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K = 7 Faltungscode

Faltungscode Soft Decision
(7,4) Hamming code

(31,16) BCH code
(63,31) RS code
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;J®��
´ ) V ��µ V 9 � ¸¹ º Ë V ´ ) V � 9 � ÂzD=2&2�¶ ) V � 9 �"¬t*
45DF+�Ä�+.034 Õ ) V � 9�» �Ë Õ ) V � 9¶ ) V � 9 � ÂzD=2&2�¶ ) V � 9G¼�"¬ V 2&4ÇÄ�+.034 Õ ) V � 9Q½ � �·©
;ê©��

��03-�8�*3OJÆX2&*,¨ Õ ) V�� 9 EM-%/¤4&03-¤B3DF- V L1N�/.D
�<DFN&OJDF+K-K/ID=OMOJDF2&ÁY*,OJÆX2&*3¨¤;z��EMD ¨ V OG/IEMÁ5OMEMè�0S/.EJR3DF2�A2±R,D=+.-.D=2m4&D=+�� V OMOJ-K/.DFOMOJDF2i4&EJDF-KDF-�8�*,OGÆX2&*,¨!-�WYDF-%/IEJ¨á¨!DF2i4&EJD��<DFN&OJDF+.*3+K/ID�EJ2 Ô �ÒËÍ�³;

_(`:_(`1¾ ¿�ªGa¨À6aJÁ³Â�ryt�v t�kGn�d
��EMDá� V -%:  V N&+ V 2&B,D=2  V WYDF+���#�� #z*
45DF-�-.*,OJOMD=2
03¨ �zDFEJ-.Á&EJDFOz45DF-��·­
®,¿J®s½��K�T#��ó#z*
4&D=-
R,D=+.4&D V /IOJEML1N±/�ÂÃDF+K4&DF27;7��EMD¦�zOM*XL1è�O  032&B3D¦4&EJDF-KDF-�#z*X4&D=-�W�D³/I+  03B3/�­
®C�zEG/s¿Y4<0sR,*,2`-KEM2&4�®�½�zEG/C�A25:�*,W5EJ/I- V 2&4 ®�«¤8�+  V :�W&EG/I-F;���EMD=-.D=+t#z*X4&D¶EM-%/CEJ2ç4&DF+C��0SB,D¹W&EJ-qH V 4&+.D=E��<DFN&OJDF+bÜKD#z*X4&D=ÂÃ*,+K/�H V èS*,+.+KEMB,EJDF+.D=27;<��03-�Ä�DF2&D=+I0S/.*,+.ÁY*,OGÆ
25*,¨äOM0 V /.D=/s6

Ð ) � � - �0Ã 9 �ÒËÍ��� ®³P�ËwP�Ë V P�Ë � P�Ë ¸ P�Ë<Ä�P�Ë
ÅQP�Ë
ÆQP�Ë � É P�Ë ��� P�Ë �Ç¸
��-�-.*,OJO74<03-��A25:�*�ÂÃ*,+K/

Ö �ÌËÍ��� Ë�PâË�Ç
 V WYDF+%/I+I0SB,DF2uÂzD=+.4&D=27;Y��DF¨óD=2±/I-.Á5+.EML1N±/�4&EMD��ÃEJ/.:�*3OMB,D

�·���·¬¯�s®��1¬$�I¬$�s®��1¬¯�1¬$�1¬$�I¬$�1¬$�1¬¯�1¬$�1¬$�.¬$�1¬È�1¬��#É
��EMD�� V OJ/.EMÁ&OJEMè�0S/.EM*,2!R,*,2 Ö �ÌËÍ��¨áEG/ Ë ) � · � 9 D=+.B,EJW5/s6

Ö �ÒËÍ�îË �Ç¸ �AË �0Ã P�Ë � Æ�É
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ð�àñðMWYX Ù X ÌFÓXØ1Ñ
��DF+���EGRXEM-.EJ*,2&-K+.DF-%/TR,*,2 � Ö �ÒËÍ�îË �Ç¸ �.Ê Ð �ÒËÍ�zEM-%/s6

Ó �ÌËÍ�¨� ®pP�Ë
ÆQP�Ë ��� PâË � � PâË � Ç
�  V +T4&03-�#z*
4&D³Âz*3+K/�DF+.B3EMW5/T-KEML1N¤03OM-K*&6

Î �ÌËÍ�¨��®pPâË
Æ�PâË ��� PâË � � PâË � ÇQPâË �0Ã PâË � Æ
W&H³Â�;J6
�����%®��1¬¯�1¬$�1¬$�I¬$�1¬$�1¬¯�1¬$�1¬$�F®��1¬$�s®8�I¬$�s®8�F®��1¬¯�F®��1¬¯�I¬$�s®@�1¬$�1¬È�1¬$�1¬È�1¬$�1¬È�1¬$�1¬È�1¬$�.¬$�1¬��

²'EM+K4u2 V 2 Ô �ÌËÍ�¨� ®³P�Ë Æ P�Ë ��� P�Ë � Ç
DF¨!Á5:�0325B,DF27¿<-K*�DF+.B3EMW5/�-KEML1N¤03OM-��XÆX2&45+.*,¨

Ê �ÒËÍ�¨�U�)Ë�P·�ûË V P!� V Æ Ë � P·�ûË�ÇQP!� V�� Ë ¸ P·� V ÄDË Ã É
��DF+��ÃDF+.OJDFè�03¨!Á
>%�¤03-.-KD=Æ±>A��OMB,*,+KEJ/.N&¨ V -�O  0 V :�/�Â�EJD�:�*,OMB3/T03W76

� Õ ) V � 9 ´ ) V � 9 ¶ ) V � 9
¬ ® ® ®
® ®pPâË Ë � �
© ®³P�ËwP!� � Ë V � V Å ËwP·� V Å Ë V � V É
­ ®pP�ËwP!� �0Ã Ë V P·� � Ä Ë � > >

Õ ) Ã 9 � ®pPâË�P!� �0Ã Ë V P·� � ÄµË �� �%®pP·� � � ËÍ�[��®mP!� �0Ã ËÍ���%®pP·� � Æ ËÍ�
EM-%/�4<03-�B3DF- V L1N�/.D��<D=N&OMD=+.-K/.DFOJOMDF25Á�*,OGÆX2&*,¨�;S��-�WYDF-KEJ/IH³/�4&EMD�� V OJOM-K/.DFOJOMDF2Ë�¨� Å ¿8�¨�Ç¸ V 2&4��¨� V ¿4&D=+.DF2¤�A2±R,DF+K-.D¦-.EM254�� � � ¿�� �0Ã V 2&4�� � Æ ;&��03-��<DFN&OJDF+.ÁY*,OGÆ
25*,¨åEJ-K/�4&D=¨á2<0SL1N

