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1. ���� 
Ā¾�Ñ-ƞĢ-¶+	�Ó-EGcE-b�u'�>.NET Micro Framework+$�

&űÁ+ŷ��5�
 
 
1.1. .NET Micro Framework��J 

.NET Micro Framework ǆ�� NETMFǇ.Ų×Microsoft Research�Ƹś�&	2001
ó+ÀŲ'ƣß�? SPOT Watch(Î1âĺƁƃĤƕ+ĒŘ�? ìƐĹŸ6Ʃ6WY
bwŘ-Lq��bF�QWYbw(OS)(�-ƸśŕÝ'�
 
ěŜ KB Ŧô-xy~( MMU ō�- MCU �' MSIL (Microsoft Intermediate 

LanguageǏ.NET-E[�n~	�ƹT�e)BG�]o~]»���>}�]Gw(�?
BUt�d�> OS	}Gn}~	cjGYe}Gj	n�d��^( Visual Studio- SDK
'Ķć�?	C#Ŭ-.NETƔƝ'Ɨƫ� o�Q}wB Visual Studio�'\�YT�ec
j`Q� =	Jvz��]�'»��� =�*�<	èģ+Ÿ6Ʃ6Eo~R�W|

�BƸś�>�(�ÆƁ'�
 
œØ.L�o�\�Y¿�?& CodePlex (http://netmf.codeplex.com/) +&Tvzgb

F+;=Ƹś�x�bf�Y�?&�5�
 
20 ŧ��-Ÿ6Ʃ6s�e:ķ�* CPU +ťĲ�?	ơé*cjGYe}Gj(	m

DG�WYbw:o�dT�	U�lYBÌ7ơé*ve�HIE-Ut�d+;=Ĵ½

Řƭ:	ĚƀŘŸ6Ʃ6WYbw'âě´Ř�?&�5�
 
 

1.2. <EHMono��,9I 

Ê��L�o�\�Y-u�_o}`dmK�w'»��> Mono o�XIPd(ŀƧ
�?>ÜÉ��=5��	�+ļ-Ō�Ś*=5�
 
� NETMF.ō¥- ExpressŏBÌ7 Visual Studio-T�kG}B�Ř�&l�e�>
 8	T�kG}�J�X�. WindowsŘ(Ê�'�
�*A"J}�±Ŕ:LoW
|�êĀŬ-T�kG}-đ>Ɔ�:ŖćT�e�¬Ʈ'	Visual Studio+�î�>
â�-a��:ĺƁ�´ŘÆƁ'�
 

� NETMF .ìƐĹŸ6Ʃ6Řƭ'-´ŘBĄæ� yXz��¿�ĔƱ�?	
ROM/RAMěŜ KBŦô-xy~'»��5�
 

� NETMF+. JITǆJust In TimeǇT�kG}ĺƁ�ō�	ò+�ƹƔƝG�]o~]
'»��5�
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1.3. OS&��@5 

��+ NETMF-ĶćÕBţ�5�
�Ó-EGcEçœ(ƺ��Ň�őý.	.NET E
[�n~-çƉŕÝ'�> CLR(Common Language Runtime)BUt�d�> 8-�Ą
uW�ŕÝ.	PAL(Platform Abstraction Layer) 'ČƢ¿�?&�&	�- PAL.i�
eHIE(cjGYe}Gj'Ķć�?> Native Platform - HAL �!�'*�	OS 
FacilitiesBUt�d�> OS on OSùą-\~z�W|�+9êĀÆƁ*Ƙƕ(*#&�
>�('�
 
�Ó- NETMF-ťĲ+ƺ�>EGcE'.	TECSB�Ř�&�- OS FacilitiesïB

)-;�+ĶŰ�>�(���(�Ɵǃ(*=5�
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Õǉǈ.NET Micro Framework-ÚĬĶƯ 
 
1.4. )A/* 

�Ó- OS on OSùą'- TOPPERS2- NETMF-ťĲ+$�&.	ğǅ� 2011ó
+Ùū� ��- Linux�2-ťĲ-Ɨ�(	«Ƹŉ\�YT�eBÂſ+�5�
 
� G�]�mI�Yƛ 2011ó 4ĨÇ 
ĊƊƓƞ Linux�2-.NET Micro FrameworkťĲ-¼Ĉǆ¶ŽǇ 

� G�]�mI�Yƛ 2011ó 6ĨÇ 
ĊƊƓƞ Linux�2-.NET Micro FrameworkťĲ-¼ĈǆúŽǇ 

� \�YT�eǎCodePlex .NET Micro Framework for Linux 
http://netmflinux.codeplex.com/ 

