Š�Õ �Ä 
(3) CY(Š�Õactive�^�Ø)Ú�_�Ê PLAYER_SHIP_MOVE(x, y)�0���Ô�þ�YF¼ E@/Ï�ÈE­G �W�
�B�_�Ê	–�D

e->x 
` e->y,Ì�h,X�È�„�YF¼�D�B�ä
, me->x 
` me->y. 
(4) �_�Ê TAKE_OFF?º	¥�� flying ,XE@/Ï�Ä�')}�Š�Ô�Ÿ$��ã�Ê �Ä?• 1.28V�Í$��ã ,X�£	­ �Å�È�ÍB5 Tunnel

�{*óE­�þ�_�Ê �Ä 
(5) flying ,X�9	·�|�0�Ù�À#ÙL8�D�B�ä
, me->score�È�J	¥EÕ�_�Ê SCORE, *ü me->score�0	–�D �È4­��

�|�ÍB5 Tunnel. 
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(6) TIME_TICK �YF¼E@/Ï�î	¥EÕ�_�Ê SHIP_IMG�È�S*ü�'�! Ship,X�!5B
` SHIP_BMP�!�Ò�c	Ë�0	–
�D�È4­���|�ÍB5 Tunnel�Ä	º�ê �È�´���üE­�þ�_�Ê(�4»4Á�,#� �È�Ú�D�3,Ì�h,X>•�r�t �Ä�Ô	â �È�'�Ú
�D?U�þE¯�! ’ �Ä	Ã>• 10 �HL8�Å�Ê�È z E­�þ#\�C�3>•	¥EÕ4­ ���|�ÍB5 Tunnel�ÄE­��	¥EÕ �_�Ê SCORE
,X,Â,X�� �£�åEîAƒ,X ��LÔ,X�ú �‘�È�´�� ���|�ÍB5 Tunnel	¾LÔ?U�ü$��ã�Ê
�A•*ü���Ô�þE¥��,X�Ú�D �Ä 

(7) �YF¼E@/ÏPLAYER_TRIGGER�î	¥EÕ	–�D���'�! Ship�!5B,X�_�Ê MISSILE_FIRE4­���|�ÍB5 �Ä	–
�D(me->x, me->y)�¢ Ship4­ Missile �¤�o�ñ�Ÿ,X�!5B�� �Ä 

(8) �YF¼E@/ÏDESTORYED_MINE(score)�È�„+� Ship4È�x,X�Ú�D �Ä�üE­�Ô�� �È�Ú�D"u�Ý>•	¥EÕ4­
Table�È�´���ß�Ô�þ TIME_TICK �Ú�îEÕ�Î ���¥�H ��,X�Ú�D �È�Æ4£C‡�ó4­)}�ŠE¥��,X�Ú�D�Z �Ä 

(9) �_�Ê HIT_WALL ?º	¥�� exploding,XE@/Ï�Ä 
(10) �_�Ê HIT_MINE(type)�3?º	¥�� exploding,XE@/Ï�Ä 
(11) Ship(Š�Õ��,X exploding(Š�Õ
` Missile ,X exploding(Š�Õ	��Ú,Ì�� �Ä�Ä ?•�Ò 1.5�Ä7-9�Å�Å�Ä  
(12) E@/ÏTIME_TICK[else]�ü Ship�`�ä'Ú&Œ	â	¥*ó �Ä�üE­�þ E@/ÏG �È�ÍB5 Ship	¥EÕ�_�Ê

GAME_OVER(me->score)4­���|�ÍB5 Tunnel,4§�3$��ã �È�J��/��Ô	â�k�Ú4­)}�Š �Ä 
 

1.5.3 Tunnel ���|�ÍB5���|�ÍB5���|�ÍB5���|�ÍB5  

�V�Ò 1.7��/� �È���|�ÍB5 Tunnel�¹�Ý�Ô�á��,X(Š�Õ�� �Ä
`�!M6,X(Š�Õ �Ò�á	à �È�Ò 1.7 �™��/��ZP¬��,X(Š�Õ
�J�Ñ+9�ZAŒ�î4š8V�È�V4±�û�î�D�9	· /�Î	·�|�0 �È�YF¼E@/Ï�ÈA:	?�5�Ê �È�ê�ü E@/Ï��,X�|�0 �ÄE­2O��4ý�ã ��
?š�Ò�ü UML ��	Ü"©,X �Ä�´�� UML ��AŒ�4EÝ�½�4�Ç�Ù	ÿ�ü�ÒG ,X4š8V,X�� õ �Ä 

Tunnel(Š�Õ��!¨�Ò 1.6,X Ship(Š�Õ���È�t�O�i,X�S*ü�Z�� õ�ã(Š�Õ �Ä�ü�Ò 1.7 	â,X?·AÈAÈ�â�Z(Š�Õ
� �+,X�„,X*ü"©
`�ü�J�ª(Š�Õ�ÒG E¬"u?·Gž E›,X�„,X��2ô �Ä 
 
�Ò 7 Tunnel (Š�Õ���Ò  
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(1) �Ô�þ�ñ�Ÿ E@/Ï6Ñ��E’�� õ�ã(Š�Õ,X�Ï�)��,X�$(Š�Õ �È5à�á�™�™�� õ�Ô4{ �ÄE­G �È�ÔNJ��,X�ñ�Ÿ E@

/Ï	å�ß 2 ����E’�$(Š�Õ demo. 
(2) CY(Š�Õactive�Ø)Ú�_�Ê PLAYER_QUIT�ÈE@/Ï���Ô4œ(Š�Õ�Ä?•��2ô �Ä3�Å?·Gž�Å�ÄAË"¼�ãPLAYE_QUIT

E@/ÏEÖ*ü�bCY(Š�Õactive,X���Ý,È�y�ê KÈ�y� �+,X�$(Š�Õ �Ä�´���Ô�þ(Š�Õ E@/Ï�����Ù	ÿ(Š�Õ,X��
�ÝEÔ�Î�|�0 �ÈP¬�� PLAYER_QUIT E@/Ï�±A•�Í�'�!(Š�Õ�Þ�ß�[OS!7.B,X#Ù)Ú �È5à�áEB�ü
PLAYER_QUIT �_�Ê��E’��
¾�þ�$(Š�Õ��#��|�Õ �Ä 

(3) �Ô4œ(Š�Õ�üUML A„	ËG ��(/-�0ú	Ë �È�L
_ ,X*ü"©�� �Û/�(Š�Õ���ÍB5,X?·�X �ÄE­G �ÈPLAYER_QUIT
�_�Ê><�â�Z$��ã ,X4§�3 �Ä 

(4) �_�Ê MINE_DISABLED(mine_id)�ü(Š�Õ activeP¬��>•�Ø)Ú �È�ã
G-�E­�þ�YF¼ E@/ÏEÖ*ü� �+�üCY(Š
�Õ active,X���Ý�$(Š�Õ�� �Ä�Ä AË,ß�ß�Ô8V,X�ÍB5 Mine A|AŽ�Å�Ä  

(5) ��(Š�Õ demo,X�9	·�|�0�ü 20 /¦�Y
��|�#�) time �_�Ê �ÄAu�Ê�<�Åme->screenTimerEvt�Ä�ÊKÈ�_�Ê
�Ý�h*ü/ß�c�ÚG! �È�����Ý QF ���Š1u)Ú �ÄQF �¤�o�Ñ�D	•>™�Û�Ô�þ�ÊKÈ�_�™ �È�V���Ô õ�ûCY�Ê,X
QTimeEvt-postIn()�È
`
<�ó�û�ÊKÈ�_�Ê,X QTimeEvt_postEvery(). >™�Û�Ô�þ�ÊKÈ�_�Ê�Ý��,X
�A• QF
���Š �È�_�V �� 20 /¦�Y�¤Gf�å ���Ä QF '
	â�üAË"�,X�ÊJs�Ê��	â	¥EÕ�ÊKÈ�_�Ê (���_G ��
me->screenTimeEvt)4­���|�ÍB5 �Ä1� 6 0´
`1� 7 0´AÜAŽ�ÊKÈ�_�Ê,X4š8V�Ä 

(6) �¢ demo(Š�Õ,XEÔ�Î�|�0	ª#\ me->screenTimeEvt�_�Ê�_�Ê �Ä�'�Ô�þ(Š�Õ	Ã�¹+�
`�ÊKÈ�_�Ê�á	à,X
	º�ê,X�_�Ê �È!¨�V PLAYER_TRIGGERE@/Ï�ÈEÔ�Î�Ê �ÈE­�þ#Ù)Ú���™NO,X�Ä 

(7) �� screen saverSCREEN_TIMEOUTE@/Ï+� me->screenTimerEvt�ÊKÈ�_�Ê,X���ó5à>•?º	¥ �Ä�µ	Ë
SCREEN_TIMEROUT�ü�ñ�Ÿ�ê�Ê>•C��\E­�þ�ÊKÈ�_�Ê�J�á6Ñ�a>•�Â�
 �Ä 

(8) +� PLAYER_TRIGGER?º	¥,X E@/Ï�Ô7È,XEÖ*ü�âCY(Š�Õ,X2 �þ�$(Š�Õ �Ä 
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1.5.4 Mine 4˜�Ê4˜�Ê4˜�Ê4˜�Ê  

Mine �3>•�Î�õ�ä�� õ�ã(Š�Õ�� �È�����á�� ���|�ÍB5 �Ä,Ì	¡ �È
�LË�� ���|�ÍB5 Tunnel,X4˜�Ê �È�E�•�W,X�_
�ÊKó�ë
`�ì��4{ �Ä���|�ÍB5 Tunnel
` Mine ,X	à!9EîAƒ��EîE›�Ñ�D QHsm_dispatch()4­�W�À#�EÕ�_�Ê�ÄMine

` TunnelE¬�Ý�J�ª���Ý ���|�ÍB5 ,X�Ö!9EîAƒ��EîE›�Ñ�D QActive_postFIFO()	¥EÕ�_�Ê4­�W�À,X�_�ÊKó�ë �Ä 
 
"¼�Ö���|�ÍB5 �Ö!9�x�6�_�Ê �È�ã
G-��_�Ê,X	¥EÕ5Ù�™	¥EÕ�_�Ê4­�y�
5Ù,X�_�ÊKó�ë5à�á*ü1��Y�_�Ê�Ø)ÚE›

/ß4§�3 �Ä	à!9�_�Ê�Ø)Ú�Í�h-��Ô�þ�Ñ�DA×*ü �Ä�V QHsm_dispatch()�Å,�W�üA×*ü5Ù,X�;> 4“/ßG �Ø)Ú
�_�Ê �Ä 

 
�Ò 8 Tunnel ���|�ÍB51u)Ú 2 2O
�LË 

 
 

�V�Ò 1.8��/� �ÈTunnel4È�x�D�B�ä
, mines[],E­���Ô�þ�Û	å�� õ�ã(Š�Õ�� (QHsm*),X�ÛJ\�D4˜ �Ä�D
4˜,X !£�Ô�þ�ÛJ\6Ñ�Û	å�Ô�þ Mine1 �ÍB5�ê5Ù�Ô�þ Mine2 �ÍB5 �È�V�p	)��"u�Ý�S*ü �È�W�� 0N�ÛJ\�ÄAË"¼�ã�È
Tunnel�™�þ-¹F' �ÿ Mine ���Ô�þEî*ü,X(Š�Õ�� (�Û	å�ü QP�n��,X QHsm4§�X)�ÄTunnel�Ô7È,X#�EÕ�_�Ê4­
Mine,5à�á	•	��Ú Mine ,X2O
_,X�á	à �ÄE¬�Ý�È!£�þ Mine (Š�Õ��*ü�W7¾�Å,X�•�ã�9�Ø)ÚE­�o�_�Ê �Ä�_�V �È
Mine 2O
_2 �”�¹
` Missile .„�r�â
` Ship,X.„�r�á	à �ÈMine 2O
_1 �ü�Ø)ÚE­ 2 2O.„�r�Ê���Ô��,X �Ä 
 
"¼�Ö�Ô	â�Ô&•�\�ÝCw�Ä	¥EÕ	à��,X�_�Ê4­�á	à,X Mine �ÍB5Eô�ä�á	à,X><)„ �È!¨�V ,Ì�Í�b �á	à Mine ,X2O
_

	¡�h�á	à �È�ü OOPG E­	¿�î�Õ�û �Ä�å�Ú�ü1� 3 0´G A|AŽE­&•�Ä 

 
!£�þ Mine �ÍB5FÑ��7¾"•,X �ÄMine 4È�x�W7¾�Å,X�!5B�JBóB÷Eî-¹ Tunnel�ÍB5�W7¾�Å�)�Ê'Ú&Œ�ê�)

�Ê/Ï�Î��/�+�M6 �ÄE­�þ�µ�C�Í�ÍB5 Tunnel��M2���Ý*ü,X �È�W6Ñ�¹!8C³Cþ�þ*ü,X
�LË �Ä 
�Ò 1.9 ��/��Z Mine2 (Š�Õ��,X�� õ(Š�Õ�Ò �ÄMine1 
`�W�\,Ì�� �ÈL8�Z�W�S*ü	à��,X�!�Ò�9#�A©
`

Missile 
` Ship,X.„�r  

1.6 ��N²> 
`�Ø�Ï ��$��ã��,X�_�Ê  

N²> �Ø�Ï���GK�,X�_�Ê�Æ�ü�c�ë�Ò 1.4 ���Û/��Î�9 .�J�ª,X�_�Ê�ü(Š�Õ��,XA’AuL
!‰.B�n �Ä�Ï�)�™�‰�ß �È�4
�hA¹"¼�ã���_�Ê�rL��Ù	ÿ 2 �þF¼�Ú�Ä�_�ÊG >•/Ä���µ	Ë,XF¼�Ú><E’�Æ	¥*ó�_�Ê,X2O
_ �Ä�”��	¥*ó�Z �Å�Ä �_
�V�ÈTIME_TICK �µ	Ë><E’�Ô�þ�Ê��,X���9 �È5à PLAYER_SHIP_MOVE�µ	Ë><E’)}�Š�Ç/Ï�|N²8
 �Ä�Ô�þ�_
�Ê�36ÑEîE›�_�Ê	–�D,X�6�ã�9�Ù	ÿ�Æ	¥*ó�_�Ê,XG£�ê�µ�C �Ä�_�V �ÈPLAYER_SHIP_MOVE�µ	Ë���úE­	¬G£
(x, y)�È�Ù	ÿ-��^ Ship/Ï�|���)�Ø,XG£�ê�µ�C �Ä 
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�ü QPG �È�_�Ê>•></����S*ü���Š�¤�o,X QEvent4§�X,X�r�_ �Ä�K�'�9AÈ �ÈQEvent4§�X�Ù	ÿ�ä
, sig,
></��_�Ê,X�µ	Ë �Ä�_�Ê	–�DEîE›4»�SE›/ß�9#Ï�t �Ä�V�ß�[ �� C AÁ?ÔG ,X	)4»�S�����£	­ �Ä 

 

C AÁ?ÔG ,X	)4»�SAÁ?ÔG ,X	)4»�SAÁ?ÔG ,X	)4»�SAÁ?ÔG ,X	)4»�S 

 
4»�S��
Î�b�Æ�Ý4§�X#�*ó�„,X4§�X �È�¢5à�á*ü
`4˜4›�·-Õ,X�Ô/¡6Ñ�o �Ä�4	Ã�¹M2��1T	),X�ü C G �r)„ 	)4»
�S�È	¾?U�+M6�Þ�^
Î4§�X�0��#�*ó4§�X,X1��Ô�þ�ä
,	G	Ã �Ä�_�V �È�Ò 1.10�Äa�Å��/��ZEîE›�^ QEvent�r�_
�0�� ScoreEvt,X1��Ô�þ�ä
,� �9 �È�¢5à�¢
Î��4§�X QEvent#�*ó�Î4§�X ScoreEvt�Ä���Z�SE­�þ�•"©�È�t0U
�Î�È�å�����^
Î��4§�X�ä
,
Q	á�� super. 

