
� ��������� 	�
 � ��
�� � � �

�������������! #"$"&%
')(+* �, .-0/�1�12/

35476987:<;>=
✘ ? 6A@CBEDGFEB
✘ HI?KJL?NMPORQTS FU;
✘

87V SXWYJ+Z\[ H]M F96^D_; S FU;E` MaS
✘ b ;08A;c`dBe874gfihj6987:k: S 4>l S B



m npodqsr�tvuCw�odx�npo7rsyYz{npy q�r�u x�np| } ~P�&��npo

J h�� H b ;c`gf�D S����>�X�^�d� =

✘ � 8gf M�O 4 S 4 b V S9� ; M `+�� S 4gF967��8 M��{���7M f�D S�� D_;2; S9MK� h��
J7��S9� ; S : S DGF96�; S9M���b�SASE���T� `98 M�� B�� F96XD M 87: S¡b ;£¢ M `+4dlXB�;c6 ScO7M D S
� :k` S9¤9¥ :k: S �¦D54dB�;R8 ¤ D§: S¨[�S D5:©F96 S 4

✘ ª�« � � `98 M��­¬ 8dB®B S 4¯�¦698gf MPO 4XD°B±F96 S²¬ 8A; M D#³ S : S � S 4A; S´ S 4 OµM �¶D S9M ; S¡� h�� ? 8 M 87� S ; S9M �¶D.;¸· S 4^D©l S 4�¹ � S 67: S9Mh�º ¬ ? 8 M 87� S ; S9M �vh ?¼»½S9M : S ;T¾^`74>l$��BT;R8 M��!S�? 698dB S 4¿ À�Á9Â Ã ¿ Ä�ÅÇÆ±È É Ê ¿ Ä�ÅÇÆ±Ë Ì Í Ê
� �TÎÇS9M��Ï¥ :k: S
WjS ` S²? 6A@CBcD � D54Ð�7h W h)B
b ; M ` � ;c` MÑ� `74 � ;!D O 4 S 4

✘ � h½� [ 6 S9M � O f9@�4987�¶D �� S F O 4>Ò)4 S � S 4A; ? 698dB S 4 �7¤+S9M lµ874dl
� `98 M��U�0� :,` O 4 ? :Ó8dBA��8

✘ [ 6 ScO7MÔS ;UD©BRF96 S � M 8dl S 4
J : S9� ; M�O BRF96A·¸8gF96 SÕ? 6A@CBED �
b @��Ö� S ; M D S9¤9MaS F967`74dl
b `7V S9M B�@��Ö� S ; M D Shj6XD M 87: S � S9M �×D O 4 S 4

➼
� S f78 MÑ��Ø ÆgÙ+ÚÛÊ [ � : O VdB¶´ S F96 S 4+: S D°BT;E`74dl¼D§4�ÜXÝXÝ�Þ

�+ß±�! #"$"&% à



á âãn�w�o+~Ôn x�npo tv�vq]o�äNnpy å n½æ]â�t¦npç�è ~�o�ä]rsyãz é ê ë ì

[�S D5:©F96 S 49í&� S :©f S9M

� `98 M�� B
� :k` O 4 S 4

J D©l S 4dBRF9698 � ; S 4

b VXD§4 � í�Ü � ? 87`7:îD �E?NM D54d¾gD5V
H B�@¯�ïVA; O ;!D©BRF96 S � MaS D56 S D_;h O 4AÒÇ4 S � S 4A;

? 8 M 87� S ; S9M
ð ñ
ª¶ò

✔
� S Dó6 O 6 S 4 J 4 S9M l�D S 4õô b ;£¢ M `+4dlXB�;c6 ScO7M D S>ö B S 6 M l S 4987`×÷ S9M D_Ò&¾gD S9M ;

✔ �øMPO ùASú»ÛOµM 6 S9M B±8dl S9��M 8 � ;pfµ8�47` M ÙÕû ü ý � `74gf787� S 4A;R87: SÕ? 8 M 87� S ; S9M

Î D S :5= H]¤�� D§4XD.;!D O � S9MaS F96747`+4dl�÷ O 4 �øM ¢ ùAS 4 ¤+S Dô£4XD S f M D©l S 4 ö 698gf M�O 4XD°B±F96 S 4 J 4 S9M l&D S B � 87: S 4
➠ W DGF96�; � BT;T¢ M `74dl^BT;E6 ScOµMaS ;!D°B±F96 S�¬þS ;c6 O f S 4