CLR: Common Language Runtime�
HAL: Hardware Abstraction Layer 
PAL: Platform Abstraction Layer�

��

�	���

 - Native Platform�
 - “OS on OS” Solution  
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1.5. !	�$� 

.NET Micro Framework. CodePlex�+&	Apache License 2.0 }G[�Y+Ú%�
&«Ƹ�?&�5�
(http://netmf.codeplex.com/license) 
¶ǁ- Linux �2-ťĲ�9Êķ'��	�Ó-Ƹś+��&�- CodePlex �-

NETMF L~Xf��T�eBęà� Ƶ³	�>�.L~Xf��T�eBÂſ+�&
�ć� Ƶ³+ƺ�&.	Apache License 2.0 }G[�YBö�ż�ƳŘ�>9-(�5
�
 

OS Facilities ïBĶŰ�> TECS (�?+Ƭ¹àĥ�>Ƶ³+ƺ�&.	ö�ż�	
TOPPERS }G[�YBƳŘ�>9-(�5�
(9+L�o�\�Y�¶ĕ-}G[�
Y- 8ƑÐĂ.ƈ�	ÊĤ+\�YT�eBƶñ�>�(�ÆƁ(ſ�&�5�
 

 
2. F?2: 
��+�Ó-EGcE-çœ+ƽ�&Ąæ�&�>ƸśĞńBűÁ+ţ�5�
 

 
2.1. �$�	!�D1 

NETMF-l�e+. ARM RVDS: ARM MDK, HEWŬ9´ŘÆƁ'��	�Ó-Ƹ
ś-Ƥġ-�$(�&	šũŞŝŘ+T�eBƸţ�>�((	u�_o}`dmK�w

Ut�d-ƒŌ�<	T�kG}. GCCŴŻ-ĒŘB¦¨�&ĳƖ�5�
 
NETMF-\�YT�e. gcc v4.2.1�ƻBUt�d�&�&Windows�'»��>�

�-;�*T�kG}�´ŘÆƁ* 8	TOPPERS (¬Ʈ-P�YT�kG}�´ŘÆ
Ɓ'�
ĒŘ�>P�YT�kG}-¡ƍ(�&	ļ-;�*9-��=5�
úƫ�>

Ƹś]�S`dŕÝ+;#&9��³�>�(�ÆƁ'�
 
� Cygwinp�Y-P�YT�kG}ǆƄ¶'ťĲǇ 
� MinGWp�Y-P�YT�kG}ǆƄ¶'ťĲǇ 
� Windows�'»��>P�YT�kG}�k`R�X 
�ǎLaunchpad GNU Tools, devkitPro, Yagarto, emIDE, , PizzaFactory, 
Mentor Graphics Sourcery Tools / Sourcery CodeBench (Ġ CodeSourcery),  
 
*� NETMF -l�eĉǂ'. Windows �'»��> Visual Studio SDK �î-

MSBuilda��:Tu�e�o��odǆj`_mDG�Ǉ( VBScriptŬ-Windowsŕ
ÝÖĩ-YP~od-»���ÆĻ'�> 8	�Ó-Ƹśo}`dmK�w(�&.

WindowsǆXP�ƻǇBêƢ(�5�
 
Mac OS: LinuxŬ-�-ŕÝ'9	NETMF-l�e+ÿƎ*WindowsYP~odç

ƉŕÝBĶŰ�>�(+;= NETMF -l�e�ÆƁ+*=5��	�?<-o}`dm
K�w�'-ƸśŕÝĶŰ.Ĭb�u-Şŝ�<ƲƂ�> 8	�Ó.ƶĆ�5�C
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2.2. �%���=+ 

ťĲ�ĴƸãĤŌ' TOPPERS / ASP+TECS( TINET�åæ»��&�>ŕÝBøǀ
-ťĲ-]�S`d(�5�
�Ó.u�_o}`dmK�w-Ut�d�Şŝ'9�>

 8	ťĲ¨-]�S`d.�$+ź=5�C
 
���*�<Ơį� (�@	œĤŌ'ĢŢ+ TINETBUt�d�&�> TOPPERS / 

ASP+TECSŕÝ�Ə$�=5�C'� 
�ú´Ř+*>(-�Ŋ9Ì8&	œĤŌ'.
��-o}`dmK�wŬ�çƌ¨]�S`d-¡ƍ(ſ�<?5�
 
� Armadillo-800 EVA 
� E�mDo�XIPd AP-SH4A-0A 
� LEGO Mindstorms EV3 
� E�mDo�XIPd XG1808ǆ�(Ê� CPUĖƨǇ 
� GHI FEZ Hydra ǆNETMFŨ¤ŉ Open Hardwares�eǇ 
� cjGYe}Gj�Z E!Kit-BF533ǆTOPPERS/JSP ťĲŉǇ 

