

�

�


� �����#��� � ���!��� ���#!����!

��! #�� ������� 	
������ �����%�!

�� � ������� ����


�#!��$�#���

!,-6 %33/-'%7-21 127) ()6'5-&)6 % 5)*5%0) '21752//)5

*25 7,) �<35)66 �$����� ��!�-1. �)')-9)5�  !,)

35-0%5< *81'7-21 2* 7,) '21752//)5 -6 72 021-725 7,)

�)')-9) "-2/%7-21  <0&2/ 287387� �" � *520 7,)

�$����� -1 25()5 72 ()7)'7 *5%0-1+ )55256 %1(� 81>

()5 7,) '255)'7 '21(-7-216� %66)57 7,) �)*5%0) 6-+>

1%/� ��� 72 7,) �$������  !,) '21752//)5 *81'7-21 -6

()6-+1)( :-7, % 67%7) 0%',-1)� % *): '2817)56� %1(

620) ()'2() /2+-'�  �// %5) -03/)0)17)( -1 "���

%1( *-7 -172 % �<35)66 �$����
 ��>0%'52')// ��� �

�����  !,) );%'7 -03/)0)17%7-21 -1 7,-6 %33/-'%>

7-21 127) 0%.)6 6)9)5%/ %668037-216 %&287 7,) 1);7>

,-+,)5>/)9)/ '21752//)5 7,%7 0%< 127 &) 81-9)56%//<

%33/-'%&/)�  �2:)9)5� 7,) 6285') '2() *25 7,) ()6-+1

-6 3529-()( -1 �33)1(-; � %7 7,) )1( 2* 7,-6 %33/-'%>

7-21 127) 62 7,%7 02(-*-'%7-21 %1( '86720-=%7-21 *25

27,)5 -17)5*%')6 -6 )%6-/< 3266-&/)�

��& ���!����� �" ����""�!&

!,) �$����� %1( �$����� ��!�-1. !5%160-77)5

%1( �)')-9)5 %5) % 3%-5 2* ',-36 *25 ,-+,>63))(

32-17>72>32-17 6)5-%/ (%7% '20081-'%7-21�  !,)

�$����� -6 7,) 75%160-77)5� %1( 7,) �$����� -6 7,)

5)')-9)5�  !,) �$����� 7%.)6 -1 %1 �>&-7 &<7) %7 %

*5)48)1'< &)7:))1 
� %1( �� ��=� )1'2()6 -7 -172


	 &-76� (2)6 % 3%5%//)/>72>6)5-%/ '219)56-21� %1(

7,)1 75%160-76 7,) 6)5-%/ (%7% %7 7)1 7-0)6 7,) &<7)>

5%7) '/2'. �%&287 
�	 72 ��	 �)+%&-76 3)5 6)'21(

��&36���  �7 7,) 27,)5 )1( 2* 7,) /-1.� 7,) �$�����

5)')-9)6 7,) 6)5-%/ (%7%� (2)6 % 6)5-%/>72>3%5%//)/

'219)56-21� 81)1'2()6 7,) (%7% &%'. -172 -76 25-+-1%/

*250� %1( 6,-*76 7,) �>&-7 3%5%//)/ (%7% 287 %7 7,)

6%0) &<7)>5%7) '/2'. *5)48)1'< 86)( &< 7,) 75%16>

0-77)5�  ��27)�  7,) ',-36 '%1 %/62 75%160-7 %1( 5)>

')-9) 
	 &-76 2* 81)1'2()( (%7%�  �25 % *8// ()6'5-3>

7-21 2* 7,) )1'2(-1+ %1( ()'2(-1+ *81'7-216� 6)) 7,)

�$��������� (%7%6,))7��

!,) .)< )/)0)17 -1 7,) (%7%>%1(>'/2'.>5)'29)5< '-5>

'8-7 21 7,) 5)')-9)5 -6 7,) ���� -�)�� 3,%6)>/2'.)(

/223� 21 7,) ',-3�  �7 -6 75-++)5)( &< 7,) 75%16-7-216

-1 7,) -1'20-1+ (%7% 675)%0� %1( -7 -6 86)( 72 &27,

6)3%5%7) 7,) (%7% 675)%0 -172 -1(-9-(8%/ &-76 %1( 72

+)1)5%7) 7,) &<7)>5%7) '/2'. +2-1+ 287 2* 7,) ',-3�

�1') 7,) ��� %',-)9)6 6<1',521-=%7-21 :-7, 7,) -1>

'20-1+ 6)5-%/ (%7% 675)%0 %1( -6 5)')-9-1+ &-76 3523>

)5/<� 7,) 5)')-9)5 0867 &) +-9)1 % 5)*)5)1') 32-17

7,%7 :-// 6)7 7,) &<7) &281(%5-)6 -1 7,) &-7 675)%0�

!,-6 -6 (21) &< 7,) *5%0-1+ '-5'8-75<�  #,)1)9)5 7,)

5)')-9)5�6 �� �5)*5%0)� -1387 -6 %66)57)(� 7,) 5)>

')-9)5�6 *5%0-1+ /2+-' :-// ',)'. 7,) -1'20-1+ &-7

675)%0 *25 7,) 63)'-%/ 3%77)51 7,%7 ()*-1)6 % &<7)