�Ò><�Ò><�Ò><�Ò>< 1  (a) C G ,X4§�X#�*óG ,X4§�X#�*óG ,X4§�X#�*óG ,X4§�X#�*ó �È�È�È�È(b)�Y�,�]�f�Y�,�]�f�Y�,�]�f�Y�,�]�f  (c)UML 2O�Ò2O�Ò2O�Ò2O�Ò 

 
 
�V�Ò 1.10(b)��/� �ÈE­/¡4§�X,X� �+�����^�D�B�ä
, super���ü#�*ó4§�X,X!£�Ô�þ�r�_,X�Ô�Ÿ�Ø �ÈE­��>• C
�Û�š�±A•,X �Ä�K�'�9AÈ �ÈWG14/N1124,X 6.7.2.1.13�ã8VAÈ�Ö�� …�Û	å�Ô�þ4§�X�ÍB5,X�ÛJ\ �È�üEÖ�',XE@
�6	â �È�Û	å�W,X�Ô�ñ,X�ä
, �Ä�ü�Ô�þ4§�X�ÍB5��	Ã6Ñ�Ý�þ
Q	á,X�?��F¼�Ú �È���á�����ü�Ô�Ÿ�Ø ��  [ISO/IEC 
9899:TC2]. E­/¡�Y�,�]�f�S�4	Ã�¹�^�Ô�þ�Û	å#�*ó,X ScoreEvt4§�X,X�ÛJ\�'�0�Ô�þ�Û	å QEvent
Î��4§�X
,X�ÛJ\�Ô���Ø)Ú . E­�oFÑ��	Ü"© ,	Ã/Ï�á,X �È5à�è�� C �Û�š���±A•,X .�´!8 �È�4����	Ã�¹�]�<,X�ôEæ�Ô�þ�Û
	å ScoreEvt,X�ÛJ\4­�Ï�)LÔ?U�Ô�þ�Û	å QEvent,X�ÛJ\,X�Ñ�D �Ä�Ä �ù���9A† �È�ü C G �4�hA¹���ã,XE@�6E­
�þ�ÛJ\ �Ä�ü OOPG �ÈE­/¡E@�6>•L�/Ä��	å�ÞE@�6 �È5à�è�W�����]�<,X �Ä�Å4§�p�È���¹�� QEvent4§�XA’Au
,X�Ñ�D7¾�|,XEÖ*ü�b ScoreEvt4§�X
`�J�ª�¢ QEvent#�*ó,X4§�X �Ä�Ò 1.10(c),X UML 2O�Ò, AÈ�â�Z ScoreEvt
4§�X
` QEvent4§�X,X4»�S�G2Ï �Ä 
 
QP�S"¯,X�S*ü	)4»�S �È�á�™*ü�9#�*ó�ú�Ý	¬G£,X�_�Ê �È�3*ü�9#�*ó(Š�Õ��
` ���|�ÍB5 �Ä�''
 �ÈQP,X C++
(����S*ü�Î�Ý,X C++2O#�*ó5à�á�� ��4§�X,X#�*ó ���Ä�4�Ú�ü��0´	âM6
`�<�:,ß���È�î,X4»�S�r�_ �Ä 
 

�´���_�Ê���ü�û�î�D�h*ü4˜�ÊKÈ�E�•,X �È�ü�V�ë>< 1.2 ��/�,X�Ô�þ	)(À,X���[�Ê �Ä�â�W�À�î�ú�9�“
�ý�Ä2ûC³�ü�ë><	â,X?·GžF¼�Ú�Á/��Z�Ô�o�ÝCw,X?U&• �Ä 
 
�·-Õ�ë><  2 �ü�[�Ê game.hG �n��,X�µ	Ë �È�_�Ê4§�X
`���|�ÍB5�y	·  
 (1) enum GameSignals {                              /* signals used in the game */ 

 (2)     TIME_TICK_SIG = Q_USER_SIG,                  /* published from tick ISR */ 

         PLAYER_TRIGGER_SIG, /* published by Player  (ISR) to trigger the Missile */ 

         PLAYER_QUIT_SIG,          /* published by Player (ISR) to quit the game */ 

         GAME_OVER_SIG,          /* published by Sh ip when it finishes exploding */ 

         /* insert other published signals here ...  */ 
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 (3)     MAX_PUB_SIG,                               /* the last published signal */ 

 

         PLAYER_SHIP_MOVE_SIG,  /* posted by Player  (ISR) to the Ship to move it */ 

         BLINK_TIMEOUT_SIG,           /* signal for  Tunnel's blink timeout event */ 

         SCREEN_TIMEOUT_SIG,         /* signal for Tunnel's screen timeout event */ 

         TAKE_OFF_SIG,    /* from Tunnel to Ship to  grant permission to take off */ 

         HIT_WALL_SIG,            /* from Tunnel to  Ship when Ship hits the wall */ 

         HIT_MINE_SIG,     /* from Mine to Ship or Missile when it hits the mine */ 

         SHIP_IMG_SIG,     /* from Ship to the Tunn el to draw and check for hits */ 

         MISSILE_IMG_SIG,  /* from Missile the Tunn el to draw and check for hits */ 

         MINE_IMG_SIG,            /* sent by Mine t o the Tunnel to draw the mine */ 

         MISSILE_FIRE_SIG,                /* sent b y Ship to the Missile to fire */ 

         DESTROYED_MINE_SIG, /* from Missile to Shi p when Missile destroyed Mine */ 

         EXPLOSION_SIG,     /* from any exploding o bject to render the explosion */ 

         MINE_PLANT_SIG,                  /* from T unnel to the Mine to plant it */ 

         MINE_DISABLED_SIG,      /* from Mine to Tu nnel when it becomes disabled */ 

         MINE_RECYCLE_SIG,         /* sent by Tunne l to Mine to recycle the mine */ 

         SCORE_SIG,   /* from Ship to Tunnel to adj ust game level based on score */ 

         /* insert other signals here ... */ 

 (4)     MAX_SIG                           /* the l ast signal (keep always last) */ 

     }; 

 

 (5) typedef struct ObjectPosEvtTag { 

 (6)     QEvent super;                                /* extend the QEvent class */ 

 (7)     uint8_t x;                              /*  the x-position of the object */ 

 (8)     uint8_t y;                              /*  new y-position of the object */ 

     } ObjectPosEvt; 

 

     typedef struct ObjectImageEvtTag { 

         QEvent super;                                /* extend the QEvent class */ 

         uint8_t x;                              /*  the x-position of the object */ 

         int8_t  y;                              /*  the y-position of the object */ 

         uint8_t bmp;                   /* the bitm ap ID representing the object */ 

     } ObjectImageEvt; 

 

     typedef struct MineEvtTag { 

         QEvent super;                                /* extend the QEvent class */ 

         uint8_t id;                                       /* the ID of the Mine */ 

     } MineEvt; 

 

     typedef struct ScoreEvtTag { 

         QEvent super;                                /* extend the QEvent class */ 
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         uint16_t score;                                    /* the current score */ 

     } ScoreEvt; 

 

     /* opaque pointers to active objects in the ap plication */ 

 (9) extern QActive * const AO_Tunnel; 

(10) extern QActive * const AO_Ship; 

(11) extern QActive * const AO_Missile; 

 

     /* active objects' "constructors" */ 

(12) void Tunnel_ctor(void); 

(13) void Ship_ctor(void); 

(14) void Missile_ctor(void); 

 
(1) �ü QPG �È�_�Ê,X�µ	Ë��1T	),X�n�����D �Ä�^���Ý,X�µ	Ë���ü�Ô�þ�n��G (M�ÿ�“�bFS�! �´�ãKÈG¡

	´�á	à�µ	Ë��KÈ,X �D�� �Ä 
(2) �h*ü/ß�c���µ	Ë�á���¢LÊ�Ô�Ÿ �È5à���Ý���D�� Q_USER_SIG,X�#/Ï �ÄE­���´�� QP�±+-�Z�Ô�",X

�´�þ�µ	Ë4­�YF¼�S*ü �È�J�¤�o���D Q_USER_SIG�0���#/Ï�� �È*ü���µ	Ë �¢�W�Ô�Ÿ�n�� �Ä	º�êAË"¼
�ã�È�Ý';�Ã�_ �È�å�ü���Ý,X�µ	Ë	â�t�Þ	â4Ô _SIG�ÈE­���å	Ã�¹�\�•�ç,X�^�µ	Ë
`�J�ª��G£�Ú�Ô �Ä
�ü(Š�Õ�ÒG �å	•�]�Z	â4Ô _SIG�¹�£�å���E �Ä 

(3) ���D MAX_PUB_SIGL$�n�ZLÔ?U	¥> ,X�µ	Ë �Ä	¥> -AvKÙ�_�ÊEæEÕ���
#\5ë�Ô�o RAM�È�W,X�û�ã

`>•	¥> �µ	Ë�DG£�ä!¨�_ �Ä�åEîE›�¤�o>•	¥> �µ	Ë,XEW �ã,X�D��4­ QP(MAX_PUB_SIG)�È5à�á��
/ß�cG >•�S*ü,X�<F¼�µ	Ë,X�Ô�û�� �Ä 

(4) �Ô	â�Ô�þ�n�� MAX_SIG �Û/�/ß�cG >•�S*ü,X�<F¼�µ	Ë,X�Ô�û�� �Ä 
(5) �_�Ê4§�X ObjectPosEvt�n���Z�Ô�þ�_�Ê,X ’2O�þ�È�ü�_�Ê,X	–�DG ���ú-��ÍB5�ü��/��#,X�!5B �Ä 
(6) 4§�X ObjectPosEvt�¢
Î��4§�X QEvent#�*ó �È?·GžAË	–5×�{�ã �� C AÁ?ÔG ,X	)4»�S���Ä  
(7-8) 4§�X ObjectPosEvt�r�t�Z	–�D x 
` y,�W�À���ÍB5�ü��/��#�Þ,X�{�Û �Ä 
 
"¼�Ö�ü�<�:G �å�S*ü�¹�ß�Û�š,X�H�D2O
_ (WG14/N843 C99�Û�š �È7.18.1.18V)[ISO/IEC 9899:TC2]: 

exact size unsigned signed 

8-bits uint8_t int8_t 

16-bits uint16_t int16_t 

32-bits uint32_t int32_t 

�V�p�4,X �ÄM2�Û�š�Å4êA¥�<"u�Ý�¤�o <stdint.h>���[�Ê �È�4�36Ñ typedef�Û�š,X C AÁ?Ô�D�B2O
_�V
signed/unsigned char, short, int 
`  long�È�¢5à�k��E­�o�rL��‘�z�H�D2O
_ �Ä 

 
(9-11) E­�o�<���ÛJ\�·><�ü�h*ü/ß�cG ,X ���|�ÍB5 �È�J>•*ü�9,È�y	¥EÕ�_�Ê4­ ���|�ÍB5 �Ä�´��E­�o�ÛJ\

	Ã�¹�ü4êA¥�Ê>•�ñ�Ÿ�ê �È�å�p ö�^�W�À+��â�� const�ÈE­���W�À6Ñ>•���ü ROM G �ÄE­�o ���|�ÍB5
�ÛJ\�� ���áEã�â,X ���È�´���ª�À�á6Ñ�,	ª�H�þ ���|�ÍB5 �È	¾6Ñ 

 

1.6.1 �_�Ê,X*ó�ä�_�Ê,X*ó�ä�_�Ê,X*ó�ä�_�Ê,X*ó�ä �È�È�È�È	¥�×
`�Î(�	¥�×
`�Î(�	¥�×
`�Î(�	¥�×
`�Î(�  
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QF ���Š���Õ 2 /¡2O
_,X�_�Ê�x�6 �Ä 

1. !¨EW1T	),X���
 �ÈEîE›�Ñ�D QActive_postFIFO()
` QAcive_postLIFO(),È�yE¯> �_�Ê	¥�× �È�Ô�þ
�_�Ê,X�{*ó5Ù ,È�y�^E­�þ�_�Ê	¥�×���0��E­�þ�_�Ê#\C
5Ù,X ���|�ÍB5 ,X�_�ÊKó�ë �Ä 

2. �È�t &I#�,X	¥> -AvKÙ�_�Ê�ôEæ���
 �ÈEîE›�Ñ�D QF_publish()
` QActive_subscribe()���Õ �Ä�_�Ê
,X�{*ó5Ù�^�_�Ê	¥> 4­���Š �È���Š'
	â�ôEæ���ÝAvKÙ�ZE­�o�_�Ê,X ���|�ÍB5 �Ä 

 
�ü QFG �È2Ï4³,X�Ï�)F¼�Ú FÑ6Ñ�ó�{*ó�_�Ê �È5à�á�™��L$�b ���|�ÍB5 �Ä�_�V �È���•�á�u/ß�c (ISR)

�êA’�ÛPE�|/ß�c�36Ñ�{*ó�_�Ê �Ä	º�Ô�•M6 �È	¾�Ý���|�ÍB5 6Ñ#\C
�_�Ê �È�´��	¾�Ý ���|�ÍB5 �!�¹�Ý�_�ÊKó�ë �Ä 
 

"¼�ÖQF �3�¤�o�Z ��	s*ó ��,X4“/ß�]�<�_�Ê�Í�ë (QEQueueKó�ë)�Ä�È �W�36Ñ#\C
�_�Ê �ÄE­�o ��	s*ó ��,XKó
�ë�á6ÑL��2 �È5à�è�W�À>•(M�ã*ü�9#�EÕ�_�Ê4­ ISR �ê5ÙA’�ÛPE�|/ß�c �ÄAº4š�Y�•AË	–5×1� 7 0´�Ä  

 
QF,X�_�Ê1u)Ú,X�ÔG¡?U,X(M�U�� �È���Š	¾�ôEæ�Û	å�_�Ê,X�ÛJ\ �È5à�á���_�Ê��D• �ÄQF�¢�á�á�


�_�Ê �ÄLÊ�á�
 1*+9�Å�È	G�S�ü	¥> �_�Ê�¢5à����LÔ?U�^	à��,X�_�Ê	¥EÕ���î�þAvKÙ5Ù�Ê�3���V!8 �Ä�rL�,X
�_�Ê�r�_���ü4êA¥�ÊM-�Õ�ÚG!,X�Î�n�_�Ê �È�ê5Ù���üE¤> �Ê�¢�Ô�þ���Š1u)Ú,X�_�Ê"4G �ÚG!,X�|�Õ�_�Ê �Ä
�·-Õ�ë>< 1.3 �¤�o�Z�ü Stellaris(��� (�[�Ê  <qp>\qpc\examples\cortex-m3\vanilla\iar\game-ev-lm3s811\bsp.c).
,X��N²> �Ø�Ï ��$��ãG  �È	¥> M-�Õ�_�Ê
`�¢ ISRG 	¥EÕ�|�Õ�_�Ê,X�r�_ �Ä�ü�ß�Ô8V 1.7.3�4�Ú,ß���ü(Š�Õ
	ž�·-ÕG �¢ ���|�ÍB5 G 	¥EÕ�_�Ê,X�J�ª�_�$ �Ä 
 
�·-Õ�ë><  3 Stellaris(���,X$��ã�·-Õ�¢ ISR ���{*ó �È	¥EÕ
`	¥> �_�Ê  
(1) void ISR_SysTick(void) { 

 (2)     static QEvent const tickEvt = { TIME_TICK_ SIG, 0 }; 

 (3)     QF_publish(&tickEvt);      /* publish the tick event to all subscribers */ 

 (4)     QF_tick();                             /* process all armed time events */ 

     } 

     /*............................................ ..............................*/ 

 (5) void ISR_ADC(void) { 

         static uint32_t adcLPS = 0;            /* Low-Pass-Filtered ADC reading */ 

         static uint32_t wheel = 0;                   /* the last wheel position */ 

         unsigned long tmp; 

 

         ADCIntClear(ADC_BASE, 3);                    /* clear the ADC interrupt */ 

 (6)     ADCSequenceDataGet(ADC_BASE, 3, &tmp);   / * read the data from the ADC */ 

 

         /* 1st order low-pass filter: time constan t ~= 2^n samples 

          * TF = (1/2^n)/(z-((2^n - 1)/2^n)), 

          * e.g., n=3, y(k+1) = y(k) - y(k)/8 + x(k )/8 => y += (x - y)/8 

          */ 

 (7)     adcLPS += (((int)tmp - (int)adcLPS + 4) >>  3);       /* Low-Pass-Filter */ 
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         /* compute the next position of the wheel */ 

 (8)     tmp = (((1 << 10) - adcLPS)*(BSP_SCREEN_HE IGHT - 2)) >> 10; 

 

         if (tmp != wheel) {                   /* d id the wheel position change? */ 

 (9)         ObjectPosEvt *ope = Q_NEW(ObjectPosEvt , PLAYER_SHIP_MOVE_SIG); 

(10)         ope->x = (uint8_t)GAME_SHIP_X;               /* x-position is fixed */ 

(11)         ope->y = (uint8_t)tmp; 

(12)         QActive_postFIFO(AO_ship, (QEvent *)op e);    /* post to the Ship AO */ 

             wheel = tmp;                 /* save t he last position of the wheel */ 

         } 

         . . . 

     } 

 
(1) �ü Stellaris(�G  �È�Ñ�D ISR_SysTick()�� Cortex-M32Ï4³ 8V�¡ Au�Ê�<�{*ó,X 2Ï4³�ÊJs 8V�¡ ISR �¤�o

�á�u �Ä 
(2) TIME_TICK �_�Ê�¢�á�
	¬ �È�´!8�W	Ã�¹>•�Ô õ�ûM-�Õ�ÚG! �ÄE­�þ�_�Ê>•�Ä�â�� const,�ã
G-��W	Ã

�¹>•���ü ROM 	��ÄE­�þ�_�Ê,X�ñ�Ÿ8…�ë><�Ù	ÿ�µ	Ë TIME_TICK_SIG�ÈL��ú�Ô�þ 0.E­�þ 0 
�A•
QF ���ŠE­�þ�_�Ê��M-�Õ,X�J�è �á*ü>•�²�
���¤�þ�_�Ê"4G  �Ä 

(3) ISRA×*ü���Š�Ñ�D QF_publish(), E­�þ�Ñ�D�^�Û	å tickEvt �_�Ê,X�ÛJ\�ôEæ4­���ÝAvKÙ5Ù�Ä 
(4) ISRA×*ü�Ñ�DQF_tick(), �üE­�þ�Ñ�DG ���Š1u)Ú�Ý�š�Û,X�ÊKÈ�_�Ê �Ä 
(5) �Ñ�D ISR_ADC()�¤�o ADC E@�6�á�u�Ä�W�Ô	â#�EÕShip,X�!5B �Ä 
(6) E­�þ ISR �¢ ADC AÏ�Î�D�B �Ä 
(7-8) �Ô�þ�"Eî$¸"¶�<>•*ü�bAÏ�Î,X 	s�Ÿ ADC �D�B�È�¢5àAu1k�Î+	�!�<E@,¬,X�!5B �Ä 
(9) QF�c Q_NEW(ObjectPostEvt, PLAYER_SHIP_MOVE_SIG)�|�Õ,X�¢+� QF ���Š1u)Ú,X�_�Ê"4�Y�Ú

G!�Ô�þ ObjectPostEvt�_�Ê,X�r�_ �ÄE­�þ�c�3�^�µ	Ë PLAYER_SHIP_MOVE_SIG
`�ÚG!,X�_ �Ê6(
	ÜCK�9�Ä�c Q_NEW()E¨�²�Ô�þ�Û	åE­�þ�î�ÚG!�_�Ê,X�ÛJ\ �Ä 

 
"¼�Ö�_�Ê PLAYER_SHIP_MOVE(x, y)���Ô�þ�ú�Ý	Ã	¬	–�D,X�_�Ê,X�_�$ �Ä�Ô8�,X �ÈE­2O�_�Ê�á6Ñ>•M-�Õ

,X�ÚG!�Ä�V><(2)G ,X TIME_TICK�Å�È �´���W6Ñ�ü�ß õ ISRE¤> �Ê�Ö!9,X�
	¬ �Ä2Ï4³G ,X�Ô�o ��
�|�ÍB5 	Ã6Ñ4»4ÁEîE›�ÛJ\�é*ü�_�Ê �È�´!8�_�Ê�á6Ñ	¬�ê �ÄQF ,X�|�Õ�_�Ê�ÚG!?·�‡�Z���ÝE­�o�J	¥
�ûKÂNl�È�´��!£�Ô õFÑ�Ý�Ô�þ�„,X�_�Ê>•�ÚG! �ÄQF '
	â�ü.B�n���Ý?UA“KÂE­�þ�_�Ê,X ���|�ÍB5 4§
�3�S*üE­�þ�_�Ê	â �È�²�
E­�þ�|�Õ,X�_�Ê �Ä 