°ŠǉǈE!Kit-BF533 
 
2.3. 807B 

��+ NETMFB TOPPER�+ťĲ� ÜÉ-WYbwª�-ĶćĵƎÕBţ�5�
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ÕǊǈNETMF- TOPPER�2-ťĲĶćĵƎÕ 

 
 

TOPPERS / ASP ~E�]GwM�h� 

{�V 
]YP 

TinyCLR 
]Gu 
]YP 

TinyCLR 
·=Ʃ6 
i�e} 

 
TinyCLR ]YP 

{�V 
]YP 

{�V 
]YP 

TINET TinyCLR 
IPC 
]YP 

{�V 
]YP 

{�V 
]YP 

NETMF Eo~R�W|� TOPPERS 
{�V Eo~R�W|� 

U�lYT�� Ď÷U�lYT�� Ď÷U�lYT�� 

InterOP Class Lib. 

�ÓƸśƵ³ 

PAL 

Helper ]YP 
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2.4. '67B 

NETMFB TOPPERS�+ťĲ�> 8-�Ĵ.ļ-Ʈ='�
 
 

� l�eŕÝ-ĶŰ 
TOPPERS -l�eŕÝBÂſ+�&	Ê�-P�YT�kG} NETMF Ř-l�

eŕÝBĶŰ�5�
­�ŝ+.ŕÝàě	l�eYP~od	~�MYP~od	

NETMF Solution mDG�	Project mDG�B�ć5 . Ľ�&	NETMF -
NativeSample(}Gn}~	Áŵ*Ď÷U�lYT��ǆn~`XĺƁǇBUt�d
�> various.cpp�J}�ō� TOPPERS(~�P'�>�(BŢƜ�5�
 

 
� OS Facilitiesï-ĶŰ 

TECSB�Ř�&	NETMF¢+ TOPPERS-~\�YBĕ��> OS Facilitiesï
BƘƕ	Ƹś�&Ÿ6Ʃ65�
ťĲ+��>�þŝ�ĴƵ³'�
NETMF-G�]
�mI�Y. PAL (Platform Abstraction Layer) +ÉA�> 8	�- OS Facilities
ï�cjGYe}Gj-ĺƁB®,£�>�(+*=5�
 

TOPPERS �ĕ��>~\�Y+.ĸŋŝ+Ut�d�>]GuŬ-ÈU�lYT
��-4�+	h`d��P	W~E�t�d	GPIO	I2C	SPI	Q}mF`P*)
-e}Gjï:Ď÷U�lYT��( Flash ROM-©²¸BÌ65�
 

NETMF¢'.	ƸśĤ+�?<-�3&ÿƎ*ĺƁBÎ0²� NativeSampleB»
���&ÈU�lYT��(cjGYe}Gj-»�Bcj`Q	ĳƙ�5�
 

 
� Helper]YP-Ƹś 

NETMF .Ĭĭ	i�eHIE�'-»�B¶ĕ+Ƹś�?&�>T�e- 8+	
OS�2-ťĲBƉ�ƽ+.	¶ǁ- OS Facilitiesï'.ÍÅ'�*�ƿÊī»�BU
t�d�>	ŒŪ� Helper]YP�ÿƎ'�
TECSB�Ř�&�?BƸś�5�

ÈHelper]YP�NETMFG�]o~]-TinyCLR+ĕ��>ĺƁ.ļ-Ʈ='�
 

a. TinyCLR IPC]YP 
NETMF Eo~R�W|�( TOPPERS (-ÄĞË IPC (Inter Process 
Communication) BUt�d�5�
 

b. TinyCLR ]Gu]YP 
TinyCLR +ê�&æīŝ(ƿæīŝ*]GuBUt�d�5�
 

c. TinyCLR ·=Ʃ6i�e} 
TinyCLR +ê�&Èŧe}GjBÌ7·=Ʃ6»�BUt�d�5�
 

 
� TOPPERSĎ÷U�lYT��-Ƹś 

YRXz�~�Q	GC(Garbage Collection)	cj`NµüŬ- NETMF -Đ»B
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µü�>ĺƁ(	NETMF Eo~R�W|�(ÄĞË~E�]GwƮ��>ĺƁB	
TOPPERSĎ÷U�lYT��BƸś�&Ÿ6Ʃ65�
 