&281(%5<�  #,)1 7,-6 -6 *281(� 7,) 5)')-9)5 /2+-' 6)76

% 5)*)5)1') 32-17 %1( 6-03/< '28176 &-76 *520 7,%7

32-17 21 62 -7 '%1 3523)5/< );)'87) 7,) 6)5-%/>72>3%5>

%//)/ '219)56-21 21 68&6)48)17 &<7) &281(%5-)6� %1(

3523)5/< %/-+1 7,) &<7)>5%7) '/2'. 5-6-1+ )(+)�

!,86� *5%0-1+ -6 %/:%<6 5)48-5)( :,)1 7,) 5)')-9)5

&)+-16 5)')-9-1+ (%7% *25 7,) *-567 7-0)� )-7,)5 %7

32:)5>83 25 %*7)5 6:-7',-1+ *520 21) 75%160-77)5

6285') 72 %127,)5�  �)5-2(-' 5)*5%0-1+ 0%< %/62 &)

1)')66%5<� ,2:)9)5� (8) 72 27,)5 '21(-7-216�  �* 7,)

��� +2)6 287 2* /2'.?7,%7 -6� -* -7 /26)6 -76 6<1',52>

1-=%7-21 :-7, 7,) -1'20-1+ 6)5-%/ &-7 675)%0 *25 %1<

5)%621� 7,) 5)'29)5)( (%7% :-// &) )5521)286 %1( 7,)



	������ ���������� ��� ��� ������� 	���� ��

��		�

,8'3/4- (5;4*'8? /4,583':/54 =/22 (+ 259:�  �4)+ :.+

��� -+:9 (')1 /4:5 9?4).854/@':/54 =/:. :.+ /4)53A

/4- (/: 9:8+'3� /: =/22 (+ 4+)+99'8? :5 ,58)+ :.+ 8+)+/<A

+8 :5 8+,8'3+ /4 58*+8 :5 8+A+9:'(2/9. :.+ 6856+8 (?:+

(5;4*'8? 65/4:�

����� 	

 �� ���! ���� �� 	������

".+ ��� 5;:A5,A25)1 )54*/:/54 )'4 (+ *+:+):+* (?

:.+ (+.'</58 5, :.+  #! 5;:6;: 5, :.+ �%����� 8+A

)+/<+8�  ".+ �%����� '99+8:9  #! =.+4 /: *+:+):9

'4 +8858 /4 :.+ (/: 9:8+'3�  �4,8+7;+4: +88589� *;+ :5

8'4*53 45/9+ /4 :.+ +4</8543+4: 58 '::+4;':/54 (?

:.+ :8'493/99/54 3+*/;3� ,58 +>'362+� '8+ +>A

6+):+* '4* *5 45: 4+)+99'8/2? 3+'4 :.': :.+ ��� /9

5;: 5, 25)1 58 :.': :.+ *':' 4++*9 :5 (+ 8+,8'3+*�

"55 3'4? +88589 /4 :55 9.58: ' :/3+ /4*/)':+9 :.':

:.+ ��� .'9 259: 25)1 '4* 8+,8'3/4- /9 4+)+99'8?�

".+ (+4).3'81 ).59+4 /4 :./9 )54:8522+8 /9 	� +88589

5));88/4- /4 ' 6+8/5* 5, �� (?:+9�  �, :.+ )54:8522+8

)5;4:9  #! '99+8:+* 	� :/3+9 *;8/4- ' ��A(?:+ 6+8/A

5*� /: =/22 '99;3+ :.+ ��� .'9 259: 25)1 '4* =/22 '9A

9+8:  � :5 :.+ 8+)+/<+8 :5 ,58)+ /: :5 8+,8'3+�

".+ 	�A5;:A5,A�� (+4).3'81 /9 953+=.': '8(/:8'8/A

2? ).59+4� (;: /: /9 0;9:/,/+* (? :.+ ,'): :.': =.+4 :.+

��� /9 /4 25)1� ?5; =5;2* 4583'22? +>6+): :5 9++ 9/-A

4/,/)'4:2? ,+=+8 +88589�  ".+ ,'): :.': 	� 5;: 5, �� /9

:.+ )8/:+8/' ;9+* *5+9 45: 3+'4 :.': 	
 5;: 5, ��� 58

	� 5;: 5, ��� +:)�� '8+ '))+6:'(2+ +8858 8':+9 '4* :.':

:.+ ��� /9 45: 5;: 5, 25)1 /4 :.+9+ )'9+9 '9 =+22�  �;:�

/: /9 ,'/82? )+8:'/4 :.': /, :.+ ��� *5+9 -5 5;: 5, 25)1�

?5; =/22 -+: ': 2+'9: 	� +88589 /4 �� (?:+A:/3+9� <+8?

7;/)12?�  �;8:.+8358+� :.+8+ '8+ )5;4:+89 /49/*+ :.+

��"�/41  +)+/<+8 :.': *+:+): :./9 9'3+ )54*/:/54

�	� +88589 /4 ' ��A(?:+ 6+8/5*� '4* =.+4 :./9 *+:+)A

:/54 5));89 /49/*+ :.+ �%������ /: ,58)+9 :.+ ��� :5

8+A25)1 54:5 :.+ 9+8/'2 /46;: *':' 9:8+'3� �<+4 /, :.+

��� /9 5;: 5, 25)1� /, ,+=+8 :.'4 	� +88589 '8+ *+A

:+):+* /4 ' ��A(?:+ 6+8/5*� :.+ ��� =/22 45: (+ ,58)+*

:5 8+A9?4).854/@+ =/:. :.+ *':' 9:8+'3 '4* =/22 9:'?

