
���������
	���
�
����������������! #"�$&%'�)(+*,�,".-0/21,��341&1�-

57698�:<;>=0?A@B6DCFEHGI=J;KCFE#8�LNMPO QREHSTGVU#6WOXGYGI=Z;\[�CI]W8);_^P6�=4Ea`b6Tcd=�[�e>Ef6�g�8

OhUaiV;N=4Ea8j]YSlkdm�;N=nOX=&oIEa8j=p[I=HLq576�rY=�[VUs5t698�:<;N=&?WQY8j=0r�Cu8jrY=Z6�kwv

x>yJz|{d}t~F•A€b•ƒ‚7€�•u„†…�y‡€�•�ˆ {�‰�z‹Š0ŒŽ•KŒ�€�•�•Z€'‘jŠ0’

}”“uŠ+•–y‡€9{'•

��"�—˜ š™0 #�,$”›œ�&•Ÿž� ,—Ÿ%& œ��$���¡˜ š%0�¢��£#$&%&—‡ #¡H¤,¥B¦\§¨%&—R¡‡ #¥R"�/2©ª"� '"��œ©ª"���¡«�,"�*,—J��£I�,"�¡�¬�%&—Ÿž7¦‡¡H—H*œ•J¡Ÿ*,—H"4¦K¡‡­� ª f•���£|£#­

—H"4®0*ª #—H"4¦��ª*,¥R"�—H%&*œ¦I•Ÿ¤œ�� #�«—H*ª£#">"J¯, œ���œ¦° #%&�œ¦p�œ©0 |£‹ #$&"��ª¡�›œ%ª%&ž�ž0"�"� ª š�,$'�±���œ©s•���—H"J§¨*ª£j¥B�+�ª š ,*ª£f��¡˜ š%0�n%�§j¡Ÿ"�—H¥B¦�²

³2��¡H¤ª f¦\ œ�� œ"�—4��¬�"K¦‡¤,%�¬´¤,%�¬l¡H%s*œ¦‡"K¡H¤,"K ,—‡ #�œ•Ÿ # ª£š"s%�§I
Yµ4¶¨·��&�Ÿ¸s¹bµJ�4º¼»±�‡�4�4º½¶¨¾Y¡H%«©ª"�—‡ #™&"B¦˜*œ•H¤”��£#$&%&—˜ š¡Ÿ¤,¥B¦

™0 a�K�K¦‡"�¡D%�§j›ª£#%)•Ÿž«©0 a�+$&—Z��¥¿¥B���ª # ,*ª£f��¡‡ #%&�n—Ÿ*ª£š"4¦p²FÀ9¯œ��¥R ª£#"4¦���—H"� ,—H%�™& f©ª"4©s¡H¤œ�+¡� |£|£š*œ¦˜¡H—Z��¡H"Y¡Ÿ¤,"Á¦° #¥R ª£| f•Ÿ #¡‡­

%�§Y¡H¤,"��+ , ,—H%��&•Ÿ¤u²¢Â!£#$&%&—‡ #¡H¤,¥s¦B��—Ÿ"n©ª"�—‡ #™&"4©Ã§Ä%&—s��™���—˜ š"�¡‡­<%�§>¦‡¡H—Ÿ*œ•J¡H*,—H"4¦��w #�œ•Ÿ£š*œ©0 #�'$<§¨"�"4©0§Ä%&—Ÿ¬Å�+—Z©<���œ©

§¨"�"4©ª›œ�&•Hžn¦˜­)¦‡¡Ÿ"�¥B¦�²

ÆsŒ'•�Ç�‰Fy�Èd}«„D€bÉÊ•&€u•,z|‰I•¢€�•u„†xNy�y‡‰Fy�Ëny‡€j„!z‹Œ�•�•<ÌRy‡‰IÉu€9Í�€ƒ•)z|‰I•

ÂY©,�� ,¡‡ #�,$B�\§¨"�"4©0§Ä%0—H¬I��—Z©
¥.*ª£#¡‡ |£f��­&"�—I�,"�*,—Z��£Ê�,"�¡‡¬�%&—Hžs¦‡¡H—H*œ•J¡H*,—Ÿ"Á��¥
%&*,��¡J¦�¡H%NÎœ�œ©0 #�,$B¡Ÿ¤,">¦‡"�¡�%�§j™��+—‡ #/

��›ª£#">¬�"J #$&¤ª¡Z¦IÏ ¡H¤œ��¡I¥Ð š�ª #¥K #Ñ�"4¦�¡H¤,">•J%ª¦‡¡�§¨*,�œ•J¡‡ #%&�uÒ

Ó”ÔÖÕ

×

ØJÙ±Ú–ÛœÜ‡Ý'Þ2ßœÛ'Ü�Ý'ÞZà Ü

3

Þ

¬I¤,"�—H"Y¡Ÿ¤,".¦‡*,¥W f¦!¡Z��ž&"��s%�™&"�—Váâ¦H��¥
 ª£š"4¦b š���K¡H—Z�� š�ª #�,$«¦‡"4®0*,"��œ•J"&�±���œ©

ÛœÜ‡Ý'Þ

 f¦!¡H¤,"Y"�—H—H%0—I™&"4•J¡H%&—�²

³°�h•J"�—H¡Z�� #�d ,—H%&›ª£#"�¥B¦

Ü

µ��äãª�#��¡˜ š¥
"å¦˜"�—‡ #"4¦s ,—H"4©0 f•J¡‡ #%&�u�>¦‡­,¦‡¡H"�¥æ f©ª"���¡‡ |Î±•���¡˜ š%0�

Þ

�Y�7©ª"4¦° #—H"4©ç%&*,¡H ,*,¡
 a¦

¦‡ '"4•Ÿ ‹Îœ"4©���¡!"4�&•H¤�¡‡ #¥R">¦‡¡H"� uè) š��%&¡H¤,"�—Z¦

Ü

µ��éã��a�,¡H"�—H¥Ð š�œ��£ê•J%&�ª¡H—H%�£

Þ

�ª¡H¤,">©ª"4¦° #—H"4©�%&*,¡Ÿ ,*,¡� f¦V©ª"JÎœ�,"4©�%&�ª£#­n��¡

Îœ�œ��£�¡‡ #¥R"

Ý

Ôçát²Ië�¤,"�—H"J§¨%&—H"&�–¬b"K©ª"JÎœ�,">¡H¤,"N"�—H—H%&—!™&"4•J¡H%&—

Û'Ü�Ý'Þ

�&¦�¡H¤,"K©0 |ìÊ"�—Ÿ"��œ•J".›'"�¡‡¬b"�"���¡H¤,".©ª"4¦� š—Ÿ"4©

���œ©s¡H¤,"K�&•J¡H*œ��£u%&*,¡Ÿ ,*,¡I™&"4•J¡H%&—J¦F¬!¤,"����R©ª"4¦° #—H"4©í%&*,¡H ,*,¡� f¦���™��� |£f��›ª£#"&�u���œ©«�&¦�Ñ�"�—Ÿ%R%&¡H¤,"�—H¬Å a¦˜"&²

ÂY•�•J%&—Z©0 #�,$s¡H%K$&—Z�&©0 #"��ª¡V©ª"4¦H•J"��ª¡4�'¡H¤,">•J%&�ª¡H—‡ #›,*,¡‡ #%&�n¡Ÿ%.¡Ÿ¤,">¬�"J #$&¤�¡!*, ±©,��¡H">�+¡I"4�&•Ÿ¤«¡‡ #¥R".¦‡¡Ÿ"� s a¦

î

Ï

Ü�Ý'Þ

Ô´ï�ð ñ

Ó

ñ

Ï

Ü�Ý'Þ

à Ü�òªÞ

¬I¤,"�—H"«ðh•J%&�ª¡H—H%+£a¦N¡H¤,"s£#"4��—Ÿ�ª š�,$ó—Z��¡H"&²tôI%&¡Ÿ"B¬�"s"�™���£#*œ��¡H"

ñ

Ó±õ

ñ

Ï

Ü�Ý'Þ

—Z��¡H¤,"�—K¡H¤œ���t¡H¤,"s #�œ¦‡¡Z�+��¡Z�+�,"�%&*œ¦

$&—Z�0©0 š"��ª¡

ñ

Ü2Û

ß

Ü�Ý'Þ2Û'Ü�Ý'ÞHÞ

õ

ñ

Ï

Ü�Ý'Þ

²uë�¤ª f¦Å f¦I"4¦H¦˜"���¡‡ f��£ƒ§Ä%&—!¡H¤,">©ª"4¦° #—H"4©nô!"�¡‡¬�%&—HžBö�"4•Ÿ # ,—H%,•Ÿ #¡‡­n—H"4¦‡*ª£#¡4²

Â!¡u¡H¤,"b�+—Z•H¤ª #¡H"4•J¡Ÿ*,—Z��£&£#"�™&"J£2���Å™���—‡ f��›ª£#"�¬�"J #$&¤�¡J÷jø�ùéúj¥s�4­�›œ"D f¦‡%�£f��¡Ÿ"4©Y›œ"�¡‡¬�"�"��>¡‡¬�%I '%� #��¡Z¦Ê #�R���,"�¡‡¬b%0—Hž