H `dB£l�874>lXB�V7`74 � ;¨D°BT;ÿf�D SÕ? � 8gf�D§4A; S l M 87: � � OµM �Ö`+:îD S9M `74dlv=

����� Ã �����
	���� Í 
���� �������������������! #"
· O&¤+S D%$ � Ã &'
(�ÖÆ*)YÊ+� ,.-/)

�+ß±�! #"$"&% /



0]npçÔxI� âãn�w�o+~anpy q�r�u x¨np| } ~��&� npo

� S :©f S9MN� : S9¤+S 4 � D54Öf�D©B ��MaS ;!D©BED S9M ; S9M ´Ç87`+� �TÎÇS D_;
➡ W `+� S9M D©BRF96 Ssb D§�Ö`+:�8A;!D O 4�D°BT;{�{¢�l�: DGF96
➡ ¬þS ;c6 O f S 4�f S9M B�;R8A;!D°B�;!D©BRF96 S 4 ? 6�@gBED � ô ¬�O 4A; S±� hN8 M : O�¬�S ;c6 O f S>ö
➡ � D.;�; S9M � � OµM �Ö`7: D S9M `+4dl{D©B�; S D§4d¾9D°l S]¬þS ;c6 O f S ���7M 4XDGF96�; � BT;T¢ M `74dl^BT;E6 ScOµMaS ;!D°B±F96 S� S9MaS F9674+`74dl S 4²D54 S D§4 S9M ô®4^DGF96A;I874g87:#@d;!D°B±F96Õ:°¢�B ¤ 8 MaS 4 ö � S :©f9;c6 ScO7M D S

�+ß±�! #"$"&% 1



2Lodq×ä ��~�tóæ]âãn 3�æ]â¸è ~Ônpo+~Ôz�ä�n]~P� npy x�npo
} ~��&� npocugw�o7| rsç�~Ônpo7rsyãz

☛ �øM `74gf^B ¥ ;T¾^: DGF96 S ;c6 ScOµMaS ;!D°BRF96 SÕ?NM�O&¤ : S � S f S9M�� D.;�; S9MÑ��OµM �ï`7:îD S9M `74dlôR´ O ;R8A;UD O 4dBED54A÷^8 M D 874d¾+��F96XD M 87: S¡b @��Ö� S ; M D S ��4(454 ö
☛ J ³g; M 87V O :Ó8A;!D O 4Öf S9M¸? 8 M 87� S ; S9M D54þf S 4²V76A@CBcD � 87: D°B±F96 S 4i� S9MaS D�F96
☛ W `7� S9M D°B±F96 Ssb D5�ï`7:Ó8A;!D O 4 S 4¡BcD§4gf ¥ `dB£B S9M B�;p87` � · S 4gf�D°l

✘ [ 6 ScOµMaS ;!D°B±F96 S º O 4d¾ S VA; S
✘ � `A; S¨H :.l OµM D_;E67� S 4
✘

35�Ö� S 4>B S ´ S F9674 S9M�MaS B£B O ` M F S 4

�K@�4987�×D©BRF96 S¡� `g8 M�� B ÷CB64 �2� ` S 4gF96 S f �ÕWÛ¥ 6 S9M `74dl

Í 
(78� ������� �:9; ��<>=#?@" ; Ã , �BA Æ±Í û ð ÊDC ýFE*G HJILK & A

�+ß±�! #"$"&% M



ë 2 N O wetv��npy

�QP � 8U·\8 �

J �ÖV^D M D°B±F96 SúH]¤ B±F96 ¥ ;T¾^`74dlv=

Ì R S TVU�W+X ýY[Z\Z+Z ?^] E ?^_Za`cb � b d
e ý ?

f Y EhgGji Àlk m
n �(oqp r s IJt & u ��vxw

�+ß±�! #"$"&% y



HI?KJó� Ý^Ý
J 4A;Ï·eD�F � :k`74dlv= 3 W � W� S ; M D S9¤ = �>�X��zg� 4(454{ h ?|P = } ��~
¬ 8c³�4�� S D°BT;E`74dlv= z�� � D°l�8¯� : O V9í b�S9� 4

HI?KJ �¶D§:,: S
J 4A;Ï·eD�F � :k`74dlv= 3 W � W � � J�b��� S ; M D S9¤ = ÜXÝXÝ^Ý � 4(454{ h ?|P = � Ý^Ü z
¬ 8c³�4�� S D°BT;E`74dlv= ��� Ý � D©lµ8¯� : O V9í b�S9� 4