 
� TOPPERS InterOpP}Y}Gn}~ĶŰ 

uh�XeT�e'Ɨƫ�? NETMF Eo~R�W|�¢�<Î0²�&
TOPPERS -Ď÷U�lYT��(ưė�> 8-łŘŝ*P}Y}Gn}~B
NETMF InterOpĺĶB´Ř�&çƌ�5�
 

 
� cj`QĺƁ-çƌ 

Visual Studio�Ũ¤�>Windows rYd PC+ê�& USBǆťĲ]�S`d�c
jGY¢Ǉ	W~E�t�d(RS232C)	LAN(TCP/IP)-ǋŧǄ-Ğõ'ēż�&	
NETMFEo~R�W|�-co�G(\�YT�ecj`QBUt�d�>	cj`
QĺƁBťĲ�5�
LANēż'.ŐŔï+�ä��+cj`Q'�>;�+�5�
 

 
� CLR»�ĳƙ 

NativeSample B MSIL G�]o~](cj`NG�]mIGYB£�> TinyCLR
+©?Ħ�& TOPPERS(��¿�&l�e�	çƽ+ NETMFEo~R�W|�B
��e�&WYbwª�-»�ĳƙBƉ�5�
 

 
3. �	����	$� 
�Óĕı-EGcE-ŅŞŌ.ļ- 3Ō'�
 

� Eo~R�W|�ƹưė 
� u�_o}`dmK�w 
� NETMFve�HIE-ņŘ 

 
��+ÈŅŞŌ-ƚŶBţ�5�
 

 
3.1. ��"
%� $GC( 

OSçƌ:»�ŕÝ+9;=5��	NETMF.çƽ 1msǑ20msŦô-T�bOYd�
YG`_Ɓ¸(áƵµüÆƁ* GCĺƁ	1ns��'ųôƠĜÆƁ*¯Ƶ]GuB£�5�

�?'9�ƹƔƝG�]o~]'»��>�((	GC��>�(:È±Ŕ-çƉĤƹ��
Ŋ'�*��(�<	�Ƈŝ+.~E�]Gw±Ŕ+.Ë�*�(āA?&�5�
 
�-ķ*ďĘ+ê�&Ƹś§- Microsoft Research '.ò+ļ-ķ+ŭ�&�5�


�NETMF .~E�]GwË�-\~z�W|�.ĕ��&�*�
ÿƎ'�?/~E�
]Gw OS�+ NETMFBçƌ�&	~E�]Gw�ÿƎ*±ŔƵ³(³�?/;�
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çƽ+İõ�ŤTE'. 2009ó+.NET Micro Framework V4.0B T-Kernel�+ťĲ
� ��BśƋ�&�5�
���*�<œØ5'~E�]Gw OS �2- NETMF -ť
Ĳ-T�e.L�o�\�Y-T�e(�&.«Ƹ�?&�5�C'� 
û#&NETMF
-~E�]GwOS�2-ťĲ'.	~E�]GwOS(ƿ~E�]GwOS'�>NETMF
(-ĮƦ*ưėĞńBĕ��>ÿƎ��=5�
ļ- 3ŧǄ-ư�ĞńBĄæ�&�5�
 

 
� NETMF��-ư� 
Eo~R�W|�-xG��X`PB NETMF ¢+ž�	NETMF Eo~R�W|��

��(*#&»��5�
ħ9â�´Ř�?>(āA?>ư�Ğń'�
 
~E�]Gw»��ƎŁ�?>±Ŕ	U�lY	e}GjB´Ř�>ÜÉ+.	InterOp 

P}Y}Gn}~B�Ř�& TOPPERS-U�lY:]YPBÎ0²�5�
 
TOPPERS¢+.��(*#&»��>Eo~R�W|�Bƶž�>ÿƎ.�=5�C
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ÕǋǈNETMF��-ư�»�ŹƥÕ 
 
� TOPPERS��-ư� 
Eo~R�W|�-xG��X`PB TOPPERS¢+ž�	TOPPERS¢���(*#

&»��5�
 
NETMFEo~R�W|�.ư�ĺƁ+;=��ï�< IPC]YPBƮ�& callbackÎ

0²��?>�E`oT��
+;#&»��	TOPPERS ¢�<.Ď÷U�lY(�&
Ə�5�
 

 
TOPPERSM�h� 

NETMF 
Eo~R�W|� 

InterOp Class Lib. 