¬� #¡H¤�•J%&—H—H"4¦‡ '%&�œ©0 #�,$�¦� š$0�œ��£f¦Vû0ù

Ü‡Ý'Þ

�+�œ©nû+ú

Ü�Ý'ÞIÜ

º¨�aµ��a�)û+ú

Ü�Ý'Þ

Ôdø�ùéúÅû0ù

Ü�Ý'ÞŸÞ

²�üV¦° #�,$R¡Ÿ¤,".•Ÿ¤œ�� #�n—H*ª£#"&�,¬�"Y$&"�¡

ñ

Ó

ñ

ø�ùéú

Ü�Ý'Þ

Ô

ñ

Ó

ñ

û+ú

Ü�Ý'Þ

ñ

û
ú

Ü�Ý'Þ

ñ

ø�ùéú

Ü�Ý'Þ

Ô

ñ

Ó

ñ

û+ú

Ü�Ý'Þ

û
ù

Ü�Ý'ÞZà Ü�ýªÞ

þ‡ÿ����������
	���
������������
��
������������������������
����� ���!
"�����$#&%('()�����)�*,+ �����-�.��/ �0�
��12�����435��)�������1����4��	76!�8���9�����:������;&�9�8%����

��-�.'-*

#��"+<� =>�
?A@!BDC-C-C(*E#��.����
F�����G*H+JI$@-K.L-@!B.�

M

ÿ��������N�
	���
������������
��
,����������������������*,6!�0�
�!	O�-����PQ�(��R-����)����5'-*�6(�0���(	S�.���G*UTU�V@
W(X.C-YDZ5W[C-Y-Y(�\;�%(��)^]_�-��`a]��
)<)��>�.��)��.������=('

�b#cI_3_1��������d���-�(���0�
���JI�#be-C!BDCDZ0B
Xf�
���hg 6�ij1��������d�-�0�
�(�Jg 6�i\3�I_3k@!B8Z0BDL-Y-X(B-�

l

;�%��J�-�������0��
&�
�
)��<�
	b�<R.�����F�
=!
��f���(�0mf�8�����(��*on�p(q5r�sbt�u�q5v�w p.x0n(w�q5r�s�s8*���)������
�������y���az"Y(*"{�|��



���œ©s¡H¤,"N¬�"J š$0¤�¡I*, �©,��¡H"Y›'"4•J%&¥R"4¦

î

ø ùéú

Ü�Ý'Þ

Ô´ï�ð�� ú

Ü�Ý'Þ

û ù

Ü‡Ý'ÞZà Ü

-

Þ

¬I¤,"�—H"Y¬�">©ª"JÎœ�,"K¡H¤,"Y"�—H—Ÿ%&—�$&—Z�&©0 #"��ª¡

�Ÿú

Ü�Ý'Þ

�

Ô ñ

Ó

ñ

û+ú

Ü�Ý'Þ

�

Ü

�

Þ

ëÅ¤,"B"�—H—Ÿ%&—K$&—Z�&©0 #"��ª¡�� ú

Ü�Ý'Þ

©ª"� œ"��œ©,¦
%&�<¡H¤,"s"���¡‡ #—H"«¡Ÿ%& œ%�£#%&$0­”%�§V¡H¤,"s�,"�¡‡¬�%&—Hž�²”ö�"� œ%&—Ÿ¡H"4©t¥R"�¡H¤,%,©,¦

§¨%&—V©ª"�—‡ #™0 š�,$s¡H¤,"K©ª"J£š¡J�K¡H"�—H¥B¦Å—H"4¦‡¡I%&�n•Ÿ¤œ�� #�n—Ÿ*ª£š"N"J¯) œ�+�œ¦° #%&�œ¦��'¬I¤ª f•H¤�¥.*œ¦˜¡I›œ"K•���—H"J§¨*ª£‹£#­n�� , ª£| #"4©í§Ä%0—I¡H¤,"

¦‡ '"4•Ÿ ‹Î±•Å�,"�¡�¬�%&—ŸžV¡H%0 œ%�£#%&$&­&²9³°�.¡Ÿ¤,"F�,"J¯,¡F¦‡"4•J¡‡ #%&�u��¡H¤,"D¥R"�¡H¤,%,©>%+§±ôI"�¡‡¬�%&—HžYö�"4•Ÿ # ,—H%,•Ÿ š¡‡­N f¦ƒ #��¡H—Ÿ%)©ª*œ•J"4©K�&¦9�

¥R"4���œ¦ê§Ä%0—�Îœ�œ©0 #�,$R¡H¤,"V©ª"J£#¡Z�N¡H"�—Ÿ¥B¦�¬� #¡H¤,%0*,¡Å��£š$0"�›,—Z�� f•V©ª"�—˜ š™���¡‡ #%&�u²�ÂX¦‡"�¡F%�§j¦° #¥R ª£#"Y›ª£#%,•HžB©0 f��$0—Z��¥ —Ÿ*ª£š"4¦

��—H"Y*œ¦˜"4©«¡H%R•J%&�œ¦‡¡Ÿ—H*œ•J¡V�«�‡µJ�4º¼»±�‡�4���	��
œµ4¶¨·��0�H¸��,¬I¤ª f•H¤�¡H¤,"��n©0 #—H"4•J¡‡£#­�¦˜ œ"4•Ÿ |Îœ"4¦�¡H¤,">�&©,�� ,¡˜ š™0".��£#$&%&—˜ š¡Ÿ¤,¥n²

�

‰I•ƒŠ�•œy�•u{'•,z‹‰I•d‰9•B€�
NŒ±{9z¨Éjy‡‰�{�€��ÅÆsŒ'•�Ç«‰Fy�È

Â����+—H›ª #¡H—Z��—H­«¥K*ª£#¡‡ |£f��­&"�—V�,"�¡‡¬�%&—Hž«•�����›œ"N—H"� ,—H"4¦‡"��ª¡H"4©��&¦��R›ª£#%,•Hž�©0 f��$&—Z��¥ ¬I¤,%�¦‡"K›,*ª |£f©0 š�,$�›ª£#%)•Ÿž)¦

��—H"&ÒI¦˜*,¥R¥K #�,$���*,�œ•J¡˜ š%0�œ¦���›,—Z���œ•Ÿ¤ª #�,$« œ%� #�ª¡Z¦���*,�ª #™���—˜ a�+¡H"K§¨*,�œ•J¡‡ #%&�œ¦���¥K*ª£#¡‡ #™���—‡ f��¡Ÿ"K§Ä*,�œ•J¡˜ š%0�œ¦��u���œ©n©ª"J£f��­

%& '"�—Z��¡H%&—J¦�²

ëÅ¤,"n�‡µZ��º�»±�‡�����	��
'µ4¶¨·��&�Ÿ¸N a¦K•J%&�œ¦˜¡H—H*œ•J¡H"4©�›ª­�—H"�™&"�—Z¦� š�,$�¡H¤,"��œ%�¬W©0 #—H"4•J¡‡ #%&�t #�7¡Ÿ¤,"R%&—‡ #$� #�œ��£��,"�¡�¬�%&—Ÿž±�

£f��›œ"J£| #�,$n��£|£�—H"4¦‡*ª£#¡‡ #�,$�¦� š$0�œ��£f¦��
ù

Ü�Ý'Þ

�,���œ©í œ"�—‡§¨%&—H¥K #�,$R¡Ÿ¤,"Y§¨%�£|£š%�¬� #�,$R%0 œ"�—Z��¡˜ š%0�œ¦�²

30²��������Kº�
�ã �!�"
'�4¶¨º½�	
$#%�&�‡µK��µ˜»��&�&�Jµ�'s·�ºf¶�(*)p�+�	
œ�,(�º-
ªã�»,�&º-
'¶�#p�

d

d

d

aj

ai

al

ò

²�.Å�+�	
'�!(�º�
�ãÁ»)�&º�
œ¶�#/�0��µK�‡µ‡»��0�0�Zµ�'R·�º½¶�(1#2�����.º�
�ã �!�"
'�4¶¨º½�	
$#4�

a

a

a

dj

di

dl

ý

²134
'º-56�&�Zº��&¶¨µ�7!�"
'�4¶¨º½�	
$#%�&�‡µK��µ˜»��&�&�Jµ�'s·�ºf¶�(n¶�(ªµ4º½�%'&µ4�Jº-56�&¶¨º�54µ!#4�

f( ) a (k)ja (k)i f (a (k)) d (k)jd (k)i
'

i

À9¯, ª£‹ f•Ÿ #¡‡£#­&�8�
ù

Ü�Ý'Þ

Ô:9<;

Ü

û
ù

Ü�Ý'ÞŸÞ

�
ú

Ü�Ý'Þ

��¬I¤,"�—Ÿ"=9<;

Ü

û
ù

Ü�Ý'ÞHÞ

�

Ô

ñ

û
ú

Ü�Ý'Þ

õ

ñ

û
ù

Ü�Ý'Þ

²?>”"R¤œ��™&"N #�œ•Ÿ£š*œ©ª"4©Ã¡H¤,"

¡‡ #¥R"� #�œ©ª"J¯

Ý

¡H%K"�¥R ,¤œ�&¦� šÑ�"K¡H¤,"�£| #�,"4��—R¶¨º��Kµ!@A'0µ‡»)µ6
B'&µ6
œ¶'¡H—Z���œ¦˜¥K #¡H¡Z���œ•J"&²��& '"4•Ÿ f��£w•��0¦‡"4¦I��—H"&Ò

C

>”"J #$&¤�¡J¦��,û�ú�Ô ø�ùéúÅû0ù��) š��¬I¤ª f•H¤�•��&¦‡"/�Jù9Ô ø�ùéúD�Ÿú&²

wija i a j
wijd i

 dj

C

ÂÁ•J¡‡ #™���¡‡ #%&�«§¨*,�œ•J¡‡ #%&�uÒ�û	E

Ü�Ý'Þ

ÔGF�û�H�I

Ü

û+ú

Ü�Ý'ÞHÞ

²9³2��¡H¤ª f¦I•��&¦‡"&�<9

;

Ü

û+ú

Ü�Ý'ÞŸÞ

Ô´3Iï”û�J

E

Ü�Ý'Þ

²



a (k)na (k)j 1 - a (k) d (k)nd (k)j n
2tanh( )

-'²��*���‹¶¨º�5 �0�Zº��&¶¨µ�72��
œ��¶¨ºf� 
$#/�&�‡µK�‡µ‡»��&�&�Jµ�'
·�ºf¶�(n¶�(�µ�ºf��� �0�Z�")pº-� 
$#4�

a (k)
in

a  (k)
out d (k)

in
d  (k)
out

di

dj

dm

dn

do

dp

F (a (k))
in

'

ai

aj

am

an

ao

ap

F( ) {{{ {
À9¯, ª£‹ f•Ÿ #¡‡£#­&���œù&E

Ü�Ý'Þ

Ô��

;

Ü

�

ù&E

Ü�Ý'ÞHÞ

�
	���


Ü�Ý'Þ

��¬I¤,"�—H"��

;

Ü

�

ù&E

Ü�Ý'ÞŸÞ

�

Ô

ñ

�

	���


Ü‡Ý'Þ

õ

ñ

�

ù&E

Ü�Ý'Þ

•J%&—H—H"4¦‡ '%&�œ©,¦9¡H%Y�

¥B��¡H—‡ |¯K%�§u œ��—H¡‡ f��£±©ª"�—‡ #™���¡‡ #™&"4¦�²��–%&—b¦˜¤,%&—H¡H¤œ���œ©�����;

Ü

�

ù&E

Ü�Ý'ÞHÞ

¬� |£‹£�›œ"�¬I—‡ #¡H¡H"��s¦° #¥R ª£#­B�&¦���;

Ü�Ý'Þ

²jô!%&¡H"

¡H¤ª f¦I—H*ª£#"K—H"� ª£f�&•J"4¦Y�
�,%&�ª£| #�,"4��—Y§¨*,�œ•J¡‡ #%&��›�­n� �|º-
'µ��0�Y¶¨º-�Kµ!@+'&µ‡»,µ 
<'&µ 
'¶u¡H—Z�+�œ¦‡¥K #¡H¡Z���œ•J"&²!³2¥R '%&—H¡Z�+��¡

•��&¦‡"4¦D #�œ•Ÿ£#*œ©ª"&Ò

C��

—H%,©ª*œ•J¡��‡*,�œ•J¡‡ #%&�œ¦��œû+ú

Ü‡Ý'Þ

Ô û&ù

Ü�Ý'Þ

û��

Ü�Ý'Þ

�0 #�n¬!¤ª a•Ÿ¤�•��0¦‡"���;'Ô��äû��

Ü�Ý'Þ

û0ù

Ü�Ý'Þ

�

ß

Ò

a (k)j

a (k)i

a (k)l

d (k)j

d (k)i

d (k)l

a (k)l

a (k
)

i

C��

��­&"�—H"4©<�,"�¡‡¬�%&—Hž,¦��w #� ¬!¤ª a•Ÿ¤h•��&¦‡"�¡H¤,"n ,—H%,©ª*œ•J¡���;

Ü

�

ù&E

Ü�Ý'ÞHÞ

�
	���


Ü�Ý'Þ

 f¦
§Ä%0*,�œ© ©0 #—H"4•J¡˜£š­ ›�­

›œ�&•Hžª ,—H%& œ�+$���¡‡ #�,$���	���
�¡H¤,—H%0*,$&¤«¡H¤,"Y�,"�¡‡¬�%&—Hž�Ò

ai

aj

an

ao

di

dj

dn

do

�

²��Áµ6�0�0¾R�J»)µ��+�&¶¨�&� #��&�‡µK�‡µ‡»��&�&�Jµ�'
·�ºf¶�( �	' 5 �	
'�ZµK�J»,µ4�+�&¶¨�&� #p�

q-1a (k)
i

a (k) = 
j

a (k-1)i
q+1 d (k)  

j
d (k) =

i
d (k+1)

j

À9¯, ª£‹ f•Ÿ #¡‡£#­&�œû+ú

Ü�Ý'Þ

Ô �"!

Ú

û0ù

Ü�Ý'Þ

Ôdû&ù

Ü�Ý

ïs3

Þ

 f¦�¡H—Z�+�œ¦°§Ä%0—H¥R"4©� #�ª¡H%/�Jù

Ü�Ý'Þ

Ô �$#

Ú

�Ÿú

Ü�Ý'Þ

Ô �Ÿú

Ü�Ý&%

3

Þ

²uëÅ¤ª a¦

§Ä%&—J•J"4¦Y¡H¤,"s—H"4•Ÿ # ,—H%,•���£V¦‡­)¦˜¡H"�¥â¡H%n›'"«�,%&�œ•���*œ¦H��£I���œ©å a¦
•J—H*œ•Ÿ f��£�§Ä%&—N¥B�� #�ª¡Z�� #�ª #�,$”¡H¤,"s¡H%& œ%+£š%0$� f•���£

"4®&*ª #™���£š"��œ•J"
›œ"�¡‡¬�"�"��n¡H¤,"Y%&—˜ š$+ š�œ��£ê�,"�¡‡¬�%&—HžB�+�œ©s #¡Z¦�—H"4•Ÿ # ,—H%,•���£2²�'���ž0 š�,$s¡H¤,">¦‡­,¦‡¡H"�¥T•���*œ¦H��£u f¦����

 š¥
 ª£š"�¥
"���¡Z�+¡‡ #%&�« f¦H¦‡*,"N¡H¤œ��¡I¥K*œ¦‡¡�›'".�&©,©ª—H"4¦Ÿ¦‡"4©s§¨%&—�"4�&•Ÿ¤�¦‡ '"4•Ÿ ‹Î±•N"J¯œ��¥R ª£#"4¦�²

ëÅ¤,"4¦‡"

�

—H*ª£#"4¦R��£|£#%�¬ ©0 #—H"4•J¡«•J%&�œ¦‡¡H—H*œ•J¡˜ š%0�<%�§Á¡Ÿ¤,"«—H"4•Ÿ # ,—H%)•���£V�,"�¡‡¬b%0—Hž�§¨—H%&¥â¡H¤,"«%&—‡ #$� #�œ��£��,"�¡�¬�%&—Ÿž±²

ô!%&¡H"R¡H¤,"�—Ÿ"R f¦R�í¡H%& œ%+£š%0$� f•���£I"4®&*ª #™���£š"��œ•J"�›œ"�¡‡¬�"�"��7¡Ÿ¤,"B¡‡¬�%n�,"�¡‡¬�%&—Hž,¦�²)(D­”—H"�™&"�—Z¦� š�,$�¡H¤,"«¦° #$&�œ��£8�œ%�¬>�

%&*,¡H ,*,¡!�,%)©ª"4¦! #�n¡Ÿ¤,">%&—‡ #$� #�œ��£9�,"�¡�¬�%&—ŸžB›'"4•J%&¥R"Y #�, ,*,¡Y�,%,©ª"4¦� #��¡H¤,">—H"4•Ÿ # ,—H%,•���£��,"�¡‡¬b%0—Hž±²Dë�¤,"4¦‡"Y #�, ,*,¡Z¦

��—H"�¡H¤,"��n¦‡"�¡���¡�"4�&•H¤s¡‡ #¥R">¦‡¡Ÿ"� «¡H%«ï

ò+*

ù

Ü�Ý'Þ

²�ë�¤,">¦° #$&�œ��£a¦��
ú

Ü�Ý'Þ

¡H¤œ�+¡b ,—Ÿ%& œ��$���¡Ÿ"V¡H¤,—Ÿ%&*,$&¤s¡H¤,"Y—H"4•Ÿ # ,—H%,•���£

�,"�¡‡¬�%&—Hž>•J%&—H—Ÿ"4¦‡ œ%&�œ©Ð¡H%V¡Ÿ¤,"b¡Ÿ"�—H¥B¦

ñ

Ó�õ

ñ

û�ú

Ü�Ý'Þ

�,"4•J"4¦H¦Ÿ��—H­Y§¨%&—�$&—J�&©0 #"���¡F�&©,�+ ,¡Z��¡‡ #%&�u²9ë�¤,"I"J¯œ�&•J¡�"4®&*œ�+¡‡ #%&�œ¦

��—H"),J—H"4�&©ª/¨%0*,¡.-R©0 #—H"4•J¡‡£#­«§¨—H%&¥ ¡H¤,">—H"4•Ÿ # ,—H%,•���£��,"�¡‡¬b%0—Hž±²DÂX§¨%&—H¥B��£9 ,—H%�%+§ê¡H¤œ�+¡I¡H¤ª f¦��	�|·��&¾6#b ,—Ÿ%�™0 f©ª"4¦�¡H¤,"

•J%&—H—Ÿ"4•J¡V©ª"�—‡ #™���¡˜ š%0�n¥B��­s›œ"Y§¨%&*,�œ©
 #�/�

�

�10

�

²



x���€��hÉ �‹Œ�Š

�����
	��

�������������� ���

>ó"b¦‡¡Z�+—H¡�›œ"�—H"4©ª"�—‡ #™0 š�,$>¦˜¡Z���œ©,��—Z©\›œ�&•Ÿž� ,—H%0 œ��$���¡‡ #%&� �

ý

�

*œ¦° #�,$Y¡H¤,"D ,—‡ #�œ•Ÿ š ª£#"4¦w%�§±ôI"�¡‡¬�%&—Hž�ö�"4•Ÿ # ,—H%)•Ÿ #¡‡­&²

�ƒ #$&*,—H"�3F¦‡¤,%�¬V¦u�!¤ª f©,©ª"��.�,"�*,—Ÿ%&�Y§¨"�"4©0 #�,$Y%&¡H¤,"�—u�,"�*,—H%0�œ¦j���œ©N���>%0*,¡H ,*,¡u�,"�*,—H%&�\ #�Ð�Å¥.*ª£#¡‡ |£f��­&"�—9�,"�¡�¬�%&—Ÿž±²

�,%0—>•J%&�œ¦° f¦‡¡H"��œ•J­�¬� #¡H¤�¡H—Z�0©0 š¡˜ š%0�œ��£F�,%&¡Z��¡˜ š%0�u��¬b"K¤œ��™&"N£f��›œ"J£#"4©t¡H¤,"R¦‡*,¥
¥K #�,$��‡*,�œ•J¡‡ #%&�7¦° #$&�œ��£��

�

ù

—Z��¡H¤,"�—

¡H¤œ���«û0ùH�)�+�œ©B�&©,©ª"4©�¦‡*, œ"�—J¦H•J—‡ # ,¡Z¦�¡H%R©ª"��,%&¡Ÿ"Y¡H¤,"�£f�4­0"�—4²9³2�n�&©,©0 #¡‡ #%&�u�œ¦� š�œ•J"N¡H¤,"Y¥K*ª£#¡‡ |£a��­&"�—!�,"�¡�¬�%&—Ÿž)¦D��—H"

¦‡¡Z�+¡‡ f•Y¦‡¡H—H*œ•J¡H*,—Ÿ"4¦��ª¬b"Y%0¥K #¡I¡H¤,">¡˜ š¥
"� š�œ©ª"J¯

Ý

²

wij

+

+

+ f( )
si

l

+ sj
l+1

+ f( )

sn
L

yn

ap
l-1

�ƒ #$&*,—H"R3&Ò���� �� "!$#
% &"')(*&�+, -�/.10324(65� -24% �/.7��89&:+$5�� 24%;�<&>=>?�(@.1?>2*A@�
(B!�C

wij

+

-2en
di

l

+

+

dj
l+1

+

dn
L

f (s  )   '
n
Lf (s )   '

i
l

�ƒ #$&*,—H"

ò

ÒED)?1 "%GFH(��� >&I��+$5�� 2J%;�<&>=>?�(�.1?>2*A@�
(6!�C

ëÅ¤,"R—H"4•Ÿ # ,—H%,•���£I�,"�¡�¬�%&—Ÿž�¦‡¤,%�¬I�� #���ƒ #$&*,—H"

ò

 f¦\§Ä%&*,�œ©ó›ª­å�+ , ª£š­0 #�,$”¡H¤,"B•J%0�œ¦‡¡H—H*œ•J¡‡ #%&�t—H*ª£#"4¦N%�§I¡H¤,"

 ,—H"�™0 #%&*œ¦>¦‡"4•J¡˜ š%0�u² �,—H%0¥ ¡H¤ª f¦ÁÎœ$&*,—H"&��¬�">¥B��­í š¥
¥R"4©0 f��¡H"J£#­�¬I—‡ #¡H"R©ª%�¬I��¡H¤,"K"4®&*œ��¡˜ š%0�œ¦!§Ä%&—Y•���£f•J*ª£f��¡‡ #�,$

¡H¤,">©ª"J£#¡Z�
¡H"�—H¥B¦pÒ

�

�

ù

Ô

KL

M

LN

ï

ò+*

ùB9B;

Ü

�>O

ù

Þ P

ÔRQ

9

;

Ü

�

�

ù

ÞTS

×

ú

�

�

#

Ú

ú

S

ø

�

#

Ú

ùéú U:V

P

V

Q”ï<3

�

Ü

0

Þ

(D­�ÀD®&*œ�+¡‡ #%&�n-R¡Ÿ¤,"Y¬b"J #$&¤ª¡I*, �©,��¡H"Y f¦�$+ š™0"��n›ª­

î

ø

�

ùéú

Ô´ï�ð��

�

ú

û

�

!

Ú

ù

�

Ü4W&Þ



ëÅ¤,"4¦‡"b��—Ÿ"� ,—H"4•Ÿ f¦‡"J£#­.¡Ÿ¤,"F"4®0*œ��¡‡ #%&�œ¦9©ª"4¦H•J—‡ #›ª #�,$.¦‡¡Z�+�œ©,��—Z©�›œ�&•Ÿž� ,—Ÿ%& œ��$���¡˜ š%0�u²u³2¡�¦‡¤,%&*ª£f©N›œ"D"�¥R ,¤œ�&¦° #Ñ�"4©

¡H¤œ��¡�¡H¤ª f¦��� , ,—H%��0•H¤« ,—H%�™0 f©ª"4©n��7��&����� �)©ª"�—˜ š™���¡‡ #%&��—H"4®0*ª #—‡ #�,$B�,%B•Ÿ¤œ�� #�n—Ÿ*ª£š"N"J¯) œ�+�œ¦° #%&�œ¦�²

�

��� ���������	�
���)
*��
��
�1��� � 
3	��

�

"�¡�*œ¦9�,%�¬t¡H*,—H�K¡H%�¡H¤,"�¥R%&—Ÿ"Å•J%0¥R ª£| a•��+¡H"4©K"J¯œ��¥R ª£#"�%�§±¡‡¬�%V•��&¦H•��0©ª"4©K�,"�*,—Z��£,�,"�¡‡¬b%0—Hž)¦9�&¦ƒ |£|£#*œ¦‡¡H—Z��¡Ÿ"4©

 #� �ƒ š$0*,—H"

ý

²jë�¤,"w #�, ,*,¡Z¦�¡H%!¡H¤,"DÎœ—Z¦‡¡u�,"�¡‡¬�%&—Hž>��—Ÿ"b¦H��¥
 ª£š"4¦Ê§¨—H%&¥l�I¡‡ #¥R"�¦‡"4®0*,"��œ•J"��

Ü�Ý'Þ

²j��"J£f��­&"4©Y%&*,¡Ÿ ,*,¡Z¦

%�§u¡H¤,"�Îœ—J¦‡¡F�,"�¡‡¬�%&—HžR��—H"Å§Ä"4©K¡Ÿ%>¡H¤,"V¦˜"4•J%&�œ©R�,"�¡‡¬�%&—Hž�²jëD­ª ª f•���£|£š­&�–¡H¤,"I£f�&¦˜¡F�,"�¡‡¬�%&—Hž>—Ÿ"� ,—H"4¦‡"��ª¡Z¦D¡H¤,"I¥R%,©ª"J£

%�§F¦‡%&¥R"Y ,¤ª­,¦° f•���£ê¦‡­,¦‡¡H"�¥n�'���œ©s¡H¤,"�Îœ—Z¦‡¡!�,"�¡�¬�%&—ŸžK f¦I*œ¦‡"4©í¡H%K ,—H"�¬I��—H «%&—!"4®&*œ��£| #Ñ�"K¡H¤,">©ª—‡ #™0 š�,$«¦° #$&�œ��£2²

q-1 q-1
x(k)

N 1

q-1 q-1
u(k)

N 2
y(k)

�ƒ š$0*,—H"

ý

Ò�� &"0  >&�#�?1# .1?�5�(*&I��."?>2*A@��(B!���� 26?�( 0>C

ëÅ¤,">•��&¦H•��&©ª"4©í�,"�¡�¬�%&—Ÿž)¦���—H">©ª"JÎœ�,"4©��&¦

�

Ü�Ý'Þ

Ô �

Ú

Ü

Ï

Ú

à

�

Ü‡Ý'ÞZà

�

Ü�Ý

ï<3

ÞZà

�

Ü�Ý

ï

òªÞHÞJà Ü

�

Þ

�

Ü�Ý'Þ

Ô �

J

Ü

Ï

J

à

�

Ü‡Ý'ÞZà

�

Ü�Ý

ï<3

ÞZà

�

Ü�Ý

ï

òªÞHÞJà Ü

1

Þ

¬I¤,"�—H"RÏ

Ú

���œ©�Ï

J

—Ÿ"� ,—H"4¦‡"��ª¡Y¡H¤,"K¬b"J #$&¤ª¡Z¦! œ��—Z��¥
"�¡H"�—‡ #ÑJ #�,$n¡H¤,"N�,"�¡�¬�%&—Ÿž)¦����

Ü‡Ý'Þ

 f¦�¡H¤,"N #�, ,*,¡4�

�

Ü�Ý'Þ

¡H¤,"

%&*,¡H ,*,¡��œ���œ©

�

Ü�Ý'Þ

¡H¤,"Y #�ª¡H"�—H¥R"4©0 f��¡Ÿ".¦° #$&�œ��£2²��! š™0"��n�B©ª"4¦° #—H"4©í—H"4¦‡ '%&�œ¦‡"Y§¨%&—I¡Ÿ¤,"Y%&*,¡H ,*,¡

�

%�§�¡H¤,">¦‡"4•J%0�œ©

�,"�¡‡¬�%&—Hž��� š¡w f¦b�Y¦˜¡H—Z�� #$&¤ª¡‡§¨%&—H¬I��—Z©\ ,—H%)•J"4©ª*,—Ÿ"V¡H%N*œ¦‡"I›œ�&•Ÿžª ,—H%& œ��$��+¡‡ #%&�N§Ä%&—��&©,�� ,¡‡ #�,$N¡H¤,"V¦‡"4•J%&�œ©Ð�,"�¡�¬�%&—Ÿž±²

³2¡D f¦D�,%&¡F%0›�™0 #%&*œ¦��ª¤,%�¬b"�™0"�—4�&¬I¤œ�+¡F¡H¤,"�"Jìu"4•J¡‡ #™&"V"�—Ÿ—H%&—b¦˜¤,%&*ª£f©s›œ"!§Ä%&—D¡H¤,"!Îœ—Z¦‡¡F�,"�¡‡¬�%&—Hž�²9³2�s¡H¤ª f¦�•��&¦‡"&�ª¡H¤,"

•Ÿ¤œ�� #�n—H*ª£#"Y f¦�¦° #¥R ª£#">"��,%&*,$0¤n¡H%R�� , ª£#­n©0 #—H"4•J¡‡£#­n¡Ÿ%KÎœ�œ©s¡H¤,"Y #�œ¦‡¡J����¡J���,"�%&*œ¦�"�—H—Ÿ%&—�$&—Z�&©0 #"��ª¡4Ò

� �"!�#%$'&

�)(+* , -/.

�0#%$�&

� 1�#%$�&

��(2*

#�354�&

, -/.

�0#%$�&
6

��1�#7$�&

� 8)#%$'&

��8�#7$�&

�)(+*:9

��1�#7$�&

� 8)#%$

-

35&

� 8)#%$

-

35&

�)(+* 9

��1�#7$�&

� 8)#%$

-;.

&

� 8)#%$

-<.

&

�)(+* =

, >

*
#%$�&

� 8)#%$'&

�)(+*:9

>

!

#%$�&

� 8)#%$

-

35&

�)(+* 9

>�?

#7$�&

��8)#%$

-;.

&

�)(+* @

#�3A3"&

¬I¤,"�—H"N¬�">©ª"JÎœ�,"

�Jù

Ü‡Ý'Þ

�

Ô´ï

ò+*�Ü‡Ý'Þ

ñ

�

Ü�Ý'Þ

ñ

�

Ü�Ý

ï	B

Þ

BêÔ´3

àZò–àZý

�

ë�¤,"%�Jù�¡H"�—H¥B¦D��—H"!§Ä%&*,�œ©
¦° #¥.*ª£#¡Z�+�,"�%&*œ¦°£#­B›ª­B�N¦° #�,$�£#"Y›œ�&•Hžª ,—H%& œ�+$���¡‡ #%&�K%�§u¡H¤,"�"�—H—H%&—D¡H¤,—H%&*,$0¤R¡H¤,"V¦‡"4•J%0�œ©

�,"�¡‡¬�%&—Hž�²jÀF�0•H¤R ,—Ÿ%)©ª*œ•J¡ �Jù

#

Ú

Ü�Ý'Þ

ñ

�

Ü�Ý

ï2B

Þ

õ

ñ

Ï

Ú

 f¦D¡H¤,"��K§¨%&*,�œ©
›�­K›œ�&•Ÿžª ,—H%& œ��$��+¡‡ #%&�R�� , ª£| š"4©í¡H%Y¡H¤,"�Îœ—J¦‡¡

�,"�¡‡¬�%&—Hžn¬Å š¡Ÿ¤ �
ù

#

Ú

Ü‡Ý'Þ

�&•J¡‡ #�,$��&¦Y�+��"�—Ÿ—H%&—4²DC!%�¬b"�™0"�—4�u¦° #�œ•J"R¡H¤,"B©ª"�—˜ š™���¡‡ #™&"4¦N*œ¦‡"4©� #�t›œ�&•Ÿž� ,—H%0 œ��$���¡‡ #%&�

��—H"�¡‡ #¥R"�/2©ª"� '"��œ©ª"���¡4� #�µ‡»$�&�+�&¶¨µ�›œ�&•Ÿž� ,—Ÿ%& œ��$���¡˜ š%0�œ¦b�+—H"V�,"4•J"4¦Ÿ¦H��—H­
§Ä%0—b"4�0•H¤ �Jù

#

Ú

Ü�Ý'Þ

²�ë�¤,"4¦‡"Y"4®0*œ��¡‡ #%&�œ¦p�ª #�

§2�&•J¡4�0 #¥R ª£#­«›œ�&•Hžª ,—H%& œ�+$���¡‡ #%&�s¡H¤,—H%&*,$0¤���� ��
!7��	�&'&µ�'Y¦‡¡H—H*œ•J¡H*,—Ÿ"Á�&¦b ‹£|£#*œ¦‡¡H—J��¡H"4©s #���ƒ #$&*,—H"Y-'²j³°��¦° #¡H*œ�+¡‡ #%&�œ¦

¬I¤,"�—H"�¡H¤,"�—Ÿ"I¥B��­Y›œ"I¤ª*,�œ©ª—H"4©,¦w%�§±¡Z�+ œ¦ƒ š�
¡H¤,"I¦‡"4•J%&�œ©N�,"�¡‡¬b%0—Hž±��¡Ÿ¤ª a¦��+ , ,—H%��&•Ÿ¤N£š"4�0©,¦�¡H%>�!™&"�—H­\ š�,""E«•Ÿ š"��ª¡

�&©,�� ,¡J��¡‡ #%&�n��£#$&%&—˜ š¡Ÿ¤,¥n²



u(k)

N 2

q-1 q-1
x(k)

N 1

q-1 q-1
x(k-1)

N 1

q-1 q-1
x(k-2)

N 1

u(k-1) u(k-2)

y(k)

�ƒ #$&*,—Ÿ">-œÒ
� &104 >&�#�?1# .1?�5I( &I� .1?>2*A@�
(B!���� 2B?�( 0 5I.>8 �/� #�?1#��3%G.��*24%G+ ?�C

q q q q

N   (x(k))1
-2e(k)

d (k)
u

d (k)
x

d (k)
1

d (k)
2

d (k)
3

N   (u(k))2
' '

�ƒ #$&*,—H"

�

Ò D)?1 "%GFH(��� >&I� .1?>2*A@�
(6! 8 �
(T >&"04 >&�#�?1# .1?�5�(*&������ 2B?�( 0>C

ÂW¥R%0—H"R""E�•Ÿ #"��ª¡Ð��£š$0%&—‡ #¡H¤,¥A§¨%&—\Îœ�œ©0 š�,$�¡H¤,"«©ª"J£#¡Z��¡H"�—H¥B¦�¥s�4­�›'"���—Ÿ—‡ #™&"4©”��¡N›�­�—H"�¡H*,—Ÿ�ª š�,$�¡H%�¡H¤,"

