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�k�6Ç¿ 60IQR)µC/OS II� 1992B	ÈHÉ¡µC/OS¢6CÊËaÀµÌIÍ~�
@HIË�ÎÏ�À~ÐÑÒ�Ó	XY)mÔÕX\µC/OS II	<=�Í~�Ök)

TCP/IP@ Internet	p×� �6§�~¨dØÙ¨ÊË#$Ú��	Û¬ÜÝ)��
�+,;1 Internet'(Þ7ßàWá�uâã%& TCP/IP� )mÔ���+,� TCP/IP
>äaÖk��Nh?åæÍ~	JL���'(çèéÖ[ê)

µC/OS II@HIëaJKìí	 RTOS�P;îH×ïu�ðñL�M�\òó�ôõ
	"~ö�÷ø�«¬Í~	ø~�\ùÖå)N@OmÔ	HúÈû> TCP/IP%&�@
ö�«¬Ä	�~ü};ýøþ©ðñ�Ö[r�L�M�����µC/OS II	<=���)
Vn�JKL�M	 TCP/IP� ! LwIP���µC/OS II�C�uðñ�H��÷ø<=d
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LwIP@��
���ò�¡Swedish Institute of Computer Science¢	 Adam Dunkels�
JD	H�~������	JKL�M TCP/IP � !)LwIP 	��@ Light Weight(�
�)IP � )LwIP �6���������ù�6������	��t���|)LwIP 
TCP/IP�
	:²@��& TCP� �;�©	pq��[\ RAM	¤~�H OP}
;µ! K	 RAM� 40K"#	 ROMu�6�|��" LwIP� !$��åæ����
�4"~)

LwIP	±¨�t*
(1) %&k'(7_t	 IP%D
(2) %& ICMP� 
(3) &´�'¨(E		 UDP¡~ü)*+� ¢
(4) &´,-./�RTT0��1G23�1G%D	 TCP¡45./� ¢
(5) 6789	X�:S7_¡Raw API¢~�6ØÍ~o�¨©
(6) �;<	 Berkeley7_ API¡k=o��t¢

>?mÔ"~	@ LwIP	�@ÑÒÉ V0.5.3)a� LwIP	»AX���6�B§�
M�' �	bC)
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LwIP� !�+
�uBD��EC	��FG�HI�Ja1KcdOSdLM��
�	�N���C�K�/src/archmOt)HI LwIP�µC/OS II�	�
u@PQ�Im
Ot	bc�§O	bcH RÍSPQ)thwµ�Nwx���Íbc	�
T¿�n

o)
�	�MU�VW`ar��Skyeye' �aöX	�M���)
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/src/arch/include/archmOt cc.hdcpu.hdperf.h4aHú1 CPUYLM���	Ò��
�)*ZT�[	Øåy\��)�ÍS1~ü�
µC/OS II�Ò�	)*ZT��)@H
]	)

#define BYTE_ORDER LITTLE_ENDIAN  //ARM7^_$�æ`a��
//)*b�ZT	Ò�
typedef unsigned char   u8_t;
typedef signed char     s8_t;
typedef unsigned short  u16_t;
typedef signed short    s16_t;
typedef unsigned int    u32_t;
typedef signed int    s32_t;
I]éaH²*H ��t Ccd	�¶� struct@ 4[e\f	�N@�g¿)*&

	�h�LwIP "~	@Vn�¶�4Ri)*	ZTCjk�Í	)*	�J6�HÒ;
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�Ò� struct	�h"~_packed�l[�mLM�Kn struct	[e\f)LwIPùBD�
��IFG�J6��O	�¶�Ò�4aµI PACKED_FIELD_xxxo�^_	�h�µ
Io�@p	��6���	�hqsRi	LM�J\Í	_packed�l[)r��Skyeye
¡ARM7¢�\Í gccLM�	Ò�*

#define PACK_STRUCT_FIELD(x) x __attribute__((packed))
#define PACK_STRUCT_STRUCT __attribute__((packed))
#define PACK_STRUCT_BEGIN
#define PACK_STRUCT_END

4.3 sys_arch
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sys_arch.[ch]4	X�@1 OS��	Hú�¶�s)��;�6w$tI�N*
(1) sys_sem_t Wuv