TinyCLR ]YP  
{�V ]YP 

���

�����

�����

 
{�V ]YP 

IPC]YP 
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�-çƌ+;= NETMFEo~R�W|��´Ř'�>WCSŋč-Web Service:[
Oz~bFĺƁ	P}Heư�ĺƁ	WPF(Windows Presentation Foundation)Q}mF
`PĺƁŬ- NETMFÖĩ-ĺƁB TOPPERSEo~R�W|��<´Ř'�5�
 

NETMF Eo~R�W|�+.őæĺƁBUt�d�>U�lYBçƌ� U�lY�
Eo~R�W|�Bƶž�&��5�
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ÕǌǈTOPPERS��-ư�»�ŹƥÕ 
 
� êŬŝ*ư� 
¶Ɨ�(�-ňØ´Ř'�
ķ�*ĀŘ�ſ�<?5�
 

 
 
 
 
 
 
 
 
 
 
 
 
 

ÕǍǈêŬ*ư�-»�ŹƥÕ 

 
 

TOPPERSM�h� 

NETMF U�lY 
Eo~R�W|� 

InterOp Class Lib. 

TinyCLR ]YP 

TOPPERS 
Eo~R�W|� 
ǆ{�V ]YPǇ 

IPC]YP 

Ď÷U�lYT�� 

 
 

TOPPERSM�h� 

NETMF 
Eo~R�W|� 

InterOp Class Lib. 

TinyCLR ]YP TOPPERS 
Eo~R�W|� 
ǆ{�V ]YPǇ IPC]YP 

Ď÷U�lYT�� 

E`oT�� 

 
{�V ]YP 
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3.2. �#��!����%� 

NETMFŨ¤Ƶ³. TOPPERS'»��>{�V]YP-\�YT�e(�&ĕ��>
 8	TOPPERS�»��>ŕÝ'�?/ÚĬŝ+. CPU:o}`dmK�w+ƺ�*�
»���>�(�ÆƁ'�
i�eHIEƵ³-ðŚ. TECS, OS Facilities, PAL-ǋï
'ÍÅ�> 8	ĝ��o}`dmK�w2-ťĲ9ŀƧŝèģ(ſ�<?5�
 
5 u�_o}`dmK�wíƸBŞŝ+�&�> 8	NETMF �Ut�dÆƁ*

USB	W~E�t�d(RS232C)	LAN(TCP/IP)-ǋŧǄ�3&-cj`NēżBUt�d
�5�
�?+;=»�ŕÝ+ħƳ*cj`NēżĞńBƴċ�>�(�'�5�
 
 
3.3. ��#
���;> 

NETMF.�?Ƅ�-\�YT�e+L~Xf�- 15��-o}`dmK�wǆŸ6Ʃ
6s�eǇBUt�d�>ÈŧcjGYe}Gj( 30ƪ�-U�lY:i�eHIEBČ
Ƣ¿� PAL (Î1ve�HIEïB£�5�
�?<-~\�YBņŘ�>�('	
TOPPERS-ĀŘůÔBĎ÷�>�(�ÆƁ'�
 
¶ǁ�'ţ� Ʈ=	Eo~R�W|�ƹưėĺƁB��& NETMF Eo~R�W|�

BŹř��& NETMF Ř-ve�HIEB´Ř�>Ğń9�=5��	�?<-cjGY
e}Gj:ve�HIE. C5 . C++'Ɨƫ�?&�>yXz��¿�? L�o�\
�Y-T�e'�-'	TOPPERS -T�e�<şēÎ0²� =	}Gn}~¿:U�
lY¿� =�&´Ř�>�(�ÆƁ'�
�ľƱC! TOPPERS(NETMF-ư�'�
 
­�ŝ*��(�&.	NETMF -�WearLeveling
(�� NAND Flash xy~ŮŔ

e}GjB TOPPERS �<Î0²�&´Ř�>�(:	�BatteryModel
-e}Gj+Ƴ
É�>j`b~�ŮŔĺƁB	TOPPERS -U�lY(�&´Ř�>�(�ÆƁ+*=5
�
 
 
4. -4�.3 
ëĭŝ+.ļ- 2ŌBUt�d�>�('	;=�ï NETMF( TOPPERS-ƑÐĂ�

ƈ�*=	��(*#&»��>WYbw-´Ō�Þ�>(�Ą�&�5�
 
� JIT-çƌ 

�Ó-EGcE'.�Ŏ(�&	NETMF-T�eBçƉ�&�>Ƶ³-çƉĤƹ�
�Ģ'�=	5 �-»�ĤƹB�ƾ�>ĉĿ��=5�C
�-;�*Ƶ³��>(

���(.	~E�]GwWYbw(�&.ƅÏŝ*ĻƼ+*>ÜÉ��=5�


NETMF+ JITBçƌ�>�('�>Ŧô�-ÒǃBƓŃ'�5�
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