 
(10-11)  �_�Ê	–�D x,y >•C��� �Ä 
(12) �|�Õ�_�Ê>•�¢ Ship���|�ÍB5 ,È�y	¥�× �Ä 
 

1.7 �Í�� õ(Š�Õ��4ê-Õ  


`�S"¯�ô�•,X AÃ?·,Ì	¡ �È�4�áLÔ?U�û
_A’Au7¾�|�ê�¹�K	•�^�� õ�ã(Š�Õ �Ò(UML (Š�Õ�Ò)E@�6�ä�Ý��,XP¬�z
	Ã4È�x,X C �ê5Ù C++�·-Õ �Ä��8V AÈ�â�V�)�ý*ü QF �r�Ê���Š
`�0�� QF �_�ÊPE�|�G	Ä�ÔF¼�Ú,X QEP�� õ�Ø
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)Ú�< �È�¢�Ò 1.6�9�Í Ship(Š�Õ��E¯> ���¹4ê-Õ �Ä�Ô�º�4-¹F'�V�)4ê-ÕE­�þ(Š�Õ�� �È�4��-¹F'�V�)�Í���Ý(Š
�Õ��4ê-Õ �Ä 

Ship(Š�Õ��,X$d�·-Õ	Ã�ü DOS(��ê5Ù Stellaris,XN²> �Ø�Ï$��ã,X�[�Ê ship.c�R�� �Ä�å�ÍE­�þ�[�Ê
,X?·Gž�Ú�� 3 !9�Ä  
 

1.7.1 1��Ô!91��Ô!91��Ô!91��Ô!9 �Ö�Ö�Ö�Ö�n���n���n���n�� Ship ,X4§�X,X4§�X,X4§�X,X4§�X 

�ü1��Ô!9�4LÔ?U�n�� Ship,X�D�B4§�X �Ä
`�_�Ê,X�_�$�Ô�� �È�4�S*ü4»�S�¢���Š,X�D�B4§�X QActive#�*ó�Î
Ship,X�D�B4§�X �Ä�Ä 	–5×"¼Gž�� C AÁ?Ô,X	)4»�S���Å�Ä �Î0ŸE­��,X4»�S�G2Ï�¸ Ship4§�XE²�y�� QF ���Š �Ä 

QActive 
Î��4§�X,X��?U�Ï�u�� �|�, (Š�Õ��,X�'�!#��|(Š�Õ,X�µ�C �ÈE¬�Ý Ship���|�ÍB5 ,X�_�ÊKó�ë

`�ì��4{ �Ä�_�r�Þ �ÈQActive ��D•���¢�Ô�þ!¨EW1T	),X QEP4§�X QHsm#�*ó,X , E­�þ QHsm></��Ô�þ�� õ
(Š�Õ��,X�'�!#��|(Š�Õ �Ä�üE­ �o�µ�C,X�Þ�� �È�´�"!£�Ô�þ(Š�Õ��FÑ�™NO�|�, �J�ª,X ���=�)(Š�Õ ���µ�C �Ä�_
�V�ÈShip�ÍB5BóB÷4È�xShip,X�!5B
`�ü$��ãG 3�/Ã,X�Ú�D �Ä�4EîE›�ü
Î��4§�X�ä
, super	â�t�9�J�ª�D�B
�ä
, �È�V�·-Õ�ë>< 1.4��/� �È�9�¤�oE­�oL��t,X�µ�C �Ä 
 
�·-Õ�ë><  4 �ü ship.cG #�*ó Ship4§�X 
(1) #include "qp_port.h"                                         /* the QP port */ 

 (2) #include "bsp.h"                                   /* Board Support Package */ 

 (3) #include "game.h"                                       /* this application */ 

 

     /* local objects ----------------------------- ------------------------------*/ 

 (4) typedef struct ShipTag { 

 (5)     QActive super ;                        /* derive from the QActive  struct */ 

 (6)     uint8_t x;          /* x-coordinate of the  Ship position on the display */ 

 (7)     uint8_t y;          /* y-coordinate of the  Ship position on the display */ 

 (8)     uint8_t exp_ctr;       /* explosion counte r, used to animate explosions */ 

 (9)     uint16_t score;                            /* running score of the game */ 

(10) } Ship;                          /* the typede f-ed name for the Ship struct */ 

 

                                                   /* state handler functions... */ 

(11) static QState Ship_active   (Ship *me, QEvent const *e); 

(12) static QState Ship_parked   (Ship *me, QEvent const *e); 

(13) static QState Ship_flying   (Ship *me, QEvent const *e); 

(14) static QState Ship_exploding(Ship *me, QEvent const *e); 

 

(15) static QState Ship_initial  (Ship *me, QEvent const *e); 

 

(16) static Ship l_ship;          /* the sole insta nce of the Ship active object */ 

 

     /* global objects ---------------------------- ------------------------------*/ 

(17) QActive * const AO_ship = (QActive *)&l_ship;  /* opaque pointer to Ship AO */ 
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(1) !£�Ô�þ�S*ü QP�G	Ä,X�h*ü�� C �[�Ê�™NO�Ù	ÿ qp_port.h���[�Ê �Ä 
(2) bsp.h���[�Ê�Ù	ÿ���S 4{���Õ�Ù,X�y	· �Ä 
(3) game.h���[�Ê�Ù	ÿ�_�Ê
`�J�ª�ü�h*ü/ß�c,X4˜�ÊKÈ�E�•,X�s6Ñ,X�Ä�â �Ä?•#Ù	) 1.2�Å�Ä  
(4) E­�þ4§�X�n���Z Ship���|�ÍB5 �Ä 
 
"¼�Ö�å�p ö �S���|�ÍB5 �È
`*î7Ç���Ý(Š�Õ���ÍB5 �Ä!¨�V Mines�Å>•�ù��,X�Õ>™ �Ä���¹ �È�å�á�ü���[�ÊG ��

�9(Š�Õ��,X4§�X�n�� �È5à���ü�r)„�[�Ê!¨�V ship.cG �n���W�À �ÄE­�� �È�å6Ñ.B�± Ship4§�X,X�YF¼
�D�B�ä
,�á>•�h*ü/ß�c,X�J�ªF¼�Ú-¹F' �Ä 

 
(5) Ship���|�ÍB5 4§�X�¢���Š,X QActive 4§�X#�*ó �È�V�ü �� C AÁ?ÔG ,X	)�Ô4»�S����	­ �Ä 
(6-7) �D�B�ä
, x 
` y �·>< Ship�ü��/��#,X�!5B �Ä 
(8) �ä
, exp_ctr>•*ü�9 A„�) 'Ú&Œ�|+�,XE¯�z �ÄAË,ß�ü�Ò 1.6G  Ship(Š�Õ�Ò,X�� exploding”(Š�Õ�Å�Ä  
(9) score�ä
,�|�, $��ãG 3�/Ã,X�Ú�D �Ä 
(10) �å�S*ü typedef�9�n�� struct ShipTag�k��EW-Á,X	á�+ Ship�Ä 
(11-14) E­ 4 �þ�Ñ�D>•/Ä��(Š�Õ�Ø)Ú�Ñ�D �È�´���W�À
`�Ò 1.6Ship(Š�Õ��,X(Š�Õ�Ô�Ô�Í�h �Ä�_�V�Ñ�D

Ship_active()�·>< activ (Š�Õ�ÄQEP�_�Ê�Ø)Ú�<A×*üE­�o(Š�Õ�Ø)Ú�Ñ�D�¢5à�r)„ UML ,X(Š�Õ���;
> AÁ�� �Ä���Ý,X(Š�Õ�Ø)Ú�Ñ�D�Ý�Ô��,X(M�U �Ä�Ô�þ(Š�Õ�Ø)Ú�Ñ�D�S*ü(Š�Õ���ÛJ\
`�_�Ê�ÛJ\�0��
	–�DG£�È�J�^�¡�0,X(Š�ÕE¨�²4­�_�Ê�Ø)Ú�< �È�_�V�_�Ê ��	ú >•�Ø)Ú�Z�ê"u�Ý>•�Ø)Ú �ÄE¨�² QState
2O
_�ü���[�Ê <qp>\qpc\¬include\¬qep.h.>•�n���� uint8_t�Ä 

 
"¼�Ö�å�S*ü�Ô�þ1T	),X
Q	á	#A‚�9�t��4§�X
`*ü�9�¡�0E­�o4§�X,X�Ñ�D��KÈ,X6(2Ï �ÄOj�� �È�å�S*ü typedef

	â,X4§�X	á
`�¡�0	á4§	ÜCK�9 �Ä�V Ship_active�Å.1��` �È�å�����^�Û	åE­�þ4§�X,X�ÛJ\�0��,Ì�G�Ñ
�D,X1��Ô�þ	–�D �È�J�èE­�þ	–�D����>•
Q	á�� me�Ä�V�È Ship_active(Ship *me, …)�Å 

 
(15) L8�Z(Š�Õ�Ø)Ú�Ñ�D�ê �È"u�þ(Š�Õ���™NO�Ä�â�ñ�Ÿ�ê�þ(Š�Õ �ÈQEP�S*ü�W�;> �ÔNJ��,X�ñ�Ÿ�ê E@/Ï

(?•�Ò 1.6(1)).�ñ�Ÿ�þ(Š�Õ�Ø)Ú�Ñ�D
`�Ô 8�,X(Š�Õ�Ø)Ú�Ñ�D���Ô��,X�m"© �Ä 
(16) �üE­G �åM-�Õ�ÚG!�|�,4­ Ship���|�ÍB5 �ÄAË"¼�ã�ÍB5 l_ship>•�n���� static,�´!8�W	¾6Ñ�ü�[�Ê

ship.c�YF¼>•�,	ª �Ä 
(17) E­G �å�n���J�ñ�Ÿ�ê�<���ÛJ\ AO_Ship�Û	å Ship���|�ÍB5 (?•#Ù	) 1.2�Ä10�Å).E­�þ�ÛJ\�� ���áEã

�â,X ���È�´���W�^ Ship�ÍB5�'�0�Ô8�,X QActive 
Î��4§�X�Í�Y �È5à�á���K�',X Ship4§�X�Ä�Ô�þ���á
Eã�â,X” �ÛJ\,X�Õ�o�ü�b�W��AŒ�å�`�<Ld;£ Ship4§�X,X�n���J�S�W�á6Ñ>•/ß�c,X�J�ªF¼�Ú�,	ª �Ä
�''
 �È�J�ª,X/ß�c4˜�Ê6ÑEîE› QActive_postFIFO(QActive *me, QEvent const *e)�Ñ�D,È�y	¥�×�_�Ê
4­�W�¢5à�,	ª Ship�ÍB5  

 

1.7.2 1��`!91��`!91��`!91��`!9 �Ö�Ö�Ö�Ö�ñ�Ÿ�ê(Š�Õ���ñ�Ÿ�ê(Š�Õ���ñ�Ÿ�ê(Š�Õ���ñ�Ÿ�ê(Š�Õ��  

(Š�Õ��,X�ñ�Ÿ�ê>•�Ú���¹�ß 2 !9�È�¹�“�r�t&I#��û �È�È�Q,X�{�
�ñ�Ÿ�ê�ÊKÈ4“ �Ö 
3. (Š�Õ�� ���XEô�Ñ�D ���×  
4. �ÔNJ���ñ�Ÿ�êE@/Ï �Ä 
 
(Š�Õ�� ���XEô�Ñ�D ���È�V Ship_ctor(), (M�ã�á	•�;> �ü�ñ�Ÿ�þ(Š�ÕG �n��,X�ÔNJ���ñ�Ÿ E@/Ï�È�´��

�üFw�Ê��	Ã6Ñ5��å�Ô�oG¡?U,X�ÍB5 �È�J�è.@�Ê�3AŒ"u�Ý>•EÖ�',X�ñ�Ÿ�ê �Ä,Ì	¡ �È(Š�Õ�� ���XEô�Ñ�D ���™�™
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�^(Š�Õ�������ñ�Ÿ�þ>™�Õ �Ä'
	â �È*ü���·-Õ�™NO�â.B,X?º	¥ �ÔNJ���ñ�Ÿ�ê E@/Ï�ÈE­�ü�Ñ�D QActive_start()
�Ñ�D�YF¼	¥*ó(?•#Ù	) 1.1(18-20)). #Ù	) 1.5 �)/��Z Ship���|�ÍB5 ,X�r�_�ê �Ä���XEô ���Ñ�D �Å
`�ñ�Ÿ�ê �Ä�ñ
�Ÿ�þ(Š�Õ �Å�Ä  
 
�·-Õ�ë><  5 ship.cG  Ship���|�ÍB5,X�r�_�ê
`�ñ�Ÿ�ê  
(1) void Ship_ctor(void) {                                     /* instantiation */ 

 (2)     Ship *me = &l_ship; 

 (3)     QActive_ctor(&me->super, (QStateHandler)&S hip_initial); 

 (4)     me->x = GAME_SHIP_X; 

 (5)     me->y = GAME_SHIP_Y; 

     } 

     /*............................................ ..............................*/ 

 (6) QState Ship_initial(Ship *me, QEvent const *e)  {          /* initialization */ 

 (7)     QActive_subscribe((QActive *)me, TIME_TICK _SIG); 

 (8)     QActive_subscribe((QActive *)me, PLAYER_TR IGGER_SIG); 

 

 (9)     return Q_TRAN(&Ship_active) ;             /* top-most initial transition */ 

     } 

 
(1) �<���Ñ�D Ship_ctor()	s
_�ü game.h�È�J�ü main()�Ô�Ÿ�Ø>•A×*ü�Ä 
(2) “me���ÛJ\�Û	åM-�Õ�ÚG!,X Ship�ÍB5 �Ä?•#Ù	) 1.4(16)�Å. 
(3) !£�Ô�þ#�*ó,X4§�XBóB÷�ñ�Ÿ�ê�¢
Î��4§�X4»�SE›�9,XF¼�Ú �Ä���XEô�Ñ�D �� QActive_ctor()�^(Š�Õ��

�����ñ�Ÿ�þ(Š�Õ &Ship_initial(?•#Ù	) 1.4(15)). 
(4-5) Ship,X�!5B>•�ñ�Ÿ�ê �Ä 
(6) �Ñ�D Ship_initial()�n�� Ship(Š�Õ��,X�ÔNJ���ñ�Ÿ�ê E@/Ï�Ä?•�Ò 1.6(1)�Å. 
(7-8) Ship���| �ÍB5 AvKÙ�µ	Ë TIME_TICK_SIG 
` PLAYER_TRIGGER_SIG�È�V�Ò 1.3�Ä1�Å,X(Š�Õ�Ò��

/��Ä  
(9) EîE›A×*üQP�c Q_TRAN()�Û�n �ñ�Ÿ(Š�Õ ”active”�Ä 
 
"¼�Ö�c Q_TRAN()�™NO�Ô,È�üreturnAÁ	¹	â �Ä 

 

1.7.3 1��Ý!91��Ý!91��Ý!91��Ý!9 �Ö�Ö�Ö�Ö�n��(Š�Õ�Ø)Ú�Ñ�D�n��(Š�Õ�Ø)Ú�Ñ�D�n��(Š�Õ�Ø)Ú�Ñ�D�n��(Š�Õ�Ø)Ú�Ñ�D  

�ü�Ô	â�Ô!9 �È�4!£ õ�^�Ô�þ(Š�Õ�0���Ô�þ(Š�Õ�Ø)Ú�Ñ�D�r)„ �È�¢5à�Í Ship(Š�Õ���rL�4ê-Õ �Ä���Z�‡�n�”
����2ô�2�b
¾�þ4­�n,X(Š�Õ�Ø)Ú�Ñ�D �È�4�”�¹ -��ÒG !£�þ(Š�Õ,XE•+ �Ä�Ò 1.6�Å�Ä�4LÔ?U�r)„���Ý�¢E•+ 
�Ô�Ÿ,XE@/Ï�È�Ï�)�ü(Š�ÕG �n��,X�9	·
`�Î	·�|�0 �ÈE¬�Ý�ü(Š�ÕG �ë �Î,X���Ý�YF¼ E@/Ï�Ä	º�ê �È�V�p�Ý�Ô
�þ�ñ�Ÿ E@/Ï,È�y� �9 E¯E­�þ(Š�Õ �È�4	à��LÔ?U�r)„�W �Ä 

�¹�Ò 1.6G ,X(Š�Õ”flying” ���_ �ÄE­�þ(Š�Õ�Ý�Ô�þ�9	·�|�0
` 2 �þ�ü�WE•+ �Ô�Ÿ,X E@/Ï�ÖHIT_WALL

` HIT_MINE(type), 
` 3 �þ�YF¼E@/ÏTIME_TICK, PLAYER_TRIGGER,
` DESTOYED_MIND(score).(Š
�Õ”flying” � �+�üCY(Š�Õ ”active”G �Ä 

#Ù	) 1.6�)/��Z�ü�Ò 1.6,X Ship(Š�Õ��,X 2 �þ(Š�Õ�Ø)Ú�Ñ�D �ÄE­�o(Š�Õ�Ø)Ú�Ñ�D�Ú�ÿ�Í�h�b ”active”
(Š�Õ
` ”flying” (Š�Õ�Ä2ûLc�J	â,X?·GžF¼�ÚAÈ�â�Z�Ô�oG¡?U,X�r)„�T�» �Ä 
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�·-Õ�ë><  6 ship.cG "active"
` "flying" ,X(Š�Õ�Ø)Ú�Ñ�D 
(1) QState Ship_active(Ship *me, QEvent const *e) {  

 (2)     switch (e->sig) { 

 (3)         case Q_INIT_SIG: {                     /* nested initial transition */ 

 (4)             /* any actions associated with the  initial transition */ 

 (5)             return Q_TRAN(&Ship_parked); 

             } 

 (6)         case PLAYER_SHIP_MOVE_SIG: { 

 (7)             me->x = ((ObjectPosEvt const *)e)- >x; 

 (8)             me->y = ((ObjectPosEvt const *)e)- >y; 

 (9)             return Q_HANDLED(); 

             } 

         } 

(10)     return Q_SUPER(&QHsm_top);                     /* return the superstate */ 

     } 

     /*............................................ ..............................*/ 

     QState Ship_flying(Ship *me, QEvent const *e) { 

         switch (e->sig) { 

(11)         case Q_ENTRY_SIG: { 

(12)             ScoreEvt *sev; 

 

                 me->score = 0;                               /* reset the score */ 

(13)             sev = Q_NEW(ScoreEvt, SCORE_SIG); 

(14)             sev->score = me->score; 

(15)             QActive_postFIFO(AO_Tunnel, (QEven t *)sev); 

(16)             return Q_HANDLED(); 

             } 

             case TIME_TICK_SIG: { 

                 /* tell the Tunnel to draw the Shi p and test for hits */ 

                 ObjectImageEvt *oie = Q_NEW(Object ImageEvt, SHIP_IMG_SIG); 

                 oie->x   = me->x; 

                 oie->y   = me->y; 

                 oie->bmp = SHIP_BMP; 