LwIP4};"~WuvVW�J6� sys_arch4Í�
Wuv�¶��g¿s)*
struct  sys_sem_t
sys_sem_new¡¢ //wxHIWuv�¶
sys_ sem _free¡¢ //ºKHIWuv�¶
sys_ sem _signal¡¢ //DyWuv
sys_ arch_sem _wait¡¢ //z{Wuv
|�µC/OSIIÊË�
�Wuv OS_EVENT	}����~Ð�©� LwIP�hµIs

)	m	�©@ö�H�	�J6P;�µC/OSII	s):@&�#�h	s)�u�6Þ
7"~�)

(2) sys_mbox_t �á
LwIP "~�á��C��d4�)*+b�HI;� sys_arch 4�
�á���¶

sys_mbox_t�6U�Í	��s)*
sys_mbox_new¡¢   //wxHI�á��
sys_mbox_free¡¢   //ºKHI�á��
sys_mbox_post¡¢   //?�á��Dy�á
sys_arch_mbox_fetch¡¢   //��á��4ðk�á
µC/OSIIi��
��á���¶ OSQU§���N@µC/OSII`a\�á��4	�

á{|Ç¿�HIR©Þ7"~�âã�µC/OSII	pq�:@�
)$��
\�á	Ç
¿�>?Ò��6t�¶*

typedef struct {
OS_EVENT*   pQ;
void* pvQEntries[MAX_QUEUE_ENTRIES];

} sys_mbox_t�
�6��¶4�&´ OS_EVENTb�	����¡pQ¢���X	�á¡pvQEntries¢

��w�\��×�	Ç¿�~µC/OSII��	 OSQ��ö#���"~µC/OSII4	X`
Ç¿���
\�á	wxd"~d��:����w���Cf#� LwIP	�á���
©)

(3) sys_arch_timeout s)
LwIP4�I1]g'(�7	=o�a��	 timeoutÅ¨��������)�IÅ

¨�
$�I=o�\ÍHI sys_timeout�¶����&´�I=o	 timeout��ZT�
6U���ÍS~	 timeouts)�Ss)��HúºK�7�:��L	Û�)��HI
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=o\Í	 sys_timeout$p¡NULL¢���S=o\�7� ¡	��)
timeout�¶�ÊË| LwIP��� sys.h4Ò�À���Ð\�¶���	)*��ù

| LwIP¢£�>?J;�
	@�ts)*
struct sys_timeouts * sys_arch_timeouts(void)
�Is)	�©@¤:mÔ¥g��|¦	=oJ\Í	 timeout ����)timeout

��Å�=o	Å¨�HI@ OS��	s)�P©|~ü�
)
(4) sys_thread_new wx@=o

LwIP�6@§=o�|��PaHI tcpip=o¡tcpip_thread¢�¢£g¿Ja	 tcp/ucp
�7�}�'(o��Vn tcpip =o1'(ß¨)N LwIP ù�6k=o�|�66ØÙ
©�ªåLo3«T)��u};~ü�
wx@=o	s)*

void sys_thread_new(void (* thread)(void *arg), void *arg);
�µC/OS II4�`a=o¡thread¢	³¬�PaQR¡Task¢)OÊË67�wx@Q

R	�� API S~ OSTaskCreate�HIP;� OSTaskCreate ­�Ht�u�6�

sys_thread_new)};¹
	@ LwIP4	 thread~`aµC/OS II4®¥�	³¬��
�
;|~üÚ¥$ LwIP4wx	=ow¯À®¥�)

4.4 lib_arch����
��
����
������
��

����
��

LwIP� !4~�� 8I]�s)��ús)V°1~ü"~	��YLM�a��
HI±r~ü���
)�t*

u16_t htons(u16_t n);     //16y)*Øå[eßà
u16_t ntohs(u16_t n);
u32_t htonl(u32_t n);   //32y)*²�³\S
u32_t ntohl(u32_t n);
int strlen(const char *str); //¤:[´µZT
int strncmp(const char *str1, const char *str2, int len);  //[´µr¶
void bcopy(const void *src, void *dest, int len); //X`)*�·�	¨�¸¹
void bzero(void *data, int n); //X`4�ÒZT	)*�·º
ÔtIs)V°|~ü���
)Skyeye¡ARM7¢4�|�"~� gcc LM��gcc

	 lib»¼ÊËa��tIs))� ez80	LM�s)»4Z[ bcopy� bzero�I�};
��L½)~ü�§O CPU��
�Í¾*��	LM�C¿Ò)
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ez80JD���	'(��$ RealTek	 8019as����@ ISA 10BASEÀT	6Á'
���1 Ne2k��)�>?� AT91��� Skyeye4J��	'(��ù@ Ne2k�J6
mÔ�
	'(+,-.@�\ Ne2k	�§Ob�	'(��-.�6� LwIP	' �
Â�)LwIP 	'(-.aHÒ	���/src/netif/ethernetif.c bc�$-.	���~ü$
��	'(+,�
-.�Í�ÃI��)