Ï �ÌËÍ�¨�AË � � PâË �0Ã PâË � Æ
V 2&4�4<03-�B,D=-.L1N  0�/IH=/.DC#z*X4&D³Âz*,+%/�EJ-K/

"Î �ÌËÍ�¨� Ô �ÒËÍ��| Ï �ÌËÍ�¨��®pPâË
Æ�PâË ��� PâË � � PâË � Ç�PâË �0Ã PâË � Æ�É
�A2�4&DF+���03+K-K/ID=OMO V 2&B�03OJ-�­5®=>A	 V ÁYDFO·6
� � �%®8�1¬$�1¬$�I¬$�1¬$�1¬¯�1¬$�1¬$�I¬$�s®��1¬¯�s®��1¬$�I¬¯�s®��.¬$�1¬$�.¬$�1¬$�.¬$�1¬$�.¬$�1¬$�.¬$�1¬$�.¬$�1¬$�.¬$�1¬È�1¬$�1¬��
Ì � �·¬¯�1¬$�1¬$�I¬$�1¬$�1¬¯�1¬$�1¬$�I¬$�1¬$�1¬¯�1¬$�1¬$�F®8�1¬$�.¬$�s®��.¬$�1¬$�=®��1¬$�.¬$�1¬$�.¬$�1¬$�.¬$�1¬$�.¬$�1¬È�1¬$�1¬���� � �%®8�1¬$�1¬$�I¬$�1¬$�1¬¯�1¬$�1¬$�I¬$�s®��1¬¯�s®��1¬$�F®8�s®��.¬$�s®��.¬$�1¬$�=®��1¬$�.¬$�1¬$�.¬$�1¬$�.¬$�1¬$�.¬$�1¬È�1¬$�1¬���� � �·¬¯�s®��1¬$�I¬$�s®��1¬¯�1¬$�1¬$�I¬$�1¬$�1¬¯�1¬$�1¬$�I¬¯�1¬$�.¬��
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�zD³R,*,+$0 V :�4&EJDT��EM2&H=DFOMN5DFEJ/.DF2�4&D=+���DF03OMEJ-.EMD=+ V 25B�4&DF-$�T�Ç#z-ÃD=EM2&B,D=B±032&B3DF2CÂ�EM+K47¿,-K*,OMO
N&EMD=+4<03-�EJ¨ � V 2&è�2&D=/.H�R,DF+%ÂzD=2&4&D³/ID�8�03è3D³/.:�*,+K¨¹0�/jR,*,+KB,DF-%/ID=OMOJ/}ÂzD=+.4&D=27;±��W&W5EMOM4 V 2&B�­5;G®�H=DFEMBS/4&D=2¤� V :�W<0 V DFEJ2&DF-�8}0Sè3D=/.-F;

Sync Control
1Byte

NAV
1 Byte

Address
4 Byte

Len
1 Byte

Data
0-255 Byte

CRC
2 Byte

��W5W&EMOJ4 V 2&B�­5;G®,6<8�03è3D³/.:�*,+K¨¹0�/
��EM2i8�03è3D³/�W�D=-K/.DFN±/�0 V -z4&+.D=E�	�DFEMOJDF276X��¨ä�zD=B,EM2&2¹4&DF-T8�03è3D³/I-�Â�EJ+.4¶D=EM2&D���Æ
25L1N&+.*,25EM-I0�>
/IEJ*,2&-K-.D[� V D=2&H�B,DF-KDF2&4&D³/s¿±4<0S2&2t:�*,OMB,D=2t4&EMD�� V /.HF4<0S/.DF27¿�0S¨÷�
L1N&O V ��4&DF+$#���# ²�DF+K/F;±��EMD� V /IHF4&0S/ID=2 V 2&4¤4&DF+�#��T# ²�DF+%/�-KEM2&4�¨áEG/�4&DF¨ ��­5®,¿G®�½��K��#���#z*X4&D¼B,DFB3DF2  ��W�D=+K/.+I03BS>
V 2&B3-K:�DFN5OMDF+}B,DF-KL1N  V /IH³/s;jÏ3DTH³ÂzD=E<�ÃÆ�/IDÃÂzD=+.4&D=2�:  V +jDFEJ2�#z*
45D=ÂÃ*,+K/�H V -I03¨!¨!DF2&B,D³:�0��3/F¿S-K*,OMODFEJ2&D V 2&B3DF+I0S4&D���2&HF03N&O9�ÃÆ�/ID=-  V W�D=+K/.+I03B,D=2!ÂÃDF+K4&DF2�¿±-.*�Â�EM+.4tD=EM2�H V -  0S/.HFOMEJL1N&DF-$� V OMOJW�Æ�/.DDFEJ2&B,D³:  V B3/s;
��EMD�� V /.HF4<0S/.DF2áW�D=-K/ID=N&DF2¹0 V -�DFEJ2&DF¨þ-.DFL1N5-��ÃÆ�/ID�OM032&B,D=2�)�*3+.-.Á&032&2�:  V +���4&+KDF-.-KDF2 V 2&4��D³/IH³ÂzD=+.è±: V 2&è±/IEJ*,2&D=27¿�DFEM25DF¨ �$ÆX/.D3¿±4<0S-�4&EMDT��2&Hs03N5O&4&DF+$��0S/.DF2�W±Æ�/IDF-$0325B,EMW5/F¿ V 254!45DF2DFEJB,DF2±/.OMEML1N5DF2���0S/ID=27;���03-¼�  032&B,D=2�W�Æ�/.D V 2&4�4&EMD���0�/IDF2^è  *,2&2&D=2ç0 V L1N§DF2±/K:�03OMOJDF27;���0S-N  *,L1N5-K/AÂÃDF+K/.EMB,D¦�zEG/�4&DF-�DF+K-K/.DF2m�$ÆX/.DF-�HFD=EMB3/�032�¿<*,W���0S/ID=2u:�*3OMB,D=2�*X4&D=+T2&EML1N±/s;