5;:A5,A25)1 ;4:/2 :.': )54*/:/54 /9 *+:+):+*�  ".+8+A

,58+� ,58 )549/9:+4)?� :.+ 9'3+ )8/:+8/' ='9 9+2+):+*

,58 :.+ 8+,8'3+ )54:8522+8�

���������� ������������" �� ��� 	������
����������

".+ 8+,8'3+ )54:8522+8 /:9+2, /4:+8,')+9 :5 ' ./-.+8A

2+<+2 )54:8522+8 :.': )54:8529 :.+ +4:/8+ 8+)+/<+8 9?9A

:+3�  ".': ./-.+8A2+<+2 )54:8522+8 )'4 ,58)+ :.+ 8+A

,8'3+ )54:8522+8 :5 /4/:/':+ ,8'3/4- /4 :.+ �%������

8+-'8*2+99 5, '4? +88589�  ".+8+ '8+ :=5 ='?9 :5 *5

:./9�  ".+ ,/89: /9 =/:. :.+ ��& �� ��� 9/-4'2�

=./). :.+ ./-.+8A2+<+2 )54:8522+8 '99+8:9 =.+4 /:

='4:9 :.+ 8+,8'3+ )54:8522+8 :5 -5 :.85;-. :.+ 9'3+

685)+*;8+ /: -5+9 :.85;-. :5 /4/:/':+ ,8'3/4- =.+4

'4 5;:A5,A25)1 )54*/:/54 5));89�  �, :.+ 8+,8'3+ )54A

:8522+8 9++9 :./9 9/-4'2 '99+8:+*� /: '):9 0;9: 2/1+ /: .'*

*+:+):+* '4 5;:A5,A25)1 )54*/:/54�  ".+ 5:.+8 ='?

:.+ ./-.+8A2+<+2 )54:8522+8 )'4 ,58)+ ' 8+,8'3+ /9 (?

'99+8:/4- /:9 �� ��& � 5;:6;:�  "./9 9/362? ,58)+9

:.+ 8+,8'3+ )54:8522+8�9  � 5;:6;: ���� '4* *5+9

45: )';9+ :.+ /4:+84'2 25-/) 58 9:':+ 3')./4+ :5

).'4-+�  ".+ 8+,8'3+ )54:8522+8�9  � 5;:6;: =/22

9:'? '99+8:+* '9 254- '9 /:9 �� ��& � /46;: 8+A

3'/49 '99+8:+*�

".+ ./-.+8A2+<+2 )54:8522+8 =/22 4583'22? '99+8:

��& �� ��� 54 65=+8A;6 58 =.+4 :.+ :8'49A

3/::+8 95;8)+ /9 9=/:).+* 54 /4 58*+8 :5 ,/4* :.+ /4/A

:/'2 (?:+A(5;4*'8?� '9 *+9)8/(+* '(5<+�  ".+

�� ��& � 9/-4'2 )5;2* (+ ;9+* ,58 '4? 8+'954 *+A

6+4*/4- 54 96+)/,/) 9?9:+3 8+7;/8+3+4:9�  ".+ 359:

2/1+2? 8+'954 :5 ;9+ /: /9 :5 ,58)+ 3;2:/(?:+ ,8'3/4-�

$.+4 :.+ 8+)+/<+8 *5+9 3;2:/(?:+ ,8'3/4-� /49:+'*

5, 2551/4- ,58 ' 9/4-2+ (?:+A(5;4*'8?A/4*/)':/4-

).'8'):+8� :.+ 8+)+/<+8 25519 :5 *+:+): :=5 5, :.+9+

96+)/'2 ).'8'):+89 =/:./4 '4? ,5;8A(?:+ 9+7;+4)+�

"./9 /9 ' 358+ 8+2/'(2+ ='? 5, ,/4*/4- :.+ (?:+

(5;4*'8?� 9/362? (+)';9+ /: )';9+9 :.+ ,8'3/4- )/8A

);/:8? :5 <+8/,? /:9 ,/89: ,/4* =/:. '45:.+8 54+�  "./9

3'? (+ ;9+,;2 /4 6'8:/);2'82? 45/9? +4</8543+4:9�

"5 )';9+ :.+ 8+)+/<+8 :5 *5 3;2:/(?:+ ,8'3/4-� ?5;

3;9: '99+8: /:9  � /46;: ,58 
��� )549+);:/<+ )?)2+9�

:./9 /9 953+:./4- :.+ 8+,8'3+ )54:8522+8 =5;2* 45:

58*/4'8/2? *5�  ".+ ./-.+8A2+<+2 )54:8522+8 )'4 )';9+

:./9 :5 .'66+4 (? '99+8:/4- �� ��& � :5 :.+ 8+A

,8'3+ )54:8522+8 ,58 
��� )?)2+9� :.;9 )';9/4- /:9  �

5;:6;: :5 (+ '99+8:+* ,58 :.+ 9'3+ 2+4-:. 5, :/3+�

".+ 8+,8'3+ )54:8522+8 '295 /362+3+4:9 ' ('9/)

.'4*9.'1+ =/:. :.+ ./-.+8A2+<+2 )54:8522+8 :5 3'1+

9;8+ :.+ :=5 )54:8522+89� 56+8':/549 9:'? )549/9:+4:



���#��� �! %#!���# �!# %�� 	���� � �����&�#


�

�

).;-9 .79+-, 9-.9)5-:�  &0-6-=-9 ;0- 01/0-9B4-=-4

+76;9744-9 <:-: ;0- ��(!��!��� :1/6)4 ;7 .79+-

;0- 9-.9)5- +76;9744-9 ;7 161;1);- .9)516/� 1; >144

3--8 ;0); :1/6)4 )::-9;-, <6;14 ;0- 9-.9)5- +76;974B

4-9 )::-9;: !�����(�"�  #01: :1/6)4 .975 ;0- 9-B

.9)5- +76;9744-9 16,1+);-: ;0); ;0- 9-+-1=-9 0): .16B

1:0-, 1;: 9-.9)516/�  #0- 01/0-9B4-=-4 +76;9744-9 >144

;0-6 )::-9; !�����(���� >01+0 )+367>4-,/-:

9-+-18; 7. !�����(�"� )6, *7;0 ;0- 9-.9)5- +76B

;9744-9 )6, ;0- 01/0-9B4-=-4 +76;9744-9 >144 9-;<96 ;7

;0- :;);- 1; 6795)44@ 9-;<96: ;7 .7447>16/ ) 9-.9)5-�

�6 ),,1;176 ;7 ;0- 78-9);176: ,-:+91*-, )*7=-� ;0-

9-.9)5- +76;9744-9 )4:7 897=1,-: ) ,-+7,16/ .<6+B

;176�  &0-6 ;0- ��#�163 !-+-1=-9 ,-;-+;: ) ,);)

-9979 )6, )::-9;: !%"� 1; )4:7 8<;: ;0- +7,- .79 ;0-

;@8- 7. -9979 76 1;: -1/0; ,);) 7<;8<;:� �� � �	�  #0-

9-.9)5- +76;9744-9 ,-+7,-: ;0-:- :1/6)4: )6, )::-9;:

76- 7. ;>7 7<;8<;:� $����(���! 79

!��" (�!!� ,-8-6,16/ 76 ;0- -?)+; ;@8- 7. -9979

,-+7,-,�  #0- ;>7 ;@8-: 7. -9979: )9- )6 <6,-.16-,B

+0)9)+;-9 -9979 )6, ) 9<6616/B,1:8)91;@ -9979�  �

9<6616/B,1:8)91;@ -9979 5-)6: ;0); ;0- +0)9)+;-9 9-B

+-1=-, 0), ;77 5)6@ +76:-+<;1=- 
: 79 	: ;7 *- ) =)4B

1, *@;- 7. ,);) �;0- 8<987:- 7. ;0- -1/0;B*1;B;7B;-6B

*1; -6+7,16/ 5-6;176-, -)941-9 1: ;7 -6+7,- ;0- ,);)

16 :<+0 ) >)@ ): ;7 516151A- ;0- 15*)4)6+- 7. 
: )6,

	: 16 ;0- *1; :;9-)5��  �. ;0- 9-.9)5- +76;9744-9 ,-B

;-+;: ;0- +7,- .79 ) 9<6616/B,1:8)91;@ -9979� 1; >144 ):B

:-9; ;0- !��" (�!! 7<;8<;�  �. ;0- 9-+-1=-, +0)9B

)+;-9 0): ;0- +799-+; 9<6616/ ,1:8)91;@ *<; 1: 67; )

=)41, +7,- .79 )6@ +0)9)+;-9� ;0-6 1; 1: )6 <6,-.16-,B

+0)9)+;-9 -9979� )6, ;0- 9-.9)5- +76;9744-9 >144 ):B

:-9; ;0- $����(���! 7<;8<; 16:;-),�

��$��  � � 
�"���� %�%�! 

#0- 7<;B7.B47+3 ,-;-+;176� !� +76;974� 01/0-9B4-=-4

+76;9744-9 16;-9.)+-� )6, -9979B;@8- ,-+7,16/ )9-

1584-5-6;-, >1;0 ) :1584- :;);- 5)+016-� ) .-> 16B

;-96)4 +7<6;-9:� )6, :75- ,-+7,16/ 47/1+� )6, 1; 1:

)44 .1; 16;7 ) ��B5)+97+-44 �'����
 ���"� � ��

�.79 579- 16.795);176 76 ;01: � ��� 84-):- 9-.-9 ;7

7;0-9 )8841+);176 67;-: 16 ;0-  �� :-+;176 7. ;01:

0)6,*773 )6, ;7 ;0- �'����
 ,);):0--;��  #0- ,-B

:1/6 >): ,76- 16 %��� )6, +75814-, >1;0 �@89-::�

��
��   ���� �� ,-:1/6 ;774�  #0- 9-+-1=-9 :@:B

;-5� ;0- 9-.9)5- +76;9744-9�: 16;-9.)+-� )6, ;0- ,-B

;)14: 7. ;0- ,-:1/6 7. ;0- 16;-96)4 :;);- 5)+016-�

+7<6;-9:� )6, 47/1+ )9- ,-:+91*-, 16 ,-;)14 16 ;0- 9-:;

7. ;01: :-+;176�

�����&�# �'$%��

�
	�
� �  :07>: >0-9- ;01: 9-.9)5- +76;9744-9 .1;: 16;7

;0- 7=-9)44 :@:;-5�  #0- �'����� 9-+-1=-9 +766-+;:

�;097</0 ) 80@:1+)4 +766-+;79� ;7 ;0- )+;<)4 ;9)6:B

51::176 5-,1<5� >01+0 +)6 *- -1;0-9 ;>1:;-, 8)19�

+7)?1)4 +)*4-� 79 .1*-978;1+ +)*4-�  #0- 9-.9)5- +76B

;9744-9 16;-9.)+-: ;7 ;0- 9-+-1=-9� )6, 1; )4:7 16;-9B

.)+-: ;7 ;0- 01/0-9B4-=-4 :@:;-5 +76;9744-9�

�! %#!���# 
 %�#����

#0- +7584-;- :-; 7. 9-.9)5- +76;9744-9 168<;: )6,

7<;8<;: 1: :07>6 16 �
	�
� �� )6, ;0-19 :7<9+- 79 ,-:B

;16);176� 874)91;@� )6, .<6+;176)41;@ )9- ,-:+91*-,

*-47>�

������

����������   �=-9)44 -6)*4-�  �; +75-: .975 )

