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F�:&c�7QuL`�M.5�GQ:&c���V�ya:ºß�}DEA�5G)fgKPGQ>
5��)`�F%79c�8%G9I��LcjOAya:!c��L�)JLKPGQ7Qfj8�7QOAfky�wx7QOAy��)79`a7Q�)5�� uL:�KN�):&OAM+7Q:&c��PV�ya:'ßF?fHL|Dà�áTfgKPGQ5��)`�fkKN`aOAI�7Q`ac
OAya:08%MRKNfk:&c�c
:&F�uL:0OAK�:&F�uL:0F%:�c�79uL`�M.5%G9:&c��%V%ya: ï é�â ï ��fkKNGQ5��)`�F%79c�8%G9I���OAya:�8�7QOAfkyxM.I�OA7QKx�AKPM.�)5�GQI6�<�`aF���`aI�GQG9�g[�OAya:

λ
fkKNGQ5��)`�fgKP`aOAI�7Q`acYOAya:{M�:&c�5�GQOA7Q`au0bLI�G95%:{M�KP5%`aF�:&FxOAK0OAya:¡8�ya�Lc�7QfkI�GWuLM.79F%[N� ^�X

µ«�AKNMYOAya79cj8%MRKNfk:&c�c��
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M+5%G9:&c :&F�uL: 8�7QOAfky 8�M�KPGÛ^�\ ï é7â ï � λ`awx:&G9G e Z
`awx:&G9GQ>A`awx:&G9G���fkKNGQF�� ^�\ ^�\ Z 2ÑZºQ£Z/6�e�^�\KM¤^ ^�� ]�X
F�7Q� \ ^�� \
F�7Q�A>AF�7Q� Ü X \6� e 2ê^�` \ZQÅ\�` e/6fe�XãMÀ]�` i�\ ]6� i�X
��F�7Q��âNfkKN`aOA�A>AF�7Q� Ü Z \6� e 2Ñ]�` ZZQ�\�` eZQ�^�` X/6fe�ZãMÀ]�` i�X ]6� i�X
��F�7Q��âNfkKN`aOA�A>+��F�7Q��âNfgKP`aOA� Ü Z \6� e 2ÑÜBQ�\�` e/6fe�ZKM�]�` ² ]6� ²
F�7Q�A>A`awx:&G9G i�� X ^�^ Ü6� Z 2ÚÜZQÅÜ�` Z-Q£]�` Z/6fe�^�^ZMÀ]�` Z�X ]6� i�X
`awx:&G9G�âNF%79� ]6� X Ü6� Z
F�7Q�DIx>+��F�7Q�Adrâ�`awx:&G9GQ� ² ^�] i�� \ 2ê^�` \ºQ i�` \/6fe�^�]ãMÀ]�` Æ�e ]6� ²
8�KNG9� ^ ^�� \
IxuLI�OA: ^ ^�� \
d�uLI�OA: ^ ^�� \
8�KNG9�L>A8�KNGQ� \ Ü ^�� Æ 2v^�` \BQß^�` Æ/6�e�ÜKM¤^ ^�� ]�X
��8�KNG9��âNfgKP`aOA�A>A8%KPGQ� \ e ^�� Æ 2Ñ]�` ZZQß^�` ÆZQ�^�` X/6fe�eãMÀ]�` ² i ^�� ]�X
��8�KNG9��âNfgKP`aOA�A>+��8%KPGQ��âNfgKP`aOA� \ X ^�� Æ 2ÑÜZQ�^�` Æ/6fe�XãMÀ]�` ² Z ^�� ]�X
8�KNG9�L>AF�7Q� ^ Ü ]6� Z 2Ñ]�` ZºQ�]�` ZZQ�]�` Z/6fe�ÜKM�]�` Z ]6� Z
u6I�OA:%â�F�7Q� ^�� X ^�� \
F�7Q��âNuLI�OA: \ ^�� Æ
fkKN`aO ^ ^�� X
fkKN`aOA>AfkKN`aO Ü e ^�� X 2ê^�` XZQ�^�` X/6fe�eãMÀ]�` i�X ]6� i�X
fkKN`aOA>Au6I�OA: \ Ü ^�� ]�X 2Ñ]�` i�XZQß^�` ]�XZQ�]�` Z/6fe�ÜKM�]�` Æ ]6� ²
fkKN`aOA>AF�7Q� \ e ^�� ]�X 2Ñ]�` i�XZQß^�` ]�XZQ�]�` Z/6fe�eKM�]�` Z ]6� Z
F�7Q��âNfkKN`aO ^ ]6� i�X
8�KNG9��âNfgKP`aO ^ ]6� i�X
��O+^ ^ ^�� Æ
��O+^�>A�)O+^ \6� X e ^�� Æ 2ê^�` ÆZQß^�` Æ/6fe�eKM�]�` ² ]6� ²
����O+^�â�fkKN`aOA�A>A�)O+^ \6� X e ^�� Æ 2Ñ]�` ² Qß^�` ÆZQ�^�` X/6fe�eãM¤^�` ]�X ^�� ]�X
����O+^�â�fkKN`aOA�A>+���)O+^�âNfkKN`aOA� \6� X X ^�� Æ 2ÑÜZQ�^�` Æ/6fe�XãMÀ]�` ² Z ^�� ]�X
����O+^�â�bL79I��A>A�)O+^ \6� X e ^�� Æ 2Ñ]�` ² Qß^�` ÆZQ�^�` X/6fe�eãM¤^�` ]�X ^�� ]�X
����O+^�â�bL79I��A>+���)O+^�âNbL7QI�� \6� X X ^�� Æ 2ÑÜZQ�^�` Æ/6fe�XãMÀ]�` ² Z ^�� ]�X
��O+^�â�fkKN`aO ]6� X ]6� i�X
��O+^�â�bL79I ]6� X ]6� i�X
b67QI ^ ^�� X
b67QI�>AbL79I Ü e ^�� X 2ê^�` XZQ�^�` X/6fe�eãMÀ]�` i�X ]6� i�X
b67QI�>A8�KNGQ� \ Ü ^�� Z�X 2Ú]�` i�XZQß^�` Z�XZQ�]�` Z/6�e�ÜKM¤^ ^�� ]�X
b67QI�>+��8�KNGQ��â�fkKN`aOA� \ e ^�� Z�X 2Ñ]�` i�XTQ�^�` Z�XTQ�^�` X/6fe�eãMä` ² i�X ^�� ]�X
b67QI�>AuLI�OA: \ Ü ^�� Z�X 2Ú]�` i�XZQß^�` Z�XZQ�]�` Z/6�e�ÜKM¤^ ^�� ]�X
b67QI�>AfkKN`aO \ Ü ^�� X 2v^�` XBQß^�` X/6�e�ÜKM¤^ ^�� ]�X
��OA\ \ ^�� Æ
��OA\�>A�)OA\ \ e ^�� Æ 2ê^�` ÆZQß^�` Æ/6fe�eKM�]�` ² ]6� ²
����OA\/â�bL79I��A>A�)OA\ \ X ^�� Æ 2Ñ]�` ² Q�^�` Æ-Q ^�` X/6fe�XãMÀ]�` Æ�e6^ ]6� ²
����OA\/â�bL79I��A>+���)OA\/âNbL7QI�� \ X ^�� Æ 2ÑÜZQ�^�` Æ/6fe�XãMÀ]�` ² Z ^�� ]�X
��OA\/â�bL79I ^ ]6� i�X

V%ya:$�)I�lW7Q�)5���bLI�GQ5�:
KP�NOAya:
G9I�c�ONfkKNGQ5��)`�7Qc{^�� ]�X�[Wc�K0OAya:¡b6I�GQ5�:
KN�POAya:
λ
�AKNM©OAya7Qc¢8�M�KPfg:�c�c©7Qc

^�� ]�X6�%IxKPOA:�OAyaI�O6OAya7Qc�b6I�GQ5�:&[&KNM�I
b6:&M.��fgG9KNc�:¡b6I�GQ5�:&[&c�yaKN5�GQF�I�8�8�:&I�M%�AKPM�OAya:{�):&OAI�G9c�M.5�GQ:&c©I�`aF�GQ:&c�c
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7Q��8%KPM.OAI�`aO%OAya:08�KNG9�Lc�7QGQ79fgKP`xM.5%G9:&c�[WI�c
OAya7Qc$I�8%8�M�KPI�fgy§7Q�)8�GQ79fg79OAGQ��c�OAI�OA:�c
OAyaI�O�OAya:�c�79¦�:�KP��I�fg79M�fk5%79O
7QcÒ8%M.79�)I�M.��F%5�:{OAK�OAya:$�):&OAI�G9c�>A��:&OAI�GQc¢8�7QOAfky?M+5%G9:&c���D¥�67QO+× c�`aKNO6OAya:
fkI�c�:�[&KN5�M%��lW:&FxuLM.79F�I�8%8�M�KPI�fgy
7Qcj`aKPOaw�:�GQGNc�5�7QOA:&F��AKNMYOAya:�OAI�M�uL:&O�8�M�KPfg:&c�c��

��� ½�� ³ ´Z�������¶µ
���
V�ya:�8�I�M.I��):�OA:&M.c
�AKPMjOAya:�fkKN`aOAI�fkOAc
79`abLKNG9bL7Q`auxI�fg5�O�GQI��L:�MYI�M�:0:&I�c�7QG9��fgI�G9fg5�GQI�OA:&F¡�%°L7QM+c�O�fkKN�)8�5�OA:
OAya:Tc�7Q¦�:!KP��OAya:!fg5�OA[�wxya:&M�:T79`aF%:�l�òL7QcjI0fk5%OaG9I��L:&MR�

]�"%¸¹& ñ M¤ð ñé�V ñXW
V�ya:&`a[��AKNM�OAya:¡KPOAya:&M�G9I��L:&M�7Q`abLKPGQbL:�F�79`?I$fgKP`aOAI�fgOA[&5�c�:¡OAya:{�)79`a7Q�)5���M�:&I�GWKNb6:&M.GQI�8�KP�N:&I�fky�G9I��L:&Mo[
ök[WKPbL:&MYOAya:Tfk5%OA[�òR�

]�"%¸¹& ô M ó ô�õ�ñé�V ñXW
V%ya:å]�"%¸¹&�ñ%KN�{OAya:�OAM.I�`ac�7Qc�OAKPM�fkKNM+`a:&M.c?­ OAK)F�M.I�w

L
I�`aF

S
c�yaI�8�:&F¹OAM.I�`ac�7Qc�OAKNM.c�­ I�M�:

��l�:�F�JL��OAya:�M.5%G9:&cY5�c�:�F��AKNMÒI���7Q`a7Q��5%� w�79F%OAy�­´:&G9:&fkOAM.7QfkI�GNfkyaI�`a`a:&GaGQ:�`auLOAyx­ OAM+I�`ac�79c�OAKNMR�

��� ½�� � ���
	��
�
�����
<�c��6�)JLKNG97QfYc�:&uL��:&`aOa7QcYIT5�`a7Q4L5�:
KPJ�É9:&fkOA[�JL5�OLwxya:&`�5�c�:�F��AKPMYc��L�)JLKPGQ7QfYOAK�M�:�I�GNOAM.I�`ac�GQI�OA79KN`a[Wwx:
yaI�bL:0OAK?fkKN`ac�79F%:&MY�AKP5%MÒOA�L8%:�c�KP��c�:�uL�):&`aOAc��

È OAya:!M.5�`ac�[���:&OAI�GQcjI�`aF�8�KNG9�Lc�7QG97QfkKN`�GQ79`a:&c��
È OAya:!OAM.I�`ac�7Qc�OAKNM+c�I�`aF�F%79�o�A5%c�79KN`ac��
È OAya:!c�5%M.MRKN5�`aF%79`au�c�:&uL�):&`aOAc�[�OAya:!wx:&G9GQc��

V�ya:�fgKP�)8�5%OAI�OA79KN`ac!�)5�c�O¢JL:�F%KP`a:�7Q`�OAyaI�OYKNM�F�:&Mo[�JL:�fgI�5�c�:?:&I�fkyÔc�OA:&8Ô8%5�OAc!fkKN`ac�OAM.I�79`aOAc�KP`ÔOAya:
�AKNG9GQKPw�79`auHc�OA:&8¡� ¨ :�wx7QGQGaKP`aGQ���AKNfk5%c�KN`�OAya:

VW
M�:&fkOAI�`auLG9:&c�[LI�cTOAya:&��I�M�:�OAya:�KP`aGQ��KN`a:&cT5�c�:&�A5%G

�AKNMj��Ý Þxàx8%MRKNfk:&c�c�:&c��
;
KN`afk:&M.`a79`auÔOAya:

λ
[�OAwxK�fkI�c�:&c0�)5�c�OÒJL:?F�7Qc�OA7Q`au65%79c�ya:�Fj��Dv�¢OAya:

λ
7Qc0I�`Ô:&bL:&`£`a5��)JL:&M$KN�

8�ya�Lc�7QfkI�G%uLM+7QF³c�OA:�8%c�[ayaI�GQ�
λ
:&lWOA:&`ac�7QKP`ÅKP`Ô:&I�fkyÅc�79F%:�KP�YI�c�:&uL�):&`aOÒuL7QbL:�c�I�`Ô79`aOA:&uL:&M�`a5%�)J6:&M

KN�$8%ya�6c�79fgI�GjuLM+7QF�c�OA:&8�c���Dv�
OAya:
λ
79c?I�`�KPF%F�`a5��)JL:�M�KP�
8�ya�Lc�7QfkI�G�u6M.7QF�c�OA:&8�c�[¢OAya:�M�KN5�`aF�7Q`au

KN8�:&M.I�OA79KN`Ô�)I���fgMR:&I�OA:�I�F%:�c�79uL`ÔM.5�GQ:�bL7QKPGQI�OA79KN`Ò� ¨ ya:�`ÔOAM.I�`ac�GQI�OA7Q`auÔI�`aKP`£�)7Q`a79�)I�G%c�:&u6�):&`aO
yaI�bL79`au�I�wx7QF�OAy�OAyaI�O{7Qc�I�`UKPF%F�`a5��)JL:�MTKN�

λ
c?KP�¡OAya:x�)KPc�OjfkKN`ac�OAM.I�79`a7Q`au³M.5%G9:&c�[%I�`¹:&F�uL:xOAK

:&F�uL:!c�8�I�fg79`au?:&M.MRKNM¢fkI�`�KNfkfk5%M¢J6:&fgI�5�c�:
OAya:!MR:&fkOAI�`auLGQ:!fkKNKPM�F�7Q`aI�OA:&cjI�MR:!M�KP5%`aF�:&F�JL�?:&lWfk:&c�cjOAK?I
8�ya�Lc�7QfkI�GNuLM.79FHc�OA:&8�[�I�cj:&lW8%G9I�7Q`a:&F�CE:&fkOA7QKP`�<x� ^��aCEKPGQbL79`au�OAya7Qcj8�M�KNJ6GQ:&�Õ79cjF%KP`a:TJL��c�5%J6c�OAM+I�fgOA79`au
I�8%ya�Lc�79fgI�GYuLM+7QF�c�OA:&8¹OAKÔOAya:�wx79F%OAy³KN�$I�GQGYOAya:xM�:&fkOAI�`auLG9:&c?wxya:&`¹OAya:

λ
79c�I�`¹KNF�F�`a5%�)J6:&MTKN�

8�ya�Lc�7QfkI�GNuLM.79F�c�OA:&8�c���Dv��OAya:T`a5%��JL:&M¢KP�
λ
c¡KP��I�c�:&u6�):&`aO�7Qcj:&bL:�`a[EOAya:T`a5��)JL:&MYKP��8%ya�Lc�79fgI�GPuLM.7QF

c�OA:&8�c!KN`):�I�fgyÔc�7QF�:�KN�YI�c�:&uL��:&`aO�79c!I�GQwxI��LcT79`aOA:&uL:&Mo[aI�`aF³OAya:?c�5�JLc�OAM.I�fkOA:&FÔyaI�GQ�Y8�ya�Lc�7QfkI�G�uLM.7QF
c�OA:&8�KN`�:&I�fgy�c�7QF�:TKN��OAya:Tc�:&uL�):�`aO�wx79GQGNJ6:T8%MRKNbL79F%:&F§JL��OAya:TM�KP5%`aF�7Q`au��A5�`afkOA7QKN`Ò��Dv��OAya:

λ
7QcjI�`

KNF�F�`a5��)JL:�MYKN��8%ya�6c�79fgI�GPuLM.79F�c�OA:&8�c�[�OAya:Tc�5�JLc�OAM.I�fkOA:&FHyaI�G9�%8�ya�Lc�7QfkI�GNu6M.7QF§c�OA:�8HKP`�:�I�fgy�c�7QF�:!KN�
OAya:�c�:�uL�):&`aO�wx7QGQG6uL7QbL:0I�7Q`aOA:&uL:�M�`a5��)JL:�M�KP��8�ya�Lc�7QfkI�GLuLM.79F)c�OA:&8�c
wx7QOAyaKP5%O�M�KP5%`aF�7Q`au¢�ÒV%ya79c
­
I�GQwxI��Lcj`aKP`H�)79`a7Q�)I�G�­´M.5�`�w�79GQGPyaI�bL:TI0w�79F%OAy�I08�ya�Lc�7QfkI�GNuLM+7QF�c�OA:�8�c��)I�G9GQ:&MÒOAyaI�`�:�l�8�:&fkOA:&F¡�
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æ+ç �%â
èj5%`�8�I�M.I��):�OA:&M.c{I�M�:!fkKN�)8�5�OA:&FH5�c�7Q`au�OAya:T��7Q`a7Q��5%� c��6�)JLKNG97QfjI�`aF�MR:&I�GNwx79F%OAyxKN�aOAya:TM+5%`ac��

÷gJ�$ ñ M ^
\ ð ñé�V ñXW

÷HðR$ ñ M ð ñé�V ñXW Y ð ñ��V ñXW O
÷�ðR$ ñ �)I��xyaI�bL:�I?`a:&uLI�OA79bL:�bLI�GQ5�:P�ÒDv`�OAyaI�O�fkI�c�:�[NOAwxK�I�JL5�OAOA:&F)fkKNGQ79`a:&I�M{c��6�)JLKNG97Qf$c�:�uL�):&`aOAc
�)I��)`aKPOjJL:�fgKP`a`a:&fkOA:&FUI�`a�L��KNM�:xI��AOA:&MTOAM+I�`ac�G9I�OA7QKP`Ò��V�ya:�8�KNc�OY8�M�KPfg:&c�c�7Q`au�F%:&c�fkM.7QJ6:&F�79`£CE:&fk>
OA7QKP`�<x� e6� X��):&MRuL:&cjOAya:&�ÓJLI�fk�©�

V%ya:&c�:£M.5�GQ:&c§I�M�:£fkKNM.MR:&fgO��AKNMxOAya:³c��6�)JLKNG97Qf§GQI��L:&M+c�5�c�:�F¤7Q`�wx7QM�:�cHOAyaI�O�yaI�bL:UI³F%79M�:&fkO
:&4L5�7Qb6I�GQ:&`aO�7Q`�OAya:T8�M�KPfg:�c�c�[�`aI��):�GQ�

POLY
[
ALU1

[
ALU2

[ÏI�`aF
ALU3

�

C�}DÄéÄ ç âg}DH6�%â
÷�ðR$ ñ 79c%fkKN�)8�5�OA:&F?I�c©�AKNGQG9KNwxc��AKNM�OAya:YI�fgOA79bL:jI�M�:&I$7Q`0M.5�`ac%­

NDIF
[
PDIF

[
NTIE

I�`aF
PTIE

­ �
V�ya:TfgyaKP7Qfk:T7QcjOAK?yaI�bL:0ITÜ

λ
M.5�`�OAyaI�Oa7QcjI�c{GQI�MRuL:!I�cjI0c��6�)JLKNG97QfjF�7Q�o�A5�c�7QKN`xfkKN`aOAI�fkO+�
÷HðR$¹êPëDì�MçðUëDí Wé�V ñXW Q�\$ó êPëDì õ ëDí Wé�V ñXW Y O

÷gJ�$ êPëDì 7QcjJLI�c�:&F§KN`xOAya:!fkKN`ac�OAM.I�7Q`aOAc{KN��OAya:TOAM.I�`ac�79c�OAKPMR�

î ?.~���âk}Aâ�EDH«?+â
d�GQ:&I�c�:{`aKNOA:{OAyaI�ONwxya:&`?c�8�:&I��L79`au�KP�NI$OAM.I�`ac�7Qc�OAKNMo[�OAya:¡OA:&M+� G9:&`auLOAy�M�:&�A:&M+c¢OAK07QO�:&GQ:&fkOAM.79fgI�G�fkyaI�`a`a:&G
GQ:�`auLOAyÒ�6V�ya:�c�I��):TI�8�8�GQ7Q:�cYOAK�7QOAcjwx7QF�OAyÒ�/Ix:&bL:&M+OAya:&GQ:&c�c�[Wwxya:&`HOAya:T��7Q`a7Q��5%�Õwx79F%OAy�KP�%I0GQI��6:&M
7QcjMR:&4L5�7QM�:�F%[�wx:!MR:&�A:&MYOAK?OAya:TOA:�fgya`aKPGQKNu67QfkI�GLfgKP`ac�OAM.I�7Q`aO+�

÷gJ�$×ï êPì 7Qcj��l�:�F)OAK�]�[�JL:&fkI�5%c�:!OAya:0fkKN�)8�5%OAI�OA79KN`xKN��OAya: λ
bLI�G95%:T��I��L:&c{OAya7Qc{ya�L8%KPOAya:&c�7Qc��

=?`a:TfkI�`xc�:&:!KN`xG9I��LKN5�OÒ�A^���KN��°L7Qu65%MR:!<x� ^¡OAyaI�O�÷KJL$��)5�c�Oac�I�OA7Qc��A�

Y
^
\ ðÞð íéñé�V ñXW<ò ÷gJ�$ ï êPì ñXW ì

é
ò
^
\ ðÞð íóñé�V ñ[W

÷HðR$×ï êPì 79c�OAya:Tc�I��):�I�c¡79`�OAya:TM.5%`ac��
÷�ðR$ ñ M¤ð ñé�V ñXW Y ð ñ�FV ñXW O

V�ya7Qc{7QcYM�:�4L5%79M�:&F�7Q`xKPM�F�:&MYOAK?5�c�:!OAya:T�)7Q`a79�)5�� uLI�OA:!G9:&`auLOAyxKN��OAya:!8�M�KPfg:�c�c��
÷gJ�$ êPëDì ñXW ì é yaI�c¡OAK�JL:!fkKN�)8�5�OA:&FH�AMRKN�Õ��bL:TfkKN`ac�OAM.I�79`aOAc��LDvOa7QcYI�GQwxI��Lc{IT`a:&uLI�OA79bL:TbLI�G95%:P�

È OAya:�M.I�OA79Kßð;ô^e�ð�õ��)5%c�O$JL:�OAya:§c�I���:�OAyaI�`�7Q`�c��L��JLKNG97Qf�79�!8%KPc�c�79JLGQ:�[Yc�K²ð é M ù�O¼Q
\6÷gJ�$ êPëDì ñXW ì é �)5�c�OaJ6:!:&4L5�I�GNOAK�ð � Ma2où Y Ü/6fOa�
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