Ð	æ[å ç -.:KJS'ÒÑ *F/&� [ *,#8' :�*,5D5���:
�  V +�4&D=2`� V +K-K/���*
4&DC#z*,2±/I+K*,OMOJDF+TÂ V +.45DqH V 2  03L1N&-%/�DFEJ2&Dq�ÃDF-.L1N5+.DFEJW V 2&BiEJ2Ç4&D=+���03+.4X>Âz03+.D=W�D=-.L1N&+KDFEMW V 2&B,-K-.Á&+.03L1N&Dq)�D=+.EMOJ*,BC������0 V :j��DFB3EM-K/.DF+�	�+I0S2&-K:�D=+���WYDF25D¼D=+.-%/IDFOJOJ/ V 2&44 V +KL1N �XEM¨ V OM0S/IEJ*,2ìB,D=/.DF-K/.D=/F;���EMDF-KD`�zD=-.L1N&+KDFEMW V 2&B Â V +.4&D^0325-.L1N&OJEMD[�3DF2&4 V 2±/ID=+¶)�DF+�>ÂÃDF2&4 V 2&B¤R3*,2§��*,B3EMè�-KÆX2±/IN&D=-.D³ÂzD=+.è�HFD V B,DF2 EJ2^D=EM2^�j8$Ä�� R,*,¨~	�ÆXÁ æ EMOMEJ2
P æ #êW±¬5®s­
EM¨!Á&OJDF¨!DF2±/IEJDF+K/F;
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�A2t4&EJDF-.D=¨þ��W&-.L1N&25EJ/./}Â�EM+.4t45D=/10SEMOMEJDF+%/}4&EJD�� V 2&è±/.EM*,2&-%ÂzD=EM-KDT4&DF-��T�Ç#z-jR,*,+KB,DF-%/IDFOJOJ/F;3��D=+)�DF+KEMOJ*,B������¤Å V D=OMOG/ID³PX/}èS0S2&2t��2&N&032&B��çD=2�/.2&*,¨!¨áD=2CÂzD=+.4&D=27;±��EJDÃ)�DF+KEMOJ*,B��ÃDF-.L1N5+.DFE >W V 25B`EM-K/qN&EMD=+I03+KL1N&EM-KL1N
EM2ç�¤*
4 V OMD¹0 V :�B,D³/IDFEJOJ/F;��A¨ :�*,OJB,DF2&45DF2§ÂÃDF+K4&DF2ÖÕ&ð�×�Ø�Ù¯ÚS2<03¨!DF2
0 V -á4&DF¨ )�DF+KEMOJ*,BçÅ V D=OMOG/ID³PX/áEM2'�XL1N&+.D=EMW&¨á03-.L1N5EM2&D=2&-.L1N&+KEJ:�/iB3DF-.D³/IH³/s¿gÛ�ÜÈÝ�Þzß 2&03¨áD=2ëEJ2-.D=+.EG:�DF2&OJ*,-.D=+��
L1N&+.EG:�/s;
��DF+��T�m# è3DF252�/�­t�zD³/I+KEMDFW5-.H V -K/  0S2&4&D369� V N&D=H V -%/1032547¿Y�
DF254&DFWYD=/.+.EMD=W V 2&4���¨áÁ5:�0S2&B,-%>WYD=/I+KEMD=W7;$��EJ2  ��W�D=+.B±0325B�R,*3¨ � V N&D=H V -%/103254�EM2 4&DF2'�XDF2&4&D=W�D³/I+KEMDFW Â�EM+.4ìR,*,¨ -%/ID V >DF+K2&4&D=2`�¤EJèX+K*
L=*,2±/I+K*,OMOJDF+�0 V -KB,DFO  *,-K/F¿<DFEJ2  ��W�D=+.B±0325BáEJ2�45DF2m��¨!Á5:�032&B3-.WYD=/I+KEMD=W¤D=+K:�*,OJB3/s¿
ÂÃDF2&2q03¨ ��¨!Á5:  032&B,D=+.D=EM2&B±0S2&B�DFEJ2¼8}03èSD=/10S25:�032&B�DF+KèS0S2&2±/�Â�EJ+.47;s��03L1N&45DF¨ D=EM2�è3*,¨!Á&OJD=/K>
/ID=-�8�03è3D³/�B,DF-KDF2&45D=/�W&H³Â�;�D=¨áÁ5:�0S2&B,DF2�Â V +.45D3¿�èSDFN&+%/�4&D=+��T�m#"EJ2Ç4&D=2`� V N&DFH V -K/I032&4H V +  V L1è9;T��EM2 ��W&W5+ V L1N 4&D=-i��¨áÁ
:�032&B,-KW�D³/I+.EJDFW&- V 2&4�45EM+.D=è±/IDF+!²§D=L1N&-.D=O�H V ¨ �XDF2&4&DQ>
WYD=/I+KEMD=W EJ-K/�¨  *,B,OMEJL1N7¿}45DF+á�
DF254&DFWYD=/.+.EMD=Wëè�032&2 4 V +KL1Në4&D=2ë��¨!Á5:  032&B,D=+OÜKDF4&*XL1Në2&EJL1N±/
V 2±/ID=+.W&+K*
L1N5DF2¤ÂÃDF+K4&DF2�;