� LwIP4�6akI'(7_��I'(7_�\Í�HI struct netif��I netif&
���Í'(7_	Å¨d�Ds))LwIPS~ netif	>Ä netif->input()U netif->output()
{|6Á' packet 	�dD���)�-.4�;�	�u@�
'(7_	�dDdÅ
ÆÄ6U4Çg¿s))-.o�Û�� IP� ��	'(7_È�O67r�È¡IPÈ¢
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	7_s)�t*

//'ÉÅÆÄs)
void ethernetif_init(struct netif *netif)
//'É7�s)��'(7_7�6Á')*&~�§4	 IP+b? IPÈDy
//�4Ç>�t|'É ISRS~
void ethernetif_input(struct netif *netif)
//'ÉDys)�r IPÈ4nC	 IP+bs�6Á'&³~Vn'(7_Dy
err_t ethernetif_output(struct netif *netif, struct pbuf *p, struct ip_addr *ipaddr)
//'É4Çg¿s) ISR
void ethernetif_isr(void);
6�	s)��6w$� !×�	g¿�\'(7_Kc	����N�NKc��

@\�ÈÊË	�
��ê RTL8019asdDM9008� Ne2k'(��	)*ÌÍ)-.o�
�6� SkyeyeY LwIP	' t£)
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�ö�h	��PQÛ�6��u�6�µC/OSII4ÅÆÄ LwIP�~wx TCPY UDP
QR{|ÎÏ�)��Nö�@ Ccd	�
�HI��N� ez80� ARM7�p×�@H
�	)Ðñ¹
	@ LwIP	ÅÆÄâã�µC/OSIIö�Ñ.·�ùu@�QR4{|�H
$O	ÅÆÄ~��Wuv� OS��	��)�l�N	�M����t*

main(){
OSInit();
OSTaskCreate(lwip_init_task, &LineNo11, &lwip_init_stk[TASK_STK_SIZE-1], 0);
OSTaskCreate(usr_task,&LineNo12,&usr_stk[TASK_STK_SIZE-1],1);

   OSStart();
}
�o�4wx� lwip_init_taskÅÆÄ LwIPQR¡®¥� 0¢� usr_task~üQR¡®

¥� 1¢)lwip_init_taskQR4��ÅÆÄKc�Ò� LwIP·]�éwx� tcpip_thread¡®
¥� 5¢� tcpecho_thread¡®¥� 6¢)�Ó� tcpip_threadþ@ LwIP	�=o�k=o	
Berkley APIù@p��I=o�
	���h	 tcpecho_thread=où;ÔÓ tcpip_thread
=oC1]gVW����	Àg@LoÕ§��¶·¸)

�~ Berkley API�
	 tcpecho_thread@HI TCP echoÖR��×Ø 7uæ_�o�
ÙÚ�t*

void tcpecho_thread(void *arg){
conn = netconn_new(NETCONN_TCP);  //wx@	�7ÜÛ
netconn_bind(conn, NULL, 7); //ÜÒ� 7uæ_
netconn_listen(conn); //JÆ×Øæ_

  while(1){
newconn = netconn_accept(conn); //7�]��C	�7
buf = netconn_recv(newconn) //ðk)*
……. //g¿)*
netconn_write(newconn, data, len, NETCONN_COPY); //Dy)*
netconn_delete(newconn); //ºK×Ý�7
}
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}
LM�|��~ ping ipÞßà��6ñ� ICMP reply�Í)~ telnet ipÞß 7¡áO 7

uæ_¢à��6â� echo server	:ãÙ�)�� ARPdICMPdIPdTCP� �Ê¥ä
�|)
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2åAdam Dunkels.  LwIP source code.
3åAdam Dunkels.  sys_arch.txt in LwIP source code.
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