                 QActive_postFIFO(AO_Tunnel, (QEven t *)oie); 

 

                 ++me->score;  /* increment the sco re for surviving another tick */ 

 

                 if ((me->score % 10) == 0) {           /* is the score "round"? */ 

                     ScoreEvt *sev = Q_NEW(ScoreEvt , SCORE_SIG); 

                     sev->score = me->score; 

                     QActive_postFIFO(AO_Tunnel, (Q Event *)sev); 



UML (Š�Õ�Ò,X�r*ü(Š�Õ�Ò,X�r*ü(Š�Õ�Ò,X�r*ü(Š�Õ�Ò,X�r*ü C/C++A’AuA’AuA’AuA’Au,1��`(�1��`(�1��`(�1��`(� �È�È�È�È(���(���(���(��� 2002-2008 Miro Samek, �±+-���Ý���ý�±+-���Ý���ý�±+-���Ý���ý�±+-���Ý���ý �Ä�Ä�Ä�Ä 

Revise: 536 on 2009/11/06 11:34:00 48 

                 } 

                 return Q_HANDLED(); 

             } 

             case PLAYER_TRIGGER_SIG: {                   /* trigger the Missile */ 

                 ObjectPosEvt *ope = Q_NEW(ObjectPo sEvt, MISSILE_FIRE_SIG); 

                 ope->x = me->x; 

                 ope->y = me->y + SHIP_HEIGHT - 1; 

                 QActive_postFIFO(AO_Missile, (QEve nt *)ope); 

                 return Q_HANDLED(); 

             } 

             case DESTROYED_MINE_SIG: { 

                 me->score += ((ScoreEvt const *)e) ->score; 

                 /* the score will be sent to the T unnel by the next TIME_TICK */ 

                 return Q_HANDLED(); 

             } 

(17)         case HIT_WALL_SIG: 

(18)         case HIT_MINE_SIG: { 

(19)             /* any actions associated with the  transition */ 

(20)             return Q_TRAN(&Ship_exploding); 

             } 

         } 

(21)     return Q_SUPER(&Ship_active);                  /* return the superstate */ 

     } 
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(6) E­�5 �·-Õ �Ø)Ú�Ò 1.6(3),X�ñ�Ÿ E@/ÏPLAYER_SHIP_MOVE_SIG(x, y). 
(7-8) �4EîE›(Š�Õ�Ø)Ú�Ñ�D,X me	–�D�9�,	ª Ship(Š�Õ��,X�D�B�ä
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"¼�Ö�_�Ê�µ	Ë
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5Ù�™NO-¹F'

E­�þ6(2Ï�¢5à�^�W2O
_E@�6��!7.B,X�_�Ê4§�X �Ä 

 
(9) �4�S*ü ”return Q_HANDLED()”4§�3 caseAÁ	¹�ÈE­Eî-¹ QEP�_�Ê�Ø)Ú�<E­�þ�_�Ê�Æ4£>•�Ø)Ú�Z�Ä��
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Ship_active()(Š�Õ�Ø)Ú�Ñ�DE¨�²�ÛJ\ &Qhsm_top. 

 
"¼�Ö�ü C 
` C++G �È�Ô�þ�Ñ�D�ÛJ\ QHsm_top()	Ã�¹�m�ä QHsm_top�ê &QHsm_top. ��1u QHsm_top><E’�È

�t1T"Õ �È�å�È�p ö�S*ü><E’�ã &QHsm_top�È�¹><�âE­G �å.B�rLÔ?U�Ô�þ�Ñ�D�ÛJ\ &QHsm_top. 
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�Ê4§�X ScoreEvt,X���Ê�ÛJ\ �Ä 
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�_�ÄE­�þ�c�^ SCORE_SIG
`>•�ÚG!,X�_�Ê6(	ÜCK�9 �Ä�c Q_NEW()E¨�² �Ô�þ �Û	å>•�ÚG!,X�_�Ê,X
�ÛJ\ �Ä 

(14) ScoreEvt,X score	–�D�
�B(Š�Õ���ä
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(15) �_�Ê SCORE(me->score)EîE› QP�Ñ�D QActive_postFIFO()>•,È�y	¥EÕ4­���|�ÍB5 Tunnel�ÄE­�þ�Ñ

�D,X	–�D���y�
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`E­�þE@/Ï �Ý�G,X�Ï�)�|�0 �Ä�Ä ���_E­G "u�Ý�ÿ,X�|�0 �Å�Ä  
(20) �4�S*ü�c Q_TRAN()�Û�nE@/Ï,X,Â,X �Ä 
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1.8 �;> �õ�ã  

�V�4�ü /ß�c�ë>< 1.1(21),ß��,X �Èmain()�Ñ�D�Ô	âEîE›A×*ü QF_run()�^�{�
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1T?U,X?·GžQF �V�)�ÚG! CUP�ÊKÈ4­2Ï4³G �á	à,X�Ï�u �È�¹	ž�4�üEÝ�½�;> �õ�ã �Ê�¹�Ý,X EÝNM�Ä 



UML (Š�Õ�Ò,X�r*ü(Š�Õ�Ò,X�r*ü(Š�Õ�Ò,X�r*ü(Š�Õ�Ò,X�r*ü C/C++A’AuA’AuA’AuA’Au,1��`(�1��`(�1��`(�1��`(� �È�È�È�È(���(���(���(��� 2002-2008 Miro Samek, �±+-���Ý���ý�±+-���Ý���ý�±+-���Ý���ý�±+-���Ý���ý �Ä�Ä�Ä�Ä 

Revise: 536 on 2009/11/06 11:34:00 50 

 

1.8.1 1T	),XM21T	),XM21T	),XM21T	),XM2�v	4�v	4�v	4�v	4 �ã�ã�ã�ã Vanilla A×�z�<A×�z�<A×�z�<A×�z�<  

N²> �Ø�Ï�r�_/ß�c�S*ü�Z�Ô1T	),X QFG!5B�ÈE­/¡G!5BG  QF ,È�yE¤> �b,Â�Û�Ø)Ú�<�Þ �È5à�á*ü�Ï�)�i��
,X�¡�02Ï4³�ê5Ù�Y�� 2�Ä�å�^E­/¡ QFG!5B/Ä�. plain vanilla�ê vanilla�Ä 

QF �Ù	ÿ�Ô�þ1T	),XM2 �v	4�ã vanilla �Y�� �È�W�S*ü�Ô�þ�´L$�~)ƒ �Ä
`CY4{�~)ƒ2O�� �Å�È!£ õ�;> �Ô
�þ���|�ÍB5 �Ä�ü!£�þ�_�Ê�¹E¤> -�� -�`�ä (RTC)�•�ã>•�Ø)Ú	â �ÈVanilla �Y�� �Ô�ŸEÝ�½�ß�Ô�þ�š�Û�Ø)Ú�ß�þ
�_�Ê,X ���|�ÍB5 �ÄVanilla A×�z�<��	Ü�0�ã,X �ÄE­�ã
G-����Ý,X ���|�ÍB5 	Ü�0�Ú�•�Ô�þ	)(À,X CPU�J�ü!£
�Ô�þ RTC!9Px	â�^�{�
E@/Ï4­�ÿ,X�ÍB5 �Ä�Y����M2�v	4�ã,X �È�ã
G-�!£�Ô�þ ���|�ÍB5 �™NO�ü�Ï�)�J�ª ��
�|�ÍB5 6Ñ�Ô�Ÿ�Ø)Ú�ÿ,X�_�Ê�Ê �Ø)Ú�` �Ô�þ�_�Ê �Ä 

���•�á�u/ß�c ISR6Ñ�ü�Ï�)�Ê�í�v	4�Ô�þ ���|�ÍB5 ,X�;> �È����+��b vanilla �Y��,X1T	)�ê�ûBü �È
!£�þ ISR2’.B,X E¨�²���v	4�9 	·&• �Ä�V�p ISR 	¥EÕ�ê	¥> �Ô�þ�_�Ê4­�Ï�) ���|�ÍB5 �È�ÍE­�þ�_�Ê,X�Ø)Ú	¾
�Ý�ü�'�!,X RTC!9Px�`�ä	â�!�î�Ô�Ÿ �Ä�Ô�þ �ÔP¬�ì��4{ ���|�ÍB5 ,X�_�Ê6Ñ>•�ÊE³,X�Ô�û�ÊKÈ>•/Ä���Ï�u
4{
¡�h �Ä�'�S*üM2�v	4�ã vanilla �Y�� �Ê�È�Ï�u4{
¡�h1��b2Ï4³�� ���Ý ���|�ÍB5 ,X�ÔKS,XRTC!9Px�ÄAË"¼
�ã vanilla ,X�Ï�u4{
¡�hE¬��!¨�ô4³,X ��CY4{�~)ƒ ���Ä	G main+ISR�Å�Š�X?U�Q�\�î �Ä�å�ü�ßM6,X 1.98V�Í
!8�Ý�È�î,X?·Gž �ÈFwG �å�î!¨EW�_�ÊPE�|�ãN²> �Ø�Ï�r�_
`�ô4³,X Quickstart�h*ü/ß�c �Ä 
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���_�Ê5à�­1��Y �Ä�Ä �Ô�þ(Š�Õ�� 1T	),XE¤> -�� -�`�ä'
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�¹EîE›�^EWKS,XRTC!9Px�Ú?·�äEW-Á,XRTC�¢5à�S �Ï�u4{
¡�h�V�4��LÔ,X�¿ �Ä�Ä�_�V�S*ü�ü1� 5 0´�£	­
,X Reminder(Š�Õ�õ�ã �Å�Ä  
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��	Ã�¹�ü�Ô�þEWKS,X RTC!9Px��KÈE¯> �Ô�þ�Þ�ß�[�Û�6 �ÈA}�Ô�þEWP¬�ì��4{,X ���|�ÍB5 �Ô�ŸE¤> �Ä	¾?U
E­�o ���|�ÍB5 "u�Ý�E�•C�$d �È�W�À	Ã�¹�J	¥,XE¤> �È�J�è (À0Ÿ,X�`�ä�W�À	Ø7¾,X RTC!9Px�Ä 

QP�_�ÊPE�|�G	Ä�Ù	ÿ�Z�Ô�þ�‚�ã,X �È�`�<	Ã�v	4�ã �È
Î�b�ì��4{,X�r�Ê�Y��4˜�Ê �È	G QK�È�W>•
�â.B,XA’Au �ä�S*ü RTC �•�ã�Ø)Ú�_ �Ê�ÄG!5B QP�S*ü�v	4�� QK �Y���\�•�ç �È�����S*ü�Ï�)�`�<	Ã�v	4�ã
�Y���Ê �È�4�™NO	��Ú"¼�ã�ü ���|�ÍB5 ��KÈ�E�•,X�Ï�)C�$d 3�ÄN²> �Ø�Ï�r�_>•(M�ã�Ø�Ï�äFS�!�ü ���|�ÍB5
��KÈ�E�•�Ï�)C�$d �È�´!8E­�þ�h*ü/ß�c�·-Õ	Ã�¹�áAŒ�
�|5àE¤> �ü QK �v	4�ã�Y���Þ �È�ê�Ï�)�J�ª,X�v	4
�ã�Y���ê�r�Ê�¡�02Ï4³ �ÄL�Lc�·-Õ�Ù	ÿ�Z�S*ü QK ,XN²> �Ø�Ï$��ã�r�_ �È�ü <qp>\qpc\examples\80x86\qk\-
tcpp101\l\game\,Â�) �Ä�4	Ã�¹�ü �Ï�) �Û�š,X Windows�þ�Ž+	6å�Þ ,X DOS�{�
	Ä E¤> �W�Ä 
 

                                                 
2 80x86(�,XN²> �Ø�Ï$��ãE¤> �b DOS�ÞM6�È���� DOS�J�á�¤�o�Ï�),X�î�Ï�u���Õ �Ä 
3 QK �¤�o�Z�Ô�þ�f�y�s6Ñ�¹�“�b�f�y,X�,	ª�E�•,XC�$d �ÄQK �f�y�'�S*ü�ì��4{ -�ý8…�S	#A‚FS
�!�ì��4{	¡E@ �Ä4š8VAË	–5×1�10 0´�Ä  
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1.8.3 �ô4³,X�¡�02Ï4³�ô4³,X�¡�02Ï4³�ô4³,X�¡�02Ï4³�ô4³,X�¡�02Ï4³ /�r�Ê�¡�02Ï4³�r�Ê�¡�02Ï4³�r�Ê�¡�02Ï4³�r�Ê�¡�02Ï4³  

QP�3	Ã�¹ 
`�ô4³,X�¡�02Ï4³ (OS)�È�V Windows�ê Linux �ê�´�"�Ï�)�r�Ê�¡�02Ï4³ (RTOS)�ÔCK�¹�0 �È�¢5à
�S*ü)„�Ý,XA’�ÛPE�| �ÈEîAƒ
Ú�Ü�È
`�J�ª,X��KÈ�Ê �Ä 

QP�Ù	ÿ�Ô�þ�G	Ä�‘B5�� (PAL),E­�S/Ï�á QP���´�"�Ï�)�¡�02Ï4³	¬�k �\�•�ç �Ä>•�¨4šA’Au,X PAL
��AŒEîE›�á*ü�Ï�) NX�Û,X���•1u)Ú �È#\�CKó�ë
`�Y�,�æ�Ú 1�1�E­�o�s6Ñ �È�¢5à
`�i�� OS/RTOS,X2û�š,X
Lš�ä �Ä�ü1� 8 0´�å�îA|AŽ �V�) /Ï�á QP�Ä 
 

1.9 
`�ô4³�•"©,X!¨EW  

N²> �Ø�Ï$��ã ,XE¤> >•(M�ã
` �ü Luminary Micro Stellaris EV-LM3S811$è/�(��Þ�¤�o$d�· -Õ,X Quickstart
�h*ü/ß�c �±�Õ �Ô7È�Ä[Luminary 06]�ÄE­8V�å�Ç!¨EW+� Quickstart�h*ü/ß�c���·><,X�ô4³,X�•"©
` �¹N²> �Ø
�Ï$��ã���·><,X 
Î�b(Š�Õ��,X?·�‡�•"© �Ä 

�Ò 1.11(a)�)/��Z Quickstart,X#�/ß�Ò �È�Ò 1.11(b)�)/��ZE¤> �ü	Ü�0�ã vanilla �Y���Þ,XN²> �Ø�Ï$�
�ã,X#�/ß�Ò �Ä�ü�ÔP¬�� õ �ÈE­�m#�/ß�Ò��2O��,X �È�ª�À 2 5ÙFÑ�Ù	ÿ�Ô�þ�È4©�H�þ�Ø)ÚE›/ß,X�´L$�~)ƒ �Ä��
��E­ 2 5Ù���~)ƒ,X�YF¼4§�X��M2���á	à,X �Ä�V�ü#�/ß�ÒG 2k4“���ÛAš,X �ÈQuickstart/ß�c�^4±�û�î�D�ÊKÈ
*ü�b 2û�š,X*ü�b�­1��Y(M �n�_�Ê,X �þ�_�Ê�~)ƒ �þ�Y�È�V�#�)�È�„�_�Ê �Ä,Ì	¡ �ÈN²> �Ø�Ï/ß�c�^4±�û�î�D�_
�Ê*ü�ü���~)ƒ�Y �ÄQP���Š�Ú#��Ï�)	Ã*ü,X�_�Ê��EÖ�',X�Ø)ÚE­�þ�_�Ê,X(Š�Õ�� �È�J�\�¿,XE¨�²���~)ƒ �È
5à�á���üFwG 1��Y�_�Ê �Ä 
 
�Ò 9Quickstart�h*ü/ß�c (a) 
`N²> �Ø�Ï (b),X�{�
#� ,.2k4“></��ü�·-ÕG �Ô4£���;> ,XCÃ�X  
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Quickstart/ß�c 
`N²> �Ø�Ï�r�_,Ì!¨�Ý�È�î,X�~)ƒ�ã�{�
#�/ß �È�´���ô4³,X?·�‡�r"©�� �`�< J\�Í ��
��,XKÂNl �È5à(Š�Õ���•����Eî*ü�û,X �ÄQuickstart�h*ü/ß�c,X4§�X
`�ô4³,XNN �c�ã/ß�cM2��,Ì�� �È�W��G£
�¢������ �±�Õ�{�
 �Ä�W�á�Ê,X�0�# �È�­1��Y�¤�þ�_�Ê �È�·-Õ
Î���Þ"u�Ý�š�Û�Q	•�Ø)Ú �Ï�) �W�ü1��Y,X�_�Ê
�¹�ê,X�ÿ,X�_�Ê �ÄE­�oFÑ��+��bA’Au,X�á&I#��û�Ð7È �Ä�r�t�„,X�_�Ê���ÄL’,X �È�´��LÔ?U�È�
,X�·-Õ,X�H
�þ4§�X>•A’Au��	¾�y�
�\(M�n,X�_�Ê �È5à�èLÔ?U>•�;&œ,X�
	¬�¢5à�•4‡�„,X�_�Ê �Ä	à�� �È�'�­1��Y�#�)�È
�„�_�Ê �Ä1�����N²> �Ø�Ï$��ãG ,X TIME_TICK �_�Ê �Å�Ê�È/ß�c�á�î�Í�Ï�)�J�ª,X�ÊKÈ�{*ó	¡�h �Ä�Ï�u4{

¡�hL’�¹>•.B�n �È�Ô8�,X�W
`�_�Ê,X2O
_�Ý�G �ÄEîE›.@4ê-Õ.B�n,X1��Y�Ê�c EÖ	Ü)„�Ý,X�_�Ê�����3AŒ�á�î
EÖ	Ü�„,X�_�Ê �Ä 

,Ì	¡ �ÈN²> �Ø�Ï$��ã�Ý�È1T	),X�{�
#�/ß �È4ƒ2•,X�_�ÊPE�|
_ �È�`�<Eî*ü �Ä?•�Ò 1.11(b)�Å�Ä!£�þ
���|�ÍB5,X�Þ�ß�[ ></��� �Ô�þ(Š�Õ��,X�'�!(Š�Õ �È5à�á�� �¤�Ø,X �·-Õ �ÄE­�� �È�
�B�'�!�Þ�ß�[�ü�·-Õ�¤�Ø
E¯> ���_�Ê�~)ƒ ��	¬�k"u�™?U�Z �Ä,Ì	¡ �È(Š�Õ�� �^�Þ�ß�[�'�.�Ô�þ �\�ã,X �D�B�ä
, �Ä?•1� 3 0´(Š�Õ	¬G£�Å
,X�•"© �È���\�Ý��)[,X �Ä�ü�Ø)Ú�`!£�þ�_�Ê	â �È(Š�Õ��6ÑE¨�²��>•A’Au�ä6Ñ�Ø)Ú�<F¼�_�Ê,X�@�E �_�Ê �~)ƒ �Ä
(Š�Õ��7¾'
,X�åEÝ!£�Ô�þ�_�Ê�J/Ï�|���ß�Ô�þ(Š�Õ �È�V�p�™?U,XA±�Ä�üE­/¡A’AuG �r�t�„,X�_�Ê�\�•�ç �È
�´��(Š�Õ�� �ü�Ï�)�Ê�í	Ã�¹
¡�h �Ï�)�_�Ê �Ä�Ô�þ�_�ÊPE�|,X 
Î�b (Š�Õ��,X�h*ü/ß�c �È
`�ô4³,X/ß�c,Ì!¨ �È
�È�t&I#� �È�È�Ý�
�û �Ä 

 

"¼�ÖEî*ü�_�Ê�~)ƒ�36Ñ�\�•�ç,X�v#���"u�Ý�Ý���_�Ê,X�™�‰ �ÈE­/¡�™�‰�ß�ÈQP���ŠA×*ü QF_onIdle()�Ñ�D
�Ä?•�Ò 1.11(b)�Å�ÄE­�þ�²A×�Ñ�D>•A’Au��+��h*ü/ß�c�n�
 �W,X�s6Ñ�È���¹ ���Ô�þ)Ú�Ç,X�S CPUE¯
�9�"�s5ë-5,ô�õ�ã�¹8V,Õ6ÑG£ ,X
��• �Ä,Ì	¡ �È�ô4³,X�•"©�á�î�¤�o�Ï�)	)�Ô,X
�&•�¹�“E@/Ï���"
�s5ë-5,ô�õ�ã �È�´!8 �\�á�•�ç�r)„�Ô�þ�`�<�"�s5ë,XA’Au �Ä 

 

1.10 �ã4§ 

�V�p�4 �¹�! "u�y?ºE› �_�ÊPE�|4ê/ß �ÈN²> �Ø�Ï$��ã,X�YF¼4§�X�Í �46ƒ�n�·><�Ô�þ�\�û,XE@	¬ �Ä�_�r�Þ �È�å
�à�ï�W	Ã�¹�
	¬�4 ,X�Ç"©�È	ú�í�å�á6Ñ.B�µ�4 ,ó,XNZ�î���Ô�þ�_�ÊPE�|/ß�c
`�ô4³,XNN�c�ã�·-Õ,Ì!¨�`�<
,X�{�
	¡E@ �ÄE­/¡�{�
,X	¡E@ �È�3>•�ä�� ���Q9…
2	s�í �� (�á?UA×*ü�å�À �È�å�À�Ú A×*ü�| )�È�S�\�î�„*ü��
�ó���Ä�¥ �È�ª�À�����ó�� ��L’�¹7È�µ ���È��:�	â ���È�ê��	¸�þ ���Ä  

N²> �Ø�Ï$��ã�á���Ô�þ�û ,X�h*ü/ß �c�È���W6ƒ�n�á�� �‚�áC‡F',X �Ä�4�á�™�™�—1��Ô õKÙAÏ�W�Ê�4��
	ú6Ñ�`�<)Ú?·�W �Ä�ü�y�ß�9,X0´8VG  �È�å�î �¤�o �Í(Š�Õ��A’Au
`4ê-Õ�T�»�È #Å�9,X-è0J�Ä�ü1� 2 F¼�Ú�È�å
�îA|AŽ QF �r�Ê���Š,X(M�U �È�r)„
`/Ï�á �Ä 

��0´�å��?U,X,Â,X��	å�4�Ÿ4¡�_�ÊPE�|8×�_
`)„�·(Š�Õ�� �ÈA}�4.B�µE­�o ���û,X�V�É�á��(M�ÿL’�¹
*ü C �ê C++,È�y�r)„ �Ä�rL��Þ �È�å�à�ï�4"¼�ã��4ê�mN²> �Ø�Ï$��ã,X�·-Õ�`�<�J�á���\�û �ÑG£,X�Ï�u �Ä�4
LÔ?U-¹F',X	¾���Ô�o ��(Š�Õ��4ê-Õ,X �Î�n ?˜�í �È�J's�]�Ô�o�r)„�|�0��LÔ?U,X���Š�á�u �Ä 

�'4ê-Õ
Î���Þ�á�äKÂNl�Ê �È�ûF¼�Ú4ê/ß�¹�0��8…�üA’Au�h*ü/ß�c�Þ�Z �Ä�¢E­&•�9AÈ�È�å�à�ïN²> �Ø
�Ï�r�_���4�ÍE­�þ�•"©�V�)�¹�0�Ý�þ�û�V,X)Ú?· �Ä�ü�_�ÊPE�|�õ
_G  �È/ß�c4§�X>•�û�',X�Ú�� 2 4˜�Ö�_�Ê

`(Š�Õ��4˜�Ê �Ä���|�ÍB5 �Å�Ä �_�Ê�·><�¤�o�ó�HCw,X�¤�_,X	¥*ó �Ä(Š�Õ���
�B�_�Ê,X�ûBü
` ���|�ÍB5 ,X(Š
�Õ�ÍE­�þ�_�Ê,X	¡�hE¯> 4ê-Õ �Ä�_�Ê�����¢�4/ß�c,X �êF¼�{*ó �È!¨�V�ÊJs $È1(�êN²> �Ø�Ï$��ãG ,X�ÝK�>•
�Ý�ß �È�_�Ê�3	Ã�¹ >•/ß�c �¢�YF¼7¾�Å�{*ó �Ä�_�V Mine 4˜�Ê�ü�W�À�”#���
` Missile �ê Shipp.„�r�Ê �È�{*ó
Eî-¹�_�Ê �Ä 

�Ô�þ�_�ÊPE�|/ß�c E¤> �Ê�È�á�0,X�¹,ß	Ã6Ñ,X�_�Ê �È�'�Ô�þ�_�Ê>•�v#��� �È�Ú#�E­�þ�_�Ê��	ÜEÖ,X
(Š�Õ��4˜�Ê �Ä?•�Ò 1.11(b)�Å.���ZA}E­�þ�•"©	Ã�¹�¹�0 �È�™NOE²4ÁNe4�,X�¹,ß�_�Ê�ÄE­�ã
G5Ù(Š�Õ���™NO



UML (Š�Õ�Ò,X�r*ü(Š�Õ�Ò,X�r*ü(Š�Õ�Ò,X�r*ü(Š�Õ�Ò,X�r*ü C/C++A’AuA’AuA’AuA’Au,1��`(�1��`(�1��`(�1��`(� �È�È�È�È(���(���(���(��� 2002-2008 Miro Samek, �±+-���Ý���ý�±+-���Ý���ý�±+-���Ý���ý�±+-���Ý���ý �Ä�Ä�Ä�Ä 

Revise: 536 on 2009/11/06 11:34:00 53 

�\�¿,X E¤> �ÈE­�� /ß�c6ÑE¨�²�9�¹,ß�_�Ê �Ä���Z0ú	ÜE­�þ?U"� �È(Š�Õ���á6ÑE¯�9�� LÔ?U�­1��Y�Ô!‰EWKS�ê
�á.B�n�ÊKÈ,X(Š�Õ �ÄE­/¡(Š�Õ�Ô�BF!,X�_�$�����ü�Ô�þ(Š�Õ�Ø)Ú�Ñ�D�Y,X while �~)ƒ �È�|�Î�~)ƒ,X�5�Ê �È
!¨�V�ÝK�Eg�9 �È�á	«/ß�c,X�{�
 �ÄE­2O/ß�c4§�X�È�Ô�þ�´L$�~)ƒ �È>•/Ä�� ��L��2 ���·-Õ 4�È�4	Ã�¹�ü Quickstart
�h*ü/ß�cG ,ß��E­�o�_�$ �Ä?•�Ò 1.11(a)�Å.���ZA}�_�ÊPE�|4ê/ß�õ�ã6Ñ�¹�0 �È�4�™NO	¾4ê�m��M2L��2 ���·
-Õ[Carryer 05]�Ä 

�Ô	â �ÈN²> �Ø�Ï�r�_$è/��Z�S*ü�Z QF�_�ÊPE�|�G	Ä �È�W���Ô�o*ü�9�Î0Ÿ�_�ÊPE�|�h*ü/ß�c,X4˜�Ê
,XLš	Ü�ÄQF�r�Ê���Š4˜�Ê *ü���Q9…
2	s�í ��5à�á���ÿ,X�•"© 	•A×*ü�h*ü/ß�c�·-Õ �ÄE­/¡�]�f�ü�_�ÊPE�|
2Ï4³G M2���L
_ �È
` QF2O��,X�h*ü/ß�c���Š�� 
Î���Þ)„�ü�Ö
��Þ!£�Ô�þA’Au7¾ �|�ê�¹�K ,X���—F¼�Ú�Ä 

�üN²> �Ø�Ï$��ãG E¤E@,X QF ���Š�S*ü�W�Ô1T	),XG!5B �ÈE­�� QF 	Ã�¹,È�yE¤> �ü,Â�Û�Ø)Ú�<�Þ 5à
�á�S*ü�Ï�)�¡�02Ï4³ �ÄQF �3	Ã�¹>•G!5B �¢5à�S*ü�W�Y5B,X�v	4�ã�r�Ê�Y�� QK�Ä?•1� 100´�Å�È �ê5Ù>•�\
�•�ç,X/Ï�á���´�"�Ï�)�ô4³,X OS�ê RTOS�Ä?•1� 8 0´�Å�Ä �_�r�Þ �È�4	Ã�¹�^ QF ���Š��D•,ß�0���Ô�þP¬
4{,X�_�ÊPE�|�r�Ê�¡�02Ï4³ �Ä 
 

                                                 
4 �ü�î�Ï�u�¡�02Ï4³,X)ƒ�W�ß �È��L��2 ���·-Õ�Í�h-�#�/ß�ü1��Y�Ô�þ�«AÁ �È�_�Ê�Û�« �È#\�CF‚1…�È
�ê�J�ª�¡�02Ï4³	sAÁ �Ä 
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1�1�1�1�  2 0´0´00́´�������� 

UML (Š�Õ��Eó�ä(Š�Õ��Eó�ä(Š�Õ��Eó�ä(Š�Õ��Eó�ä  

�Ô�þ�å�À	Ã6Ñ�S*ü���},X
��•��*ü�b�ì�ê IF-THEN-ELSE4§�X�Ä4±�û�î�D/ß�c�Ô�Ÿ�Ê,Ì
�'�Q,X4§�X �Ä�'	¥)„�Z�Ô�þ5�LK �¹	ž �„,X(M�ULÔ?U�r�t �Ê�ÈIF 
` ELSE>•L�4Á�t�9 �È,È
��"u�Ý�Ž6Ñ-¹F'�D�B���V�)#�E›�Ô�þ�Ñ�D,X �Ä$Ö�‚,X�'	D�·-Õ�Ý&•���} �È�����á6Ñ�£�å
� �+E’ 15 ��,X IF AÁ	¹,X�á���û �Ä  

--Jack Ganssle, “Break Points”, ESP Magazine, January 1991 

 
 

2.1 �_�Ê -�|�08×�_,X1T�ê  

2.2 
Î��,X(Š�Õ���V�É  

2.2.1 (Š�Õ(Š�Õ(Š�Õ(Š�Õ 

2.2.2 (Š�Õ�Ò(Š�Õ�Ò(Š�Õ�Ò(Š�Õ�Ò 

2.2.3 (Š�Õ�Ò
`#�/ß�Ò,X!¨EW(Š�Õ�Ò
`#�/ß�Ò,X!¨EW(Š�Õ�Ò
`#�/ß�Ò,X!¨EW(Š�Õ�Ò
`#�/ß�Ò,X!¨EW  

2.2.4 �=�)(Š�Õ���=�)(Š�Õ���=�)(Š�Õ���=�)(Š�Õ��  

2.2.5 A:�æ�5�ÊA:�æ�5�ÊA:�æ�5�ÊA:�æ�5�Ê  

2.2.6 �_�Ê�_�Ê�_�Ê�_�Ê  

2.2.7 �|�0
`E@/Ï�|�0
`E@/Ï�|�0
`E@/Ï�|�0
`E@/Ï  

2.2.8 E¤> E¤> E¤> E¤> -�������� -�`�ä�;> �õ�ã�`�ä�;> �õ�ã�`�ä�;> �õ�ã�`�ä�;> �õ�ã  

2.3 UML �Í�ô4³ FSM �•"©,X�=�)  

2.3.1 	¡�h	¡�h	¡�h	¡�h �û�û�û�û2Ï4³G ,X> ��G¡*ü2Ï4³G ,X> ��G¡*ü2Ï4³G ,X> ��G¡*ü2Ï4³G ,X> ��G¡*ü  

2.3.2 �� õ�ã� �+(Š�Õ�� õ�ã� �+(Š�Õ�� õ�ã� �+(Š�Õ�� õ�ã� �+(Š�Õ  
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2.3.3 > ��4»�S> ��4»�S> ��4»�S> ��4»�S  

2.3.4 (Š�Õ,X(Š�Õ,X(Š�Õ,X(Š�Õ,X LISKOV �Ó�6	s)Ú�Ó�6	s)Ú�Ó�6	s)Ú�Ó�6	s)Ú  

2.3.5 !7�x	�
³!7�x	�
³!7�x	�
³!7�x	�
³  

2.3.6 E¯�9
`EÔ�Î�|�0E¯�9
`EÔ�Î�|�0E¯�9
`EÔ�Î�|�0E¯�9
`EÔ�Î�|�0  

2.3.7 �Y�Y�Y�YF¼E@/ÏF¼E@/ÏF¼E@/ÏF¼E@/Ï 

2.3.8 E@/Ï,X�;>  õ�cE@/Ï,X�;>  õ�cE@/Ï,X�;>  õ�cE@/Ï,X�;>  õ�c  

2.3.9 ��
�E@/Ï
`�êF¼E@/Ï,X�Í!¨��
�E@/Ï
`�êF¼E@/Ï,X�Í!¨��
�E@/Ï
`�êF¼E@/Ï,X�Í!¨��
�E@/Ï
`�êF¼E@/Ï,X�Í!¨  

2.3.10 UML G ,X�_�Ê2O
_G ,X�_�Ê2O
_G ,X�_�Ê2O
_G ,X�_�Ê2O
_  

2.3.11 �_�Ê�_�Ê�_�Ê�_�Ê ,X,X,X,XEæ�ÊEæ�ÊEæ�ÊEæ�Ê 

2.3.12 �þ(Š�Õ�þ(Š�Õ�þ(Š�Õ�þ(Š�Õ  

2.3.13 UML (Š�Õ�Ò
`7¾�|�ê�·-Õ	Ü�ä(Š�Õ�Ò
`7¾�|�ê�·-Õ	Ü�ä(Š�Õ�Ò
`7¾�|�ê�·-Õ	Ü�ä(Š�Õ�Ò
`7¾�|�ê�·-Õ	Ü�ä  

2.3.14 UML (Š�Õ�Ò,X��L$�û(Š�Õ�Ò,X��L$�û(Š�Õ�Ò,X��L$�û(Š�Õ�Ò,X��L$�û  

2.3.15 UML (Š�Õ��AÁ��(Š�Õ��AÁ��(Š�Õ��AÁ��(Š�Õ��AÁ�� �Ö�Ö�Ö�Ö�Ô�þAº��,X�r�_�Ô�þAº��,X�r�_�Ô�þAº��,X�r�_�Ô�þAº��,X�r�_  

2.4 A’Au�Ô�þ UML (Š�Õ��  

2.5 �ã4§ 
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�Û�š(Š�Õ��,X�r)„�•"©�Û�š(Š�Õ��,X�r)„�•"©�Û�š(Š�Õ��,X�r)„�•"©�Û�š(Š�Õ��,X�r)„�•"©  

�ç�Š�����ü�Ô�þ�\�ã,XNZ
³(ƒ�Z���Ý 	Ã6Ñ(ƒ,XJíAÃ,XFw�þ�Ž�Ä  

--Niels Bohr 

 

3.1 �n�Ê&Œ�
�r�_  

3.1.1 E¤> �r�_�·-ÕE¤> �r�_�·-ÕE¤> �r�_�·-ÕE¤> �r�_�·-Õ  

3.2 �Ô�þEî*ü,X(Š�Õ���y	·  

3.2.1 ><	­�_�Ê><	­�_�Ê><	­�_�Ê><	­�_�Ê  

3.3 � �+,X switch AÁ	¹ 

3.3.1 �_/ß,X�_/ß,X�_/ß,X�_/ß,X �r)„�r)„�r)„�r)„  

3.3.2 �|AŽ�|AŽ�|AŽ�|AŽ  

3.3.3 E­/¡�T��,XE­/¡�T��,XE­/¡�T��,XE­/¡�T��,X 	Ø/¡	Ø/¡	Ø/¡	Ø/¡ 	¬�'	¬�'	¬�'	¬�'  

3.4 (Š�Õ>< 

3.4.1 Eî*ü(Š�Õ><�_�Ê�Ø)Ú�<Eî*ü(Š�Õ><�_�Ê�Ø)Ú�<Eî*ü(Š�Õ><�_�Ê�Ø)Ú�<Eî*ü(Š�Õ><�_�Ê�Ø)Ú�<  

3.4.2 (M�n�h*ü(M�n�h*ü(M�n�h*ü(M�n�h*ü ,X,X,X,X�·-Õ�·-Õ�·-Õ�·-Õ  

3.4.3 �|AŽ�|AŽ�|AŽ�|AŽ  

3.4.4 E­/¡�T��,X	Ø/¡	¬�'E­/¡�T��,X	Ø/¡	¬�'E­/¡�T��,X	Ø/¡	¬�'E­/¡�T��,X	Ø/¡	¬�'  

3.5 M6	å�ÍB5,X(Š�ÕA’Au�õ�ã  

3.5.1 �_/ß,X�r)„�_/ß,X�r)„�_/ß,X�r)„�_/ß,X�r)„  



UML (Š�Õ�Ò,X�r*ü(Š�Õ�Ò,X�r*ü(Š�Õ�Ò,X�r*ü(Š�Õ�Ò,X�r*ü C/C++A’AuA’AuA’AuA’Au,1��`(�1��`(�1��`(�1��`(� �È�È�È�È(���(���(���(��� 2002-2008 Miro Samek, �±+-���Ý���ý�±+-���Ý���ý�±+-���Ý���ý�±+-���Ý���ý �Ä�Ä�Ä�Ä 

Revise: 536 on 2009/11/06 11:34:00 57 

3.5.2 �|AŽ�|AŽ�|AŽ�|AŽ  

3.5.3 E­/¡�T��,X	Ø/¡	¬�'E­/¡�T��,X	Ø/¡	¬�'E­/¡�T��,X	Ø/¡	¬�'E­/¡�T��,X	Ø/¡	¬�'  

3.6 QEP FSM �r)„�•"©  

3.6.1 Eî*üEî*üEî*üEî*ü QEP �_�Ê�Ø)Ú�<�_�Ê�Ø)Ú�<�_�Ê�Ø)Ú�<�_�Ê�Ø)Ú�<  

3.6.2 (M�n�h*ü,X�·-Õ(M�n�h*ü,X�·-Õ(M�n�h*ü,X�·-Õ(M�n�h*ü,X�·-Õ  

3.6.3 �|AŽ�|AŽ�|AŽ�|AŽ  

3.6.4 E­/¡�T��,X	Ø/¡	¬�'E­/¡�T��,X	Ø/¡	¬�'E­/¡�T��,X	Ø/¡	¬�'E­/¡�T��,X	Ø/¡	¬�'  

3.7 (Š�Õ���r)„�T��,X�Ô8� �ûA|AŽ 

3.7.1 �Ñ�D�ÛJ\,X?¦8F�Ñ�D�ÛJ\,X?¦8F�Ñ�D�ÛJ\,X?¦8F�Ñ�D�ÛJ\,X?¦8F  

3.7.2 (Š�Õ��
`(Š�Õ��
`(Š�Õ��
`(Š�Õ��
` C++�_�ê�Ø)Ú�_�ê�Ø)Ú�_�ê�Ø)Ú�_�ê�Ø)Ú  

3.7.3 �r)„A:�æ�5�Ê
`EÝ�½�þ�r)„A:�æ�5�Ê
`EÝ�½�þ�r)„A:�æ�5�Ê
`EÝ�½�þ�r)„A:�æ�5�Ê
`EÝ�½�þ (Š�Õ(Š�Õ(Š�Õ(Š�Õ 

3.7.4 �r)„E¯�9
`�r)„E¯�9
`�r)„E¯�9
`�r)„E¯�9
` EÔ�ÎEÔ�ÎEÔ�ÎEÔ�Î�|�0�|�0�|�0�|�0  

3.8 �ã4§ 
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�� õ�ã�_�Ê�Ø)Ú�<,X�r)„�� õ�ã�_�Ê�Ø)Ú�<,X�r)„�� õ�ã�_�Ê�Ø)Ú�<,X�r)„�� õ�ã�_�Ê�Ø)Ú�<,X�r)„  

...�r�t�Ô�þ(M�U,X�ä���á�™��LÔ?U4ê�m�W,X�ÊKÈ �Ä�ä�� E¬�Ù�À���r�t,X�Í�þ�9�=�)�û,X
Lp.a…A”0a�ü�b�åEÝ�á�î�P!8 	¡�Í,X(M�U �Ä  

---John Carmack 

 

4.1 QEP �_�Ê�Ø)Ú�<,X�GK�(M�U  

4.2 QEP ,X4§�X 

4.2.1 QEP $d�·-Õ,X4˜4›$d�·-Õ,X4˜4›$d�·-Õ,X4˜4›$d�·-Õ,X4˜4›  

4.3 �_�Ê  

4.3.1 �_�Ê�µ	Ë�_�Ê�µ	Ë�_�Ê�µ	Ë�_�Ê�µ	Ë (QSignal) 

4.3.2 C AÁ?Ô�r)„,XAÁ?Ô�r)„,XAÁ?Ô�r)„,XAÁ?Ô�r)„,X QEvent 

4.3.3 C++AÁ?Ô�r)„,XAÁ?Ô�r)„,XAÁ?Ô�r)„,XAÁ?Ô�r)„,X QEvent 

4.4 �� õ�ã(Š�Õ�Ø)Ú�Ñ�D  

4.4.1 �ÛAšCY(Š�Õ�ÛAšCY(Š�Õ�ÛAšCY(Š�Õ�ÛAšCY(Š�Õ(�c�c�c�c Q_SUMPER()) 

4.4.2 C AÁ?Ô�r)„,X�� õ�ã(Š�Õ�Ø)Ú�Ñ�DAÁ?Ô�r)„,X�� õ�ã(Š�Õ�Ø)Ú�Ñ�DAÁ?Ô�r)„,X�� õ�ã(Š�Õ�Ø)Ú�Ñ�DAÁ?Ô�r)„,X�� õ�ã(Š�Õ�Ø)Ú�Ñ�D  

4.4.3 C++AÁ?Ô�r)„,X�� õ�ã(Š�Õ�Ø)Ú�Ñ�DAÁ?Ô�r)„,X�� õ�ã(Š�Õ�Ø)Ú�Ñ�DAÁ?Ô�r)„,X�� õ�ã(Š�Õ�Ø)Ú�Ñ�DAÁ?Ô�r)„,X�� õ�ã(Š�Õ�Ø)Ú�Ñ�D  

4.5 �� õ�ã(Š�Õ��,X2O  

4.5.1 C AÁ?Ô�r)„,X�� õ�ã(Š�Õ��AÁ?Ô�r)„,X�� õ�ã(Š�Õ��AÁ?Ô�r)„,X�� õ�ã(Š�Õ��AÁ?Ô�r)„,X�� õ�ã(Š�Õ�� �Ä�Ä�Ä�ÄQHsm 4§�X4§�X4§�X4§�X�Å�Å�Å�Å 

4.5.2 C++AÁ?Ô�r)„,X�� õ�ã(Š�Õ��AÁ?Ô�r)„,X�� õ�ã(Š�Õ��AÁ?Ô�r)„,X�� õ�ã(Š�Õ��AÁ?Ô�r)„,X�� õ�ã(Š�Õ�� �Ä�Ä�Ä�ÄQHsm 2O2O2O2O�Å�Å�Å�Å 
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4.5.3 NJ��(Š�Õ
`�ñ�Ÿ�þ(Š�ÕNJ��(Š�Õ
`�ñ�Ÿ�þ(Š�ÕNJ��(Š�Õ
`�ñ�Ÿ�þ(Š�ÕNJ��(Š�Õ
`�ñ�Ÿ�þ(Š�Õ  

4.5.4 E¯�9E¯�9E¯�9E¯�9 /EÔ�Î�|�0
`� �+,X�ñ�ŸE@/ÏEÔ�Î�|�0
`� �+,X�ñ�ŸE@/ÏEÔ�Î�|�0
`� �+,X�ñ�ŸE@/ÏEÔ�Î�|�0
`� �+,X�ñ�ŸE@/Ï  

4.5.5 QEP G �±+-,X�_�Ê
`EY�}�cG �±+-,X�_�Ê
`EY�}�cG �±+-,X�_�Ê
`EY�}�cG �±+-,X�_�Ê
`EY�}�c  

4.5.6 �ÔNJ���ñ�ŸE@/Ï�ÔNJ���ñ�ŸE@/Ï�ÔNJ���ñ�ŸE@/Ï�ÔNJ���ñ�ŸE@/Ï (QHsm_init()) 

4.5.7 �Ú#��_�Ê�Ú#��_�Ê�Ú#��_�Ê�Ú#��_�Ê �Ä�Ä�Ä�ÄQHsm_dispatch(), Eî*ü4§�XEî*ü4§�XEî*ü4§�XEî*ü4§�X�Å�Å�Å�Å 

4.5.8 �ü(Š�Õ�ü(Š�Õ�ü(Š�Õ�ü(Š�Õ ��G ��G ��G ��G  �r�‘�r�‘�r�‘�r�‘ �Ô�þE@/Ï�Ô�þE@/Ï�Ô�þE@/Ï�Ô�þE@/Ï�Ä�Ä�Ä�ÄQHsm_dispatch(),E@/ÏE@/ÏE@/ÏE@/Ï�Å�Å�Å�Å 

4.6 �S*ü QEP �r)„ HSM !9Px,X�ã4§  

4.6.1 1��Ô!91��Ô!91��Ô!91��Ô!9 �Ö�Ö�Ö�Ö�n���µ	Ë�n���µ	Ë�n���µ	Ë�n���µ	Ë  

4.6.2 1��`1��`1��`1��` !9!9!9!9�Ö�Ö�Ö�Ö�n���_�Ê�n���_�Ê�n���_�Ê�n���_�Ê  

4.6.3 1��Ý!91��Ý!91��Ý!91��Ý!9 �Ö�Ö�Ö�Ö#�*ó(M�n,X(Š�Õ��#�*ó(M�n,X(Š�Õ��#�*ó(M�n,X(Š�Õ��#�*ó(M�n,X(Š�Õ��  

4.6.4 1��¯!91��¯!91��¯!91��¯!9 �Ö�Ö�Ö�Ö�n���ñ�Ÿ�þ(Š�Õ�n���ñ�Ÿ�þ(Š�Õ�n���ñ�Ÿ�þ(Š�Õ�n���ñ�Ÿ�þ(Š�Õ  

4.6.5 1��h!91��h!91��h!91��h!9 �Ö�Ö�Ö�Ö�n��(Š�Õ�Ø)Ú�Ñ�D�n��(Š�Õ�Ø)Ú�Ñ�D�n��(Š�Õ�Ø)Ú�Ñ�D�n��(Š�Õ�Ø)Ú�Ñ�D  

4.6.6 4ê�mE¯�9
`EÔ�Î�|�0,X�·-Õ4ê�mE¯�9
`EÔ�Î�|�0,X�·-Õ4ê�mE¯�9
`EÔ�Î�|�0,X�·-Õ4ê�mE¯�9
`EÔ�Î�|�0,X�·-Õ  

4.6.7 4ê�m�ñ�ŸE@/Ï,X�·-Õ4ê�m�ñ�ŸE@/Ï,X�·-Õ4ê�m�ñ�ŸE@/Ï,X�·-Õ4ê�m�ñ�ŸE@/Ï,X�·-Õ  

4.6.8 4ê�m�YF¼E@/Ï�·-Õ4ê�m�YF¼E@/Ï�·-Õ4ê�m�YF¼E@/Ï�·-Õ4ê�m�YF¼E@/Ï�·-Õ 

4.6.9 4ê�m4ê�m4ê�m4ê�m!7��!7��!7��!7�� E@/Ï�·-ÕE@/Ï�·-ÕE@/Ï�·-ÕE@/Ï�·-Õ  

4.6.10 4ê�mA:�æ�5�Ê�·-Õ4ê�mA:�æ�5�Ê�·-Õ4ê�mA:�æ�5�Ê�·-Õ4ê�mA:�æ�5�Ê�·-Õ  

4.7 �S*ü QEP 4ê�m(Š�Õ���Ê LÔ?UFS�!,XJíAÃ 

4.7.1 �á�`�H,X(Š�Õ�Ø)Ú�Ñ�D�á�`�H,X(Š�Õ�Ø)Ú�Ñ�D�á�`�H,X(Š�Õ�Ø)Ú�Ñ�D�á�`�H,X(Š�Õ�Ø)Ú�Ñ�D  

4.7.2 �á?˜8×,X�á?˜8×,X�á?˜8×,X�á?˜8×,X (Š�Õ�Ø)Ú�Ñ�D(Š�Õ�Ø)Ú�Ñ�D(Š�Õ�Ø)Ú�Ñ�D(Š�Õ�Ø)Ú�Ñ�D 

4.7.3 �üE¯�9�êEÔ�Î�|�0G ,X(Š�ÕE@/Ï�üE¯�9�êEÔ�Î�|�0G ,X(Š�ÕE@/Ï�üE¯�9�êEÔ�Î�|�0G ,X(Š�ÕE@/Ï�üE¯�9�êEÔ�Î�|�0G ,X(Š�ÕE@/Ï  

4.7.4 �á!7.B�á!7.B�á!7.B�á!7.B ,X,X,X,X�_�Ê�ÛJ\,X2O
_E@�6�_�Ê�ÛJ\,X2O
_E@�6�_�Ê�ÛJ\,X2O
_E@�6�_�Ê�ÛJ\,X2O
_E@�6 

4.7.5 �üE¯�9�üE¯�9�üE¯�9�üE¯�9 /EÔ�Î�|�0�ê�ñ�ŸE@/ÏEÔ�Î�|�0�ê�ñ�ŸE@/ÏEÔ�Î�|�0�ê�ñ�ŸE@/ÏEÔ�Î�|�0�ê�ñ�ŸE@/Ï �Y�Y�Y�Y�,	ª�,	ª�,	ª�,	ª �_�Ê�_�Ê�_�Ê�_�Ê 	–�D	–�D	–�D	–�D  
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4.7.6 �ü�ñ�ŸE@/Ï�ü�ñ�ŸE@/Ï�ü�ñ�ŸE@/Ï�ü�ñ�ŸE@/Ï G G G G �¹M2�$(Š�Õ��,Â,X�¹M2�$(Š�Õ��,Â,X�¹M2�$(Š�Õ��,Â,X�¹M2�$(Š�Õ��,Â,X (Š�Õ(Š�Õ(Š�Õ(Š�Õ 

4.7.7 �ü�ü�ü�ü switch AÁ	¹�êM64ê-ÕAÁ	¹�êM64ê-ÕAÁ	¹�êM64ê-ÕAÁ	¹�êM64ê-Õ 

4.7.8 �á�ó�ì�ê,X�µ	Ë2f�z�á�ó�ì�ê,X�µ	Ë2f�z�á�ó�ì�ê,X�µ	Ë2f�z�á�ó�ì�ê,X�µ	Ë2f�z  

4.7.9 E±	¡E±	¡E±	¡E±	¡ E¤> E¤> E¤> E¤> -�������� -�`�äAÁ���`�äAÁ���`�äAÁ���`�äAÁ��  

4.7.10 �Í�Í�Í�Í�'�!�_�Ê�´�ã,X.�
#�'�!�_�Ê�´�ã,X.�
#�'�!�_�Ê�´�ã,X.�
#�'�!�_�Ê�´�ã,X.�
#  

4.8 /Ï�á
`G!5B QEP 

4.9 �ã4§ 
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(Š�Õ�õ�ã(Š�Õ�õ�ã(Š�Õ�õ�ã(Š�Õ�õ�ã  

/¥�: �����ä�s�•"©,XLš	Ü �Ä  

--Paul Valery 

 

5.1 4œ�UJ}�$ 

5.1.1 ,Â,X,Â,X,Â,X,Â,X 

5.1.2 KÂNlKÂNlKÂNlKÂNl 

5.1.3 ?·�‡�•"©?·�‡�•"©?·�‡�•"©?·�‡�•"©  

5.1.4 �·-Õ�����·-Õ�����·-Õ�����·-Õ����  

5.1.5 �|AŽ�|AŽ�|AŽ�|AŽ  

5.2 �¤/��<  

5.2.1 ,Â,X,Â,X,Â,X,Â,X 

5.2.2 KÂNlKÂNlKÂNlKÂNl 

5.2.3 ?·�‡�•"©?·�‡�•"©?·�‡�•"©?·�‡�•"©  

5.2.4 �·-Õ�����·-Õ�����·-Õ�����·-Õ����  

5.2.5 �|AŽ�|AŽ�|AŽ�|AŽ  

5.3 E³�Ê,X�_�Ê  

5.3.1 ,Â,X,Â,X,Â,X,Â,X 

5.3.2 KÂNlKÂNlKÂNlKÂNl 
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5.3.3 ?·�‡�•"©?·�‡�•"©?·�‡�•"©?·�‡�•"©  

5.3.4 �·-Õ�����·-Õ�����·-Õ�����·-Õ����  

5.3.5 �|AŽ�|AŽ�|AŽ�|AŽ  

5.3.6 �Æ-¹,X�Æ-¹,X�Æ-¹,X�Æ-¹,X *üEè*üEè*üEè*üEè 

5.4 !7�x4˜�Ê  

5.4.1 ,Â,X,Â,X,Â,X,Â,X 

5.4.2 KÂNlKÂNlKÂNlKÂNl 

5.4.3 ?·�‡�•"©?·�‡�•"©?·�‡�•"©?·�‡�•"©  

5.4.4 �·-Õ�����·-Õ�����·-Õ�����·-Õ����  

5.4.5 �|AŽ�|AŽ�|AŽ�|AŽ  

5.4.6 �Æ-¹,X*üEè�Æ-¹,X*üEè�Æ-¹,X*üEè�Æ-¹,X*üEè 

5.5 E@/Ï��	Z	Æ(Š�Õ 

5.5.1 ,Â,X,Â,X,Â,X,Â,X 

5.5.2 KÂNlKÂNlKÂNlKÂNl 

5.5.3 ?·�‡�•"©?·�‡�•"©?·�‡�•"©?·�‡�•"©  

5.5.4 �·-Õ�����·-Õ�����·-Õ�����·-Õ����  

5.5.5 �|AŽ�|AŽ�|AŽ�|AŽ  

5.5.6 �Æ-¹,X*üEè�Æ-¹,X*üEè�Æ-¹,X*üEè�Æ-¹,X*üEè 

5.6 �ã4§ 

 



UML (Š�Õ�Ò,X�r*ü(Š�Õ�Ò,X�r*ü(Š�Õ�Ò,X�r*ü(Š�Õ�Ò,X�r*ü C/C++A’AuA’AuA’AuA’Au,1��`(�1��`(�1��`(�1��`(� �È�È�È�È(���(���(���(��� 2002-2008 Miro Samek, �±+-���Ý���ý�±+-���Ý���ý�±+-���Ý���ý�±+-���Ý���ý �Ä�Ä�Ä�Ä 

Revise: 536 on 2009/11/06 11:34:00 63 

1��`F¼�Ú  �r�Ê���Š  
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�r�Ê���Š,X�V�É�r�Ê���Š,X�V�É�r�Ê���Š,X�V�É�r�Ê���Š,X�V�É  

���á?UA×*ü�å�À �È�å�À�ÚA×*ü�| ���Ä�Q9…
2	s�í �Å 

--Richard E. Sweet, The Mesa Programming Environment 1985 

 

6.1 �{�
,X	¡E@  

 

6.2 CPU 1u)Ú 

6.2.1 �ô4³,XNN�c�ã2Ï4³�ô4³,XNN�c�ã2Ï4³�ô4³,XNN�c�ã2Ï4³�ô4³,XNN�c�ã2Ï4³  

6.2.2 �ô4³,X�î�Ï�u2Ï4³�ô4³,X�î�Ï�u2Ï4³�ô4³,X�î�Ï�u2Ï4³�ô4³,X�î�Ï�u2Ï4³  

6.2.3 �ô4³,X�_�ÊPE�|
_2Ï4³�ô4³,X�_�ÊPE�|
_2Ï4³�ô4³,X�_�ÊPE�|
_2Ï4³�ô4³,X�_�ÊPE�|
_2Ï4³  

6.3 ���|�ÍB5Au1k�õ�ã  

6.3.1 2Ï4³4§�X2Ï4³4§�X2Ï4³4§�X2Ï4³4§�X  

6.3.2 �Ö!9EîAƒ�Ö!9EîAƒ�Ö!9EîAƒ�Ö!9EîAƒ 

6.3.3 E¤> E¤> E¤> E¤> -�������� -�`�ä�`�ä�`�ä�`�ä  

6.3.4 �Õ>™�Õ>™�Õ>™�Õ>™ 

6.3.5 �Í(Š�Õ��,X���Õ�Í(Š�Õ��,X���Õ�Í(Š�Õ��,X���Õ�Í(Š�Õ��,X���Õ  

6.3.6 �ô4³,X	Ã�v	4�ô4³,X	Ã�v	4�ô4³,X	Ã�v	4�ô4³,X	Ã�v	4 �ã�ã�ã�ã�Y���Y���Y���Y�� /RTOS 

6.3.7 	Ü�0�ã	Ü�0�ã	Ü�0�ã	Ü�0�ã Vanilla �Y���Y���Y���Y��  

6.3.8 	Ã�v	4�ã	Ã�v	4�ã	Ã�v	4�ã	Ã�v	4�ã RTC �Y���Y���Y���Y��  
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6.4 �_�Ê#�	¥���
  

6.4.1 ,È�y�_�Ê	¥�×,È�y�_�Ê	¥�×,È�y�_�Ê	¥�×,È�y�_�Ê	¥�×  

6.4.2 	¥> 	¥> 	¥> 	¥> -AvKÙAvKÙAvKÙAvKÙ 

6.5 �_�Ê�Y�,1u)Ú  

6.5.1 �á�
�`�H,X�_�Ê�á�
�`�H,X�_�Ê�á�
�`�H,X�_�Ê�á�
�`�H,X�_�Ê  

6.5.2 LÊ�á�
LÊ�á�
LÊ�á�
LÊ�á�
 ,X,X,X,X�_�Ê#�	¥�_�Ê#�	¥�_�Ê#�	¥�_�Ê#�	¥  

6.5.3 M-�Õ
`�|M-�Õ
`�|M-�Õ
`�|M-�Õ
`�| �Õ,X�_�Ê�Õ,X�_�Ê�Õ,X�_�Ê�Õ,X�_�Ê  

6.5.4 �î&•�ôEÕ�_�Ê
`�é*üAu�D�<�î&•�ôEÕ�_�Ê
`�é*üAu�D�<�î&•�ôEÕ�_�Ê
`�é*üAu�D�<�î&•�ôEÕ�_�Ê
`�é*üAu�D�< ,X,X,X,X1k"©1k"©1k"©1k"© 

6.5.5 7¾�|�ê
W
��
Lš7¾�|�ê
W
��
Lš7¾�|�ê
W
��
Lš7¾�|�ê
W
��
Lš  

6.5.6 �_�Ê�_�Ê�_�Ê�_�Ê ,X���Ý��,X���Ý��,X���Ý��,X���Ý��  

6.5.7 �Y�,"4�Y�,"4�Y�,"4�Y�,"4  

6.6 �ÊKÈ1u)Ú 

6.6.1 �ÊKÈ�_�Ê�ÊKÈ�_�Ê�ÊKÈ�_�Ê�ÊKÈ�_�Ê 

6.6.2 2Ï4³�ÊJs2Ï4³�ÊJs2Ï4³�ÊJs2Ï4³�ÊJs 8V�¡8V�¡8V�¡8V�¡  

6.7 JíAÃ
`�_�ê,X�Ø)Ú  

6.7.1 �%4z�ãA’Au�%4z�ãA’Au�%4z�ãA’Au�%4z�ãA’Au 

6.7.2 JíAÃ
`�_�ê�5�Ê,X�Í!¨JíAÃ
`�_�ê�5�Ê,X�Í!¨JíAÃ
`�_�ê�5�Ê,X�Í!¨JíAÃ
`�_�ê�5�Ê,X�Í!¨  

6.7.3 C 
`
`
 
̀` C++G 	Ã�n�
,X�•?ÔG 	Ã�n�
,X�•?ÔG 	Ã�n�
,X�•?ÔG 	Ã�n�
,X�•?Ô  

6.7.4 �_�ê�5�Ê,X
Î�b(Š�Õ,X�Ø)Ú�_�ê�5�Ê,X
Î�b(Š�Õ,X�Ø)Ú�_�ê�5�Ê,X
Î�b(Š�Õ,X�Ø)Ú�_�ê�5�Ê,X
Î�b(Š�Õ,X�Ø)Ú  

6.7.5 �ú-��•?Ô,X�xBû�ú-��•?Ô,X�xBû�ú-��•?Ô,X�xBû�ú-��•?Ô,X�xBû  

6.7.6 +�+�+�+��•?Ô�™�±,X�_�Ê#�	¥�•?Ô�™�±,X�_�Ê#�	¥�•?Ô�™�±,X�_�Ê#�	¥�•?Ô�™�±,X�_�Ê#�	¥  
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6.8 
Î�b���Š,XEC�Ê EÑCþ 

6.9 �ã4§ 
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�r�Ê���Š,X�r)„�r�Ê���Š,X�r)„�r�Ê���Š,X�r)„�r�Ê���Š,X�r)„  

A}�å�À�
	¬�å�À �Í/ß�c 4§�X,X�ô4³�Õ�z �Ä�á?U�ÇB5�å�À��?U,X�Ï�u���Û�Ð�Ô	Ä+	6å	• �.
�”�� �ÈA}�å�ÀLš��2’�o	å�Ž2O?·Gž �È�å�À�à�ï+	6å�.�”�� �Ä  

--Donald E. Knuth 

 

7.1 QF �r�Ê���Š,X�GK�(M�U  

7.1.1 $d�·-Õ$d�·-Õ$d�·-Õ$d�·-Õ  

7.1.2 	Ã/Ï�á	Ã/Ï�á	Ã/Ï�á	Ã/Ï�á �û�û�û�û  

7.1.3 	Ã>•�>�û	Ã>•�>�û	Ã>•�>�û	Ã>•�>�û  

7.1.4 �Í�Í�Í�Í)„�·)„�·)„�·)„�· (Š�Õ��,X���Õ(Š�Õ��,X���Õ(Š�Õ��,X���Õ(Š�Õ��,X���Õ  

7.1.5 ,È�y�_�Ê	¥EÕ
`	¥�×,È�y�_�Ê	¥EÕ
`	¥�×,È�y�_�Ê	¥EÕ
`	¥�×,È�y�_�Ê	¥EÕ
`	¥�× -AvKÙAvKÙAvKÙAvKÙ�ã�ã�ã�ã�_�Ê#�	¥�_�Ê#�	¥�_�Ê#�	¥�_�Ê#�	¥  

7.1.6 LÊ�á�
,X�_�Ê�Y�,1u)ÚLÊ�á�
,X�_�Ê�Y�,1u)ÚLÊ�á�
,X�_�Ê�Y�,1u)ÚLÊ�á�
,X�_�Ê�Y�,1u)Ú  

7.1.7 �Ô���ã�c	Ë,X�ÊKÈ�_�Ê�Ô���ã�c	Ë,X�ÊKÈ�_�Ê�Ô���ã�c	Ë,X�ÊKÈ�_�Ê�Ô���ã�c	Ë,X�ÊKÈ�_�Ê  

7.1.8 	s*ó,X�_�ÊKó�ë	s*ó,X�_�ÊKó�ë	s*ó,X�_�ÊKó�ë	s*ó,X�_�ÊKó�ë  

7.1.9 	s*ó,X�Y�,"4	s*ó,X�Y�,"4	s*ó,X�Y�,"4	s*ó,X�Y�,"4  

7.1.10 �Y5B�Y5B�Y5B�Y5BVanilla A×�z�<A×�z�<A×�z�<A×�z�<  

7.1.11 
`
`
 
̀` QK 	Ã�v	4�ã�Y��,X2û�šLš�ä	Ã�v	4�ã�Y��,X2û�šLš�ä	Ã�v	4�ã�Y��,X2û�šLš�ä	Ã�v	4�ã�Y��,X2û�šLš�ä  

7.1.12 �"�s5ë�Š�X�"�s5ë�Š�X�"�s5ë�Š�X�"�s5ë�Š�X  

7.1.13 
Î�b�•?Ô,XJíAÃ�Ø)Ú
Î�b�•?Ô,XJíAÃ�Ø)Ú
Î�b�•?Ô,XJíAÃ�Ø)Ú
Î�b�•?Ô,XJíAÃ�Ø)Ú  

7.1.14 �Y5BEC�ÊEÑCþ#�A©A’�Û�Y5BEC�ÊEÑCþ#�A©A’�Û�Y5BEC�ÊEÑCþ#�A©A’�Û�Y5BEC�ÊEÑCþ#�A©A’�Û 
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7.2 QF ,X4§�X 

7.3 ���|�ÍB5  

7.4 QF ,X�_�Ê1u)Ú  

7.5 QF ,X�_�Ê#�	¥���
  

7.6 �ÊKÈ1u)Ú 

7.7 	s*ó QF �_�ÊKó�ë  

7.8 	s*ó QF �Y�,"4  

7.9 	s*ó QF �ì��4{Lš	Ü  

7.10 	s*ó	Ü�0�ã \vanilla �Y��  

7.11 QP 	–5×���`  

7.12 �ã4§ 
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/Ï�á
`G!5B/Ï�á
`G!5B/Ï�á
`G!5B/Ï�á
`G!5B QF 

�0���Ô�þ?˜�í �ÈEC�Ê2Ï4³	¾�Ý�'�W�À�ü�rL��h*ü��>•�S*üE›�J 4£E›�Z�î õ��Bù�¹	â �È�!
�î!7���¹�0 �Ä  

-David Parns 

 

8.1 QP �G	Ä�‘B5��  

8.1.1 *ó�ä*ó�ä*ó�ä*ó�ä QP �h*ü/ß�c�h*ü/ß�c�h*ü/ß�c�h*ü/ß�c  

8.1.2 *ó�ä*ó�ä*ó�ä*ó�ä QP �g�g�g�g  

8.1.3 ,Â�)
`�[�Ê,Â�)
`�[�Ê,Â�)
`�[�Ê,Â�)
`�[�Ê  

8.1.4 ���[�Ê���[�Ê���[�Ê���[�Ê qep_port.h 

8.1.5 ���[�Ê���[�Ê���[�Ê���[�Ê qf_port.h 


`�G	Ä,Ì�G QActive �D�B�ä
,,X2O
_  
�� QActive #�*ó,X
Î2O  
�ü�h*ü2Ï4³�����|�ÍB5,X�Ô�û�D,Â  
�ü QF ���ŠG �á	à ,X�ÍB5?˜�õ  
QF ,X��+ 	����
  
�ü QF /Ï�áG �S*ü,X�Ù	ÿ�[�Ê  
�™�ü QF �Y5à�á�ü�h*ü/ß�cG �S*ü,X�y	·  
���|�ÍB5�_�ÊKó�ë,X�¡�0  
QF �_�ÊE³,X�¡�0  

8.1.6 $d�·-Õ$d�·-Õ$d�·-Õ$d�·-Õ qf_port.c 

8.1.7 ���[�Ê���[�Ê���[�Ê���[�Ê qp_port.h 

8.1.8 
`�G	Ä,Ì�G,X
`�G	Ä,Ì�G,X
`�G	Ä,Ì�G,X
`�G	Ä,Ì�G,X QF �²A×�Ñ�D�²A×�Ñ�D�²A×�Ñ�D�²A×�Ñ�D  

8.1.9 2Ï4³�ÊJs8V2Ï4³�ÊJs8V2Ï4³�ÊJs8V2Ï4³�ÊJs8V �¡�¡�¡�¡�Ä�Ä�Ä�ÄA×*üA×*üA×*üA×*üQF_tick()�Å�Å�Å�Å 

8.1.10 *ó�ä*ó�ä*ó�ä*ó�ä QF �g�g�g�g  
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8.2 /Ï�á	Ü�0�ã Vanilla �Y��  

8.2.1 ���[�Ê���[�Ê���[�Ê���[�Ê qep_port.h 

8.2.2 ���[�Ê���[�Ê���[�Ê���[�Ê qf_port.h 

8.2.3 2Ï4³�ÊJs8V�¡2Ï4³�ÊJs8V�¡2Ï4³�ÊJs8V�¡2Ï4³�ÊJs8V�¡ �Ä�Ä�Ä�ÄQF_tick()�Å�Å�Å�Å 

8.2.4 0NKÆ�Ø)Ú0NKÆ�Ø)Ú0NKÆ�Ø)Ú0NKÆ�Ø)Ú�Ä�Ä�Ä�ÄQF_onIdel()�Å�Å�Å�Å 

8.3 QF /Ï�á�� uc/os-II (��?˜ RTOS) 

8.3.1 ���[�Ê���[�Ê���[�Ê���[�Ê qep_port.h 

8.3.2 ���[�Ê���[�Ê���[�Ê���[�Ê qf_port.h 

8.3.3 $d�·-Õ$d�·-Õ$d�·-Õ$d�·-Õ qf_port.c 

8.3.4 *ó�ä*ó�ä*ó�ä*ó�ä uc/os-II /Ï�á/Ï�á/Ï�á/Ï�á  

8.3.5 2Ï4³�ÊJs8V�¡2Ï4³�ÊJs8V�¡2Ï4³�ÊJs8V�¡2Ï4³�ÊJs8V�¡ �Ä�Ä�Ä�ÄQF_tick()�Å�Å�Å�Å 

8.3.6 0NKÆ�Ø)Ú0NKÆ�Ø)Ú0NKÆ�Ø)Ú0NKÆ�Ø)Ú 

8.4 QF /Ï�á�� Linux�Ä��?˜ POSIX �P�•,X�¡�02Ï4³ �Å 

8.4.1 ���[�Ê���[�Ê���[�Ê���[�Ê qep_port.h 

8.4.2 ���[�Ê���[�Ê���[�Ê���[�Ê qf_port.h 

8.4.3 $d�·-Õ$d�·-Õ$d�·-Õ$d�·-Õ qf_port.c 

8.5 �ã4§ 
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1�1�1�1�  9 0´0´00́´�������� 

�Ô	¥�Ô	¥�Ô	¥�Ô	¥ QP �h*ü/ß�c�h*ü/ß�c�h*ü/ß�c�h*ü/ß�c  

�_�$ �á���E
¡�ª�Ž,X��?U 2ô�$�È�W�����Ô,X 2ô�$�Ä 

--Albert Schweitzer 

 

9.1 �Ô	¥ QP �h*ü/ß�c,X�š�í  

9.1.1 ?˜�í?˜�í?˜�í?˜�í  

9.1.2 
�	¥�ã
�	¥�ã
�	¥�ã
�	¥�ã  

9.2 
Æ�:�Š��NäKÂNl  

9.2.1 1��Ô!91��Ô!91��Ô!91��Ô!9 �Ö�Ö�Ö�ÖLÔ"�LÔ"�LÔ"�LÔ"� 

9.2.2 1��`!91��`!91��`!91��`!9 �Ö�Ö�Ö�ÖNN�c�ÒNN�c�ÒNN�c�ÒNN�c�Ò 

9.2.3 1��Ý!91��Ý!91��Ý!91��Ý!9 �Ö�Ö�Ö�Ö�µ	Ë�µ	Ë�µ	Ë�µ	Ë �È�È�È�È�_�Ê
`���|�ÍB5�_�Ê
`���|�ÍB5�_�Ê
`���|�ÍB5�_�Ê
`���|�ÍB5  

9.2.4 1��¯!91��¯!91��¯!91��¯!9 �Ö�Ö�Ö�Ö(Š�Õ��(Š�Õ��(Š�Õ��(Š�Õ��  

9.2.5 1��h!91��h!91��h!91��h!9 �Ö�Ö�Ö�Ö�ñ�Ÿ�ê�J
��|�h*ü/ß�c�ñ�Ÿ�ê�J
��|�h*ü/ß�c�ñ�Ÿ�ê�J
��|�h*ü/ß�c�ñ�Ÿ�ê�J
��|�h*ü/ß�c  

9.2.6 1��A!91��A!91��A!91��A!9 �Ö�Ö�Ö�Ö�ìL™,X4§�3�h*ü/ß�c�ìL™,X4§�3�h*ü/ß�c�ìL™,X4§�3�h*ü/ß�c�ìL™,X4§�3�h*ü/ß�c  

9.3 �ü�á	à,X�G	ÄE¤> DPP 

9.3.1 �ü�ü�ü�ü DOS �Þ,X�Þ,X�Þ,X�Þ,X Vanilla �Y���Y���Y���Y��  

9.3.2 �ü�ü�ü�ü Cortex-M3 �Þ,X�Þ,X�Þ,X�Þ,X Vanilla �Y���Y���Y���Y��  

9.3.3 uC/OS-II  

9.3.4 Linux  
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9.4 A×�H�_�ÊKó�ë
`�_�Ê"4  

9.4.1 A×�HA×�HA×�HA×�H�_�ÊKó�ë�_�ÊKó�ë�_�ÊKó�ë�_�ÊKó�ë  

9.4.2 A×�H�_�Ê"4A×�H�_�Ê"4A×�H�_�Ê"4A×�H�_�Ê"4  

9.4.3 2Ï4³Lš�ä2Ï4³Lš�ä2Ï4³Lš�ä2Ï4³Lš�ä  

9.5 �ã4§ 
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	Ã�v	4�ã	Ã�v	4�ã	Ã�v	4�ã	Ã�v	4�ã �þ�þ�þ�þE¤> E¤> E¤> E¤> -�������� -�`�ä�`�ä�`�ä�`�ä �ÿ�ÿ�ÿ�ÿ�Y���Y���Y���Y��  

1T	)����)[,X&IQ�  
--R.Austin Freeman (in The Eye of Osiris) 
 