01/0-9B4-=-4 +76;9744-9�  &0-6 )::-9;-, ������� 9-B

.9)5- +76;9744-9 1: -6)*4-,�  &0-6 ,-)::-9;-,� 9-B

.9)5- +76;9744-9 1: ,1:)*4-, )6, ,7-: 67; 78-9);-�

����   �47+3 :1/6)4 ;7 ;0- 9-.9)5- +76;9744-9 ;0);

+75-: .975 ;0- 9-+7=-9-, *@;-B9);-B+47+3 7<;8<;�

!���� 7. ;0- �'������ )6, 1: )4:7 <:-, 16 ;0- 9-:;

7. ;0- :@:;-5 ): ;0- :@:;-5 +47+3�

������   !-:-;: ;0- :;);- 5)+016- )6, ;0- 16;-96)4

+7<6;-9: )6, :;);<: 9-/1:;-9: ����� � )::-9;-,��

����   !-+-1=-, %174);176 "@5*74�  �; +75-: .975

!%" 7<;8<; 7. ;0- �'����� ����� � )::-9;-,��

���������   &0-6 )::-9;-,� ;01: .79+-: ;0- !� 7<;B

8<; ;7 )4:7 *- )::-9;-, 9-/)9,4-:: 7. 7;0-9 +76,1B

;176:�  �; +75-: .975 ) 01/0-9B4-=-4 +76;9744-9

����� � )::-9;-,��

��������
��   &0-6 )::-9;-,� 1; +)<:-: 16;-96)4

:;);- 5)+016- ;7 161;1);- .9)516/ 16 ;0- 9-+-1=-9 2<:;

): 1. 1; 0), ,-;-+;-, )6 7<;B7.B47+3 +76,1;176�  �;

+75-: .975 01/0-9B4-=-4 +76;9744-9 ����� � ):B

:-9;-,��

�����������   �)6,:0)3- :1/6)4 .975 ;0- 01/0B

-9B4-=-4 +76;9744-9 )+367>4-,/16/ ;0); 1; 9-+-1=-,

+76.195);176 ;0); ;0- 9-.9)5- +76;9744-9 +7584-;-,



���&�"� �$#(&$!!�& �$& (�� �����#  �����*�&


����

����
�!��



����)-*
�%$%)2%/

�%&/#,%
�.-1/.++%/
��!��
���

�)'(%/3�%2%+
�.-1/.++%/

�!��
	

����)-*
�/#-0,)11%/

������	���� ������

����	��� ������


��)&� ��  
!$�  ����&�"

�
�� � ��� ����

���

��"������

�����

� �

�����"��

��"�������

������"���

��! ������"��

���"��"����

�����

�����"���

�����"����

��

������� ����������

������� �

�


��)&� ��  �$#(&$!!�& �#%)(' �#� �)(%)('

0&# $.�*'+% -.,!#"1.#�  �&# &�+"/&�(# '/ ,+)4 ",+#

3&#+ 0&# $.�*'+% 3�/ 0.'%%#.#"  4 0&# �����5

����� /'%+�)� +,0  4 �+ ,105,$5),!( !,+"'0',+

����� 
 �//#.0#"��

����   �#�"4 /'%+�)�  �0 !,*#/ $.,* 0&# �����		

��� ,10-10 �+" '+"'!�0#/ 0, 0&# .#$.�*# !,+0.,))#.

0&�0 0&# .#!#'2#. &�/ !,*-)#0#" 0&# .#$.�*# ,-#.�5

0',+ ���� 
 �//#.0#"��

���	��� �����   �'%&05 '0 "�0�  40# �+" !,+0.,)�"�0�

'+"'!�0,.  '0 $.,* 0&# �����		 .#!#'2#.�  �&# '+5

$,.*�0',+ ,+ 0&#/# )'+#/ !�+  # "#!,"#" "1.'+% � .#5

!#'2# 2',)�0',+ 0, "#0#.*'+# 0&# #..,. 04-#�

�������

�
�   �#$.�*# ,10-10�  �0 %,#/ 0, 0&# �� '+-10 ,$ 0&#

�����		 .#!#'2#. �+" !�1/#/ 0&# ����'+( �#5



��� ��� ���" ����  ��  "�� ������� �����$� 

����


-/3?/; =8 ,/137 + 0;+6371 89/;+=387 87 =2/ 37-86371

.+=+ <=;/+6 ����� � +<</;=/.��

����
�����   %23< 3< =2/ 2+7.<2+4/ <317+5 =8 =2/

2312/;E5/?/5 -87=;855/; =/55371 3= =2+= =2/ ;/0;+6/ 3=

;/:>/<=/. @3=2 =2/ �!*#��#��� <317+5 2+< ,//7

-8695/=/. ����� � +<</;=/.��

����������
�   %23< <317+5 37.3-+=/< =2+= =2/

�!%�374 #/-/3?/;�< "�� 2+< 187/ 8>= 80 58-4 @3=2

=2/ 37-86371 </;3+5 ,3= <=;/+6�  %23< 3< 370/;;/. ,B

-8>7=371 <3A=//7 8; 68;/ #'$ +<</;=387< 37 + <3715/

��E,B=/ 9/;38.�  !7-/ +<</;=/.� 3= ;/6+37< +<</;=/.

>7=35 =2/ "�� ;/1+37< 58-4 +7. ;/0;+6371 2+< ,//7

+--86953<2/. ����� � +<</;=/.��

������   (2/7 +<</;=/. ������ 3= 37.3-+=/< =8 =2/

2312/;E5/?/5 -87=;855/; =2+= +7 /;;8; 80 <86/ =B9/

�+< 37.3-+=/. ,B =2/ #'$ <317+5 0;86 =2/ ;/-/3?/;�

2+< 8-->;;/.�

�
���������   %23< 3< +7 >7./037/.E-2+;+-=/;E/;E

;8; <317+5� 87/ 80 =@8 =B9/< 80 /;;8;< =2+= -+7 ,/ ./E

-8./. 0;86 =2/ �� � �
� $�	� 379>=< .>;371 ;/E

-/3?/ ?385+=387<�  %23< <317+5 3< 875B ?+53. @2/7 =2/

�##!# 8>=9>= 3< +5<8 +<</;=/.� +7. 3= -+7 875B ,/

+<</;=/. @2/7 #��$"*�## 3< ./+<</;=/. �����

� +<</;=/.��

��	�������   #>77371E.3<9+;3=BE/;;8; <317+5�  %23<

3< =2/ 8=2/; 80 =2/ =@8 =B9/< 80 /;;8;< =2+= -+7 ,/ ./E

-8./. 0;86 =2/ �� � �
� $�	� 379>=< .>;371 .+=+E

;/-/3?/ ?385+=387<�  %23< <317+5 3< 875B ?+53. @2/7 =2/

�##!# 8>=9>= 3< +5<8 +<</;=/.� +7. 3= -+7 875B ,/

+<</;=/. @2/7 & ���*���# 3< ./+<</;=/.

����� � +<</;=/.��

��#�"� !

%2/ 9;36+;B 0>7-=387 80 =2/ -87=;855/;� @23-2 3< =8

./=/-= =2/ 8>=E80E58-4 -87.3=387 ,B 6873=8;371 #'$

+7. 373=3+=/ + ;/0;+6/ @2/7 7/-/<<+;B� 3< 3695/E

6/7=/. =2;8>12 =2/ ></ 80 =@8 -8>7=/;<�  %2/

'��� 08; =23< 0>7-=387 3< <28@7 37 
����� ��  %2/

03;<= -8>7=/;� ;-?.,B=<*-8>7=� 3< + </?/7E,3= -8>7=/;

=2+= -8>7=< =2/ 7>6,/; 80 ,B=/< ;/-/3?/. �
 =8 ���

+7. =2/ </-87. -8>7=/;� /;;8;*-8>7=� 3< + 03?/E,3=

-8>7=/; =2+= -8>7=< =2/ 7>6,/; 80 =36/< =2+= #'$ 3<

+<</;=/.�  �0 /;;8;*-8>7= ;/+-2/< �� ,/08;/

;-?.,B=<*-8>7= ;/+-2/< ��� =2/7 =2/ 8>=E80E58-4

-87.3=387 @355 ,/ ./-5+;/.�  �0 ;-?.,B=<*-8>7= ;/+-2E

/< �� ,/08;/ /;;8;*-8>7= ;/+-2/< ��� =2/7 0/@/;

=2+7 �� /;;8;< 8-->;;/. 37 =2/ 13?/7 ��E,B=/ @37.8@

+7. 8>=E80E58-4 3< 78= ./-5+;/.�  �0 ;-?.,B=<*-8>7=

;/+-2/< �� ,/08;/ /;;8;*-8>7= ;/+-2/< ��� ,8=2

;-?.,B=<*-8>7= +7. /;;8;*-8>7= +;/ </= ,+-4 =8 C/;8

+7. + 7/@ ��E,B=/ @37.8@ ,/137<�  �0 =2/ 8>=E80E58-4

-87.3=387 3< ./-5+;/. �/;;8;*-8>7= � �� +7.