µC

µC
par/

ser
CRC

Encoder

Sync-Sequenz

face

Inter-

Decoder Sync

Impuls-

formung

TX

RXTakt-

teiler

BMC

��W&W&EJOM4 V 25B�­5;ê©X6<�zOM*XL1è�-.L1N<0SOJ/IW5EMOM4u���m#

��2 ��032&4`4&D=-��zOM*XL1è�-.L1N<0SOJ/IW5EMOM45DF-�­
;ê©á-K*,OMO�2 V 2`4&DF+¼�XEMB,2<0SO�³ V �áEM¨ �
D=2&4&D³> V 2&4^��¨áÁ
>:�032&B3-.WYD=/I+KEMD=W�4&03+.B,D=-K/.DFOMOG/TÂzD=+.4&D=27;
�A¨ �
DF254&DFWYD=/.+.EMD=WmDF+KN  03OG/�4&D=+��T�Ç#  V W�D=+�4<0S-��¤EJèX+K*
L=*,2±/I+K*,OMOJDF+.EJ2±/IDF+%:�03LFD¼��0S/.DF2�W±Æ�/IDF-=;��EMD=-.D¶ÂÃDF+K4&DF2�EJ2
DFEJ2&DF2ì-.D=+.EMD=OMOJDF2ì�zEJ/.-K/.+.*,¨ V ¨áB3DF-.D³/IH³/ V 2&4ìR3*,¨ ��2&L=*
4&D=+áL=*
45EMDF+%/s;
Ä�OMDFEJL1N&HFD=EJ/.EMB`Â�EM+K4ë4&D=+¶#��T#å²�DF+%/¹WYDF+KDFL1N&2&D³/s¿Ã4&DF+á2<03L1N�4&D=2 � V /IHF4&0S/ID=2�B,DF-KDF2&45D=/Â�EM+K47;�)�*,+j4&D=2�� V /.HF4<0S/.DF2CÂ�EJ+.4tDFEJ2&DT��Æ
25L1N&+.*,25EM-I0�/IEM*32&-.-KD[� V DF25H�B,D=-.D=2&4&D=/F;±� V +KL1NtDFEM25D�A¨!Á V OM-%:�*,+.¨ V 2&B,-K-K/ V :�D¤Â�EM+K4�EM2 )�DF+.W5EM2&4 V 2&Bç¨!EJ/áDFEM25DF¨ D³PX/ID=+.2&D=2'	TEMD=:�Á&0����<OG/IDF+!DFEJ2
032&2  03N&DF+K2&4�B±0 V �3:  *3+.¨!EMB,D=-��X/ID V DF+K-.EJB,2<03O7:  V +T45DF2Ç�
DF2&45DF+�DF+.H=D V BS/s;
�A¨÷��¨!Á5:�032&B,-KW�D³/I+KEMDFW!4 V +KL1N&O  0 V :�/$4&DF+Ã��EM2&B±0S2&B,-.W5EJ/I-%/I+K*,¨þD=EM2&D��XÆX2&L1N&+K*,2&EJ-I0S/.EM*,2&-K-K/ V :�D
V 2&4�Â�EM+K4�4&032&2Ç45DFLF*X4&EJDF+K/F;9��DF+�4&D=LF*X4&EMD=+K/ID¼�zEG/I-%/I+.*3¨äÂ�EM+K4¤EJ2��ÃÆ�/IDF- V ¨!B,DF-KD=/IH³/ V 2&4
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032á4&EMD��¤EJèX+K*
L=*,2±/I+K*,OMOJDF+.-KL1N&2&EG/./I-%/ID=OMOMD�ÂÃDFEG/ID=+.B,D=B,DFWYDF27;
��DF+Ã#��T# ²�DF+%/z45DF+$DF¨!Á5:�032&B,D=2
� V /IHF4&0S/ID=2¤Â�EM+K4uW�D=+.DFL1N52&D=/ V 2&4�¨áEG/T4&D=¨  V WYDF+K/.+I03B3DF2&D=2`#��T# ²§D=+K/�R,D=+.B,OJEML1N&D=27;
��0CDFEJ2i	�D=EMOJ2&DFN&¨!DF+�03¨ó� V 2&è�2&D³/IH�2&EJL1N±/�B,OMD=EML1N&H=DFEJ/.EMB��XDF2&4&D=2 V 2&4���¨!Á5:�0325B,DF2uè�032&27¿-.EJ2&4t4&EJD�� V 2&è±/IEJ*,2&D=2tH V +�Á<0S+I03OJOMDFO >A-KDF+.EJDFOJO±��¨!-.D³/IH V 2&B V 2&4tH V +��zDF+KDFL1N&2 V 25Bq4&D=-$#��T#z-2 V +�D=EM2&¨á03O�R,*,+KN<032&45DF27;���EJ2mDFEJ2&-K/.DFOMOJW<03+KDF+��9+KD[� V D=2&H=/.DFEMOJDF+�4&EMD=2�/�H V +���+KHFD V B V 2&Bi4&D=-EM2±/.DF+.25DF2¹�XÆX-K/ID=¨q/10Sè�/.DF-Ã4&DF-Ã�T�m#z-=;
��EJDT����>��zEG/I+I0�/IDTWYD=/I+  03B3/�D=EM2���L1N±/ID=O�45DF+Ã�XÆX-K/.DF¨t>/10Sè�/K:�+.D�� V DF2&HS;

ª(`6a�`ba âbfpf�dQq#d�q�ãåäJæ	ç�è¨äéäpf�nëê�ä�fpì«ijhlkmfén�dBx�r�íît�x
��EMD�)�DF+.EJOM*,B������ü�zDF-KL1N&+.D=EMW V 25B"4&D=-����m#z- EM-K/ N5EMDF+.03+.L1N5EM-.L1N EJ2 �¤*
4 V OMD
B,D=B,OMEJD³>4&D=+K/s¿T45EMD DFEJ2&HFD=OM2&D=2"� V 2&è±/.EM*,2&-KDFEJ2&N&DFEG/ID=2 4&D=-Ç���m#z-¤D=2±/I-.Á5+.DFL1N5DF27;��A2 4&EJDF-KDF¨ ��2X>
/ID=+I03W5-.L1N&2&EG/./TÂ�EJ+.4u4&EMD=-.D¼Ä�OMEJDF4&D=+ V 2&B�0 V :�B,DFH=DFEJB3/ V 2&4�4&EJD�� V 2&è±/IEJ*,2&-KÂÃDFEJ-.D�4&D=-����m#z-DF+KO  0 V /IDF+%/s;�)�DF+.-KL1N&EMD=4&DF25D¤Â�EML1N±/.EMB,D¶	�DFEJOM-%Æ
-%/ID=¨áDi-KEM2&4 EM2çÂÃDFEG/ID=+.DF2 ��2±/.DF+I0SW&-.L1N&25EJ/./.DF2B,D=2<0 V D=+�WYDF-KL1N&+.EJDFWYDF27;���EJDF-KD �zDF-KL1N&+.D=EMW V 25B è�032&2 2&EJL1N�/�0 V :C0SOMOMDÇ��EM2&H=DFOMN5DFEJ/.DF2'4&D=+� V 2&è±/IEJ*,2!4&DF-Ã�T�m#z-ÃDFEM25B,DFN&D=27¿�N&EMD=+.H V -KDFE�0 V :745EMD�è3*,¨!¨!DF2±/IEJDF+K/.DF2�)�DF+KEMOM*3B¼Å V DFOMOG/IDQPX>/ID�EJ2���2&N<0325Bá� R,D=+KÂ�EJDF-.D=27;
��W5W&EMOJ4 V 2&Bq­5; ­CH=DFEJB3/z45EMD�*,WYDF+KDF2i��WYDF2&D=2u4&DF+���*
4 V OMN&EJDF+I0S+.L1N&EJD3;X��2¶4&D=+��
Á&EG/IH=D�-K/.DFN±/4<03-z�¤*X4 V OBïzð�ñS;X��-ÃW�D=EM2&N&03OJ/.D=/$4&EMD��¤*X4 V OJDóò Ü&¿zñ@ßDô	Ý$ò õ V 2&4}ñ	Üzöl÷S;X²'EJD�EJ2¹03OJOMD=2¹��*
4 V >OMD=27¿<4&EJD�ÂzD=EJ/ID=+.D¦��2±/ID=+.¨!*
4 V OMD�DF2±/.N<03OJ/.DF27¿<-KEM2&4�EM2øïzðRñ¦2 V +�)�DF+KW&EM254 V 2&B,D=2¤H³Â�EM-KL1N&DF24&EJDF-.D=2i��2±/.DF+.¨!*X4 V OMD=2 V 254¶è3D=EM2&D�OM*,B,EJ-.L1N&D=2¶� V 2&è±/.EM*,2&D=2¹4&D2�<2&EJDF+K/F;X��EMDF-KD�)�*3+.B,D=N&DF2&-�>ÂÃDFEM-KD¦EJ-K/�B  V 2&-K/.EMBt:  V +T4&EJD���*3B,EMè�-KÆX2±/IN5DF-.DS;

io core clkdiv

controlparserrx crc tx

bmc

��W&W&EJOM4 V 2&B!­5; ­
69�¤*X4 V OMN5EMDF+.03+.L1N5EMDC®
��EMDÃ��EM2
> V 2&4q� V -KB±032&B,-K-.EJB,2<03OJDÃR,*32uïzð�ñzDF2±/I-KÁ&+.D=L1N&DF2�4&D=2tD³PX/ID=+.2&D=2!��2&-.L1N5O  V -K-.DF2�4&D=-�T�m#z-=;7��EJDF-�-.EM254Ç2&D=W�D=2m4&DF2`�
EMB,2&03OMD=2Ç4&D=+��¤EJè�+.*XLF*,2±/I+K*,OMOJDF+K-.L1N&2&EG/./.-K/ID=OMOJD3¿<4&EJD¦4 V +.L1N4<03-$��*
4 V O�òùÜ�4&D2�<2&EMD=+K/ V 254áEJ¨���W&-.L1N&25EJ/./Ã­5;G®,; ©�W�D=-.L1N&+KEMD=W�D=2!Â�EJ+.47¿3:�*3OMB,D=2&4&D��
EJB,2<03OJD36