¥R"�¡H¤,%,©N%�§Êô!"�¡‡¬�%&—HžYö�"4•Ÿ # ,—H%)•Ÿ #¡‡­&²�ë�¤,"�%&—‡ #$� #�œ��£±•��&¦H•��0©ª"4©>�,"�¡‡¬�%&—Hž,¦9��—H"�¡H—Z���œ¦�§Ä%&—Ÿ¥R"4©� #�ª¡H%Y¡H¤,"�—H"4•Ÿ # ,—H%,•���£

¦‡¡H—Ÿ*œ•J¡H*,—H"n¦‡¤,%�¬I�ó #� �ƒ #$&*,—H"

�

² �� š¥
 ª£š­<›ª­ó£a�+›œ"J£| #�,$<¡H¤,"�©ª"4¦° #—H"4© ¦° #$&�œ��£f¦��D$&—Z�&©0 #"��ª¡R—H"J£f��¡‡ #%&�œ¦
¥B��­”›'"

¬I—‡ #¡H¡Ÿ"��n©ª%�¬!�n©0 š—Ÿ"4•J¡‡£#­±Ò

� �

Ü�Ý'Þ

Ô �

Ú

Ü‡Ý'Þ %

�

J

Ü�Ý %

3

Þ %

�

�

Ü‡Ý %PòªÞZà Ü

3

òªÞ

¬� #¡H¤

� �

Ú

Ü‡Ý'Þ

�

J

Ü‡Ý'Þ

�

�

Ü�Ý'Þ

�

Ô´ï

ò+*+Ü�Ý'Þ

�

;

J

Ü

�

Ü�Ý'ÞHÞZà Ü

3

ýªÞ

º¨�#µ��#�ª"4�&•Ÿ¤=�Jù

Ü�Ý'Þ

 a¦b§Ä%&*,�œ©
›ª­R›œ�&•Ÿž� ,—H%0 œ��$���¡‡ #%&�
¡H¤,—H%&*,$&¤s¡H¤,"�%&*,¡H ,*,¡��,"�¡‡¬�%&—Hž��&���œ©R¡Ÿ¤," �Jù��ä¦

Ü

��§¨¡H"�—b�+ , ,—H%&/

 ,—‡ f��¡H">�0©ª™����œ•J"N%& œ"�—Z�+¡‡ #%&�œ¦

Þ

��—Ÿ">¦‡*,¥R¥R"4©í¡H%&$&"�¡H¤,"�—�²êëÅ¤,"Y¬b"J #$&¤ª¡I*, �©,��¡H"Y f¦!$� #™&"��n›ª­

î

Ï

Ú

Ü‡Ý'Þ

Ô´ï�ð�� �

Ü�Ý'Þ

ñ

�

Ü�Ý'Þ

ñ

Ï

Ú

Ü�Ý'Þ

à Ü

3�-

Þ

 #��¬I¤ª f•H¤”¡Ÿ¤,"> ,—H%,©ª*œ•J¡Y¡H"�—H¥  f¦!§Ä%&*,�œ©í›�­��1#�º�
�ã	�|µ!›œ�&•Hžª ,—H%& œ�+$���¡‡ #%&��¬� #¡H¤*�
�

Ü‡Ý'Þ

�&•J¡˜ š�,$«�&¦!¡H¤,"K"�—H—H%&—�¡H%

Îœ—Z¦‡¡!�,"�¡�¬�%&—Ÿž±²FÀD®&*œ�+¡‡ #%&�œ¦V•��+�n›œ"N¥B�&©ª"K•���*œ¦H��£j›ª­«¦° #¥R ª£#­�©ª"J£f��­& #�,$«¡H¤,"Y¬�"J #$&¤ª¡V*, �©,��¡H"Y§¨%&—V�.§Ä"�¬X¡‡ #¥R"

¦‡¡H"� œ¦p²���£#"4��—‡£#­<$&"��,"�—Z��£‹ #Ñ4��¡˜ š%0�¢¡H%7�+�¢��—H›ª #¡H—Z��—Ÿ­”��*,¥K›'"�—B%�§Y¡Z�� œ¦\ f¦s��£f¦‡%7¦‡¡H—J�� #$&¤�¡˜§Ä%&—Ÿ¬Å�+—Z©�²7ë�¤ª f¦
�,"�¬

��£#$&%&—˜ š¡Ÿ¤,¥T a¦!§2��—�¥R%&—H"K""E�•Ÿ #"��ª¡Y¡H¤œ����¡H¤,"K"4��—‡£| #"�—>©0 #—H"4•J¡>$0—Z�&©0 #"���¡>•���£a•J*ª£f��¡˜ š%0�”¥R"�¡H¤,%,©�ÒI¬�"R•J%&¥R ª£#"�¡H"J£#­

��™&%� f©ª"4©s›œ�&•Ÿž� ,—Ÿ%& œ��$���¡˜ š%0�«¡H¤,—H%&*,$&¤n�Ð—H"4©ª*,�œ©,���ª¡I*,�ª§Ä%+£a©ª"4©��,"�¡‡¬�%&—Hž�²



�����
	��

�������������� ���������)
������������ �	� �

�&%Ð§ ��—���¬�"Y¤œ��™&"�"J¯–�+¥K #�,"4©«%&�ª£#­s§¨"�"4©0§Ä%&—Ÿ¬Å�+—Z©B¦˜¡H—H*œ•J¡H*,—H"4¦p²��ƒ #$&*,—H" 0N |£|£#*œ¦‡¡H—Z��¡Ÿ"4¦V�K—Ÿ"4•J*,—H—H"��ª¡I�,"�¡‡¬b%0—Hž

©ª"4¦H•J—‡ #›'"4©n›ª­




Ü�Ý'Þ

Ô	�

Ü

�

Ü�Ý'ÞZà




Ü2Ý

ï<3

ÞHÞZà Ü

3

�

Þ

¬I¤,"�—H"

�

Ü‡Ý'Þ

��—H"n"J¯,¡H"�—H�œ��£Y š�, ,*,¡J¦��Y���œ©




Ü�Ý'Þ

—Ÿ"� ,—H"4¦‡"��ª¡Z¦s¡H¤," 54µJ�4¶¨�&�
%�§.%0*,¡H ,*,¡Z¦s¡H¤œ��¡
§¨%&—H¥ §¨"�"4©ª›œ�&•Hž

•J%&�,�,"4•J¡‡ #%&�œ¦p² �  f¦Y�s¥K*ª£#¡‡ |£a��­&"�—Y�,"�*,—J��£ê�,"�¡‡¬�%&—Hž�²�³¨§ � ¤œ�&¦�%&�ª£#­n%&�,"N£f��­&"�—Y%�§F�,"�*,—H%0�œ¦���"�™&"�—H­��,"�*,—H%&�

%&*,¡H ,*,¡�¤œ�&¦I�Ð§¨"�"4©ª›œ�&•Hžn•J%0�,�,"4•J¡‡ #%&��¡H%B¡Ÿ¤,"Y #�, ,*,¡Y%�§�"�™&"�—H­«%&¡H¤,"�—!�,"�*,—H%&�”���œ©«¡Ÿ¤,".¦‡¡H—Ÿ*œ•J¡H*,—H"� f¦�—H"J§¨"�—H—H"4©

¡H%K�&¦F� 72���-�|¾K�‡µZ�6���J�‡µ 
'¶4
'µ4¶¨·��&�Ÿ¸ �é1

�

²jëD­ª ª f•���£|£š­&�–%&�ª£#­B�K¦‡"J£#"4•J¡Å¦˜"�¡F%�§u¡H¤,"�%&*,¡H ,*,¡Z¦w¤œ��™&"V���B�0•J¡H*œ��£Ê©ª"4¦� š—Ÿ"4©

—H"4¦‡ '%&�œ¦‡"&²të�¤,"B—Ÿ"�¥B�� #�ª #�,$7%&*,¡Ÿ ,*,¡Z¦N¤œ�4™0"B�,%”©ª"4¦° #—H"4©Ã—H"4¦‡ œ%0�œ¦‡"

Ü

"�—H—H%0—>"4®0*œ��£f¦KÑ�"�—H%

Þ

���œ©<��—Ÿ"B*œ¦‡"4©ó§¨%&—

 #��¡Ÿ"�—H�œ��£ê•J%&¥
 ,*,¡Z��¡‡ #%&�u²

q

-2e(k)d (k)x

N (k)'
d (k)y

d (k+1)y

d(k)x(k)

q-1

y(k)

y(k-1)
N (k)

�ƒ š$0*,—H"�0,ÒED/?1 "5�(6(�?�.12 .1?>2*A@�
(B! &I.H#
�H&� "!�F�( �)FH&"'�&"2J% �).��*2���( �/51'����*2J%;+ ?�C

����£f•J*ª£a�+¡‡ #�,$B¡H¤,"Y$0—Z�&©0 #"���¡J¦D§Ä%0—V¦‡*œ•Ÿ¤n�R¦‡¡H—H*œ•J¡Ÿ*,—H">•����«›œ"N"J¯)¡Ÿ—H"�¥R"J£#­�•J%0¥R ª£| a•��+¡H"4©�²�Â´¬�"J #$&¤ª¡I œ"�—Ÿ¡H*,—H/