;-?.,B=<*-8>7= � ���� =2/7 =2/ 8>=E80E58-4 0539E0589

3< </= =8 ���� +7. + ;/0;+6/ 89/;+=387 3< 373=3+=/.�

%2/ 8>=E80E58-4 0539E0589 <=+B< ���� >7=35 =2/ ;/E

-/3?/; <>--/<<0>55B ;/0;+6/<�  �= =2+= 9837=� =2/ 8>=E

80E58-4 0539E0589 3< </= ,+-4 =8 �!( +7. =2/ </+;-2

08; =2/ 8>=E80E58-4 -87.3=387 3< <=+;=/. +1+37�

�"�"� �������

%2/ <=+=/ 6+-237/ 3< ./<-;3,/. ,B =2/ .3+1;+6 37


����� �� +7. =2/ '��� -8./ =2+= 3695/6/7=< 3= 3<

<28@7 37 
����� ��

��
	 �����

%2/ 78;6+5� :>3/<-/7= <=+=/ 80 =2/ <=+=/ 6+-237/�

+7. =2/ <=+=/ 3= /7=/;< >987 ;/</=� 3< �����  �7 =23<

<=+=/� =2/ #� 8>=9>= 3< ./+<</;=/. +7. =2/ <=+=/ 6+E

-237/ @+3=< 08; /3=2/; + �!*#��#��� 379>= 0;86

=2/ 8>=<3./ 8; 08; =2/ -8>7=/;< =8 </= =2/ 8>=E80E58-4

0539E0589�  �0 7/3=2/; 80 =2/</ -87.3=387< 8-->;� =2/

<=+=/ 6+-237/ <3695B <=+B< 37 =2/ ���� <=+=/�  !7-/

/3=2/; 87/ 80 =2/</ -87.3=387< 8-->;<� =2/ <=+=/ 6+E

-237/ 6><= 373=3+=/ + ;/0;+6/� <8 3= @355 18 =8 =2/

$%�#%*#��#��� <=+=/�

�������	
���	 �����

�7 =2/ $%�#%*#��#��� <=+=/� #� 3< +<</;=/.�

+7. =2/ <=+=/ 6+-237/ >7-87.3=387+55B =;+7<3=387< =8

=2/ �!& %*�*��!��$ <=+=/�

���������
���� �����

%2/ �!& %*�*��!��$ <=+=/ /7+,5/< + =@8E,3=

-8>7=/; =8 <=+;= -8>7=371 37-86371 -58-4 -B-5/<�  �0E

=/; =@8 -58-4 -B-5/< 2+?/ ,//7 -8>7=/.� =2/ <=+=/ 6+E

-237/ =;+7<3=387< =8 =2/ �!!�*�!#*A#�) <=+=/�

%@8 -58-4 -B-5/< 6><= ,/ -8>7=/. ,/08;/ 5884371 08;

=2/ #�) <317+5 0;86 =2/ 8>=<3./ ,/-+></ + =8=+5 80

=2;// -58-4< 6><= 9+<< +0=/; #� 3< +<</;=/. >7=35 =2/

?+5>/ 80 #�) -+7 ,/ 1>+;+7=//. ?+53. �<// =2/

D�!%�374 �)���

 #�) "37 �/<-;39=387� +9E




���
�� ���������� ��� ��� �	����� 
�������

�����

–– relevant VHDL code for counter functions

use work.bv_math.all;
use work.int_math.all;

signal count2: bit_vector(0 to 1);          –– 2–bit counter
signal error_count: bit_vector(0 to 4);     –– 5–bit counter
signal rcvdbyts_count: bit_vector(0 to 6);  –– 7–bit counter

counters: process (CLK, RVS, reset, rcvdbyts_count, error_count,
   out_of_lock) begin

if (clk’event and clk = ’1’) then

if (reset = ’1’) then
fb_out_of_lock    <= ’0’;
rcvdbyts_count <= ”0000000”;
error_count    <= ”00000”;

elsif (error_count = ”10000”) then
fb_out_of_lock    <= ’1’;
rcvdbyts_count <= ”0000000”;
error_count    <= ”00000”;

elsif (rcvdbyts_count = ”1000000”) then
rcvdbyts_count <= ”0000000”;
error_count    <= ”00000”;

else
rcvdbyts_count  <= rcvdbyts_count + 1;
if (RVS = ’1’) then

error_count <= error_count + 1;
end if;

end if;

if (current_state = LOOK_FOR_xRDY) and (xRDY = ’0’) then
fb_out_of_lock <= ’0’;

end if;

if (current_state = COUNT_2_CLOCKS) then
count2 <= count2 + 1;

else
count2 <= ”00”;

end if;

end if;

end process; ––counters
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–– Relevant VHDL code for state machine

subtype StateType is bit_vector(0 to 2);      –– State Type
constant       DISABLED: StateType := b”111”; –– State Defns.     
constant           IDLE: StateType := b”000”;
constant  START_REFRAME: StateType := b”001”;
constant COUNT_2_CLOCKS: StateType := b”010”;
constant  LOOK_FOR_xRDY: StateType := b”011”;
constant      HANDSHAKE: StateType := b”100”;
signal current_state, next_state : StateType; ––State declaration

–– State Machine Description

if (RESET = ’1’) then
next_state <= IDLE;

elsif (RF_ENABLE = ’0’) then
next_state <= DISABLED;

else
case current_state is

when IDLE =>
if (fb_OUT_OF_LOCK = ’1’) or (DO_REFRAME = ’1’) then

next_state <= START_REFRAME;
else

next_state <= current_state;
end if;

when START_REFRAME =>
next_state <= Count_2_Clocks;

when COUNT_2_CLOCKS =>
if (count2 = ”10”) then

next_state <= LOOK_FOR_xRDY;
else

next_state <= current_state;
end if;

when LOOK_FOR_xRDY =>
if (xRDY = ’0’) and (DO_REFRAME = ’1’) then

next_state <= HANDSHAKE;
elsif (xRDY = ’0’) and (DO_REFRAME = ’0’) then

next_state <= IDLE;
else

next_state <= current_state;
end if;
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when HANDSHAKE =>
if (RFDONE_ACK = ’1’) then

next_state <= IDLE;
else

next_state <= current_state;
end if;

when DISABLED =>
if (RF_ENABLE = ’0’) then

next_state <= current_state;
else

next_state <= IDLE;
end if;

end case;
end if;

if (clk’event and clk = ’1’) then
current_state <= next_state;

end if;
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–– relevant VHDL code for Decode Logic

if (clk’event and clk = ’1’) then

if (RVS = ’1’) then
ERROR <= ’1’;
if (D = x”E4” or D = x”E2” or D = x”E1”) then

UNDEF_CHAR <= ’0’;
RDISP_ERR  <= ’1’;

else
UNDEF_CHAR <= ’1’;
RDISP_ERR  <= ’0’;

end if;
else

ERROR <= ’0’;
UNDEF_CHAR <= ’0’;
RDISP_ERR  <= ’0’;

end if;

end if;
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–– Application Note
–– Using a CY7C371 as a HOTLink Reframe Controller
–– Cypress Semiconductor

use work.bv_math.all;
use work.int_math.all;