®�W



Ó�àÒß�W ÍXÞ1Ñ³Û�Ô^ÌFÓXØ X Ì{�<Û·ÞIÌ�Ï�ÏMØ³Þ
ð�Ø îzÚ�úY6Y��EJ2&B±0325BC:  V +�4<03-�D³PX/ID=+.2&D¼	�03è±/I-.EJB,2<03O·;
ï¯û5í8û,òY6���EM2ç��*�Â�>�8�DFB,D=Oz0S2§4&EJDF-.D=¨���EJ2&B±0325BÇ-.D³/IH³/C4&D=2
�T�m#þEJ2�D=EM2&D=2§4&D2�<2&EMD=+K/.DF2

� V -.B±0S2&B,-.H V -K/I032&4¤H V +  V L1è9;
ïjü ð�Ø�69��EM2&B,032&Bt:  V +�4<03-���¨!Á5:  032&B,D=+.-KEMB,2<0SO ;
ï¯û5î8û<ð�ýYð�Ø¯×Y6���EMDF-KDF-á� V -KB±032&B,-K-.EJB,2<03O�HFD=EMB3/¹0327¿$*,W�-KEML1N�4&D=+¶�T�Ç#åEM¨ ��¨áÁ5:�0S2&B,-%>

WYD=/.+.EMD=W WYD��&2&4&D=/F;z��-áèS0S2&2 R3DF+KÂÃDF254&D=/¶ÂÃDF+K4&DF2�¿ V ¨ 4&EJD$Ù�D=EJ/.è3*,2&-%/1032±/.D¤D=EM2&D=+
�zEG/ID=2�/.-.L1N&D=EM4 V 2&B,-.-KL1N<03OG/ V 2&B V ¨!H V -KL1N<03OJ/.DF27;

òÈü þOÿXòY69� V -KB±032&Bt:  V +�4&EJD�R,*,¨ ���m# DF+KHFD V B3/ID¦�zEG/.:�*,OJB,D3;
òÈü ñjÿ
ÚXí8û<6Ã��EMD=-.D=-¹8j² � � V -.B,032&B,-K-.EMB32<03O�4&EMD=2±/áEJ2ì)�D=+.W&EJ2&4 V 25B�¨!EJ/�D=EM2&D=¨ 	TEMD=:U>

Á<0����<OJ/.DF+iH V +���+KHFD V B V 2&B DFEJ2&DF-�032&2  03N&DF+K2&4 B±0 V �3:  *3+.¨!EMB,D=2 �X/ID V DF+K-.EMB32<03OM-¶:  V +4&D=2��
DF2&45DF+F;���EJD�Ä�+.DF25H=:�+.D�� V DF2&H!4&D=-¼DQPX/IDF+K2&DF2^	TEMD³:�Á<0����&OJ/ID=+.-�¨ V �uB,OMD=EML1N`4&D=+N<0SOMWYDF2��zEJ/.+I0S/.D�-.D=EM27;

��03-C�¤*
4 V Opñ�ß+ô4Ý$ò õu+KDs03OJEM-.EJDF+%/¦D=EM2&D=2çDFEJ2&-K/.DFOJOMW<03+KDF2§�9+KD[� V D=2&H=/.DFEMOJDF+=¿�4&D=+q4&D=2çEM2±/.DF+.25DF2�XÆX-K/.DF¨q/I03è±/Cí��<í îzÚ�ú¤45DF-��T�Ç#z-�DF+KHFD V B3/s;���DF+�	�D=EMOJDF+�è�032&2m4 V +.L1N ÜKDF45DqB,D=+I034&D Ù703N&OH=Â�EJ-.L1N&D=2 © V 2&4 ©,«3½§/ID=EMOJDF27;Ã��EMD ��Æ
-%/ID=¨q/103è±/K:�+.D[� V D=2&H^W�D³/I+  0SB3/i4<03-u0SL1N�/K:�03L1N&D 4&D=+�zEG/I+I0�/ID3¿
:  V +�©3¬tè�W&Á&-�03OM-K*�®s½,¬tè
��H3;
��EMD¼DFEJB,DF2±/.OMEML1N5DC� V 2&è±/IEJ*,2<03OJEJ/  0S/�4&DF-����m#z-�EM-%/�EM2�ñ	Üzöl÷ V 2&4`4&DF2mÂÃDFEG/ID=+.DF2^��2�/.DF+K¨á*S>4 V OJDF2¶WYDF-KL1N&+.EJDFWYDF27;����¼:�0��3/Ã4&EMD��
DF2&45D=: V 2&è±/.EM*,2&D=2iH V -.03¨!¨áD=27¿<ö��¦4&EMD���¨áÁ5:�0S2&B,-K: V 2&è,>/IEJ*,2&D=27;$��EMD¤�¤*X4 V OMD±ñ	Ü�����ölÜ$ß
	���
@ö��I÷�ö V 254 ñ@ö ñ¤ÂÃDF+.45DF2 -.*�ÂÃ*,N&O�:  V +i�XDF2&4&DQ>�03OJ-!0 V L1N:  V +T��¨!Á5:�032&B3-.WYD=/I+KEMD=W¶W�D=2  *3/.EMB3/F;Èñ4Ü�����ölÜ¯ß±W�D=-K/.EM¨!¨q/z45DF2��zD=/.+.EJDFW&-KH V -%/1032&4u4&D=-��T�m#z-=¿
��
@ö��I÷�ö�4&EJDF2±/¼H V +¦Á<03+I0SOMOMD=OG>@-.DF+KEMD=OMO�W&H=Â�;�-.D=+.EJDFOMO >AÁ<0S+I03OJOMDFO���¨!-.D³/IH³/ V 2&B V 2&4 ñ�ölñ!W�D=+.D=L1N
>2&D³/t4&DF2 #��T# ²�DF+K/qR,*,2 B,D=-.DF254&D=/.DF2ìW&H=Â�;jD=¨áÁ
:�032&B,D=2&DF2 8�03è3D³/IDF2�;���W&W&EJOM4 V 2&B`­5;�WHFD=EMB3/�45EMD��¤*X4 V OJD3¿j4&EJDi4&EMD��XDF2&4&D³: V 2&è±/IEJ*,2&D=2�0 V -%:  V N&+KDF27;���EJDu�¤*X4 V OMN5EMDF+.03+.L1N5EMDi4&D=+��¨áÁ
:�032&B,-%: V 2&è±/IEJ*,2&DF2�EM-%/�EM2i��W&W&EMOJ4 V 2&B!­5; ½�0 V :��
DFEG/IDt®�°C4<03+KB,DF-%/ID=OMOJ/F;