›œ��¡‡ #%&�”��¡��B¦‡ '"4•Ÿ |Îœ"4©”¡‡ #¥R"R¦‡¡Ÿ"� ���ìu"4•J¡Z¦!�,%&¡�%&�ª£#­«¡H¤,"K%&*,¡H ,*,¡Y��¡I§¨*,¡H*,—H"N¡‡ #¥R"R¦‡¡H"� œ¦��'›,*,¡�§¨*,¡H*,—H"Y #�, ,*,¡Z¦

�&¦�¬�"J£|£2² C!%�¬�"�™&"�—4���+ , ª£š­0 #�,$«¡H¤,">ô!"�¡�¬�%&—ŸžBö�"4•Ÿ # ,—H%,•Ÿ š¡‡­�—H*ª£#"4¦

Ü

¦˜"�" �ƒ š$0*,—H"�0

Þ

¬�"�Îœ�œ©s #¥R¥
"4©0 a�+¡H"J£#­±Ò

�

Ü‡Ý'Þ

Ô ���

Ü‡Ý'Þ

ï

ò�Û'Ü�Ý'Þ

Ô �

;

Ü‡Ý %

3

Þ

�

Ü�Ý %

3

Þ

ï

ò�ÛœÜ‡Ý'Þ

�

Ü

3 0

Þ

ô!%&¡H"n¡Ÿ¤,"�•���*œ¦H��£‹ #¡‡­ •J%0�œ¦‡¡H—Z�� #�ª¡Z¦
—H"4®&*ª #—H"�¡H¤,"4¦˜"n"4®0*œ��¡‡ #%&�œ¦s¡H%”›'"�—H*,�d›œ�&•Hžª¬I��—Z©ó #�d¡‡ #¥R"&²lë�¤,"4¦‡"���—H"

 ,—H"4•Ÿ f¦‡"J£#­<¡H¤,"«"4®0*œ��¡‡ #%&�œ¦K©ª"4¦H•J—‡ #›ª #�,$ ) �&�p¸H»±�‡�J»$�4ã	�0¶¨ºf�	
 @�¶�(��‡�	��ã ( @�¶¨º��.µ���¬I¤ª f•H¤<¤œ��™&"s›œ"�"��¢©ª"�—˜ š™0"4©t #�<¡H¤,"

 œ�&¦‡¡�*œ¦° #�,$«"J #¡H¤,"�—Y%&—Z©ª"�—Ÿ"4©�©ª"�—˜ š™���¡‡ #™&"4¦��

�

�

%&—�À�*ª£#"�—H/

�

��$0—Z���,$&"K¡H"4•Ÿ¤,�ª f®&*,"4¦ �

ò

�

²Iô!"�¡‡¬b%0—Hž�öÅ"4•Ÿ š ,—Ÿ%)•Ÿ #¡‡­� a¦

›ª­R§2��—I¡H¤,">¦� š¥
 ª£š"4¦˜¡Á���œ©í¥R%�¦‡¡I©0 #—H"4•J¡Y�� , ,—H%��0•H¤u²

�

������
 ������� ��
 ���

(��&•Ÿžª ,—H%& œ��$��+¡‡ #%&�,/¨¡H¤,—H%&*,$0¤,/¨¡‡ #¥R"K¤œ�&¦�›œ"�"��”¥
%)©0 |Îœ"4©å§Ä%&—Y�s™��+—‡ #"�¡�­�%�§F�,"�*,—J��£Å•J%&�ª¡H—H%+£ê ,—H%0›ª£š"�¥s¦��#3

�

²

�&*, , œ%ª¦‡"K¡H¤,".¦‡¡J��¡H"�/2¦‡ œ�&•J"N¥R%,©ª"J£j%�§b�R©ª­ª�œ��¥K f•K¦‡­,¦‡¡H"�¥  a¦!$� #™&"��”���œ©��K�,"�*,—Z��£F•J%&�ª¡H—H%�£|£#"�—I f¦�¡H%
›œ"K›,*ª |£š¡

¡H%n©ª—‡ #™&"K¡H¤,"
 ª£a�+��¡4²Kë�¤,"R%�™&"�—J��£|£w¦‡¡Ÿ—H*œ•J¡H*,—H"N f¦Y—H"J£f��¡Ÿ"4©�¡H%s¡H¤,"R—H"4•J*,—H—Ÿ"���¡Y�,"�¡‡¬�%&—Hžn¦‡"�"��å š�ó¡H¤,"K ,—H"�™& #%&*œ¦

¦‡"4•J¡‡ #%&�u�w #�¢¬I¤ª f•Ÿ¤




Ü‡Ý'Þ

 f¦K¡Ÿ¤,"« ª£a�+��¡R¦‡¡Z�+¡H"B™0"4•J¡H%&—4�F�+�œ©

�

Ü�Ý'Þ

 f¦K¡H¤,"«%&*,¡H ,*,¡K%�§Y���¢�&©,©0 #¡‡ #%&�œ��£V�,"�*,—J��£

•J%&�ª¡H—H%�£|£#"�—s¡Z��ž0 š�,$t�&¦N #�, ,*,¡Z¦s œ�&¦‡¡s¦‡¡Z��¡H"4¦




Ü�Ý

ïX3

Þ

² ÂV$ª�� #�u�bô!"�¡‡¬b%0—HžPöÅ"4•Ÿ š ,—Ÿ%)•Ÿ #¡‡­¢ ,—H%�™0 f©ª"4¦B�”©0 #—H"4•J¡

©ª"�—‡ #™��+¡‡ #%&��%�§j¡H¤,"K�&©,�� ,¡Z��¡˜ š%0����£#$&%0—‡ #¡H¤,¥n²

ÂT¥R%&—Ÿ"B$&"��,"�—J��£Á•��&¦‡"s f¦
%&›,¡Z�� #�,"4©Ã›�­t œ�&¦H¦° #�,$”¡Ÿ¤,"�¦‡¡Z�+¡H"B™0"4•J¡H%&—R���œ©<¡Ÿ¤,"n©ª—‡ #™& #�,$<¦° #$&�œ��£V¡H¤,—Ÿ%&*,$&¤

¡Z�� , '"4©ª/2©ª"J£f�4­ £| #�,"4¦«›'"J§Ä%&—Ÿ"n"��ª¡H"�—‡ #�,$<¡H¤,"”•J%&�ª¡H—H%�£|£#"�—n���œ©��4%&—
 ª£a�+��¡«¥R%,©ª"J£2² ��"�—‡ #™0 š�,$<¡Ÿ¤,"��&©,�� ,¡J��¡‡ #%&�

��£#$&%&—˜ š¡Ÿ¤,¥B¦�§¨%&—9¡H¤,"F—Ÿ"4¦‡*ª£#¡‡ #�,$YÂÁö�'�Â

Ü

ÂV*,¡Ÿ%�ö�"�$&—H"4¦Ÿ¦° #™&" '�%�™& #�,$�ÂV™0"�—Z��$&"

Þ

�,"�¡‡¬b%0—Hž)¦Ê¬b%0*ª£a©\›œ"�"J¯,¡H—H"�¥R"J£#­

©0 E�•J*ª£#¡Y¬� #¡H¤,%&*,¡I*œ¦� š�,$«ô!"�¡�¬�%&—ŸžBö�"4•Ÿ # ,—H%,•Ÿ š¡‡­&²

öÅ"J£a�+¡H"4© ¡H%P•��0¦H•��&©ª"4©d�,"�¡‡¬�%&—Hž,¦R��—H"”¦‡¡Ÿ—H*œ•J¡H*,—H"4¦
¡H¤œ��¡«©0 f¦‡¡H—‡ #›,*,¡H"”¡˜ š¥
"å©ª"J£f��­,¦s¡H¤,—H%&*,$&¤d¡H¤,"�"���¡˜ š—Ÿ"

�,"�¡‡¬�%&—Hž�²I�&*œ•Ÿ¤”��—Z•Ÿ¤ª š¡Ÿ"4•J¡H*,—H"4¦Å š�œ•Ÿ£#*œ©ª"����Ÿ¹:
œµ �ª�+�	� 
'µ4¶¨·��&�Ÿ¸ # �10–�

W

�

Ü

¬I¤,"�—H"N¡H¤,".¦˜­��œ�� ,¡˜ a•N•J%&�,�,"4•J¡‡ #%&�œ¦�%�§

¡H¤,"K¡H—Z�0©0 š¡˜ š%0�œ��£b¥K*ª£#¡‡ |£f�4­0"�—>�,"�*,—Z��£F�,"�¡‡¬�%&—Hžn�+—H"K—H"� ª£f�&•J"4©”›ª­ �9³‡ö

Ü

�ƒ #�ª #¡H"R³°¥R ,*ª£f¦‡"«ö�"4¦‡ œ%0�œ¦‡"