entity CONTROLLER is port (
    CLK, RVS, RESET, xRDY, DO_REFRAME, FORCE_RFOUT, RFDONE_ACK,
      RF_ENABLE : in bit;
    D           : in bit_vector(0 to 7);
    curr_st     : out bit_vector (0 to 2);
    rb_cntr     : out bit_vector (0 to 6);
    err_cntr    : out bit_vector (0 to 4);
    RF, RFDONE_HS, OUT_OF_LOCK, UNDEF_CHAR, RDISP_ERR, ERROR : out bit
);
end CONTROLLER;

architecture CNTRL933 of CONTROLLER is

    subtype StateType is bit_vector(0 to 2);        –– State Type
    constant       DISABLED: StateType := b”111”;   –– State Definitions
    constant           IDLE: StateType := b”000”;
    constant  START_REFRAME: StateType := b”001”;
    constant COUNT_2_CLOCKS: StateType := b”010”;
    constant  LOOK_FOR_xRDY: StateType := b”011”;
    constant      HANDSHAKE: StateType := b”100”;

    signal current_state, next_state : StateType;
    signal fb_OUT_OF_LOCK : bit;

    signal count2: bit_vector(0 to 1);          –– 2–bit counter
    signal error_count: bit_vector(0 to 4);     –– 5–bit counter
    signal rcvdbyts_count: bit_vector(0 to 6);  –– 7–bit counter

begin

counters: process (CLK, RVS, reset, rcvdbyts_count, error_count,
   out_of_lock) begin

if (clk’event and clk = ’1’) then

if (reset = ’1’) then
fb_out_of_lock    <= ’0’;
rcvdbyts_count <= ”0000000”;
error_count    <= ”00000”;
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elsif (error_count = ”10000”) then
fb_out_of_lock    <= ’1’;
rcvdbyts_count <= ”0000000”;
error_count    <= ”00000”;

elsif (rcvdbyts_count = ”1000000”) then
rcvdbyts_count <= ”0000000”;
error_count    <= ”00000”;

else
rcvdbyts_count  <= rcvdbyts_count + 1;
if (RVS = ’1’) then

error_count <= error_count + 1;
end if;

end if;

if (current_state = LOOK_FOR_xRDY) and (xRDY = ’0’) then
fb_out_of_lock <= ’0’;

end if;

if (current_state = COUNT_2_CLOCKS) then
count2 <= count2 + 1;

else
count2 <= ”00”;

end if;

end if;

end process; ––counters

next_st_comb:  process (CLK, fb_OUT_OF_LOCK, DO_REFRAME, FORCE_RFOUT, xRDY,
                        RFDONE_ACK, RESET, RF_ENABLE, current_state) begin

if (RESET = ’1’) then
next_state <= IDLE;

elsif (RF_ENABLE = ’0’) then
next_state <= DISABLED;

else
case current_state is

when IDLE =>

if (fb_OUT_OF_LOCK = ’1’) or (DO_REFRAME = ’1’) then
next_state <= START_REFRAME;

else
next_state <= current_state;

end if;

when START_REFRAME =>
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next_state <= Count_2_Clocks;

when COUNT_2_CLOCKS =>

if (count2 = ”11”) then
next_state <= LOOK_FOR_xRDY;

else
next_state <= current_state;

end if;

when LOOK_FOR_xRDY =>

if (xRDY = ’0’) and (DO_REFRAME = ’1’) then
next_state <= HANDSHAKE;

elsif (xRDY = ’0’) and (DO_REFRAME = ’0’) then
next_state <= IDLE;

else
next_state <= current_state;

end if;

when HANDSHAKE =>

if (RFDONE_ACK = ’1’) then
next_state <= IDLE;

else
next_state <= current_state;

end if;

when DISABLED =>

if (RF_ENABLE = ’0’) then
next_state <= current_state;

else
next_state <= IDLE;

end if;

end case;
end if;

end process; ––next_st_comb

outp_comb:  process (current_state, FORCE_RFOUT) begin

if (FORCE_RFOUT = ’1’) then
RF <= ’1’;

else
case current_state is
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when IDLE =>
RF        <=  ’0’;
RFDONE_HS <=  ’0’;

when START_REFRAME =>
RF        <=  ’1’;
RFDONE_HS <=  ’0’;

when COUNT_2_CLOCKS =>
RF        <=  ’1’;
RFDONE_HS <=  ’0’;

when LOOK_FOR_xRDY =>
RF        <=  ’1’;
RFDONE_HS <=  ’0’;

when HANDSHAKE =>
RF        <=  ’0’;
RFDONE_HS <=  ’1’;

end case;
end if;

end process; ––outp_comb

seq_assgnmnt:  process (clk) begin

if (clk’event and clk = ’1’) then

current_state <= next_state;

if (RVS = ’1’) then
ERROR <= ’1’;
if (D = x”E4” or D = x”E2” or D = x”E1”) then

UNDEF_CHAR <= ’0’;
RDISP_ERR  <= ’1’;

else
UNDEF_CHAR <= ’1’;
RDISP_ERR  <= ’0’;

end if;
else

ERROR <= ’0’;
UNDEF_CHAR <= ’0’;
RDISP_ERR  <= ’0’;

end if;

end if;

end process; ––seq_assgnmnt
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–– concurrent assignment statements
–– outputs and local feedback signals made the same

curr_st     <=  current_state;
rb_cntr     <=  rcvdbyts_count;
err_cntr    <=  error_count;
OUT_OF_LOCK <=  fb_out_of_lock;

end CNTRL933;  –– end architecture
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