sync_seq switch_enc encoder

encctrl enc3116

switch_tx tx_pulsetransmitbitclk

tx

��W&W&EJOM4 V 2&B!­5;�W569�¤*X4 V OMN5EMDF+.03+.L1N5EMD�©

®�«
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��03-���*
4 V O�ï�ò �bñ�ß+ô�D=+.HFD V B3/�4&D=2¤�ÃEJ/./I03è±/���ð�ò îzÚ�ú¹:  V +T4&D=2¤�
DF2&45DFWYD=/I+KEMD=W7;���ð�ò îzÚ@ú¹EM-%/Â  03N&+KDF2&4Ç03L1N±/�8�DF+KEM*X4&DF2�4&D=-��XÆX-%/IDF¨¦/103è±/I-�:  V +�DFEJ2&D�8�D=+.EJ*
4&D¼03è±/.EJRY;<�A¨ª�
D=2&4&DFWYD=/.+.EJDFW
Â�EM+K47¿5ÂÃDF2&2���ð�ò îjÚ�úu0Sè�/.EJRiEJ-K/F¿&DFEJ2�25D V D=-��zEG/�B,DF-KDF2&45D=/s;
��EMDÇ��W&OM0 V :�-K/.D V D=+ V 25Bì45DF-¤�
DF254&DFWYD=/.+.EMD=W&-u:  V N&+K/u4&03-��¤*X4 V O���ö�
����KðYò �¶4 V +.L1N7;���EM25D ��WYDF+%/I+.03B V 2&BuÂ�EM+K4^R3*,¨��¤*X4 V OmòùÜ�4 V +KL1Nç4<03-q�
EJB,2<03Ozí�ò$Ù,ï±ò òÈü`B,DF-%/103+%/ID=/F;���ö�
����#ðóò �O  *3-K/�4&032&2iH V DF+.-%/�4&EMD^ ��WYDF+%/I+I0SB V 2&BC45DF+��XÆX2&L1N5+.*,2&EJ-I0S/.EM*,25-.-.D�� V DF2&H¦0 V -=;&��032&03L1N¹Â�EM+K44&D=+���25LF*X4&DF+tB,D=-K/I03+K/.D=/ V 2&4 4&EJD¶DFEJB,DF2±/.OMEML1N5D¶��0SL1N&+.EJL1N�/!WYDFB,EJ2&2±/s;}��DF+t��2&L=*
4&D=+C:�*,+%>4&D=+K/�4 V +.L1Nøû8ØYî ñ
þjÚjÚáDFEM2Ç��0S/ID=2�W&EJ/�032 V 2&4���ö�
����KðYò �TDF+KHFD V B3/�45EMDq�
EMB,2&03OMD�òÈü í���ð���ò
V 2&4 òÈü ï��mH V ¨ �
L1N&EJDFWYDF2§W5H=Â�;���034&DF2^4&D=-¼Á&03+I03OJOMD=OG>A-KDF+KEMDFOJO���¨!-.D=/.HFD=+.-F;���03-¦�¤*X4 V O
��ö�
����KðYò ��ÂzD=+K/ID³/C4<0S-¦N  *3L1N&-K/AÂÃDF+%/IEMB3Di�zEJ/¼4&D=-qD=+.-K/.DF2  V W�D=+K/I+.03B,D=2&DF2
�$ÆX/.DF- V 2&4§B3DFB,DQ>WYDF2&D=25:�03OMOJ-C4<03-t-KEMD=W5/IDu�ÃÆ�/.Du0 V -F¿ V ¨ 4&EJDi�  032&B,Di45DF-�H V -.D=2&4&D=2&4&DF2ë8}03èSD=/.-!H V W�DQ>-K/.EM¨!¨áD=27;���0SL1N¹4&D=+z��03L1N&+.EJL1N±/zÂ�EM+K4á25*
L1N¶45DF+z#��T# ²§D=+K/  V WYDF+K/.+I03B3DF2 V 2&4¹4<0S2&2¶4&D=+�
D=2&4&DFWYD=/.+.EJDFWÇWYDFD=2&4&D³/s;
��03-q�¤*X4 V O��! ��Oñ �I÷#"^D=+.H=D V B3/q4&EMD¹�XÆX2&L1N&+K*,2&EJ-I0S/.EM*,2&-K-.D�� V DF2&HS;���DF+q��25LF*X4&DF+¼:  V +¦45DF2�·­
®,¿J®s½��K�T#��"#z*
45D�EM-K/zEM2¶45DF¨å�¤*
4 V O�÷��Oñ	ÜÈÝz÷@ö V 2&4i45DF2uH V B3DFN  *,+KEMB,D=2i��2±/.DF+.¨!*X4 V OMD=2+.DF03OMEJ-.EJDF+K/F;&��D=+���25LF*X4&DF+TÂ�EM+K4¤EJ2i��W&-KL1N&2&EG/./�­5;J®3; ­tB,D=2<0 V D=+�WYDF-KL1N&+.EJDFWYDF27;
��EMDT�¤*
4 V OMD$�&%(ò �bñ(' ÷��Oñ V 2&4)�&%(ò �bñ�' ����-K/.D V D=+.2á4&DF2!��0S/.DF2P³ V �¼EJ¨÷�
D=2&4&D=W�D³/I+.EJDFW7;���0S-
�¤*X4 V O*��� �zÞzß �I÷�D=+.HFD V B3/�DFEJ2iÁ V OJ-KÂÃDFEJ/.DF2&¨!*X4 V OMEJDF+%/IDF-T�
EMB,2&03O7¨!EJ/�45DF¨óEJ2¶)�DF+.W5EM2&4 V 2&B¨!EJ/�DFEJ2&DF¨ DQP
/.DF+K2&DF2C	TEJD=:�Á<0����<OJ/.DF+�DFEJ2C03252  03N&D=+.2&4CB,0 V �3:  *,+K¨áEJB,DF-���/ID V DF+.-KEMB,2&03O±:  V +�45DF2�
D=2&4&DF+�DF+KHFD V B3/�ÂzD=+.4&D=2Çè�032&2�;