87V SXWYJ+Z\[
J 4A;Ï·eD�F � :k`74dlv= 3 W � W ��� J�b�� �%� M B±8!@� S ; M D S9¤ = ÜXÝXÝ�Þ � 4(454>�{ h ?|P = � ÝJ4 Ý^ÝXÝ��
¬ 8c³�4�� S D°BT;E`74dlv= �a~�[�S9M 8¯��: O V9í b�S9� 4��

�+ß±�! #"$"&% �



� 2 �i| ~�ç�çan �{n]~ ì �:3�� ���inpr¸� âãnpy

☞
354dBT;087:,:Ó8A;!D O 4�÷ O 4 ��� Ý � � : O VdB¨D§� � S ¾�4 Ü+Ý^Ý � 8 ¤ l S BRF967: O B£B S 4

☞ b ;R8 ¤ D§: S9M � S ; M D S9¤�¤XS D¯l S9M D54>l S � H ` � ·¸874gf¼ô ? S9M B O 4987: �:P 4A; S9M 6987:<; ö
☞ Î `dl�874>lÐf ` M F96 W 3,h ´ S F96 S 4d¾ S D_; �±O �Ö�¶D°B£BcD O 4sl S9MÔS l S :<;

� npo>z�çan]~�æ]â | ~P� ä�w�| | npoa�Y~Ônpç�çanp| 3 r��{npodæ w�| ��r¸� npo
���������.� � ��¡£¢ ¤Q¥�¥§¦

H]M F96XD.; S FU;c` MaS = b�¬i? b 3 ¬ �
� ? í�V MPO F �P¬ � : O VdB � �¨� ÝXÝ � Ü�}
¬�S � OµM @^í � ? � · OµM fµí&��: O V>B � Ý©4 Ý�} Ý©4îÝ �a~h O �ï�ª4 � ��: O Vgí�· OµM f � � í ��~ � í ~�z
?�O · S9M¸�¬« 8A;�;Rí ¬ � : O VdB � Ý©4­} Ý©4îÝ�Þ
� S 4dBcD.;Ï@ � � � : O VdB±í¯� e � � Ý � ÝXÝ
?NM DGF S��¯® í ¬±°&O VdBpB�`dB�;a4 � z�� ~

�+ß±�! #"$"&% ²



� 2 � �iy¸�Xè ~�æeä]ç�r�yãz r�yÿx ³ w¶w�o>n^´Ôtóæ]âãnÛt } nÛt¦nj���

� yÿx�npoAn �õ~Ôzúnpyãnpy¸�^è ~�æeä]ç2rsyãzúnpy uBµso } ~P�&��npo ê ë ì

��~ = h ?&�E?9H h b = ~ Ý^Ý � ��: O VdB �G[ÇO � D O¶P 4XD_÷©4 � � D.;R8gF96XD �
� } = � h½� b�? = z Ý^Ý �@~ ÝXÝ � � : O VdB � h O :,`+� ¤ DG8 P 4^D_÷ S9M BcD.;Ï@���� W � �Ý^Þ = � h½���{h�= Ø ÆgÙ7ÚÛÊ [ � : O VdB � h O :k`7� ¤ D 8 P 4XD.÷ S9M BED_;Ï@�� 3Ñ� ¬×�

�+ß±�! #"$"&% ·



q��{n�¸ �º¹ á 2�o>w.»�n½æ �

3 W � W � J�b�� � M B±8U@
h O :k:Ó8 ¤^OµM 8A;!D O 4 H l MaSAS � S 4�;>=

➜
Ò M B�;¨V MPO ; O ;Ï@�V S�¤ @ S 4gf­Ü+Ý^Ý�Ü

➜
BA6g8 MaS f�f S ÷ S : O V+� S 4A; S!�)OµM ;TBd=ÜXÝ½¼+Ý �7J ` M�O ô ~ =GÞ�= �dö �¦Ü�}XÝ ���¨z Ý �^� Ý�� [{J � O 4A;E6dB

➜
:�8 M l S BT@CBT; S �úB¨ô Ø Æ�¾ÛÊ [ � : O VdB ö 8A;eÝ©4 � J ` MPO í ¬ ��: O V>B×V S 8 �

�+ß±�! #"$"&% '



q��{n�¸ �º¹ á } çaw¿�]qsç±� o>æ]â�~P� n½æ �Nrso>n

Þ � f­8 M�M 8!@ O9�øØ Æ n Ú�À o ÊÖ87`A; O 4 O � O `dB¡4 O f S B87:,: V MPO F S B®B OµMN� `74gFU;!D O 4g87:îD.;!D S B�D§4ïBcD§4dl : S F96^D5V8dB�@�4gF96 MPO 4 O `dB O V S9M 8A;!D O 4�ô b�?K¬ � öBT@�4gF96 MPO 4XD©B±8A;!D O 4 O 47:<@Õ8A;]fµ8A;R8 S ³XF969874dl SBcD§�ÖV7: S9M ; S F9674 O : O l9@i`+Vdl M 8gf Sf¯D©B�; M D ¤ `A; S f�fµ8A;08²� S � OµM @­ô®V MPO l M 87� � S � O7M @ O 4 S 8gF96�4 O f S>öF O 4gF9` M�MaS 4A;eF O �Ö�ï`74XD�F>8A;!D O 4dB¸÷7D 8 � 8dB�;¨4 S ;Ï· OµM��6 O B�;�Á F9:k`dBT; S9MNO�� Ù ����� ü  ÃÂ
�7D§47`c³ ? h)Bf78A;R8Ð3 í�� ÷7D 8ïF O �ï�Ö`74XD�F>8A;!D O 4Õ4 S ;Ï· O7M�� 874gfÄ¼C;c6­: D§4 �: O · � : S ÷ S :¯F O 4�; MPO :X÷µDG8¶B�: O · : D54 � BsôR3 Üµh ö

Z

Y

X

7 th

N

I2C

�Xß±�! ."v" % àÏ1



I2C board
Board

7th link 7th link 

Board

Linux PC Linux PC Linux PC

LAN

�Xß±�! ."v" % à�à



q��{n�¸ �±¹ á Å�w¨q]odx{t q�yÿx Å qÿæeä��sç�q�yãn
?NMPO F S B£BED54dl�� O 8 M fv=

�a~ V M�O F S B£B O7M V^D©l^l�@ �±¤ 8gF � BsV S9M¸? �
� � ?�� H ô±´ O�O ;s: O l�D�F � 3 Üµh ö�� �\h � F O 4A÷ S9M ; S9M B¼ � » � b BED©l 4987:v:�8U@ S9M Bd�%} ��W � 874gf ?J« ´ :�8U@ S9M B� MPO 4A;]F O 474 S FU; OµM Bd= � ô )e��¼�;c6 ö : D§4 � B�Æ � }Ç� » � b Vg8XD M B�N8gF � F O 474 S FU; OµM B�=�ÞXÜiô uÉÈ Ê ö : D54 � BËÆ � }Ç� » � b V98XD M B

�N8gF � V7:Ó874 S =
Þ z � » � b :�8U@ S9M B ��OµM u 874gf'Ê F96g87474 S :.B4 O�? h�3

☞ ?NMPO ; O ;Ï@�V S B O��ÿ? � 874gf �N8gF � V7:Ó874 S f S : D_÷ S9MaS f S 4gf­ÜXÝXÝ �

�Xß±�! ."v" % àÏ/



q��{n�¸ �±¹ á 2LoAwÖæ nÛtvtów�o

� S 8A;E` MaS B�=

z º � Ü�} �±¤ D_;¶354dB�; M `gFU;!D O 4þF>8gF96 S 874Cf��$3 ���
¬ DGF MPO F O f S f S±� F O �ÖV MaS B£BcD O 4354A; S l M 8A; S f ¬þS � OµM @i354A; S9MÑ� 8gF S ô±�ÿ�]´ ö
?NMaS!� S ;0F96¿Ì ` S ` S B¡ô � Ý^Ü zÍ� ¼�Î � Ü�} � Þ^Ü � Ü�} �±¤ D_;ã· O7M f^B ö354A; S l M 8A; S fih O �Ö�Ö`+4XDGF>8A;UD O 4Ð354A; S9MÑ� 8gF S ô*� » � b ö´ S � O ; SïMÔS l�D°BT; S9M �±MaS l�D©B�; S9M F O �Ö�Ö`+4XDGF>8A;UD O 4dB� : O 8A;!D§4dl �E?&O D§4A; � 4 O7M ��87: � ��V S9M 8A;!D O 4dB v Ï û H
H]M D.;c67� S ;!DGF];c6 MPO `dl 67V7`A;×ô ~�zg�±¤ D_;¶3 J)J)J&ö =� OµM ��8A; F O �ÖV7: S ³ ÷ S FU; O7M D54�; S l S9M��VB4ãV S9M F9: O F � } z Ü
} �±¤ D.;�� P�[ � O7M ÙFÐÑ) 874Cf�Ù©Ð )
�¨��H\��P D§4dBT; M `CFU;!D O 4dB¡ôTD§4gF9:k`gf�D§4dlÄÒÍÓ%ÔÍÕ 874CfÖÔ%×ÙØ ö
~>� V O7M ;×´j�¼ô�Ü ��~ � Ü�} ¤ D.; MaS l&D°BT; S9M B ö354gf�D MaS FU; MaS l&D°B�; S9M 8gf7f MaS B£BcD§4dl ô ��OµM � P�[ B O7M ·eD§4gf O ·eD§4dl ö
� Ý�F O 4>Ò�l ` M 8A;!D O 4 MaS l&D°BT; S9M Bô�8gFAF S B£BcD ¤ : S ÷µDG8õ3GÜ�h 874gf D§4õ´ `74 � � O f S>ö
�����

�Xß±�! ."v" % àÚ1



³ np| w�o¨Û Ü®y¸� npocu�qãæ n

¬�S � OµM @i�N874gf9·eDGfg;c6¯= � Ü�} ¤ D.;�ô ��J h h ö í�FU@�F9: S

ÝßÞ�à
<

Ã á â�ã ä.åçæFè/é�ê/ëìä�íVîï æ ï ä�è/ð é.ñFñ©æ©î�î
À

?NMPO ¤ : S ��=
Program and Data Memory  (DDR−SDRAM 256 M ... 1 G)

Register File Comm. Network

>>1 1/16

Instr. Cache

1

ò8ó�ôöõ�÷(øúù¬ûjüýó�þ/ÿ ø ��� ��� ÿ ø�ÿ�ù ó��
	 õ
��üÉõ
�
� þ���ü+÷���ÿ ü��¬õ©þ�ù õ�û���� þ��
��õ���ó�÷��/û�þ���������ü��ºõ
�ç÷ ó�ôöõ/üýó ÿ¨õ©ôºô��Ùþ��­ÿaûjü �¬õ©þ��

☞ � ���"!�ó�÷�ó�þ ü�ô�ó�ô�õ�÷5ø8û/ÿjÿjó��#��üÚø%$Ùó��

&�')(�*,+-+/. 021



3547698;:�47<=4�> ? @BA 4C:ED F GHGI@KJ-JL@KJ

Memory

IRA

DMA+LEN+DIR
,

FWA

APMA, ILEN

FifoStart

FifoEnd

ILENC

IWA

PMA

Instr. FIFO

Instr. Cache

ô
M%N ÿ¨õ©þjü¨÷Qõ©ù O N M �P$P$½õ�÷5ü
Q û��R�ló�ô���ù ø�S Q ÿ¨õ©þjü¨÷QõJù�÷ ó��T�"��ühó�÷U�)S
VTWYX
Z[X�W%V \ ò�]_^`�Tacb
VTWed \ ò�]_^`�Tacbf^ \hgji
VTW/k ]_l òm]_^ g �Tacbf^on N ]_^`nT�p� õ M üýû½÷5ürqTa�þ��
VTW/kts l òm]_^ g �Tacb 	 ^;n N ]_^unT�p� õ M ülû�÷5ürqTa�þ��
VTWuv l òm]_^ g �Tacbf^ g N ]

&�')(�*,+-+/. 02w



x y 8 y z { @ { @KJ

MTR
32

X+/−

Y+/−

Z+/−

128

128

128

1287th

Memory MC

dir

128 128 128
Y+X−X+1K

local

 

128

Register File

Cmd 32

Rx Queues

Tx Control

&�')(�*,+-+/. 0}|



yC~ @C� ��� � ��:�4�GI@KJ-J�4C: 3 �C� ~

LU INT LUT FPU

Disp.

AGU

Microcode

Register File
512 x 64 bit

Program and Data Memory  (DDR−SDRAM 256 M ... 1 G)

Switch Rx Queues

Tx Control

Instr.
Buffer

Decompr.

MC
DMA

PC

64

128

128

���
���

���� �
� �
� �

���
���

���� �
� �
� �

0 1 2

3

4

5

128 128 128

128

64

128

64 128

PMA

�����2�

�����2�

� ���2���

�/� �����_� 	 ò�� M
 9¡2¢ £
¡}¢ � � ¤ ^ � ��¥ ò ��ûjüýó��
¥¦�§� ò¨Oª© ÿ�ù õ©ÿ�«
¥ Q $�÷Qõ©ÿ�Sh¬ ­ Q ô�ó�ôCS N ûjü ü®$�õ���ó�÷Ãÿ¨õ©þ��¯��ô�$ ü��¬õ©þ

&�')(�*,+-+/. 0}°



3547A A { 6C�±G y 8;�²476 � @³8§´ 4C:%µ

¶ ���¸·¹��� ÷�ójÿ ü �¬õ©þ�û�ùL��º \ M ù»� þP«E�
� ¥ � ��� üB��ûjülû�¬ ��� ��� ü 	 i 	
�§�¼�/����û�þ������½��üE� �¾���À¿ ø6üýó�q ��� ÿ ø½ÿ�ù¬ó�� Q ��� � ò ¿ øDüýó�qÁ� S
ù õ�� ù¬ûjüýó�þ/ÿ ø � ¥ ­�ÿ ø½ÿ�ù ó�� Q � ¥ ­Çþ�� S
ÿ¨õ©þ/ÿ���÷ ÷ ó�þjü¾�ló�þ���û�þ�� ÷�ójÿjóÁ�,Â½ó
�¯�P$P$½õ�÷5üf� õ�÷�þ6õ©þ¯·)�6õ©ôöõ
��ó�þ�ó¨õ/���^ÿ¨õ©ôºôm��þ�� ÿaûjü�� õJþ��
ÿ¨õ©þ�Ã��Ä�Ù÷ ûP�Ùù¬ó=��� ÷ ójÿ ü��¬õ©þ�ô ûP$¦$��!þ��
ÿ¨õ©þ/ÿ���÷ ÷ ó�þjüçü¨÷�û�þ���� ó�÷ û�ù õ©þ��Äõ�÷5üE�6õ
�Ùõ©þ�û�ù/�Y�!÷ ójÿ ü�� õJþ��

Å�Æ�Ç È¹É Ê¼Ë Ì¹Í Î É Ï Ð ÑÁÒ Æ Ò Æ Ó ÈÓ Í È¹É Ê¼Ë
Tx Node Rx Node

&�')(�*,+-+/. 0}Ô



�¨´ 4hÕ y 6¾Ö � :�@H@×Õ/ØÙ8e@ ~ 3547A A { 6C�±G y 8;�Ú4Û69J

Å�Æ}Ç

ÈÜÉ ÊÝË

Ì¹Í

Ó Í

ÈÜÉ ÊÝË ÑÞÒ Æ Ò Æ Ó ÈÓ Í È¹É Ê¼ËÎ É Ï�ÐÌÜÍ

Î É Ï Ð

☞
¥ � O N ·*÷ õT�jüýó��Äÿ¨õJô±ô���þ�� ÿaûjü�� õJþm��� ÷�ójÿ ü �¬õ©þ��

Q û�ù§ù�þ/óÁ�"�Ä�¦��õ�÷ß�Ëõ©þ��jø%$Ùó�÷ ÿ��P��ó�S

&�')(�*,+-+/. 0}à



yC~ @C� �m� � x @KJ×�²á76 �â@KJe8/J

]h$P$�ùã� ÿaûjü��¬õ©þ¿ÿ¨õ���ó�� �
\ � ÷ û/ÿä�C$Ùó�÷�ûjü õ�÷ Q �_� üE��q���� üE�Dõ/�jü MÄM � i S
å ûP����óçæI$¦��ûjühó
�¦�!þ�óaû½÷;]£ù,��ó���÷�û Q � ûEè�$ øÞ^Äé/û/ÿ¨õ/���ê^ ¡-¡-¡ S
¡-¡-¡

O N ��$�ójÿÁ�"Ã%ÿ�üýó��[ü�� �
	 õ©ôºôm��þ�� ÿaûjü��¬õ©þëbÃó ü}��õ�÷�« Q � þ/ÿ�ù � ó�÷ ÷Qõ�÷ß�Ëû�þ�����ó�ù¬û\øÁ�)S
ò8ó�ôöõ�÷(ø 	 õ©þjü¨÷Qõ©ù§ù ó�÷
]£÷2� üE��ô^ó ü��­ÿ��
	 û/ÿ��ìO û�þÁ�Jù»� þ��
i ó����¼�[üýó�÷
n��!ù ó
¡-¡-¡

	 õ�Â½ó�÷�û���ó �
ÿaû � ¶/í �§����î ]I� õ�÷ 	 ùã� þ/ó��
ÿaû � ¶ ��� í �§�§� û��#�ló�ô���ù øúùã�!þ/ó��
ÿaû � � í �§��� í ���§� ôÙ� ÿ�÷ õFÿ¨õ���ó¿ùã� þ/ó��

�/õ
���¼�[ü�� ÿ�� �
☞

ÿaû � �§� í ���§� í �§��� ÿ�ù õFÿ�« ÿ ø½ÿ�ù ó��
☞ � ­ �§� �ïº®O \ �����!ôm��ù¬ûjü��¬õ©þ ü �!ô^ó

&�')(�*,+-+/. ðÜñ



yC~ @C� �m� � ØÛGh�ò@óÖ { <ô@

õ q ¥���� � 	 õ©ù§ù¬ûP��õ�÷�ûjü��¬õ©þªû��J÷�ójó�ô^ó�þjü g bfn-bo· \ a Mtö ·��^÷U�*û ø
� ¥ q ¥��§� � l�÷Qõ/ü õ�üÚø%$Ùó�õ��f��õ�û½÷Ú��û�þÁ�÷��û/ÿ�«
$�ù û�þ�óï��ó�ù»�,Â½ó�÷�ó��
� q ¥���� � º®O \ �7��ó��E�"�Jþºõ
�f$�÷Qõ©ÿjó��R�hõ�÷ ÿ¨õJôm$�ù ó üýó��
ø q ¥����
¥ 	 ���ù$Ù���¼�Jþ¯· õ�!
ø q ¥����
¥ î ó��[üÉõ�� ¿ õ�û�÷Ú���_� üE� ��� lÑ÷QõFÿjó��R�ýõ�÷U�
ø q ¥����
¥ î ó��[üÉõ��¾lÑ÷Qõ/ü õ/üÚøY$�ó 	 ÷�ûjüýó Q õ ��� å nJù õ/$��)S

&�')(�*,+-+/. ðú0



yä~ @C� ��� � x @³ûf@B<Ú4 ~ A @B698 ü :�4 {ä~ J

ý � þì� ÿ 47A y �
] � �/õ©þ�û�÷²��õ n%�Ùþ/ÿ ü�� õJþ�û�ù M �!ôm��ù¬ûjü õ�÷
l � ºh�­ÿÁ� þ�� l ¿ ¬ ¿ û/ÿ�«
$�ù û�þ�ó
Q ] � ò �­ÿ��/ó�ù õ/ü ü���� � q ¥��§� � S º®� M g
�j� �

ý � þì� �[�ôJ y �
� � M û�÷5ü õ�÷2� º®� M g
n � M ÿ����p�Úû�þ6õ ��õ��ó·*ù¬ó Â½ó�ù M%N ^-� M ^ î ó��[ü��
i �Tî ÷2� $§�­ÿjÿÁ� õJþ�ó º®� M g
Q å � òªû��Íû�©¯©
������q ¥¦�§�§¥ S º®� M g Q n l×æªS
Q N � a�÷ ÷2� ÿ¨õ�� � q ¥����
¥ S º®� M g
Q î®� å �¬õ�÷ß�T� þ6õ��
	�q ¥���� � S î ó��[ü��
l%û½÷ ô�û�qJò �!ù¬û�þ6õ î ó��[ü��Þ^u�¦� ��÷�û�÷2�­ó��

þ=: y 6¾GI@ �
��÷ß�*û\ø î ó���ü���^ ¿ ó�þ/ÿ���ô�û½÷�«E��^`�¦� ��÷�û�÷2�­ó��
i ó�þ�þ/ó�� ]H�#�ló�ô��Ùù øÛ�C$ ü��!ô=�¼�ló�÷

x �çØ�� Õ�
 @ { 8;�ò@B6 �
O ��� û�ù¼��û��#� î ó���ü��
b � l�û��lÿ��/ó���û�� 	 ·[ÿ¨õJôm$��!ù ó�÷�^ î ó��[ü��
\ � l�ù óÁ� üýó�÷ î ó���ü���^/� M
O � M �!ô±ô û î ó���ü���^ î ]H�
·[ÿ¨õJôm$��!ù ó�÷

$�ù ���Ëû��P��� ü��¬õ©þ�û�ùFÿ¨õJþjü+÷}�ù�P�jü �¬õ©þ��=� ø \ �¦��þ�û�¬ ¿ �­ó�ù ó�� ó�ùÝ�

&�')(�*,+-+/. ðÜð



3 4ÛA ~ �Ü< y 8o�²476 3 � y �¹6

���������������
�����! "�$#"�$�%��&('��)*���+#"��,.-0/$�%�$���*1

�2�$3���'2�.4�����#��.56'7#
3���3.8"�:9"&(5;,65 &(5<�$�

�=97,<�$>�>2?(9��.56'7#
@BADC�EF'��"&(5;�=56����&(5;'�#
�='�/��:�G���='"/.��,>����$>=3�'�>��:�%�$�='"/��$,

, ��H���,���#"�$,<I$��5;�

?J�+'�#"&K��#�>-0&(�%�.���.L��*I$�=H�M 1H"�$3�)*�$#�>

�%�� 756��&N�$�O��,;,;'�3*�.&J5;'�#,<�$H"�$,��%�$��'�,;9"&(5;'�#
��3�8���>79�,;56#7 
3�'��=�7�%���.��5;'�#

?J97#�3*&(5;'�#"�$,��5;�=9�, �.&J5;'�#

rtc

sofan

mpp

nlcc

linkersf

shaker

*.zzt *.c

*.masm

*.masm

*.nex

*.nex

*.no

*.sasm*.sasm

✖
�[ülûP��ù ó@û�þ�� ��þ��pÃ�ó�� î ]I� û�þ�� 	 ó�þ�ÂP�!÷Qõ©þ�ô�ó�þ ü

✖
� ô�$�÷Qõ�Â�ó�� ù õ���·*ù ó Â�ó�ù�õT$jü�� ôÙ�"©6ûjü�� õJþ�� Q û��R�*ó�ôm��ù øÞ^�ôÙ� ÿ�÷QõFÿ¨õT�Ùó�S

&�')(�*,+-+/. ðQP



R ~ @B: y 8o�¹6òá ØmD9J-8Ä@BA

ò:û�� þ¿ó�ù ó�ô�ó�þjü¹� �
O õ
�[ü � � þjüýó�÷ �Úû/ÿjó®� õ�÷;� ù õ�� ÿ¨õ©þjü¨÷QõJùBÿ���û�þ�þ�ó�ù Q g ¥ 	 S
�½õÍõ�ü��[ü¨÷�ûP$Y^Jÿ¨õJþ�ÃT�/��÷�ûjü�� õJþY^�órèÙÿjó�$jü �¬õ©þ���û�þ��Jùã� þ�� ^e��ó��P���§�T� þ��

O õ
�[ü � � þjüýó�÷ �Úû/ÿjó®� õ�÷o�Úû���üh��ûjülûºÿ���û�þÙþ/ó�ù Q ¶ ü���ù»� þP«�S
�Úû��[üh��ûjüýû¿û�þ��÷$�÷Qõ§�J÷�û�ô g q��

b õ���ó � �*ó�÷jÂP�­ÿjóº÷ õT�jü�� þ/ó��
��ûjülûÄôöõ�ÂP�!þ���û�þ�� ÷QõT�jü�� þ��Öü õPqÞ�[÷Qõ©ô ¶ üE�úùã�!þ¦«

☞
� ójó�$=�E� ô�$�ù ó7���"�/�¯·*ù¬ó Â½ó�ù%�[ü¨÷��/ÿ üE�Ù÷�ó û��C� þÙ]_l×a�ôÙ� ù§ù ó

&�')(�*,+-+/. ð�1



þ��¹6 y < 3 � y <Ü<Ú@B6fá®@

i óTS/��� ÷�ó�ô^ó�þjüÉõ�� å ó�÷ ô�û�þë�VU 	 \ ÿ¨õ©ôºôm��þ�� üÚø � þ ¥���� � �
��� î n%ù õ/$�� Q $ÙóaûP«�S

QXW ¥�� ûP$�ó�bfaZY î i û/ÿ�«E� S

☞ []\_^]`ba�c!d egfh[ifkj]emln[]o]pN^ \]pq[rl�sutwvyx

☞ z{a}|=~��T��^�j�lZ��^�� egfh[]� eq�]^D[]pwf�egl�^

&�')(�*,+-+/. ð�w