10.1 EÝ�½�Ô�þ	Ã�v	4�ã�Y��,X)Ú+�  

10.2 RTC �Y��1T�Ÿ  

10.2.1 �S*ü	)
Ú�Ü,X	Ã�v	4�ã�î�Ï�u�Ø)Ú�S*ü	)
Ú�Ü,X	Ã�v	4�ã�î�Ï�u�Ø)Ú�S*ü	)
Ú�Ü,X	Ã�v	4�ã�î�Ï�u�Ø)Ú�S*ü	)
Ú�Ü,X	Ã�v	4�ã�î�Ï�u�Ø)Ú  

10.2.2 �´L��2,X�Y���´L��2,X�Y���´L��2,X�Y���´L��2,X�Y��  

10.2.3 	à!9�ã
`�Ö!9�ã	Ã�v	4	à!9�ã
`�Ö!9�ã	Ã�v	4	à!9�ã
`�Ö!9�ã	Ã�v	4	à!9�ã
`�Ö!9�ã	Ã�v	4  

10.2.4 
Ú�Ü,X	Ã*ü�û
Ú�Ü,X	Ã*ü�û
Ú�Ü,X	Ã*ü�û
Ú�Ü,X	Ã*ü�û  

10.2.5 
`�ô4³	Ã�v	4�ã�Y��,X!¨EW
`�ô4³	Ã�v	4�ã�Y��,X!¨EW
`�ô4³	Ã�v	4�ã�Y��,X!¨EW
`�ô4³	Ã�v	4�ã�Y��,X!¨EW  

10.3 QK ,X�r)„  

10.3.1 QK $d�·-Õ,X4˜4›$d�·-Õ,X4˜4›$d�·-Õ,X4˜4›$d�·-Õ,X4˜4›  

10.3.2 ���[�Ê���[�Ê���[�Ê���[�Ê qk.h 

10.3.3 �Í���•,X�Ø)Ú�Í���•,X�Ø)Ú�Í���•,X�Ø)Ú�Í���•,X�Ø)Ú  

10.3.4 $d�[�Ê$d�[�Ê$d�[�Ê$d�[�Ê qk_sched.c�Ä�Ä�Ä�ÄQK A×�z�<A×�z�<A×�z�<A×�z�< �Å�Å�Å�Å 

10.3.5 $d�[�Ê$d�[�Ê$d�[�Ê$d�[�Ê qk.c�Ä�Ä�Ä�ÄQK ,X
��|
`0NKÆ�~)ƒ,X
��|
`0NKÆ�~)ƒ,X
��|
`0NKÆ�~)ƒ,X
��|
`0NKÆ�~)ƒ �Å�Å�Å�Å 

10.4 P¬4{,X QK (M�U 

10.4.1 �ì��4{�ý8…�S�f�y�'�ì��4{�ý8…�S�f�y�'�ì��4{�ý8…�S�f�y�'�ì��4{�ý8…�S�f�y�'  
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10.4.2 ��
�4“/ß�,�|��
�4“/ß�,�|��
�4“/ß�,�|��
�4“/ß�,�|  

10.4.3 �=�),X�Þ�ß�[�Û�6�=�),X�Þ�ß�[�Û�6�=�),X�Þ�ß�[�Û�6�=�),X�Þ�ß�[�Û�6 �Ä�Ä�Ä�Ä�Í	#�Ø)Ú�<,X���Õ�Í	#�Ø)Ú�<,X���Õ�Í	#�Ø)Ú�<,X���Õ�Í	#�Ø)Ú�<,X���Õ �Å�Å�Å�Å 

10.4.4 /Ï�á/Ï�á/Ï�á/Ï�á QK 

10.4.5 ���[�Ê���[�Ê���[�Ê���[�Ê qep_port.h 

10.4.6 ���[�Ê���[�Ê���[�Ê���[�Ê qf_port.h 

10.4.7 ���[�Ê���[�Ê���[�Ê���[�Ê qk_port.h 

10.4.8 �±�,
`�6�á�±�,
`�6�á�±�,
`�6�á�±�,
`�6�á FPU �Þ�ß�[�Þ�ß�[�Þ�ß�[�Þ�ß�[  

10.5 #�A©QK ,X/Ï�á  

10.5.1 �Ö!9�v	4,X$è/��Ö!9�v	4,X$è/��Ö!9�v	4,X$è/��Ö!9�v	4,X$è/�  

10.5.2 �ì��4{�ý8…�S�f�y�',X$è/��ì��4{�ý8…�S�f�y�',X$è/��ì��4{�ý8…�S�f�y�',X$è/��ì��4{�ý8…�S�f�y�',X$è/�  

10.5.3 TLS ,X$è/�,X$è/�,X$è/�,X$è/�  

10.5.4 �=�),X�Þ�ß�[�Û�6,X$è/��=�),X�Þ�ß�[�Û�6,X$è/��=�),X�Þ�ß�[�Û�6,X$è/��=�),X�Þ�ß�[�Û�6,X$è/�  

10.6 �ã4§ 
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�_�ÊPE�|�_�ÊPE�|�_�ÊPE�|�_�ÊPE�| �ã�ã�ã�ã2Ï4³,XEC�ÊEÑCþ2Ï4³,XEC�ÊEÑCþ2Ï4³,XEC�ÊEÑCþ2Ï4³,XEC�ÊEÑCþ 

�üAu1k��,X	Z	Æ G �Ô õ5ë�Ê�Î�"�ã�m-Á,XA×A© E›/ß�¢�9"u�Ý �,�üE› �Ä  

--Steven Levy 

 

11.1 EC�ÊEÑCþ,X�V�É 

11.2 Quantum Spy EC�ÊEÑCþ2Ï4³ 

11.2.1 �Ô�þEC�ÊEÑCþ�îA±,X�r�_�Ô�þEC�ÊEÑCþ�îA±,X�r�_�Ô�þEC�ÊEÑCþ�îA±,X�r�_�Ô�þEC�ÊEÑCþ�îA±,X�r�_ 

11.2.2 �K�Ý�Ž2O	ÃAÏ�û,XEÑCþEg�Î�K�Ý�Ž2O	ÃAÏ�û,XEÑCþEg�Î�K�Ý�Ž2O	ÃAÏ�û,XEÑCþEg�Î�K�Ý�Ž2O	ÃAÏ�û,XEÑCþEg�Î 

11.3 QS ,Â�Û4˜�Ê  

11.3.1 QS $d�·-Õ4˜�Ê$d�·-Õ4˜�Ê$d�·-Õ4˜�Ê$d�·-Õ4˜�Ê  

11.3.2 QS ,X�G	Ä�´�G�û���[,X�G	Ä�´�G�û���[,X�G	Ä�´�G�û���[,X�G	Ä�´�G�û���[ �Ê�Ê�Ê�Ê qs.h 
`
`
 
̀` qs_dummy.h 

11.3.3 QS ,X��+ !‰,X��+ !‰,X��+ !‰,X��+ !‰  

11.3.4 QS A„�),X�Ô8�4§�XA„�),X�Ô8�4§�XA„�),X�Ô8�4§�XA„�),X�Ô8�4§�X  

11.3.5 QS ,XE›$¸�<,XE›$¸�<,XE›$¸�<,XE›$¸�<  

�<���Ô /�GE›$¸�<  
��
�E›$¸�<  

11.3.6 QS �D�B	#A‚�D�B	#A‚�D�B	#A‚�D�B	#A‚  

Eã�â 
�û�ã0Ã  

11.3.7 QS EÑCþ4ç�,	�EÑCþ4ç�,	�EÑCþ4ç�,	�EÑCþ4ç�,	�  

�ñ�Ÿ�ê QSEÑCþ4ç�,	� QS_initBuf() 
M6	å�+8V,X�y	· �ÖQS_getByte() 
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M6	å
+,X�y	· �ÖQS_getBlock() 

11.3.8 �+�LEÑCþA„�)�+�LEÑCþA„�)�+�LEÑCþA„�)�+�LEÑCþA„�)  

�ÍB5�+�L  
�s6Ñ�+�L  
�µ	Ë�+�L  

11.3.9 �h*ü/ß�c,Ì�G,X�h*ü/ß�c,Ì�G,X�h*ü/ß�c,Ì�G,X�h*ü/ß�c,Ì�G,X QS EÑCþA„�)EÑCþA„�)EÑCþA„�)EÑCþA„�) 

11.3.10/Ï�á
`G!5B/Ï�á
`G!5B/Ï�á
`G!5B/Ï�á
`G!5B QS 

11.4 QSPY �����h*ü/ß�c  

11.4.1 �]>™�]>™�]>™�]>™ QSPY 

11.4.2 �¢$d�·-Õ*ó�ä�¢$d�·-Õ*ó�ä�¢$d�·-Õ*ó�ä�¢$d�·-Õ*ó�ä QSPY 

�S*ü Visual C++ 2006�� Windows*ó�ä QSPY 
�S*ü MinGW �� Windows*ó�ä QSPY 
�� Linux *ó�ä QSPY 

11.4.3 �S*ü�S*ü�S*ü�S*ü QSPY 

11.5 	å MATLAB Eg�ÎEÑCþ�D�B 

11.5.1 �S*ü�S*ü�S*ü�S*ü MATLAB �Ú�dEÑCþ�D�B�Ú�dEÑCþ�D�B�Ú�dEÑCþ�D�B�Ú�dEÑCþ�D�B 

11.5.2 MATLAB Eg�Î�[�ÊEg�Î�[�ÊEg�Î�[�ÊEg�Î�[�Ê  

11.5.3 MATLAB 6î��6î��6î��6î�� qspy.m 

11.5.4 +�+�+�+� qspy.m�{*ó,X�{*ó,X�{*ó,X�{*ó,X  

11.6 	å QP �h*ü/ß�c#Ï�t QS EC�ÊEÑCþ 

11.6.1 �ñ�Ÿ�ê�ñ�Ÿ�ê�ñ�Ÿ�ê�ñ�Ÿ�ê QS �J�J�J�J�]�f�]�f�]�f�]�f E›$¸�<E›$¸�<E›$¸�<E›$¸�<  

11.6.2 �n���G	Ä,Ì�G,X�n���G	Ä,Ì�G,X�n���G	Ä,Ì�G,X�n���G	Ä,Ì�G,X QS �²A×�Ñ�D�²A×�Ñ�D�²A×�Ñ�D�²A×�Ñ�D  

11.6.3 �S*ü�²A×�Ñ�D�S*ü�²A×�Ñ�D�S*ü�²A×�Ñ�D�S*ü�²A×�Ñ�D QS_onGetTime()�{*ó�{*ó�{*ó�{*ó QS �ÊKÈ���ÊKÈ���ÊKÈ���ÊKÈ��  

11.6.4 �¢���|�ÍB5�{*ó�¢���|�ÍB5�{*ó�¢���|�ÍB5�{*ó�¢���|�ÍB5�{*ó QS �+�L�+�L�+�L�+�L  

11.6.5 #Ï�t�h*ü/ß�c,Ì�G,XEÑCþA„�)#Ï�t�h*ü/ß�c,Ì�G,XEÑCþA„�)#Ï�t�h*ü/ß�c,Ì�G,XEÑCþA„�)#Ï�t�h*ü/ß�c,Ì�G,XEÑCþA„�)  
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11.6.6 QSPY 	–5×���`	–5×���`	–5×���`	–5×���`  

11.7 �ã4§ 
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QP-nano �Ö�Ö�Ö�Ö�46Ñ	¬�î�ã�46Ñ	¬�î�ã�46Ñ	¬�î�ã�46Ñ	¬�î�ã �Û�Û�Û�Û 


�)×�Þ���Ý,X*ó(=FÑ���Ú<? �Ä�Ä�Ä  

--Scientific American, 2001-�×�Ü �Þ  

 

12.1 QP-nano ,X�GK�(M�U 

12.2 �S*ü QP-nono �r)„N²> �Ø�Ï$��ã�r�_  

12.2.1 main()�Ñ�D�Ñ�D�Ñ�D�Ñ�D 

12.2.2 ���[�Ê���[�Ê���[�Ê���[�Ê qpn_port.h 

12.2.3 �üN²> �Ø�Ï$��ã/ß�cG ,X�µ	Ë�üN²> �Ø�Ï$��ã/ß�cG ,X�µ	Ë�üN²> �Ø�Ï$��ã/ß�cG ,X�µ	Ë�üN²> �Ø�Ï$��ã/ß�cG ,X�µ	Ë �È�È�È�È�_�Ê
`���|�ÍB5�_�Ê
`���|�ÍB5�_�Ê
`���|�ÍB5�_�Ê
`���|�ÍB5  

12.2.4 �ü�ü�ü�ü QP-nanoG �r)„G �r)„G �r)„G �r)„ Ship ���|�ÍB5���|�ÍB5���|�ÍB5���|�ÍB5  

12.2.5 QP-nano,X,X,X,X�ÊKÈ�ÊKÈ�ÊKÈ�ÊKÈ�_�Ê�_�Ê�_�Ê�_�Ê  

12.2.6 N²> �Ø�ÏN²> �Ø�ÏN²> �Ø�ÏN²> �Ø�Ï $��ã$��ã$��ã$��ã /ß�c�ü/ß�c�ü/ß�c�ü/ß�c�ü QP-nanoG ,X(����Õ�ÙG ,X(����Õ�ÙG ,X(����Õ�ÙG ,X(����Õ�Ù  

12.2.7 *ó�ä*ó�ä*ó�ä*ó�ä QP-nano�Þ,XN²> �Ø�Ï$��ã/ß�c�Þ,XN²> �Ø�Ï$��ã/ß�c�Þ,XN²> �Ø�Ï$��ã/ß�c�Þ,XN²> �Ø�Ï$��ã/ß�c  

12.3 QP-nano ,X4§�X 

12.3.1 QP-nano,X$d�·-Õ,X$d�·-Õ,X$d�·-Õ,X$d�·-Õ �È�È�È�È�r�_
`�[�7�r�_
`�[�7�r�_
`�[�7�r�_
`�[�7  

12.3.2 QP-nano,X��+ 	�,X��+ 	�,X��+ 	�,X��+ 	�  

�Ï�u4{���•�ÞJÕ  
ISR4{���• �ÞJÕ 

12.3.3 QP-nanoG ,X(Š�Õ��G ,X(Š�Õ��G ,X(Š�Õ��G ,X(Š�Õ��  

12.3.4 QP-nanoG ,X���|G ,X���|G ,X���|G ,X���| �ÍB5�ÍB5�ÍB5�ÍB5  
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12.3.5 QP-nanoG ,X2Ï4³�ÊJs8V�¡G ,X2Ï4³�ÊJs8V�¡G ,X2Ï4³�ÊJs8V�¡G ,X2Ï4³�ÊJs8V�¡  

12.4 QP-nano ,X�_�ÊKó�ë  

12.4.1 QP-nano,X��4¾><,X��4¾><,X��4¾><,X��4¾><�Ä�Ä�Ä�ÄQF_readySet_�Å�Å�Å�Å 

12.4.2 �¢�Ï�u��	¥EÕ�_�Ê�¢�Ï�u��	¥EÕ�_�Ê�¢�Ï�u��	¥EÕ�_�Ê�¢�Ï�u��	¥EÕ�_�Ê �Ä�Ä�Ä�ÄQActive_post()�Å�Å�Å�Å 

12.4.3 �¢�¢�¢�¢ ISR ��	¥EÕ�_�Ê��	¥EÕ�_�Ê��	¥EÕ�_�Ê��	¥EÕ�_�Ê �Ä�Ä�Ä�ÄQActive_postISR()�Å�Å�Å�Å 

12.5 QP-nano ,X	Ü�0�ã Vanilla �Y��  

12.5.1 Vanilla �Y��,X���•�Ø)Ú�Y��,X���•�Ø)Ú�Y��,X���•�Ø)Ú�Y��,X���•�Ø)Ú  

12.5.2 Vanilla �Y��,X0NKÆ�Ø)Ú�Y��,X0NKÆ�Ø)Ú�Y��,X0NKÆ�Ø)Ú�Y��,X0NKÆ�Ø)Ú 

12.6 	Ã�v	4�ãE¤> -�� -�`�ä QK-nano �Y��  

12.6.1 QK-nano �y	·�y	·�y	·�y	· qkn-h 

12.6.2 
��|���|�ÍB5
`
��|���|�ÍB5
`
��|���|�ÍB5
`
��|���|�ÍB5
` QK-nano 0NKÆ�~)ƒ0NKÆ�~)ƒ0NKÆ�~)ƒ0NKÆ�~)ƒ 

12.6.3 QK-nano A×�z�<A×�z�<A×�z�<A×�z�<  

12.6.4 QK-nano ,X���•�Ø)Ú,X���•�Ø)Ú,X���•�Ø)Ú,X���•�Ø)Ú  

12.6.5 QK-nano ,X�ì��4{�ý8…�S,X�ì��4{�ý8…�S,X�ì��4{�ý8…�S,X�ì��4{�ý8…�S �f�y�'�f�y�'�f�y�'�f�y�'  

12.7 PELICAN CÃ	·�r�_  

12.7.1 PELICAN CÃ	·(Š�Õ��CÃ	·(Š�Õ��CÃ	·(Š�Õ��CÃ	·(Š�Õ��  

12.7.2 Pedestrian���|�ÍB5���|�ÍB5���|�ÍB5���|�ÍB5  

12.7.3 QP-nano�Y��/Ï�á���Y��/Ï�á���Y��/Ï�á���Y��/Ï�á�� MSP430 

12.7.4 QP-nano�Y�,�S*ü�™�‰�Y�,�S*ü�™�‰�Y�,�S*ü�™�‰�Y�,�S*ü�™�‰  

12.8 �ã4§ 
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L��)L��)L��)L��)  A QP 
`
`
 
̀` QP-nano ,XAŒ	ÃA•��1*,XAŒ	ÃA•��1*,XAŒ	ÃA•��1*,XAŒ	ÃA•��1* 

A.1 �Ô$dAŒ	ÃA• 
A.2 M2�Ô$dAŒ	ÃA• 
A.3 A˜��EC�Ê  
A.4 M29‹�ý,X�È�:L6 �È
`�þ�Ž  
A.5 GNU GPL 1� 2 (�  
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L��)L��)L��)L��)  B �ÛAš"©�ÛAš"©�ÛAš"©�ÛAš"© 

B.1 2O�Ò 
B.2 (Š�Õ�Ò 
B.3 NN�c�Ò 
B.4 �Ê�c�Ò  
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	–5×�[)�	–5×�[)�	–5×�[)�	–5×�[)�  
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