
����������	�

��
���������	�������������	�� �!�"��#
$%�'&(�)�+*,�-��� .)&(��/�.0�!1��2��	%34�����

5)� ��6�����7,� ��8�	��9��	2��
;:

<>=@?�A>B(=9=DC)E+FDEG?�HJI�KML9N�=@O�PRQTSUOVE+WXE+?�?YE
Z-F\[TEGO�N�]^F\?9N(=+_�`"aMF\b\N�O�KMbcE+a"`"?�A@Kd?;F\F\O�KM?�AGegfih
W�N�F\]�Wcj

` `UClk>m@m>n
o�?�KMp@F\O�W�KdN'h�=+_ f9=>q�N�r�F\O�?,n)E+aMKs_t=>O�?�KuE
v�=@W)w�?�A@F\aMF\WcjYn(wyx>m@m>z>x�egk@{>|@k

}'~ =>?;A>B(=
=Yj>[;OVE+WXE+?�?YE9���-rTEGaMb\h>=@?2Q q�W�b>Q F\H;q
o���v��9r
N�N�[2���@�+b\F\?;ATQ q�W�b@Q F�H�qT�9��[�OVEGWVEG?�?TE

�R� ���c�+�T�G�
�^�0�����X���+�\����� ���>�����s�> J¡��c�M¢����>�G£d�X�>�u���¥¤��>�)�\¦+ 9§

�M¢����\�M�4��¤%¨>���V¨G§��t©�ª��u�� ��¬«�¨@�t¨®­��>�\¡�¨>��¯ �@ �°c���\�±§
���X�!²�«�­)¯"��³l� �±�d¢4¢;�´��¢y�M¢����>µ+�c¢���µ9�J��¨@�t��¶·«�­0¯"�
¨@���4�@���@µ\���X���u ����¸°c¨@�\�u�@µ>�®ª�£d¨+�X�\���l¨>ªXªX�>���>�u >�¹�t�
�M¢��º�t���Xªc� » ªX¨>���u�> ¼��¤¸�@�\�\�´�@ ½��¨>��¨@¡D�����c�X�\¶ ¾�¢��
»��X�\���@�\�\�´�@ ,¡����d¢;�c�@�+£d�X�@¦^�M���\µ9�u��¨>¿�£d�(¤\�>�À�>�����s�> ���¤
¡�¨> ;¦����g�������\�c ;�t¨@�t�u°��¬ª�£d¨G�V�\���Á��¤^«�­0¯"��¶½¾�¢��¬�@�\§
�\�´�@ 9��µ>�\�u @�^�M¢��M��¡D���M¢����>�+£M�V�@¦R¨>���D¿X¨G���X�R�@ ¬¨�N'B(=+e
H;Kd]�F\?�W�Kd=@?TE+a�¨>��ªV¢;�u���Vª���µ
���c¶¸¾�¢���¦J¢�¨>°��Â¡D¨�Ã>�u¡�µ9¡
�M¢����>µ+��¢���µ9����¨>���¬¨> ;��¨>���Ä¨>���X¨G§��t©�ª��u�c ;�t¶½Å�¨>���u�>µ@�
�@�\�\�´�@ 4�XÃ>¨@¡)�Y£d���,¨>���J��¢��@�  l���!�@�c¡��> i������¨@�t�Â�u¡À§
�����@°c�X�À�i���u¤\�@�\¡�¨> �ªX��Æ�Ç(�VÃ@�u¿��M£d�±�t¦�¨> ��¬µ@�\��¤\µ@£d ����X�È��¤
�M¢��É���@�\�\�´�@ %¡D���d¢;�c�@�+£M�V�@¦+¶�­2�@�J�\�c°�����¨+£����g�����\�\�� 9§
��¨>���u°��������@¿\£M�c¡À�XÆ �d¢;��¨>���V¨R���XÊcµ9�u���c¡��c ;�u����¤Ë�@µ9�Ë�@�\§
�\�´�@ 9�)¨>����ªX�>¡0�i¨@���X��¨��>¨@�u 9�\�2�M¢��G�����@¿c��¨>�u ;�V��¿�¦Ë�X¨@�X§
£M�u���R�>�����s�> 4¡����d¢;�c�@�+£d�X�@�u�\�\¶!­��>�J¨G£u£Ì�M¢��È�����@¿\£M�c¡À�
ªX�@ 9�\�u�>�����X�+Æ2�M¢��É�Ì¡��c�M¢����>�G£d�X�>¦-£M�V¨@�+�)�t�ÀªV�@¡)��¨>ª��2�@�\§
�\�´�@ 9�\¶Í¾�¢;�¬�\�XªX�> ����@�\�\�´�@ 4¡��c�M¢����>�G£d�X�>¦���¡)�Y£d�@¦��
¨@ 4¨>��ªV¢;�u���Vª���µ
���¬µ@�\�u >�Î�>µ9¨+£�¿�µVÏ)���X�\¶Ð¾�¢��Ä�\�u¡)�Y£d�
¨@ ��¬���Ñ�@µ@£d¨@�D¨@��ªX¢��u���Xªc��µ9����µ>�\�u @�,�@µ9¨+£�¿�µXÏ)�c�X��£d�X¨@�+�
����¨>���X¨G§��t©�ª��u�c ;��«-­)¯"�\¶R¾�¢����>���\�´�@ �������ªX�V�@µ9����µ@�V§
�± >���M¢��M��¡����d¢;�c�@�+£d�X�@¦��M�(���±¡)�Y£d��¨@ ���ªV¨@ ^���V�@µ9ªV�-�d¢;�
�@�\�\�´�@ ¬��Ï)�>�\�(�u ¬¡�¨> ;¦R¨X�>�Y£d�uªX¨@�t�u�@ 9�\¶
Ò-Ó^ÔYÕ�ÖY×¥ØÀÙDÚ�Û"Ö�ÜgØ-Õ

Z�E+NXEÄ_t=>O�]ÁE+N�b\=@?9p>F\O�N�F\OÂÝtZ�Þ2n)ß�KMW^EÄrTE+O�H�BÌEGO�F
KM?9N�F�O'_ÑEGb\F�]�=
H;q�aMF�F\]�[�aM=+h>F\HRN�=�O�F�=>O�A9E+?�KMà\F�N�r�F)_t=@O'e
]JE+N�=+_2N�r;F�N�OXE+?�Wg_tF\O�O�F\HJHTEGNVE�áYF\N'B(F\F\?Jp>E+O�Kd=@q�W [�O�=+e
b�F\W�W�Kd?;Al]�=
H;q�aMF\WJB)KdN�r®H�Ksâ�F�O�F\?9NÂã��>äå_t=@O�]ÁEGN^O�FXe
æ q�KMO�F\]^F\?9N�WÈçMè@j2k�j"é�ê�Q¬ZËEGNVEë_t=@O�]ÁEGN�b\=@?9p>F\O�W�KM=>?ÎKdW
O�F æ q�KMO�F\HÄKd?J]JE+?9hRW�KMA>?YE+au�+KM]ÁE�A@F)[�O�=9b\F�W�W�KM?�A¬EG[�[�aMKse
b�E+N�KM=@?�W W�q;bVrJE+W(N'B�=GeÑH;Kd]�F\?�W�Kd=@?TE+a9Z-KdW�b\O�F�N�F�Þ�=@q�O�KMF\O
ì"OXE+?�Wg_t=>O�]íç î�ê�jYad=+B(e'aMF\p>F�a2p9KMW�KM=>?,EG[�[�aMKMbcE+N�KM=>?�W�jTE+?;H
p9KMH�F\=�b\=9H�KM?�A
�GH�F\b\=9H�KM?�AÂÝub\=9H�F�bcßRç�{9j�|�ê�jYp
KMH�F�=^[�O�FXe
�G[T=@W�NgeÑ[�O�=9b\F\W�W�KM?�ATj�KM]ÁE+A@F�W�b�E+aMKM?�A^F\N�b>QMQ^Þ;=>O�F\ï�E+]ëe
[;adF@j9b\=>?�W�KMH�F\O�N�r�F�H�F�W�KMA>?J=+_ E�IËv�f9ã�W�h9W�N�F�]½_t=>O�EG?
ð'ñ"ò>ó´ô"õ�öXô'öX÷�õ�ø'ò^ù"÷cô"ô�ú@û>û�ü\õ�ý'öXþ�ó�ÿRû9÷\õ�ý��������	�Jú@ÿ�


þ@ö�õ��\õ�÷�ÿ>ý�
�
���
��������������"÷\ÿ9þ-ó�ÿ�û
÷�õ�ý��������(ö �uö�ÿ
ô'ö"!$#�þ%

& ÷\ÿ9øVöXþ'� öXô'öX÷�õ�ø'ò)(�õ�ü�*'öVøXý'ô+#,��ö�ÿ
ø-�Àú>ÿ
þ@ö�õÌøXü�ÿ>ý�õ�÷cøXý+��

. ��/10��"
�2���
3
4
5���"0"/�6

EG[�[�aMKMbcE+N�Kd=@?,áYE+W�F�H!=>?!E�p
KMH�F�=¬b\=>]�[�O�F�W�W�KM=@?�W�NVEG?9e
HTEGO�H�W�q�bXrÁEGW�7DQ�k@|>é�ç98�j9z9j
x�êgQ�ì)r�F-W�h9W�N�F\]�b\=@?�W�KMW�N�W
=G_ÌN'B(=J[TE+O�N�Wcj"N�r�FRp9KMH�F\=J[�O�=9b\F�W�W�KM?�AÂ[TEGO�NDEG?�H,N�r�F
p9KMH�F\=Îb\=>]�[�O�F\W�W�KM=>?�[TEGO�N�Qyã'?4N�r�FÂp
KMH�F�=�[�O�=9b\F\W�W'e
KM?�A�[TE+O�Ncj�N�r�F�_�=>O�]JE+N)=G_�N�r�FRKM]JE+A>F-A>OXE+á�áYF\HÂ_tO�=>]
Eëp
KMH�F�=^bcEG]^F\OXE^E+?;H¬N�r�FÀ_t=@O�]ÁEGN)=+_�N�r�F�Kd]JE+A@F�O�F�e
æ q�KMO�F�H�Kd?ÄN�r�FRp9KMH�F\=Jb\=@]^[�O�F\W�W�Kd=@?,W�h9W�N�F�] EGO�FRH�Ks_ue
_tF�O�F\?9NcQ Þ;=>O"[�O�FXe'[�O�=9b\F\W�W�KM?�A^EG?�HD[Y=>W�N'e'[�O�=9b\F�W�W�KM?�A�=+_
p9KMH�F\=Yj�HTEGNVE _t=>O�]ÁE+NRb�=>?9p>F\O�W�KM=>?%KMW^O�F æ q�KMO�F\H®H�q;O'e
KM?�A4KM]JE+A>FÄW�bcEGadKM?�AYQ·Þ�=@O�]JE+NJb\=>?9p@F\O�W�Kd=@?yN�=lE+?�H
_tO�=>] N�r�F,W�NVEG?�HTE+O�H4KM]ÁEGA>F�_t=>O�]ÁEGN�W�W�q�bXr®E+W¬n(ã�Þ
EG?�H;:�n(ã�Þ KdW�F\W�W�F\?9N�KuE+aMaMh E HTE+NXEÂ_t=@O�]JE+N�b\=>?9p>F�O'e
W�Kd=@?l[;O�=>á;adF�],Q�ã'?%N�r;F�p
KMH�F�=!b\=@]^[�O�F\W�W�Kd=@?l[YE+O�N�j
N�r�F\O�F¬EGO�F^p>EGO�KM=>q;WË[;O�=9b\F\W�W�KM?�A�]^=9H�q;adF�Wcj"E+?�H�HTEGNVE
_t=@O�]JE+N2b�=>?9p>F\O�W�KM=>?�KMW"O�F æ q�KMO�F�HRB)KdN�r�KM?DN�r�F)]^=9H�q;adF�W
EGW�B�F�ada)E+WÀáTF\N'B(F\F\?ÎW�q�b�b\F\W�W�KMp>F¬]�=
H;q�aMF\WcQ^fi[TF\b�K=<;e
bcEGaMadh9jYHTE+NXEë_t=>O�]ÁE+N-b\=>?9p@F\O�W�Kd=@?�KMWËO�F æ q�KMO�F\H�H;q�O�KM?�A
N�r�F�b�=>]^[;q�NVEGN�KM=>?�=+_�N'B(=+e'H�KM]^F\?;W�KM=>?TEGa>Z-KdW�b\O�F�N�F)n(=+e
W�Kd?;FDì"OVEG?�W'_�=>O�]Âj�E+?�HÄáTF\N'B(F\F\?ÂN�r;F>:-qTEG?
N�KMà\F\O�E+?�H
N�r�F^I�EGO�KuE+á;adFRv�F�?�A>N�r!n(=
H;Kd?;A¬]^=9H�q�aMF>Q�ZËEGNVEë_t=@O'e
]JE+N2b�=>?9p>F\O�W�KM=>?RKMW�EGaMW�=�O�F æ q�KMO�F\H^N�=�[TF�O'_t=@O�]¸H�Ksâ�F�O'e
F\?9N(]^=9H�F\W"=G_2N�r�F-]^=>N�KM=>?�F\W�N�KM]ÁEGN�KM=>?À]^=9H�q�aMF(W�q�bXr
EGW¬rTE+as_ue'[�KMï9F\a�b\=>]�[�q�NXE+N�KM=@? EG?�Hl]Rq;adN�KseÑO�F\W�=@adq;N�KM=>?
W�FcE+O�bVr½ÝuB)r�F�? EÎ_ÑEGW�NJW�F�E+O�bXr�E+aMA@=>O�KMN�r�] KMW¬q�W�F�HTß
ç989jTz�ê�Q
ì)r�F)H;F\W�KMA>?�=+_�HTEGNVE0_t=>O�]ÁEGN2b\=@?
p@F\O�N�F\O�W(KMW E+?�Kd]ëe

[Y=>O�NVE+?9N([�O�=@á�aMF\]¸KM?^N�r;F�=+p>F�OVE+aMaYW�h9W�N�F\]�H�F�W�KMA>?2Q"ã'?
7-KdA@r v F\p>F�aDf9h9?9N�r�F\W�KMWcj�KMNJKdW¬EG?lF\W�W�F\?9N�KÉEGaDH;F\W�KMA>?
W�N�F\[2j)EG?�H!KMN�KdWRH;F\W�KMOVEGá�aMFJN�=�E+q�N�=>]ÁEGN�FRN�r�KMWDW�N�F\[2Q
w-W2_'E+O¥EGW2B(F�L9?�=+B�j�?�=0_t=>O�]ÁEGa�_tOVEG]^F\B(=>O�L)rTE+W"áYF\F\?
[�O�=>[Y=>W�F\HÂ_t=>O-N�r�FRH;F\W�KMA>?Â=+_(HTE+NXE�_t=@O�]ÁEGN)b\=>?9p@F\O�Nge
F\O�WRKM??7�KMA>r!v F\p>F\a�fih
?9N�r�F\W�KMW�Q�w�]^F�N�r�=9H�=@ad=@A>h¬KMW
?�F�F\H�F\HJ_�=>O W�h
W�N�F\]JE+N�Kdb-H�F\W�KdA@?J=+_2p>E+O�KM=>q�W(HTE+NXE-_t=@O'e
]JE+N b\=@?9p>F\O�N�F\O�WcQ
ì)r�F�O�FRE+O�F�N'B(=^[Y=>W�W�KMá�aMF�W�=@adq;N�KM=>?�W0_t=>O-[TF�O'_t=@O�]Re