Þ

Î,£#¡H"�—Z¦

Þ

�



¶¨º��.µ,@A'&µ6�&�&¾ 
œµ �ª�+�	��
œµ�¶¨·��&�Ÿ¸ # ��-

�

Ü

¬I¤,"�—H"R¡˜ š¥
"�/2©ª"J£a��­,¦K��—H"K #�ª¡H—H%,©ª*œ•J"4©t›œ"�¡‡¬�"�"��7¡H¤,"
¤ª a©,©ª"��t£f��­&"�—Z¦\%�§V�

§¨"�"4©0§Ä%&—Ÿ¬Å�+—Z©��,"�*,—Z��£��,"�¡‡¬�%&—Hž

Þ

��³‡³‡ö

Ü

³2�ªÎœ�ª #¡H"�³2¥
 ,*ª£a¦˜"ÅöÅ"4¦‡ œ%&�œ¦˜"

Þ

¦‡¡Ÿ—H*œ•J¡H*,—H"4¦������œ©Á£a�+¡H¡‡ f•J"�Î,£#¡H"�—Z¦p² �–%&—j¦‡*œ•Ÿ¤

�,"�¡‡¬�%&—Hž,¦��&©0 #—H"4•J¡b•Ÿ¤œ�� #�R—H*ª£#"�"J¯) œ���œ¦� š%0�œ¦�%&—�"4®0*ª #™���£#"��ª¡b*,�ª§¨%�£f©ª"4©s¦‡¡H—H*œ•J¡H*,—Ÿ"4¦F��—H"�"J¯,¡H—H"�¥R"J£#­R•J%&¥R ª£| f•���¡H"4©�²

³2�”��£|£b•��&¦˜"4¦��uôI"�¡‡¬�%&—Hž«ö�"4•Ÿ # ,—H%,•Ÿ #¡�­ó ,—H%�™& f©ª"4¦Y�«®0*ª a•Ÿž��+�œ©n"4�0¦‡­n¬I��­«¡H%«©ª"�—‡ #™&"K¡H¤,"R©ª"4¦° #—H"4©”�&©,�� ,¡J��¡‡ #%&�

��£#$&%&—˜ š¡Ÿ¤,¥n²

•sz¨“��½z|‰�ÍIy‡€bÉ���‘

30²8>Ž²éëY²+'í ‹£|£#"�—�³�³‡³J�œöY²|�œ²'�&*,¡H¡H%0�u�

�

²ä(–²	>”"�—H›'%�¦��ª"4©0 #¡H%&—Z¦p²�
Áµ6���+�	�'
Yµ4¶¨·��&�Ÿ¸ # 7��&�>�D�	
œ¶¨�‡�	�#� '�³�ë

�

—H"4¦H¦��

�b��¥K›,—‡ f©ª$&"&� '�Â.�u3�1&1

U

²

ò

²IÀI²

�

£#*,¥R"�—4²��9»�¶¨º-���	���œµ����Kº�
B�	���D�	
œ¶¨�‡�	��3 #�º�
�ã �uµZµ�'+7��&�Z·��0�A's
Yµ �ª�+�	�ƒ
Áµ�¶¨·��&�H¸6#p�

�

¤u²é�K²±©0 f¦H¦‡"�—Ÿ¡Z��/

¡‡ #%&�u²��&¡Z���ª§¨%&—Z©sü!�ª š™0"�—Z¦° #¡‡­&�œÂ�*,$œ²I34101

ý

²

ý

²I�K²äÀI²�ö�*,¥R"J£#¤œ��—H¡��j(,²

�

² '�• �w£š"J£|£f���œ©������œ©�¡H¤,"

�

�

�

ö�"4¦‡"4��—Z•Ÿ¤ �V—H%0*, u²K�D�&�+�	���|µ � �Yº #�¶¨�Jº ),��¶¨µ�'«����� @

�Zµ,#�#�º-
ªã��	��
Ÿ»��|�&�+�&¶¨ºf� 
$#Bº�
<¶�(�µ)��ºf���‡� # ¶¨���ª�4¶ �ª��µ��+7��F�Zã 
œº½¶¨ºf�	
'²
��%�£2²73&² '�³�ë

�

—H"4¦H¦p� ����¥K›,—‡ f©ª$&"&�

'nÂK��341

�

0–²

-'²�Â.²<>7�� #›œ"J£2��ëY²�CV�+�œ��Ñ4��¬Å�–���.² CÅ #��¡H%0�u���K²9�&¤ª šž����,%œ�9���œ©��K²

�

�+�,$œ²

�

¤,%0�,"�¥R"R—H"4•J%&$0�ª š¡˜ š%0��*œ¦� š�,$

¡‡ #¥R"�/2©ª"J£f�4­
�,"�*,—Z��£u�,"�¡‡¬b%0—Hž)¦p²����������œ�+�	
$#!�&��¶¨ºf�	
 #I�	
����J�	�	#�¶¨º½�!#�� �&»,µZµJ�!(�� �	
B'���º‹ã 
B�	�–�b�‡�4�Jµ!#�#�º-
ªã&²

��%�£2²

ý
W&Ü�ý)Þ

� '���—Z•Ÿ¤”341

�

1,�ª , u²

ý&ò

�

/

ý0ý

1,²

�

²IÀI²�>7�+� ���œ© ��²�(D"4��*ª§ ��­,¦�²dôI"�¡‡¬�%&—Hž<ö�"4•Ÿ # ,—H%,•Ÿ š¡‡­�Ò”ÂAüI�ª |Îœ"4©dÂ� , ,—H%��0•H¤ ¡H%7��"�—‡ #™&" �V—Z�&©0 #"��ª¡

ÂI£#$&%&—˜ š¡Ÿ¤,¥B¦D§¨%&—IÂ�—H›ª #¡H—Z��—H­«ô!"�*,—Z��£jôI"�¡‡¬�%&—Hží�&¡H—H*œ•J¡H*,—H"4¦p²��&*,›,¥K #¡H¡H"4©�¡H%s
Yµ �ª�A� ���F�	�!»��ª¶ �&¶¨º½�	
œ²

0–²IÀI²�>7���u² �Fº�
œº½¶¨µ����I»��"� #�µY¹bµ,#2»,�	
$#�µY
Yµ �ª�+�	�'
Áµ�¶¨·��&�Ÿ¸ #>·�º½¶�(	�Å»&»��|º½���&¶¨º½�	
 #Áº�
��jº-�Kµ �±µ4�Jº½µ!#��b�‡µ�'0ºf�,@

¶¨ºf�	
��

�

¤u²ä�K²,©0 f¦H¦‡"�—H¡Z�+¡‡ #%&�u²��&¡Z���ª§¨%&—Z©«ü!�ª #™&"�—Z¦° #¡‡­&��ôI%�™�²b3�1&1

ý

²

W

²IÀI²�>7���u²KëD #¥R"B¦˜"�—‡ #"4¦> ,—Ÿ"4©0 a•J¡˜ š%0�7*œ¦° #�,$��«•J%&�,�,"4•J¡‡ #%&�ª f¦‡¡K�,"�¡‡¬b%0—Hžn¬� #¡H¤� #�ª¡H"�—H�œ��£I©ª"J£a��­�£| #�,"4¦�²R³°�

Â.²�>”"J #$&"��œ©����œ©«ô>² ��"�—Z¦‡¤,"��ª§¨"J£a©��–"4©0 š¡Ÿ%&—Z¦����9º-�Kµ%��µ4�Jºfµ,#V���‡µ�'&º½�4¶¨º½�	
�� �u�&�‡µJ��� #�¶¨º�
�ãN¶�(�µ � �ª¶ �ª��µ��	
<'

34
<'&µ4� # ¶ � 
B'&º�
�ã
¶�(�µN�D� #�¶¨�,ÂY©,©0 a¦˜%&�,/ >”"4¦°£#"�­&��341&1

ý

²

�

²

�

² >”"�—Ÿ›œ%�¦�² �V"��,"�—Z��£‹ #Ñ4��¡˜ š%0�¢%�§V›œ�0•Hžª ,—H%& œ��$ª��¡‡ #%&�t¬� #¡H¤P�+ , ª£‹ f•���¡˜ š%0� ¡Ÿ%å��—H"4•J*,—Ÿ—H"���¡K$��0¦>¥s��—Hž&"�¡

¥R%)©ª"J£2²�
Yµ �ª�+�	��
Yµ4¶¨·��&�Ÿ¸ #�²���%�£2²�3&��341

���

�� , u²

ý&ý

1�/

ý

�

0,²

1–²IöY²ä(,² >  |£‹£| f��¥B¦s���œ©t�K²��, # œ¦‡"�—�²”ÂW£#"4��—H�ª #�,$7��£š$0%&—‡ #¡H¤,¥ §Ä%0—Ð•J%0��¡‡ #�ª*œ��£|£#­7—H*,�,�ª #�,$ó§Ä*ª£|£#­t—H"4•J*,—H—H"��ª¡

�,"�*,—Z��£j�,"�¡‡¬�%&—Hž,¦�²�
Yµ �ª�+�	���F� �I»���¶ �&¶¨º½�	
'²���%�£2²I3

Ü�òªÞ

��341

�

1,�ª , u²

ò
W

U

/

ò

�

U

²