io

parser

crc switch_enc

transmit sync_seq

encoder

switch_tx

bitclk

tx_pulse

tx

tx_out

tx_pulse

start_sync

sync_ready

start_tx

tx_shift

start_enc

enc_poll

tx_rd

+-,.,./10�2.3.4�576�8:9<;>=�/�5?4.@A01BC3�DE/�FG=�HI4.2�HI,>H#JLKM/�H#,

+�,�,./�012.3.4.5�6�8:9ON?H#KP2.H#3�JL01/�QSR�JE2C@(TVU*3.TP@AF)FWHI4�XY/1KPZAH#4[2.H#K\N?H#KPTMQSR./�H#2.HI4.H#4^]`_�2�3.0�H)/�F
=�H#4.2.HI,>H#JPKP/1HI,a8
b 4c+-,.,./10�2.3.4�5-6�8
dY/�T!Je2�/�H�]`_<2.3.0�R�/�HIKP@AKPQSR�/�Hf2.H#KhgfFWi�jk@A4.5?T!jl3.4.Z�JL/1_?4.H#4c2C@AKM5?HIT!JLH#0�01JI8�mn/�H
gfF)i�jk@A4.5?T!jl3.4.Z�JL/1_?4.HI4oTM/�4.2o3�4�JPHIK!JLHI/101JO/14p2./1Hq,rH#/�2.H#4o5?KP_AD?HI4tsu0wv_?QSZAHxmnH#QI_<2.HIKy3.4.2
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=<�<4.QSR.KM_?4./1TL@(JP/�_?4a��2.H#4.HI4�2./�H�]`_<2.3.0�H����I�#��������3�4.2p�������`FW/1JW/�R�KPHI4^�-4�JPHIKPFW_<2.3.0�H#4
HI4�JPTPi.KMHIQSR.H#4a��TP_�XY/�HO2C@(TW]`_�2�3.0����#�I��� ���A�h2C@ATV2.H#4 �#HI/¡JL0�/1QSR.HI4¢+�,.0�@A3�j�2.HIT7gfFWi�jk@A4.5AT
TMJPHI3.H#KMJI8�mnHIQI_<2.H#Kf3.4.2)=<�<4.QSR.KM_?4./�TP@(JL/1_?4EX�HIKP2�HI4y/14E2.H#4)+-,.TPQSR.4�/1JPJPHI4)6�8 z 8¤£¥,��#X¦8�6�8 z 8¤d
5?H#4C@A3.H#K�,>HITMQSR.KP/1HI,>HI4a8

rx

receivesync decoder

ncosyncctrl edgedet lp_fil decctrl syndrom errloc chien decbuff

errctrl synreg kreg dreg gfmac nreg

+�,.,./10�2.3�4.5W6�8
d�;§]`_<2.3.0�R�/�HIKP@AKPQSR�/�H¥6

mn/�H�=���4�QSR.KP_?4�/�TL@�JL/�_A4)H#KPZAH#4.4�J$¨e@AZAH�JS@A4�jMv@(4.5?H-@A4y©-@A4.2)2.HIK�=<�<4.QSR.KM_?4./1TL@(JP/�_?4.TMTPH#ª<3�HI4.�
3.4.2cTMJS@(KMJLH�J«2C@(KL@A3�j.2.HI4VgfFWi�jk@A4.5ATP,>H#JLKM/�H#,E2.3.KMQSRE¬�­ ®�¯.°?¬�¯>8A�������u01/�H#jlH#KMJ±2.H#4EHIFWi�jk@A4�²
5?H#4.HI4³s�/1JLT!JLKM_?F´3.4.2q2�HI4qK v3.QSZ�5?H#X�_?4.4.H#4.HI4�su/¡JPJL@AZ�Jn@A4`2.HI4qmnHIQI_<2.H#KI8rmnHIK-mnHIQI_<2.H#K
ZA_AKPKP/15?/�H#KMJ¶µ§H#R.0�H#K$/�F·HIFWi�jk@A4.5AHI4.H#4`s�/1JLT!JLKM_?F¸3.4�2��#HI/15AJY2.3.KMQSR�¹�°�º�»�¼½@A4a�._?,�@A4�TMHI/¡²
4.H#FG+�3.TM5�@A4.5W5*v3.0¡JL/15?H¥m¥@(JPHI4�@A4.T!JLHIR�HI4a8

io

parser

crc

receive

decoder sync

rx_wr

rx_shift

valid

rx_start

shift

data
rx_in

rx

+�,.,�/�0�2�3.4.5W6�8
¾�;§=�/15?4C@A0¡BC3.DV/�F¸gfF)i�jk@(4.5?TP,>H#JPKP/1HI,
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5?H#4.HI4ym¥@(JLH#4y3.4.2)5?HI5AHI4�,rH#4.HI4�jk@A0�01T�2C@(T�TM/�HI,�JLH-s���JLH-@A3.TI��3.FË2�/�H-Ì�v@(4.5?HY2.HIT�HIFWi�jk@A4�²
5?H#4.HI4`¨h@AZ(H#JPT��I3�HIKMF)/¡JPJPHI0�4*8
+�,�,./�012.3.4.5W6�8
¾E�IHI/15AJY2C@AT-U*3.TP@AFWF)H#4�XY/1KPZ(HI4�2.HIK-]`_<2.3.01H¥/�FGgfFWi�jk@A4.5ATP,>H#JLKM/�H#,a8
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mn/�HV=<JLH#3.HIKM3.4.5�2.HITÊs$]qäuT¦H#KMjl_?015AJn2.3�KPQSR�HI/�4�HI4å]`/�Z�KM_�Q#_?4�JLKP_A0�0�H#KI8*m¥@AT¥su3.TM/�4�JLH#KMjk@AQ#H
2.H#TOs$]qäuT½/1TMJ)ZA_?FWiC@(JP/�,>HI0Y�I3�2.HI4t]�/�Z�KP_<QI_?4�JPKP_?010�HIK!jk@AFW/�0�/1HI4¢æ?ç�9 z 3.4.2oè-g�ä�¾Aæ(Z>8
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õmÈ�Í]K	Û~É�Ø~È�ÚÙäåßãÉ�ËTÈ�Ú�Üêß�ÈÊÍ,ß	÷�ßãÍ,Î-ßdæTÈÊÜ���õmÉ�ßãæbßãÍ7ÜÝß�Í��,ïãðóÈÊÚ�Õ`Ö,ßãÍ�Ë�ß�Í,ßãÍ�ïDðcßãÈ�FPßãÕ`Ö,ß�Í�Ø-ç¯ß ý×ÝÛ�ÜÝÈ�Ø~Í,ß�ÍbË,ß98�Í�È�ß�×�ÜcÚÙÈ�Í,ËfÌ,Í,ËfË�È�ßPË,È�ß�æfÛJÜ�Ö,ß�æbÛJÜ�È�Ú�Õ`Ö�ß�Ó5ÜÝ×�Ì�é5Ü�Ì,×cßãÈ�Í,ßãÚzlTëØ-×Ùç¯ßã×�ÚcÇ�È�É�Ë�ß�ÍIÐá Íø�Ùß�Ë,ßãæSKd×�Ì,Í�Ë,É Û~Î~ß�Í7ðcßã×�é�ïãÌ,× úcØ)Ë,È�ßã×�Ì,Í,Î~ÚÙÜÝÖ�ß�Ø-×ÙÈ�ß�8�Í�Ë,ßãÜ Ú�ÈÊÕ`Ö�ß�È�Í�ÛJÌ,ÚÙä`ëÌ,Ö�×�É�ÈÊÕ`Ö,ß�Ú@l	Û�ýç,ÈàÜÝß�Éþï�Ì|KgÛ~ÉÊØ-È�Ú�äåß�ÉÊË,ß�×ÙÍIÐá æSFPÛ~Ö,æTß�Í�Ë,ÈÊß�Ú�ßã× ÿ�È�ç,ÉÊØ-æfÛJ×�Ç1ß�ÈÊÜWÚ�ÈÊÍ,Ë�Í5Ì,×�Ë,È�ßuK	Û~É�Ø-ÈÊÚÙäåßãÉ�Ë,ßã×¹K	íöv$H-y�Ì,Í,Ë�KgíövÈI	H-y�Þ~Ø-ÍùcßãË,ß�Ì�Ü�Ì,Í,Î,Ð%K	íöv$H-y�ßãÍ5Ü�ÖOëÛ~ÉàÜcË,ÈÊßPõ�ÉÊß�æTß�Í7ÜÝß���1��B3��h�~Ë,È�ß � ç¯ßã×ÝÛJÜ�È�Ø-Í,ßãÍ�� Ì�Í,Ë��5Ú�ÈÊÍ,ËbðóÈÊßäåØ-ÉÊÎ~Ü¬Ë,ß'8�Í,È�ßã×ÙÜ�Ò
� 1 3 � 1 31 1 3 1 1 13 3 1 3 1 3