KM?�A®HTEGNVE _t=>O�]ÁE+NÂb\=@?
p@F\O�W�KM=>?2�¼Ý�è�ß�b\=@?9p>F\?9N�KM=@?TE+a
W�=+_tN'B)E+O�FË]�F\N�r;=
H�F\]^[;ad=+h9KM?�A�]�F\]^=@O�h�á�q9â�F\O�W�E+?�H
Ý�k>ßRq;W�F�=+_�H�F\H�KMbcEGN�F\H%rTE+O�H�B)E+O�F�ÝuW�q�bXr EGW¬ZËÞ�n)ß\Q
ì)r�FÄW�=+_�N'BÌEGO�F¬E+[�[;O�=
EGbXr F�]^[�aM=+h9WDEÂá�q9â�F\O�B)r�KMbVr
KMW¬W�rTE+O�F\H®á9hlN�r�F![�O�=9b\F\W�W�KM?�Al]�=9H�q�aMF\WcQ½ì)r�KMW¬KMW
EG[�[�O�=@[�O�KuEGN�F�_t=@O)H�F\W�KdA@?�KM?�A^E�A>F�?�F\OVEGa"[�q�O�[Y=>W�F�W�h9Wge
N�F\],j�E+?;H,E+aMW�=J[YF\O�]�KMN�W�KM?�H;F\[TF�?�H�F\?9N�=@[TF\OXE+N�Kd=@?¬=+_
[�O�=9b\F\W�W�KM?�AJ]^=9H�q�aMF\W�Q�7�=+B(F\p>F�Ocj�KM?¬H�F�W�KMA>?�KM?�A�p>F\O�h
auE+O�A>FJW�[YF\b\KuEGa´e'[�q�O�[T=@W�FÂO�FcEGaseÑN�Kd]�F^W�h
W�N�F\]�Wcj)W�rTE+O�F\H
O�FcE+HT�GB)O�KMN�F�á�q9â�F\O�W�O�F\W�q�aMN�Kd?ÂaM=+BlN�r�O�=@q�A>r;[�q�N�E+?�H
EGadW�=�O�F æ q�KMO�F(]^=>O�F"]^F\]�=>O�h)b�=>]^[YE+O�F�H�B)KMN�r�q�W�KM?�AËE
H�F�H�KMbcE+N�F\H,rYE+O�H;BÌEGO�F>Q)ã'?J]JE+?9h^E+[�[;adKMbcEGN�KM=>?;Wcj�H;F\H9e
KMbcEGN�F\HJrTEGO�H�B)E+O�F�KMW�[�O�FX_tF\O�O�F\H�Q
I�EGO�KM=>q;W¥E+aMA@=>O�KMN�r�]^WY_t=@O"W�h9?9N�r�F\W�KMW =+_2Z�Þ2n(W"rTE�p>F

áYF\F\?%W�N�q�H�KMF\H¸ç k9j(é�j�ècm�ê�Q®ã'? ç k�ê�j)N�r�F¬?9q�]RáYF\OR=+_
á�qiâ�F\O�WD?;F\F\H�F\HÎ_t=@O�ZËÞ�n(W�KM?9N�F\Og_ÑE+b\KM?�AJW�h
W�N�=@adKMb^EGO'e
OXE�h
WÀKdW�W�N�q�H�KMF\H�QRã'?�N�rTEGN�[TE+[YF\Ocj"Eë_tOVEG]^F\B(=>O�L�_t=>O
N�r�FDW�h9?
N�r�F\W�KdWÀ=+_ÌZ�Þ2n(W�N�=ÁA@F\?�F\OXE+N�FR=>q�N�[�q�N�W�B)KMN�r



N�r�F)H�F\W�KMO�F\HRb\aM=9bXLDW�L>F\B)W�áTF\N'B(F\F\?�W�h9W�N�=>aMKMbÌEGO�OXE�h
W�KdW
W�r�=+B)?2Q 7�=+B(F\p>F�Ocj"N�r;FÁZ�Þ2n [�O�=>á�aMF\]�WËH;F-<T?�F\HÎKM?
ç�k�ê�E+O�FDH;K´â�F\O�F\?9N�_�O�=>]Ð=@q�O�W�Q��)F\b�F\?9N�aMh
j�EÈ_t=>O�BÌEGO�H9e
áYE+bXL9BÌEGO�H¸O�F\A@KMW�N�F�O E+aMaM=9bcE+N�KM=>?yW�bXr�F\]^F�rTEGW�áTF�F\?
[;O�=>[Y=>W�F\HÂKd?Îç é�ê�Q-ì)r�FRZËÞ�n%[�O�=@á�aMF\]^W�E+O�F�H�F-<T?;F\H
EG?�H�b\auE+W�W�K <TF\HDEGb\b\=@O�H�KM?�A)N�=�N�r;F ã��>ä [TE+N�N�F\O�?�WcQ"I�EGO'e
KM=@q�W�N�F\bXr�?;K æ q�F�W�E+?�HÀ?�=>NXE+N�KM=@?�W¥EGO�F�EGadW�=�KM?9N�O�=
H;q�b\F\H
KM?�b�adq;H�KM?�ARN�r�FÀO�F\A@KdW�N�F\O�EGadaM=9bcEGN�KM=>?�W�bXr�F\]�FDE+?�HÄN�r�F
O�F\A>KMW�N�F\O�E+aMaM=9bcE+N�KM=>?¬NXE+á�aMF>Q�ì)r�KMW-H�F\W�KMA@?,]�F\N�r�=9H�=@ase
=@A>h¬F�]^[�aM=+h9W�EJ[�KM[TF�adKM?�F�eÑaMKML>FR=@?�FXe'H�KM]^F\?�W�KM=>?TEGaUEGO'e
bXr�KMN�F\b\N�q;O�F>Q½ì)r�FÂ_tF�F\H�áTEGbVL b\=>?�?;F\b\N�KM=@?�W¬áYF\N'B�F�F\?
N�r�F�O�F�A>KMW�N�F\O�W¬F�?TE+á�aMF�N�r�F�O�F\A@KMW�N�F�O�WÂN�=�áTF�O�F\q�W�F\H
B)r;F\?^N�r�F\hÁEGO�F�KMH�aMF>Q�ì)r�F�?
q;]RáTF\O�=+_¥O�F\A>KMW�N�F\O�W�F\]ëe
[;ad=+h@F\H¬KMW�W�r�=+B)?ÂN�=JáYFR]^KM?�KM]�q�]ÍE+]�=>?�A^EGaMa2=>?;FXe
H;Kd]�F\?�W�Kd=@?TE+a"H�F�W�KMA>?�W�Q 7-=+B�F\p@F\Ocj"=@?�FXe'H�KM]^F\?;W�KM=>?TEGa
Z�Þ�n(W EGO�F�aMKd]�KMN�F\HJN�=¬EG[�[�aMKMbcE+N�Kd=@?�W�B)KMN�r¬W�]JE+aMa2KM?9e
[;q�N)W�KMà\FRE+?�HJN�r�F\hJO�F\W�q�aMN�Kd?JW�ad=+B%F\ï9F\b\q;N�KM=>?¬W�[TF�F\H
áYF\bcEGq�W�F�N�r�FËEG]^=>q;?
N"=G_2HTE+NXE�]^=+p@F\]^F\?9N�KdW(aMKM]^KMN�F\H
á9hRN�r�F�áTEG?�H�B)KMH�N�r�=+_ W�F�O�KuE+a�b\=@?�?�F\b�N�KM=>?�W�Q
ã'?%N�r�KMW^[YE+[YF\Ocj-N'B�=�H;F\W�KMA>? ]^F\N�r�=9H�=>aM=>A@KMF\W�_t=>O

W�h9?
N�r�F\W�KdWÂ=+_^Z�Þ2n(W,EGO�FÎW�r�=+B)?2Q¼Þ�KMO�W�N�j�N�r�F�_t=@O'e
]JE+N�b\=@?
p@F\O�W�KM=>?�[�O�=@á�aMF\]^W�E+O�FJA@O�=>q;[TF\H�KM?9N�=¬p>EGO'e
KM=@q�W)b\auE+W�W�F\WDEGb\b\=@O�H�KM?�ARN�=^N�r;FDW�[TF\b�K=<YbcE+N�Kd=@?,=G_ N�r�F
H;F\W�KMA>?�[TE+OXE+]�F\N�F\O�WcQ"ì"=�F\p>E+aMqTEGN�F�N�r�F�[YF\O'_�=>O�]JE+?�b�F
=G_TN�r;F�H�F�W�KMA>?�W�j>E+O�FcE�E+?�HÀN�KM]^F�EGO�F(b\=>?;W�KMH�F\O�F\H2Q"ì)r�F
_'E+b\N�=>O�W�N�rTE+N�b\=@?
N�O�KMá�q�N�FRN�=JN�r;F^E+O�F�E^=G_0Z�Þ�n(W EGO�F
N�r�F(?
q;]RáTF\O�=G_TO�F�A>KMW�N�F\O�W�j>N�r�F�?9q�]RáYF\O�=G_T]Rq�aMN�KM[�aMF\ï@e
=@O�W)E+?�H�N�r�F�?9q�]RáYF\O =G_¥b\=@?�?�F\b\N�KM=>?JB)KMO�F\W�j�E+?�H�N�r�F
W�KMà\F�=G_�N�r�F�b\=@?9N�O�=@aTb�KdO�b\q�KMNcQ"ì)r;F�N�KM]�F�[YF\O'_�=>O�]JE+?�b�F
KMW(]^FcEGW�q�O�F\HJá9h^N�r;O�=>q;A>r�[�q;NcQ
ä-q�O H;F\W�KMA>? W�bXr�F\]�F·KMWÐáTE+W�F\H =>? E N'B(=+e

H;Kd]�F\?�W�Kd=@?TE+a"E+O�bVr;KdN�F\b\N�q�O�F>j(KM?ÂB)r�KMbVr�N�r�F^O�F\A>KMW�N�F\O�W
EGO�FR[�auEGb\F\H EGaM=>?�AJ]Rq�aMN�KM[�aMF�HYE+NVE�[TE+N�r�W�N�=�_t=>O�] E
N'B(=+e'H�KM]^F�?�W�KM=>?YE+acEGO�OVE�h�=G_iO�F\A>KMW�N�F\O�WcQ"ì)r�KMW¥EGO�bXr�KMN�F�bXe
N�q�O�F�aMFcEGH�W)N�=^EGO�FcE�eÑF � b�KdF�?�b\h¬E+?�HJr�KMA@r�F\O)N�r;O�=>q;A>r9e
[;q�N"b\=>]�[TE+O�F\HDB)KMN�rDFcEGO�aMKMF\O H�F�W�KMA>?�W�bXr�F\]�F\WcQ"w-O�FcE�e
F � b\KMF\?�b\h�KMW�=@á�NVEGKd?;F\H�á9h¬_tF�B�F\OÀ?
q;]RáTF\OÀ=+_)O�F\A@KdWge
N�F\O�W-F\]^[;ad=+h@F\H^KM?¬N�r�KMW)W�bXr�F\]�F>j�E+?�HJá9hR_�F\B�F�O�b\=@?9e
N�O�=@aËW�NVEGN�F\W,EG?�H%b\=>?9N�O�=>a�aMKM?�F\W�Q 7-KdA@r�F\OJN�r;O�=>q;A>r9e
[;q�NJKdWJE+bXr�KMF\p@F\H®á9h [YE+OVEGaMadF�aËHYE+NVE ]^=+p@F\]^F\?9NR=@?
N�r�F�N'B�=GeÑH;Kd]�F\?�W�Kd=@?TE+a�EGO�bXr�KMN�F\b�N�q�O�F>Q(w�aMW�=Yj9=>q�O)[�O�=+e
[Y=>W�F\HÂH�F\W�KMA@?,W�bVr;F\]^F�bcE+?ÄáTFRq�W�F\HÂN�=JH�F\p@F\aM=>[¬KM?9e
N�F\O'_'E+b\F-]^=9H�q�aMF\W N�=�[YF\O'_t=@O�]�b�F\O�NXE+KM?^q�W�FX_tq�a;_t=@O�]ÁEGN
b�=>?9p>F\O�W�KM=>? =>[YF\OVEGN�KM=>?�WJ?�=@N^W�q�[�[Y=>O�N�F\H%á
h�FcEGO�aMKMF\O
H;F\H�KMbcE+N�F\HJrTE+O�H�B)E+O�FÀH�F\W�KMA@?�WcQ
��FDEGadW�=R[�O�=@[T=@W�FRE+?�=@N�r�F�O�H�F\W�KMA>?Â]^F\N�r�=9H�=>aM=>A@h

q;W�KM?�A�H�qTEGa
á;q9â�F�O�WcQ�ì)r�F)H�qTEGa9á�q9â�F\O�Z�Þ2n(W O�F æ q�KMO�F
]�=>O�FDO�F\A>KMW�N�F\O�WRN�rTE+?�N�r�F^N'B(=+e'H�KM]^F�?�W�KM=>?YE+a¥Z�Þ�n(WcQ
7-=+B�F�p>F\O�j�N�r;F�H�qTEGa2á�q9â�F\O�ZËÞ�n(W)F\]^[;ad=+h^E�W�KM]^[�aMF
EG?�H!O�F\A>q;aÉEGOÈEGO�bXr�KMN�F�b\N�q�O�F¬N�=�E�p>=@KMH,b\=@]^[�aMF\ïÂB)KMO�F
b�=>?�?�F�b\N�KM=>?;W�áYF\N'B�F�F\?,O�F\A>KMW�N�F\O�WcQ-ì)r�KMW�aMFcE+H;W�N�=RH;FXe
W�KMA>?�W�B)KdN�rlE+O�FcE�e'F � b\KMF\?;b\hlE+?;H4r�KMA>r4N�r�O�=@q�A>r;[�q�N
OXE+N�F>Q�w-?�=>N�r�F\O�E+H;p>E+?9NVEGA>F�=+_�H;qTE+a�á�q9â�F\ODZ�Þ2n(W-KdW

W�Kd]�[�aMKMb\KMN'h�=+_�N�r;F)H�F\W�KMA@?R[�O�=9b\F\H;q�O�F>Q�ì)r�F\hRE+O�FËE+aMW�=
FcEGW�hRN�=D]�=
H;K´_�h EG?�H^F�ï
[YE+?�HJE+W N�r�F�H�F\W�KMA@?^[TEGOVE+]ëe
F\N�F\O�WJbXrTEG?�A>F>Q%ã'NRKMWR[TEGO�N�KMb\q;aÉEGO�aMh!q;W�FX_tq;a�KM?�OVE+[;KdH
[�O�=>N�=>N'h9[�KM?�ATQ
ì)r�F�O�F\W�N�=G_ÁN�r;KdW�[YE+[YF\O�KMW,=@O�A
EG?�KMà\F\H�E+WÄ_t=@a´e

aM=+B)WcQÎã'?4f9F\b\N�KM=>?lk;j N�r;FÁW�N�O�q�b\N�q;O�F�E+?�HÎ_tq�?;b\N�KM=>?
=G_ÈZ�Þ2n(W¬E+?�H%E�b\auE+W�W�K <TbcEGN�KM=>?%=+_RZËÞ�n(WÁEGO�FÂH�KMW'e
b\q;W�W�F�H2Q�w�aMW�=YjTp>EGO�KM=>q;W)[TF\Og_t=>O�]ÁEG?�b\F�]^FcEGW�q�O�F\WËEGO�F
H�KMW�b\q�W�W�F\H2Q ä-q�O!]�F\N�r�=9H�=@aM=>A>h _t=@O�W�h9?9N�r�F\W�KMà\KM?�A
N'B(=+e'H�KM]^F\?;W�KM=>?TEGa�Z�Þ�n(W�KMW)W�r�=+B)?ÄKd?¬f9F�b\N�KM=>?Âé�Q)w
aM=+B(F\O'e'áT=@q�?�HÎ=>?�N�r�FJ]�Kd?;Kd]�q�] ?
q;]RáTF\O�=+_�O�F\A@KMW'e
N�F\O�W ?;F\F\H�F\H�KM?DN�r�KMWUEG[�[�O�=
E+bXr�KMWUEGaMW�=�W�r�=+B)?�Kd?Rf9F\b�e
N�Kd=@? é;QRÞ2KMp@FDO�F\[�O�F�W�F\?9NVEGN�KMp>F�H�F\W�KdA@?�F\ï�E+]�[�aMF\WËEGO�F
W�r�=+B)?¬KM?¬f9F\b\N�Kd=@?,îYQ)ã'?,EGH�H�KMN�KM=>?�j9N�r�F�b\KMO�b\q;KdN-auE�h>e
=@q�N�W�=G_�W�=@]^FRZ�Þ2n(W�H�F\W�KdA@?�F\H�á9h¬=@q�O�W�bXr�F\]�FÈEGO�F
b\=@]^[TEGO�F\HÎB)KMN�r!N�r�=>W�F¬[�O�=
H;q�b\F\H4á9h�FcEGO�aMKMF\ORN�F�bVrie
?�K æ q�F\W(B)KMN�r�O�F\W�[TF\b�N�N�=�E+O�F�E�j9N�r;F�?9q�]RáYF\O�=G_2O�F\A@KMW'e
N�F\O�W)?�F�F\H�F\H,EG?�H^N�r�F�?9q�]RáYF\O(=+_2b\=@?9N�O�=@a�W�NXE+N�F�WcQ ã'?
f9F�b\N�KM=>?�{�j�E^H;F\W�KMA>?Â]^F�N�r�=9H�=@ad=@A>hë_t=>O�H�qTEGa"á�q9â�F\O
Z�Þ2n(W�KMW�[�O�=@[T=@W�F\H2Q"w-aMW�=Tj�N�r�F b\KMO�b�q�KMN2auE�h>=@q�N�W�=G_iN�r�F
O�F\W�q�aMN�Kd?;A!H�qTEGa�á�q9â�F\O¬ZËÞ�n(W^E+O�F,b\=@]^[TEGO�F\H�B)KMN�r
N�r�=>W�FD=G_�N'B�=GeÑH;Kd]�F\?�W�Kd=@?TE+a2Z�Þ�n(WcQ�n(=>?;b\aMq�H�KM?�ARO�F�e
]JE+O�L9W)E+O�FË]JE+H�F-KM?Áf9F\b�N�KM=>?¬|�Q
��Ó����(Ö��
	�Ø)×��
�(Ö��lØ�Õ����U×2Ö��"×��

Z�Þ2nÂKMW E-W�[YF\b\KuE+a;L
KM?�HÀ=+_�[TF\O�]Rq�NVEGN�KM=>?�EGO�bXr�KMN�F\b�e
N�q�O�F(q�W�F�HRKd?ÀW�KMA>?TEGau�+KM]ÁEGA+F2[�O�=
b�F\W�W�Kd?;ADE+[�[;adKMbcEGN�KM=>?;W
KM?%=>O�H;F\O¬N�=�O�F\=>O�A
E+?;Kdà�F�N�r�F�N�OVE+?;W'_tF\O�F\HyHYE+NVE áTF�e
N'B(F\F\?�S"O�=9b\F�W�W�KM?�A��J=9H�q;adF�WDÝtS��JWVß-N�=RW�q�KMN�N�r�FDKM?9e
[�q;NËE+?;H¬=>q�N�[�q�N0_t=>O�]ÁE+N�O�F æ q�KMO�F�]^F\?9N�W�Q�Z�Þ2n%b\=@?9e
W�KdW�N�W =G_�N�r�F(_t=@adaM=+B)KM?�AY�TO�F\A>KMW�N�F\O�Wcj9b\=@?�?�F\b\N�KM=>?RB)KMO�F\W�j
]Rq�aMN�Kd[;adF�ï
=@O�W�j�EG?�H^E�b\=@?9N�O�=@aTb�KdO�b\q�KMNcQ"ã'?;[�q�N HTEGNVE�KMW
W�N�=>O�F\HJKM?^O�F�A>KMW�N�F\O�W�jTO�F\aM=9bcE+N�F\HJN�r�O�=>q�A@r^b\=@?�?�F\b\N�KM=>?
B)KMO�F�WDE+?�HÂ]Rq�aMN�KM[�aMF\ï9=@O�W���E+?�HÂN�r�F�?�=>q�N�[�q�NDEGNËN�r�F
H�F�W�KMO�F\H�N�KM]^F>Q)ì)r;FDrTEGO�H�B)E+O�FDKM?�b�adq;H�KM?�ARN�r�FR?9q�]ëe
áYF\O)=+_2O�F\A>KMW�N�F\O�W�N�=�áYFËq;W�F\H2j9N�r�F�[�auE+b\F�]^F\?9N =G_¥O�F�A+e
KMW�N�F\O�W�EG?�HJ]Rq�aMN�KM[�aMF\ï9=>O�Wcj@N�r�F�b�=>?�?�F�b\N�KM=>?;WËE+?;HÁN�r�F
b\=@?9N�O�=@aMadF�O EGO�FRW�[TF\b�K=<YF\H!á9hJN�r�FRH;F\W�KMA>?�]�F\N�r;=
H;=>ase
=@A>h9Q
ì)r�F�ZËÞ�n4[;O�=>á;adF�]^W�E+?;HÁN�r�F�O�F\auE+N�F\H¬N�F\O�]�Kd?;=>ase

=@A>h,EGO�FRKM?9N�O�=9H�q;b\F\H�KM? ç�é�ê�Q^Þ;=>O�N�r;FRWVE+L@FD=G_Ìb�=>]Re
[�aMF\N�F\?�F\W�Wcj9B(F(_t=>O�]ÁEGadaMh)H�F�<T?�F)N�r;F)[�O�=@á�aMF\] EG?�HDKM?9e
N�O�=9H�q�b\F�KM]^[Y=>O�NXE+?9N�H;F\W�KMA>?�[YE+OVEG]^F\N�F\O�WÀN�rTEGN�B�F�O�F
?�=@N KM?�b\aMq�H�F�HDKM?�N�r�F)FcEGO�aMKMF\O b\auEGW�W�K <Tb�E+N�KM=@?D=G_ Z�Þ2n(W�Q
��F�áYF\A>KM?^B)KMN�r�E�b�aÉEGW�W�K=<YbcE+N�Kd=@?^=G_¥N�r;F�[�O�=@á�aMF\]^W�Q
�����! �#"%$t�T���'&)(�*,+-"��
ã'?�[;q�NV�G=>q�N�[�q�N�W�N�O�FcE+]�W�N�=ÄN�r�FJZËÞ�n¸E+O�F�[TE+O�N�Kse

N�Kd=@?�F\HÂKM?
N�=/.)���>µ��Y��Q�w¸A@O�=>q;[¬KMW Eë]^KM?�KM]�q�]¸W�KMà\F
=G_TKM?�[�q�N"HTEGNVE�j�W�q�bXrRN�rTEGNUE�_tN�F�O¥[;O�=9b\F\W�W�KM?�ADEG?�KM?�[�q�N
A@O�=>q;[�=+_)HTE+NXE�j�N�r�FJZËÞ�n A>=9F\W�áTEGbXL,N�=¬KMN�W�KM?�KMN�KuEGa
W�NVE+N�F�N�=R[;O�=9b\F\W�WËN�r�F�?�F\ï9N�A@O�=@q�[2Q"ì)r9q�Wcj;N�r�FÀWVE+]�F
=@[TF\OXE+N�Kd=@?�W�EGO�F)O�F�[TFcEGN�F\H�=>?Rb\=@?�W�F�b\q�N�KMp@F�A>O�=>q�[;W�E+W
W�r�=+B)?DKM?RÞ�KdA@q�O�F�èXe\ÝtE@ß\Q�w A>O�=@q�[�b\=@?�W�KMW�N�W =G_ EGO�OVE�h9W

k



...
...

...
...

...
...

...
...

M

w

k

Data Format
 Converter

Group 1

Group 2 Group 1

Group 2

......

......

(a) Data Format Conversion over Groups of Input Streams

......

A1A2A3A4Ak

w

(b) A Group with k arrays

...
...

sequence 1

sequence 2

sequence

sequence

w/x

sequence

(c) Input Group partitioned

...
...

...
...

...
...

MM

x

x

x

w

k k

w

y
w/x+1

w/x+2

seq 1

seq 2

seq
w/y

seq
w/y-1

seq
w/y+1

seq
w/y+2

seq
2w/x-1

...
...

...
...

...
...

...
...

...
...

...
...

...
...

NNN

y

y

y

(d) Output Group partitioned

k

w

yseq 1

seq 2

seq
w/y

seq
w/y-1

...
...

...
...

...
...

...
...

...
...

...
...

...
...

N

y

y

y

(e) Overall Operation between Input/Output Groups

into input sequences into output sequences

sequence
w/x+2

sequence
w/x+1

sequence
w/x+3

seq
w/y+1

seq
w/y+3

seq
w/y+2

Data
Format

Converter

Figure 1.
ä-[TF�OVE+N�KM=>?J=+_ ZËEGNVERÞ;=>O�]ÁE+N(n(=>?9p>F\O�N�F\O

EGW�W�r�=+B)?¬KM?¬Þ2KMA@q�O�FJèXe\ÝuáTß�Q)w�W�W�q�]�F�N�rYE+N�F�E+bXr EGO'e
OXE�h�KMW�� á�KMN�W�ad=@?�ATQ w�b\b\=@O�H�KM?�A-N�=-N�r�F(KM?�[�q�NX�+=>q;N�[�q�N
W�[TF�b\K <TbcE+N�KM=>?Â=+_�N�r�FÈZ�Þ�n�j�E�A@O�=>q;[¬KMWË[YE+O�N�KMN�KM=>?�F�H
KM?9N�=�KM?�[�q�N�EG?�H^=@q�N�[;q�N)W�F æ q�F�?�b\F\W�Q
w�?�KM?�[�q�N�Ý±=>q�N�[�q�NXß W�F æ q�F\?�b\FÀKdW(E�W�F\N)=G_2HTE+NXE�N�=

áYF�KM?�[�q;NDÝu=@q�N�[;q�NVß-H�q�O�KM?�A^ERb\aM=9bXLJb\h9b\aMF>Q�w�W�W�q�]�F
N�rTE+N�N�r�F�Kd?;[�q�N�W�F æ q;F\?�b\F)b\=@?�W�KMW�N�W"=+_�� E+O�OVE�h9W2B)KMN�r
� F\aMF\]^F\?9N�W(_tO�=@]ÍFcEGbXr,E+O�OVE�hÁEG?�HJN�rTEGN)N�r�FÀ=>q�N�[�q�N
W�F æ q�F\?�b�F�b\=>?�W�KMW�N�W�=+_�� EGO�OVE�h9W�B)KdN�r��!F�adF�]^F\?9N�W
F�E+bXr Ý�f9F\F�Þ�KdA@q�O�FÎèXe\ÝubcßJE+?;HyÝuHTß�ß\Q¸ì)r�F <TO�W�N	�
EGO�OXE�h
W"E+O�F�KM?�[�q;N2H�q�O�KM?�A�N�r�F�<YO�W�N
��� � b\aM=9bXL�b\h9b\aMF\W�j
EG?�H�N�r�F\?�N�r�F-?�F\ï9N
� E+O�OVE�h9W�EGO�F)KM?�[�q�N�H�q�O�KM?�AÀN�r�F
?;F\ï9N���� � b�ad=9bXLRb\h9b\aMF\W�Q"ì)r�KMW�KMW(O�F\[YFcE+N�F\HJq�?9N�KMaYN�r�F
F�?
N�KMO�F�A>O�=>q�[JKMW)[�O�=9b\F�W�W�F�H2Q
ì)r�F�Z�Þ2nÂW�N�=@O�F\W N�r�F(Kd?;[�q�N"W�F æ q�F�?�b\F\W(KM?DKMN�W�O�F\AGe

KMW�N�F\O�W�j¥EG?�HÂb\=>?�W�N�O�q�b\N�WÀN�r�FR=@q�N�[�q;NËW�F æ q�F\?�b�FR_tO�=>]
N�r�F\],Q�ã�_�E+aMaYN�r�F�HYE+NVE _t=@OÌEG?Á=@q�N�[;q�N)W�F æ q�F�?�b\F�rTE+W
?�=@NDE+O�O�KMp>F�H2j2N�r�FRO�F�W�N�=+_)N�r�FRHTEGNVEJW�r�=>q;adHÂB)E+KMN�Kd?
N�r�F,O�F\A>KMW�N�F\O�WcQ½ã'? Þ�KMA>q;O�F!è@j�KMN^KMW¬E+W�W�q�]�F\H4N�rTE+N
� ��� E+?�H � ���J_t=@O�N�r;F^WVEGL>FR=G_�KdaMaMq�W�N�OVEGN�KM=>?�Q
Þ�KMA>q�O�FËè�e�Ý±Fcß�H;F\?�=>N�F\W N�r�F�O�F\auE+N�Kd=@?�W�r;Kd[ÀáTF\N'B(F\F\?RN�r�F
ã��@ä¸W�F æ q�F�?�b\F\W�QJì)r�FR=>O�H�F\O�=G_Ìã��@ä�W�F æ q�F\?�b\F�WÈEGO�F
=@?�aMh�W�r�=+B)?�r�F\O�F>Q�ì)r�FJH�F\auE�h9WRáYF\N'B�F�F\?4N�r;FÁã��@ä
W�F æ q�F\?�b\F�WÈEGO�F�?�=@N�W�[TF\b�K=<YF\H2Q%��F�B)KMada�b\auE+W�W�Ks_th^N�r�F
Z�Þ2n(W)á9h�N�r�F�B)E�h^B(F�W�[YF\b\Ks_thJN�r;F�H�F\auE�h9W)áTF�N'B�F\F�?
N�r�F�ã��>ä%W�F æ q�F\?�b�F\WcQ

ì)r�F����>��¨+£Ë�@�\£M¨>¦	���RKMW^H�F�<T?�F\H®E+W�N�r�FÂF\auE+[�W�F\H
N�Kd]�F)áTF�N'B�F\F�?¬N�r�F <TO�W�N)KM?�[�q;N�W�F æ q�F\?�b\FÀ=+_UEÀA>O�=>q�[
EG?�H�N�r�F <TO�W�NDKM?�[;q�N�W�F æ q;F\?�b\F¬=G_�N�r�F�?�F\ï9N�A>O�=@q�[2Q
��F�H�F-<Y?�FÁ�± ���µ9�)�M¢����@µ+�c¢���µ9��Ý±=>O��u ���µ9�(�d¢;���@µ���¢���µ9�

é



��¨>���Vß�����EGW�N�r�F�OVEGN�KM=J=+_�N�r�FD?9q�]RáYF\O�=+_(HTE+NXERKM? E
A@O�=@q�[4Ý���� �ºKd?!Þ�KMA>q;O�F¬ècß N�= � � Q¬f9KM]^KMauE+O�aMh>jYN�r�F
�@µ9����µ
�)�M¢����>µ+��¢���µ9�-��¨>�����
	�KMW-H�F-<T?�F�H2Q���=@N�F�N�rTEGNcj
N�=D=@á�NVEGKM?�E _tFcEGW�KMá�aMF�H�F\W�KdA@?2j
� � ����	@Q
��F^b�=>?�W�KdH;F\ODp>EGO�KM=>q;W�KM?�[�q�N�[YE+OVEG]^F\N�F\O�WÀKd?�H;FXe

W�KMA>?�KM?�A,Z�Þ�n(WcQ�ì)r�F�W�FJ[TE+OXE+]�F\N�F\O�WÈE�â�F�b\NRN�r�FJO�FXe
W�q�aMN�KM?�AÎH�F\W�KMA@?�W¬B)KMN�r%O�F\W�[TF�b\N�N�=�N�r;F�?
q;]RáTF\OJ=G_
O�F\A>KMW�N�F\O�WD?�F�F\H�F\H2j"N�r�FRH�F\auE�h¬áYF\N'B(F\F\?ÎN�r�FRã��@ä�W�FXe
æ q�F�?�b\F\W�j�N�r�FÀ?
q;]RáTF\O)=G_�b\=@?
N�O�=@a2W�NXE+N�F\Wcj�N�r�F�?9q�]ëe
áYF\OR=G_�b\=>?9N�O�=>a)W�KdA@?TE+aMWDEG?�H!N�r�F^N�r�O�=@q�A>r;[�q�NcQ ��F
b�=>?�W�KdH;F\O)N�r�O�F\F�[TEGOVEG]^F\N�F\O�W �9N�r�F-_t=@O�]ÁEGN =+_2ã��@ä®W�FXe
æ q�F�?�b\F\W!Ýg��ß\j)N�r�F,H;F\auE�h áYF\N'B(F\F\?%b\=>?;W�F\b\q;N�KMp>F�W�FXe
æ q�F�?�b\F\W"KM?DE(A>O�=>q�[�Ý��cß�j+E+?�H�N�r�F H�F�aÉE�h�áYF\N'B(F\F\?�N�r�F
auEGW�N"W�F æ q�F�?�b\F�=+_¥E-A>O�=>q�[^EG?�HRN�r;F+<TO�W�N�W�F æ q�F\?�b\F�=G_
N�r�F�?�F\ï9N�A>O�=@q�[!Ý��cß�Q��ÁKMWËEGadW�=^bcEGaMadF�H,�>���>µ�� �@�\£M¨>¦+Q
ã'?RA@F\?�F\OXE+a'j9N�r;FËZ�Þ2n�KMW H;F\?�=>N�F\H¬«�­0¯�²'�XÆt�GÆd��³GQ�ì)r�F
[YE+OVEG]^F\N�F\O�W)b�E+?JrTE�p>F-N�r�F _t=>aMaM=+B)KM?�A�p>E+aMq�F\W��

� �  �� � � � 	 � � KMW�q�W�F\H�B)r�F\?�N�r�F�_t=@O�]ÁEGN�=G_
ã��>ä½W�F æ q;F\?�b\F\WJKMW�W�[TF\b�K=<YF\H2Q � � b�E+?!áYF^H;FXe
?�=>N�F\HRá9h�����E+?�H � 	 b�E+?�áTF)H�F�?�=>N�F\HRá9h�����j
B)r�F\O�F�N�r�F)KM?�[�q�N�Ý±=>q�N�[�q�NXß"W�F æ q�F�?�b\F�b\=>?;W�KMW�N�W
=+_ � Ý �ÄßDEGO�OVE�h9WRB)KMN�r � Ý �@ß�F\aMF\]^F�?
N�W�_t=>O
FcE+bXr�E+O�OXE�h
Q �%H�F�?�=>N�F\W�N�r�F�aMF\?;A>N�rÄ=+_�E+?,EGO'e
OVE�h^KM?JE�A>O�=@q�[2Q
���  � � � � 	�KdWRq;W�F\H4B)r;F\?4N�r;FÁH;F\auE�h!áYFXe
N'B�F\F�?¬b\=>?;W�F\b\q;N�KMp>F�KM?�[;q�N)W�F æ q�F�?�b\F\W�E+?;HÁH;FXe
aÉE�hÎáTF�N'B�F\F�?l=@q�N�[�q;NRW�F æ q�F\?;b\F\W¬KM?4E�A@O�=>q;[
E+O�FÀW�[YF\b\K <TF\H2Q
���  ��� � � ��� 	�KdWRq;W�F\H%B)r�F\?4N�r�F¬A@O�=>q;[
H�F\auE�h9W�E+O�F�W�[YF\b\K <TF�H2Q ���� � �� KdW�q�W�F\H�B)r�F\?
��� �!� � ��EG?�H ��� 	 � � 	 Q

��F�bcEG?¬b\auE+W�W�Ks_thJZËÞ�n(W�KM?9N�=Rp>EGO�KM=>q�W)b�aÉEGW�W�F\W�E+bXe
b�=>O�H;Kd?;A!N�=ÎN�r�FÂW�[YF\b\K <Tb�E+N�KM=@?l=G_ N�r�FÂ[TE+OXE+]^F�N�F\O�WcQ
ã'?ÂN�r;F�_t=>aMaM=+B)KM?�ATjYB(FDrTE�p@FRbXr�=>W�F\?�N�r�=@W�FRN�rTE+NDEGO�F
q;W�FX_tq;a2KM?^[�OXE+b\N�KMb\F>Q
è@Q �#"�$ Ý � � � � 	 � �&% % ß  ã'?®N�r�KMWÂ[�O�=@á�aMF\]
W�[TEGb\F>j9=>?;adh#')KMW W�[TF�b\K <TF\H2Q�ì)r�F�H�F�aÉE�h9W
��E+?;H
�ÄEGO�F�H�F\N�F\O�]�Kd?;F\H¬H�q�O�KM?�A^N�r�FDH;F\W�KMA>?Â[�O�=
b�FXe
H�q�O�F@Q

k;Q �#"�$ Ý � � � � 	 � �&% � � � � 	(% ß  ã'?¬N�r�KMW�[�O�=>á9e
adF�]íW�[TE+b�F>j)'JE+?;H �,EGO�FRW�[YF\b\K <TF�H2Q ��FRbcE+?
p>E+O�h*�^W�q�bXr¬N�rTE+N+� � ����	@Q

é;Q �#"�$ Ý � � � � 	 � �&% % ��&� � �� ß  ã'?®N�r�KMW
[�O�=@á�aMF\]yW�[TE+b\F@j>H�F�aÉE�h9W
��EG?�H��DEGO�F(?�=>N"W�[YF\bXe
K=<YF\H ��r;=+B�F\p@F\Ocj ��� � � � � E+?;H �&� 	�� � 	@Q

îYQ �#"�$ Ý � � � � 	 � �&% � � � � 	 % �&� � � ��� 	 ß  ã'?
N�r�KMW2[;O�=>á;adF�]lW�[TE+b\F@j>E+aMa+[TEGOVE+]�F\N�F�O�W2E+O�F W�[YF\bXe
K=<YF\H2Q�ã�_,� � �-�
	>j�B�FRb�E+?�H�F\W�KMA>?ÂN�r�KMW�b\auEGW�W
=+_�ZËÞ�n(W�á9h¬N�r;FR]^F\N�r�=9H�=>aM=>A@hJH�KMW�b\q�W�W�F\HÎKM?
N�r�KMWR[TEG[TF\O�Q!ã�_�� �/.�0�
	+j N�r�FJH�F\W�KMA@?!KMWR?�=>N
_tFcE+W�KMá�aMF>Q

n(aMFcEGO�aMh
j ]ÁE+?9h�p>E+O�KuEGN�KM=>?�W�E+O�FR[T=@W�W�KMá�aMF^EG?�H�B�F
rTE�p@F,KM?9N�O�=9H�q�b\F\H®W�=>]�F¬O�F\[;O�F\W�F\?9NVE+N�KMp>F!b�aÉEGW�W�F\W¬=+_
Z�Þ2n(W�Q®ã'?4N�r�KMW^[TEG[TF\O�j)B(F¬]ÁEGKd?;adhÄ_t=9b\q�WJ=@? N�r�F
H�F�W�KMA>?�=G_ÌN�r�F^Z�Þ2n(W�F\?9q�]�F\OVEGN�F\H!EGáT=+p@F>QRã'?�A@F\?9e
F\OXE+a'j�N�r�FDH;F\W�KMA>?Â=+_)ZËÞ�n(W�áYF\b\=@]^F\W�rTEGO�H�F\O�E+W�N�r�F
?9q�]RáYF\O(=+_ W�[YF\b\K <TF\HÄ[TE+OXE+]^F�N�F\O�W)Kd?;b\O�FcEGW�F\W�Q
��� �� 21�3 � ( &T�54��76U� 398:3 �T�<;"� 3 �
�J=@W�N�FcEGO�aMKMF\O�H�F�W�KMA>?Â]^F\N�r�=9H�=>aM=@A>KMF\W(b\=>?�W�KMH�F\O�F�H

H�F�W�KMA>?�W�B)KMN�r�]^KM?�KM]Rq�] ?
q;]RáTF\OR=G_ËO�F\A>KMW�N�F\O�WÎç é�ê�Q
7-=+B�F\p@F\Ocj�B(F4áTF�adKMF\p@F�N�rTEGN!]ÁEG?9hl=@N�r�F\OÎ_ÑEGb\N�=@O�W
]Rq�W�N2áYF)b\=>?;W�KMH�F\O�F\HRN�=�F\p>EGadqYE+N�F(N�r;F)H�F\W�KMA@?�WcQ�w�O�FcE
EG?�HRN�KM]^F)E+O�F)A>F\?;F\OVEGadaMh�b\=>?;W�KMH�F\O�F\H^N�=�áTF)N�r�F�]�=>W�N
KM]^[Y=>O�NVEG?
N�_ÑEGb\N�=@O�W�KM?yF�p>E+aMqTE+N�KM?�A4IËv�f9ã¬H�F�W�KMA>?�W�Q
ì)r�F�E+O�F�E^=G_�E^Z�Þ2n KMW�H�F\N�F\O�]�KM?�F\H¬á9h^N�r�FÀ_t=>aMaM=+B(e
KM?�A�_ÑEGb\N�=@O�W �TN�r�F�?9q�]RáYF\O)=+_ O�F\A>KMW�N�F\O�W�jYN�r�F�?9q�]RáTF�O
=G_ ]Rq;adN�KM[�aMF\ï9=>O�W�j�EG?�H4N�r;F¬KM?
N�F\O�b�=>?�?�F�b\N�KM=>?%W�N�O�q�b�e
N�q�O�F,EG]^=@?�AJN�r�F¬O�F\A>KMW�N�F\O�Wcj)]Rq�aMN�Kd[;adF�ï
=@O�WDEG?�H!N�r�F
b\=@?9N�O�=@aMadF�OcQ `"p@F\?JN�r�=@q�A>r�N�r�F�?9q�]RáYF\O =+_"O�F\A@KMW�N�F�O�Wcj
N�r�FJ?
q;]RáTF\O�=+_�]Rq;adN�KM[�aMF\ï9=>O�W�E+?�HÎN�r�FJ?9q�]RáYF\O�=+_
b\=@?�?�F\b�N�KM=>?%B)KMO�F\W¬E�â�F\b\NJN�r�F EGO�FcEÎ=G_ N�r�FÂH�F\W�KMA@?2j
N�r�FJN�=>NXE+a�EGO�FcEÂ=G_ËN�r;FÁb�KdO�b\q�KMNRauE�h>=@q�N�H�F\[YF\?�H;W^=>?
N�r�F�KM?9N�F\O�b\=>?�?;F\b\N�KM=@?ÁW�N�O�q�b\N�q;O�F>Q
ì)r�F�b\=@?
N�O�=@adaMF\O�E+aMW�=JE�â�F\b\N�W�N�r;FD=+p@F\OVEGada EGO�FcE�=+_

N�r�FRH�F\W�KdA@?2Q^n(=@?
N�O�=@adaMF\O�W�rTE�p9Kd?;AÁW�]ÁEGada�?9q�]RáTF�O�=+_
b\=@?9N�O�=@aDW�NVEGN�F\W!EG?�H%_tF\B·b�=>?9N�O�=>a�W�KMA>?TEGaMW¬KM?®FcE+bXr
W�NVE+N�FÈEGO�F�H;F\W�KMOVEGá�aMF>Q)ã'N)KMWËEGaMW�=RH�F\W�KMOVE+á;adFÀN�=^H;F\W�KMA>?
EJb�=>?9N�O�=>aMaMF\O�W�q;bVrÎN�rTEGN�KMN�WDEGO�FcEÄKMW�?�=@N�KM?
=Tq�F\?;b\F\H
á9h^N�r�F�W�KMà\F�=G_ �:% � % �/% ��=@O ��Q
ì)r�F�N�Kd]�F�[TF�O'_t=@O�]ÁEG?�b\FÎbcE+? áTF�]^F�E+W�q;O�F\H Kd?

N�F\O�]�W)=+_ N�r�O�=>q�A@r�[�q�N�Q ì)r�FÀN�r�O�=>q�A@r�[�q�N-=+_UERZ�Þ�n
KMW�E�W�KMA>?�K <TbcEG?9N"_ÑE+b�N�=>O�W�KM?�b\F-N�r�F)N�r�O�=@q�A>r�[;q�N�=G_�N�r�F
S���W^KMWRaMKd]�KMN�F\H�á9h!N�r�F¬N�r�O�=@q�A>r�[;q�NR=+_�N�r;F�Z�Þ�n
b\=@?�?�F\b�N�KM?�A^N�r�F\]ÂQ
���?>� 21 � 3
@
A &�; ��B�&Y�5C
I�EGO�KM=>q;W�H�F\W�KdA@?�W�bXr�F\]�F\W�rTE�p>F�áTF\F�?!H�F\p@F\aM=>[YF\H

_t=@O2N�r�F)W�h9?9N�r�F�W�KMW"=+_2ZËÞ�n(WcQ�ã'?Jç�k�ê�j>E(_tOXE+]�F\B�=@O�L0_t=>O
W�h
?9N�r�F\W�KMW¬=G_ÈZ�Þ2n(WJ[YF\O'_t=@O�]�Kd?;A�W�L>F�Bí=@[TF�OVE+N�KM=>?�W
áYF\N'B(F\F\?ÂW�h9W�N�=>aMKMbÈEGO�OVE�h9W-KdW-W�r�=+B)?�Q)ì)r�F�W�L>F�B®H�KMW'e
N�O�KMá�q�N�Kd=@?�W�=+_�N�r�F ã��>ä A>O�=>q�[�W"E+O�F H�F-<T?;F\H�q�W�Kd?;A)N'B�=
H�KMO�F\b\N�KM=@?TE+a-p>F\b\N�=>O�WcQ%wÐW�F æ q�F�?�b\F�=+_�N�OXE+?�Wg_t=>O�]ÁE�e
N�Kd=@?�W"KMW2=>á;NVE+KM?�F�H�_tO�=>]%N�r�F�W�F�H;KdO�F\b\N�Kd=@?TE+a9p@F\b\N�=@O�W"=+_
ã��@ä4A@O�=>q;[�WcQ"ì)r�F�?2j9N�r�F�Z�Þ2n�KMW(=>á�NXE+KM?�F\HRá9h�]ÁEG[9e
[�KM?�A�N�r�=>W�F)N�OVEG?�W'_�=>O�]JE+N�Kd=@?�W2KM?9N�=�rTEGO�H�B)E+O�F>Q�ã'?¬ç k�ê�j
N�r�F�?9q�]RáYF\O�=G_iO�F\A>KMW�N�F\O�W¥?;F\F\H�F\H�_�=>O2Z�Þ2n(W�Kd?9N�F\O'_ÑEGbXe
KM?�ARW�h
W�N�=@adKMbRE+O�OVE�h9W�KMWËEGaMW�=RW�N�q�H�KMF\H2Q�7-=+B�F�p>F\O�jTN�r�F
H�F�W�KMA>?¬]�F\N�r;=
H;=>aM=>A@hRH�=9F\W�?�=>N-b\=>?�W�KMH�F\O�N�r�FÀ]^KM?�Kse
]�Kdà�E+N�KM=@?�=+_�?9q�]RáTF�O¥=G_2O�F\A@KMW�N�F�O�W(?�F\F\H�F�H�EGW B(F\aMaTE+W
]JE+ï9KM]RKdà�Kd?;AËN�r�F�N�r�O�=>q�A@r�[�q�N�Q
�0F\b\F\?9N�aMh9j�E+?,EGadA@=>O�KdN�r�]¹_t=>O-W�h9?9N�r�F\W�KMWË=G_ÌZ�Þ2n(W

rTEGW�áTF\F�?�[�O�=@[T=@W�F\HÂq�W�KM?�A�_t=@O�B)E+O�H¬áTE+bXL9B)E+O�HÂO�F�A+e
KMW�N�F\ORE+aMaM=
b�E+N�KM=@?,W�bVr;F\]^FÂç é�ê�QJã'?ÎN�r�KMW�W�bVr;F\]^F>j"N�r�F
O�F\A>KMW�N�F\O�WÂE+O�FÂb\=@?�?�F\b\N�F\H®W�F�O�KuE+aMaMh�adKML@FÁKM?lE aMKd?;FcE+O

î



EGO�OXE�hËB)KMN�rËW�=>]�F�E+H�H;KdN�KM=>?TEGa�_tF\F\H�áYE+bXL�b\=@?�?�F\b\N�KM=>?�W�Q
n(aMFcEGO�aMh9j+N�r�F)N�r�O�=@q�A>r;[�q�N(=+_�N�r�F�ZËÞ�nÎKdW�adKM]�KdN�F\H�á9h
N�r�F)áTEG?�H�B)KMH�N�r�=+_2N�r�F)W�F�O�KuE+aYHTE+NXE-]^=+p>F�]^F\?9N�W�=+p@F\O
N�r�F\W�F^b\=@?�?�F\b\N�KM=>?�W�Q^ã'?�ç�é�êgj"E�aMK´_�FDN�Kd]�FDE+?YE+aMh9W�KMW�KdW
[YF\Og_t=>O�]^F\H¬N�=JbcE+aMb\q�auEGN�F�N�r�F�]^KM?�KM]�q�]�?9q�]RáYF\O�=G_
O�F\A>KMW�N�F\O�W�?�F\F\H;F\H2Q�ì)r;FDaMKs_tF�N�KM]^F�KMW�H�F-<T?;F\H EGW�N�r�F
N�KM]^F�N�r�F�HTEGNVEëW�NVE�h9W-Kd?JN�r�FÈZ�Þ�n4áYFX_t=@O�F�KdN)KMW-W�F\?9N
=@q�N�ç�é�ê�Q�ì)r�KMW�E+?YE+aMh9W�KMW�E+W�W�q�]�F\W(N�rTEGN N�r�F�aMKs_tF(N�KM]^F\W
=G_�HTE+NXE¬E+O�FÁE�p>EGKdauEGá�aMF>Q'7�=+B(F\p@F\Ocj�N�r�F�adKs_tF�N�KM]�FRKdW
?;=>N W�=>aMF\aMhDH;F\N�F\O�]^KM?�F\HRá9hRN�r�F�ã��@ä4W�[TF\b�K=<YbcE+N�Kd=@?^=G_
N�r�F�Z�Þ2nÂE+?;H�bcE+?ÀbVrYE+?�A@F H�F\[YF\?�H�KM?�A-=>?�N�r�F H�F�W�KMA>?
]�F\N�r;=
H;=>aM=>A@h
Q;ì)r�KMW ]^F\N�r�=9H�=>aM=@A>h�rTE+W�áTF\F�?RW�r�=+B)?
N�=JadF�E+H�N�=J=@[�N�KM]ÁEGa2H�F�W�KMA>?�W�KM?,N�F\O�]�W�=+_�N�r;O�=>q;A>r9e
[;q�N"OVE+N�F�E+?�HR?9q�]RáYF\O"=+_�O�F�A>KMW�N�F\O�W(F\]^[;ad=+h@F\H�q�?;H�F\O
�@ ���§��>�u¡��c i���±�> �¨G£>F\?9p9KdO�=>?�]�F\?9NcQ 7-=+B�F�p>F\O�j>?�F�B H;FXe
W�KMA>?J]^F\N�r�=9H�=>aM=@A>KMF\W)E+O�FÀO�F æ q�KMO�F�H,N�=^H�F\W�KMA>?,Z�Þ2n(W
rYE�p
KM?�A�r;KdA@r�N�r�O�=>q�A@r�[�q�N¬E+?;HlE+O�FcE�e'F � b\KMF\?�b�h�_t=>O
EG[�[�aMKMbcE+N�KM=>?�W(B)KMN�r^[YE+OVEGaMadF�a�ã��>ä�Q�ã'?JN�r;KdW)[YE+[YF\Ocj;B�F
W�r�=+B�N'B(=,H;F\W�KMA>?Î]^F\N�r�=9H�=>aM=@A>KMF\W�N�=,=@á�NVEGKd?!EGO�FcE�e
F � b\KMF\?9N�ZËÞ�n(W)B)KMN�r^r;KdA@rJN�r�O�=>q�A@r�[�q�N�Q
��Ó � ����Ü��-Õ Ø�� ���(Ö�� 	DØ0×�� �(Ö
�lØ-Õ��

���"×�Ö �"× �

ì)r�F(]^F\N�r�=9H�=>aM=@A>h)_�=>O2N�r�F(H�F\W�KMA@?�=+_�Z�Þ�n(W2W�[YF\bXe
K <TF�WlE+W4=@q�N�[;q�NlE+? EGO�bXr�KMN�F�b\N�q�O�F�E+?�H EG? E+aMA>=Ge
O�KMN�r�]%H�F\W�b\O�KMá�KM?�A�N�r;F áTF�rTE�p9Kd=@O2=G_TN�r�F(E+O�bXr�KMN�F\b\N�q;O�F>Q
ì)r;KdW^EGaMA>=>O�KMN�r�]·rYE+W^áYF\F\?%bcEGadaMF\H O�F\A@KdW�N�F\O¬EGadaM=9bcE�e
N�KM=>?JW�bXr�F\]�F^ç�é�ê�Q�ì)r;F�]ÁEGKd?�W�N�F\[�W�KM?Á=@q�O)]^F�N�r�=9H9e
=@aM=>A>hÂE+O�F@�^bcEGaMb\q�auE+N�Kd=@?�=+_�N�r�F�]^KM?�KM]Rq�]½?
q;]RáTF\O
=G_�O�F\A@KMW�N�F�O�WR?�F\F�H�F\H2j(W�[YF\b\K <Tb�E+N�KM=@? =G_�N�r�F�O�F\A@KMW�N�F�O
EGaMad=9bcEGN�KM=>?JW�bVr;F\]^F>jYW�[TF\b�K=<YbcE+N�Kd=@?�=+_�N�r�F�rTE+O�H�BÌEGO�F
b�=>?�?�F�b\N�KM=>?;W,áYF\N'B(F\F\?yN�r�F�O�F�A>KMW�N�F\O�W!EG?�H®N�r�F�H;FXe
W�KMA>?�=+_�N�r;F,b\=@?9N�O�=@aMadF�OcQ®ã'?4N�r�FJ_t=@aMad=+B)KM?�AYj B(F¬KMase
aMq�W�N�OXE+N�F�N�r�F�N'B�=GeÑH;Kd]�F\?�W�Kd=@?TE+a"Z�Þ2n á9h,H�F�W�KMA>?�KM?�A
EG?¬F\ï�E+]�[�aMFËZ�Þ2n�QYÞ�KdA@q�O�FRk�W�r;=+B)WËN�r�F�H�F\W�KMA@?J_t=>O
�#"&$ Ýtk�� �+î
	 �+î %cè ��è %�è �;ècß�Q
� KMp>F�?!N�r;FÁã��@ä½á�q9â�F\O�WJE+?�HÎN�r�FJO�F\A>KMW�N�F\O�W�j(N�r�F

O�F\A>KMW�N�F\O�EGaMad=9bcEGN�KM=>?ÀW�bXr�F\]�F�W�[TF\b�K=<YF\W�N�r�F�E+aMaM=9bcE+N�KM=>?
=G_THTEGNVE-N�=�N�r;F)ã��>ä�á�qiâ�F\O�WÌEG?�H�O�F\A@KdW�N�F\O�W�E+W(E(_tq�?;bXe
N�KM=>?�=+_2N�KM]�F�W�q�bXr^N�rYE+N N�r�F�=@[TF\OXE+N�Kd=@?�W =G_2N�r�F�ZËÞ�n
EGO�F�EGb\b\=>]�[�aMKMW�r�F\H�Q�ã'?R=>q�O�H�F\W�KMA@?2j>[YE+OVEGaMadF�a
W�r�Ks_tN�KM?�A
EG?�HRb\=@]^[TEGb\N�KM=>?RE+O�F�[YF\O'_�=>O�]�F\HRN�=À]ÁE+L@F�O�=9=>] _t=>O
KM?�[;q�N�HTE+NXE�Q'��FDW�[TF�b\Ks_th,E�r�F\q�O�KMW�N�KMbë_t=>O-[TF\Og_t=>O�]Re
KM?�A�b\=>]�[TE+b�N�KM=>?2Q0ì)r�FDO�F\A>KMW�N�F\ODEGaMad=9bcEGN�KM=>?JNXE+á�aMF�KdW
q;W�F\H¬N�=RO�F\[;O�F\W�F\?9NËN�r�F�O�F\A>KMW�N�F\OËEGaMad=9bcEGN�KM=>?�W�bXr�F\]�F>Q
ì)r;F�O�F\A>KMW�N�F\O�EGadaM=9bcEGN�KM=>?�NVEGá�aMF�W�r�=+B)W"N�r�F)W�?TE+[;W�r�=@N�W
=G_¥N�r�F�b\=>?9N�F�?
N�W�=G_¥N�r;F�KM?�[�q�N)á�qiâ�F\O�j�N�r�F�O�F\A@KdW�N�F\O�Wcj
EG?�H�N�r�F�=>q�N�[�q�N2á;q9â�F�O¥E+W"E�_tq�?�b�N�KM=>?�=G_
N�Kd]�F)çdè+j@è>è�ê�Q
ì EGá�aMF�W�F�A>]^F�?
N
��KdW(H�F-<Y?�F\H,EGW)N�r�F�W�F\A>]�F\?9N)=+_"N�r�F
O�F\A>KMW�N�F\OJE+aMaM=
b�E+N�KM=@?�NVE+á;adFJb\=@O�O�F\W�[Y=>?�H;Kd?;A!N�=Âb\aM=9bXL
[YF\O�Kd=9H���Q®ì)r�FÄO�F\A@KdW�N�F\O¬EGadaM=9bcEGN�KM=>?�NVEGá�aMF�_t=>O�N�r�F
F�ïiEG]^[�aMF�H�F\W�KMA@? KMWRW�r�=+B)?�Kd?4Þ�KMA>q�O�F¬k�e\ÝuHTß�Q4ì)r�F
EGO�bXr�KMN�F�b\N�q�O�F EG?�H�N�r�FJb\=@?9N�O�=@a�aM=>A@KMbÁE+O�F¬=>á;NVE+KM?�F�H

H�KMO�F\b\N�aMhÄ_tO�=@]¼N�r�FRO�F\A>KMW�N�F\O^E+aMaM=9bcE+N�KM=>?¬NXE+á�aMF>Q�ì)r�F
EGáT=+p@FDF\ï�EG]^[�aMF�KMaMaMq�W�N�OVE+N�F\W�E�N'B�=GeÑH�KM]�F\?�W�KM=@?TE+a2EGO'e
bXr�KMN�F�b\N�q�O�F�_�=>O(N�r�F�W�h9?
N�r�F\W�KdW-=+_ ZËÞ�n�Q
w¼�t���+§��>�±¡D�� 9�\�u�> ;¨+£¥EGO�bXr�KMN�F\b�N�q�O�F^_�=>ORZËÞ�n rTE+W

]Rq�aMN�Kd[;adFÄHTE+NXE![YE+N�r;WcQ w·HTE+NXE�[TEGN�r®KMW¬E�p>F\O�N�Kse
bcEGa2[�KM[YF\aMKM?�F�=G_UO�F\A>KMW�N�F\O�WcQ��0F\A>KMW�N�F\O�WËE+O�F�b\=>?�?;F\b\N�F�H
EGad=@?�A�N�r�F)HTEGNVE)[YE+N�r�O�=+B(e'á9h@eÑO�=+B�_t=@O2[TEGOVE+aMaMF\a9W�r;K´_�N'e
KM?�A�Ýtf9F\F�Þ�KMA>q;O�F)k�e\ÝuáTß�ß\Q�ì)r�F�=@q�N�[;q�N"[�KM?�W2=G_TN�r�F)KM?9e
[�q;N�á�qiâ�F\O�EGO�F�b\=@?�?�F\b\N�F\H¬N�=�N�r�F�KM?�[�q;N�[�KM?�W(=+_2N�r�F
]Rq�aMN�Kd[;adF�ï
=@O�W([�auE+b\F�H,q�?;H�F\O�N�r�F <TO�W�N�O�=+B®=G_�O�F\A@KMW'e
N�F\O�W�Q^ì)r�FRKM?�[;q�N�[�KM?�W�=+_)N�r�FR]Rq�aMN�Kd[;adF�ï
=@O�W-[�auE+b\F\H
q�?;H�F\O"N�r�F(=>q;N�[�q�N"á�qiâ�F\O(E+O�F�b\=>?�?;F\b\N�F�H^N�=-N�r�F(=>q;N'e
[�q;NËaMKM?�F\W-=+_ N�r;FDO�F\A>KMW�N�F\O�WÀrTE�p9Kd?;ARHTE+NXERN�=�áTF�=>q;N'e
[�q;NcQ,fi=>]^FRE+H;H�KMN�KM=>?TEGa b\=@?�?�F\b\N�KM=>?!aMKM?�L9W�áTF�N'B�F\F�?
O�F\A>KMW�N�F\O�WÂ=>?%H�Ksâ�F\O�F\?9N¬HYE+NVE [TE+N�r�W,EGO�FÂF\]^[�aM=+h@F\H
_t=@OJb\=>]�[TE+b\N�KM=>?2Q¸n(=>]�[TE+b\N�KM=>?�O�FX_�F\O�WÂN�=�A
EGN�r�F�O'e
KM?�A�=+_^KMH�aMFÂO�F\A@KMW�N�F�O�W�KM?9N�=�N�r�FÎWVEG]^FÂO�=+B)W¬W�=lE+W
N�= ]JE+L@FÁ]�=>O�FÁO�=9=>] _�=>O^[YE+OVEGaMadF�a�W�r;K´_�N�KM?�ATQ¸ã'H;adF
O�F\A>KMW�N�F\O�W�E+O�F�H�F-<Y?�F\H!E+W-O�F\A@KMW�N�F�O�W�rTE�p9KM?�A�?�=^HTEGNVE
=@O^O�F�A>KMW�N�F\O�W¬E�p>E+KMauE+á;adFë_t=>ORO�F\q�W�F!E�_tN�F\O^N�r�F\KMO^HTEGNVE
rTEGW�áYF\F\?¬]�=+p>F\H�N�=�=>N�r;F\O�O�F\A>KMW�N�F\O�W�=@O�N�r;F�=>q�N�[�q�N
á�qiâ�F\O�QRã'H�aMFRá�q9â�F\O�W�=>O�KMH�aMF�O�=+B)W�=+_)O�F�A>KMW�N�F\O�W�bcE+?
áYF�H�F-<T?�F�HÁW�KM]^KMauE+O�aMh9QTf9q;bVr¬EG?ÁE+O�bXr�KMN�F\b\N�q�O�FÀKdW)E+aMW�=
W�q�KMNVE+á;adF�N�=R[TF\Og_t=>O�]Í[YE+OVEGaMadF�aTã��@ä®=>[YF\OXE+N�KM=@?�WcQ
>����! ����&�� 3 ����� & ;!6 � &�6å��� 3�� ; 4Â� 3 ��&)(

� 3 � A ��� 3 �>�
ì)r�F�?9q�]RáTF�OË=G_�O�F\A@KMW�N�F�O�WR?�F\F�H�F\H!b�E+?!áYF^]�KM?9e

KM]^KMà\F�HJ_t=>O-N�r�FRH;F\W�KMA>?Â=+_(N'B�=GeÑH�KM]�F\?�W�KM=@?TE+a2Z�Þ2n(W�Q
ì)r�F�]�Kd?;Kd]�q�]®?9q�]RáYF\O(=+_¥O�F\A>KMW�N�F\O�W�?�F\F�H�F\H¬KMW(bcE+ase
b\q;aÉEGN�F\H�KM?�N�r;F^_�=>aMaM=+B)Kd?;ATQ¬Þ�KMO�W�N�j)E¬W�[TF\b�KÉEGa)[�O�=@[9e
F\O�N'hl=G_ëZ�Þ�n(WÁKMW¬KM?9N�O�=9H�q�b\F\H®KM?%ì)r�F\=@O�F\] èÂáTF�e
_t=@O�FÎN�r�FÎbcE+aMb\q�auEGN�KM=>?®=G_ÈN�r�F�ad=+B(F\OgeÑáY=>q�?;H2Q¼ì)r�F
aM=+B(F\O'e'áT=@q�?�H4=@?4N�r;F,?9q�]RáYF\O^=G_ÈE+O�OVE�h@e'adF�p>F\a�O�F�A+e
KMW�N�F\O�W�_t=@O �#"&$ Ý ���
� ���
� ��% % ß"KMW A>KMp@F\?DKM?Rì)r�F�=+e
O�F\] k;Q2ì)r;FËaM=+B(F\O'e'áY=>q�?�H�=>?�N�r�F�?9q�]RáYF\O =+_"O�F\A@KMW'e
N�F\O�W�_�=>O �#"&$ Ý � � � � � ����% % ß�KMW�W�r;=+B)?,KM?¬ì)r�F�=+e
O�F\] é;Q�ì)r�F(?
q;]RáTF\O�=+_�O�F�A>KMW�N�F\O�W KM?�N�r�F(ã��>ä�á�qiâ�F\O�W
EGO�F�?�=>N)b�=>?�W�KdH;F\O�F\HÄKd?JN�r�F\W�F�E+?TEGadh9W�F\WcQ
��� 3 &Y� 3 4 � ¾�¢��J¡��u ��u¡�µ9¡  �µ9¡�¿X�c����¤R���'�@�M�\�t���X�
 ��X�X�>�X��¤\�@� �#"�$ Ý ��� � ��� � �&% % ß��M���\¨>¡��R¨+���d¢;¨>�
 ����X�>�X�J¿c¦ �#"&$ Ý ��� � ��� � �&% % ß\¶
1 � &�&)(  w�W�W�q�]^F
N�rTE+N�EJH�F�W�KMA>?Ä_t=>O �#"�$ Ý ��� � ��� ����% % ß KdW�A@Kdp@F\?2Q
w H�F\W�KdA@?%_t=>O �#"�$ Ý ��� � ��� � ��% % ßJb�E+?yáYF!=@á9e
NXE+KM?�F\H¬á9hJO�F�p>F\O�W�KM?�AJN�r�F�H�F\W�KMA>?¬[�O�=9b\F\W�WÀ=+_ �#"�$ Ý
��� � ��� ����% % ßRE+WÀ_t=>aMaM=+B)WcQÂÞ2KMA@q�O�FJk�e\ÝuHTßÀKMWDq�W�F\H
N�=�KMadaMq�W�N�OXE+N�F-N�r�KMW [;O�=9b\F\H�q;O�F>Q�Ý�è�ß"w�W�W�q�]�F�N�rTE+N N�r�F
KM?�[�q;NËÝ±=>q�N�[�q�NVß�á�q9â�F\O)=G_ �#"�$ Ý ��� � ��� � ��% % ß(E+W
EG?Ë=@q�N�[;q�N�Ý±Kd?;[�q�NVßYá;q9â�F�O2=+_ �#"�$ Ý � � � � � ����% % ß�Q
Ý�k>ßÂw�W�W�q�]�F!N�rTE+N�N�r�F�H�KMO�F\b\N�KM=>?¸=+_JN�r�F�[TEGOVE+aMaMF\a
W�r�Ks_tN�KM?�A�E+?�H�b\=@]^[TEGb\N�KM=@?!E+O�FJO�F\p>F\O�W�F\H�Q Ý�é>ßÀì)r�F
?�F�ByKM?�[�q�N�W�NVE+O�N�W-_tO�=>]ÐN�r;FRaÉEGW�N-NVE+á;adF�W�F�A>]^F�?
N�E+N

{



b0

b1

b2

b3

a0

a1

a2

a3

d0

d1

d2

d3

c0

c1

c2

c3

Input Group Output Group

(a) Input/Output Groups and sequences

6

2

5

1

8

4

7

3

time (t=0)

a1 a0b1 b0

t = 1

c1 c0d1 d0

t = 3

c3

b3

a3

a3

d3

d3

b3

c3

t = 6 (=2)t = 2

a3

b3

a2

a3

b3

d3

b2

c3

t = 5 (=1)

a3

c1

a2

a1

b3

d1

b2

b1

t = 4

Input Buffer

Output Buffer

row-1
row-2

a1

a3

a0

a2

b1

b3

b0

b2

a1

a3

a0

a2

b1

b3

b0

b2

b0 a0d0 c0

b0 a0d0 c0

b1 a1d1 c1

b1 a1d1 c1

b2 a2d2 c2

b2 a2d2 c2

b3 a3d3 c3

b3 a3d3 c3

Next Inputc3 c2d3 d2

c3 c2d3 d2

1

7 6 5

4 3 2

Output Buffer

Input Buffer

for output mux

for register mux

begin endclock

(b) Hardware

(d) Register Allocation Table

(c) State Table for Controller

t

1

2

3

4

or1 r2

0 1

1 0

0 0

0 0

0 1

0 1

0 0

1 0

0

1

0

1

row-1

row-2

0 10 1

0 210 10 21

Controller

o

r2

r1

2

2

1

8
0 1

Figure 2.
w�?¬`"ï�E+]�[�aMF�Z-F\W�KMA>?J=G_ �#"�$ Ý�k � �Gî 	 �Gî�%�è �;è %�è ��è�ß

� � |ÎKM?®Þ2KMA@q�O�F!k�e�Ý±HTßJE+?�H%N�r�F�H;F\W�KMA>?®[;O�=9b\F\W�W
A@=9F\W,áYE+bXLlN�=4N�r;F![�O�F\p9Kd=@q�WÂNVE+á;adF�W�F\A>]�F\?9N�WÂq�?9e
N�KMa�N�r;F,W�F\A>]�F\?9NÁE+N � � è¬KMWJO�F�E+bXr�F\H2Q Ýuî9ßRì)r�F
H;F\W�KMO�F�Hy=>q;N�[�q�NÄKdWÄ=>á�NXE+KM?�F\H%_tO�=>] N�r�FÎ?�F\B·=@q�N'e
[;q�N,á;q9â�F�O�=+_ �#"�$ Ý � � � � � � �&% % ß�Q ��=+B�jÀB�F
rYE�p>F�W�r�=+B(F\H¬N�rYE+N)N�r;FËO�F\A>KMW�N�F\O�E+aMaM=
b�E+N�KM=@?RNVE+á;adF�=G_
�#"&$ Ý � � � � � � �&% % ß2b�E+?�áTF)O�F\p>F\O�W�F\H�N�=�=>á;NVE+KM?DE
H;F\W�KMA>?Ä_t=@O �#"&$ Ý � � � � � � �&% % ß\Q�ì)r;F\O�FX_�=>O�F@j"N�r�F
?9q�]RáYF\O�W�=+_�O�F\A>KMW�N�F\O�WRq;W�F\H�KM?�N�r�F�N'B�=ÂZËÞ�n(WÈEGO�F
N�r�F�WVEG]^F>Q��

ã'?�N�r�FÎ_t=>aMaM=+B)KM?�A4N�r;F\=>O�F\]^W�jRB�F B)KdaMaRW�r�=+B E
aM=+B(F\O'e'áY=>q�?�H¼=@?·N�r�F½?9q�]RáYF\Oy=G_ O�F\A>KMW�N�F\O�W¸_t=>O
�#"&$ Ý ��� � ��� � �&% % ß^=@?�aMh�_t=@O � � � QÍì)r;FXe
=@O�F\] è�bcE+? áTF�q�W�F\H¸N�=4=@á�NVEGKM?®N�r�F�áY=>q�?�H _t=>O
N�r�F®bcEGW�Fy=G_ � � ��Q n(=>?�W�KMH�F\O4N�r�FyaM=+B(F\O'e
áY=>q;?�HJ=>?JN�r�FÀ?
q;]RáTF\O)=G_¥O�F\A>KMW�N�F\O�W-_t=@O�E+O�OVE�h@eÑaMF\p@F\a
�#"&$ Ý � � � � � ����% % ß\Q�ã'?¬E+O�OXE�h@eÑaMF\p@F\aTH;F\W�KMA>?�j9N�r�F
áYE+W�KMb(q�?�KMN =G_�HTEGNVE-KMW�E+?RE+O�OVE�h�=+_�aMF\?�A>N�r �ÀQ"ì)r�F\O�FXe
_�=>O�F@j9N�r�F-W�KMà\F�=+_"FcE+bXrJO�F\A@KMW�N�F�O�E+?�H�N�r�F�á�q9â�F\O�jTE+?;H
N�r�F�B)KMH�N�rJ=+_"N�r�FÀá�q�W�E+O�F�E+W�W�q�]^F�HÁN�=DáYF��ÀQ

��� 3 &Y� 3 4 �
¾�¢;�®¡D�u ;�u¡Dµ9¡  �µ9¡D¿X���l��¤l¨@�\��¨@¦�§'£d��°c��£^���'�@�M�\�t���X�
²���� �
	 ³^ ��X�X�>�X��¤\�>� �#"�$ Ý � � � � � ����% % ß��É�

��� ��	 � �
�)�
%��2¢;�c��� ��� � ¨> ;���#�l�@ªX�>Ý �:% �¬ß��

1 � &�&)(  ì)r�F �#"�$ Ý � � � � � ����% % ß�KMWRE+?!E+O�OVE�h@e
aMF\p@F\a�Z�Þ2n�Q"w�aMW�=Tj N�r�FJã��>ä H�F\auE�h9W^E+O�FJ?�=@NDW�[TF�b\Kse
<TF�H2Q�w�?¬KM?�[;q�N�W�F æ q�F\?�b\FRb�=>?�W�KdW�N�W�=G_
� E+O�OXE�h9W�=+_
aMF\?�A@N�r �ÀQ(w�?¬=@q�N�[�q;N�W�F æ q;F\?�b\FRb\=@?�W�KMW�N�W�=+_
�·EGO'e
OXE�h
W�=+_�aMF\?�A@N�r �ÀQlì"=�]�Kd?;Kd]RKMà\FRN�r�FÂ?
q;]RáTF\O�=+_
O�F\A>KMW�N�F\O�W�?�F\F\H;F\H2j�E�_tN�F\OREÄ?�F\B½Kd?;[�q�N�W�F æ q�F\?;b\F,KMW
KM?�[�q;NcjYHTE+NXE�]Rq�W�N)áYF�=>q�N�[�q�N�q;?
N�KMa¥N�r�F�?9q�]RáYF\O)=+_
O�F\]ÁEGKd?;Kd?;A¬HTE+NXEÂKM?!N�r;F,Z�Þ2n¸KMWRaMF\W�WRN�rTE+?���Q�ã�_
EG?�=>N�r�F\O)KM?�[�q�N)W�F æ q�F\?�b�FDKMW)O�F�b\F\KMp>F\HÄáTFX_�=>O�F�E+aMaTN�r�F
E�p>EGKdauEGá�aMF�HTEGNVEÀKMW�=@q�N�[�q;Ncj9N�r;FË?;F\BlKM?�[;q�N�W�F æ q�F\?�b�F
KMW2W�N�=@O�F\H�KM?�N�r�F(O�F�A>KMW�N�F\O�W =G_TaMF\?�A@N�r�� EG?�H�?�=@N2[�O�=+e
b\F�W�W�F�H!q�?9N�KMa�N�r�F�?9q�]RáTF�O�=+_ O�F\]ÁEGKd?;Kd?;ARHTE+NXE�_tO�=>]
N�r�F�[�O�F\p9KM=>q;W)W�F æ q�F\?;b\FDKMW(aMF\W�W-N�rTEG? ��Q"ì)r�F�O�FX_t=@O�F>j
EëH�F\W�KMA@?¬B)KMN�rJ]^KM?�KM]�q�]¸?
q;]RáTF\O)=G_ O�F\A@KdW�N�F\O�W�B)KdaMa
?�=@N�KM?�[�q�NREJ?�F�B�KM?�[�q�N�W�F æ q�F\?�b�F¬áTF�_t=>O�F^KMN�KMW�O�F�e
æ q�KMO�F�H^_�=>O)=>q;N�[�q�N�Q

|



�4r�F�?yN�r;F Z�Þ�n O�F\b\F\KMp@F\W!E+? Kd?;[�q�N¬W�F æ q�F\?�b\F
b�=>?�W�KdW�N�KM?�AR=G_ � E+O�OVE�h9W�H;q�O�KM?�ARN�r�F�<TO�W�N�b\aM=9bVL�b\h@e
b�adF@j�E+?�=@q�N�[�q;NRW�F æ q�F\?;b\F¬b\=@?�W�KMW�N�KM?�A�=+_ � E+O�OVE�h9W
b�E+?^áYF�=@q�N�[�q;N _tO�=>]�N�r�KMW)KM?�[�q�N(W�F æ q�F�?�b\F�Kd]�]^F\H;K´e
EGN�F\aMh9j�B)KMN�r�=@q�N�W�N�=>O�KM?�AJN�r�F�HTE+NXE�QRì)r�F�O�F\]JE+KM?�KM?�A
� � � E+O�OVE�h9W(?�F\F\HJN�=RáYF�W�N�=@O�F\H¬KM?�N�r�F-O�F\A@KdW�N�F\O�WcQ
ã�_
� � � � � j�B(FËb�E+?J[�O�=9H�q;b\F � ��è�]^=>O�F�=@q�N'e
[;q�N)W�F æ q�F�?�b\F\W�q;?
N�KMa¥m � � � � � � ��ji_t=>O)W�=>]�F
[Y=>W�KMN�KMp>F-Kd?9N�F\A>F\O���Q
v�F�N �®áYFËN�r�F�E+]�=>q�?9N"=+_"HTE+NXE�aMFX_tN(KM?^N�r�F�O�F\A@KdWge

N�F\O�W ~ q�W�N)áTFX_�=>O�F�E�?�F�BlKM?�[�q;N)W�F æ q�F\?;b\FDKMW(F\?9N�F\O�F\H2Q
ì)r;F\?2j � � � ]�=
H ��QÁn(=@?�W�KMH�F�O�N�r�F�]ÁEGï
KM]�q�]
p>EGaMq�F�NVE+L@F\?Âá
h ��Q���=>N�F�N�rYE+Ncj � � � ]�=9H �0�
Ý ����]^=9H����dß ��j^B)r;F\O�F � � A>b�H¥Ý � % �¬ß�j � �
��� �ºEG?�H�� � ��� ��Q v F\N � � ��� ��Q ��=@N�F
N�rTE+N�jDE�_tN�F\OÄKd?;[�q�N�N�KM?�A4N�r;F��GeÑN�ryKM?�[�q;N¬W�F æ q�F�?�b\F>j
� � � � ]^=9H�� � Ý	� ����]^=9H ���dß ��Q w)_tN�F\O
N�r�F�����e'N�r KM?�[�q�N�W�F æ q�F\?�b\F@j � � ��� � ]�=
H �
�åÝ ��� ���9]^=9H ���dß � �¼m�Q�ì)r�F�p>E+aMq�F\W�NVEGL>F\?�á9h
�ºO�F\[YFcE+N�WDKMN�W�F\as_�E�_tN�F\O�N�r;F ���seÑN�r,KM?�[�q;N�W�F æ q�F�?�b\F>Q
ì)r;F\O�FX_�=>O�F@j�B(FJ=>?�aMh�rTE�p@F^N�=�b\=>?�W�KMH�F\O^N�r�FJp>E+aMq�F\W
NXE+L@F\?Já
h � H�q�O�Kd?;ARN�r�F <TO�W�N ����Kd?;[�q�N�W�Q
��=@N�FJN�rYE+Ncj m � ��� � ��� �®è>Q ��FRB)KMaMa�W�r�=+B

N�rTE+N ���¥NXE+L@F\W ���"H�KMW�N�KM?�b\N-p>E+aMq�F\W-H�q�O�KM?�A�N�r�F <TO�W�N
����Kd?;[�q�N�W�Q ì)r�F�?2j ����O�F�E+bXr�F\W ��� � è�E+W)KMN�W)]ÁE+ï9Kse
]Rq;],Q�w-W�W�q�]^F-N�rTEGN ���YH�=9F\W�?;=>N(rTE�p>F ���YH�KMW�N�KM?�b\N
p>EGaMq�F\W(H�q�O�KM?�ARN�r�F <TO�W�N ����KM?�[;q�N�W�Q"ì)r�F\?2j;N�r�F�p>EGase
q;F\W)NVEGL>F\?Já9h ���Y_t=@O�N'B(=DH;KdW�N�KM?�b\N)KM?�[;q�N)W�F æ q�F�?�b\F\W
H;q�O�KM?�A�N�r�F�<YO�W�N ���YKM?�[�q�N�W�]Rq�W�N"áTF-F æ qTE+a �9K'Q F>QMj�_t=>O
W�=>]�F
�+e'N�r�E+?�H���e'N�r!KM?�[;q�NDW�F æ q�F\?�b�F\W^H�q;O�KM?�AÂN�r�F
<YO�W�N
���9KM?�[�q;N�Wcj
� ���;]^=9H�������� ����]�=9H��������+j
B)r;F\O�F�� .���+jRè � � %�� � ���Ñj�EG?�Hym � � �
��� �yè@Qlã'? =>N�r;F\O^B(=>O�H�Wcj�� ��� ��� �������¬E+?;H
� � � ��� � � ���)_�=>O)W�=@]^F�[Y=>W�KMN�Kdp@F�Kd?9N�F\A>F\O�W��!E+?;H
� jYB)r�F�O�F�� .��� Q�ì)r�F�?2j"Ý�� ���\ß �����¹Ý�� ���2ß ��� �
K'Q F>QMj(Ý�� ���\ß ����]^=9H���� �Ðm�Q 7�=+B(F\p>F�Ocj
����E+?;H
���ËE+O�F,O�F\auE+N�Kdp@F\aMh![�O�KM]^F¬E+?�H%m � � ��� � ���'Q
ì)r;F\O�FX_�=>O�F@j�� ]Rq�W�N�áYFÁF æ qYE+a�N�=��GQ�ì)r�KMWDb\=@?9N�OVE�e
H;Kdb�N�W�=>q�O�EGW�W�q;]^[�N�Kd=@?¬N�rYE+N�� .���GQDì)r;F\O�FX_�=>O�F@j ���
]Rq;W�N(rTE�p>F ����H�KMW�N�KM?�b\N-p>E+aMq�F\W)H�q;O�KM?�A�N�r�F�<YO�W�N ���
KM?�[;q�N�W�Q�7-F\?�b\F>j � �9O�FcE+bXr�F\W
��� �Dè(E+W2KMN�W2]ÁEGï9Kd]�q�]¬Q
ì)r;F�]ÁEGï9Kd]�q�]®=G_ � � ��� � � Ý ��� �!ècß � ��� �/��Q
w�W�W�q�]�F¬N�rYE+N � O�FcEGbXr�F\WJN�r�FÄ]ÁE+ï9KM]�q�] p>EGadq;F

EG?�HÁE�?;F\BlKM?�[;q�N)W�F æ q�F�?�b\F�KdW)F�?
N�F\O�F�H2Q(C�FX_�=>O�FÀN�r�F
?;F\B�KM?�[�q�N�W�F æ q�F\?;b\F�=G_ � EGO�OXE�h
W�KMW2W�N�=>O�F\H2j9E+?�=@q�N'e
[;q�N�W�F æ q�F\?�b�F�=+_�� E+O�OXE�h9W�bcEG?^áYF�=>q�N�[�q�NcQ�w)N(N�r�KMW
]�=>]�F\?9Ncj+N�r�F�?
q;]RáTF\O(=+_ O�F\A>KMW�N�F\O�W-?�F\F\H;F\H,O�FcE+bXr�F�W
KMN�W ]ÁEGï
KM]�q�]¬j �!� � �	� � Ý �
� �iß"� � �	� �
� �#��Q"ì)r9q�W�j>N�r�F�aM=+B(F\O'e'áY=>q�?�HR=@?RN�r�F�E+O�OVE�h@eÑaMF\p@F\a
O�F\A>KMW�N�F\O�W^Ý � � ��	�ß-KMW ��� ��Q�ì)r�F�aM=+B�F�O'e'áT=@q�?�H¬=@?
N�r�F�?9q�]RáTF�O�=G_UO�F\A>KMW�N�F\O�W�KMW�Ý � � ��ß ��Q �
��=+B b\=>?�W�KMH�F\O)N�r;FËaM=+B(F\O'e'áY=>q�?�H�=>?�N�r�F-?
q;]RáTF\O

=G_ÌO�F\A>KMW�N�F\O�WR?�F\F\H�F�H�_t=@O�N�r�FRá;KdNgeÑaMF\p@F\a H�F�W�KMA>?2Q¬Þ;=>O

�#"�$ Ý ��� � ��� ����% % ß�j"FcE+bXr�F\aMF\]�F\?9N�=+_ËEG?!E+O�OXE�h
bcEG?JáTF�rYE+?�H�aMF\H�KM?�H�KMp9KdH;qTE+aMaMh
Q
��� 3 &Y� 3 4 > ¾�¢��J¡��u ��u¡�µ9¡  �µ9¡�¿X�c����¤R���'�@�M�\�t���X�
²���� �
	 ³^ ��X�X�>�X��¤\�>� �#"�$ Ý � � � � � � �&% % ß��M�

� � ��	#� Ý ��� � �+�iß � � �	��# � � �
� $ � ¡��u Yç � � % �	��ê %

�2¢;�c��� � ��� ¨@ ��&�&�%�@ªV�9Ý � % �¬ß�¶
1 � &�&)(  ì)r�F)[�O�=9=G_�rTEGW áYF\F\?^=@]^KMN�N�F\H�H�q;F)N�=�W�[TEGb\F
aMKM]^KMNVEGN�KM=>?;WcQYã'N)bcE+?JáYF�_t=@q�?�H^KM?Âçdè�é�ê�Q
>�� �� �
* 3 � A � 6 8:3 ��� & � & $ & �&%
ä-q�O�H�F\W�KMA@? ]�F\N�r;=
H;=>aM=>A@h�KdWRáYE+W�F�H4=>?4E�N'B(=+e

H�KM]�F\?�W�KM=@?TE+a E+O�bXr�KMN�F\b\N�q�O�F@j KM?�B)r�KMbXr�N�r�FRO�F\A>KMW�N�F\O�W
EGO�F![;aÉEGb\F\H¸E+aM=>?�A�]Rq�aMN�Kd[;adFÂHTEGNVE�[TEGN�r�WÂN�= _t=@O�]
E N'B�=GeÑH�KM]�F\?�W�KM=@?TE+a�EGO�OVE�h�=G_DO�F\A@KMW�N�F�O�WcQ¹ì)r�KMWÁEGO'e
bXr�KMN�F�b\N�q�O�F¸adF�E+H�W4N�=ÍE+O�FcE�e'F � b\KMF\?;b\h E+?�HÐr;KdA@r�F\O
N�r�O�=@q�A>r�[;q�N�OVEGN�F�b\=>]�[TE+O�F\H®B)KMN�r FcE+O�adKMF\O�H;F\W�KMA>?
W�bVr;F\]^F\W�Q¼w�O�FcE�e'F � b\KMF\?�b�hyKMW¬=>á;NVE+KM?�F�Hlá9h _tF\B(F\O
?9q�]RáYF\OÂ=+_¬O�F\A@KMW�N�F�O�W!F�]^[�aM=+h>F�HyKM?yN�r�KMW�W�bXr�F\]�F>Q
7-KdA@r�F\ORN�r�O�=@q�A>r�[;q�NDKMWRE+bXr�KMF\p@F\H�á
h�[YE+OVEGaMadF�a�HTEGNVE
]�=+p>F\]�F\?9N¥=@?¬E�N'B�=GeÑH�KM]�F\?�W�KM=@?TE+aTEGO�bXr�KMN�F�b\N�q�O�F>Q
��F)W�r�=+BlEÀ]^F\N�r�=9H�=>aM=>A@h�_t=@O W�h9?9N�r�F�W�KMW�=G_¥E+O�F�E�e

F � b�KdF�?
NRZ�Þ2n(W�B)r;F\?�N�r�F�[TE+OXE+]�F\N�F\O�W '(% � %"E+?�H��
EGO�FÂW�[YF\b\K <TF\H2Q¹ì)r�F��t�@�t¨G£Ë�>��£d¨@¦ ����KdW�H�F-<T?;F\HyE+W
N�r�FDF�aÉEG[�W�F�H,N�Kd]�F�áTF\N'B(F\F\?�N�r�FRE+O�O�KMp>E+a�=+_(N�r�F <TO�W�N
KM?�[�q;NËW�F æ q�F\?�b�F^=+_�E�A>O�=>q�[�E+?�HÂN�r;FRH�F\[TEGO�N�q;O�FR=+_
N�r�F <YO�W�NÀKd?;[�q�N�W�F æ q�F\?�b�F^=+_(N�r�FR?�F�ï
N�A@O�=>q;[2Q�ì)r�F
N�r�O�=@q�A>r�[;q�N)KMW�H�F�<T?�F\H¬E+W(N�r;FËOXE+N�Kd=À=+_¥N�r�F�?9q�]RáTF�O
=G_ÌHTEGNVE�KM?!E�A>O�=@q�[ÂN�= � � Ý±W�F\FJf9F\b\N�KM=>?!k�QMè�ß\QRä-q�O
]�F\N�r�=9H�=@aM=>A>h�O�F\W�q�aMN�W�KM?RH�F\W�KMA>?�W(rTE�p9KM?�A�]ÁE+ï9KM]�q�]
N�r�O�=@q�A>r�[;q�NcÝ±KÑQ F>QMj � � KMW)]^KM?�KM]RKMà\F\HYß\Q
��F F�ï
[;aÉEGKM? N�r�F

]�F\N�r�=9H�=@aM=>A>h _t=>O �#"&$ Ý � � � � 	 � �&% % ß�áTFX_�=>O�F�b\=@?9e
W�KdH;F\O�KM?�ARN�r�F�H�F\W�KMA>?¬=G_ �#"�$ Ý � � � � 	 ����% � � � � 	 % ß�j
�#"�$ Ý � � � � 	 � ��% � � � � 	 % ��� � � �&� 	\ß®EG?�H �#"�$ Ý
� � � � 	(% % ��&� � �� ß\Q"ì)r;FËH;F\W�KMA>?J]�F\N�r�=9H�=@aM=>A>h _t=>O
�#"�$ Ý � � � � 	 � ��% % ß(KMW�E+W(_t=@adaM=+B)W�Q
è>Q�"Ë�)$Ñ� ;�$���� A & 6 & ( 4 A 6 A 4�;!4 6 ;!4,� 3 � &)(
� 3 � A �\� 3 �>�  
n)E+aMb\q�auEGN�F N�r�F ]^KM?�KM]Rq�]Î?9q�]RáTF�O2=+_�O�F\A>KMW�N�F\O�W
á9hRq�W�KM?�ARì)r�F�=>O�F�] é;Q

k�Q
� 3 � A ��� 3 ���)$ $ &2�+��� A &�6��c��� 3 4 3! 
ì)r�FyO�F\A>KMW�N�F\O®E+aMaM=9bcE+N�Kd=@?ÍNXE+á�aMF®W�r�=+B)WlN�r�F
W�?TEG[�W�r;=>N�W®=G_!N�r�F b\=>?9N�F\?9N�W®=+_�N�r�F KM?�[�q�N
á�q9â�F\Ocj;N�r�FÀO�F\A@KdW�N�F\O�Wcj�E+?;HÁN�r�F�=@q�N�[�q;N)á�q9â�F\O
E+W)E-_tq�?;b\N�KM=>?�=+_2N�Kd]�F�Ýtf9F�FËN�r�F�W�F\b\=@?�HJ[TE+OXE�e
A>OXE+[�r¬=G_�f9F\b\N�Kd=@? é@ß\Q�n(=>]�[T=@W�F�N�r�F�O�F�A>KMW�N�F\O
E+aMaM=9bcE+N�Kd=@?�NVEGá�aMF(_t=>O �#"�$ Ý � � � � 	 � ��% % ß EGbXe
b\=>O�H�KM?�ARN�=�N�r;F�_t=>aMaM=+B)KM?�A�O�q�aMF\W�Q
� ì)r�FÄ?
q;]RáTF\O�=+_�O�F�A>KMW�N�F\O�WJKM?lEÂO�=+BÐKMW
F æ qTEGa�N�=�N�r�F,W�KMà\F�=+_DKM?�[;q�NJW�F æ q�F\?;b\F>j

8



� � �)r�F�?�b\FÂN�r�F¬?9q�]RáYF\O�=+_�b\=@adq;]^?�W�KM?
F�E+bXrRNVEGá�aMF)W�F\A@]^F\?9N KMW � �\Q2ì)r;F)?
q;]RáTF\O
=G_¥O�=+B)W�KMW�� ��� �
	 � � ��� Q�ì)r;FË?9q�]RáYF\O)=G_
O�F\A>KMW�N�F\O�W^KM?!N�r�F¬N�=@[!O�=+BÍ]JE�h¬áTFÄadF�W�W
N�rTE+? � � Q
� SUaÉEGb\F�ã��>ä%á�qiâ�F\O�WËEG?�H^O�F\A>KMW�N�F\O�W�E+W(_t=@ase
aM=+B)W�Q ì)r�F®KM?�[�q;N á;q9â�F�O4KMW aM=9bcEGN�F\H
EGNRN�r�FJáY=>N�N�=>] =+_�N�r�FJNVE+á;adFJW�F\A>]�F\?9NcQ
SUaÉEGb\FJN�r�FÄO�F\A@KdW�N�F\O�W^=@? N�=>[Î=+_�N�r�FJKM?9e
[;q�N�á�q9â�F\O�_tO�=@]4aMFX_tN�N�=)O�KMA>r9Ncj�áY=>N�N�=>]%N�=
N�=>[2Q���q;]RáTF\O-N�r�F�O�F�A>KMW�N�F\O�W-_tO�=>]ÐO�KMA@r
N
N�=¬aMFX_tN�W�NXE+O�N�KM?�A¬_�O�=>]¼N�r�FJad=+B(F\O�O�KMA>r9N'e
]�=>W�NRO�F\A@KdW�N�F\O�Q�ì)r�FÂ=>q;N�[�q�NJá�qiâ�F\OÄKdW
[;aÉEGb\F\H¬E+áY=+p>F-N�r�FÀN�=>[JO�=+B4=+_"O�F\A@KdW�N�F\O�WcQ
� ã'?;[�q�NRKMWD[YF\Og_t=>O�]^F\H�B)r�F\?;F\p>F\O�N�r�FJKM?9e
[;q�N)á�q9â�F\O�KMW(KMH�aMF>Q
� ä-q�N�[�q�N(KMW�[YF\O'_�=>O�]�F\H^B)r;F\?�F\p@F\O�E+aMaYN�r�F
HYE+NVEË_t=>O(N�r�F-?�F\ï9N(=>q�N�[�q�N(W�F æ q�F\?;b\F�áYFXe
b�=>]^F�WÁE�p>E+KMauE+á;adF�KM?4N�r�F�Z�Þ2n�Q(n(KdO�b\aMF\W
EGO�F(]ÁEGO�L>F�H�=>?�N�r�F(O�F�A>KMW�N�F\O�W(=+_TN�r�F)b\q�Oge
O�F\?9N�NVE+á;adFÀW�F\A@]^F\?9N�rYE�p
KM?�ARHYE+NVEëN�=�áTF
=@q�N�[;q�N)KM?^N�r;F�?�F\ï9N)b\aM=9bXL^b\h9b\aMF>Q
� 1 ���+�)$ $ 3 $�� � A (�� A 6 �  S¥EGOVEGadaMF\a�W�r�Ks_tN'e
KM?�A�KMWR[YF\O'_�=>O�]�F\H�B)r�F\?�F�p>F\OJKMH�aMFJO�=+B)W
=G_¥O�F\A>KMW�N�F\O�W�E+O�F�b\O�F�E+N�F�H2Q
� "%& 4��¥�Y�+� A & 6  w)_�N�F\ODEG?,=@q�N�[;q�N�=>[9e
F�OVE+N�KM=>?2j"KMH�aMFRO�F�A>KMW�N�F\O�W^EGO�F^b�O�FcEGN�F\H2Q ã�_
N�r�F�?9q�]RáTF�O�=G_¥KMH�aMF�O�F\A@KdW�N�F\O�W�KMW(A>O�F�E+N�F�O
N�rTE+? =>OÂF æ qTE+aRN�= � � j�b\=@]^[TEGb\N�KM=@?®KdW
[YF\Og_t=>O�]^F\H2Q"Z-q�O�KM?�A�b\=@]^[TEGb\N�KM=@?2j�bVr;F\bXL
N�r�F^q;[�[TF�O'e']^=>W�NDO�F\A>KMW�N�F\O�=+_�FcE+bXr!HYE+NVE
[YE+N�r�Q®ã�_DN�r;F,O�F\A>KMW�N�F\OJKMW^?�=@N^KMH�aMF>j(KMN�W
HYE+NVE�KMW-]^=+p>F�H^H�=+B)?JN�=^EG?�=>N�r�F\O-O�F\A@KdWge
N�F\O�=@OËN�=¬E+?ÂKd?;[�q�N�á�qiâ�F\OÀN�rTEGNËKMW�KMH�aMF>Q
n(=@]^[TEGb\N�KM=@?Â_tO�=@]·O�F\A@KMW�N�F�O ��N�=�O�F\A@KdWge
N�F\O	�^E+N)N�r�F�áYF\A>KM?�?;Kd?;AD=G_Ub�ad=9bXL^[YF\O�Kd=9H
� � è>j"KMW�H�F\?�=@N�F\HÎá
h!EG? EGO�O�=+B¸[Y=>KM?9N'e
KM?�A�_tO�=@]·O�F\A@KMW�N�F�O ��N�=
�,H�q�O�KM?�A¬b\aM=9bXL
[YF\O�Kd=9H � �lè@Q

é;Q	�^�;� � �À��� 3 � & 6!6 3 �G� A & 6U�  
� n(=@?�?�F\b�N�N�r;FDKM?�[�q;N�á�q9â�F\O�E+?�H¬O�=+B)W�=G_
O�F\A>KMW�N�F\O�W EGaM=>?�ARN�r�FDHYE+NVE�[YE+N�rÄO�=+B(e'á
h@e
O�=+B�_t=@O)[TE+OXE+aMaMF\a�W�r�Ks_tN�KM?�ATQ
� SUaÉEGb\F)]Rq�aMN�KM[�aMF\ï9=@O�W2q;?�H�F\O(N�r�F)O�F\A>KMW�N�F\O�W
[Y=>KM?9N�F�H4N�=�á9h4E+O�O�=+B)W^KM?�N�r;F¬O�F\A@KMW�N�F�O
EGaMad=9bcEGN�KM=>?ÎNVEGá�aMF>Q4ì)r�FÄ?
q;]RáTF\O�=+_�KM?9e
[;q�N�W�=+_ËEJ]Rq;adN�KM[�aMF\ï9=>O�KMW�F æ qYE+a)N�=ÄN�r�F
?9q�]RáYF\O =G_¥E+O�O�=+B)W([T=@Kd?9N�Kd?;A�N�=�N�r�F-O�F\AGe
KMW�N�F\O�E+áY=+p>F�N�r;FD]Rq�aMN�Kd[;adF�ï
=@OcQ�n(=>?�?;F\b\N
N�r�F¬KM?�[�q;NR[�KM?�W^=G_ËN�r;F,]Rq�aMN�Kd[;adF�ï
=@O�N�=
N�r�FJO�F\A@KMW�N�F�O�WRaMKM?�L>F\HÎá9h!E+O�O�=+B)WDKM?ÎN�r�F
NXE+á�aMF>Q

� ì)r�F�O�F\A@KdW�N�F\O�W"rTE�p9Kd?;A�HTEGNVE(N�=�áYF =>q�N�[�q�N
H�q;O�KM?�A)N�r;F ?�F\ï9N2b�ad=9bXL�b\h9b\aMF�E+O�F ]ÁEGO�L@F\H
á9h�b\KMO�b\aMF\W(KM?RN�r�F)O�F\A>KMW�N�F\O�E+aMaM=9bcE+N�KM=>?�NXE�e
á�aMF>Q�n(=@?�?�F\b�N¬N�r�FÂ=>q;N�[�q�NJaMKM?�F\W�_tO�=>]
N�r�F\W�F-O�F\A@KMW�N�F�O�W(N�=�N�r�F)KM?�[�q�N [;Kd?;W¥=G_�N�r�F
]Rq�aMN�Kd[;adF�ï
=@O�W([�auE+b\F�HÁq;?�H�F\O�N�r;F�=>q�N�[�q�N
á�qiâ�F\O�Q

îTQ�"�& 62��� &!$ $ 3 � � 3 � A � 6  
� ì)r�F�b\=>?9N�O�=>aMaMF\O�A@F\?�F\OXE+N�F\WRW�KMA>?YE+aMW�W�q�bXr
N�rTE+N�N�r;F®]Rq�aMN�KM[�aMF\ï9=>O�W!E+?�H½N�r�F®ã��@ä
á�qiâ�F\O�W�E+O�F�b\=@?9N�O�=@aMadF�H�EGW)W�r�=+B)?JKM?^N�r�F
O�F\A>KMW�N�F\OËEGaMad=9bcEGN�KM=>?RNXE+á�aMF>Q
� ` EGbXr W�NXE+N�Fy=+_!N�r�Fyb�=>?9N�O�=>aMaMF\O4b\=@O�O�F�e
W�[T=@?�H�W"N�=�E0b\aM=
bXL-[TF\O�KM=
HÀ=+_�N�r�F(O�F�A>KMW�N�F\O
EGadaM=9bcEGN�KM=>?RNXE+á�aMF>Q
� ì)r�FÀ?
q;]RáTF\O(=+_ b\=@?9N�O�=@a2W�NVE+N�F\W�KMW)F æ qTEGa
N�= � �XQ �

��F bcEG? H�F\W�KdA@? �#"�$ Ý � � � � 	 ����% � � � � 	 % ß�j
�#"�$ Ý � � � � 	 � ��% � � � � 	 % ��� � � �&� 	\ß E+?�H
�#"�$ Ý � � � � 	 � ��% % ���� � �� ßJá9hl]�=
H;K´_�h
KM?�A�N�r�F
O�F\A>KMW�N�F\OÁEGaMad=9bcEGN�KM=>?�NXE+á�aMFJ=+_ �#"�$ Ý � � � � 	 ����% % ß�Q
f9F�F^çMècé�ê�_t=@O)H�F\NVEGKMadW�Q

time t=0 t=1 t=2

t=3 t=4 t=5 (=1)

Output

7 6 5 3 2 148

Input d0 c1 c0 b0 a1 a0b1d1

d0 c1 c0 b0 a1 a0b1d1

d2 c3 c2 a3b3d3

d4 c5 c4 b4 a5 a4b5d5

d2 c3 c2 b2 a3 a2b3d3

Next Input
d4 c5 c4 d0 c1 c0d1d5

b2 b1 a2 a1 a0b0

d5 d4 c5 c4 c3d3d2 d1 c2 c1 c0d0b5 b4 a5 a4 a3b3
d0 c1 c0d1 d2 c3 c2d3 d4 c5 c4d5

c3d3

11 10 912
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a0a1

a2b0b1b2

a3a4a5b3b4b5
c0d0 c1c2d1d2

c3c4c5d3d4d5

a0a1

b0b1c0c1d0d1

a2a3b2b3c2c3d2d3

a4a5b4b5c4c5d4d5

2 x 1 multiplexor (4 bit bus)

4 x 1 multiplexor (6 bit bus)
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

1 d1 d0 c1 c0 b1 b0 a1 a0

2 d1 d0 c1 c0 b1 b0 a1 a0

3 d1 d0 c1 c0 b1 b0 a1 a0

4 d1 d0 c1 c0 b1 b0 a1 a0

5 d1 d0 c1 c0 b1 b0 a1 a0

6 d1 d0 c1 c0 b1 b0 a1 a0

7 d1 d0 c1 c0 b1 b0 a1 a0

8 d1 d0 c1 c0 b1 b0 a1 a0

9 d3 d2 c3 c2 b3 b2 a3 a2 d1 d0 c1 c0 b1 b0 a1 a0

10 d3 d2 c3 c2 b3 b2 a3 a2 d1 d0 c1 c0 b1 b0 a1 a0

11 d3 d2 c3 c2 b3 b2 a3 a2 d1 d0 c1 c0 b1 b0 a1

12 d3 d2 c3 c2 b3 b2 a3 a2 d1 d0 c1 c0 b1 b0

13 d3 d2 c3 c2 b3 b2 a3 b0 d1 d0 c1 c0 b1

14 d3 d2 c3 c2 b3 b2 a3 b1 d1 d0 c1 c0

15 d3 d2 c3 c2 b3 b2 a3 c0 d1 d0 c1

16 d3 d2 c3 c2 b3 c1 a3 c0 d1 d0

17 d5 d4 c5 c4 b5 b4 a5 a4 d3 d2 c3 c2 b3 c1 d0 c0 d1

18 d5 d4 c5 c4 b5 b4 a5 d1 d3 d2 c3 c2 b3 c1 d0 c0

19 d5 d4 c5 c4 b5 b4 c0 d1 d3 d2 c3 c2 b3 c1 d0

20 d5 d4 c5 c4 b5 b4 c0 d1 d3 d2 c3 c2 d0 c1

21 d5 d4 c5 c4 b5 c1 c0 d1 d3 d2 c3 c2 d0

22 d5 d4 c5 c4 d0 c1 c0 d1 d3 d2 c3 c2

23 d5 d4 c5 c4 d0 c1 c2 d1 d3 d2 c3

24 d5 d4 c5 c4 d0 c3 c2 d1 d3 d2

25 d5 d4 c5 c4 d0 c3 d2 d1 d3

26 d5 d4 c5 c4 c3 d3 d2 d1

27 d5 d4 c5 c4 c3 d3 d2

28 d5 d4 c5 c4 c3 d3

29 d5 d4 c5 c4 d3

30 d5 d4 c5 d3

31 d5 d4 d3

32 d5 d4

33 d5
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9 10 11 12 13 14 15 16

a0a1b0b1c0c1d0d1
a2a3b2b3c2c3d2d3
a4a5b4b5c4c5d4d5

a2b0b1b2

a3a4a5b3b4b5
c0d0 c1c2d1d2

c3c4c5d3d4d5

a0a1

2x1

2x1 2x12x12x12x12x12x1

4 x 1 multiplexor (6 bit bus)
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