K	íöv#I	H�y�ðóÈ�×ÙË Û~Ì,Ú¬Ë,ßãæ ç,×ÙÈ�æTÈÊÜÝÈàÞ-ßãÍ�õmÉ�ßãæbßãÍ5Ü��öÌ,Í,Ë Ë,ß�æ ÷�È�Í,ÈÊæfÛJÉ�ç1Ø-ÉÊÔ)Í,Ø-æV3��������
� � éJØ-Í,ÚÙÜ�×�Ì,ÈÊß�×�ÜAÐóõmÚ Ú�È�Í�Ë ïDðcßãÈdÞ-ß�×ÙÚ�Õ`Ö,ÈÊß�Ë,ßãÍ,ß ÿdÛJ×�ÚÙÜ�ß�ÉÊÉ�Ì,Í,Î~ß�Í Þ-Ø~Í�K	íöv#I-H-ybæûëØ-Î-É�ÈÊÕ`ÖIÒõÎ�Yç¯Ø-Í�ß�Í7ÜÝÈ�Û~ÉàýOÌ�Í,Ëfè�Ø-ÉÊÔ)Í,Ø~æTäåØ-×Ùæ�ÐJükÛJÇ¯ßãÉ�É�ßcÆ�Ðx3Pïãß�ÈÊÎ~Ü�Ë,È�ßóÿdÛJ×�ÚÙÜ�ß�ÉÊÉ�Ì,Í,Î~ß�Í�Þ-Ø~ÍGK	íöv#I-H-yDÐükÛ~Ç1ß�ÉÊÉ�ßdÆ�Ð{3-Ò,ÿdÛ~×�Ú�ÜÝß�ÉÊÉ�Ì,Í�Î�Þ-Ø-ÍÛKgíövÈI	H-y

 "!$#&%('�)*'(+-,/.10/23%5476 89%:0/;�'<%:6=23%54�6 >?,@+-6BA�CD+E)*4
1 1 1-1�1-1-1
��F 3 1-1�1-1%3
��G � 1-1�1%3s1
� � � � 1-1>3s1-1
��H �<H 1%3B1-1-1
�<I ��I 3s1�1-1-1
� � �<� � 3 1-1>3s1%3
��J �<H �K� 1%3B1%3s1
�ML � I �K� � 3s1>3s1-1
��N �<H&�K�<� � 3 1%3�3s1%3
��O � I �P� H �K� 3-3B1%3s1
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ükÛ~Ç1ß�ÉÊÉ�ßdÆ�Ð{3-Ò,ÿdÛ~×�Ú�ÜÝß�ÉÊÉ�Ì,Í�Î�Þ-Ø-ÍÛKgíövÈI	H-y

 "!$#&%('�)*'(+-,/.10/23%5476 89%:0/;�'<%:6=23%54�6 >?,@+-6BA�CD+E)*4
�&G F ��I � 3 3s1�1-1%3
� GSG � � �K�T� 3 1-1>3-3-3
�&GU� �<H&�K�<�V�K� 1%3�3-3s1
� GUH � I �P� H �K� � 3-3�3s1-1
�&G/I ��I��P�<H&�K�<� � 3 3-3�3s1%3
�&G � ��I��P�<H&�K�<�V�K�T� 3 3-3�3-3-3
�&GUJ ��I��P�<H �K�T� 3 3-3B1%3-3
�&G L ��I �K�T� 3 3s1�1%3-3
� GUN �T� 3 1-1�1%3-3
�&G O �<�V�K� 1-1>3-3s1
� � F � H �K� � 1%3�3s1-1
�<�WG ��I��P�<H 3-3B1-1-1
�<�S� ��I �K�<� � 3 3s1>3s1%3
�<�SH �<H&�K�<�V�K�T� 3 1%3�3-3-3
�<�3I ��I��P�<H&�K�<�V�K� 3-3�3-3s1
� � � � I �P� H � 3 3-3B1-1%3
�<�SJ ��I �K�<�V�K�T� 3 3s1>3-3-3
� � L � H �K�T� 3 1%3B1%3-3
�<�SN ��I �K�<�V�K� 3s1>3-3s1
�<� O �<H � 3 1%3B1-1%3
�<H F ��I �K� 3s1�1%3s1

ÿ�È�ß�Æ�Ë,Ë,ÈàÜÝÈÊØ-Í È�Í]K	íöv#I	H�yñðóÈ�×�Ë æTÈÊÜ¬Ë�ß�×PèWØ-ÉàÔ)Í,Ø-æ�äåØ-×�æzÛ~Ì,ÚÙÎ-ßãä`ëÌ,Ö�×ÙÜAÐ;õmÚPÎ-È�ÉàÜAÒ
X Y X F � X G �Z� X � � � � X H � H � X I � I[ Y [ F � [ G �\� [ � � � � [ H � H � [ I � I
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X Y � ^
[ Y � _

X � [ Y �&d ^§µ _]e-f�gih HWG

5��


