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a
� IKSjJHIKSUSUM�G;VxD VUIKfgOiIeO�R�M\ScVUIKLgD VUM\S^SUfQE�MdD S`_HM��\VcS^f��YS`_HM\M�� � _HG;f��\M\SUSUIeOQL0bQSUIeOQL qKIeOQM�D�GjE�fQJHM\qKSjD�OQJ
SUIeOQL�qKM � IKJHJHM�O�qeDoW�M�G	OQM�bHGUD qYOQM\V���fgG��ZS�� a
� M�SUVxbQJHW IKS^JHIKRgIKJHM\J>I[OZVUf+V���f _HD�G;VcS�� � I�� � �}f���bQS^fgO
S`_HM\M�� � E�fQJHM\qKqKI[OQL0D�OQJ+S`_ M\M�� � �\q[D�SUSUI�����D VUIKfgO0G;M\S`_ M��\VUIKR�M\qKW��
a
� M � G;ScV _HD�G;Vdf!��V � MiJHIKSUSUM�G;V`D�VUIKfgO>M�" DZE�IeOQM\S+q�IeOQM�D�G�D�OQJ OQfgOQqKI[OQM�DZG�R�f���D�q VxGUD��\V E�fQJHM\qKS

� fgG�SUWHO�V � M\SUIKSUIeOQL � IKL �$# bHD qKIKV2WiS`_HM\M�� � ��IKV � D J�%UbQSUV`DZFQq�Md_QIKV�� � ��& ScfgbHG��\M(')��qKVUM�G*� GUD�E M�� fQG����}fgG
D�OHD qKWgScI�S�D�OQJdSUWHOZV � M\SUIKSYIKS bQScM\J,+�IeO-� � I.� � V � M�SUfgbHG��\M�IKS D(G;M�_HG;M\SUM�OZV`D VUIKfgO(f�� V � M�L�qKf�VcV`D qQR�f�qebHE�M
R�M\qKf��\IKV;W/��DoR�M(�}fgGUE0� a ��f1� DZE�IKq�IKM\Sif��jqKI[OQM�DZG E�fQJHM\q�DZG;M2�\fgOQScI�JHM�GTM\J,+�&43	576}D�bQVUfgGTM\LgG;M\SUSUIKR�M
��IKV � M�"gVcM�GUOHD q5IeOH_HbQV98�DZOQJ2:^X;6 fgbQV`_HbQV�M�GUG;fgG<8�� a
� M\IeG�_HM�G=�}fgGUE�D�O��\M^IeO+M\SUVUIeEdD�VUIeOQLdR�f���D q5V`GUD!�\V
V`GUD�OQS��}M�G>� bHO��\VUIKfgOQS�I�S?�\fgEd_HD�GTM\J�fgO0SUWHOZV � M\VUI��dS`_ M\M�� � J�D V`D@+5DZOQJ�V � MdJHI�A5M�G;M�O��\M�I�S�M�"H_QqeD IeOQM\J
I[O VUM�GUE�S�f�� V � M _HDZGUD�E�M\VUM�G�M\SUVUIeEdD�VUIKfgO _HG;f��\M\J�bHGTM�+PV � M$� GTM # bQM�O��\W JHI�ScV`G;IeFHbQVUIKfgO�f�� FQIeD S IeO
V � M0M\SUVUIeEdD VUM0D�OQJ V � M�D SUS`bHE�_QVUIKfgOQS D�FHfQbQV V � M0S`_ M��\V`GUbHE�f��jV � M OQfZI�ScM�IeO V � M�RZf���D q	V`GUD!�\V
SUWgScVUM�E0� a
� MdOQf�IKSUM�S`_HM��\V`GcbHEB� fgG>&43	5 E�fgJHM\qKS^IKSjS � fC�	O Vcf?F M _ M�G��\M�_QV`bHD qKqKW�SUIKLgOQI�����D�OZV4�}fgG
S`_HM\M�� � SUW OZV � M\SUIKSYD�_H_QqKI���D VUIKfgOQS�FHM���D�bQScM�IKV M�"H_QqKf�IKVUS D�bQJHIKVUfQG;WjEdD S9�ZIeOQL��ED0M\V � fgJHSF�}fgG5IeEd_HGTf RQIeOQL
_HfQfgG # bHD qKIKV2W SUWHOZV � M\SUM\S � G;fgE7:^X E�fgJHM\qKS0D�G;M�_HG;fQ_Hf�SUM\J,�HG�fgOQqKIeOQM�D�GiR�f���D q^V`GUD��\V+E�fQJHM\qKS�+
I[E�_Qq�M�E M�O�VUM\J�D SI� M\M\J�')�}fgG���D�G;J+fQG�G;M���bHGUG;M�OZV^OQM�bHGUD q OQM\V���fgG��ZS�+HD�G;M(I[OZR�M\SUVcI�LQD VUM\J,�JD�M\V � fgJHS	�}fgG
I[OQIKVUIeD qKIKSUIeOHL OQM\V���fgG��ZSJ� GTfgE qKIeOQM�D�GPE fgJHM\qKS^D�G;M^JHM\R�M\qKfg_ M\J,�	& E�fQJHI���M\J�G;M���bHGcG;M�O�V	D�G�� � I�VcM��\V`bHG;M
I�S(IeO�V`GTfgJ�b��\M\JK� � I�� � _HM�GcE�IKVUS�I[OQIKVUIeD qKIKS`D VcI�fQOL� G;fgEM&43	5 E�fgJHM\qKS�� a
� M�bQSUM f!� G;M\LgbQqeD�GTI.N�D�VUIKfgO�+
� fgG IeEd_Hf�ScI[OQL1�\fgO�VcI[OQbQIKV;W�FHM\V���M\M�O#E�fQJHM\q�S�f��PD J�%UD��\M�OZV�S`_HM\M�� � SUM\LgE�M�OZVUS�+9D�OQJ>q�M�DZGUOQIeOQL�GUD VUM
D J�D�_QV`D VcI�fQO�+�� fQGYIeEd_HGTf RQIeOQL?FHD!�O�!'2_HG;fg_HD LQD VUIKfgO�V`GUD�I[OQIeOQL�+ D�G;M^JHIKS���bQScSUM\J,�	P�fgG SUW OZV � M\SUIKSUIeOQL+G;M�D q
S`_HM\M�� � bQVUVUM�GUD�O��\M\SQ+�D�O D�bQJHIKf#V`DZ_HM JHM�E fgOQSUV`GUD�VUM\SdV � D VR&S3	5 E�fQJHM\q�S _HGTfgJ�b��\M0V � M � I�L � M\SUV
# bHD qKIKV;W+SUWHO�V � M\VcI.��S`_ M\M�� � D�OQJ V � D V�V � M # bHD qKIKV;W IKS^EdD IeO�VxD IeOQM\J2� � M�O0_QIKV�� � E�fQJHI�����D VUIKfgOQSjD�G;M
D�_H_QqKI�M\J,�
a
� M	SUM��\fgOQJ _HD�GTV f!� V � M	JHI�ScSUM�G;V`D VcI�fQO�SUV`bQJHIKM\S�V � M^fg_ M�GUD VUIKfgO�f��)GTM���bHGUG;M�OZVPOQM�bHGUD q5OQM\V���fgG��ZS

I[O1�\qeD SUSUI��}WgIeOQL�_HD VUVcM�GUOQS^f��
�\fgGUG;M\qeD VcM\J$� M�D�V`bHG;M�R�M��\VUfgGTS��dhHb�� � _HD VUVcM�GUOQSjD�G;MdV;WH_QI���D q f���S`_HM\M�� �
�\q[D�SUSUI�����D VUIKfgO V`D S9�ZS�� a
� M�fg_ M�GUD VUIKfgO>f��PD � IKJHJHM�O OQfQJHM0��IKV � D�GTM���bHGUG;M�OZVT�\fQOHOQM��\VUIKfgO>IKS M�"U'
_Qq[D�I[OQM\J IeO#VcM�GUE�S�f��jD JHM��\IKSUIKfgO F fgbHOQJ�D�G;WK� � I�� � � � DZOQL�M\S _HfZSUIKVUIKfgO#IeOL�}M�D V`bHGTM+S`_HD��\M�� a
� M
� M\M\J�FHD����>IKSdS � f��PO>VUf�JHM\q[DoW>S���IKV�� � IeOQLV� G;fgE fQOQM0�\q[D�SUSdVUf�DZOQf�V � M�GdD�OQJ#Vcf�SxE�fgfZV � fgbQV`_HbQV
JHM��\I�ScI�fQOQS*� fgG SUM # bQM�O��\M\S^f!�W�}M�D V`bHG;M^RZM��\VUfgG;S	� G;fgE V � M^S`D�E�M?�\qeD SUS��JP�fgG�OQM\VX��fgG<��S�V`GUD�I[OQM\JY��IKV �
�\fgOQSUV`D�OZV��\qeD ScS VxD�G;L�M\VUSQ+ D+ScM # bQM�O��\M+f��	�}M�D V`bHG;M�R�M��\VUfQG;S4� G;fgE V � M SxD�E�M-�\qeD SUS�VUM�OQJHS�VUfiJ�G;IKR�M
V � M fg_ M�GUD VUIKfgO f�� � I�JHJHM�O OQfQJHM\S+IeO�VUf�S`D V`bHGUD�VUIKfgO��[Z V IKS�JHM�E�fgOQSUVxGUD VUM\J#V � D�VdS`D V`bHGcD VUIKfgO>JHM('
� OQM\S qKIeE�IKVUS+fgO>V � M0_Hf�ScI�VcI�fQO#f��^V � M JHM��\IKSUIKfgO F fgbHOQJ�D�G;W G;M\SxbQq�VcI[OQL>IeOK�\fgOZVUM�"QV�' SUM�OQSUIKVUIKR�M0D�OQJ
�\fgO�VcM�"gV�' IeOQSUM�OQScI�VcI�RZMjG;M\L�IKfgOQSYf!� V � M	�}M�D V`bHGTM�S`_HD��\M��E\ � IKq�M	S`D VxbHGUD VUIKfgOd_ M�G;SUIKSUVUSQ+�IKVYIKS�S � f��PO(V � D V
OQM\VX��fgG<��S � DoR�M�G;M\J�b��\M\J�SUM�OQScI�VcI�RQIKV;W VUf�V � M�fgG;JHM�G�f�� _HG;M\SUM�OZV`D VcI�fQO+f��]�}M�D V`bHG;M(R�M��\VUfgGTS�F M���D�bQSUM
E�f R�M�E�M�OZV�f�� V � MjJHM��\IKSUIKfgO0FHfQbHOQJ�D�G;W+IKSPIeO � IeFQIKVUM\J,� a f�IeEd_HG;f R�M^V � IKS*��IKV � IeOU'^�\qeD SUSjScM�OQSUIKVUIKRgIKV;W�+
V`GUD IeOQIeOQL_��I�V � GcD�Ed_U' qKI`� M2�\qeD SUS�V`D�GTL�M\VUSdIKS�I[OZR�M\SUVcI�LQD VUM\J,� a
� Mifg_HM�GUD�VUIKfgO#f��^S`EdD�q�q^G;M���bHGUGTM�O�V
OQM\VX��fgG<��S IKS�JHM�E�fgOQSUVxGUD VUM\J��}fgG VX��f^V`D�S9��SQa��\qeD SUSUI�����D VcI�fQO�f��5S`_HM\M�� � bQVUVUM�GUDZO��\M\SYIeO�VcfjR�f�I��\M\J+D�OQJ
bHO�R�fZI.�\M\J�SUM\LQE�M�O�VcS�+�D�OQJ��\qeD SUSUI�����D VUIKfgO(f����\qKf�������I�ScM DZOQJ DZO�VUI�'^�\qKf��O�U��IKSUM�V`GcD�%;M��\VUfgG;IKM\S5f���RZM��\VUfgG;S
_HG;fgJ�b��\M\J0F�W+V���f DZbQVUfgG;M\LgGTM\SUSUIKR�Mj_HG;f��\M\SUSUM\S��
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ZJ��fgbQqKJ�qKI`� M�VUf�V � D�O@��M\R�M�GTW�fgOQMjIeOiV � M?P D qKqKSUIKJHM��5D�F � fQGPEdDU��IeOQL+EjW+VcI[E M IeO0C�D�E�FHG;IKJHL�M
D�O+M�"H_HM�G;IKM�O��\M��4Z O0_HD�GTVUI���bQq[DZG�+ ZJ��fgbQqKJ0qKI ��M Vcf E�M�OZVUIKfgO��gbQqKIeD�OY�}fgG � IKSj_HGUD!�\VUI���D q)D�JHRgI��\M�+�3�fgF
� fgG�D qKq � IKS � M\qe_0��IKV � V � M*��JHJHq�W�V`D�_ M('2G;M��\fgG;JHIeOQL�+BD�OQJ05PVcf��,�}fgG � I�S	_HD VUIKM�O��\M4��IKV � E(W�� D qKVUM�G;IeOQL
hH_HD�OQIKS � �YhH_HM��\IeD q V � D�O@�ZS VUf E(WjSxbH_HM�G;RQIKSUfgG�+Q]jG���D�D � M\S`DZO-G�IeGUDZOQ%TD�O�+U�}fgG � IKS�LgbQIKJ�D�O��\M�+HD�OQJdVUf
]jG���� %TbHOQL�D�OQJ�]jG���D�D��\IKM�%;f���S9�ZI��}fgG � M\q[_U� bQq�JHIKS���bQScSUIKfgOQS�fgO(SUWgScVUM�E IKJHM�OZVUI�����D VUIKfgO�V � M\fgG;W�� a
� M
FQI�LZL�M\SUV	V � D�O@�!' W�fgb+f!� D qKq9L�fQM\SPVUf�EjW+ScI�ScVUM�G�+ a D�OZWgD@+ � fgG�D qKq � M�G�qKf RZM D�OQJiS`bH_H_HfgGTV�+�M\Sx_HM��\IeD qKqKW
� � IKq�M��PGTI�VcI[OQL�bH_��
a
� IKS-��fgG�� � D S F M\M�OL� bHOQJHM\J F�W>V � M h��\IKM�O��\M�D�OQJ�X�OQL�IeOQM\M�G;IeOQL/3�M\SUM�D�G�� � C fgbHO��\IKq
��IKV �

SUfgE�MjbQSUM(� bQq5VUfQ_U'2bH_QS
� G;fgE V � MjX�OQL�IeOQM\M�G;IeOQL+]^M�_HD�G;V`E�M�OZV�D�OQJ��^bQM\M�OQS! C�fZq�qKM\L�M��
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a f-D�bHE DZOQJ ]jD J,� a
� D�O@��WZfgb��}fgG�SxbH_H_HfgG;VcI[OQL+E�M^IeO D�q�q V � M EdD�J+V � IeOQL�S�Z�JHf��
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a
� IKS*),+ +.-/-/-?��fgG;J+JHIKSUSUM�GTV`D VUIKfgO!I�S	M�OZVUIeG;M\qKW V � MjG;M\SxbQq�V	f�� E(W�fC�	O � fQG�� DZOQJ+I[O��\qebQJHM\S�OQf�V � IeOQL
� � I�� � I�S	V � M^fgbQV<�\fgE�M^f��]��fgG���JHfgOQM(IeO0�\f�qKqeD�FHfQGUD VUIKfgO��

a I[OHDC'0� fgbQIKSUMdk�bHGUG;f���S
�^bQM\M�OQS! C�fZq�qKM\L�M
D�D�G � � l/-@+ m21/143
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m��em a
� MjhH_HM\M�� � nYG;fQJ�b��\VUIKfgO D�M�� � D�OQIKS`E ���4�4���4�4�?�4�4���4�4�?�4���4�4���4�4�?�4� m
m�� l hH_HM\M�� � n�G;f��\M\ScSUIeOQL �4�?�4�4���4�?�4�4���4�4���4�4�?�4�4���4�4�?�4���4�4���4�4�?�4� �

m�� l@�vm 3�M\RQI�M�� f!� 3�M\SUM�D�G � � I[O D0fgJHM\qKqKIeOQL hH_HM\M�� � hQIKLgOHD�q�S �?�4���4�4���4�4�?�4� )

m�� l@� l 3�M\RQI�M�� f!� 3�M\SUM�D�G � � I[OiC�qeD SUSUI�����D VcI�fQO0��IKV � G�M�bHGUD�qWG�M\V���fgG��ZS �4�4�?�4� �
m���� :^bQVUqKIeOQM f!� a
� M\ScI�S �4�4�?�4�4���4�?�4�4���4�4���4�4�?�4�4���4�4�?�4���4�4���4�4�?�4� 1

m����@�vm n D�G;V
Z ' � f���D�q a GcD��\V
D0fgJHM\qKqKIeOQL �4���4�4�?�4�4���4�4�?�4���4�4���4�4�?�4� 1

m����@� l n D�G;V
Z�ZJ' C�qeD SUScI ����D�VUIKfgO+f��YhH_HM\M�� � n D�VUVUM�GUOQS �4���4�4�?�4���4�4���4�4�?�4� m2-
m�� + nYbHFQqKI���D VUIKfgOQS0�4�4���4�4�?�4�4���4�?�4�4���4�4���4�4�?�4�4���4�4�?�4���4�4���4�4�?�4� m�m
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GF���HGAJILKMA0AN�OH
I��PFQ
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l@�em Z OZV`G;fQJ�b��\VUIKfgO$�4�4���4�4�?�4�4���4�?�4�4���4�4���4�4�?�4�4���4�4�?�4���4�4���4�4�?�4� m��
l@� l &��\fQbQSUVUI���D0fQJHM\q�qKIeOQL �4�?�4�4���4�?�4�4���4�4���4�4�?�4�4���4�4�?�4���4�4���4�4�?�4� m +

l@� l@�vm P G;M # bQM�O��\W+]^fgEdD�I[O &*�\fgbQSUVcI.�?D0fgJHM\qKqKIeOQL �?�4�4���4�4�?�4���4�4���4�4�?�4� m2)
l@� l@� l a IeE�Mj]^fQEdD IeO &��\fQbQSUVUI���D0fQJHM\q�qKIeOQL �4�4�?�4�4���4�4�?�4���4�4���4�4�?�4� m��

l@��� � IeOQM�D�G	nYG;M\JHI��\VUIKfgO &�OHD qKWQSUIKS-���4�?�4�4���4�4���4�4�?�4�4���4�4�?�4���4�4���4�4�?�4� m��
l@���@�vm � IeOQM�D�G	nYG;M\JHI��\VUIKfgO �}fgG�hH_HM\M�� � &^OHD qKWQSUIKS�D�OQJ0hQW OZV � M\SUIKSM���4�4���4�4�?�4� m��
l@���@� l hH_HM��\V`GcD q,D�D V�� � IeOQL ���4�?�4�4���4�4���4�4�?�4�4���4�4�?�4���4�4���4�4�?�4� m21
l@���@�T� nYG;M\JHI��\VUfQG�:^G;JHM�G>�4�4���4�?�4�4���4�4���4�4�?�4�4���4�4�?�4���4�4���4�4�?�4� lHm
l@���@� + nYG;M(' M�E�_ � D SUIKSPf!� hH_ M\M�� � �4�4���4�4���4�4�?�4�4���4�4�?�4���4�4���4�4�?�4� lHm
l@���@� ) � IeE�IKV`D VUIKfgOQS^f!� � IeOQM�D�G	nYG;M\JHI��\VUIKfgO �}fgG	&^OHD qKWgSUIKS^D�OQJ hQWHO�V � M\ScI�SH�4�4�?�4� l�l

l@� + Z Ed_HGTf RZM�E�M�O�VcS Vcf�� IeOQM�D�G	nYG;M\JHI��\VUIKfgOY&^OHD qKWgSUIKS^D�OQJ hQWHO�V � M\ScI�S?�4���4�4���4�4�?�4� l.�
l@� +��vm &�OHD�q�WQSUIKS�'2FZW�'2hQWHOZV � M\SUIKS a M�� � OQI # bQM\S2���4�4�?�4�4���4�4�?�4���4�4���4�4�?�4� l.�
l@� +�� l n9M�G��\M�_QV`bHD qF\�M\IKL � VcI[OQL P IKqKVUM�G;S �4�4���4�4�?�4�4���4�4�?�4���4�4���4�4�?�4� l.�
l@� +��T� ]^M��\fgbH_QqKIeOQL+V � MjhQfgbHG��\M�D�OQJU� f���D�q a GcD��\V
P IKqKVUM�GV�4�4�?�4���4�4���4�4�?�4� l,+
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D�OQJ IKS�F�WdV � MP_HM�G;IKfQJHI��^RgIeFHGUD VcI�fQOdf��5V � M	R�f���D q@�\fgG;JHSQ� a>� M
� G;M # bQM�O��\Wdf��5RgIeFHGUD�VUIKfgO�+QfgG � t�{}�\s +QIKS
�\fgO�VxG;f�qKqKM\J FZW�V � MjVUM�OQScI�fQO IeO!V � MjR�f���D q,�\fQG;JHS�DZOQJ V � M�D IeGP_HG;M\ScS`bHG;M4� G;fgE V � MjqebHOQL�S�� a W _QI���D q
_QI�V<� � R D qebQM\S�qKIKM�I[O�V � MjGUD�OQL�M')/-Q'0)/-4- 

N>�}fgG�D J�bQqKVUS�+�D�OQJ0��DZO+G;IKSUM^VUf+m2-/-/- 

N	IeO0� � I�qKJ�G;M�O���]jbQM
VUfdIKVUS^_HM�G;IKfQJHI.��OHD V`bHG;M�+BV � M^S`_ M��\V`GUbHE f�� R�f�I��\M\J M�"��\IKV`D VUIKfgOY�\fgOZV`D IeOQS	JHIKS���G;M\VUM?�\fgEd_HfQOQM�O�VUS^D V
� D�GUE�fgOQI��\S�f��5V � MP_QIKV�� � � GTM # bQM�O��\W��]PBfgG bHOZR�f�I��\M\J ScfgbHOQJHS�+�V � M�M�"��\IKV`D�VUIKfgOdIKS�J�bQMPVUf^VxbHGUFHbQqKM�O��\M
L�M�OQM�GUD VUM\J�FZW�D IeG%$�f�� _HD SUVjD�OHD�GUG;f�� �\fgOQSUV`GTI.�\VcI�fQO�DZOQJ�VcM�OQJHSjVUf+FHMdGUD�OQJHfQE I[O�OHD V`bHG;M�+ ��IKV �
D&$ D V�+��\fgOZVUIeOgbQfQbQSPS`_ M��\V`GUbHE0� a
� MjOQf�IKSUMjIKS4�gOQf��PO+D�S D�S`_QIeGUD VUIKfgO!I � V � M?�\fgOQSUV`G;I��\VUIKfgO�IKS^D V�V � M
L�qKf�VUVUIKSdD�OQJL� G;I���D VUIKfgO>I���IKV�f�����bHG;S D V�SUfgE M?_ f�IeO�V D�q�fQOQL�V � M+R�f���D�qYV`GUD!�\V��$D0I."QM\J#M�"��\I�VxD VUIKfgO

m
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I�S D�q�Scf _Hf�SUScI[FQqKM1� fQGdV � M$�\qeD SUS+f!�jSUfgbHOQJHS �QOQf��PO D�S+R�f�I��\M\J � G;I���D VcI�RZM\S�+	I[O � � I�� � V`bHGUFHbQqKM�OZV
M�"��\IKV`D VcI�fQO+IKS�DZEd_QqKI�VxbQJHM E�fQJ�bQqeD VUM\J�_ M�G;IKfgJHI���D qKqKW�FZW V � M^RgIeFHGUD VcI�fQO+f�� V � M^R�f���D q��\fgG;JHS��
a
� M�D��\fgbQScVUI���ScI�LQOHD q���DZO�F M�G;M�_HG;M\ScM�O�VUM\J FZW�D�V`GUD�OQS<��G;Ie_QVUIKfgO f�� _ � fgOQM�E M\S�+
� � I�� � D�G;M

V � M0S`EdD qKqKM\SUV bHOQIKVUS0� � I�� � �\fQO�R�M\W qKI[OQLQbQI�ScVUI�� E�M�DZOQI[OQL#f!� D�qeD�OQLgbHD�L�M�� a
� M�D��\V`bHD q�ScfgbHOQJHS
� � I�� � D�G;M�_HG;fQJ�b��\M\J IeO S`_HM�DU��IeOQL D�SUV`G;IeOQL#f��jV`DZG;L�M\V _ � fgOQM�E M\S D�G;M2��D�q�qKM\J �Bsg~���y�u � X�D�� �
_ � fgOQM�f�� D�O bQVUVUM�GcD�O��\MV�\fgGUGTM\S`_HfgOQJHSiVUf D#ScM\LgE�M�OZV+f�� V � M>D��\fgbQSUVUI��V��DoR�M(�}fgGUE � � I�� � � D S
DL� � D�GcD��\VUM�G;IKSUVUI���VcI[E M(' R D�G;WQIeOQL RgIeFHGUD VcfgG;W�_HD�VUVUM�GUO�� �PIeFHGUD�VUfgG;W _HD VUVcM�GUOQS D�G;M0S`bH_ M�G;IeEd_Hf�ScM\J
fgO�V � M?D IeG SUV`G;M�D�E*F�W�V � M RQIeFHGUD VUIKfgO�f��PV � MdR�f���D q �\fgGTJHS DZOQJ G;M\ScfgOHD�O��\M�f���V � M RZf���D q�V`GUD��\VQ�
a
� M G;M\SUfQOHD�O�V�_HG;fg_ M�G;VUIKM\S�f�� V � M�R�f���D�qYV`GUD!�\VjD�G;M E�fQJHI���M\J FZW$� � DZOQL�IeOQL�V � M _Hf�ScI�VcI�fQO�f���V � M
D�G;VUI���bQqeD VUfgGTS 6�V � M�qKI[_QSQ+�VUfgOQLgbQM�+�%UDQ� D�OQJ#R�M\qebHE0+�S � f��PO>IeOLP I�L � mU�em�� 8 ]jbQM VUf�V � M?_ � WQSUI���D q
�\fgOQSUV`GUD�I[OZVUS f��5V � M�R�f���D�qHV`GUD��\V�+ V � MP_Hf�ScI�VcI�fQOQS f!� V � MPDZG;VUI���bQqeD VUfgG;SJ��D�O�fgOQqKW�� � D�OQL�M�SUqKf���qKW���IKV �
VUIeE�MjD�OQJ�I[OQJHIKRQIKJ�bHD q)GTM�D qKI�SxD VUIKfgOQS�f�� D _ � fQOQM�D�GTMPSUVxG;fgOQL�qKWdIeO $ bQM�O��\M\J�FZW _HG;M\RQIKfgbQSPD�OQJ � bQV`bHG;M
_ � fgOQM\SjIeO>D�O0bQVUVUM�GUD�O��\M�� a>� I�S�_ � M�OQfgE�M�OQfgO�IKST�QOQf��PO0D S �`~-,2|�zx{}t��o�g�K|�{}t�~�� D�OQJ�IKSjIeEd_ fgG;V`DZO�V
� fgG�FHf�V � D!����bHGUD VUM^S`_ M\M�� � G;M��\f�LgOQIKVUIKfgOiD�OQJ OHD V`bHGcD q5SUfgbHOQJHIeOQL�S`_HM\M�� � ScW OZV � M\SUIKS��
]jbQMdVUf+V � MdSUqKf���qKW�VcI[E M(' R D�G;WQIeOQL�OHD V`bHG;Mdf!� V � M D��\fgbQSUVcI.�R� DoR�M(�}fgGUE �}fgG^M�D�� � _ � fgOQM�+9V � M

G;M\S`bQqKVUIeOQLdS`_ M��\V`GUbHE f��9V � MPSx_HM\M�� � R D�G;IKM\S
��I�V � VUIeE�M�� a
� M^VUIeE�M	R D�G;IeD�FQIKqKIKV;W+f�� V � M^S`_ M��\V`GUbHE IKS
��D�_QV`bHG;M\J�FZW0��D q���bQq[D�VUIeOQL V � M�S`_ M��\V`GUbHE f��Yf R�M�G;qeD�_H_QIeOQL+S � fQG;V�' VUIeE�M(SUM\LgE�M�OZVUS	f��YV � M D!�\fgbQSUVUI��
� DoR�M(�}fgGUE*D�OQJ#IKSdJHIKS`_QqeDoW�M\J bQSUIeOQL DiS`_ M��\V`G;f�LQGUD�E0�$& S`_HM��\VxG;f�LgGUDZE _QqKf�VUSdV � M � G;M # bQM�O��\W>f��
S`b����\M\SUSUIKR�M�S � fgGTV�' VUIeE�MjSx_HM��\V`GUD�bQSUIeOQL+V � M(I[OZVUM�OQSUIKV;W+f��YV � M�_QqKf�VPVcfdIeOQJHI.��D�VUMdV � M(M�OQM�G;L�W+f��YV � M
� G;M # bQM�O��\WK�\fgEd_ fgOQM�OZVUS D V D�_HD�G;VUI���bQqeD�G�I[OQScV`D�OZV��LD�fZSUVdf��PV � M M�OQM�G;L�W>IeO#V � M+Sx_HM\M�� � Sx_HM��('
V`GUbHE IKSdFHM\V���M\M�O �/-Q' �/-4-/- 
>N�� Z�O�VcM\q�qKIKL�IeFQIKqeIKV;W#VUM\SUVUS^fgO0FHD�OQJ�'2_HD�SUS?��q�VcM�G;M\J�S`_ M\M�� � S � f�� V � D V
I[OZVUM\qKqKIKL�IeFQIeqKIeV;W IKS OQf�V�IeEd_HD IeG;M\J � � M�O#S`_ M\M�� � IKSdqKf��	'2_HD ScS���qKVUM�G;M\J Vcf GTM�E�f R�M?D�q�qJ� G;M # bQM�O��\I�M\S
D�FHf R�M )�� 

N26 P G;M�O�� �/. hQVUM\IeOgF M�G;L�m21 + �@+10	qeD VUV�m21
�/-U8�� a
� IKS _HM�GcE�IKVUSjD�qKfC��M�G	S`DZEd_QqKI[OQL0GUD VUM
f�� m2-�� 
>N��]\ I�V � I[O!V � M*� G;M # bQM�O��\W+GUD�OQLZM�-Q'0)�� 

N�+QV � M^R�f���D q V`GUD!�\V �}fgG�R�f�I��\M\J0_ � fgOQM\S�V;W _QI���D qKqKW
� D S&+�'0)�G;M\SUfgOHD�OZVJ� GTM # bQM�O��\IKM\ST620	qeD VcV�m!1
�/-�8 � � I�� � D�GTM���D qKqKM\J �\~�zx��|���{�u �]P�fQGUEdD�OZVUSYD�G;M	RQI�ScI[FQqKM
D S�J�D�G�� � fgG;I�N\fgOZV`D q FHD�OQJHS�fgOdD(S`_ M��\V`G;f�LQGUD�E0�9X]"HD�Ed_QqKM\S�f��,��IKJHM�FHD�OQJ D�OQJ OHDZGUG;f��PFHD�OQJdSx_HM��('
V`G;f�LgGcD�E�S>� fgG	V � M bQVcVUM�GUD�O��\M 
KkYM\qKL�IebHE� 9D�G;M�S � f��POiIeO$P IKL�� m�� l ��\ IKJHM�FHD�OQJ#D�OQJ�OHD�GUG;f��PFHD�OQJ
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S`_HM��\V`GTf�LgGUD�E S G;M�_HG;M\ScM�O�V�DjVxGUD JHM\f�A FHM\V���M\M�OdVcI[E M�D�OQJR� G;M # bQM�O��\W�G;M\SUf�qebQVUIKfgO�f��5V � M	S`_ M��\V`GUbHE0�
GPD�GcG;f��PFHD�OQJ+S`_ M��\VUfgG;LgGcD�E�S�bQSUMjS � fgG;V�' VUIeE�M^Sx_HM\M�� � ScM\LgE�M�OZVUS�f�� D �\fgbH_QqKM f!� _QIKV�� � _ M�G;IKfgJHS^IeO
J�bHGUD VUIKfgO�� a
� M^G;M\S`bQqKVUIeOQL�S`_HM��\VxG;f�LgGUDZE � D S � IKL � � GTM # bQM�O��\W GTM\SUf�qebQVUIKfgO$6�W D�"QIKS98YDZOQJdIeOQJHI�RQIKJ�bHD q
_QI�V<� �L� D�GUE�fQOQI.�\S�D�_H_HM�DZGjD S4�\qKf�SUM\qKW�Sx_HD��\M\J � fQG;I�N\fgO�VxD qYFHD�OQJHS�+ D S^IKqKqebQSUV`GUD VcM\J�IeO1P I�L � m�� l�6}F@8 �

�f���M\R�M�G�+ VUIeE�M?GTM\SUf�qebQVUIKfgO>IKSd_HfQfgG�D�OQJ GcD�_QIKJV�}fgGUEdDZO�V(V`GUD�OQSUIKVUIKfgOQSdD�GTM DoR�M�GUD L�M\J�f RZM�G^VUIeE�M��
P�fgG�V � M2�\qeD ScS f��jScfgbHOQJHS0��D qKqKM\J SUVUfg_QSQ+YV � M 
�F� I[O 
�k�M\qKL�IebHE� J�}fgG�M�" D�E�_Qq�M�+�V � M RZf���D q	V`GUD!�\V
FHM��\fgE�M\S	�\fgE�_Qq�M\VcM\q�W�f����\q[bQJHM\J FZW�V � M�VUfQOQLgbQM�fgG q�Ie_QS	�}fgG�_HD�G;V f��5V � M^bQVUVUM�GUDZO��\M�� 3�D�_QIKJ?E�f R�M('
E�M�O�V^f!� V � MdD�G;VcI.��bQqeD VcfgG;S^VUf G;M\qKM�D ScMdV � M�f����\qebQSUIKfgO�+E� � I�� � EdDoW�F MdD����\fgEd_HD�OQIKM\J#F�W0D+FHbHG;SUV
f��POQf�IKSUM�+ L�IKR�M\SdG;IKSUM�VUf ScfgbHOQJHS�V � D V DZG;M S � fgG;VjIeO�J�bHGUD VUIKfgO>D�OQJ � IKL � qKW�V`GcD�OQSUIKM�O�V�IeO>OHD V`bHG;M��
a
� M�VUIeE�M(' R D�G;IeD�FQIKqKI�V;W+IeO�V � M�S`_ M��\V`GUbHE f�� Sxb�� � _ � fgOQM\S�EdDoW OQf�V�FHM^D�����bHGUD VcM\q�WdG;M�_HGTM\SUM�O�VcM\J?FZW
D OHD�GcG;f��PFHD�OQJ Sx_HM��\V`G;fZLgGUD�E0�>\ I�JHM�FHDZOQJ�S`_HM��\VxG;f�LgGUDZE�S�bQScM S � fgG;V�' VUIeE�M(SUM\LgE�M�OZVUS	f�� G;fgbQL � q�W
fgOQMd_QI�V<� � _HM�GTI�fQJ�IeOiJ�bHGUD VUIKfgO0D�OQJ0L�IKR�MdE�b�� � FHM\VcVUM�G	VUIeE�MdG;M\SUf�qebQVUIKfgO0D V	V � M�M�"H_HM�OQSUMdf!�]� G;M('
# bQM�O��\W+G;M\SUf�qebQVUIKfgO��JP�fQGYRZf�I��\M\J+S`_HM\M�� � +HR�M�G;VcI.��D�q ScV`G;IeD VUIKfgOQS�D V�V � Mj_QIKV�� � _HM�G;IKfQJ D�G;M^RQIKSUIeFQq�M�+ D S
I�qKqebQSUV`GcD VUM\J0IeO0P IKL�� m�� l�6 ��8��
]jbHG;IeOQL#OHD S`D qKS�+�S`b�� � D S�
�E� fgG 
�O� `+�V � M0D IeG $�f�� I�S+JHIKR�M�GTVUM\J IeOZVUf�V � M OHD�S`D q
��DoRQI�V;W FZW

V � M qKf���M�G;IeOQL#f��jV � M RZM\q[bHE � \ IKV � V � Miq�Ie_QSY�\q�fZSUM\J,+�V � M�OHD SxD q
��DoRgIKV;WL�}fgGUE�S�V � M�_HGTI[O��\Ie_HD q
G;M\SUfgOHD�OZV _HD�V � � � I�� � JHM\VUM�GcE�IeOQM\SdV � M��}fgGUEdDZO�VUS�D�OQJ�V � M�R�f���D q V`GUD!�\V D��\VUS�D S D �\qKf�SUM\J#SUIKJHM('
FHGUD�O�� � � � I�� � IeO�VxG;fgJ�b��\M\SYDZO^D�O�VcI '2GTM\SUfgOHD�O��\M46�S`_HM��\VxGUD q�R D qKq�M\W@89IeO�VcfPV � M Sx_HM��\V`GUbHE � Z�OjOHD SxD qKI�ScM\J
R�f�� M\qKS�+HF f�V � V � MjOHD S`D q DZOQJ+fgGUD q���DoRgIKVUIKM\S^D�G;M^fg_ M�O D�OQJ+ScfgbHOQJ IKS^GUD JHIeD VUM\J � G;fgE V � M^q�Ie_QS^D�OQJ
OQf�SUV`G;IKqKS�SUIeE�bQq�VxD�OQM\fgbQSUqKW�� a
� M�E�D IeO G;M\ScfgOHD�O��\M\S�D�G;M�J�bQM^VcfjV � M�fQGUD q���DoRQIKV2W�+U� � I�� � JHM\VcM�GUE�IeOQM\S
V � M^qKf���D VcI�fQO+f�� V � M*�}fgGUEdD�OZVUS�+HD�OQJ+V � MjOHD S`D q FHGcD�O�� � IKS*�\fgOQSUIKJHM�G;M\J�D S�V � M(SUIKJHM('2FHGUD�O�� � �
:^O GTM�D�� � IeOQL#V � MiqKI[_QS DZOQJ�OQf�SUVxG;IKq�SQ+�V � MiM(A M��\V�f��jJHIeG;M��\VUIKfgOHD q^SUfQbHOQJ�_HG;fg_HD�LgD VUIKfgO1� G;fgE

V � M\SUM^D�_HM�G;VxbHG;M\S�I�S�VUf��\fgOZR�M�G;V�V � M	R�f�qebHE�M	R�M\qKf��\IKV;W ��DoR�M�IeO�Vcf DZO D��\fQbQSUVUI���_HGTM\SUS`bHG;M*��D�RZM(� fgGcE
� � I�� � GUD JHIeD VcM\S�DQ��DoW-� G;fgE V � M � M�D J,� a
� Md_HG;M\SUS`bHG;M?��D�RZMjE�M�D S`bHG;M\JiJHIeG;M��\VUqKW0I[O � G;fgOZV�f��YV � M
� M�D J IKSP_HGTfg_HfgGTVUIKfgOHD q�Vcf V � MPVUIeE�M	JHM�G;IKR D�VUIKR�M^f�� V � M^G;M\S`bQqKV`DZO�V�R�f�qebHE�M^R�M\qKf��\I�V;W-��DoR�M	� G;fgE V � M
q�Ie_QS�D�OQJ�OQf�SUV`G;IKqKS�+5D�OQJ0IKS^IeO�RZM�G;SUM\qKW�_HG;fQ_HfgG;VcI�fQOHD q Vcf V � M�JHIKSUV`DZO��\M�� G;fgE V � M�qKIe_QS 6 P D�O�V(m21/3/-�8 �
a
� MjGUD JHIeD VUIKfgO!M(A5M��\V
��D�O+FHM�D�_H_HG;f�"QI[E�D VUM\J D S�V � D V�f�� GcD JHIeD VUIKfgOR� G;fgE D��\IeG���bQqeD�G^D�_ M�G;V`bHG;M^IeO
D+S`_ � M�G;M�fgG	IeOU� OQI�VcM _Qq[DZOQM 6 P qeD�OHD�LgD�O>m21.��lU8^D�OQJ�V � M DZEd_QqKI�VxbQJHM S`_ M��\V`GUbHE f���V � M G;M\S`bQqKV`DZO�V
D��\fgbQSUVUI��?� DoR�M(�}fgGUE IKS�D�_H_HGTfC"QIeEdD VUM\qKW+E�fQJHI ��M\J�FZW��'3:)���� f��\VxD�RZM4� � M�O0�\fgE�_HD�G;M\J+VUfdV � D V�f��
V � M^R�f�qebHE�M(R�M\qKf��\IKV;W0��D�RZM�D V�V � M(M�OQJ f��9V � MjR�f���D q V`GUD!�\V��
&	JHJHI�VcI�fQOHD qJ� M�D VxbHG;M\S�� � I�� � D JHJ>IeO�VcM\q�qKIKL�IeFQIeqKIeV;W�+�E�M�D�OQIeOQL�DZOQJ OHD VxbHGUD qeOQM\SUSdVUfiS`_HM\M�� � D�G;M

u�{}z;y\uxu D�OQJ,+�f R�M�G q�fQOQL�M�G _ � GcD S`D q�J�bHGcD VUIKfgOQS�+ � z;~ u\~�wZ� � Z O D JHJHIKVUIKfgO VUf�_QIKV�� � +�J�bHGUD�VUIKfgO#D�OQJ
I[OZVUM�OQSUIKV;W 6�qKfgbQJ�OQM\SUS(8��\fgOQSUVUIKV`bQVcM+V � M _HD�GUD�E M\VUM�G;S�f��PSUVxG;M\SUSdD�OQJ _HG;f�ScfgJHWL� � I�� � DZG;M bQSUM\J#VUf
M�Ed_ � D SUIKSUMiI[E�_HfgG;VxD�O�VdD��\fQbQSUVUI�� M\RZM�O�VUS�D�OQJ FHGTM�D���Sx_HM\M�� � bH_>I[OZVUf�E M�D�OQIeOQL�� bQq	bHOQI�VcS��V&�VdD
� I�L � M�GP_ � GUD�S`D q5qKM\R�M\q)+BS`_HM��\I����d_HG;f�SUfQJHI�� _HD VcVUM�GUOQS	��D�O D�q�Scf-�\fgOZR�M\W M�E f�VUIKfgO+D�OQJ0D VUVUIKV`bQJHM��
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M�� �\IKM�O�VUqKW D�OQJ#G;M�_HG;fQJ�b��\M\J;6 SUW OZV � M\SUIKSUM\J�8�D VdDiqeD VUM�G�J�D�VUM���n D�GUD�E M\VUM�G;S4�}fgG(E�fgJHM\qKS ��D�O>FHM
� fgbHOQJ�F�Wd_HM�GX� fgGcE�IeOQL D^VcI[E M�fgGE� G;M # bQM�O��\W�JHfgEdD IeOdEdD�V�� � FHM\V���M\M�O�V � M�fgGTI�LZI[OHD�q�S`_ M\M�� � SUIKLgOHD q
D�OQJ+V � D V�LZM�OQM�GUD VUM\J FZW V � M E�fQJHM\q)�
Z O �\q[D�SUSUI�����D VUIKfgO�+HE�fQJHM\qKS D�G;M�JHM\R�M\qKfg_ M\J Vcf�D ScSUIKLgO��\qeD SUS�q[DZFHM\qKS�VUfPScM\LgE�M�OZVUS f�� V � M D!�\fgbQSUVUI��

SUIKLgOHD q�FHD SUM\J�fgO�V � M�JHIKSUVcI[OQLQbQI�S � I[OQL � M�D VxbHG;M\S f�� D(_HD�GUD�E M\V`G;I���G;M�_HG;M\SUM�OZV`D VUIKfgO f�� M�D�� � SUM\LgE�M�OZV��
Z O>S`_ M\M�� � G;M��\f�LgOQIKVUIKfgO�+ � fQG�M�" DZEd_QqKM�+YV � M0�\qeD ScSdqeD�FHM\qKS+D�G;M+qKIeOQLgbQIKSUVUI���bHOQI�VcSdf��^V � M qeD�OQLQbHD L�M
S`b�� � D S�_ � fgOQM\S�+BJHIe_ � fgOQM\S^fgG�V`G;Ie_ � fgOQM\S�� a
� M^qKIeOQLgbQIKSUVUI�� bHOQIKVUS*��D�OR�}fgGUE V � M^IeOH_HbQV>� fQG � IKL � M�G
q�M\RZM\q OHD�V`bHGUD qBq[DZOQLgbHD L�M^_HG;f��\M\SUSUIeOQL�+HIeOR� � I�� � SUWHOZV`D��\VUI��^D�OQJ ScM�EdD�OZVUI����\fgOQScV`GUD IeOZVUSYfgO�_HfZSUSUIeFQqKM
q�IeOQLgbQIKSUVcI.�>SUM # bQM�O��\M\S�D�GTM�D�_H_QqKIKM\J DZOQJ�V � M�E�M�D�OQIeOQL f��jV � M0IeO�VUM�OQJHM\J bQVUVUM�GUD�O��\MiM�"gVxGUD��\VUM\J,�
� f�� M�G q�M\RZM\qW�\qeD SUScM\S�D�GTM D qKSUf _ f�SUSUIeFQqKM�+ S`b�� � D S*�\qeD SUSUI��}WgIeOQL+V � M^Sx_HM\M�� � ScI�LQOHD q IeOZVUfdR�fZI.�\M\J0D�OQJ
bHO�R�fZI.�\M\JiSUM\LgE�M�OZVUS��
hH_HM\M�� � _HGTf��\M\SUScI[OQL�V2WH_QI���D qKqKW+I[OZR�f�qKR�M\S�V � MjbQSUM^fgGJ��D q���bQqeD VUIKfgO!f��)D�_HD�GUD�E M\V`G;I��jG;M�_HG;M\SUM�OZV`DQ'

VUIKfgOif�� D��\fQbQSUVUI���� DoR�M(�}fgGUE S��^hH_HM\M�� � SUIKLgOHD qKS DZG;MdOQfgOU' SUV`D VcI�fQOHD�G;W�DZOQJ � � M�O�_HGTf��\M\SUScI[OQLiqKfgOQL
bQVUVUM�GUD�O��\M\SQ+YDiVUIeE�M(' R D�GTWgIeOQL#_HD�GUD�E�M\VxG;I��?G;M�_HGTM\SUM�O�VxD VUIKfgO�I�S�OQM\M\JHM\J,�_& # bHD ScI ' ScV`D VUIKfgOHD�GTW D�_U'
_HG;fgD�� � IKS�bQS`bHD qKqKW+D JHfg_QVUM\J,+QIeO � � I�� � DZO bQVUVcM�GUD�O��\M�IKS�JHIKRQI�JHM\JiIeO�VUfdD SUM # bQM�O��\M(f��5f R�M�G;qeD�_H_QIeOQL
SUM\LgE�M�OZVUSYD�OQJ D�SUS`bHE�M\JdVcfjFHM	SUV`D VUIKfgOHDZG;W4�}fgG9V � M�J�bHGcD VUIKfgO�f�� M�D�� � SUM\LgE�M�OZV�� hQIeO��\MPV � M�S`_HM\M�� �
_HG;fgJ�b��\VcI�fQO#E�M�� � DZOQI�SxE ��DZOV� � D�OQL�MdfQOQq�W>SUqKf���qKWV��IKV � VUIeE�M�+ _HD�GUD�E M\V`G;I��?GTM�_HG;M\SUM�OZV`D VUIKfgOQS(f��
D J�%TD!�\M�O�V�SUM\LgE M�O�VUS�f��	S`_HM\M�� � S � f�� D � IKL � JHM\LgG;M\M+f��4�\fgGUGTM\q[D�VUIKfgO��VPBfgG�E�fgJHM\qKqKIeOQL D!�\fgbQSUVUI��
� DoR�M(�}fgGUE S�+ V � IKSdIeEd_QqKIKM\S2�\fgOZVUIeOQbQI�V;W#IeO#V � M+R D qebQM\S+f��jE�fQJHM\qP_HD�GUD�E M\VUM�G;S��}fgGdD J�%UD��\M�OZVdSUM\L�'
E�M�O�VcS��2PBfgG^Sx_HM\M�� � �\q[D�SUSUI�����D VUIKfgO�+�IKV IeEd_QqKIKM\S�V � D VjV � M �\qeD SUS�qeD�F M\qPD SUSUIKLgOQM\J>VUf0D�_HDZG;VUI���bQqeD�G
� M�D VxbHG;MPRZM��\VUfgG IKS�JHM�_HM�OQJHM�OZV	fgO�V � M*�\fgOZVUM�"gV�IeOR� � I�� � V � D�V]�}M�D V`bHG;M	R�M��\VUfgG f�����bHGTS IeO+D�O�IeOH_HbQV
SUM # bQM�O��\M26 �\fQO�VUM�"QV�' JHM�_ M�OQJHM�O�V*�\qeD SUSUI�����D VUIKfgO@8 � X " _QqKf�IKVUIeOQL+V � M?�\fgGUG;M\qeD VUIKfgO+F M\V�� M\M�O!SUM\LgE�M�OZVUS
f���S`_HM\M�� � IKS � IKL � qKWdFHM�OQM(���\IeD q@�}fgG S`_HM\M�� � _HG;f��\M\SUSUIeOQLjD�_H_QqKI���D VUIKfgOQS�D�OQJjIKSYD>��D�W^f!� G;M�_HG;M\SUM�OZVUIeOQL
�\f�'2D�G;VUI���bQqeD VUIKfgO!M(A5M��\VUS��

<�� =��:< � 5�� 8:5�� #	��� 5	� 56&),.%�� 879@13#�4 5�(7(:879 ; 

� 565�%�� 
 8E; 9 &)( �
a
� M�E f�SUV ��I�JHM\qKW+bQSUM\J�VUM�� � OQI # bQM*� fQG S`_ M\M�� � D�OHD�q�WQSUIKS�IKS qKIeOQM�D�G�_HGTM\JHI.�\VcI�fQO+D�OHD qKWgScI�S�6 D�D�� � fQbQq
m21.�/)@+ D DZG�� M\q . �jGcD�W0m21.�43�8�+�D�OQJ � fQGUE�S	V � M FHD ScI�S^f!� E�f�SUV	S`_HM\M�� � �\fgJHIeOQLiSUWgScVUM�E�S�+HSxb�� � D S
R�f��\fQJHM�G;S�6 D�D�G���M\q . �(GUDoW m21.� +�8�+gC�X��5n 6 �\fQJHM(' M�"��\IKVUM\Jiq�IeOQM�D�G�_HG;M\JHI��\VUIKfgO@8I�\fgJHM�G;S�6}h�� � G;fQM\JHM�G
. &�V`D�q m!1
�/)�8�+oE bQqKVUI�'2_HbQqKSUM
�\fQJHM�G;S
6 &�V`D�q . 3�M�E�JHM	m21
��l�8 D�OQJjD � fZSUV5f��HR D�GTI[DZO�VUSF� � I�� � JHI�A5M�G5IeO
V � M�OHD�V`bHG;M	f��5V � MPM�"��\IKV`D VUIKfgO�f!� V � M^q�IeOQM�D�G�_HG;M\JHI��\VUIKfgO+E�fQJHM\q D�VYV � M	JHM��\fgJHM�G � a
� M^_HfQ_HbQq[DZG;IKV2W
f��)qKIeOQM�D�G^_HG;M\JHI��\VUIKfgOiIKS	J�bQMjVUfdM�D�SUM^f�� D�OHD qKWQSUIKS�DZOQJ+I[E�_Qq�M�E M�O�V`D�VUIKfgO0D�OQJ qKf�� �\fgEd_HbQVxD VUIKfgOHD q
G;M # bQIeG;M�E M�O�VUSQ� &�O D qKVUM�GcOHD VUIKR�M�D�_H_HG;fgD!� � IKS+VUf#E�fgJHM\q^V � M�VxGUD�OQS��}M�G�� bHO��\VUIKfgO f���V � M R�f���D q
V`GUD��\V�ScWgSUVcM�E 6�R�f���D q V`GUD��\V	E�fgJHM\qKqKIeOQL�8��>&S3	5 6 D�bQVUfgG;M\LQG;M\SUSUIKR�M4��IKV � M�"gVcM�GUOHD q5IeOH_HbQV98�6 � fgF f .
&PIeOQS���fgG;V � m2141�l@+�P bQ%;IKS`D��ZI . ��%UbHOQL # RgIKSUV^m21 �.��8�+�:^X 6�fQbQV`_HbQVYM�GUGTfgG�8�6 \�D�OQL�+ �jbHD�O . P bQ%2IKS`DU��I
m21/1/-�8(D�OQJ#SUV`D�VUM(' S`_HD��\MV6 D0fgG;I`��DQ��D . P bQ%2IKS`DU��I^m21
� +�8j_HD�GcD�E�M\V`G;I�N�D VcI�fQOQS��}fgG(V � M+R�f���D q�V`GUD!�\V
��q�VcM�G � DoR�M^FHM\M�OibQSUM\J�D�OQJ+JHI�A5M�G�I[O�V � M\I[G	bHOQJHM�G;qKWQI[OQL+ScV`GUb��\V`bHG;M^f!� V � M E fgJHM\q5D�OQJiV � MjOHD V`bHG;M
f��)V � M^M�GUG;fgG	� � I.� � IKSPE I[OQIeE�IKSUM\J�I[O!V � Mj_HD�GUDZE�M\VUM�G�M\SUVcI[E�D VUIKfgO+_HG;f��\M\J�bHG;M��
D0fgJHM\qKqKIeOQL#V � M RZf���D q�V`GcD��\VdV`GUDZOQS�� M�G � bHO��\VUIKfgO JHIeG;M��\VUqKW D qKqKfC��S IeO��\qebQSUIKfgO f��4N\M�G;f�S�I[O V � M

E�fgJHM\q^D�OQJ � D S+FHM\M�O S � f��PO>Vcf�IeEd_HG;f R�M�_HGTM\JHI.�\VcI�fQO LQD IeO#M\R�M�O � fgG�D0SUIeEd_QqKM0I[E�_HbQq�ScM[6 P bU'



���3��
�������������������
  

%2IKS`D��ZI . � %TbHOQL # RQI�ScVdm21
�.��8 +gfQGPE�bQqKVUI�'2_HbQqKSUMdM�"��\I�VxD VUIKfgOK6}hQIeOQL � D q . &�V`D qYm!1
�.��8�� a>� M bQScMjf�� D
E�fgG;M�G;M�D qKIKSUVUI��^G;M�_HG;M\SUM�OZV`D VcI�fQOjf!� V � M�R�f���D qHV`GUD!�\V M�"��\IKV`D VUIKfgO�+QFHD SUM\JdfgO(L�qKf�VcV`D qQR�f�qebHE�M�R�M\qKf��\IKV2W
� DoR�M^_HbQqKSUM E fgJHM\qKS�+ � D SPF M\M�O+S � f��PO�VUf�IeEd_HG;f R�M^V � Mj_HG;M\JHI��\VUIKfgOiLgD IeO+F�W+lQ'`m2-�J�k/� � M�O0�\fgE?'
_HD�G;M\J-��IKV � qKIeOQM�D�G�_HG;M\JHI��\VUIKfgO+D�OHD qKWQSUIKS 6 P bQ%;I�SxD���I . ��%UbHOQL # RgIKSUV^m21
�43@+ a>� fgE�SUfgO!m21/1�l@+�
�M\JHM\q�IeO
m21
�,+�8 + D�OQJ�L�IKR�M\SjIeEd_HG;f R�M\J>OHD V`bHGUD qeOQM\SUS(f�� ScW OZV � M\VUI��dS`_ M\M�� � L�M�OQM�GUD�VUM\JY� G;fQE�FHf�V � � fgGcEdD�OZV
SUW OZV � M\SUIKSUM�GTS DZOQJ R�f���D qBV`GUD��\V�E�fgJHM\qKST6 
�f�qeE�M\S	m21.�.� +�3�f�ScM�OgF M�G;L+m21.�Hm�+�P bQ%2IKS`DU��I . ��%TbHOQL # RQIKSUV
m21
�/3�8 �	&PqKVUM�GUOHD�VUIKR�MdD�_H_HG;fgD�� � M\S	VUf?E fgJHM\qKqKIeOQL�V � MjM�"��\I�VxD VUIKfgOiSUIKLgOHD q9IeO��\q[bQJHM�qKIeOQM�D�GjD�OQJ0OQfgOU'
q�IeOQM�D�G I[OZR�M�G;ScM	��qKVUM�G;IeOQLdVUM�� � OQI # bQM\S�6 &	q`�gbim21/1�l +�D�IKqKM�O@� f RQI.�dm!1
�/3@+ ]^M�O�N\qKM�G�+�0	fgEd_ M�+�0	I�M���q�IeOQL�+
G�IKM�EdD�OHO . G��fZV � m21/1.�U8�+�IeO��\fgGU_ fgGUD VcI[OQL�D�O+D qKq�'^N\M�G;f?E fgJHM\q JHIeG;M��\VUqKW IeO�V � M^RZf���D q V`GcD��\V�V`GUD�OQS�'
� M�G � bHO��\VUIKfgO 6 D�D V � M���S�+ED0I�qKqKM�G . ]jD�RQIKJ�m!1/3Hm�+FP bHOHD��ZI . D�IKVUfQE�M�m!1/1/-�8 fgG(I[O��\fQGU_HfgGcD VUIeOQL
D#E�fgG;MiL�M�OQM�GUD q*� bHO��\VUIKfgOU'2FHD SUM\J E�fgJHM\q^f!�jV � M0M�"��\IKV`D VcI�fQO ��IKV � IeO V � M0R�f���D q	V`GUD��\V�V`GUD�OQS � M�G
� bHO��\VUIKfgO 6 a
� fQE�SUfgO#m!1/1�l@+5C � M�OQL . :� h � D�bQL � OQM\ScSUW m21
�41�8�� hH_ M\M�� � �\fQJHIeOQL�SUWQSUVUM�E�S�bQSUIeOQL
&S3	5 E fgJHM\qKS^D�OQJ Dd_HbQqKSUM('2FHD SUM\J0M�"��\IKV`D VUIKfgO � DoR�MjF M\M�O+S � f��PO�VUf�L�IKR�M^IeEd_HG;f R�M\J OHD V`bHGcD qeOQM\SUS
D�OQJ�_HG;M\JHI��\VUIKfgO>_HM�G=�}fgGUE�D�O��\M�f RZM�G	q�IeOQM�D�G(_HG;M\JHI��\VUIKfgO>FHD SUM\JV�\fQJHM�G;S 6 
�M\JHM\qKIeO m!1
�,+�+ C � M�OQL .
:� h � D�bQL � OQM\SUScW�m21/1.��8 �
hH_HM\M�� � �\fQJHM�G;S GTM # bQIeG;M D+_HDZGUD�E�M\VUM�G�M\SUVUIeEdD�VUIKfgO�_HG;f��\M\J�bHG;MdV � D�VPIKS GTfgFHbQSUV^VUf+V � M�M(A5M��\VUS

f��POQf�IKSUM��0Z O�V � MdS`_ M\M�� � M�O � D�O��\M�E�M�OZV�� fQG�� FZW � IeE . :^_H_HM�O � M\IeE 6Tm21.�
��8^DZOQJ 
PDZOQSUM�O .
C�qKM�E�M�O�VcS 6Tm21/1,+�8 +�D &^n�M\SUVUIeEdD VUIKfgO1��D SjbQSUM\J>VUf IeEd_HGTf RZMdV � M�M\SUVUIeEdD VUIKfgO�f���qKIeOQM�D�G�_HG;M\JHI��('
VUIKfgO�_HD�GUDZE�M\VUM�G;S	IeO�OQf�IKSUWiM�O�RQIeG;fgOHE�M�OZVUS�� a>� M-�\fgGUG;M\qeD VcI�fQO�FHM\V���M\M�OiV � M E�fQJHM\qKSjf���D J�%TD!�\M�O�V
SUM\LgE�M�OZVUS*� D�S�M�" _QqKf�IKVUM\J�FZW bQSUIeOQL+V � M E fgJHM\q _HD�GUD�E M\VUM�G;S	� G;fgE _HG;M\RQI�fQbQSPSUM\LQE�M�O�VcS�D S	IeOQIKVUIeD q
M\SUVUIeEdD VUM\S�f��)V � Mj_HD�GUD�E�M\VcM�G;S	�}fgG�V � M���bHGUGTM�O�V�ScM\LgE�M�OZV�� N�SUIeOQL+Ddk�DoW�M\SUIeD�O � GUD�E M�� fQG��(VUf-��D q�'
��bQq[D�VUM E�fQJHM\q _HD�GcD�E�M\VUM�G;SQ+ _HGTI�fQGPD ScS`bHEd_QVUIKfgOQSPDZFHfgbQV	V � M^M�"H_HM��\VUM\J0R D�q[bQM\S	f�� V � M _HDZGUD�E�M\VUM�GTS
��D�O0FHM�IeO��\fgGU_HfQGUD VUM\J�IeOZVUf+V � M(M\SUVUIeEdD VUIKfgO0_HG;f��\M\J�bHG;M���hHD qKM � +WG�IeGUD�OQ%UD�O . P IKV�N\LZM�GUD qKJ/6;m21/1,+�8
� D�RZM bQSUM\J#V � IKSdD�_H_HG;fgD!� � � fQG^qKIeOQM�D�Gd_HG;M\JHI��\VUIKfgO#D�OHD�q�WQSUIKS�+ Vcf�fQFQV`D IeO�SxE�fgfZV � M\J�M\SUVUIeEdD�VUM\S�f��
V � M*� fQGUEdD�OZV�V`GUD�����S�f��YOQf�IKSUW+S`_ M\M�� � bQVUVUM�GUDZO��\M\S��
a
� M�G;M	IKS�M�" _ M�G;IeE�M�O�VxD q5D�OQJ V � M\fgG;M\VUI���D qBM\RgIKJHM�O��\MjV � D VYV � M	S`_ M\M�� � _HG;fQJ�b��\VUIKfgO+E�M�� � D�OQIKS`E

I�S+OQfgOQqKIeOQM�D�GV6 a M�D L�M�G .*a M�D�L�M�G m!1/1/-�8��KG�fgOQqKIeOQM�D�G;IKVUIKM\S IeO V � M Sx_HM\M�� � J�D V`D�D�G;M2��DZbQSUM\J�FZW
GUD�_QIKJ0V`GUD�OQSUIKVUIKfgOQS^FHM\V���M\M�O DZOQJ J�bHG;IeOQL _ � fgOQM\S�+ M\Sx_HM��\IeD qKqKW _QqKf�ScI�RZM\S4� � M�G;MjV � M�G;MjIKS^f����\q[bQScI�fQO
f��5V � MPRZf���D qHVxGUD��\V�+QD�OQJ?FZW�V`bHGUFHbQqKM�OZV M�"��\IKV`D VUIKfgO�J�bHGTI[OQLdbHOZR�f�I��\M\J�SUM\LgE�M�OZVUS�� �^qKf�VcV`D qHfg_ M�OQI[OQL
D�OQJ$�\q�fZS`bHG;MdJ�bHG;IeOQL+V � Md_QIKV�� � _HM�GTI�fQJHSjf!�YR�f�I��\M\J0S`_HM\M�� � ��D�bQSUM\S4�\fQbH_Qq�IeOQL�D V	V � MdFHD�����f�� V � M
V � G;fgD V*� � I�� � IeO�V`GTfgJ�b��\M\S�D JHJHIKVUIKfgOHD qYM�OQM�GTL�W0q�fZSUS���� IeOQM�D�GjE�fQJHM\qKSjf���V � M�R�f���D q V`GUD��\V	SUWQSUVUM�E
� D�RZM?D!q�IeE�IKVUM\J _HM�G=�}fgGUE�D�O��\M?F M���D�bQSUM+V � M\W>EdDoW�OQf�V���DZ_QV`bHG;M�V � M ScV`GUb��\V`bHG;M�f��PV � M J�D VxD+fgG
V � M bHOQJHM�G;qKWQI[OQL0SUWQSUVUM�E JHW OHDZE�I��\S�� a
� MdD�_H_QqKI���D VUIKfgO>f!� OQfgOQqKIeOQM�D�G�E�fQJHM\q�S(VUf+V � M _HGTM\JHI.�\VcI�fQO
f��PS`_ M\M�� �K� D S�S � f��PO>l��N��J�k I[E�_HG;f R�M�E�M�OZV IeO#_HG;M\JHI��\VUIKfgO LgD IeO�f RZM�G^qKIeOQM�D�G E fgJHM\qKS 6 a I�S � FZW
m21/1/-@+ a f��POQS � M�OQJ m2141Hm�+�\�b . P D qKqKSUIKJHM�m21/1�l�8 � a IKS � F�W[6Tm21/1/-�8^DZOQJ � f���M . \�M�FHF 6;m21
�/1U8
� D�RZMPJHM�E�fQOQSUV`GUD VcM\JdV � MjD�FQIKqKIKV2W�f��)OQM�bHGcD q5OQM\VX��fgG<� FHD�SUM\J?OQfQOQq�IeOQM�D�G	E�fQJHM\qKS�VUfjLZM�OQM�GUD VUM	qKI[E I�V
�\W��\qKM\S0� � I�� � ��D�_QV`bHGTM V � M0_QI�V<� � f��^R�f�I��\M\J Sx_HM\M�� � � 3�M���bHGUGTM�O�V+OQM�bHGUD q^OQM\V�� fQG���SQ+ IeO/� � I.� �
� M\M\J�FHD����0D�G;fgbHOQJ�q[DoW�M�GTS^I�S(IeO�V`GTfgJ�b��\M\J,+ � DoR�MdD�LgGTM�D VUM�G^D�FQIKqKIKV2W�VUf E�fQJHM\q V � MdJHWHOHD�E�I��\S�f�� D
SUIKLgOHD q V � D�O �}M\M\J�')� fQG���D�G;J�OQM\V�� fQG���S-6}k�D���� . a SUf�I�m21/1Hm � 8�+ D�OQJ$�}fgG�Sx_HM\M�� � J�D VxD@+ � DoR�MdFHM\M�O
S � f��POdVcfdL�IKR�M^IeEd_HG;f R�M\J _HG;M\JHI��\VUIKfgO!LgD IeOQS�f R�M�G�FHfZV � qKI[OQM�DZGPD�OQJ �}M\M\J�')�}fgG���D�G;J+OQM\V�� fQG���SJ��IKV �
M\I�V � M�G�V � M	S`D�E�M^OgbHE�F M�GYf!�)_HD�GUD�E M\VUM�G;SYfQG V � M	S`D�E�M^_HG;M\JHI��\VUIKR�M(fgG;JHM�G�6 \�b . P D qKqKSUIKJHMdm21/1�l�8 �
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P�M\M\J�')�}fgG���D�G;J�D�OQJ G;M���bHGcG;M�O�V OQM\V���fgG��ZS � DoR�M�FHM\M�O�bQSUM\J�IeOjSx_HM\M�� � �\fQJHIeOQL D�_H_QqKI���D VUIKfgOQS�D S5R�f���D q
V`GUD��\V�E�fgJHM\qKS�� \�b . P D qKqKSUIKJHM 6;m!1/1,+�89bQSUM\J D�O�M�"��\IKV`D VUIKfgO�L�M�OQM�GUD�VUM\J?FZWdD4�\fQJHM(' M�"��\IKVUM\J0OQM�bHGUD q
OQM\VX��fgG<�dD�OQJ�k�bHGUGTfC��S 6Tm21/1�l�8�bQSUM\J�D�C�X��5n ' qKI ��M M�"��\IKV`D VUIKfgO��
D0fgJHM\qKS^f���S`_HM\M�� � � DoR�M(�}fgGUE SPD�G;M�f���_Hf�VUM�OZVUIeD qYbQSUM�IeO0VUM�"QV�' VUf!' S`_HM\M�� � SUWHO�V � M\SUIKSjSUWQSUVUM�E�SQ�

Z O�M�"QI�ScVUIeOQL VUM�"QV�' VUf!' S`_HM\M�� � ScW OZV � M\SUIKS�SUWQSUVUM�E S�+QSUW OZV � M\VUI��^S`_ M\M�� � IKS�LZM�OQM�GUD VUM\J FZW _HD�GUD�q�qKM\q��}fgG='
EdD�OZV�SUWHO�V � M\ScI�ScM�G;S 6 0	q[D�VUVjm21
�4-@+ 
�f�qeE�M\S�m21.�O��8�+QqKI[OQM�DZGP_HG;M\JHI��\VUIKfgO0E�fQJHM\qKS 6 &	q�qKM�O�+ 
PbHOHOQI���bQVUV
. 0	qeD VcV m21 �.��8�fgG	FZW JHIeG;M��\VjEdD�OQIe_HbQqeD VUIKfgO f�� D��\fgbQSUVcI.����DoR�M(�}fgGUE�S�bQSUIeOQL f R�M�GTq[DZ_U'2D JHJ�_HG;f��\M('
J�bHG;M\S 6}C � DZGU_HM�OZVUIKM�G . hQVUM\qKqeD m!1
�/3@+ 
PD�E fgO�+ D0fgbQqKIeOQM\S . C � D�GU_ M�O�VUIKM�G;Sim21
�/1@+FD0fgbQqKI[OQM\S .
C � D�GU_ M�O�VUIKM�G�m21/1/-�8 �4&PqKV � fQbQL � VUIeE�M(' JHfgE�D IeO0f R�M�G;qeD�_U'2D JHJ�VcM�� � OQI # bQM\S LZM�OQM�GUD VUM � IKL �$# bHD qKIKV2W
SUW OZV � M\VUI��iS`_HM\M�� � +�V � M\W GTM # bQIeG;M�D��\V`bHD�qPD��\fgbQSUVcI.�Y��D�RZM(� fgGcE�S�VUf�FHMiSUVUfgGTM\J,�/PBfgGdJ�D�V`D$�\fgE?'
_HG;M\SUSUIKfgO�+5D�E�fQJHM\q)FHD ScM\J�D�_H_HG;fQD�� � VUfdS`_ M\M�� � SUWHOZV � M\SUIKS^IKSjE�fgG;M^M�� �\IKM�OZV�� a
� M _ fgfQG # bHD qKIKV2W
SUW OZV � M\VUI��+S`_ M\M�� � L�M�OQM�GUD VcM\J FZW�qKIeOQM�D�G _HGTM\JHI.�\VcI�fQO E�fQJHM\qKS�+ DZOQJ#V � M JHM\LQGUD J�D VUIKfgO>IeO # bHD qKIKV2W
��D�bQSUM\J�FZW#EdD�OQIe_HbQqeD VUIKfgO f��^V � M�_QIKV�� � f��^V � M+SUWHOZV � M\VUI�� S`_ M\M�� � � GTfgE V � D V�f���V � M+fgG;IKL�IeOHD q)+
I[O � M�GTM�O�VUqKW>qKI[E I�VcS V � M OHD V`bHGUD�q[OQM\ScS D�OQJ $�M�"QIeFQIKq�IvV2W>f���VUM�"gV ' VUf�' S`_ M\M�� � SUWQSUVUM�E�SjFHD ScM\J�fgO0S`b�� �
E�fgJHM\qKS�� D0fQJHM\q�Sd_HG;fQJ�b��\IeOQL�E�fgG;MdOHD V`bHGcD q SUfgbHOQJHIeOQL0SUWHO�V � M\VcI.��S`_ M\M�� � +F�}fgG*� � I�� � V � M _QIKV�� �
��D�O F M D qKVUM�G;M\JY��IKV � fgbQV�qKf�ScSPf�� # bHD qKI�V;W�+ ��fgbQqKJ�FHM�E�fgG;M^SxbQI�VxD�FQqKM��	&�G;VcI ���\IeD q OQM�bHGUD q OQM\V���fgG��ZS
� D�RZM FHM\M�O�bQSUM\J�I[O VUM�"gV ' VUf�' S`_ M\M�� � SUWQSUVUM�E�S9VUf^_HG;f RgIKJHM�VUM�"QV�' VUf�'2_ � fQOQM�E�M EdDZ_H_QI[OQLZSS6}hQM�%UOQf���S9�ZI
. 3�f�SUM�OQFHM�GTL m!1
�/3�8�+ D�OQJ�Vcf L�M�OQM�GUD�VUM�V � M-�\fgOZV`G;f�qY_HDZGUD�E�M\VUM�GTS^VUf+J�G;IKR�M�V � MdS`_ M\M�� � SUWHO�V � M('
SUIKSUM�G 6 
�f���D�G;J . k GTM\M�O#m21
�/1 + a bQM�G�� . 3�fgFQIeOQSUfgO m21/1.�U8���G�M�bHGUD qYOQM\V���fgG��ZS � DoR�MdD qKSUf0FHM\M�O
I[O��\fQGU_HfgGcD VUM\J�IeO�VUf^D�G;VcI.��bQqeD VcfgG;W^SUWHO�V � M\SUIKSUM�G;S�+ VUf^_HG;f RQI�JHM�D	OQfgOQqKIeOQM�D�G EdD�_H_QIeOQLjFHM\V���M\M�O�D��\fgbQS�'
VUI�� D�OQJ D�GTVUI���bQq[D�VUfgG;W+_HD�GUD�E M\VUM�G;S�6 5^bQM�+ 
Pb . D0I�qKM�O@� f RQI��?m!1/1/-�8��

<�� =��E= � 5�� 8:5�� #	��� 5	� 56&),.%�� 879 � (7& ����8�� %'&�/.8:#�9 �28 /���� 5�� ,.&)(�� 5 / � #�,�� �
a
� M IeOZVUM�G;M\SUVdIeO D�_H_QqKWgIeOQL OQM�bHGUD q	OQM\VX��fgG<��S�VUf�_HD�VUVUM�GUOL�\qeD SUScI ����D�VUIKfgO V`D S9�ZSdIKSdJ�bQM Vcf�V � M\IeG
EdD�OZW D JHR D�OZV`D LZM\SPf R�M�G>�\fgOZR�M�O�VcI�fQOHD q E�M\V � fQJHS�� a
� M\IeG	IeO�VcM�GU_Hf�qeD VcI�RZM-��D�_HD�FQIKqKIKVUIKM\S IeOiV � M���D SUM
� � M�G;M+V � M�G;M�IKSdIeOQS`b � �\IKM�OZV V`GcD IeOQI[OQL�J�D V`D0D�G;M+D�O>D JHR D�OZV`D LZM f R�M�G(SUIeEd_QqKM�E M\V � fgJHS�S`b�� � D S
�\q[bQScVUM�G;IeOQL�� a
� MjD�FQIKqKI�V;W+VUfd_ M�G=� fQGUE OQfgOQqKI[OQM�DZG�JHIKS���G;IeE�IeOHD�OZVjD�OHD qKWQSUIKS�IeO D�_HfZSUSUIeFQqKW � I�L � M�G�JHI�'
E�M�OQSUIKfgOHD q5Sx_HD��\M 6 �jD�q�qKIeOHD�G;I)+ a>� I[GTI[D +�k�D J�GUD�O . P�f�LZM\q[E�D�O+hQfgbQqKI��Mdm21/1 m�+�\�M�FHF . � fC��M�m21/1/-U8
I�S�D�O0D JHR DZO�V`D�L�Mjf R�M�G�qKI[OQM�DZGjJHIKS���GTI[E I[OHDZO�V�D�OHD qKWgScI�S(VUM�� � OQI # bQM\S DZOQJ D�q�qKf���S(V � M?� fgGcEdD VUIKfgO!f��
JHI�S %2f�IeOZV4�\qeD SUSjFHfQbHOQJ�D�G;IKM\S���G�f D SUS`bHE�_QVUIKfgOQS�DZFHfgbQV^V � M(SUV`D VcI�ScVUI���D q JHIKSUVxG;IeFHbQVUIKfgOQSjfgG�IeOQJHM�_HM�OU'
JHM�O��\M f!�@� M�D VxbHG;M R�M��\VUfgGTS)D�GTMYOQM\M\JHM\J DZOQJ VxGUD IeOQIeOQLPVUf^E�IeOQIeE�IKSUMPD�E M�D�OU' S # bHD�G;M\J�M�GUG;fgG ��G;IKVUM�G;IKfgO
I�S	JHIKS���G;IeE�IeOHD VUIKR�M�+ Scf E�fQJHM\q�SjDZG;M^V`GUD IeOQM\JiVUf�S`bH_H_HG;M\SUS	IeO��\fgGUG;M��\V*�\qeD SUSUM\S*� � IKqKM E fgJHM\qKqKIeOQL2�\fgG='
G;M��\V��\qeD ScSUM\S�D�SPD�����bHGUD VcM\q�W0D SP_ f�SUSUIeFQqKM�� a
� M�_HD�GUD qKqKM\qYD�G�� � IKVUM��\V`bHG;M(f��YOQM�bHGUD q OQM\VX��fgG<��SPD�q�qKf���S
M�� �\IKM�O�V	IeEd_QqKM�E�M�O�VxD VUIKfgO+IeO � D�G;J@��D�GTM��
P�M\M\J�')�}fgG���D�GTJ OQM\V���fgG��ZSV6�fgG+E�bQqKVUIKq[DoW�M�Gi_HM�G��\M�_QVxG;fgOQS98 � fgGcE D#SUV`D�VUI�� E�D�_H_QIeOQL�FHM\V���M\M�O

I[OH_HbQVI� M�D VxbHG;MPRZM��\VUfgG;S�D�OQJ �\qeD SUS�V`DZG;L�M\VUS�+U� � M�G;M4�\qeD SUScM\S DZG;MPV;WH_QI���D qKq�W+JHM\VcM�GUE�IeOQM\J�FZW D�m(' fgbQV�'
f�� '^D�M�O��\fQJHI[OQL0D V^V � MdOQM\V���fgG���fgbQV`_HbQVQ�jNPOQJHM�G �\M�G;V`D IeO0D SUSxbHEd_QVUIKfgOQS�8�+ V � M�fgbQV`_HbQVUS	f�� �}M\M\J�'
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����, � %-����%���������� �.����� %I� % ��/������0��%1� � 4 / � %�%
23��2 % ����(
%������4��%�%�$ %�5 � 4 �6���7���"� � %�%�$�2+�"����� �8��� � �-�����
�"����*9� ��, � � 4 ������� 4 ��$����#��%6%�$;: 4 ��������/�< 4 �=2+��/���>?���@23�)'���/����"�.� �"����2 � /
A � <���%7')��% 4 ����2+��� � ���?�0$;� 4 ��������% � ��'B��� � �
�"����*
����,�% � ���+��� � ������'B���42+������2+��%�� � 23� � ��(�%�C=$ � ���D'E��� 4 ���=%�%�(F��������� ��<
������� �7�G$;� 4 ����� �B�H� � �BI (F� $"��(F� �0(FJK� $"���;$"�7��� 4 �)')���"L;M1
N�"�7����������������� � �������O� ��/�<��"� /�'�% � �.�����@L�/�� %I� /92+������2P$"2Q� �
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� fgG � DZG;J OQM\V���fgG��ZS � DoR�M^FHM\M�O�S � fC�	OdVUf�M\SUVcI[E�D VUM^V � M^_Hf�ScVUM�G;IKfgG�_HG;fQFHD�FQIKq�IKV;W�f��W�\qeD SUSPE M�E F M�G='
S � Ie_V6)3�I�� � DZG;J . � Ie_H_HEdD�O0m!1/1Hm�+�3�b���� + 3 f�L�M�G;S�+ 0^D�FHG;IKS9�ZW�+�:*"Qq�M\W . hHbQVUM�G	m2141/-@+�\�D�O!m21/1/-�8 �
a
� M�fgbQV`_HbQVcS ��D�OdF M��\fQOQSUV`GUD IeOQM\J�VUf^S`bHE VUf m	F�WdG;M�_QqeD��\IeOQL�V � M�SUIKLgE f�IKJ?OQfgOQqKIeOQM�D�G;IKVUIKM\S^F�W�V � M
SUf��}V`EdD�"�� bHO��\VUIKfgOL6}k�G;IKJHq�M+m21 �/1�8��
a
� M^JHIKS`D JHR D�OZV`D L�M^f�� V � M*�}M\M\J�')� fQG���D�G;J+D�G�� � I�VcM��\V`bHG;M4�}fgGJ�\qeD SUSUI�����D VcI�fQO f!� S`_HM\M�� � _HD�VUVUM�GUOQS

I�S�V � D V�V � M+ScV`D VUI�� EdD�_H_QIeOQL#FHM\V���M\M�O>IeOH_HbQV D�OQJ#fgbQV`_HbQV-��DZOHOQf�V D����\fgbHOZV��}fgG(qKf���D q>�\fgO�VcM�"gV
f��
�}M�D V`bHG;MdRZM��\VUfgG;SdD�OQJ#D qKq	�\q[D�SUS�JHM��\I�ScI�fQOQS?D�GTM IeOQJHM�_HM�OQJHM�OZV��>hQM\R�M�GUD q�D�_H_HG;fQD�� � M\S�VUfiIeO��\fgG='
_HfgGUD�VUIeOQL qKf���D�q �\fgOZVUM�"QVjf��J� M�D VxbHG;MdR�M��\VUfQG;S^IeO�VUf � M\M\J�')�}fgG���D�GTJ OQM\V���fgG��ZS^IeO��\qebQJHM�D�bQLgE M�O�VUIeOQL
V � M	�}M�D V`bHG;M�R�M��\VUfQGE��IKV � Dj_HDZGUD�E�M\V`GTI.N�D�VUIKfgO(f�� OQM\I�L � F fgbHG;IeOQL?� M�D VxbHG;M�R�M��\VUfQG;S�6)3�fgFQIeOQSUfQO+m21/1,+�8
D�OQJ _HG;M\SUM�OZVUIeOQL�V � M^OQM\VX��fgG<�4��IKV � DZOdIeOH_HbQV	��IeOQJHf��/�\fgOZV`D IeOQIeOQL�SUM\R�M�GUD q D J�%UD��\M�O�VE�}M�D V`bHGTM�R�M��('
VUfgG;S 6 kYfQbHG;qeD�G;J . \�M\q�qKM�� M�OQS�m!1/1/-�8��KZ�O#VUIeE�M(' JHM\qeDoW OQM�bHGUD qPOQM\V���fgG��ZS 6 \>D IeFHM\q)+ 
PDZOHD�N�DQ� D +

�IeOZVUfgO�+Hh � I`��D�OQf . �5DZOQL m21
�41�8�+�D��\VUIKR D VUIKfgOQS�f�� � IKJHJHM�O+bHOQIKVUS�D�G;M>��D q���bQq[D�VUM\J-� G;fgE V � M
��bHGUGTM�O�V
I[OH_HbQV�D�OQJdE�bQq�VcI[_QqKM�JHM\qeDoW�M\JdfQbQV`_HbQVUS9f���V � M�_HG;M��\M\JHIeOQL � IKJHJHM�O�q[DoW�M�G �,&^O D�q�VcM�GUOHD VUIKR�M�D�_H_HG;fQD�� �
bQSUM\J IeO�qKIeO@� M\J _HG;M\JHI��\VUIKR�MjOQM�bHGcD q�OQM\V�� fQG���S�6 a M�F M\q�S(��IKS . \>D IeFHM\q m21/1/-U8 D�OQJ�OQM�bHGUD q _HGTM\JHI.�\VcI�fQO
E�fgJHM\qKS 6)Z SUf . \�D VxD�OHD�FHMdm!1/1/-�8�IKS	VUf+bQSUMjV � M � M\M\J�')�}fgG���D�GTJ�OQM\V���fgG��dD S^D�_HD VUVUM�GUO+_HGTM\JHI.�\VcfgG
VUf _HG;M\JHI��\V	V � M^SUM # bQM�O��\Mjf��E� M�D�V`bHG;M^R�M��\VUfQG;S
��IKV � IeO+V � M4��bHGUG;M�OZV
�\qeD SUS��
a
� M��\fgOZVUM�"QVPf�� _HGTM\RgIKfgbQS?�\q[D�SUS^JHM��\IKSUIKfgOQS���D�O0FHM�IeO��\fgGU_HfQGUD VUM\J�FZW IeO��\qebQSUIKfgO�f!� G;M���bHGUGTM�O�V

�\fgOHOQM��\VUIKfgOQS	I[O�V � MjOQM�bHGUD q5OQM\V�� fQG��dD�G�� � IKVUM��\V`bHG;M���hQM\R�M�GUD q5G;M���bHGUGTM�O�V�D�G�� � IKVUM��\V`bHG;M\S � D�RZMjFHM\M�O
_HG;fg_HfZSUM\J-�}fgG S`_HM\M�� � GTM��\f�LgOQIKVUIKfgO+D�_H_QqKI���D VUIKfgOQSPDZOQJ IeO��\qebQJHM�� GTM���bHGUG;M�OZV �\fQOHOQM��\VUIKfgOQSJ� G;fQE fgbQV�'
_HbQVdVUf�IeOH_HbQVV6}k�fgbHG;qeD�G;J . \�M\qKqKM�� M�OQS�m2141/-@+ �ZfgG;J�D�O�m21
�/3�8 a SUM\q�� ' qKfQfg_QS D�G;fQbHOQJ � I�JHJHM�O D�OQJ
fgbQV`_HbQV^bHOQI�VcS 6 \�D�V`G;fgbQS . h � D ScV`G;I�m21
�.��8 a�� bQqKqKW�G;M���bHGUG;M�OZV^D�G�� � I�VcM��\V`bHG;M\S4��IKV � G;M���bHGUGTM�O�V*�\fgOU'
OQM��\VUIKfgOQSPFHM\V���M\M�O � I�JHJHM�OibHOQIKVUS�f��5V � M	S`D�E�M	qeDoW�M�G46}X qeEdD�Oim21/14-@+�3�fgFQIeOQSUfgO . P D qKqKSUIKJHMdm21/1Hm�8 �
a
� M
� bQqKqKW G;M���bHGUG;M�OZV�D�G�� � I�VcM��\V`bHG;M4��D�O�FHM^IeOZVUM�GU_HG;M\VUM\J+IeO�VUM�GcE�SYf��9SUV`D VUM(' Sx_HD��\MPM # bHD VUIKfgOQSJ� G;fgE
�\fgO�VxG;f�q V � M\fgG;WV6)3�fQFQI[OQScfgO . P D qKq�ScI�JHM+m21 �.��8��
a
� M�fgbQV`_HbQVcSjf��J� bQqKqKW�G;M���bHGUGTM�O�VjOQM�bHGUD�qYOQM\VX��fgG<��S � DoR�MdFHM\M�O S � f��PO0VUf D�_H_HGTfC"QIeEdD VUM�V � M

_Hf�SUVcM�G;IKfgG�_HG;fgFHDZFQI�qKIKV;W+f��]�\q[D�SUSPE�M�E�FHM�GTS � Ie_0�\fgOQJHIKVUIKfgOHD q9fgO�V � M^M�OZVUIeG;M^SUM # bQM�O��\Mjf!�)IeOH_HbQV>� M�DQ'
V`bHG;M RZM��\VUfgG;S bH_ VUf�V � M$��bHGUG;M�OZV VUIeE�MK6}hHD�OZVUIeOQI . ]^M\q�k�IeE�FHf m2141/)�8�� a
� IKS IeOZVUM�GU_HG;M\VxD VUIKfgO
� f�qKqKf���S?� GTfgE�V � M+_HG;fgFHDZFQI�qKIKV;W�M\ScVUIeEdD VUIKfgO>_HG;fQf�� S?�}fgG*�}M\M\J�')�}fgG���D�G;J#OQM\V�� fQG���SjFZWV�\fgOQScI�JHM�GTI[OQL
V � M G;M���bHGUGTM�O�VjD�G � � IKVUM��\V`bHGTM D SjD+JHM\M�_ � M\M\J�')�}fgG���D�G;J�OQM\V���fgG��!fgFQV`D IeOQM\J�FZW�bHOU� f�qKJHIeOQL0V � M G;M('
��bHGUG;M�OZV D�G�� � IKVUM��\V`bHG;M�I[O�VUIeE�M�Vcf*� fgGcE DjE�bQqKVUIKq[DoW�M�G � M\M\J�')�}fgG���D�GTJ OQM\V�� fQG��*��IKV � D � I�JHJHM�O�qeDoW�M�G
� fgG M�D�� � VcI[E M^SUVUM�__6 3�M�OHD qKS�+@D0fgG;LQD�O�+HkYfQbHG;qeD�G;J,+�C�f � M�O . P GcD�O��\f m21/1 +�8��
P�fQG�S`_ M\M�� � G;M��\f�LgOQIKVUIKfgO�_HbHGc_Hf�SUM\SQ+ � M\M\J�')�}fgG���D�G;J�D�OQJ�G;M���bHGcG;M�O�VjOQM�bHGcD q)OQM\V���fgG��ZS^_HG;f RgIKJHM

OQf E�M�D�OQS�f�� M�O��\fQJHIeOQLdV � M�VcI[E M(' R D�G;IeD�FQIKqKIKV;W f��5S`_ M\M�� � _HG;fgOQbHO��\IeD VUIKfgO�D�OQJdS`_ M�D�� M�G�GUD VUM�� hQfgE�M
� fgGcE f���JHW OHDZE�I��dVUIeE�M���D�GU_QIeOQL_6)G�M\W�m21
� +�8�IKS�OQM\M\JHM\J�VUf+JHM�G;IKR�M�V � MdfQ_QVUIeEdD q9SUM\LgE�M�OZV`D VUIKfgO
6 �\qeD SUSdSUM # bQM�O��\M�8 � fgG�D�O#bQVcVUM�GUD�O��\M�+ LZI�RZM�O#V � M0�\qeD SUS�_HG;fgFHD�FQIKqKIKVUIKM\S+M\SUVUIeEdD VUM\J FZW>V � M OQM�bHGUD q
OQM\VX��fgG<��S 6)3 fgFQIeOQSUfgO . P D qKqKSUIKJHM�m21/1Hm�8 � a
� MdJHWHOHD�E�I���VUIeE�M-��D�GU_QIeOQL D qKL�fgGTI�V � E ��D�O�F MdIeE?'
_Qq�M�E M�O�VUM\J#D SjD+OQM�bHGUD�q OQM\V���fgG�� + D �	IKVUM�GUFQI OQM\V06 � Ie_H_HEdD�OHO . �^f�qKJ m!1
�.��8�+ FHbQVjV � M�G;MdIKS OQf
_HD�G;VUI���bQqeD�G	D JHR D�OZV`D LZM^VUf�V � IKSPIeEd_QqKM�E�M�OZV`D VUIKfgO��
hQV`D VcM(' f�� ' V � M('2D�G;V�S`_ M\M�� � G;M��\fZLgOQIKVUIKfgOiSUWgScVUM�E�SPFHD ScM\J�fQO 
�I�JHJHM�O D DZG�� f R-D0fgJHM\qKS 6 
>D$DV8

���"�@��������� 4 ������������� �!M
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I[E�_Qq�I��\IKVUqKW>I[O��\fQGU_HfgGcD VUMdV � M�fg_QVcI[E�D q ScM\LgE�M�OZV`D VUIKfgOif�� D�O�bQVUVUM�GUD�O��\M�IeOiV � M G;M��\fZLgOQIKVUIKfgOiSUV`D L�M
F�W�SUM\qKM��\VUIeOQL D E fgJHM\q5ScM # bQM�O��\M�� � I�� � EdD�"QIeE�IKSUM\S	V � MjqKI`� M\qKI � fgfQJ�f�� L�M�OQM�GUD VcI[OQL�V � M(fgFQSUM�G;R�M\J
SUM # bQM�O��\M^f!�,� M�D�V`bHG;M�R�M��\VcfgG;SJ� GTfgE V � fZSUM�E fgJHM\qKS�� a>� MPJHIKS`D JHR D�OZV`D L�M\S�f��)bQScI[OQL 

D$D0S D�GTMPV � M
OQM\M\J+VUfdEdD�� M^D SUS`bHE�_QVUIKfgOQSPD�F fgbQV�SUV`D�VUIKSUVUI���D q�JHIKSUVxG;IeFHbQVUIKfgOQSjD�OQJ�V � M*� D!�\V V � D V�V`GUD IeOQIeOQLdIKSPOQf�V
JHI�S<��G;IeE�IeOHD VUIKR�M��2Z�O�D JHJHIKVUIKfgO�+ IKVjIKS�D SUS`bHE�M\J�V � D V*�}M�D V`bHG;MdRZM��\VUfgG;SjD�GTM IeOQJHM�_ M�OQJHM�O�V��ihQM\R�M�GUD q
G;M\SUM�D�G�� � M�G;S�+ IeO��\qebQJHIeOQL�k GTI�JHqKMV6;m21/14-�8�+ G�IKq�M\S-6;m2141Hm�8�D�OQJ�k�fgbHG;qeD�GTJ . \�M\qKqKM�� M�OQS26;m2141/-�8�+ � DoR�M
fgbQVUqKIeOQM\J+JHI[GTM��\VYM # bQI�R D qKM�O��\M\S�F M\V�� M\M�O 

D$D0S D�OQJ�G;M���bHGUG;M�OZV OQM\V���fgG��(D�G�� � I�VcM��\V`bHG;M\S DZOQJ bQSUM\J
V � M\SUM+VUf0V`GUD�I[O 
>D$D0S JHIKS���GTI[E I[OHD�VUIKR�M\qKW�� a f0M�" _QqKf�IKV�V � M+JHIKS���G;IeE�IeOHD VUIKR�MiV`GUD IeOQIeOQL�f!��OQM�bHGUD q
OQM\VX��fgG<��S]� � IKqKMjG;M\V`D�I[OQIeOQLdV � M�SUM\LgE�M�OZV`D VcI�fQO���D�_HD�FQIKqKIKVUIKM\SPf�� 
>D$D�SQ+ � W FHG;IKJ 
>D$D2'2OQM�bHGcD q OQM\V
D�_H_HG;fgD�� � M\S � DoR�MjFHM\M�O+D JHfQ_QVUM\J,� Z O�V � M\SUM^SUWQSUVUM�E�S�+QV � Mj_ f�SUVUM�GTI�fQG _HGTfgFHD�FQIKqKI�VcI�M\S^M\ScVUIeEdD VUM\J FZW
OQM\VX��fgG<� fQbQV`_HbQVUS DZG;MdS���D qKM\J#VUf �}fgGUE qKI ��M\q�I � fQfgJHS0� � I.� � D�G;M bQSUM\J D�SjM�E�IKSUSUIKfgO>_HG;fgFHDZFQI�qKIKVUIKM\S
� fgG 

D$D SUV`D VcM\S��Yk�f�V � �}M\M\J�')� fQG���D�G;J_6}k�fgbHG;qeD�GTJ . \�M\q�qKM�� M�OQSdm!1/1/-@+Hk�fgbHG;qeD�G;J>m21/1HmU+ 3 M�OHD qKS�+

�f�� � FHM�GTL . 3�fgFQIeOQSUfgO>m2141,+�8YDZOQJ � bQqKqKW�G;M���bHGcG;M�O�V�D�G � � IKVUM��\V`bHGTM\S 6)3 fgFQIeOQSUfgO0m21/1 +�8 � D�RZMjFHM\M�O
bQSUM\J S`b����\M\SUS � bQqKqKW�� k�fgbHG;qeD�GTJ 6Tm21/1Hm�8 � D S D qKSUf#S � fC�	O � f��B� M\M\J�')�}fgG���D�GTJ OQM\V���fgG��ZS ��D�O FHM
bQSUM\J+VUf�M\SUVUIeEdD VcMPV � M	V`GUDZOQSUIKVUIKfgO+_HG;fgFHD�FQIKqKIKVUIKM\S
�}fgG�V`G;I�'2_ � fgOQM 
>D$D0S��ED�fQG;M�GTM��\M�O�V�G;M\SUM�DZG�� � IKS
�\fgO��\M�O�VxGUD VUIeOQL�fgO+V � M(JHM\R�M\qKfg_HE�M�OZV^f�� �\fgOZVUM�"QV�' JHM�_HM�OQJHM�OZVjG;M���bHGUG;M�OZV^OQM�bHGUD q OQM\VX��fgG<��S
� � I.� �
D�G;M�V`GcD IeOQM\J VUf^M\ScVUIeEdD VUM*�\fgOZVUM�"gV ' JHM�_HM�OQJHM�OZV �\qeD ScS _HGTfgFHD�FQIKqKI�VcI�M\S�JHI[GTM��\VUqKW 620	M�GTS � DQ��+ 
�f�� � F M�G;L
. 3�fgFQIeOQSUfQO�m21/14)�8��
& JHI�SxD JHR D�OZV`D LZMjf��YbQSUIeOQL OQM�bHGUD q OQM\V���fgG��ZS	�}fgG�_HD VcVUM�GUO �\qeD SUSUI�����D VcI�fQO VxD S9�ZS�IKSPV � D�V�V`D�G;LZM\V

� bHO��\VUIKfgOQS*�}fgG�M�D�� � �\qeD ScSjD�G;M GTM # bQIeG;M\J�IeOiV`GUD�I[OQIeOQL�� a
� M�� � f�I��\Mdf��YV`DZG;L�M\V	� bHO��\VUIKfgO$��D�O!IeO $ bU'
M�O��\MdV � M�V`GUD IeOQIeOQL�DZOQJ�LZM�OQM�GUD qKI�N�D VUIKfgO0f���V � MdOQM\V�� fQG��V6}X VcM�EdD J�m!1/1.��8��*PBfgG*�\qeD SUSUI�����D VUIKfgO f��
�\fgO�VcI[OQbQfgbQS�S`_ M\M�� � _HD VUVUM�GcOQS�+ V � MPOQM\M\J�VUfjSx_HM��\I�� WR�\q[D�SUS�V`D�G;L�M\VcS I�S�D^JHIKS`D JHR D�OZV`D L�MPF M���D�bQSUM^V � M
SUM\LgE�M�OZV`D VUIKfgO�f���V � M�J�D V`DiEdDoW�OQf�V F M2�gOQf��PO�+ D�OQJ>IKVdIKS�JHI � ��bQq�V�VUf0JHM\VUM�GUE�IeOQM D+SxbQI�VxD�FQqKM
V`D�G;L�M\VQ� a WH_QI.��D�q�qKW�+J�\fgOQSUV`DZO�V��\qeD SUS�V`D�GTL�M\VUS DZG;M?bQScM\J,�_Z O�S`_ M\M�� � G;M��\f�LgOQIKVUIKfgO�+ IKVdIKS�IeO�VxbQI�VcI�RZM
VUf�D SUSxbHE�M+V � D V-�\fQOU��JHM�O��\M�IeO D$�\qeD SUS�JHM��\I�ScI�fQO�D!����bHE bQqeD VcM\S f R�M�G�V � M+J�bHGUD VUIKfgO f�� D �\q[D�SUS
bHO�VUIKq�D+_Hf�IeOZVjIKS G;M�D!� � M\J$� � M�O�D!JHM��\IKSUIKfgOV��DZO�F M EdD JHM���& S`bQIKV`DZFQq�M�V`D�G;L�M\V*� bHO��\VUIKfgO�E I�L � V
G;M�$�M��\VjV � M�I[O���GTM�D SUIeOQL$�\fgOU��JHM�O��\M IeO�D!JHM��\IKSUIKfgO��+hQI[E�_Qq�M+GUD�E�_0V`D�G;LZM\VUS 6 \�D V`G;fQbQS . h � D�SUV`G;I
m21
�.��8 +�D�OQJ0V`D�G;LZM\V	� bHO��\VcI�fQOQSjFHD SUM\J0fgO OQfQGUEdD qKIKSUM\J�JHIKSUSUIeE�IKqeD�G;IKV;WY� bHO��\VcI�fQOQS 6 
PDZOQM\S�+�& � D�q�V .
0^G;IKS � OHD�E�bHG;V � W�m!1/1,+�+U\�D V`G;fQbQS�+ �5D JHM�OQJHfgG=� . 0^b � O�m!1/1/-�8 � DoR�M^D qeG;M�D JHW+FHM\M�O bQScM\J+VUfdV`GUD�I[O
G;M���bHGUG;M�OZVPOQM\V���fgG��ZS �}fgG�_ � fQOQMjJHIKS���G;IeE�IeOHD VUIKfgOiV`D�S9��SQ�

����� � �'����$ ��
 ��� ��� 
���$%�
<�� � �:< � &),�/ !��$"$#�%'&)( *-,.&)%0/ 13#�4 5�(:(7879 ;
n D�G;V,Z �\fgOQSUIKJHM�G;S V � MY_HG;fQFQq�M�E�f���E�fQJHM\q�qKIeOQL DZOjD��\fgbQScVUI�� S`_HM\M�� � SUIKLgOHD qgbQSUIeOQL	S � fgG;V ' VUIeE�M E�fQJHM\qKS
f���V � MdR�f���D qYVxGUD��\V^SUWQSUVUM�E0� a
� M�D IeE�IKS�VUf L�M�OQM�GcD VUM OHD VxbHGUD q SUfgbHOQJHIeOQL0SUWHO�V � M\VUI�� S`_ M\M�� � VUf
� � I�� � _QI�V<� � E�fgJHI�����D VcI�fQOQS���D�OiFHM�D�_H_QqKI�M\J$��IKV � fQbQVPD�_H_HG;M��\IeD�FQqKM�JHIKSUVUfgG;VcI�fQO��
Z O � � D�_QVUM�G�l@+�JHI�A5M�G;M�O�V DZ_H_HG;fgD�� � M\S Vcf E�fQJHM\qKqKI[OQL V � M0S`_HM\M�� � SUIKLgOHD q^D�G;MifgbQVUqKIeOQM\J'D�OQJ

V � M$�\fgO�RZM�O�VUIKfgOHD�q^q�IeOQM�D�Gi_HG;M\JHI��\VUIKfgO � GUDZE�M���fgG�� � fgG�Sx_HM\M�� � SUWHO�V � M\ScI�S+JHM\S<��G;IeFHM\J,� hQfQE�M0f��
V � M+qKI[E I�VxD VUIKfgOQS+f��^S`b�� � D0SUWQSUVUM�E D�GTM � I�L � q�IKL � VUM\J D�OQJ#SUM\RZM�GUD qPD�_H_HGTfgD�� � M\SdVUf0f R�M�G��\fgE�IeOQL
V � M\SUM�qKI[E I�VxD VUIKfgOQS DZG;M G;M\RQIKM���M\J,� a>� M qKIeOQM�D�G(_HG;M\JHI��\VUIKfgOY� GUD�E�M���fgG���IKSjbQSUM\J�D S^D FHD ScM\q�IeOQM��}fgG
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�\fgEd_HD�G;IeOQLdV � M _HM�GX� fgGcEdD�O��\M^f�� V � MjD qKVUM�GUOHD�VUIKR�M*� GcD�E�M���fgG��ZS�JHM\R�M\qKfg_HM\J0IeO0� � D�_QVUM�G;S-�dD�OQJ�+��
Z OY� � D�_QVUM�G-�@+�D�qKI[OQM�DZG^R�f���D q5V`GcD��\V�E fgJHM\qKqKIeOQL0� GUD�E�M���fgG���IKS^SUM\V^bH_�+ bQSUIeOQL+V���f FQqeD�����'2F fC"

_HD�GUD�E�M\VxG;I�N�D VUIKfgOQS>� fgG�V � M�R�f���D q9V`GUD��\V	��qKVUM�G + V � M�&S3	5 6}D�bQVUfQG;M\LgG;M\SUScI�RZM���IKV � M�"QVUM�GUOHD q9IeOH_HbQV98
D�OQJ V � MV:^X 6�fgbQVx_HbQV M�GUGTfgG�8dE�fQJHM\q)� N�SUIeOQL>SUWHO�V � M\VcI.�0S`_ M\M�� � J�D VxD@+�V � M\IeG _ M�G=�}fgGUEdD�O��\M0IeO
M\SUVUIeEdD VUIeOQLiV � M�R�f���D�q V`GUD��\V	V`GUD�OQS � M�G>� bHO��\VUIKfgO0IKS��\fQEd_HD�G;M\J,+5D�OQJ�M�" _QqeD IeOQM\J#bQSUIeOQL�D�S`_ M��\V`GUD q
I[OZVUM�GU_HGTM\V`D VUIKfgO0f!�YV � M _HG;M\JHI��\VUIKfgO�M�GUG;fgG>��G;IKVUM�G;IKfgO>bQSUM\J0IeOV��D�q.��bQqeD VcI[OQL0E�fQJHM\q _HD�GUDZE�M\VUM�G;S��?Z O
V � M�_HG;f��\M\ScSUIeOQL�D�OQJ SUWHO�V � M\SUIKS+f�� G;M�D q	S`_HM\M�� � bQVUVcM�GUD�O��\M\S�+�V � M0S`bH_HM�G;IKfgG # bHD�q�IKV;W�DZOQJ _QIKV�� �
EdD�OQIe_HbQqeD VUIKfgOY��D�_HD�FQIKqKIKVUIKM\S^f�� &43	5 E�fQJHM\qKS�DZG;M^JHM�E�fgOQSUVxGUD VUM\J,�
C � D�_QVcM�G +*�\fgOQSUIKJHM�G;SYOQfgOQqKIeOQM�D�G�E�fgJHM\qKS�f���V � M�R�f���D q�V`GUD!�\V SUWQSUVUM�E +�� � I�� � D�G;M�IeEd_QqKM�E�M�O�VcM\J

D SYSUIeOQL�qKM � IKJHJHM�O�q[DoW�M�G OQM�bHGcD q OQM\V���fgG��ZS�+ f�� M\I�V � M�G]�}M\M\J�')�}fgG���D�G;JdfQG G;M���bHGUG;M�OZV D�G � � IKVUM��\V`bHGTM�� Z S�'
S`bQM\S f��HS`_HM��\I����PG;M\qKM\R D�O��\M�VUf	V � MYS � fgG;V�' VUIeE�M�_HG;f��\M\SUSUIeOQL^f�� D�SUIKLgOHD qHbQSUIeOQLjOQM�bHGUD qHOQM\VX��fgG<�PE�fQJ�'
M\q�S�D�GTMPJHIKS���bQSUScM\J D�OQJ E�M\V � fQJHS�f��5IeOQI�VcI[D�q�IKSUI�OQL V � M*��M\IKL � VcSYf�� OQM\V���fgG��ZSE� G;fQE qKIeOQM�D�G�FQqeD�����'2F fC"
D�OQJ+SUV`D VcM(' S`_HD��\MjE�fQJHM\qKSPD�G;M^IeOZV`G;fQJ�b��\M\J,� & E�fQJHI ��M\J0G;M���bHGUG;M�OZVPD�G � � IKVUM��\V`bHGTM^I�S	JHM\R�M\qKfg_ M\J VUf
� D��\IKqKIKV`D VUM^Sxb�� � qKIeOQM�D�G�I[OQIKVUIeD qKIKS`D VcI�fQO�� a
� M�bQScM^f��)G;M\LgbQqeD�GTI.N�D�VUIKfgO+D�OQJ+qKM�D�GUOQIeOQL GUD�VUM�D�J�D�_QV`D VUIKfgO
� fgG I[E�_HG;f RgIeOQLdV � M�_HM�G=�}fgGUE�D�O��\M^f�� I[OQJHIKRQIKJ�bHD qYE�fQJHM\q�S	IKS�D�q�Scf-�\fgOQSUIKJHM�G;M\J,�
X R D qebHD VUIKfgO�f��5V � M^_HM�G=�}fgGUEdDZO��\MPf��5JHI�A5M�G;M�OZVYV;W _ M\S�f�� E�fgJHM\qBIKS�JHM�_HM�OQJHM�OZV�fgOdD S`bHF�%;M��\VUIKR�M

D SUSUM\SUSxE�M�O�V�f��jV � M�_ M�G��\M�_QV`bHD q # bHD qKI�V;W#f��jV � M SUWHO�V � M\VUI�� S`_ M\M�� � _HG;fQJ�b��\M\J,� a f�M�OHDZFQq�M0V � M
G;M�D JHM�G�VUf�R�M�GTI �}WdV � M^IeEd_HGTf RZM\J # bHD qKIKV;W?DZOQJ _QI�V<� � EdDZOQI[_HbQqeD VcI�fQO0��D�_HD�FQIKqKIKVUIKM\SjG;M�_HfQG;VUM\J+IeO�V � IKS
� fQG���+�D�O#D�bQJHIKf#V`DZ_HM f!��V � MiSUWHO�V � M\ScM\Sdf��jSUM\R�M�GcD qPbQVUVUM�GcD�O��\M\S FZW#JHI A5M�G;M�OZV+E�fgJHM\q�V2WH_HM\S�IKS
I[O��\qebQJHM\JV��I�V � V � IKSPV � M\ScI�SQ� a
� M4�}fgGUE�D V�f��)V � M^JHM�E�fgOQSUV`GcD VUIKfgO�IKS�JHM\S���G;IeF M\J�IeO0&^_H_HM�OQJHI�"�k*�

<�� � �E= � &),�/ !.!���� (7& ����8�� %'&6/.87#Q9 #	��

� 565�%���� &6/�/.5�,.9��
C � D�_QVUM�G )�_HG;M\SUM�OZVUS+D�ScV`bQJHW#f��^V � M fg_ M�GUD VUIKfgO f��^SUIeOQL�qKM � IKJHJHM�O qeD�WZM�G G;M���bHGcG;M�O�V+OQM\V���fgG��ZS
V`GUD IeOQM\J>VUf2�\qeD SUScI �}W�VUIeE�M(' R D�G;WQIeOQL�_HD VUVUM�GcOQS^f��	� M�D VxbHG;M RZM��\VUfgG;S�+ S`b�� � D SjV � f�SUM�V2WH_QI���D qKqKW�L�M�OU'
M�GUD VUM\J1� GTfgE D��\fQbQSUVUI�� Sx_HM\M�� � J�D V`D@� hQM\RZM�GUD q � � D�GUD!�\VUM�G;IKSUVUI��\S�f��PV � M�fg_ M�GUD VUIKfgO>D�G;MdfQbQVUqKI[OQM\J,a
�\fgO�VcM�"gV�' IeOQSUM�OQScI�VcI�RZM GTM\L�IKfgOQSPf!�YV � MjIeOH_HbQV*�}M�D V`bHG;M^S`_HD!�\M�+�JHM\qeDoW+IeO S<��IKV�� � IeOQL+FHM\V���M\M�OY�\q[D�SUSUM\S�+
S`E�fQf�V � IeOQLdf�� fgbQV`_HbQV�JHM��\IKSUIKfgOQSQ+�qKIeE�IKVUM\J0SUM�OQSUIKVUIKRQI�V;WiVUf�fgG;JHM�G;IeOQL�I[O!SUM # bQM�O��\M\SPf��E�}M�D V`bHG;M	R�M��('
VUfgG;S � G;fQE V � M	S`D�E�M*�\qeD SUS�6 ��IKV � IeOU'^�\qeD SUS*�\fgOZVUM�"QV98�� a>� M\SUM�� � D�GUD!�\VUM�G;IKSUVUI��\S�fgGTI�LZI[OHD�VUM
� G;fgE S`D V`bU'
GUD VUIKfgO�f�� � IKJHJHM�O0bHOQIKVUS�+ � � I�� � IKS^DdG;M\S`bQqKV	f��)VxGUD IeOQIeOQL0��IKV � ��"QM\J2�\qeD SUS	V`D�GTL�M\VUS��YX " _ M�G;IeE�M�OZVUS
bQSUIeOQL�ScW OZV � M\VUI���J�D V`D+LZM�OQM�GUD VUM\J#F�W0R�M��\VcfgG4&43 _HG;f��\M\ScSUM\S�+ D�OQJ>S`_HM\M�� � J�D�V`D+fgFQVxD IeOQM\JV� G;fgE
V � M a Z)DVZ a J�D�V`D�FHD SUM06 �jDZG;f��}f�qKf�m21 �
��8�+�DZG;Md_HG;M\SUM�OZVUM\J0VUf IKqKqebQSUV`GUD�VUMdV � M\SUM�fgFQScM�G;R D VcI�fQOQS�+5D�OQJ
VUfjD SUSUM\ScS V � M\IeGYG;M\qKM\R DZO��\M
�}fgG S`_HM\M�� � _HGTf��\M\SUScI[OQL?��IKV � G;M���bHGcG;M�O�VYOQM�bHGcD q�OQM\V�� fQG���SQ�WZ O�D JHJHIKVUIKfgO�+
V � M\W�D�G;MdbQSUM\J�VUf+M�"H_QqKfgG;M�V � Md_Hf�VcM�O�VUIeD q�V � D V	V`GUD IeOQIeOQL�G;M���bHGUG;M�OZVjOQM\V���fgG��ZS^fgO0OQfgOU'^�\fgOQSUV`DZO�V
�\q[D�SUSPVxD�G;L�M\VUS � D SI� fgG�IeEd_HG;f RQIeOQL V � M^ScM�OQSUIKVUIKRgIKV;W f��9V � M\SUM OQM\V���fgG��ZS�VUf���IKV � IeOU'^�\qeD SUS4�\fgOZVUM�"QV��
C � D�_QVcM�G�3j_HGTM\SUM�O�VcSYV � M
�\fQO��\q[bQScI�fQOQSPf�� V � IKS�JHI�ScSUM�G;V`D VcI�fQO D�OQJ�SUfgE M�S`bQL�L�M\ScVUIKfgOQS]�}fgGE� bQV`bHG;M

SUV`bQJHW��
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hQfgE�M _HG;M\qKIeE�IeOHD�G;WL��fgG��if���G;M\qKM\R D�O��\M+VUfY� � DZ_QVUM�G'+Y��D�O�FHMR�}fgbHOQJ�IeO 6}k�bHGUG;f���S . G�IeGUD�OQ%UD�O
m21/1.��8 �WZ OQIKVUIeD q���fgG�� fgO�R�f���D�qHV`GUD��\VYE�fQJHM\qKqKI[OQL ��IKV � GTM���bHGUG;M�OZV OQM�bHGcD q OQM\V���fgG��ZS]��D SY_HG;M\SUM�OZVUM\J
D V V � M�m!1/1/)
Z�O�VUM�GcOHD VUIKfgOHD q�C�fQOU� M�G;M�O��\M�fgO &��\fQbQSUVUI��\S�+ghH_ M\M�� � D�OQJdhQI�LQOHD q�nYG;f��\M\SUSUIeOQL 6}k�bHGUGTfC��S
. G�IeGUD�OQ%UD�O#m2141/)�8��	hQfgE�MdD S`_ M��\VUS^f�� � � D�_QVUM�G ) ��M�G;Md_HG;M\SUM�OZVUM\J�D V	V � M+m21/1,++C�fgOU�}M�G;M�O��\MdfgO
G�M�bHGUD�qWG�M\V���fgG��ZSJ� fQG hQIKLgOHD�q)n�G;f��\M\ScSUIeOQL 6}k�bHGUG;f���S . G�IeGUD�OQ%UD�O�m!1/1,+�8��
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hH_HM\M�� � ��DoR�M(�}fgGUE�S�D�G;M�G;I�� � I[O!IeOU� fgGcEdD VUIKfgO+FHbQV^D�G;M � IKL � qKW�GTM\J�bHOQJ�D�O�V	IeO+SUVxGUb��\V`bHG;M���hQVUfgGUD�L�M
f�� D��\fgbQSUVcI.��J�D VxD�IKS^V � M�G;M(�}fgG;MjIeOQM�� �\IKM�OZV D�OQJ�D�E�fgG;M?�\fgEd_HD��\V^_HD�GUDZE�M\V`G;I�� GTM�_HG;M\SUM�OZV`D VUIKfgO!f��
V � M IeOU�}fgGUEdD�VUIKfgOV�\fQO�R�M\WZM\J FZW�V � MdScI�LQOHD q�I�S�JHM\SUIeGUDZFQq�M��1&�O�IKJHM�D q�E�fQJHM\q S � fgbQqKJ#M�" _QqKf�IKVdV � M
G;M\J�bHOQJ�D�O��\W�I[O�V � M	S`_HM\M�� � SUIKLgOHD q VUfjLZI�RZMPJ�D VxD4�\fgEd_HGTM\SUSUIKfgOR� � IKq�M4��DZ_QV`bHG;IeOQL�V � M�JHIKSUVUIeOQLgbQIKS � '
I[OQLR�}M�D V`bHG;M\S	f�� V � M4��D�RZM(� fgGcE DZOQJ V � M�bHOQJHM�G;qKWgIeOQL+JHWHOHD�E�I��\S^f�� V � M _HG;fQJ�b��\VUIKfgOiE�M�� � DZOQI�SxE0�
P�fgG�S`_ M\M�� � �\fQJHIeOQL D�OQJ�SUW OZV � M\SUIKSPDZ_H_Qq�I���D VcI�fQOQS�+HV � MjD�FQIKqKIKV;W VUf�G;M\L�M�OQM�GUD�VUMPV � MPfgGTI�LZI[OHD�q5S`_HM\M�� �
� DoR�M(�}fgGUE;� GTfgE V � MjE�fQJHM\q5IKS^D qKSUf OQM��\M\SUS`DZG;W��
a
� MPD!�\fgbQSUVUI���S`_ M\M�� � � DoR�M(�}fgGUE�R DZG;IKM\S Scq�f���qKW���IKV � VcI[E MPD S JHI�A5M�G;M�O�V�SUfgbHOQJHS�D�G;MP_HG;fQJ�b��\M\J

SUf V � M�� G;M # bQM�O��\W�_HG;fQ_HM�G;VUIKM\S(f��YV � M�SUIKLgOHD q D�G;M?�\fgOQSUV`D�OZVUqKW2� � D�OQL�IeOQL��*& VUIeE�M(' R D�GTWgIeOQL�E fgJHM\q
f��YV � M���D�RZM(� fgGcE�S�I�SjOQM\M\JHM\J � fgG>� � I�� � V � M E fgJHM\q _HD�GUD�E M\VUM�G;S^D�G;M��\fQO�VUIeOQbQfgbQSUqKW�bH_ J�D VUM\J�D V
D SxbQI�VxD�FQqKM GUD VUM�� a W _QI���D qKqKW�+ DiS � fQG;V�' VUIeE�M DZOHD qKWgSUIKSdIKS bQScM\J,+ IeOL� � I�� � V � M�S`_HM\M�� � ��D�RZM(� fgGcE
I�SiJHIKRgIKJHM\J I[OZVUf D>SUM # bQM�O��\M�f���f R�M�G;qeD�_H_QIeOQL#SUM\LgE�M�OZVUS+f��dD�FHfQbQV l/-�E�S�IeO J�bHGUD VUIKfgO�+^D�OQJ D
OQM�� SUM\V�f��jE�fgJHM\q�_HD�GcD�E�M\VUM�G;S���D q���bQqeD VUM\J � fQGjM�D!� � SUM\LQE�M�O�VQ��hQIeO��\M V � M DZG;VUI���bQqeD VUfgG;SdE�f R�M
G;M\qeD VUIKR�M\qKW SUqKf���qKW�+HV � M(R�f���D q5V`GUD!�\V GTM\SUfgOHD�O��\M\S^G;M�EdD IeO � D IeG;qKW0�\fgOQScV`D�OZV �}fgG�J�bHGcD VUIKfgOQS	f�� DZFHfgbQV
m2-�E�S
6 � IeOQL�LgDZG;J+m21
�/)�8 � � I�� � _HM�GcE�IKVUS D�O(bH_HJ�D VcMPGUD VUM46 � GUD�E�MYGUD�VUM�85f!� m2-�E�S��9X R�M�O(V � MJ� D SUVUM\ScV
V`GUD�OQSUIKVUIKfgOQS�I[Oi_QqKf�SUIKR�M\S4��D�O+F M���D�_QV`bHGTM\J G;M\qeD VUIKR�M\qKW2��M\qKq FZW?D�O+bH_ J�D VUM�GUD VUM	f���)�E�S��
a ��f+D�_H_HG;fgD�� � M\S^VUf+JHM\R�M\qKfg_QIeOQL�D+E�fQJHM\q D�GTM |Zz`{}t����Q�K|�{}~�zx����~ow�y����Kt��Z� DZOQJ |��x~���u\{}t�� ��~�w-,

y�����t���� � a
� M DZG;VUI���bQqeD VUfgG;W E fgJHM\qKqKIeOQL DZ_H_HG;fgD�� � D IeE�S	VUf+G;M�_HG;M\SUM�OZV	V � MjR�f���D q9V`GUD��\V	D�OQJ�E�f R�M('
E�M�O�V(f��PV � M�D�G;VUI���bQqeD VUfgGTS IeO>D S E�b�� � _ � WQSUIKf�qKf�L�I���D q�JHM\V`D IKq�D S _ f�SUSUIeFQqKM�DZOQJ D ScS`bHE�M\SjV � D V D
SUIeE�IKq[DZGdbHOQJHM�G;qKWgIeOQL�ScWgSUVcM�E ��IKqKq�L�M�OQM�GUD VUM�D ScI[E I�qeD�G(fgbQVx_HbQV��0&^G;VUI���bQqeD VUfgG;W�E�fQJHM\qKS � DoR�MdV � M
_Hf�VUM�OZVUIeD q>� fQGdL�fQfQJ�G;M�_HG;fQJ�b��\VUIKfgO � G;fgE SUIeEd_QqKMV�\fQO�V`GTf�q�SUIKLgOHD qKS D�OQJ ��D�O GTM�_HG;fgJ�b��\M�D qKq^V � M
_HM�G��\M�_QV`bHD�q�qKW�G;M\qKM\R DZO�V^M(A5M��\VUS�f!� G;M�D q5S`_ M\M�� � + Sxb�� � D S
�\f�'2D�GTVUI���bQq[D�VUIKfgOK6)3�bHFQIeO . k�D M�G m21
�Hm�8 �

�f���M\R�M�G�+ZV � M�JHIeE�M�OQSUIKfgOQS�f!� V � MPR�f���D qBV`GUD��\VYD�OQJ+D^JHM\VxD IKq�M\J DZOHD qKWgSUIKS�f��5V � M^E�f R�M�E�M�OZVYf��5V � M
D�G;VUI���bQqeD VUfgGTS D�G;M�OQM\M\JHM\J,��hHb�� � I[OU�}fgGUE�D VUIKfgO�IKSYJHI�� ��bQqKV�Vcf^fgFQV`D IeOdD�OQJ�f�� VcM�O GTM # bQIeG;M\S�IeO�VxGUbQSUIKR�M
E�M�D S`bHG;M�E M�O�V^VUM�� � OQI # bQM\SQ� a
� MdD��\fQbQSUVUI��dE�fgJHM\qKqKIeOQL�D�_H_HG;fgD�� � E�fQJHM\q�S(V � M�S`_HM\M�� � ��D�RZM(� fgGcE
JHI[GTM��\VUqKWdIeOdM\IKV � M�G�V � M�VcI[E M�fgGE� G;M # bQM�O��\WdJHfgEdD�I[O�� a
� M	E�fgJHM\qKS�D�G;M�M�D SUW�VUf4�\fgOQSUVxGUb��\V F M���D�bQSUM
fgOQqKW�V � MdS`_ M\M�� � ��DoR�M(� fQGUE IKS�G;M # bQIeG;M\J,+ � � I�� � IKSjM�D SUIKqKW�fgFQVxD IeOQM\J bQSUIeOQL�D+E�I���G;fg_ � fQOQM�� &^O

m��
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M�" D��\VjE�D V�� � f!� V � M-��DoR�M(�}fgGUE fgG	S`_ M��\V`GUbHE IKS OQf�V�OQM\M\JHM\J$�}fgG^_HM�G��\M�_QVxbHD qKq�W>L�fQfgJ0SUWHOZV � M\SUIKS
D�OQJ+M\R�M�OZVUS
� � I�� � D�G;MjOQfZVP_HM�G��\M�_QVxbHD qKq�W0G;M\qKM\R D�OZV^OQM\M\J�OQf�VPF M E�fQJHM\qKqKM\J,�
a
� MjE�fZSUVP_HfQ_HbQq[DZG�VUM�� � OQI # bQM?�}fgG�S`_ M\M�� � E�fQJHM\qKqKI[OQL DZ_H_Qq�I���D VcI�fQOQS�+ S`b�� � D S�Sx_HM\M�� � �\fQJHIeOQL

D�OQJ S`_ M\M�� � SUWHO�V � M\ScI�SQ+^IKS V � M�VcI[E M(' JHfgEdD IeO D��\fgbQSUVUI���E fgJHM\qKqKIeOQL'E�M\V � fQJ �QOQfC�	O�D�S+q�IeOQM�D�G
_HG;M\JHI��\VUIKfgO 6 � n 8��E&>� VUM�G�FHG;IKM�$�W#JHM\S���GTI[FQIeOQL>V � M � G;M # bQM�O��\W#D�OQJ#VUIeE�M+JHfQEdD IeO#D�_H_HG;fgD!� � M\S�VUf
D��\fgbQSUVUI���E fgJHM\qKqKIeOQL�+^V � M�GTM�EdD IeOQJHM�G�f�� V � I�SY� � DZ_QVUM�G+G;M\RQI�M���S V � M �5n DZ_H_HG;fgD�� � VUf#S`_HM\M�� �
D�OHD qKWgScI�SjDZOQJ�ScfgE�Mjf!�YV � M�I[E�_HG;f R�M�E�M�OZVUSPVcfdV � M�SUfgbHG��\M(')��qKVUM�G>� GUD�E M�� fQG�� bQScM\J�Vcf SUWHOZV � M\SUIKSUM
S`_HM\M�� � � G;fQE �5n E�fQJHM\q�SQ���5n SUWHO�V � M\SUIKS^f��)Sx_HM\M�� � IKSjbQSUM\JiIeO2� � D�_QVUM�GTS � DZOQJ ++D SPD�FHD SUM\qKIeOQM
� fgG �\fgEd_HD�GTI�ScfgOdf!� V � M # bHD qKIKV;Wdf�� ScW OZV � M\VUI��	S`_HM\M�� � � GTfgE FQqeD�����'2F f�" qKIeOQM�D�G�E�fQJHM\qKSPD�OQJ+OQM�bHGUD q
OQM\VX��fgG<�dE�fQJHM\q�S	f�� V � M^R�f���D q5V`GcD��\V��

� ��� ���(� ��� ��$%� " ����
����%$ ���

a
� MjD��\fgbQSUVcI.�^E�fQJHM\qKq�IeOQL D�_H_HGTfgD�� � G;M\qKIKM\S�fgO�V � MjD��\fQbQSUVUI��PV � M\fgG;Wdf��9S`_HM\M�� � _HG;fQJ�b��\VUIKfgO_6 P D�OZV
m21/3/-�8 � a
� IKS^V � M\fgG;W+G;M\LgDZG;JHSPV � MjS`_ M\M�� � � DoR�M(�}fgGUE D S�V � M(fgbQV`_HbQV	f�� D�G;M\SUfQOHD�O�V	OQM\VX��fgG<� 6�fQG
R�f���D�q�V`GUD!�\V]��qKVUM�G�8J� � I�� � I�S�M�"��\IKVUM\J FZWdfgOQM	fgGYE fgG;M	SUfgbHOQJ�SUfgbHG��\M\S�D V�V � MPLZq�fZVUVUIKS�� Z V D�SUS`bHE�M\S
V � D V�V � M^RZf�I��\MjSUfgbHG �\M�+HR�f���D q V`GUD��\VPDZOQJ GUD JHIeD VUIKfgO!M(A M��\VcS
��D�O+FHM�E�fQJHM\q�qKM\J�qKIeOQM�D�G;qKW0D�OQJ OQfgOU'
I[OZVUM�GUD!�\VUIKR�M\qKW IeO+D(SUfgbHG��\M(')��qKVUM�G�D�GUGUD�OQLZM�E�M�O�VQ+�P IKL��Hl@�em�� a
� M^D SUSxbHEd_QVUIKfgO�V � D V�V � M	SUfgbHG��\M^D�OQJ
��q�VcM�G
��D�OiFHM�E�fgJHM\qKqKM\J�SUM�_HDZGUD VUM\qKW+IKSPJ�bQM�VUf�V � M*� D!�\VPV � D�V V � M4� G;M # bQM�O��\Wif�� RgIeFHGUD VcI�fQO+f��YV � M
R�f���D�q,�\fgG;JHS�IKS	JHM\VUM�GUE�IeOQM\J�FZW+V � M\IeGPEdD�SUSPD�OQJiVUM�OQSUIKfgO�+ D�OQJ IKS^G;M\qeD VUIKR�M\qKW+IeOQJHM�_HM�OQJHM�OZVjf��YV � M
G;M\SUfgOHD�OZV4� G;M # bQM�O��\IKM\Sdf���V � M�R�f���D�qYV`GUD!�\V�� a
� M D SUSxbHEd_QVUIKfgO�I�S�qKM\SUSdR D qKIKJ D VjqKf�� � G;M # bQM�O��\I�M\S
FHM���D�bQSUMjOQfQOQq�IeOQM�D�G>�\fgbH_QqKIeOQL?E�D�WR��D�bQSUM	J�D�Ed_QIeOQLdf�� V � M*� G;SUVJ� fQGUEdD�OZV��,PBfgG�bHO�RZf�I��\M\J+S`_HM\M�� � +
V � M D ScS`bHEd_QVUIKfgOiV � D V	M�"��\I�VxD VUIKfgO+f�����bHG;SjD V	V � M(L�qKf�VUVUIKS	I�SjGcD�G;M\qKW R D qKI�J,+ ScI[O��\M�M�"��\IKV`D VcI�fQO IKSjFZW
V`bHGUFHbQqKM�O��\M�L�M�OQM�GUD VUM\J D�V
�\fgOQSUV`GTI.�\VcI�fQOQS�+�bQS`bHD qKqKW2��I�V � I[O!V � M^R�f���D q5V`GcD��\V�I�VcSUM\q�� �

VOCAL TRACT
MODEL

H(f)

f

|X(f)|

f

|H(f)|

LIP
RADIATION

R(f)

f

|Y(f)|

f

|R(f)|

SOURCE
x(t)

X(f)

source volume
velocity wave

Y(f)

y(t)

radiated sound
pressure wave

lip volume
velocity wave
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a
� M�RZf���D qBV`GUD��\V ScWgSUVcM�E IKS	� � D�GcD��\VUM�G;IKSUM\J�IeOdV � MI� G;M # bQM�O��\WdJHfgE�D IeO FZWdD {}z;|��Hu��\y�z �\�g�B��{}t�~��
/ 6�� 8
, 6���8 � � 6���8 � 6�� 8

a
� MdV`GUDZOQS�� M�G>� bHO��\VUIKfgO�L�IKR�M\SjV � M GcD VUIKf f���V � MdS`_ M��\V`GUbHE f�� V � M�_HG;M\SUS`bHG;MR� DoR�M�IeO0V � M�SUfgbHOQJ
��M\q�J,+ / 6���8�+ D V�ScfgE�M4��"QM\J0JHIKSUV`D�O��\M?� G;fgE V � MjqKIe_QS�+ VUf�V � D V	f�� V � M�R�f�qebHE�MjRZM\q�f��\IKV;W2��DoR�M 6�fQG
S`bH_HGUDQ' L�qKf�VcV`D q _HG;M\SUS`bHG;MR� DoR�M�8 + , 6���8�+ D V^V � MdScfgbHG��\M�� a
� MdV`GUDZOQS�� M�GI� bHO��\VUIKfgO0IKS��\fgE�_Hf�SUM\J�f��
V � MdR�f���D q9V`GUD��\V^V`GcD�OQS��}M�G>� bHO��\VUIKfgO�+ � 6���8^D�OQJ0V � MdqKIe_�GUD�JHI[D�VUIKfgO$� � D�GUD��\VUM�GTI�ScVUI���+ � 6���8�� � 6���8
G;M\qeD VUM\S�V � M?�\fgE�FQIeOQM\J R�f�qebHE�M(R�M\qKf��\IKV;W0��DoR�M�D�V�V � M^qKIe_QSjD�OQJ OQf�SUV`GTI�qKS	VUfdV � M^RZf�qebHE�MjR�M\qKf��\IKV2W
� DoR�M+D VdV � M+SUfgbHG��\M�� � 6�� 8�G;M�_HGTM\SUM�O�VcSdV � M GUD JHIeD VcI�fQO#M(A5M��\V D V�V � M+qKIe_QS D�OQJ OQf�SUVxG;IKq�SQ� a
� M
S`_HM��\V`GcbHE f��9V � M G;M\SxbQq�VxD�O�V	D��\fgbQSUVUI��^S`_ M\M�� � ��D�RZM(� fgGcE0+ / 6���8�+QIKSPLZI�RZM�O FZW

/ 6���8 � , 6���8 � 6���8 � 6���8
&*�\fgbQSUVUI��dE�fQJHM\q�qKIeOQL�VUM�� � OQI # bQM\S(S � fgbQqKJ#D IeE VUf EdD V�� � V � M Sx_HM��\V`GUbHE f�� V � M ScfgbHOQJV��DoR�M

FHM���D�bQSUM+V � M � bHEdD�O0M�DZGjJHM\VcM��\VUSjV � MR� G;M # bQM�O��\W>S`_ M��\V`GUD+f!�PSUfgbHOQJHS�+ GUD�V � M�G^V � DZO�V � M�D��\V`bHD q
VUIeE�M4��D�RZM(� fgGcE�S�� a
� MjFHD ScI�qeD�G�E�M�E�FHGUD�OQM^_HM�G=�}fgGUE�S�D(S � fgGTV�' VUIeE�M>� G;M # bQM�O��\W�V`GUD�OQS��}fgGUE f�� V � M
SUfgbHOQJ#_HG;M\SUS`bHG;M ��DoR�M D�OQJ�_HGTM\SUM�O�VcS V � I�S�IeOU�}fgGUEdD VcI�fQO�VUfiV � M FHGUD�I[O>RQIeDiV � M D�bQJHIKVUfgGTW�OQM�G;R�M��
n9M�G��\M�_QV`bHD qKqKW G;M\qKM\R D�OZV	�}M�D V`bHG;M\S	D�G;M*�\q�M�DZG;qKW+JHM\VUM��\VUM\J+IeO+V � M	S � fgGTV�' VUIeE�M^S`_ M��\V`GUbHE f�� D�S`_HM\M�� �
� DoR�M(�}fgGUE �,&	S V � M�_ � D ScM^f��5V � MPSx_HM��\V`GUbHE ��D�GUG;IKM\S�qKI�VcVUqKMjIeOU� fQGUEdD VUIKfgO�+HE�fQJHM\qKS
� � I�� � L�M�OQM�GUD VUM
_HM�G��\M�_QV`bHD�q�qKW+L�fQfQJ SUWHOZV � M\VUI��PSx_HM\M�� � ��D�O F M�D!� � IKM\R�M\J FZW E�fQJHM\qKq�IeOQL�V � M^D�Ed_QqKIKV`bQJHM^S`_HM��\VxGUbHE
fgOQqKW�� a
� M�G;M�D�G;M(VX��f�VUM�� � OQI # bQM\S � fgG�D��\fgbQSUVUI���E�fgJHM\qKqKIeOQL f��YSx_HM\M�� � ��DoR�M(�}fgGUE�SQ+gVcI[E M(' JHfgEdD IeO
D�OQJY� G;M # bQM�O��\W JHfQEdD IeOiVUM�� � OQI # bQM\S�� a IeE�M(' JHfgEdD IeO0VcM�� � OQI # bQM\S G;M\qKW fQO V � M D SUSxbHEd_QVUIKfgOiV � D V
DjLZfgfQJ?E�D V�� � VUf�V � M	S`_ M\M�� � ��DoR�M(�}fgGUE IeO�V � M	VUIeE�M^JHfgE�D IeO ��IKq�q L�IKR�M�D(L�fQfQJ S`_ M��\V`GUD q5EdD�V�� �
� � IKq�M � GTM # bQM�O��\W�JHfgEdD IeO�VUM�� � OQI # bQM\S^D IeE VUfdE�fQJHM\q V � M^S`D qKIKM�OZV	� M�D�V`bHG;M\S�f�� V � M^Sx_HM\M�� � D�Ed_QqKI�'
V`bQJHMjS`_ M��\V`GUbHE JHIeG;M��\Vcq�W��

=�� =��:< ��,.5��@� 5�9 % � � #�� &G8:9�� %'#.� ��/.87% 13#�4 5�(7(:879 ;
P G;M # bQM�O��\W+JHfgEdD IeO�VUM�� � OQI # bQM\SjbQScMjDdG;M\SUfgOHDZO�V�OQM\V���fgG�����IKV � D�S`bQIKV`D�FQqKM(V`GUD�OQS��}M�G � bHO��\VcI�fQO+VUf
G;M�_HG;M\SUM�OZV�V � M	R�f���D q V`GUD��\V�SUWQSUVUM�E0� a
� MjGTM\SUfgOHD�OZV�OQM\VX��fgG<�jIKS�IeEd_QqKM�E�M�OZVUM\J�D S�D(V`GUD�OQSxE�IKSUSUIKfgO
q�IeOQM+fgG^FZW$� � DZOHOQM\qYfgG>�}fgGUEdDZO�V^SUWHOZV � M\SUIKSUM�G;S�� a
� MdV`GcD�OQS`E�IKSUSUIKfgO�qKIeOQM?D�_H_HGTfgD�� � M�" _QqKf�IKVUS�V � M
D�OHD qKf�L�W+FHM\V���M\M�O�V � Mj_HG;fg_HD�LgD VUIKfgO�f��Y_Qq[DZOQM^SUfgbHOQJ2��DoR�M\S�I[OiD�O+D��\fgbQScVUI��^V`bHFHM�D�OQJ+V � Mj_HG;fg_U'
D LgD VUIKfgO�f!� ��bHGUG;M�OZVPD�OQJ RZf�qKV`D L�M?� DoR�M\S�D qKfgOQL+D�V`GUD�OQS`E I�ScSUIKfgO+qKIeOQM�� a
� M(SUfgbHG��\M�+BqKIe_�GcD JHIeD VUIKfgO
D�OQJdOHD S`D q���DoRQIKV2WjDZG;M G;M�_HGTM\SUM�O�VcM\J D�S qebHEd_ M\JdIeEd_HM\J�D�O��\M\SJ� � I�� � �}fgGUE D�VxGUD�OQS`E�IKSUScI�fQO^qKIeOQMPG;M�_U'
G;M\SUM�OZV`D VUIKfgO�f�� V � M^R�f���D q V`GUD!�\V ScWgSUVcM�E ��IKV � V � M�G;M # bQIeG;M\J0G;M\SUfgOHDZO�V�_HG;fg_ M�G;VUIKM\S�� a
� IKSPE�M\V � fQJ
I�S	D qeE�f�SUVPD � W FHGTI�J0FHM\V���M\M�O+D�G;VUI���bQqeD VUfQG;W?DZOQJ D��\fgbQSUVUI��jE�fQJHM\qKqKI[OQL F M���D�bQSUM(V � M^R�f���D q V`GUD��\V�IKS
G;M�_HG;M\SUM�OZVUM\J�FZW+D�SUM # bQM�O��\Mjf��YD�G;M�D � bHO��\VUIKfgOQS�DZOQJ V � M�G;M(�}fgG;M � D�SPDd_ � WgSUI���D q I[OZVUM�GU_HGTM\V`D VUIKfgO��
Z OR� � D�OHOQM\q5SUWHO�V � M\SUIKSUM�G;S�+QV � M^G;M\SUfgOHDZO�V�OQM\V���fgG��(IKS �}fgGUE M\J?FZW m2-Q'2l4-jFHD�OQJ�_HD ScS	��qKVUM�G;S	��IKV �

��"gM\J FHD�OQJ@��IKJHV � S D�OQJ GTM\SUfgOHD�OZV?� G;M # bQM�O��\IKM\S0� � I�� � DZG;M0�\fgOHOQM��\VUM\J I[O#_HDZGUD qKqKM\q�D�OQJ#M�"��\IKVUM\J
F�W�DZO�IeEd_HbQqKSUM+V`GcD IeO�fgG?� � IKVUM+OQf�IKSUM��VZ�OQJHI�RQIKJ�bHD qPD�E�_Qq�IKV`bQJHMY�\fgOZV`G;f�qKS DZG;M?D�J�%TbQSUVcM\J�SUfiV � D V
V � M G;M\SxbQq�VxD�O�V�S`bHE f!� �\fgOZV`G;IeFHbQVUIKfgOQS*� G;fgE M�D�� � � � DZOHOQM\q L�IKR�M\S^D�S`_ M��\V`GUbHEB��IKV � �C'0)dG;M\SUfgOHDZO�V
_HM�D��ZS��
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Z O �}fgGUEdDZO�V�ScW OZV � M\SUIKSUM�G;SQ+5M�D�� � � fgGcEdD�OZV�f��YV � M�S`_ M��\V`GUbHE IKS E�fQJHM\qKqKM\J�JHIeG;M��\VUqKW�F�W0D�q�f��	'
_HD SUS�fgG�FHD�OQJ�_HD SUS^G;M\SUfgOHDZO�V	��qKVUM�G f�� D�S`bQIKV`D�FQqKM�FHD�OQJ@��IKJHV � D�OQJ G;M\SUfQOHD�O�VI� G;M # bQM�O��\W+M # bHD q5VUf
V � D V�f�� V � MjGTM # bQIeG;M\J � fgGcEdD�OZV��,&^O+D JHJHIKVUIKfgOHD q,�\fQGUG;M��\VUIKfgOR� D��\VUfgG�EdDoW FHM(IeO��\q[bQJHM\J0VUfdD����\fQbHO�V
� fgG V � MjM(A5M��\V�f��E�}fgGUEdD�OZVUSPD�V � IKL � M�G	� G;M # bQM�O��\IKM\S4� � I�� � D�G;MjOQfZV�E�fQJHM\qKqKM\J�JHIeG;M��\Vcq�W��>P�fgGcEdD�OZV
SUW OZV � M\SUIKSUM�GTS ��D�O FHM�G;M�D qKIKSUM\J D SdM\IKV � M�G+D SUM�G;IeD q-6 ��D S���D JHM�8 fgGd_HD�GUD�q�qKM\q4�\fgE�FQIeOHD VUIKfgO f�� G;M\S�'
fgOHD VUfgGTS�+�D SYS � fC�	OjIeORP IKL��gl@� l@� a
� M�SUM�G;IeD q@�}fgGUE�D�O�V ScW OZV � M\SUIKSUM�G � D S D V`GUD�OQS��}M�GF� bHO��\VUIKfgO-� � I.� �
G;M\SUM�E�FQqKM\SdV � D V(f���V � M RZf���D q�V`GUD��\V�D�OQJ G;M # bQIeG;M\S?� M���M�G?�\fgOZV`G;f�q SUIKLgOHD�q�SQ�VZ}Vd_HM�G=�}fgGUE S F M\VUVUM�G
fgO0OQfgOU'2OHD S`D q RZf�I��\M\J�SUfgbHOQJHS�� 
�fC��M\R�M�G +�IKV � D S^V � M�JHIKS`D JHR D�OZV`D L�MdV � D V�N\M�GTf�S^IeO0V � M�V`GUD�OQS � M�G
� bHO��\VUIKfgO � DoR�M+VUf�FHMiI[O��\qebQJHM\J'D�S DiSUM�_HD�GUD VcM G;M\SUfgOHD�OZV?� D!�\VUfgG�D�OQJ V � M OgbHE�FHM�G f��SN\M�GTf�SdIKS
V � bQSJ��"QM\J,� Z�O+D JHJHIKVUIKfgO�+HSUIeO��\MjD(SUIeOQL�qKM DZEd_QqKI�VxbQJHM��\fgOZV`G;f�qBIKSPbQSUM\J,+@��D�GTM(� bQq5D J�%UbQSUV`E�M�OZV�f�� V � M
I[OQJHIKRQIKJ�bHD q)FHDZOQJ@��IKJHV � S�IKSPOQM��\M\SUS`DZG;W�� Z OR�\fgOZV`GUD ScV�+�V � M^_HD�GUD�q�qKM\q5D�G�� � IKVUM��\V`bHG;M^IKS�L�fQfgJR�}fgGE� G;I���DQ'
VUIKR�M\S�+gOHD�S`D qKSYD�OQJdSUVcfg_QS SUIeO��\M�V � M�IeOQJHIKRQI�J�bHD�q DZEd_QqKI�VxbQJHM��\fgOZV`G;fZq�SYD�q�qKf��/N\M�GTf�S VUf^FHM�IeOZV`G;fQJ�b��\M\J
I[OZVUf0V � M�V`GUD�OQS � M�G>� bHO��\VUIKfgO#FZW�IeO��\fgEd_QqKM\VUM0��D�O��\M\qKqeD VUIKfgO>f��	V � M?GTM\SUIKJ�bQM\S f!�PV � M _HD�GcD qKq�M\qI� D��('
VUfgG;S�� a
� IKS � D�S V � M^JHI�SxD JHR D�OZV`D LZMPV � D�V V � Mj_Hf�SUIKVUIKfgOQS�f��)D�OZVUI�'2G;M\SUfgOHDZO��\M\SPD�G;M^OQf�V�IeEdE�M\JHIeD VUM\qKW
fgF�RQIKfgbQS*� G;fgE V � M�V`GUD�OQS��}M�GI� bHO��\VUIKfgO���n � D�SUM���D�O��\M\qKq[D�VUIKfgO�F M\V�� M\M�OiV � MdG;M\ScfgOHD�OZV
� G;M # bQM�O��\I�M\S
��D�O�D qKSUfiI[OZV`G;fQJ�b��\M bHOU��D�O�VcM\J�D�OZVUI�'2G;M\SUfgOHD�O��\M\S(IeO�VUf+V � MdS`_HM��\VxGUbHE0�-&	qKVUM�GUOHD VcI[OQLiV � MdSUIKLgO f��
V � M?DZEd_QqKI�VxbQJHM2�\fgOZV`G;f�qKS�IKSdD�_ f�SUSUIeFQqKM Scf�qebQVUIKfgO�� a
� M�IeOQJHIKRgIKJ�bHD q^D�Ed_QqKIKV`bQJHM2�\fQO�V`GTf�qKS LZI�RZM?D
� I�L � M�G	�\fgOZV`G;f�qBJ�D V`D�GUD VUM	V � D�O�V � M	SUM�G;IeD q5IeEd_QqKM�E�M�OZV`D VcI�fQO�+�FHbQV�V � IKS
��D�O�FHMjGTM\J�b��\M\J�FZW bQSUIeOQL
R D�G;IeD�FQqKMR� GTM # bQM�O��\W�GTM\SUfgOHD VUfQG;SPf!� ��"QM\J�FHD�OQJ@��I�JHV � � a>� M D JHR DZO�V`D�L�M\SjD�OQJ�JHIKS`D JHR D�OZV`D L�M\S(f��
��D S���D JHMdD�OQJ0_HD�GUD qKqKM\q IeEd_QqKM�E�M�O�VxD VUIKfgOQS DZG;MjJHIKS���bQSUScM\J�IeO JHM\VxD IKq IeO 
�f�qeE�M\S-6;m21
�.�U8���]^I�A M�GTM�O�V
D�OHD qKf�LgbQM DZOQJ�JHIKL�IKV`D q IeEd_QqKM�E�M�OZV`D VUIKfgOQS�f��J� fgGcEdD�OZV^SUW OZV � M\SUIKSUM�GTS D�G;M�JHM\S���GTI[F M\J#IeO$P qeD�OHD LgD�O
6;m21.��lU8 DZOQJ�� IeOQL�LgDZG;J/6;m21
�/)U8���
�f�qeE�M\S 6Tm21.�.��8�IeEd_QqKM�E�M�OZVUM\J�D � IKL �Y# bHD qKIKV2W0_HD�GUD qKqKM\qF� fgGcEdD�OZV
SUW OZV � M\SUIKSUM�GJ� � I�� � bQSUM\J D^ScV2WQqKIKSUM\J+L�qKf�VUV`D�q _HbQqKSUM^V`GUD�I[O�D S�I[OH_HbQVQ� 0	qeD VUV�6;m!1
�/-�8 _HG;fQJ�b��\M\J+L�fQfgJ
# bHD qKIKV;W ScW OZV � M\SUIKS	� G;fgE D � fQGUEdD�OZVYSUWHOZV � M\SUIKSUM�G	� � I�� � D IeE�M\J+VUf��\fgE�FQIeOQMjV � M^FHM�OQM(��VcSPf�� FHf�V �
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D�G�� � I�VcM��\V`bHG;M\S��]& SUM�GTI[D�q ScW OZV � M\SUIKSUM�GJ��D S bQScM\J-�}fgGYOQfQOU'2OHD S`D qKIKSUM\J+R�f���M\qKS D�OQJ+Dj_HD�GcD qKq�M\q��\fgE�FQI�'
OHD VUIKfgO�+�� � I�� � IeO��\qebQJHM\J#DdSUM�_HDZGUD VUM�OHD S`D q _Hf�qKM('^N\M�G;f0FHGUD�O�� � +���D S^bQSUM\JY�}fgGPOHD�S`D qKS�+ SUVUfQ_QSPD�OQJ
� G;I���D VcI�RZM\S�� a
� MP_HDZGUD qKqKM\q��\fgOU��LgbHGcD VUIKfgO���D SYD qKSUf�bQSUM\J�VUf^SUWHO�V � M\ScI�ScMPR�f���M\qKS]� � M�O�IeOQJHM�_HM�OQJHM�OZV
�\fgO�VxG;f�q�f��^V � M � fQGUEdD�OZVdD�Ed_QqKIKV`bQJHM\S ��D S�G;M # bQIeG;M\J,+�FHbQV�JHI�J OQf�VdL�IKR�M0D S�L�fQfgJ D # bHD qKIKV;W#f��
SUW OZV � M\SUIKS^D S�V � M4��D�S���D JHM4�\fgOU��LgbHGcD VUIKfgO��
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� IeOQM�D�G	VUIeE�M�JHfgEdD IeO0D��\fgbQScVUI�� E�fQJHM\qKq�IeOQLY�}fgGUE�S�V � M FHD SUIKS*�}fgG	E�f�SUV
�\fQEdE�M�G��\IeD q9qKfC� FQIKV^GUD VUM
�\fgJHM�G;SQ��]^M\Sx_QI�VcM+V � M+IeO � M�G;M�O�Vcq�W qKI[E I�VcM\J�_HM�GX� fgGcEdD�O��\M+f��^qKI[OQM�DZG E�fQJHM\qKSdfgO#OQfgOQqKIeOQM�D�G�J�D V`D
S`b�� � D SdS`_ M\M�� � +�V � M\W D�G;M _HfQ_HbQq[DZGdJ�bQMiVUf�V � M\IeG�M�D SUW D�OHD qKWQSUIKS?DZOQJ#I[E�_Qq�M�E M�O�V`D�VUIKfgO�� a
� M
D�OHD qKWgScI�S�VUM�� � OQI # bQM E�fZSUV	�\fgEdE�fgOQqKW bQScM\J IKS�qKIeOQM�D�G�_HG;M\JHI��\VUIKfgOiD�OHD qKWgScI�SQ+@� � I�� � IKSPG;M\RQI�M���M\J+IeO
V � M*� fZq�qKf���IeOQL�SUM��\VUIKfgO��
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� IeOQM�D�G0_HG;M\JHI��\VUIKfgO VcM�� � OQI # bQM\S bQScM�D>SUfgbHG��\M(')��qKVUM�GiD�GUGUDZOQL�M�E�M�OZV+VUf E�fQJHM\q^V � M�R�f���D q^V`GUD!�\V
SUWgScVUM�E0+�P IKL���l@�emU+�� � I�� � D SUSxbHE�M\S�V � D V�V � M^ScfgbHG��\M^IKSPqKf���D VUM\J D V�V � M^L�qKf�VUVUIKS�D�OQJiV � D V�D(q�IeOQM�D�G
��q�VcM�GjIKS D�JHM # bHD VcM VUf0E�fQJHM\q V � M-� G;M # bQM�O��\W�_HG;fg_ M�G;VUIKM\Sdf���V � M�R�f���D q�V`GUD��\V�� &�VjV � M+D�OHD qKWQSUIKS
SUV`D L�M�+ I�V	IKS�D�SUS`bHE�M\JiV � D VPOQf�IeOU� fgGcEdD VUIKfgOiD�FHfgbQV�V � MjM�"��\IKV`D VUIKfgOif�� V � MjRZf���D q V`GUD��\V�IKS4�gOQf��PO
D�OQJ V � D�V�V � MjSx_HM\M�� � ��DoR�M(�}fgGUE ��D�O!fgOQqKW�FHM�E�fQJHM\q�qKM\J$� G;fgE I�VcSj_HG;M\RgIKfgbQS	R D�q[bQM\SQ� a
� M(q�IeOQM�D�G
R�f���D�q�V`GUD!�\V]��qKVUM�G�JHM(� OQM\SPDZO D�bQVcfgG;M\LgG;M\ScSUIKR�MT6 &43
8�E�fQJHM\q f!� V � M	S`_HM\M�� � +HIeO � � I�� � V � M���bHGUGTM�O�V
S`_HM\M�� � S`D�Ed_QqKM�+ . 6��X8�+�IKS?_HGTM\JHI.�\VcM\J/� G;fgE D�qKI[OQM�DZG-�\fgE�FQIeOHD VUIKfgO f�� DY� OQIKVUM0OgbHE�FHM�G�f��j_HD SUV
S`D�Ed_QqKM\S
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� � M�G;M �. 2 6���8�I�SiV � M�_HG;M\JHI��\VUM\J�S`_HM\M�� � SxD�Ed_QqKM�� a
� M�_HG;M\JHI��\VUIKfgO�M�GUG;fQG�fgG GTM\SUIKJ�bHD q)+ ��6��X8 �
. 6���8	; �. 2 6���8�+ GTM�_HG;M\SUM�OZVUS^SUV`GUb��\VxbHG;M�I[OiV � M�S`_ M\M�� � � � I�� � IKSjOQf�V4��DZ_QV`bHG;M\J�F�WiV � MdE�fQJHM\q � P�fgG
DdL�fQfQJ�E�fQJHM\q)+5V � M�G;M\SUIKJ�bHD q � D S^OQf?_HGTM\JHI.�\VxD�FQqKMdSUV`GUb��\VxbHG;M D�OQJ�D�_H_ M�D�G;S^D S*� � IKVUMdOQf�IKSUM��*P�fgG
R�f�I��\M\J�S`_ M\M�� � + V � MdG;M\ScI�J�bHD�q � D S^SUIKLgOQI�����D�OZV _HM�DU��SjD V	V � Md_QIKV�� � _HM�G;IKfQJV� � I�� � �\fZI[O��\IKJHM ��IKV �
V � MPIeOQSUVxD�O�VcSYf�� M�"��\IKV`D VUIKfgO�f��5V � M	R�f���D q�V`GcD��\V�+�� � I�� � �\f�IeO��\I�JHM?��IKV � GUD�_QIKJ �\qKf�SxbHG;MPf!� V � M�R�f���D q
�\fgG;JHST6}k�D M�G + � �f�� # RQIKSUV . D$���jDZGUG	m21
�.��8 �
Z O>ScW OZV � M\SUIKS 6�JHM��\fQJHIeOQL�8�+�V � M D!�\V`bHD q�S`_HM\M�� � S`D�E�_Qq�M\SQ+ . 6��X8 +YIeO#X # O���6}l �em�8jDZG;M?GTM�_Qq[D!�\M\J

F�W �. 0 6��X8�+ V � Md_HG;M\JHI��\VUM\J0R D qebQM\S*� G;fgE V � M4��qKVUM�G	fgbQVx_HbQV�� a
� MjRZf���D q9V`GUD!�\V�V`GUD�OQS � M�GJ� bHO��\VUIKfgOiIKS
M�" _HG;M\ScSUM\J IeO+V � M4N(' JHfgEdD IeO D�S �

�� 6 �U8 � ���6 ��8 6}l@� lU8



>��3?@����A'BDBC�E
GF���HGAJILKMA0A'�.H
I��PFQ
GR�B � �

synthetic
speech

random noise

impulse train

G

y (t)s

x(t)

A(z)

1

LINEAR FILTER

��� ���	� 
 :������ � ���	� ��
����6? ! 
�� '-� �2'	# �	
�* 
�# ! E2� ��) ��
�
����
)�=	# ! � 
�)+� )&� )+� # �%' ? � # 
 '-� ��� 
���� ��!"� ��# * � �	
 ? �

�� 6 �U8 � �
m � � ���	� 8 


� � 6 �
6}l@���U8

� �

�������	



��� � 8
! 0 �
��6��X8


���� � 8
!�� + ��6���8

6}l@� +�8

� � M�G;M0V � M LQD IeO VcM�GUE0+ � +�IKS+V;WH_QI.��D�q�qKW ��D q���bQqeD VUM\J'FZW X # O��46}l@� +�8 +YSUf>V � D V�V � M0M�OQM�G;L�W _ M�GS`D�Ed_QqKM�IeO V � M G;M\SUIKJ�bHD qYDZOQJ�M�"��\IKV`D VUIKfgO0D�GTM^M # bHD q)� !�� D�OQJ ! 0 D�G;M�G;M\S`_ M��\VUIKR�M\qKW�V � M D�OHD qKWQSUIKS
D�OQJ+SUWHO�V � M\ScI�S>� GUD�E�M^qKM�OQL�V � SQ+ ��6���8�IKSPV � MjG;M\SUIKJ�bHD q)+ DZOQJ + 6
�X8�IKS�V � M(M�"��\IKV`D�VUIKfgO+IeO+ScW OZV � M\SUIKS��

\ � M�O	V � M � n�E fgJHM\q�IKS9M�"��\IKVUM\J�F�W^V � MYG;M\SUIKJ�bHD qQSUIKLgOHD q)+ V � M S`_ M\M�� � ��DoR�M(� fQGUE I�S9G;M�_HG;fQJ�b��\M\J
M�" D��\Vcq�W�� a
� IKSjIKSjOQf�Vj_HGcD��\VUI���D qE�}fgGPE f�SUVjD�_H_QqKI���D VUIKfgOQS�+9D�OQJ�fgOQMdD�_H_HGTfgD�� � IKS^VUf bQScM D+E fgJHM\q
f��)V � M G;M\SUIKJ�bHD q9SUIKLgOHD q)�	& SUfQbHG��\M(')��qKVUM�GPDZGUGUD�OQL�M�E M�O�V�IKS^bQSUM\J,+ P I�L ��l@���@+ I[O � � I�� � V � MjGTM\SUIKJ�bHD q
I�S^G;M�_HG;M\ScM�O�VUM\J�FZW?DZO+IeEd_HbQqKSUMdV`GcD IeO D V�V � M _QIKV�� � � G;M # bQM�O��\W � fQG�R�f�I��\M\J0SUfgbHOQJHS	fgG�DdGcD�OQJHfgE0+
� � IKVUM OQf�IKSUM(L�M�OQM�GUD VcfgG � fgG�bHO�R�fZI.�\M\JiSUfgbHOQJHS��
a
� M(M\SUVUIeEdD VUM\J0R�f���D q9V`GUD��\V�V`GUD�OQS��}M�GI� bHO��\VUIKfgO�+ �� 6 �U8�+�G;M�_HG;M\ScM�O�VUS^V � M��\fgE�FQIeOQM\J�M(A5M��\VUS	f��

V � M�L�qKf�VUVxD q���DoR�M�S � D�_HM�+ZR�f���D qHV`GUD��\V G;M\S`_ fgOQSUMPDZOQJdqKI[_�GUD JHIeD VcI�fQO�� a>� M�S`_HM��\VxGUbHE f�� V � M�fgbQV`_HbQV
f��)V � M^SUfgbHG��\M(')��qKVUM�G	D�GUGUDZOQL�M�E�M�OZV�+ �/ 6�� ��� 8 +gIKS	L�IKR�M�O+FZW

�/ 6�� ��� 8 � �� 6�� ��� 8 , 6�� ��� 8 6}l@�.)U8

� � M�G;M , 6�� ���@8	I�S(V � M�S`_HM��\VxGUbHE�f���V � M�M�"��\IKV`D�VUIKfgO�D�OQJ �� 6����"��8	IKSjV � M?� G;M # bQM�O��\W�G;M\Sx_HfgOQSUM�f��
V � M�M\SUVUIeEdD VUM\J0R�f���D q9V`GUD��\V^E�fQJHM\q)� a
� M�SUfQbHG��\M�S`_HM��\V`GcbHE I�S?�\fgOQSUV`DZO�V	IeO�DZEd_QqKI�VxbQJHM?F M���D�bQSUM
V � MjSUfQbHG��\M�I�SjE fgJHM\qKqKM\J�FZW0� � IKVUMdOQf�IKSUM26}bHO�RZf�I��\M\J�Sx_HM\M�� � 8	fgG�D�OiIeEd_HbQqKSUMdV`GcD IeO D V	V � M _QIKV�� �
� G;M # bQM�O��\WV6�R�f�I��\M\J�S`_HM\M�� � 8�D�OQJ�IKS �\fQO�VUIeOQbQfgbQS	�}fgG]� � I�VcMjOQf�IKSUMPfQG � D�SYJHIKS���G;M\VUM4�\fQEd_HfgOQM�OZVUS�D V
V � M�_QI�V<� � � G;M # bQM�O��\W4�}fgG V � M�I[E�_HbQq�ScMPV`GcD IeO��)hQIeO��\M�V � M ScfgbHG��\M�S`_HM��\VxGUbHE IKS $ D V�+ V � M _HDZGUD�E�M\VUM�GTS
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f�� �T6���8�S � fgbQqKJ FHM0JHM�G;IKR�M\J SUf�V � D V �� 6�� ��� 8�L�IKR�M\S?D�L�fQfgJ EdD V�� � VUf>V � M Sx_HM��\V`GUbHE f��jV � M
S`_HM\M�� � �
& EdD V�� � F M\V�� M\M�O!V � M^S`_ M��\V`GUD q9M�O�RZM\q�fQ_HM26}EdD LQOQI�VxbQJHMjS`_ M��\V`GUbHE-8�f�� V � MjS`_ M\M�� � D�OQJ
V � M*� GTM # bQM�O��\W G;M\Sx_HfgOQSUM^f!� �� 6 ��8�IKSPfgFQVxD IeOQM\J+I � V � Mj_HD�GcD�E�M\VUM�G;SQ+



� +HD�G;M^JHM�G;IKR�M\J+VUf�E�IeOQI[E I�ScM

V � M?E M�D�OU' S # bHD�G;M\J#_HG;M\JHI��\VUIKfgO#M�GUGTfgG�+�� +9f R�M�G^V � M?D�OHD�q�WQSUIKS�� GUD�E�M�q�M�OQLZV � + L�IKRQI[OQL>EdD�"QI[E�bHE
q�I`� M\qKI � fQfgJ+M\SUVcI[E�D VUM\S f��5_HD�GUD�E�M\VcM�G;S)D�SUS`bHE�IeOQLj_HG;M\JHI��\VUIKfgO�M�GUG;fgGTS � D�RZM �jDZbQSUSUIeD�O(JHIKSUV`G;IeFHbQVUIKfgOQS��
a
� M�GTM\S`bQqKV`D�OZVYSUM\V�f��5SUIeE�bQqKV`D�OQM\fgbQS�M # bHD VUIKfgOQS � D S�D4�\qKf�SUM\J�')�}fgGUE SUfZq[bQVcI�fQOR� fgG � � I�� � V � M�G;M^D�G;M
� M\qKq�M\SUV`D�FQqKIKS � M\J D qKL�fgGTI�V � E�S�� a
� M E�M\V � fgJHS�f���]jbHGUFQIeO�D�OQJ#k�bHG;L 6 SUM\M 6)3�DZFQI[OQM�G . h�� � DC� M�G
m21.�
��8<8YD�G;M^FHfZV � DZbQVUf��\fQGUG;M\qeD VUIKfgO�E�M\V � fQJHS�+HIeO � � I�� � I�V�I�S	D SUS`bHE�M\J�V � D V�S`DZEd_QqKM\S�fgbQVUSUIKJHM^V � M
��bHGUG;M�OZVPD�OHD qKWQSUIKS
� GUD�E�MjDZG;M4N\M�G;f�� a
� M4�\f R D�GTI[DZO��\M E�M\V � fQJ�bQScM\S�S`D�Ed_QqKM\S	fgbQVUSUIKJHM(V � M���bHGUGTM�O�V
D�OHD qKWgScI�S � GcD�E�M DZOQJ GTM\S`bQqKVUS^IeO�D�ScWgSUVcM�E f��YM # bHD VUIKfgOQS4��I�V � JHI�A5M�G;M�OZVj_HG;fg_ M�G;VUIKM\S��4& JHM\V`D IKqKM\J
�\fgEd_HD�G;IKSUfQO�f��)V � MjD�bQVUf��\fgGUG;M\qeD VUIKfgO+DZOQJ0�\f R D�G;IeD�O��\MjE�M\V � fgJHS	f�� qKIeOQM�D�G	_HG;M\JHI��\VUIKfgOiI�S�L�IKR�M�O+IeO
C � D�OQJ�GUD . � I[O 6;m21O�,+�8�+BIeO$� � I�� � V � MdM(A5M��\VUS^f���R D�G;IeD VcI�fQO0f�� _HGTM\JHI.�\VcI�RZM fgGTJHM�G^D�OQJ�D�OHD qKWQSUIKS
��IeOQJHfC��SUI�N\M DZG;M�D�q�Scf JHIKS���bQSUScM\J,�
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a
� MdS`_ M��\V`GUD q�EdD V�� � FHM\V���M\M�O0V � M�M\SUVUIeEdD�VUM\J�V`GUDZOQS�� M�G>� bHO��\VUIKfgO�+ �� 6 ��8(D�OQJ�V � MdSx_HM��\V`GUD�qYM�OU'
R�M\qKfg_HMdf!� V � M�S`_ M\M�� � IKS(S � f��PO0F�W0D�_H_QqKWgIeOQL�n DZG;SUM\R D�q  S a
� M\fgG;M�E VUf+X # O�� 6}l@� 3�8��^X # O�� 6}l@�.1U8
S � f���S V � D V�E�IeOQI[E I�ScI[OQL�� IKSYM # bQIKR D qKM�OZV�VUfjE�IeOQIeE�IKSUIeOQL�V � M�IeO�VcM\LgGUD qHf��5V � M	GUD VUIKf^f��5V � M�M�OQM�GTL�W
S`_HM��\V`GcbHE f!� V � MdS`_HM\M�� � SUM\LgE�M�OZVjVUfiV � M EdD�LgOQIKV`bQJHM S # bHD�GTM\J�f���V � M�� G;M # bQM�O��\W�G;M\S`_ fgOQSUM�f��
V � M^SUWQSUVUM�E E�fQJHM\q)� 8
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P�fQGYD�_HG;M\JHI��\VUfgG�f!� fgG;JHM�G � � +gV � M
� G;ScV � � � m	R D qebQM\S�f��9V � MjD�bQVUf��\fgGUG;M\qeD VcI�fQOdf��9V � M^S`_HM\M�� �
SUM\LgE�M�OZV�DZOQJ�D�bQVUf��\fgGUGTM\q[D�VUIKfgO � bHO��\VUIKfgOif�� V � MjSUWQSUVUM�E IeEd_HbQqKSUM G;M\Sx_HfgOQSUM�D�G;M(M # bHD q)� a
� bQS^D S
V � Md_HG;M\JHI��\VUfgG^fQG;JHM�G�VcM�OQJHSjVUf�IeOU� OQI�V;W�+9V � MdEdD LQOQI�VxbQJHM Sx_HM��\V`GUD = �� 6�� ��� 8 = D�OQJ = / 6�� �"� 8 = ��IKqKq
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	�� ����� 4 ��/�<E������% � ���;/����D%+���4���"� � $���� 4 ��������/ � ������� 23�����"�)'�������� 4 � �����@/���2+����%@��� ���"�+%�$"232 � ����� �O�����6C=�!M ��� M � � M� ��/�<+��� ������% 4�� %��.'��@����� � $���� 4 ��������/ � �������B�0$�� 4 �������B���������.%����D� 4 � %���L�23����� � ��' ����� � $"��� 4 � ������/ � ����� � �0$;� 4 �������B� �
���"�.%�<)%�����2 ��2?�;$�/�%��7����%�������%�� % � 4 �=23�.��C=$ � /&M��7��*
������� �)���"� 4 � � � ��� � � 4 �@23�����"�)'4%�����/�/!<=����/�';% � ��� � �"%��&���6�0$�� 4 �������
*
��� 4 ��2 � < % �7�����������;�������D' � % � �B��%�����2 � ���?� �6���"�@%������ 4 ��%���� 4 ����$"2 �"!-��% ���"���$# � 4 � � �&��� I�%'&)(�� M



>��3?@����A'BDBC�E
GF���HGAJILKMA0A'�.H
I��PFQ
GR�B >	.

Original Speech         

LP (na=16)              

LP (na=16, pre−emphasis)

LP (na=10)              

0 1000 2000 3000 4000
−60

−50

−40

−30

−20

−10

0

10

20

Frequency (Hz)

A
m

pl
itu

de
 (

dB
)

��� ���	��
 :����1���&H	'(* �@? 
�) � E8? � # 
 '�� ����
���� ��! � ��#&)+��
���! � ' E � ��!"� 

�	� ��# 
�* 
�� #�� � #�� � #�� �


�fC��M\R�M�G + V � M Sx_HM��\V`GUD �� 6�� ��� 8�D�OQJ / 6�� ��� 8dEdDoW#OQf�V F M M # bQI�R D qKM�O�V0FHM���D�bQScM �� 6�� �"� 8�IKS
�\fgOQSUV`GUD�I[OQM\JiVUfdFHMjE�IeOQIeE�bHE?'2_ � D SUM26}D�q�q�N\M�G;fZS�IeOQSUIKJHM V � MjbHOQI�V>�\I[G �\q�M�8 � Z�O+L�M�OQM�GUD�q + V � M^S`_HM\M�� �
S`_HM��\V`GcbHE IKSYOQf�V E I[OQIeE�bHE?'2_ � D ScM
� � M�OjGcD JHIeD VUIKfgO^f�����bHG;SE� G;fgE E fgG;M V � D�O fgOQM _ f�IeO�V D�OQJ�V � M�G;M
D�G;MPE�bQqKVUIe_QqKM^SUfgbHOQJ+_HD V � � DoWQS��5]jbQM	VUf(V � M�S`_ M��\V`GUD q EdD V�� � IeOQL _HGTfg_HM�G;V;W�f��5V � MPE M�D�OU' S # bHD�G;M\J
M�GUG;fgG ��G;IKVUM�G;IKfgO�+ qKIeOQM�D�Gd_HG;M\JHI��\VUIKfgO#DZOHD qKWgSUIKS���D�O>FHM+bQSUM\J>VUf fgFQVxD IeO�D!S`E�fQf�V � M\J>M\SUVUIeEdD VUM�f��
V � M^S � fgG;V ' VUIeE�MPSx_HM��\V`GUD�q M�OZR�M\qKfg_ Mjf�� V � MPS`_ M\M�� � + D S�IKqKq[bQScV`GUD VUM\J+IeO P I�L � l � +�� hQIeO��\M � JHM�_HM�OQJHS
fgOdV � M�GUD�VUIKfjf�� = / 6�� �"� 8 = D�OQJ = �� 6�� ��� 8 = +QV � M^EdD V�� � IeOQL _HGTf��\M\SUS�_ M�G=� fQGUE�S bHOQI��}fgGUE�qKW�f R�M�G V � M
� G;M # bQM�O��\W+GUD�OQL�M	f�� IeOZVUM�G;M\SUV�+HG;M\LQD�G;JHqKM\SUS�f��9V � M^S � D�_ M^f��5V � M^S`_HM��\VxGUD q M�O�RZM\q�fQ_HMjf!� V � M	S`_HM\M�� � �

�f���M\R�M�G�+HV � M4�}fgGUEdD�OZVUS�f!�YV � MjS`_ M��\V`GUbHE�D�GTM E�fgGTM4�\q�fZSUM\qKW E fgJHM\qKqKM\J�FHM���DZbQSUMdG;M\L�IKfgOQS*� � M�G;M
= / 6�� ��� 8 =	� = �� 6�� �"� 8 = �\fgOZV`G;IeFHbQVUMPE�fQG;M�VUf � V � D�O�G;M\L�IKfgOQS � � M�G;M = / 6�� �"� 8 =	
 = �� 6�� �"� 8 = � X S�'
VUIeEdD VUM\S f�� V � M�S`_HM\M�� � �}fgGUEdDZO�VUSE��D�O�FHM�fgFQV`D IeOQM\J FZWjqKf���D VUIeOQL _ M�D���S�IeO�V � M�S`E�fQf�V � M\J�S`_ M��\V`GUD q
M�O�R�M\qKfg_ M�fgG�FZW � D��\VcfgG;I�N\IeOQL ��6 ��8�IeO�VUf�IKVUS*�\fgOQSUVUIKV`bQM�OZV�_ f�qKM\S���XYD!� � � fgGcEdD�OZV�IKS�D�_H_HGTfC"QIeEdD VUM\J
F�W D �\fgEd_QqKM�"U'^�\fgOQ%TbQLQD VUM^_Hf�qKMj_HD IeGJ� � I�� � �}fgGUE S D^ScM��\fgOQJ fQG;JHM�G ��q�VcM�G ��I�V � V`GcD�OQS��}M�GE� bHO��\VUIKfgO�+
� � 6 ��8�+ L�IKR�M�O+F�W

� � 6 �U8 � m �


8 � 698 �



� � 6 � 6}l@�vm�m�8

a
� M*� GTM # bQM�O��\W+f�� V � M*�}fgGUEdDZO�V�IKSPJHM\VcM�GUE�IeOQM\J0� G;fgE V � Mj_Hf�qKM DZOQL�qKM D�OQJ+V � MjFHDZOQJ@��IKJHV � � G;fgE
V � M�GUD�JHI[bQSQ� a
� M S`_ M��\V`GUbHE IKS?bHOQI # bQM�IeO V � M�GUDZOQL�M ;�� 0 
�l 
 � 
 � 0 
�l�D�OQJ G;M�_HM�D�VUS D V
E bQqKVUIe_QqKM\S�f�� V � M SxD�Ed_QqKIeOQL0� G;M # bQM�O��\W�+ � 0 � a
� M�V`GUD�OQS � M�G>� bHO��\VUIKfgO�+ �� 6 ��8�+ IKS(SUV`D�FQqKM�� � M�O�D qKq
V � M?_ f�qKM\S�q�IKM+IeOQSUIKJHM+V � M bHOQIKV��\IeG��\qKM�� a>� I�S � f�qKJHSdI��PD qKq � � 6 ��8(D�G;MdScV`D�FQqKM�� &�OHD qKf�LZfgbQS�VUf V � M
��D S���D JHM�D�OQJd_HD�GUD�q�qKM\q G;M�D qKIKS`D VUIKfgO(f�� V � M�G;M\SUfgOHD�OZV OQM\VX��fgG<�^bQSUM\J�I[OT� fgGcEdD�OZV5SUWHO�V � M\ScI�ScM�G;S�+ �� 6 ��8
��D�O F M IeEd_QqKM�E�M�OZVUM\J�IeO ��D S���D JHM�fgG�_HDZGUD qKqKM\qE� fgGcE0� Z�OY��D S���D JHM � fgGcE0+ �� 6���8�IKS	M�" _HDZOQJHM\J D�S�D
_HG;fgJ�b��\V	f��,�}fgGUE�D�O�VJ� D��\VUfgGTS
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Z O _HDZGUD qKqKM\q,�}fgGUE �� 6 ��8�IKSPM�"H_HD�OQJHM\J0D SPD�S`bHE f��W�}fgGUE�D�O�VJ� D��\VUfgGTS

�� 6 ��8 � � ���
� � 8

� � 6���8 
 � � 6 ��8 6}l@�vm���8

� � M�G;M � � 6 ��8�D�GTM^V � MjG;M\SUIKJ�bQM\S	f��)V � Mj_HD�G;VUIeD q�� GUD��\VcI�fQO�M�" _HD�OQScI�fQO+f�� �� 6 �U8��

=�� � � � �$,.564 8:%0/ #Q,��2,.4 56,
& E I[OQIeE�bHE _HG;M\JHI��\VUfgG fgG;JHM�G f!� � � � �	I�S�G;M # bQIeG;M\JdVUf�E�fQJHM\qHV � M	�}fgGUEdD�OZVUS f�� S`_HM\M�� � S`D�Ed_QqKM\J
D V���� 
>N�+5SUIeO��\M l _ f�qKM\SdD�G;M G;M # bQIeG;M\J1� fgG M�D�� � � fQGUEdD�OZVjD�OQJ�V � M�GTM?D�GTMdV;W _QI���D qKqKW +0�}fgGUE�D�O�VcS
I[O!V � M GcD�OQL�M�-Q' +�� 
>N�� 
�f�� M\RZM�G�+HD JHJHIKVUIKfgOHD q _Hf�qKM\S^D�G;MjOQM\M\JHM\J0VUf E�fQJHM\q5V � M(M(A5M��\VUS�f�� L�qKf�VUV`D�q
S � D�_QIeOQL D�OQJ qKIe_0GUD JHIeD VUIKfgO�+ D S�V � M\SUM4� D��\VUfgGTSPD�G;MjD qKSUf+G;M�_HG;M\ScM�O�VUM\J0F�W ��6 ��8 � a
� M(M(A5M��\VPf�� qKIe_
GUD JHIeD VUIKfgO$��DZO�F M?DZ_H_HG;f�"gIeEdD VcM\J FZW � 6���8�+5X # O�� 6}l@�vm +�8�+ ��IKV ����� m�� a>� bQS^V � M�M(A M��\V^f!� qKIe_
GUD JHIeD VUIKfgO!I�S�VUf-�\fgOZV`G;IeFHbQVUM �'37) � ��f��\V`DoR�M^VcfdV � MjD�Ed_QqKIKV`bQJHM�S`_ M��\V`GUbHE f�� S`_ M\M�� � �

� 6 ��8 � m
; � � 698 6}l@�vm +�8
a
� M�M(A5M��\Vjf��PV � MdL�qKf�VUV`D�qYR�f�qebHE�M�R�M\qKf��\I�V;W#_HbQqKSUM0��D�O�F M D�_H_HG;f�"gIeEdD�VUM\J�FZW�l0G;M�D q _ f�qKM\S

�\q�fZSUM0VUf � � mK6�]^M\qKqKM�G�+^nYG;fQD���IKS . 
PD�OQScM�O'm!1/1.��8�� &PqKV � fQbQL � V � M S`_ M��\V`GUbHE�f��dD�lC'2_Hf�qKM
E�fgJHM\q � D S�V � M*�\fgGUG;M��\V ;^m�l7) � � f��\V`DoR�M�SUqKfg_ MPVcfjV � M^EdD LgOQIKV`bQJHM	S`_ M��\V`GUbHE 6�SUM\M	SUM��\VUIKfgO �@�.)@� l�8�+
V � MjE�IeOQIeE bHET'2_ � D SUMdE�fQJHM\q,��D�OHOQf�V�G;M�_HG;M\ScM�O�V^D(L�qKf�VUV`D q R�fZq[bHE M^R�M\qKf��\IKV;W _HbQqKSUM4�}fgG	� � I�� � V � M
fg_HM�OQIeOQLjVcI[E M�IKS q�fQOQL�M�G9V � D�O(V � M	�\qKf�SUIeOQLjVcI[E M��W&	SYD^G;M\S`bQqKV�+ V � M S � D�_HM�f!��V � M�_HbQq�ScMPIeO(V � M�VUIeE�M
JHfgEdD IeO�IKSPD�_HfQfgG�EdD V�� � VUf�V � MPS � D�_HM^f�� _HbQq�ScM\SPf�� D GTM�D q L�qKf�VUV`D qBR�f�qebHE�M^R�M\qKf��\IKV2W ��DoR�M(� fQGUE0�
G	D S`D q��\fgbH_QqKIeOQL EdDoW�IeOZV`G;fQJ�b��\M�D�OQf�V � M�G �}fgGUE�D�O�V9D�OQJjD�OjDZO�VUI�'2G;M\ScfgOHD�O��\MYIeOZVUf	V � M S`_HM��\VxGUbHE

f�� V � M�R�f���D�q V`GUD��\V�� a
� M��}fgGUE�D�O�V	IKS E�fQJHM\qKqKM\J F�W0D�O�D JHJHIKVUIKfgOHD qJ�\fgEd_QqKM�"U'^�\fgOQ%TbQLQD VUM _HD IeG f��
_Hf�qKM\S+D�OQJ DZOQf�V � M�G +�_HfZq�M\S$6}lY�\fgEd_QqKM�"�'^�\fQOQ%TbQLgD�VUM _Hf�qKM0_HD IeG;S98�D�G;M+OQM\M\JHM\J VUf�D�_H_HGTfC"QIeEdD VUM
V � M�D�OZVUI�'2G;M\SUfQOHD�O��\M�� a WH_QI���D q�DZOHD qKWgSUIKS�fgG;JHM�G;S � � I�� � L�IKR�MiL�fgfQJ ScW OZV � M\SUIKS�q�IKM0IeO#V � M0GUD�OQL�M
� � � m2- ; m23@�

=�� � �
	 �$,.5 � 5 �-� � & � 8 � #�� 

� 5�5�% �
&PSUSxbHE�IeOQL V � D V�V � M0L�qKf�VUVxD qPRZf�qebHE�M0R�M\qKf��\IKV;W _HbQq�ScM\S2��D�O FHM�D�_H_HGTfC"QIeEdD VUM\J FZW�D>V���f�'2_HfZq�M
E�fgJHM\q9D�OQJ V � M(qKI[_0GUD�JHI[D�VUIKfgO FZW?X # O��E6}l@�em +�8�+QV � M4�\fgE�FQIeOQM\J�M(A5M��\V�f!�)V � M\ScMjV���f�� D��\VUfQG;S�I�S	VUf
I[OZV`G;fQJ�b��\M D ;�37) � _ M�G^f��\V`DoR�MjS � I��}VjVUf�V � MdEdD LQOQI�VxbQJHMdS`_HM��\VxGUbHE f�� ScW OZV � M\VUI���S`_HM\M�� � �-:^OQM
E�M\V � fQJ�VUf+fgFQV`D�I[O�D�q�IeOQM�D�G�_HG;M\JHI��\VUIKfgO ��qKVUM�G*� G;fgEM� � I.� � V � IKSjV`G;M�OQJ0IKSdG;M�E�f R�M\J0IKSjVUf DZ_H_Qq�W
D+_HG;M(' M�Ed_ � D SUIKS ��q�VcM�G�+ � 6 ��8�+ Vcf R�fZI.�\M\J0S`_ M\M�� � _HG;IKfgG	VUf+D�OHD qKWgScI�SQ� a
� M?��qKVUM�G^_HD�GcD�E�M\VUM�G;S^D�G;M
��D q���bQq[D�VUM\JdVUfjE�IeOQIeE�IKSUM	V � M�_HG;M\JHI��\VUIKfgO�M�GUGTfgGF� fQG5V � M�_HG;M(' M�E�_ � D SUIKSUM\J�S`_HM\M�� � D�OQJdD^_HfZSUV�')��qKVUM�G�+
� 6 8 6 ��8�+ZIKS DZ_H_Qq�IKM\J+VUf(V � M^G;M\S`bQqKVUIeOQL �5n>SUWHO�V � M\ScI�S�VUf(L�M�OQM�GUD VcMPV � M	G;M # bQIeG;M\J+ScW OZV � M\VUI��	S`_HM\M�� � �
a WH_QI���D qKqKW�+ V � Mj_HG;M(' M�Ed_ � D ScI�S>��qKVUM�G	bQSUM\J IKS
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� 6 ��8 � m
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� � M�G;M � IKS^I[O V � MdGUD�OQL�M -�!.1 ; - !.1/)@�*D�D�G�� M\q . �jGUDoW_6;m!1.�,+�8�_HGTfg_Hf�ScM\J DZO fQ_QVUIeEdD q R D�q[bQM�f��
� � � I�� � V`D�� M\S^D�R D qebQM��\qKf�SUMdVcf�m � fQG�R�fZI.�\M\J0S`_ M\M�� � D�OQJ$�\q�fZSUM�VUf N\M�GTf-�}fgG	bHO�R�fZI.�\M\J�S`_HM\M�� � �
a
� M�_HGTM(' M�Ed_ � D SUIKS	��qKVUM�G�IKS�IKJHM�O�VcI.��D�q5IeOR� fgGcE VUf(V � MPqKIe_ GcD JHIeD VUIKfgO � D��\VcfgG�+gX # O���6}l@�em +�8�+�D�OQJ�IKVUS
M(A M��\V]��DZO F M�I[OZVUM�GU_HGTM\VUM\J D S 
 � � I�VcM�OQI[OQL  V � M�S`_HM\M�� � S`_ M��\V`GUbHE F M���D�bQSUM�V � M�D��\VUIKfgO f���V � MJ��qKVUM�G
I�S^Vcf D�_H_HG;f�"gIeEdD�VUM\qKW2��D�O��\M\q fgbQV	V � M ;�37) � � f��\V`DoR�M?�\fgEd_HfQOQM�O�V^f���R�f�I��\M\J0S`_HM\M�� � J�bQM�VUf+V � M
�\fgE�FQI[OQM\J�M(A5M��\V f��5qKI[_�GUD JHIeD VcI�fQOdD�OQJdSUfQbHG��\M
� � D�GUD��\VUM�GTI�ScVUI��\S�� a
� M�qKIeOQM�D�G�_HG;M\JHI��\VUIKfgOdfQG;JHM�G]��D�O
V � bQS�F M�G;M\J�b��\M\J FZW m�+���IKV � qKIKVUVUqKM^qKf�SUS�f�� # bHD qKIKV2W���nYG;M(' M�Ed_ � D�SUIKS�JHfgM\S�OQf�VQ+ � f���M\R�M�G�+�SxbHFQV`GUD��\V
fgbQV�V � M^M(A5M��\V�f�� L�qKf�VUVxD q S � D�_QIeOQL�+�D�OQJ0ldG;M�D q5_ f�qKM\S 6�fQOQMj_Hf�SUIKVUIKR�MdD�OQJ+fQOQMjOQM\LgD VUIKR�M�8�DZG;M^SUVUIKqKq
OQM\M\JHM\JdVUfjD����\fgbHOZVF� fgG9V � I�S S � D�_QIeOQL��]&	S I�qKqebQSUV`GcD VUM\JdIeO�P IKL�� l@� +�+ V � M � G;M # bQM�O��\WdG;M\S`_HfQOQSUM�f�� V � M
G;M\S`bQqKVUIeOQL0q�IeOQM�D�G(_HG;M\JHI��\VUIKfgO>E�fgJHM\q�D�_H_HG;f�"QI[E�D VUM\S^V � D V^f!� V � M�R�f���D q V`GUD!�\V^fgOQqKW 6 _Qq[bQS(L�qKf�VUV`D�q
S � D�_QIeOQL�8��
& � bHG;V � M�G(FHM�OQM(��V�f���_HG;M(' M�Ed_ � D SUIKS�IKSjVUf+LZI�RZMdIeEd_HG;f R�M\J�M\SUVcI[E�D VUIKfgO0f�� � IKL � M�G*�}fgGUEdDZO�VUSQ�

]jbQM+VUf0V � M OHD V`bHGUD�q G;f�qKq�' f�A f��PV � M+S`_HM\M�� � S`_HM��\VxGUbHE 6 fgG^V � D�V IeOZV`G;fQJ�b��\M\J�FZW D0_ fgfgG�D�O�VcI '
D qKI[D�SUIeOQL0��qKVUM�G�8�+BV � M�S`_ M\M�� � Sx_HM��\V`GUbHE VUM�OQJHS^VUf+FHM�JHfgE I[OHD�VUM\J�F�Wiq�f���M�GI� G;M # bQM�O��\IKM\S D�OQJ0V � M
S`EdD qKqYScI[OQLQbQq[DZG^R D�q[bQM\S�f���V � MdD�bQVcf��\fgGcG;M\qeD VUIKfgO/6�fQG*�\f R D�G;IeD�O��\M�8(EdD V`G;I�"$�\fgGUGTM\S`_HfgOQJ�VUf � IKL � M�G
� fgGcEdD�OZVUS 6 D�IKqKM�O@� f RQI.�im21
�/3�8 �
\ � M�O�D�q[DZG;L�MdE�fQJHM\q fgG;JHM�G	IKSjbQSUM\J,+5V � M DZbQVUf��\fQGUG;M\qeD VUIKfgOK6 �\f�'
R D�G;IeD�O��\M�8�EdD�V`G;I�"�FHM��\fgE�M\S�IKqKq�'^�\fgOQJHIKVUIKfgOQM\J D�OQJ�V � M � IKL � M�G �}fgGUEdDZO�VUSjDZG;M _HfQfgG;qKW�M\ScVUIeEdD VUM\J,�
nYG;M(' M�Ed_ � D�SUIKSPD����\M�OZV`bHD VUM\S�V � M � IKL � M�GI� GTM # bQM�O��\W+G;M\L�IKfgO�f��9V � MPSx_HM\M�� � S`_ M��\V`GUbHE V � bQS�G;M\J�b��('
I[OQL�V � MPJHWHOHD�E�I��jGUDZOQL�M�DZOQJ+I[E�_HG;f RgIeOQLdV � M^OQbHE�M�G;I���D q5SUVxD�FQIKq�IKV;W�f�� V � M^_HD�GUD�E M\VUM�G M\SUVcI[E�D VUIKfgO
_HG;f��\M\J�bHGTM��
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a
� M�D JHR D�OZV`D LZM\S+f��jqKI[OQM�DZG�_HGTM\JHI.�\VcI�fQO � fQG�S`_HM\M�� � D�OHD qKWQSUIKS�D�GTM�M�D�SUM0f��jIeEd_QqKM�E�M�O�VxD VUIKfgO�+jD
�\q�fZSUM\J�')� fQGUE*SUf�qebQVUIKfgO�+]�\fgE�_Qq�M\VcM SUM�_HDZGUD VUIKfgO0f!�PV � MdSUfQbHG��\M?DZOQJ�R�f���D q V`GcD��\V4��qKVUM�G(IeO>SUWHO�V � M('
SUIKS�+ DZOQJ DiJHIeG;M��\VdIeOZVUM�GU_HG;M\V`D�VUIKfgO>IeO>VUM�GUE�S�f���DiqKf�SUS ' q�M\ScS?D��\fQbQSUVUI��+V`bHFHM E fgJHM\q�f��PV � M R�f���D q
V`GUD��\V�6)3�DZFQI[OQM�G . h�� � DQ�}M�G^m21.� ��8��

� IeOQM�D�G _HG;M\JHI��\VUIKfgO � D S SUM\R�M�GUD�qgJHIKS`D JHR D�OZV`D L�M\S�� N	O�RZf�I��\M\J ScfgbHOQJHSYD�G;M�_HfQfgG;qKWdE�fgJHM\qKqKM\J FZW D
E�IeOQI[E�bHE _ � D�SUM�+HD qKq '2_ f�qKMjqKIeOQM�D�G�_HG;M\JHI��\VUIKfgOiE�fQJHM\q F M���D�bQSUM^V � M	R�f���D q�VxGUD��\VYVxGUD�OQS��}M�GE� bHO��\VUIKfgO
� fgG�V � M\SUM�SUfQbHOQJHS4�\fgO�VxD IeOQS�N\M�G;fZS��*&PqKV � fgbQL � DZG;LgbQM\J0V � D V	V � MjSx_HM��\V`GUD�q)OQf�V<� � M\Sj_HG;fQJ�b��\M\J�FZW
N\M�G;f�SPD�GTM � D�G;J+VUf�JHM\VUM��\V-620	qeD VUVjm!1
�.��8�+ZSUWHO�V � M\ScI�S	f��)bHOZR�f�I��\M\JiSUfgbHOQJHS^F�W+D�qKIeOQM�D�GP_HGTM\JHI.�\VcI�fQO
E�fgJHM\q IKS^_HfQfgG��]Z O�qKIeOQM�D�G	_HG;M\JHI��\VUIKfgO E�fQJHM\qKS�+@N\M�G;fZS � DoR�MPVcf F MjD�_H_HG;f�"QI[E�D VUM\J+F�W+D?�\f�qKq�M��\VcI�fQO
f�� _ f�qKM\S � � I�� � G;M # bQI[GTM\S D � IKL � M�GY_HGTM\JHI.�\VcI�fQOdfgGTJHM�G�� a
� M�q�IeOQM�D�G�_HG;M\JHI��\VUIKfgO�_HD�GUDZE�M\VUM�G;S D�G;M�OQf�V
fg_QVUIeEdD qF� fQG�SUWHOZV � M\SUIKS�+ SUIeO��\M�V � M\W�DZG;MjJHM\R�M\qKfg_ M\J�VUf+E�IeOQIeE�IKSUM V � M E�M�D�OU' S # bHD�GTM\J _HGTM\JHI.�\VcI�fQO
M�GUG;fgG�+�GUD V � M�G(V � D�O�V � M D��\VxbHD q�M�GUG;fgG fgFQV`D IeOQM\J�D�V V � M fgbQVx_HbQVdf��PV � M E fgJHM\q	� � M�O#bQSUM\JL�}fgG
SUW OZV � M\SUIKS 6 V � M+SUWHO�V � M\ScI�S�M�GUG;fgG�8 � a
� M0EdD IeO>JHIKS`D JHR DZO�V`D�L�M+f��PqKIeOQM�D�G+_HG;M\JHI��\VUIKfgO I�S�V � D VdV � M
SUfgbHG��\M�D�OQJ R�f���D q9V`GUD��\VI��q�VcM�G^D�G;MjOQf�V	JHM��\fgbH_QqKM\J�IeO0D�OHD qKWgScI�SjDZOQJ V � M(q�IeOQM�D�G^_HGTM\JHI.�\VcI�fQOY��qKVUM�G
V � bQS^E�fQJHM\qKSPV � M?�\fgE�FQIeOQM\J�M(A5M��\V	f�� SUfgbHG��\M�+BR�f���D q5V`GUD!�\VPD�OQJ qKIe_0GUD JHIeD VUIKfgO��	&	S^D G;M\SxbQq�VQ+�V � M
# bHD qKIKV;W�f���SUWHO�V � M\VUI�� S`_ M\M�� � LZM�OQM�GUD VUM\J$� G;fgE qKI[OQM�DZG _HGTM\JHI.�\VcI�fQO E�fQJHM\qKS JHM\LQGUD JHM\S GcD�_QIKJHq�W#D S
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V � Mj_QIKV�� � f�� V � M^M�"��\IKV`D�VUIKfgO+IKS^D qKVUM�G;M\J � G;fgE V � D�V f!�)V � M^fQG;IKL�IeOHD q Sx_HM\M�� � �
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a
� M�bHOHOHD V`bHGUD q # bHD qKIKV;W f���q�IeOQM�D�Gi_HG;M\JHI��\VUIKfgO�SUW OZV � M\SUIKS+IKS J�bQM0VUf#V � M�ScI[E�_Qq�I���M\J E�fQJHM\q^f��
V � M?GTM\SUIKJ�bHD q�SUIKLgOHD q	� � I�� � IKSdbQSUM\J#VUfiM�"��\IKVUM+V � M qKIeOQM�D�Gd_HG;M\JHI��\VUIKfgO ��qKVUM�G(I[O>ScW OZV � M\SUIKS�� a
� M
q�IeE�IKV`D�VUIKfgOQS f!�PV � IKSdSUIeEd_QqKI���M\J SUfgbHG��\M ��D�O#FHM0�\fQEd_HM�OQS`D�VUM\JL� fQG bQScI[OQL>D�OHD qKWgScI�S '2F�WU' SUWHO�V � M\ScI�S
VUM�� � OQI # bQM\S��4&^OHD qKWgScI�S '2F�WU' SUWHO�V � M\ScI�S(VUM�� � OQI # bQM\S D�I[E Vcf IeEd_HG;f R�M(V � M # bHD�q�IKV;W f!�YV � MjSUWHOZV � M\SUIKS
� G;fQE DP_HGTM(' JHM\VUM�GUE�IeOQM\J�qKI[OQM�DZG _HG;M\JHI��\VUIKfgO?��qKVUM�G9F�WjG;M\J�b��\IeOQL^V � M�E�M�D�OU' S # bHD�G;M\J u\� ��{�sgy�u�tvu)yoz`z;~�z
6�fgG ~Z�g{ � �Q{^y�zxz;~�z 8 F M\V�� M\M�O V � M fQG;IKL�IeOHD qYS`_ M\M�� � DZOQJ�V � M�fgbQV`_HbQVjf!� V � M���qKVUM�G?� � M�O�bQScM\J�IeO
SUW OZV � M\SUIKS�+ P I�L � l ���@� a
� IKS
��D�O�FHM(JHfgOQM�FZW�I[E�_HG;f RgIeOQLdV � MjE fgJHM\q f�� V � MjG;M\SUIKJ�bHD q SUIKLgOHD q,� � I.� �
I�S�bQSUM\J�VUf+M�"��\IKVUMdV � M�q�IeOQM�D�G(_HG;M\JHI��\VUIKfgO ��q�VcM�GjD�OQJ�IKS(V � MdD�_H_HG;fgD�� � bQSUM\J�I[O�E bQqKVUI�'2_HbQqKSUM+D�OQJ
�\fgJHM(M�"��\IKVUM\Jiq�IeOQM�D�G^_HGTM\JHI.�\VcI�fQO_6}C�X
�5n 8 S`_HM\M�� � �\fQJHM�G;S��
Z OiE�bQq�VcI '2_HbQqKSUM �\fQJHM�G;S 6 &�V`D q . 3�M�E�JHM+m21
�Zl�8�+QV � MdG;M�_HG;M\SUM�OZV`D VcI�fQO+f�� V � M�R�f�I��\M\J�GTM\SUIKJ�bHD q

J�bHG;IeOQL Dd_QIKV�� � _ M�G;IKfgJ0IKS^IeEd_HG;f R�M\J�FZW bQSUIeOQL D�SUM�GTI�M\S^f!�)IeEd_HbQqKSUM\S?��IKV � JHI�A5M�G;M�OZV�D�E�_Qq�IKV`bQJHM\S
D�OQJ�_HfZSUIKVUIKfgOQS�+ GcD V � M�G	V � D�O0D�SUIeOQL�qKM�IeEd_HbQqKSUM�� a
� M�_Hf�SUIKVUIKfgOQS�D�OQJ�D�Ed_QqKIKV`bQJHM\S�f�� V � M _HbQqKSUM\S
D�G;M^fg_QVUIeE�IKSUM\JiVUf E�IeOQIeE�IKSUM�V � MjE�M�DZOU' S # bHDZG;M\J SUWHOZV � M\SUIKS�M�GUG;fQG�D V�V � M4�\fQJHM�G�fgbQVx_HbQV��
Z O0C�X
�5n �\fQJHM�G;S 6}h�� � G;fQM\JHM�G . &�V`D qYm21 �/)�8�+BV � MjM�"��\IKV`D VUIKfgO I�S^LZM�OQM�GUD VUM\J�FZW D �\fgJHM�F fgf��

f�� GUD�OQJHfgE ScM # bQM�O��\M\S?� � I�� � D�G;M?�}M\J0V � G;fgbQL � D�qKfgOQL�' VUM�GUE�_HGTM\JHI.�\VcI�fQOY��qKVUM�G�� a
� M�q�fQOQL�' VUM�GUE
_HG;M\JHI��\VUIKfgO ��qKVUM�G�D����\fgbHOZVUSJ�}fgG V � M	qKfgOQL�' VUM�GcE �\fQGUG;M\qeD VUIKfgOQS�+QfgG�_QIKV�� � ScV`GUb��\V`bHG;M�+QIeO�V � M�GTM\SUIKJ�bHD q
SUIKLgOHD q)�/Z O>ScW OZV � M\SUIKS�+�D0LgD IeO>VUM�GcE DZOQJ#V � M _HD�GUD�E M\VUM�G;S�f��PV � M+qKfgOQL!' VUM�GUE _HG;M\JHI��\VUIKfgO ��qKVUM�G
D�G;M*��D q���bQq[D�VUM\JY� fgG�M�D�� � M�O�V`GTW IeO�V � M4�\fQJHM�FHfQf���D�OQJ+V � f�SUM^R D qebQM\S�� � I.� � E�IeOQIeE�IKSUM�V � M^E�M�D�OU'
S # bHDZG;M\J+SUWHO�V � M\ScI�S	M�GUG;fQG�D�G;M^G;M\V`D IeOQM\J0D�OQJ V`GcD�OQS`E�IKVUVUM\J+Vcf V � M^JHM��\fgJHM�G��

=�� 	 �E= � 56,.%'5�� /�� &)(�� 5�8 ; ��/.879 ;��+87( /.56,��
&�OHD qKWQSUIKS�'2FZW�' SUWHOZV � M\SUIKS+VUM�� � OQI # bQM\S+E�IeOQI[E I�ScM�V � M?E�M�DZOU' S # bHDZG;M\J M�GUGTfgG�FHM\V���M\M�O>V � M+fgG;IKL�IeOHD q
S`_HM\M�� � ��D�RZM(� fgGcE D�OQJ V � M���DoR�M(�}fgGUE f��5V � M	SUWHO�V � M\VcI.�	S`_ M\M�� � L�M�OQM�GcD VUM\J+D VYV � M	fgbQV`_HbQV�f�� V � M
R�f���D�q V`GUD��\VjE�fQJHM\q fgG S`_HM\M�� � �\fQJHM�G�� a
� IKS(L�IKR�M\S DiE b�� � FHM\VUVcM�G*��V F M\V�� M\M�O V � M-��DoR�M(� fQGUE�S
I[O V � M�VUIeE�M0JHfgEdD�I[O�+^FHbQViJHfgM\S OQf�V OQM��\M\ScS`D�G;IKqKW qKM�D J VUf D#_ M�G��\M�_QV`bHD qKqKW'F M\VUVUM�G+ScW OZV � M\SUIKS��
a
� M _ M�G��\M\IKR�M\J0q�fQbQJ�OQM\SUS^f�� V � MjSUIKLgOHD�q JHIKSUVUfQG;VUIKfgOV6�SUWHOZV � M\SUIKSPM�GcG;fgG�fgGI�\fgJHIeOQL OQf�IKSUM�8�JHfgM\S^OQf�V
JHM�_HM�OQJ0fgO+IKVUS	EdD LgOQIKV`bQJHM�D qKfgOQM�+ FHbQV	IKS�D�q�ScfdJHM\VUM�GUE�IeOQM\J�FZW V � M(S`_HM��\VxGUD q5S � DZ_HMjf!�)V � M�OQf�IKSUM
��IKV � G;M\Sx_HM��\V�VUf�V � D V�f�� V � M^SUWHO�V � M\VcI.�(S`_HM\M�� � 6 &�V`D q . h�� � G;fgM\JHM�G(m21.�41�8��
Z O�Sx_HM\M�� � SUWHO�V � M\SUIKS�+QV � M^fgG;IKL�IeOHD q5Sx_HM\M�� � SUIKLgOHD q IKSPE�fQJHM\qKqKM\J FZW�V � MPSxbHE f�� V � M^ScW OZV � M\VUI��

S`_HM\M�� � DZOQJ�V � M OQf�IKSUM�SUIKLgOHD q)� a
� MdV � M\fgG;W0f�� DZbQJHI�VcfgG;W�EdD S9�ZIeOQL S`bQLZL�M\SUVUS(V � D VjOQf�IKSUM�IeO�V � M
G;M\L�IKfgO�f�� V � MJ� fQGUEdD�OZVUS9f�� V � M�SUW OZV � M\VUI���ScI�LQOHD q@��D�OdF MP_HD�G;VUIeD qKqKWdfgFQS<��bHG;M\J FZWjV � IKSYScI�LQOHD qW6 &�V`D�q
. h�� � GTfgM\JHM�G�m21O�/1�8�� a>� M _ M�G��\M\IKR�M\J>q�fQbQJ�OQM\SUSjf���V � M OQf�IKSUM�SUIKLgOHD�q]��D�O0V � M�G;M(�}fgG;MdF M G;M\J�b��\M\J
F�WdS � D�_QIeOQL IKVUS�S`_ M��\V`GUbHE Vcf G;M\SUM�E�FQqKM	V � D V�f��5V � M	SUW OZV � M\VUI��	S`_HM\M�� � �	Z O�D�OHD qKWgScI�S '2F�WU' SUWHO�V � M\ScI�S
VUM�� � OQI # bQM\S�+ E I[OQIeE�IKS`D�VUIKfgO�f!� V � MdE�M�D�OU' S # bHD�GTM\J�ScW OZV � M\SUIKS^M�GUG;fQG � D S^V � M M(A5M��\V^f�� $ D�VUVUM�OQIeOQL
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V � M EdD LgOQIKV`bQJHM+Sx_HM��\V`GUbHE � a>� M D�_H_HG;fg_HG;IeD VcM S`_ M��\V`GUD q�M�O�R�M\qKfg_ M2��D�O>FHM0D�� � I�M\RZM\J F�W1��qKVUM�G='
I[OQL0V � M�SUWHO�V � M\SUIKSdM�GUG;fgG(F�W�D � yoz;�`yT� {}�g|Z� ) y�t ��sQ{}t��Z��� �K{}yoz +9_HG;IKfgG(VUf V � M+E�IeOQIeE�IKS`D VUIKfgO SUV`D LZM��
a
� M?_ M�G��\M�_QV`bHD qJ��M\I�L � VUIeOQLY��qKVUM�G?�\fgO��\M�OZV`GUD VUM\S(V � MdSUWHOZV � M\SUIKS�M�GUG;fgG I[OZVUf0G;M\L�IKfgOQS�f���V � MdSUWHOU'
V � M\VUI��^S`_HM\M�� � Sx_HM��\V`GUbHE � � M�G;M^IKV�IKS�qKM\SUSPD�bQJHIeFQqKM�+BSUf�I[E�_HG;f RgIeOQL�V � MPSxbHF�%2M��\VcI�RZM # bHD qKIKV;W f!�)V � M
SUW OZV � M\VUI���S`_HM\M�� � �i]^M\V`D IKqKM\J#SUV`bQJHIKM\S�f���V � M?GTM\q[D�VUIKR�M qKfgbQJ�OQM\ScSdf��POQf�IKSUM�I[O>V � M _HG;M\SUM�O��\M+f��PD
S`_HM\M�� � SUIKLgOHD q)+�� � I�� � D�G;M FHD�SUM\J fgO0D�EdD V � M�E�D VUI���D q��}fgGUE�bQqeD VUIKfgO!f��YV � Md_ � WQSUIKf�qKf�L�Wif�� � M�D�G='
I[OQL/6}h�� � G;fQM\JHM�G�+E&�V`D q . 
	D qKq�m!1.�/1 | 8 � DoR�M�S � f��PO�V � D V^V � M+OQf�IKSUM ��DZO�F M?EdD�JHM-�\fgEd_QqKM\VUM\qKW
I[OHDZbQJHI[FQqKM bQScI[OQL�V � IKS	VUM�� � OQI # bQM�+�I�� V � M _ M�G��\M�_QV`bHD qF� M\IKL � VUIeOQLR��q�VcM�G�IKS
�\fgE�_Qq�M�"+M�OQfQbQL � �
P�fQGdV � M0qKIeOQM�D�G _HGTM\JHI.�\VcI�fQO E�fQJHM\q +	V � M0S`_ M��\V`GUbHE�f��jV � M�ScW OZV � M\VUI���S`_ M\M�� � IKS LZI�RZM�O�+�VUf

��IKV � IeO�D�S���D qKM�� D��\VUfgG + FZW V � M�I[OZR�M�G;ScM���qKVUM�G +Ym 
 ��6 ��8��(N�SUIeOQL0OQf0� M\IKL � VUIeOQL0��qKVUM�G^GTM\S`bQqKVUSjIeO�D
SUIKLgOHD q�' VUf�'2OQf�IKSUMdGUD�VUIKf-� � I�� � IKS^D�_H_HG;f�"gIeEdD�VUM\qKW0�\fgOQSUV`D�OZVPD V	D qKq,� G;M # bQM�O��\I�M\SjDZOQJ V � bQS�D�SUS`bHE�M\S
V � D V+V � M�M�DZG�I�SiM # bHD�q�qKW ScM�OQSUIKVUIKR�M�Vcf#JHI�ScVUfgG;VUIKfgO�D V D qKq4� G;M # bQM�O��\I�M\SQ� 
�f���M\R�M�G�+�V � M�M�D�G�IKS
E�fgG;M^SUM�OQScI�VcI�RZM D�VPqKf���M�GJ� GTM # bQM�O��\IKM\S��	hQV`bQJHIKM\SjF�W0&�VxD q . h�� � G;fQM\JHM�GT6Tm21.�/1�8�fgO!V � MjM(A5M��\VUS�f��
# bHD�OZVUIKS`D VcI�fQO�OQf�IKSUM � DoR�M�S � f��PO�V � D V�D ScW OZV � M\SUIKSdM�GUGTfgG4��IKV � Sx_HM��\V`GUbHE ��6 � 
��E8 
 ��6 ��8 L�IKR�M\S
FHM\VUVUM�G S`bHF�%;M��\VUIKR�Mj_HM�G=�}fgGUE�D�O��\M^V � D�O+D(SUWHO�V � M\SUIKSPM�GUGTfgGJ��IKV � D&$ D V�S`_ M��\V`GUbHE0+HM\RZM�O � � M�O+V � M
SUIKLgOHD q�' VUf�'2OQf�IKSUM	GUD VUIKf-6}h@G�3>8F� fgG V � M $ D V9S`_HM��\VxGUbHE M�GUG;fgGF��D S � I�L � M�G�6}lHm�J�k$�\fgEd_HD�GTM\J Vcf�l.��J�k
f RZM�GPD qKqE� G;M # bQM�O��\I�M\S(8�� a
� IKSjS`_ M��\V`GUD q9S � D�_QIeOQLiLgDoR�MjIeEd_HG;f R�M\J�h@G*3 F M\VX��M\M�OY�}fgGUE�D�O�VcS
� � M�O
�\fgEd_HD�G;M\J+VcfdV � D V�f��YD�SUWHO�V � M\SUIKSPM�GUGTfgGJ��IKV � D&$ D�V�S`_HM��\VxGUbHE D�OQJiLgDoR�M�E�b�� � FHM\VUVcM�G�h@G�3 D V
q�f�� � G;M # bQM�O��\I�M\S�� � M�O �\fgEd_HD�G;M\J0VUf+V � D V^f�� D�ScW OZV � M\SUIKS^M�GUG;fQG	S � D�_HM\J�VUf EdD V�� � m 
 ��6 ��8��?&
SUW OZV � M\SUIKS	M�GUG;fgGI��IKV � S`_ M��\V`GUbHE S � D�_ M\J�Vcf �T6�� 
��E8 
 �T6���8	��D�OiFHMjfQFQV`D IeOQM\J�bQSUIeOQL D���M\IKL � VUIeOQL
��q�VcM�G�+ � 6 ��8

� 6 ��8 � ��6 ��8
��6 � 
��E8 6}l@�vm23�8

� � M�G;M �T6 �U8^IKS�V � M qKIeOQM�D�Gd_HGTM\JHI.�\VcI�fQO1��q�VcM�GdD�OQJ�� IKS DiFHD�OQJ@��IKJHV � M�"H_HD�OQSUIKfgO � D!�\VUfgG��0D0f�ScV
C�X��5n �\fQJHIeOQL�S�� � M�E�M\SdbQSUM D0_HM�G��\M�_QVxbHD q	� M\IKL � VUIeOQLY��qKVUM�G�f���V � IKS��}fgGUE 6}h�� � GTfgM\JHM�G . &�V`D�q
m21
�/)@+�0^G;fQfgO . &�V`D q m21
� ��8��
P�fQG D�GUD�OQL�M	f�� R D qebQM\S	f����J+HV;W _QI���D q�� G;M # bQM�O��\W G;M\S`_ fgOQSUM\S	�}fgG � 6 ��8�DZG;M^S � f��PO�IeO P IKL���l@�.) �

C�fgEd_HD�GTM\J���IKV � V � M]� G;M # bQM�O��\W G;M\S`_ fgOQSUM�f�� �T6���8�+oV � M]� G;M # bQM�O��\W G;M\S`_ fgOQSUM�f�� � 6 ��8 � D S FHG;fgD JHM�G
R D qKqKM\WgS^V � D�O �T6���8�D�OQJ+IKS^G;M\qeD VUIKR�M\qKW�$ D V�IeOQFHM\V���M\M�O��


	D�GUE�fgOQI��?� M\IKL � VUIeOQLR��q�VcM�G;S 6 �^M�G;SUfQO . �gD ScI[b@�0m!1/1�l�8�G;M\qKW fQO�V � MjS`DZE�Mj_HG;IeO��\Ie_Qq�M+D SP_ M�G='
�\M�_QV`bHD qE� M\IKL � VUIeOQL ��qKVUM�G;S^D�OQJ�D IeE Vcf �\fgO��\M�OZV`GUD�VUMjOQf�IKSUM�IeO�VUf�V � Md_QIKV�� � � DZGUE�fgOQI��\S	f��YR�f�I��\M\J
S`_HM\M�� � ��hQIeE�IKq[DZG?��qKVUM�G;IeOQL�VUM�� � OQI # bQM\S � DoR�M�FHM\M�O#bQSUM\J#VUf0G;M\J�b��\M+V � MdM(A5M��\VUS�f��POQf�IKSUM+IeOZV`G;f�'
J�b��\M\J�FZW # bHDZO�VUIKS`D�VUIKfgO�f�� V � M^qKIeOQM�D�G�_HGTM\JHI.�\VcI�fQO _HD�GUDZE�M\VUM�G;S�6 &�VxD q . h�� � G;fQM\JHM�G^m21.�/1 +�]jG;f�LZf
]^M�Z D��\f R�f . D0fgOZV`D LQOHD m!1/1Hm�8��

=�� 	 � � � 56%'#.� � (7879 ; /�� 5 
 ##� ,.%'5 &)9 4 "$#�%'&)(-* ,.&)%0/ �+87( /.56,
:^OQMjf�� V � MjEdD IeO+JHIKS`D JHR D�OZV`D L�M\S�f!� qKI[OQM�DZG^_HG;M\JHI��\VUIKfgO+IKS�V � D�VPOQfdIeOU� fQGUEdD VUIKfgO+DZFHfgbQV�V � M^M�"��\I�'
V`D VUIKfgO�f��9V � M^R�f���D q V`GUD��\V�IKS�bQScM\J D V�V � MjD�OHD qKWQSUIKSPSUVxD L�M	SUfdV � M*� G;M # bQM�O��\W?G;M\Sx_HfgOQSUM(f�� V � M�� n
E�fgJHM\q M�" � IeFQIKVUS*�}M�D V`bHG;M\S
� � I.� � DZG;MjD VUV`GTI[FHbQVxD�FQqKMjVUf�V � M^S`_ M��\V`GUbHE f�� V � IKSPM�"��\IKV`D VUIKfgO�� a>� I�S	IKS
D+_HG;fgFQqKM�EM�}fgG	R�f�I��\M\J�ScfgbHOQJHSjFHM���D�bQScM V � M�M�"��\IKV`D VUIKfgO0IKS�_HM�G;IKfQJHI.�+D�OQJ�V � M Sx_HM\M�� � S`_HM��\VxGUbHE
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�\fgO�VxD IeOQS^SUIKLgOQI�����D�O�V^M�OQM�GTL�W D V � D�GUE�fgOQI��\S^f��YV � M _QIKV�� � � GTM # bQM�O��\W��4Z OiS`b�� � ��D SUM\S�+BV � M(q�IeOQM�D�G
_HG;M\JHI��\VUIKfgO M # bHD VcI�fQOQS IeO#V � M�D�bQVUf��\fgGUGTM\q[D�VUIKfgO1� fQGUE JHf�OQf�V�L�IKR�M�D�����bHGcD VUM+M\SUVUIeEdD�VUM\S f!��V � M
� fgGcEdD�OZV
� G;M # bQM�O��\I�M\SdD�OQJ>FHD�OQJ@��IKJHV � S�+9D�OQJ�M�GUG;fQG;S^IeO0V � M�� G;ScV*� fgGcEdD�OZVPf���bH_0VUf�� � � � DoR�M
FHM\M�OdG;M�_ fgG;VUM\J2620	qeD VcV�m21
�.��8 � a
� M\SUM�M�GUGTfgG;S D�G;M�OQf�VYD^_HG;fgFQqKM�E � � M�O V � M�S`_HM\M�� � IKSYSUWHOZV � M\SUIKSUM\J
� G;fQE DZOdM�"��\IKV`D VUIKfgO ��DoR�M(�}fgGUE D V�V � M	fgG;IKL�IeOHD q _QIKV�� � � G;M # bQM�O��\W�+BFHbQV I�� V � M^_QI�V<� � f��9V � M^SUfgbHG��\M
� DoR�M(�}fgGUE IKSPD qKVUM�GTM\J,+�SUIKLgOQI�����D�OZV	JHI�ScVUfgG;VUIKfgO!f�� V � M^SUWHO�V � M\VcI.�(S`_HM\M�� � f�����bHG;S�� a
� M^SUfQbHG��\MjD�OQJ
��q�VcM�G	��D�O+fQOQq�W+FHM(V`GUbQqKW�JHM��\fgbH_QqKM\J�I�� V � M^S`_ M��\V`GUD q5M(A5M��\VUS�f�� V � M^V`GcbQMPM�"��\IKV`D VUIKfgO!f�� V � M^R�f���D q
V`GUD��\V SUWQSUVUM�E DZG;M�D����\fgbHOZVUM\J��}fgG D V V � MPDZOHD qKWgSUIKS�SUV`D L�M��EZ O�V � M\fgG;W�+ V � I�S�S � fgbQqKJ�L�IKR�M�R�f���D qHV`GUD!�\V
E�fgJHM\qKS>� fQG � � I.� � V � Mj_QI�V<� � f��)V � M^M�"��\IKV`D VcI�fQO ��D�O F MjD qKVUM�G;M\J,+@��IKV � fQbQV�SUIKLgOQI�����D�OZVPJHIKSUVUfQG;VUIKfgO
f��5V � MPScW OZV � M\VUI��	S`_HM\M�� � L�M�OQM�GUD VcM\J?FZW�V � M�E fgJHM\q)�YhQM\R�M�GcD q D�_H_HGTfgD�� � M\S VcfjJHM\R�M\qKfg_QIeOQL D q�IeOQM�D�G
_HG;M\JHI��\VUIKfgO ��q�VcM�G	� G;fgE � � I�� � V � M^M(A5M��\V�f�� V � M^M�"��\IKV`D VUIKfgO � D SPFHM\M�O0G;M�E f RZM\J?D�GTM

� bQSUMjD�_HG;M(' M�Ed_ � D SUIKS>��qKVUM�G�Vcf���qKVUM�G�J�D V`D�_HG;IKfgG�VUf DZOHD qKWgSUIKS

� _QIKV�� � ' SUWHO�� � G;fQOQfgbQS�DZOHD qKWgSUIKS

� G;fQFHbQSUV�_QI�V<� � M\SUVUIeEdD VUIKfgO

� bQSUM^V � MjV`GUbQM^M�"��\IKV`D VUIKfgO�f!�)V � M(R�f���D q V`GUD��\V�D V�V � MjD�OHD qKWgScI�S	SUV`D�L�M

a
� M+bQSUM+f��jD0_HG;M(' M�Ed_ � D SUIKSR��qKVUM�G���D S�JHIKS���bQSUSUM\J I[O>ScM��\VUIKfgO#l@���@�LZ O#_QIKV�� � ' SUWHO�� � G;fQOQfgbQS
D�OHD qKWgScI�SQ+HV � M^D�OHD qKWgScI�S�IeOZVUM�G;R D�q IKSPGTM\J�b��\M\J+VUf D(qKM�OQL�V � f�� fgOQM^_QIKV�� � _HM�G;IKfQJ+fgG qKM\SUS�ScfjV � D V�V � M
� D�GUE�fgOQI���SUV`Gcb��\V`bHG;Mjf!�)V � M(M�"��\IKV`D�VUIKfgOiJHfgM\SjOQf�V	D�_H_HM�D�G	IeOiV � M(S � fgG;V	VUIeE�MjSx_HM��\V`GUbHE �Pn IKV�� � '
SUW O�� � G;fgOQfQbQS DZOQJ_�\qKf�SUM\J�'2_ � D�SUM qKIeOQM�D�Gd_HG;M\JHI��\VUIKfgO#GTM\q�W>fgO�V � IKSd_HG;IeO��\I[_QqKM��#k�f�V � D�_H_HG;fgD!� � M\S
G;M # bQIeG;M�V � M?�\f R D�G;IeD�O��\M�E�M\V � fQJ f�� qKIeOQM�D�G^_HG;M\JHI��\VUIKfgO�D�OHD�q�WQSUIKS^FHM���D�bQSUM�V � M�D�OHD qKWQSUIKS^I[OZVUM�G;R D qKS
D�G;MjS � fgG;V�+HM\Sx_HM��\IeD qKqKW2�}fgG � IKL � _QIKV�� � S`_HM�D���M�G;S�� a
� IKS^IKS�D�JHIKS`D JHR D�O�VxD L�M F M���D�bQSUM�V � M(SUV`D�FQIKqKIKV2W
f���V � M0��qKVUM�G�I�S�OQf�V M�OQSxbHG;M\J�D�OQJ GTM�$�M��\VUIKfgO f�� bHOQScV`D�FQqKM�_ f�qKM\S+I[OQScI�JHM0V � M bHOQIKV0�\IeG��\qKM0IKS?G;M('
# bQIeG;M\J,��Z�O�D JHJHIKVUIKfgO�+9D�����bHGUD VUM(qKf���D VcI�fQO f!� V � M�_QI�V<� � _ M�G;IKfgJ�I�SjOQM\M\JHM\J,��C�qKf�SUM\J�'2_ � D�SUM�q�IeOQM�D�G
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_HG;M\JHI��\VUIKfgO+bQSUM\S�D�OdD�OHD�q�WQSUIKS�IeO�VUM�GTR D q � � I�� � S`_HDZOQSYV � M�J�bHGcD VUIKfgO�f��5V � MP_QIKV�� � _ M�G;IKfgJ �}fgG]� � I.� �
V � M�R�f���D�q]�\fgG;JHSjD�G;M?�\qKf�SUM\J�D�OQJ�V � M�G;M�IKS OQf+M�"��\I�VxD VUIKfgOif�� V � M RZf���D q VxGUD��\V^D�OQJ�G;M\qKI�M\S�fgOiV � M
D SUS`bHEd_QVcI�fQO�V � D V�V � M�L�qKf�VUVcI�S�IKSYIeOQJHM\M\J0�\qKf�SUM\JR� fgG9ScfgE�M�J�bHGUD�VUIKfgO�f��5V � MP_QIKV�� � _HM�G;IKfQJ,� ]^M\S`_QIKVUM
V � M\SUM�qKIeE�IKV`D VUIKfgOQSQ+��\qKf�ScM\J�'2_ � D SUM4�\f R D�GTI[DZO��\M�qKI[OQM�DZG _HGTM\JHI.�\VcI�fQO � D S�FHM\M�O�S � f��PO(VUfjLZI�RZMPG;M\qKIeD�FQqKM
M\SUVUIeEdD VUM\S f!�@� fgGcEdD�OZV,� G;M # bQM�O��\I�M\S�D�OQJdFHD�OQJ@��IKJHV � S4620^G;IKS � OHD�E�bHG;V � W . C � IKqKJHM�G;S^m21
�43@+�n9M�D�G��\M
. \ � IKV`D�� M�G	m21
�43�8��
n IKV�� � ' SUWHO�� � GTfgOQfgbQS qKIeOQM�D�G�_HG;M\JHI��\VUIKfgOdJHM�GTI�RZM\S _HD�GUDZE�M\VUM�G;SF� GTfgE'DZOdD�OHD qKWQSUIKSYIeO�VcM�G;R D q@� � I.� �

S`_HD�OQSPDR� � f�qKM _QIKV�� � _ M�G;IKfgJ,�J&	q�V � fgbQL � E fgG;M^S`D�E�_Qq�M\S^D�G;MjDoR D IKq[DZFQq�M?�}fgG�V � M�D�OHD qKWQSUIKSPf�� � IKL �
_QI�V<� � M\JiS`_HM\M�� � D�OQJ+V � MjD�OHD�q�WQSUIKS�IKS	q�M\ScS�SUM�OQSUIKVUIKR�M(VUf�I[O��\fQEd_QqKM\VUMjL�qKf�VcV`D q��\qKf�SxbHG;M�+HM�GUG;fQG;S�f��)bH_
VUf�m2- � I[O�qKf���D�VUIKfgO0f���V � M�� GTSUV4�}fgGUEdDZO�V^SUVcI�qKq�f�����bHG�FHM���DZbQSUM V � M D�OHD qKWQSUIKSjIeO�VcM�G;R D q	�\fgOZV`D IeOQS
V � M^M�"��\IKV`D�VUIKfgO+IeOQSUV`DZO�VT6 � M\M m21 �
��8��
3�fgFHbQScVYM\SUVUIeEdD�VUIKfgOdD IeE�S�VUfjG;M\J�b��\M	V � M�M�GUG;fQG;S IeOdM\SUVcI[E�D VUIKfgO�f�� qKfC��M�G � fgGcEdD�OZVUS)DZOQJ FHD�OQJ�'

��IKJHV � S�� � I�� � D�GTI�ScM J�bQM+VUfiIeO��\q[bQScI�fQO#f��PV � M IeOQSUV`DZO�V(f��PL�qKf�VUVxD q]�\qKf�S`bHG;M0��IKV � IeO>V � M+D�OHD qKWQSUIKS
I[OZVUM�G;R D q)�2&�V^V � M IeOQSUVxD�O�V(f���L�qKf�VUV`D�q]�\q�fZS`bHG;M�+ qeD�G;LZM G;M\SUIKJ�bHD q�M�GUG;fQG;S^f�����bHG?� � I�� � ��DZO�LgGTM�D VUqKW
I[O���GTM�D SUMdV � M�R D�G;IeD�O��\M�f�� V � M M\ScVUIeEdD VUM\J �5n _HDZGUD�E�M\VUM�GTS�� a
� M�M(A5M��\V^f��YV � M\ScM qeD�GTL�M�M�GUG;fgG;S	IKS
G;M\J�b��\M\J?FZW���M\IKL � VUIeOQL^qeD�G;L�MPGTM\SUIKJ�bHD q�M�GUGTfgG;S9VUf4�\fgOZV`G;IeFHbQVUM�fgOQqKW�q�IeOQM�D�GTq�W�VUf^V � M�M�GUGTfgG,��GTI�VcM�G;IKfgO��
a
� M ScWgSUVcM�E�f���qKIeOQM�D�G�_HG;M\JHI��\VUIKfgO>M # bHD�VUIKfgOQS�I�SdOQf0qKfgOQL�M�G q�IeOQM�D�G�D�OQJ E�bQSUVjF M Scf�qKR�M\J FZW�D�O
I�VcM�GUD VUIKR�MP_HGTf��\M\J�bHG;M��
� M\MT6;m21 �
��8 � D S S � fC�	O�V � D V FHM\VUVcM�G JHM��\fgbH_QqKIeOQL�f�� SUfQbHG��\M�D�OQJdR�f���D qHV`GUD!�\V
��q�VcM�G	I�SjD!� � IKM\R�M\J�bQScI[OQL GTfgFHbQSUV^D�OHD qKWgScI�S�FHM���D�bQScM V � M IeO $ bQM�O��\M�f��YV � Md_HM�GTI�fQJHI��\IKV2W0f���V � MjM�"U'
�\I�VxD VUIKfgO+fQO�M\SUVUIeEdD VUIKfgOiD�����bHGUD��\W�f�� V � M*� G;SUVI� fgGcEdD�OZV � G;M # bQM�O��\W D�OQJ�FHDZOQJ@��IKJHV � IKS^G;M\J�b��\M\J,�
3�fgFHbQSUV�M\SUVUIeEdD�VUIKfgOdIKS�V � M�G;M(�}fgG;M	qKM\SUS�SUM�OQSUIKVUIKR�M^VUf(V � M	SUM\qKM��\VUIKfgO�f��5V � M^D�OHD qKWgScI�S	��IeOQJHf�� qKM�OQL�V �
D�OQJ+VUfdV � MjD�q�IKLgOHE M�O�V	f�� V � M^M�"��\IKV`D�VUIKfgO0��IKV � IeO!V � D V
��IeOQJHf����
C�fgE�_Qq�M\VcMjJHM��\fgbH_QqKIeOQL0f��YV � MjScfgbHG��\M�� � D�GUD!�\VUM�G;IKSUVUI��\S*� G;fgE V � M?� G;M # bQM�O��\W�G;M\S`_ fgOQSUM�f��YV � M

M\SUVUIeEdD VUM\JiR�f���D q5V`GUD!�\VPE�fQJHM\q5IKS�D�� � IKM\R�M\J�F�W bQScI[OQL�V � M(V`GUbQMjM�"��\IKV`D VUIKfgO!f�� V � MjR�f���D q5VxGUD��\V�IeO
V � MPD�OHD qKWQSUIKS�SUV`D L�M�� hQIeO��\M^G;M�D q E M�D S`bHG;M�E�M�OZVUS�f�� V � IKS�M�"��\I�VxD VUIKfgO�D�G;MPOQf�VYbQSxbHD qKq�W+DoR D IKqeD�FQqKM�+�D�O
D�_H_HG;f�"gIeEdD�VUIKfgO�fgG�E�fgJHM\qBf��5V � M	M�"��\IKV`D VcI�fQO-��D�O�FHM^bQSUM\J,�YnYGTf RQIKJHM\J V � M�D�_H_HGTfC"QIeEdD VUIKfgO VUfjV � M
V`GUbQMjM�"��\IKV`D VUIKfgO!f��YV � M(R�f���D�q5V`GUD��\V�SUWgScVUM�E IKS
� D IeG;qKW LZfgfQJ,+HV � M(V`GUD�OQS��}M�GJ� bHO��\VUIKfgOif��YV � M^R�f���D q
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� M+R�f���D q
V`GUD��\V�E�fgJHM\qKqKIeOQL+V`D S9� I�S�V � bQS�fgOQM	f�� ScWgSUVcM�E IKJHM�OZVUI�����D VUIKfgO�+BIeO � � I�� � V � M�D�I[E I�S�VUf E�fQJHM\q5V � M
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�X8�� a
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>��3?@����A'BDBC�E
GF���HGAJILKMA0A'�.H
I��PFQ
GR�B >
	

. 6
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a
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� MR� f�qKqKf���IeOQL�V���f
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JHI�J�D�VUM?E fgJHM\q�SUV`GUb��\V`bHGTM\S�+ D�OQJ1�\fgEd_HD�G;M�V � M\IeG _ M�G=�}fgGUEdD�O��\M � fgG S`_HM\M�� � SUW OZV � M\SUIKS(VUf V � D�V^f��
E�fgJHM\qKSJ��D q���bQq[D�VUM\J FZWjV � M	�\fgOZR�M�OZVUIKfgOHD qHqKIeOQM�D�GY_HG;M\JHI��\VUIKfgO�D�OHD qKWgScI�S�D�_H_HG;fgD!� � JHM\S���G;IeF M\JdIeO�V � IKS
� � D�_QVcM�G��
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S`_HM\M�� � +�D^ScWgSUVcM�E IKJHM�OZVUI�����D VUIKfgO+D�_H_HGTfgD�� � IKSPD JHfg_QVUM\J,+ZIeO � � I�� � D�O M�" _QqKI��\IKV�G;M�_HGTM\SUM�O�VxD VUIKfgO�f��
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SUIKR�M\qKW SUV`bQJHIKM\J/6 ��%UbHOQL0m21
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I[O!V � IKS
� � D�_QVUM�G�+QV � M4&43	5 6}D�bQVcfgG;M\LgG;M\ScSUIKR�M���I�V � M�"gVUM�GcOHD q I[OH_HbQV(8PE�fQJHM\q5D�OQJ+V � M�:^X 6�fgbQV`_HbQV
M�GUG;fgG�8(E�fQJHM\q + � fgG � � I�� � V � M?_HD�GcD�E�M\VUM�G;S�D�G;MdM\ScVUIeEdD VUM\J#F�W�M # bHD VcI�fQO�M�GUGTfgGjD�OQJ>fgbQV`_HbQV�M�G='
G;fgG^E�IeOQIeE�IKS`D VUIKfgO>G;M\S`_ M��\VUIKR�M\qKW�� hQWHO�V � M\VcI.��S`_HM\M�� � J�D�V`D�IKS bQSUM\J�Vcf+I�qKqebQSUV`GcD VUM�V � MdJHI�A5M�G;M�O��\M\S
FHM\V���M\M�O V � M V���f _HD�GcD�E�M\VUM�G�M\SUVUIeEdD VcI�fQO�E M\V � fgJHSQ� a
� Md_HM�G=�}fgGUE�D�O��\M�f��YV � MdE�fQJHM\q�S*�}fgG	V � M
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	 � M�"H_W6 ��� � 8��
a
� M*� GTM # bQM�O��\W�+ � � DZOQJ FHD�OQJ@��IKJHV � + � � +Qf�� V � M*�}fgGUEdD�OZV�D�G;M^L�IKR�M�OiF�W

� � � � � 
�l���
 6 �@� + )�8

� � � ;_6;m 
���
�8�qKf�L � 	 � � 6 �@� + 3�8
P�fQG E�D qKMjV`D q`� M�GTS�+QV � M�G;MjIKS^bQS`bHD qKqKW�m*�}fgGUEdD�OZV�_HM�G*� 
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V � D V � 6���8�IKSjD�O D qKq�'^N\M�G;f E�fQJHM\q9f��YV � MjLZq�fZVUV`D q5M�"��\IKV`D VUIKfgO�+BS`b�� � V � D V + 6��X8 � � 6��C8 ��6���8�+�� � M�G;M��6���8�IKS�D�N\M�GTf E�M�D�O�+ �(D�bQSUSUIeD�O�M�"��\IKV`D VUIKfgO��
Z ORP IKL��'�@����6 D�8�+ V � M^FQqeD��O�!'2FHf�" E fgJHM\q IKS�M�"��\IKVUM\J0F�WdD�G;M�_HG;M\SUM�OZV`D VcI�fQOdf��5V � M	L�qKf�VUVxD q�M�"��\IKV`DQ'
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R�f�qebHE�MjRZM\q�f��\IKV;W0� DoR�M(�}fgGUE D�GTMjOQf�V�M�D SUW�VUfdfQFQV`D IeO D�OQJ,+ � fgG�_HGUD��\VUI���D q _HbHGc_Hf�SUM\SQ+ D�O+DZ_H_HG;f�"gI�'
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1 2 3

Hidden Markov Model

x(1) x(2) x(3) x(4)

Neural Net

x(2)

x(3)

y(2)

x(1)

+"! #"$'&3(+*�,#""- 	%$&$ 6 2 ;�2 (�$'& 6 ? 2�(�5 6 ='=�&31 6�4�0 (�A 5<1�='0 1%2 (�&3(�4�1'#"2'! 5�! 1%2 ,

(+576-EL,.5>Yb&)9':H,Q<?1.:$O�1'Yb:HA-&)6B='1.:$1SU4&?1S,.5f@t04@N04X�A�571S5-k!��:4,gM-U4:H04&�,u&)():>XH04@B1.@B:H08\2E�:4,g&)J-5>YFM46B&>\4&+57(�U
M-U4:H04&F@B=~,/&+M-,u&)=.&+0>1Q&)A�n2Cc5>0�j�]�] 9s@R1�U�:H04&b:H,$Yb:H,u&~=Q1S571.&)=$5>04A|Yb:4A-&)6B=~5>,u&~():404(+571.&+0-571.&)A
1.:�E�:H,QY�9':H,/AVY�:HA-&)6B=+kI�g@BX�k-�-k � @B6B6N*4=.1S,.5f1.&)=35�1SU-,/&)&�KL=.1�571.&3M-U4:H04& Y�:HA-&)6GkI��:H,�&+57(�U�EL,.5>Yb&?:7E�5>0
*41.1.&+,.5>04()&>\�5 =Q1S571.&?1S,.5>04=Q@R1Q@R:40y@B=3YF57A-& 5204AD5>0�:Hn4=.&+,/}7571.@B:H0cZ EG&+571S*-,u&$}>&)()1.:H, a X>&+04&+,.571Q&)ADn-57=.&)A
:H0c5yM-,/:Hn-52n4@R6B@B1/CcA-&+04=.@B1/C�EL*-04()1.@B:H0c57=.=Q:H()@N571.&)Av9�@B1SU�1SU4&V04&)9 =.1S571Q&>kFx�U4&VM-5>,.52Yb&)1.&+,/=$:7E�1SU4&
Yb:HA-&)6B=$5>,/&?A-&+,/@B}>&)A�*4=Q@t04Xy5FM-,/:4n-5>n4@B6R@B=.1Q@R(b1S,Q57@N04@t04Xh(+,/@B1.&+,/@B:H08\�1rC-M4@B(+576B6BCDYF57J4@tYb*-Y 6B@N<7&)6B@NU4:H:4A�k
GL0o,u&)():>XH04@B1.@B:H08\�5cM-U4:H04&�Yb:4A-&)6�@B=V=.&)6B&)()1.&)A�n-57=.&)Aq:H0_YF57J4@NYb@B=.@N04X_1SU4&y6B@t<f&)6R@NU4:4:HAW1SU-571F1SU4&
(�U4:>=Q&+0|Yb:4A-&)6TX2&+04&+,.571.&)Ac1�U4&V:Hn4=Q&+,/}>&)Ac=.& � *4&+04()&y:7E'EG&+571S*-,/&F}2&)()1.:H,/=+k � =.& � *4&+04()&y:7E3M-U4:H04&Yb:HA-&)6B=I1SU-571g()6N57=.=.@PO�&)='1SU4&'&+021.@N,/&3*41.1.&+,Q5>04()&'@R=I=.&)6B&)()1.&)AVn2CFYF57J4@tY�@R=Q@t04X�1SU4&�6B@N<7&)6B@NU4:H:4Ay1SU-571g1SU4&
(�U4:>=Q&+0�Y�:HA-&)6!=.& � *4&+04()&FX>&+04&+,.571Q&)=�576B6 E�&+5f1S*-,/& }2&)()1.:H,/=sE�:4,�1SU4&b*41.1.&+,.5204()&>k�xsU4& A-@B=S57A-}75>0>1�57X>&:7E;1SU4&Fjs]�] 5>M-M-,u:H57()UD@B=�1SU4&F*-04A-&+,/6BCH@N04X|57=Q=S*-YFM41.@B:H0z1SU-571$=�*4()()&)=.=.@B}>&bEG&+571S*-,/&b}>&)()1Q:H,/=VZe:Hn2K
=.&+,/}�5f1.@B:H04= a 5>,/&?@N04A-&+M-&+04A-&+021+kT��:H,I:Hn4=.&+,/}7571.@B:H04='X>&+04&+,.5f1.&)AFEL,/:HY�1SU4&?=S5>Yb&?=.1S571Q&>\7EG:H,g&)J-5>YFM46B&
}>&)()1.:H,/=�'�Z 
>a 5204A('�Z�l a @N0��g@BX�k��-k � \�1SU4&F:4,/A-&+,?@N0�93U4@B(�U�1SU4&F:Hn4=.&+,u}�571.@B:H04= 52,/&FM-,/:HA�*4()&)A_U-57=
04:c&���&)()1~:40c1SU4&y:7}>&+,Q576B6T6B@N<7&)6B@tU4:4:4A{:7E31SU4&DY�:HA-&)6�5>04A_1SU4&+,u&V@B=V04:c():404()&+M41F:7E39�@B1SU4@N02KL()6N57=.=
():H0>1Q&)JH1sE�:4,'1SU4&)=.&�:Hn4=.&+,/}7571.@B:H04=+k W @NYb@B1.&)Ac9�@B1SU4@N02KL()6N57=.=�():H0>1Q&)JH1?(+5>0Dn�&F57()():H*-021.&)AyEG:H,?n>Cy1SU4&
=.1S571.&I1S,.5>04=Q@R1Q@R:40 M-,/:Hn-52n4@R6B@B1.@B&)=':7E�Yb:HA-&)6B=I9�@B1SU Yb:4,/&T1SU-520$:H04&'=.1S5f1.&>k � U4:H04&)1Q@R( ZGn�&)1/9;&)&+02KL()6N57=Q= a():H0>1Q&)JH1�@B=$,/&+M-,/&)=.&+021.&)Acn2CV1SU4&�1S,.5>04=Q@R1Q@R:40DM-,/:Hn-52n4@R6B@B1.@B&)=~n�&)1/9;&)&+0zYb:4A-&)6R=?:H,'(+520Dn-&FYb:4A-&)6B6B&)A
&)JpM46B@B()@B1.6BCo*4=.@N04X�A-@NM-U4:H04&y:4,$1S,/@NM-U4:H04&yjs]�]�=$:7E3576B6IA-@R=Q1.@N04()1VM-U4:H04&)1.@B(�():H0>1Q&)JH1.=ik�xsU4&F1S,.5>02K
=.@B1.@B:H0_M-,/:Hn-5>n4@B6B@B1.@B&)=Dn-&)1/9'&)&+0_Yb:4A-&)6R=�5>,/&�X>@B}>&+0_n>C_5z6N5>04XH*-57X>&DY�:HA-&)6'93U4@B()U�A-&)=.(+,/@Nn-&)=y1SU4&
=.Cp021S57()1Q@R(D5204A M-U4:H04:>6B:>X2@R(+5f6�():H04=.1S,Q57@N0>1.=h:H0_M-:>=Q=.@Nn46R&cYb:4A-&)6�=.& � *4&+04()&)=+k{x�U4&)=Q&y():H04=.1S,.5f@t021.=A-:D04:>1 U4:79;&)}2&+,�1S52<7&F57()():H*-0213:7E'1SU4&b6B:H(+576'57():H*4=.1Q@R(b():H021.&)J41$:7E;5yM-5>,/1Q@R(+*46N5>,�E�&+5f1S*-,/&b}>&)()1.:H, k
W :H(+5f6 5f():H*4=.1.@B(?():H0>1Q&)JH1$Z E�:4,Tn-:21SUF9s@R1�U4@t02KL()6N57=Q=�5>04Ayn-&)1/9'&)&+02KL()6N57=.=�():40>1.&)J41T&���&)()1.= a (+5>0�n-&$@N02K
1S,/:4A�*4()&)A�n2CF5>*4XHYb&+021.@N04Xb&+57(�U~E�&+571�*-,/&�}>&)()1.:4,g1.:�@t04()6N*4A-&�O#,/=.1�Z�5>04AF=.&)():H04A a :H,/A-&+,IA-@P��&+,/&+04()&)=
:7E31SU4&y}>&)()1Q:H,$&)6B&+Yb&+021.=F(+576B(+*46N571.&)Aq:7}>&+,�=.&)}>&+,.576I():H04=.&)(+*41.@B}>& E�,Q5>Yb&)=+kc%'&+0-5f6R=i\;js:H()U4n-&+,/X �%':Hn4@N04=.:H0�Z/^+`>`7l a *4=Q&$A-&)6R1�5F()&+M4=.1�,.576�5>04AyA-&)6B1S5h&+04&+,/X>CyM-5>,.52Yb&)1.&+,/=+\2EG:H,I&)Jp52YFM46B&>k

Es&+*-,.576-04&)1r9':H,Q<3n-57=Q&)A�52M-M-,/:H57()U4&)=�1Q:�M-U4:H04&�,/&)():2XH04@B1.@B:H0b*4=.&�5304&+*-,.5f6p04&)1/9':H,.<s1.:$M-&+,�EG:H,.Y
5304:H046B@N04&+5>,gYF52M-M4@t04X n�&)1/9;&)&+0�5�=Q& � *4&+04()&':7E-@N0-M-*41!E�&+571�*-,/&T}>&)()1Q:H,/=�5>04Ab5�=Q& � *4&+04()&':7E#04&)1/9':H,.<:H*41SM-*41.=+\?57=�=SU4:7930_@N0��g@BX�k'�-k � k�x�U4&�04&)1/9;:4,.<�:H*41SM-*41.=�&+04():4A-&c1SU4&cM-U4:H04&�6N5>n-&)6B=zE�:4,F1SU4&
=.& � *4&+04()&z:7E3@N0-M-*41hE�&+571�*-,/&V}2&)()1.:H,/=+kcxIC-M4@B(+576B6RCo5m^�KL:H*41/KL:7EeKL] &+04():4A-@t04X�@B=V*4=.&)AmE�:H,�]zKL()6t5f=.=
()6t5f=.=.@PO�(+571.@B:H08\'@N0_9?U4@R()U_1�U4&y()6t5f=.=V1�5>,/X>&)1.=F5>,u&V=.&)1�Ze()6B:>=.& a 1.:*)b^�E�:4, 1�U4&y():H,.,/&)()1F()6N57=Q=V5>04A



�b�����������������������	�
	�
�����
���
���
�
������������������������������������	������
�����
�
���������� ��
�� �����

� &+,/:bEG:H,'576B6�:>1SU4&+,/=�5>04A�,/&+YF57@N0�():H04=Q1S5>021TEG:H,I1SU4&$A�*-,.5f1.@B:H0�:7ET5FM-U4:H04&>kTx�U4& 04&)1/9':H,.<�9;&)@BXHU21.=5>,/&F1S,Q57@N04&)A|1.:z:HM41.@NYb@B=.&�()6N57=.=.@PO�(+571.@B:H0�:fE31SU4&F1S,Q57@N04@t04X�A�571�5Dn2C|Yb@N04@NYb@B=S571.@B:H0�:7E�1SU4&�Yb&+5>02K
=��p*-52,/&)A�&+,.,/:H,?571?1SU4&F04&)1r9':H,Q<F:H*41�M-*41.=+k$x�U4@B=~U-57=?1SU4&F57A-}75>0>1�57X>& :7}>&+,?YF57J4@NYb*-Y 6R@N<7&)6B@NU4:4:HA
1S,.57@N04@N04X|:fE~j�]�]�=b1SU-571F1SU4&z1S,.57@N04@N04X�@R=�A-@B=.(+,/@NYb@N0-571.@B}>&�5>04Ao@NYFM-,/:7}>&)=h1SU4&D:H*41�M-*41FEG:H,b1SU4&
():H,.,/&)()1b()6N57=.=b93U4@B6B&�,/&)A�*4()@N04Xc1�U4&V:H*41�M-*41.=�E�:H,�@N04():H,.,/&)()1F()6N57=Q=.&)=+kcx�U4&�A-@B=S57A-}�520>1S5fX>&y:7E�1SU4@B=
Yb&)1SU4:4Ay:7E�1�,.57@N04@N04XV@B=?1SU4& 04&)&)AD1.:hA-&�O#04& =S*4@B1S5>n46B&�()6t5f=.=31�5>,/X>&)1.=ik
��&)&)A4KGEG:H,/9�5>,uA�04&)1/9':H,.<2=�5>M-M-,u:H57()UD1�U4&~()6N57=Q=.@PO�(+571.@B:H0�1S5f=S<yn>CzA-&�O#04@N04X�5h=.1S5f1.@B(�04:4046R@N04&+5>,

YF5>M-M4@N04Xcn-&)1/9'&)&+0c@N0-M-*41bEG&+571S*-,/&�}>&)()1.:4,/= 5>04A_04&)1r9':H,Q<D:4*41SM-*41.=+kDxsU4&VA-@B=S57A-}75>021S57X>&�:7E�1SU4@B=
5>,/()U4@R1Q&)()1S*-,/&�:7}>&+,gjs]�] n-57=.&)AVYb:4A-&)6B='@R=I1SU-571g1.&+YhM-:H,.5f6-}�5>,/@N571Q@R:40F@N0h1SU4&'EG&+571S*-,/&'}>&)()1.:4,/=T5>04A
1SU4&$():H021.&)JH1'@N0y9?U4@R()Uy1�U4&)CV:4()(+*-,�@B=304:213,/&+M-,/&)=.&+021.&)Ay9�@B1SU4@N0 1SU4& 5>,/()U4@B1.&)()1S*-,/&>k � =�@B6B6N*4=.1S,.571Q&)A
@t0v�g@BX�k��-k
	�\�M-57=.1 5204A�E�*41�*-,/&F():H021.&)J41 (+5>0cn�&F@N0>1�,/:HA�*4()&)A�&)J-M46R@B()@B1.6BCon2C�,u&+M46t5f()@t04X�1SU4&h=.@N04X>6B&
E�&+571�*-,/&$}>&)()1.:H,I@N0-M-*41$n>Cy5>0h@t0-M-*41?9�@N04A-:79{():H021S57@N04@N04XV=Q&)}>&+,.576�EG&+571S*-,/&$}>&)()1Q:H,/=IE�,u:HY 57A7�u5f()&+0>1
E�,.52Yb&)=+k?�#*41S*-,u&~():40>1.&)J41$(+5>0�576B=.:Dn�&�M-,u:�}4@BA-&)A|n2CDA-&)6N5iCH@N04XD1�U4&~A-&)=Q@t,u&)Ac:H*41SM-*41$A-&)()@B=.@B:H0zEG:H,
1SU4&$()&+0>1�,.5768EG&+571S*-,/&$}2&)()1.:H,I:7Eg1SU4&$(+*-,.,/&+021�@N0-M-*4139s@t04A-:79 k

� 1SU4&+,�52M-M-,/:H57()U4&)='1.:b@t04():4,.M-:H,Q571.@N04XV():40>1.&)J41'@N0>1.:�04&+*-,.576�04&)1/9;:4,.<Fn-57=.&)AD,u&)():>XH04@B1.@B:H0y=QCH=/K
1.&+Yb=$U-5+}2&~*4=.&)AzEG&)&)A4KGE�:H,u9�52,/AD04&)1/9;:4,.<>=?57=�M-,u&)A-@R()1Q:H,/=$1.:yM-,/&)A-@B()1$1SU4& (+*-,Q,/&+0>1sEG&+571S*-,/&�}>&)()1.:H,
E�,/:4Y 5>0�@N0-M-*41b9�@N04A-:�9 :7E�M-,u&)}H@B:H*4=�E�&+571�*-,/&F}>&)()1.:4,/=+k � 9':H,uA|,/&)():>XH04@B1.@B:H0�=.CH=Q1.&+Y 9�57=$():H02K
=.1S,.*4()1.&)Acn2CIG�=.: � d|571�5>0-5>n-&DZ/^i`>` � a \�@t0�93U4@B(�Uv&+57()UD9':H,uAD@N0�1SU4&F1�,.57@N04@N04XyA�571S5�9�57=$,/&+M-,/&�K=.&+0>1Q&)A�n2C�5bA-@B=.1Q@t04()1$=Q&��p*4&+04()&�:7E�EG&)&)A4KGEG:H,/9�5>,/AD04&)1/9':H,.<2=+k � 57()<7KrM-,u:HM-57XH571Q@R:40�1S,.57@N04@N04XV:fE�1SU4&04&)1r9':H,Q<>=g9�57=I&+Y~n�&)A-A-&)Ay@N0V5�A-Cp0-5>Y�@R($M-,/:>X4,.5>YFYb@N04X�E�,.52Yb&)9':H,.<?EG:H,!():H,Q,/&)()1T1.@NYb&$576B@BXH0-Yb&+021
:7E�1�U4&D=.&��-*4&+04()&D:7E 04&)1/9':H,.<�Yb:HA-&)6B=hE�:4,b&+57()U�&)Jp5>YhM46R&�:7E$1SU4&y9':H,/A_@N0m1SU4&D1S,Q57@N04@t04X�A�571S5�k
� 1V5zX>@B}>&+0_@N04=.1�5>0>1i\g:H046BC_1SU4&y9'&)@BXHU>1Q=F:7E31SU4&�04&)1/9;:4,.<z=.&)6B&)()1.&)A{n>C�1SU4&y:HM41.@NYb*-Y�A-C-0-5>Yb@B(
M-,/:>XH,.52YFYb@N04X�M-571�Uc9'&+,/&y*-M-A�571Q&)A�k � =Q@tY�@R6N5>,h5>M-M-,/:H57()Uv9�5f=~*4=.&)A_n>C�x�&+n�&)6R=�<>@B= � d|5f@tn�&)6
Z/^+`>` � a EG:H,�n-*4@B6BA-@N04X�5b9':H,uA�,/&)():2XH04@B1.@B:H0z=.CH=Q1.&+Y n-57=.&)Ay:40DM-U4:H04&bYb:HA-&)6B=?():HYFM-,/@B=.&)A�:7Eg1SU-,/&)&E�&)&)A4KGEG:H,/9�5>,/ADM-,u&)A-@R()1Q@R:40D04&)1/9':H,.<2=+k
x�U4&?6B@tY�@R1�571.@B:H0�:7E�1�U4&)=.&�Y�&)1SU4:HA-=IEG:H,g@N021S,/:4A�*4()@N04XF():H021.&)JH1'@N021.:F04&+*-,.576�04&)1/9;:4,.< Yb:4A-&)6B=�@B=

1SU-571'1SU4&)C�:H046BCy@t021.&)XH,Q571.&?1SU4&$():H021.&)JH1�*-5768&�� &)()1Q='E�:4,;5~O#04@R1Q& A�*-,.571Q@R:40�:7E�1�U4&$@t0-M-*41?=.&��-*4&+04()&>k
x�U4&$A-&+M41SUy:fE�1SU4&$():H021.&)J41�@B='O�JH&)ADn2C�1SU4& 0H*-Ybn�&+,�:7E E�,.52Yb&)='=SM-5>0-04&)A�n2C�1SU4&$@N0-M-*4139�@N04A-:79 k
x�U4&F04&)1r9':H,Q<>=?EL57@B6g1.:yYb:HA-&)6gA-C-0-5>Yb@B()=�:7E;1SU4&�EG&+571S*-,/&b}>&)()1Q:H,/=?9�@B1SUc5�6B:H04X>&+,?A�*-,.5f1.@B:H0�1SU-5>0
1SU-571T:fE 1�U4&�@N0-M-*41;9s@t04A-:79{5>04AF(+52*4=.&3=�Yb:H:21SU4@N04X :7E8EG&+571S*-,/&)=I1SU-571T()U-5>04X>&?,.5>M4@BA-6BCV9�@B1SU4@N0h1SU-571
A�*-,.571.@B:H08kgx�U4&�A-&+M41�UF:7E8():H021.&)JH1I@B=T@N04(+,/&+57=.&)Ayn2C~@N04(+,/&+5f=.@N04X~1�U4&�=.@ � &�:7E�1SU4&�@N0-M-*41I9�@N04A-:�9{n-*411SU4@B=;():404=.@BA-&+,.5>n46BCV@N04(+,/&+5f=.&)=�1SU4&$0H*-Ybn�&+,T:fE 9'&)@BXHU21.='1.:~n�&31�,.57@N04&)A�k � Yb&)1�U4:HAhE�:4,g@N0>1Q&)XH,.571.@N04X
():H0>1Q&)JH1b:7}>&+,�6B:H04X>&+,b1.@NYb&yM-&+,u@R:4A-=�9�@B1SU4:H*41F=S*-n4=Q1S5>021.@N576B6RC�@N04(+,/&+57=.@N04X�1SU4&D04*-Y~n�&+,b:7E�Y�:HA-&)6
M-5>,.5>Yb&)1Q&+,/='@R=$,/&��-*4@N,/&)A�k;%�&)(+*-,.,/&+021�04&+*-,.5f6�04&)1/9;:4,.<>=�5>M-M�&+5>,'=S*4@B1.&)Az1.:F1SU4@B=?1S57=S<�k
��
���
�� � ��������� ������� ���������� 
�"!#����������� ���$��� 	 �&% ��� �������('*)��+� ���,�_��-.) � �+/G�0��)&�1/.���
2'&)(+*-,.,/&+021;04&+*-,.5f6p04&)1/9':H,.<2=�M-,u:�}4@BA-&35>0�& � ()@B&+021T5>,/()U4@R1Q&)()1S*-,/&'EG:H, @t04(+,u&+57=.@N04X 1SU4&'A-&+M41SU�:7E�():H02K1.&)JH1�*-576-&���&)()1.=+kgx�U4&)C~M-,u:�}4@BA-&�5$Y�:H,/&'():HYFM-57()1T,u&+M-,/&)=.&+021S571.@B:H0b:fE#1SU4&�A-C-0-5>Yb@B()=I:7E�5$M-,/:Hn46B&+Y
Ze@N0 1Q&+,.Yb=!:7E#0H*-Ybn�&+,!:7E#04&)1/9;:4,.<�9'&)@BXHU21.= a 1SU-5>0�5'EG&)&)A4KGE�:4,/9�5>,/A~04&)1/9':H,.<s9�@B1SUb5�O#04@R1Q&;A�*-,Q571.@B:H0
@t0-M-*41s9�@N04A-:�9 n-&)(+5>*4=.& 5�=SU4:4,/1.&+,IA�*-,.571.@B:H0�@N0-M-*41�9s@t04A-:79 \4:H,'5�=.@N04X>6B&$EG&+571S*-,u&3}>&)()1Q:H,)\>(+520yn-&



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

*4=.&)A�k�2'&)(+*-,.,u&+0>1�():40-04&)()1.@B:H04=�Z�A-&)6t5iC>&)A�EG&)&)A�n-57()<VM-5f1SU4= a @NYFM46B@R()@B1.6BC�&+04():4A-&~M-57=.1'():H021.&)J41'@t021.:
1SU4&~04&)1/9':H,.<F52,/(�U4@B1.&)()1�*-,/&~n2CV@N021S,/:4A�*4()@N04XD5VYb&+Y�:H,/CF:7ET1�U4& M-57=.1�93U4@B()Uz@R=?=.@NYb@B6N5>,s1.:F1SU-571s:7E
5>0b@N02O#04@B1.&$@NYFM-*46B=.& ,/&)=SM�:H04=.&'O�6B1.&+,)kIx�U4&3U4@BA-A-&+0y04:HA-&)=I:HM-&+,Q571.&�6B@N<7&?@t021.&+,.0-5f6�=.1S5f1.&)=g1.: &+04():4A-&
M-57=.1T&)}2&+0>1.=�5>04A�1SU4&?(+*-,.,/&+021;04&)1/9':H,.<�:H*41SM-*41I@B=�A-&+M-&+04A-&+021�:H0h1SU4@B='@t021.&+,.0-5f6�=.1S5f1.&>k GL0h1SU4&):H,/C>\
1SU4&'A-&+M41SU�:7E M-57=Q1�():H021.&)J41�M�:>1.&+021.@N576B6BC~&)J41.&+04A-=I1.:31�U4&�n�&)X>@N0-04@N04X~:fE�1SU4&'1S,.57@N04@N04X$=.&��-*4&+04()&35>04A
576B6R:79�=�E�:4,�1SU4&�57()(+*-Yb*46t5f1.@B:H0�:7E'():H0>1Q&)JH1S*-5f6�&���&)()1.=$:7}>&+,?YF5>02CyEL,.5>Yb&)=$:fE;A�571S5�k GL0cM-,Q57()1.@B()&>\
1SU4&�A-&+M41SUb@B=IA-&)1.&+,.Yb@N04&)AVn2Cb1SU4&�,/&)6N571.@B}>&�=.@ � &�:fE#1SU4&3,u&)(+*-,.,/&+021g():H0-04&)()1.@B:H0h9;&)@BXHU21.=T5>04Ab(+5>0hn-&&)=.1.@NYF571.&)A�n>Cy5h6R:4(+576�6B@N04&+5>,/@B=S5f1.@B:H0�:7Eg1SU4&~U4@BA-A-&+0�04:4A-&~04:H046B@N04&+5>,sEL*-04()1.@B:H04=VZ � 1Q&+YF57A�^+`>`�� a k
x�U4&$A-&+M41SU�:7E�M-5f=.1'():H0>1Q&)JH1'@B=3576B=.:F@N0��#*4&+04()&)Acn2CF1SU4&$()U4:>@B()&$:7E�1�,.57@N04@N04XV576BX>:H,/@B1SU-Y k GL0 � 57()<7K
	T,/:HM-5fXH571.@B:H0yx�U-,u:H*4XHUDx�@tY�& Z � 	Ix�x a Z�dc&+,.n-:2=~^+`2`�
 a \-1�U4& &+021.@N,/&b1S,.57@N04@N04XVA�5f1S5F=Q&��p*4&+04()&b@B=A-@R}4@BA-&)Ac@N0>1Q:�5F04*-Ybn-&+,s:7Eg9�@N04A-:�9s=�5>04Az1SU4&~04&)1/9':H,.<h1S,.5f@t04&)Az=.&��-*4&+0>1.@N576B6BCD:40y&+57()Uy9�@N04A-:79 k
x�U4&D6B&+5>,.04@N04Xo576BX>:4,/@B1SU-Y�@B=V:4046RC_(+52M-5>n46B&�:fE�(+5>M41�*-,/@N04XcEG&+571S*-,/&)=h9�@B1SU_A-C-0-5>Yb@B()=y93U4@B()Uo5>,/&
,/&+M-,/&)=.&+021.&)A_9�@B1SU4@N0_1�U4&V(+*-,.,u&+0>1F9s@t04A-:79 5>04A_1SU4&yA�*-,Q571.@B:H0�:7E31�U4&V9�@N04A-:79 Yb*4=.1b1SU4&+,/&�EG:H,/&
n-&b6B:H04XV&+04:4*4XHUz1.:F(+5>M41S*-,u& 1SU4&b6B:H04X>&)=.1?1.&+YFM�:H,.576 A-&+M-&+04A-&+04()Cc@N0y1�U4&~@N0-M-*41$=.&��-*4&+04()&>k 2'&+576
x'@NYb& 2'&)(+*-,.,/&+021��8&+52,.04@N04X Z 2!x 2
� a Z�d @B6B6B@N5>Yb= ��� @NM4=.&+, ^+`��>`�� a A-:H&)=�04:>1b=S*2��&+,$EL,/:HY 1SU4@B=
A�,.5i93n-57()<�k � 6R1�U4:H*4XHU�d�@B6R6B@N5>Yb= ��� @tM4=Q&+,~Z/^i`��>`�� a U-5i}>&$=SU4:7930h1SU-571 2�x"2
��@B=35FYb:H,u&�M�:�9'&+,�KE�*46�6B&+5>,Q04@t04XD5f6RX2:H,/@B1SU-Yy\-@B1$U-57=�1SU4&�A-@B=S57A-}�520>1S5fX>&)=�1SU-571s@R1?@B=�Y�:H,/&$():HYFM-*41�571.@B:H0-576B6BCy@N0>1.&+04=Q@R}2&
5>04A�,u&��p*4@N,/&)=VY�:H,/&�=.1.:H,.5fX>&F1SU-5>0 � 	Tx�x�k�xsU4&V():HYhM-*41S571.@B:H0�5>04A�=.1.:H,.5fX>&V,/&��-*4@N,/&+Yb&+021.=V5>,/&@t04A-&+M�&+04A-&+0>1�:7E�1SU4&�A-Cp0-52Yb@B()=~:fE�1�U4&V1S5f=S<Dn-*41b@N04(+,/&+57=.&�9�@B1SU�04&)1/9;:4,.<z=.@ � &>kDx�U4&hE�:>6B6B:79�@N04X=.1S*4A-CyA-:4&)=�04:>1s():H04=.@BA-&+,?1SU4& 1�,.57@N04@N04X�576BX>:4,/@B1SU-Y @B1.=Q&)6 E.\�n-*41sE�:4(+*4=.&)=?:H0�1SU4& :4M-&+,.571Q@R:40y:7ET1SU4&
O#0-576�04&)1/9':H,.<b=.:26t*41Q@R:408k � 046BC 2!x 2
��9�57=�*4=.&)AD@N0 1S,.57@N04@N04X�04&)1/9':H,.<�&)Jp5>YhM46R&)=ik

����� ���������T�! $�8�"�����$#%�g�'&)(��+*-,.�T�g"0/8"0(��213(� b��465'�+7
x�:yA-&)1.&+,QYb@N04&VU4:79 ,/&)(+*-,Q,/&+0>1$():40-04&)()1.@B:H04=~YF52<7&F*4=.&b:7ET():H021.&)JH1$A�*-,u@t04Xz1SU4&b()6N57=.=.@PO�(+571.@B:H0�:7E
1.@NYb&�KL}�5>,uCH@N04X�M-5f1.1.&+,.04=+\�1SU4&b:HM�&+,.571.@B:H0z:7E;5�=.@N04X>6B&VU4@BA-A-&+0c04:4A-&F9�@B1SU�5�*-04@B1 A-&)6N5iC�,/&)(+*-,.,u&+0>1
():H0-04&)()1.@B:H08\��g@BX�k+8-k9��\�@B=$():H04=.@BA-&+,/&)A�@N0z1SU4@B=$=.&)()1.@B:H08k GG1$@B= 57=.=S*-Y�&)A�1�U-5713&+5f(�Uz()6N57=.=$&)J-5>YFM46B&
@R=F,/&+M-,u&)=.&+0>1Q&)A�n2C|5y():4,.,/&)6N571.&)A�=.&��-*4&+04()&y:7E�EG&+571S*-,/&F}2&)()1.:H,/=+\�'�Z;: a \�5204A|1SU-5f1 =.&��-*4&+04()&)=V5>,/&
():H04(+571.&+0-571Q&)Ao1.:�EG:H,.Y :H04&z6B:H04X|1Q@tY�&�KL}�5>,/C4@N04XoM-571.1.&+,Q0vE�:H,�()6t5f=.=.@PO�(+571.@B:H08k G�0_1S,.5f@t04@N04X_5>04A
,/&)():>XH04@B1.@B:H08\s1SU4&yEG&+571S*-,/&z}>&)()1.:H,u=�5>,u&DM-,/&)=.&+021.&)A�1.:c1SU4&c04&)1/9':H,.<v:H04&�571y5�1.@NYb&oZG04:�@N0-M-*41
9�@N04A-:�9 a \!=.:�1SU-571 1�U4&V:H046BCc():40>1.&)J41S*-576I&���&)()1.=F5>,/&F1SU4:2=.&VA�*4&�1.:z1SU4&�,u&)(+*-,.,/&+021~():40-04&)()1.@B:H08k
x�U4&~5>0-5f6RC4=.@B=sE�:4(+*4=.&)=�:H0�1/9':7KL()6N57=.=s()6t5f=.=.@PO�(+571.@B:H0�M-,/:Hn46B&+Yb=?93U4@B()UDM-&+,QYb@B131SU4& *4=Q& :7E�5�=.@N04X>6B&
6R@N04&+5>,�:H*41SM-*41F04:HA-&>kcxsU4&V:H*41�M-*41~9'&)@BXHU21+\=<�\!@B=F=.&)1b1.:�^�5204A|@B1b@B=�5f=.=S*-Yb&)A_1SU-5f1~04&)1/9':H,.<2=
5>,/&?1S,.57@N04&)ADn2C�n-57()<fKrM-,/:HM-57XH5f1.@B:H0V*4=Q@t04Xh()6t5f=.=�1S5>,uX>&)1.=T:fE?>$^$5>04AA@b^>\493U4@B(�Uz,/&+YF57@N0�():H04=Q1S5>021
E�:H,�1SU4&DA�*-,.5f1.@B:H0_:7E~5�()6t5f=.=+k GL0q()6N57=.=Q@ O�(+5f1.@B:H08\35v()6N57=.=�A-&)()@R=Q@R:40�@B=�YF5fA-&yEG:H,b&+57()U�EG&+571S*-,/&
}>&)()1.:H,�:7E 5z=.&��p*4&+04()&�n>C_5>0v:H*41SM-*41F1�U-,/&)=SU4:>6BA Z�n4@t5f=~9'&)@BXHU21 a k���:4, 1�U4&D04:H046B@t04&+52,bEL*-04()1.@B:H0
� ZCB a=D 1S5>0-U�ZCB a \>1�U4& :H*41SM-*41s1SU-,/&)=SU4:>6BAz@R=?57=.=S*-Yb&)Az1.:Fn-& � &+,/:�k
��:4,g1SU4&$04&)1/9;:4,.<$:7E!�g@RX�kE8-k9��\>1SU4&?&��p*-5f1.@B:H04=IE�:H,�1SU4&?:H*41SM-*41':7E�1SU4&$U4@RA-A-&+0y04:4A-&>\�F!Z;: a \45>04A

1SU4& 04&)1/9;:4,.<b:H*41SM-*41i\�G#ZH: a \�52,/&

F�ZH: aID � ZKJ�L '�Z;: a @NMOF!Z;:P>_^ a @RQ a ZS8-kN^ a



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

v
1 2

v

1

w

z -1

x (t)2x (t)1 x (t)n

u

f(.)

v
n

y(t)

h(t)

�"! #"$'&3(+*�,��"-���! 2�#"? ( 0'! ;'; (�2�2 1 ; (
	 ! 5�0 &)(�4�$'&9&)(�2 5/4�1"2 2 (�4�5�! 1"2 ,

G#ZH: aID <�F�Z;: a ZS8-k
	 a
93U4&+,/&6J_@B=~5h}>&)()1.:H,?:7E'@N0-M-*41 9'&)@BXHU>1Q=+\�'�Z;: a D���
�� Z;: a � � � 
�� Z;: a�� L \�Q�@B=~5�n4@N57= 1.&+,QY 5>04AoZ � a LA-&+04:>1.&)=�1S,Q5>04=SM-:2=.&>kTx�U4&$A-&)()@B=.@B:H0�n-:4*-04A�5>,/Cy@B=3X2@R}2&+0Dn2C

J L '�ZH: a @RM F�Z;:=>_^ a @NQ D 
 ZS8-k9� a
x�U4&�():40>1S,u@tn-*41Q@R:40 J L '�Z;: a @AQ4\-,/&+M-,/&)=.&+021.=�5?=.1S5f1.@B(�6B@t04&+52,'A-&)()@B=.@B:H0yn-:H*-04A�52,/CF93U4@B()UF(+5>0hn-&

@t021.&+,.M-,u&)1.&)Ac57=31�U4& A-&)()@B=.@B:H0cn�:H*-04A�5>,/Cz:7E;5>0�������� ������� ��E�&)&)A4KGEG:H,/9�5>,uA�04&)1/9':H,.<h93U4@B(�U�U-57=$1SU4&
=S5>Yb&�9'&)@BXHU21.=?< \'J�5>04A�Q4kTxsU4&31.&+,QY$M F�Z;:�>�^ a ,/&+M-,/&)=.&+021.='5$}�52,/@N5>n46B& n4@t5f=;1Q&+,.Y�93U4@B()UF(+52*4=.&)=
1SU4& A-&)()@B=.@B:H0cn�:H*-04A�5>,/Cy1Q:�Yb:7}>&$@N0�5hA-@t,u&)()1.@B:H0�M-5>,.576B6B&)6g1.: Jgk3xsU4@R=?@B=$@B6R6N*4=.1�,.571.&)A�@N0z�g@RX�k 8-k l
E�:H,'5b1/9':7KL()6N57=.=�M-,/:4n46R&+Y	@t0 93U4@B(�U '�Z;: a @B=$5 1/9':7KLA-@NYb&+04=.@B:H0-5f68E�&+5f1S*-,/&$}>&)()1.:4,;5204Ay@t0�1�,.57@N04@N04X�\
O�JH&)Az1S5>,/X>&)1Q=;:fE >$^ 5204AA@b^ 5>,/& *4=.&)A E�:4,'()6N57=.=O
F5204Ay()6t5f=.=~^�,/&)=SM-&)()1Q@R}2&)6RC>k

x�U4&$A-@N,/&)()1.@B:H0z:7E!A-&)()@R=Q@R:40�n�:H*-04A�5>,/CDY�:�}2&+Yb&+0>1'@B=?A-&)1.&+,.Yb@N04&)A�n2C�1SU4& =.@BXH0�:fE M F�Z;: >o^ a k
��:H,s1SU4& =Q@t04X26R&�U4@RA-A-&+0v04:HA-&b:7ET�g@BX�k+8-k9�-\�1SU4&�=.@BXH0z:7E?F�Z;:=>�^ a A-&)1Q&+,.Yb@N04&)= 1SU4&bM-,/&)}4@R:4*4=$()6t5f=.=
A-&)()@R=Q@R:408k"!s=.@N04X|5z()6N57=.=F1�5>,/X>&)1�:7EO@b^�E�:4,$()6N57=.=D^2\ F�Z;: >{^ a @B=FM-:>=Q@R1Q@R}2&D93U4&+0�1SU4&yM-,/&)}4@B:H*4=
()6t5f=.=�A-&)()@B=.@B:H0z@B=�()6N57=.=b^>k!�g@RX�k�8-k l�=SU4:79�=3U4:79�1SU4&$A-@N,/&)()1.@B:H0y:fE�A-&)()@B=.@B:H0zn-:H*-04A�5>,uCDYb:7}>&+Yb&+021
A-&+M-&+04A-=?:H0�1SU4&?=.@BXH0�:7E M�9?U4&+0 F�Z;:�>�^ a @B=3M-:>=Q@R1Q@R}2&>kT��:H,'M-:>=.@B1.@B}>& M�\41SU4&$A-&)()@B=.@B:H0Dn�:H*-04A�5>,/C
Yb:7}>&)=~5i9�5iCyEL,/:HY ()6N57=.=y^>\!1SU4&y,/&)X>@B:H0�:fE�1�U4&FEG&+571S*-,/&h=SM-57()&�():H,.,/&)=SM�:H04A-@N04X�1.:D1SU4&yM-,/&)}4@B:H*4=
()6t5f=.=$A-&)()@B=.@B:H08kFx�U4&F,/&)X>@B:H0�:fET1SU4&�E�&+571�*-,/&b=SM-57()&�E�:4,�93U4@B()UzEG&+571S*-,/&b}>&)()1.:4,/=�52,/& ()6N57=.=Q@ O�&)A_57=
()6t5f=.=V^b@B= @N04(+,/&+5f=.&)A�\�93U4@B()U|n4@N57=Q&)= 1SU4&b(+*-,.,/&+021$A-&)()@B=.@B:H0v1.:79�52,/A-=31�U-571$:7E;1�U4&�M-,u&)}H@B:H*4=�()6t5f=.=
A-&)()@R=Q@R:408k;x�U4@B=I@R=I=.@NYb@B6N5>,g1.:$1�U4&�9�5+C$@N0b9?U4@R()Uh1SU4&'6R:2X~M-,/@B:H,g,.5f1.@B: n4@t5f=.&)=T1SU4&sA-&)()@R=Q@R:40bEL*-04()1.@B:H0



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

x1

x2
v

−ve w

+ve w

CLASS  0
(Target −1)

CLASS  1
(Target +1)

Staticboundary

�"! #%$'&)( *�,���-��/2 ! ? ? $�AB5 & 6�5�! 1"2 1��+6�5�	 1��<;"!
	+(�2 A
! 1"2:6 ?
� 5�	 1��<4�? 6�A A =�&)1
�'? (�	�A
0 1 	 ! 2�#I5 0 ( (���(�4�5+1��+6
&)(�4�$'&9&)(�2 5/4�1"2'2�(�4�5�! 1%2�� M ��1"285�0 ( =�1'A
! 5�! 1"2 1�� 5 0 ( ; (�4�! A
! 1"2���1"$'2 ; 6 &�� ! 2�� ( 6 5 $'&)(8A
=:6�4�(',

:7E#5 � 5+C2&)=�:HM41Q@tYh576H()6N57=Q=.@PO�&+,g1.:sE�5i}>:4*-,81SU4&�Yb:>=.1gM-,/:Hn-52n46R&s()6t5f=.=+k!��:H,!04&)XH571Q@R}2&?M�\71SU4&'A-&)()@R=Q@R:40n-:H*-04A�5>,uC|Yb:7}>&)=$@N0c1�U4&F:HM-M-:2=.@B1.&VA-@N,/&)()1Q@R:40_5>04A�EL5+}2:H*-,/= 5y()U-5>04X>&h@t0v()6N57=.=bA-&)()@B=.@B:H08kyd�@B1SU
O�JH&)A�()6N57=.='1S5>,/X2&)1.=+\>1�,.57@N04@N04X~(+520-04:>1'():H0>}2&+,/X>&�1.:b5$=.1�5>n46B&3=.:26t*41Q@R:40�9�@B1SUV04&)X4571.@B}>&OM�k 	!:>=.@B1.@B}>&
M @B=V1SU4&+,u&�E�:H,u&�,/&��-*4@N,/&)A 5204A|9�@B6B6$n-&D57=.=�*-Yb&)A_@N0_576B6'E�*-,u1SU4&+,�@R6B6N*4=.1S,Q571.@B:H04=�:7E�1�U4&V1/9':7KL()6N57=.=
M-,/:Hn46B&+Y @N021S,/:4A�*4()&)AD@N0y�g@BX�k�8-k l�k
x�U4&F&���&)()1b:7E�1SU4&V,u&)(+*-,.,/&+021~():40-04&)()1.@B:H0c@B=b1SU4*4=b1.:yEG:H,.Y 5zA-C-0-5>Yb@B(VA-&)()@B=.@B:H0_n�:H*-04A�5>,/C

93U4@B(�U (+5>0F()U-5>04X>& M�:>=.@B1.@B:H0 @t0�1�U4&?E�&+571�*-,/&$=SM-57()&>k � &)()@B=.@B:H0yn�:H*-04A�5>,/CDY�:�}2&+Yb&+0>1'M-:>1Q&+0>1.@N576B6BC576B6R:79�=I1SU4&?(+*-,.,/&+021T()6N57=.=IA-&)()@R=Q@R:40�1.: 1S52<7&�57()():H*-021T:7E�1SU4&3M-5f=.1T():H021.&)J41T:7E�5sEG&+571S*-,/&s}>&)()1.:H,In-&�K
(+5>*4=.&'1SU4&T()6N57=Q=.@PO�(+571.@B:H0bA-&+M�&+04A-=T:H0�1SU4&'(+*-,.,/&+021�M�:>=.@B1.@B:H0�:7E�1SU4&'A-&)()@B=.@B:H0Fn�:H*-04A�5>,/C>kgjs:�9'&)}>&+, \
93U4&+0�=S571S*-,Q571.@B:H0�:7E�1�U4& 04:H046B@t04&+52,sE�*-04()1.@B:H0yM�&+,/=.@B=.1.=i\#Yb:7}>&+Y�&+0>1':7E�1�U4&$A-&)()@R=Q@R:40�n�:H*-04A�5>,/C�@B=
@t0-U4@Nn4@B1.&)A�k � =$A-@B=.(+*4=Q=.&)Ac@N0z1SU4&�E�:>6B6B:79�@N04Xy=.&)()1.@B:H04=+\81�U4@R=$@NYFM�&)A-&)= 1SU4&b5>n4@B6B@R1/C�:7ET1SU4&F04&)1/9':H,.<
1.:VYF5><f&�*4=.&�:7Eg():H0>1Q&)JH1'@N0y1SU4&�()6N57=.=.@PO�(+571.@B:H0zM-,/:4()&)A�*-,/&>k

����� ��������� �T�!��(���� 5��� $��5'�#"0(�� �"! ($���+�$#$�%�
� �'� /8"/�8"'& ".�'7
x�U4&y&���&)()1~:fE�1S,Q57@N04@t04Xv1SU4&y=.@N04X>6B&�U4@BA-A-&+0o04:4A-&y:7E$�g@BX�k=8-k9�z9�@B1SUvO�J4&)A_()6t5f=.=F1S5>,uX>&)1.= :fE )b^
@R=$1�U-571 5F=Q&��p*4&+04()&F:fETEG&+571S*-,/&�}>&)()1.:H,/=sEL,/:HY 1SU4&b=S5>Yb&b()6N57=.=$1.&+04A-=$1Q:yA�,/@B}>&b1SU4&b:HM-&+,.5f1.@B:H0z:7E
1SU4&F04:H046B@t04&+52,$EL*-04()1.@B:H0�@N021.:D=�571S*-,.571Q@R:408k)(-571S*-,.5f1.@B:H0z(+5>*4=.&)=~Yh57JH@NYb*-Y A-@B=SM46N57()&+Yb&+021b:7E;1SU4&
A-&)()@R=Q@R:40|n�:H*-04A�5>,/C E�,/:4Y 1SU4&b=.1S571.@B(FM-:2=.@B1.@B:H08k ��:H,sEG&)&)A�n-57(�< M 5>04A�()6N57=.=�1S5>,/X2&)1.=3:fE )b^>\�1SU4&
M-:>=.@B1.@B:H04=�:7E�Yh57JH@NYb*-Y A-@B=SM46N57()&+Y�&+0>1b5>,/&F571�) M Ze@N0z1SU4& J_A-@N,/&)()1.@B:H0 a :H0z&)@R1�U4&+,$=.@BA-&�:7E;1SU4&
=.1S571.@B(�n-:4*-04A�5>,/C>\>5>04AbA-@B}H@BA-&?1SU4&IE�&+5f1S*-,/&'=SM-57()&'@N0>1Q:3():H021.&)J41/KL=.&+04=.@B1.@B}>&?5>04Ab():H0>1Q&)JH1/KL@N04=.&+04=Q@R1Q@R}2&
,/&)X>@B:H04=+kI��:H,I1SU4&�=.@NYFM46B&b1r9':7KLA-@NYb&+04=Q@R:40-576G\-1/9;:fKL()6t5f=.=�@B6B6t*4=Q1S,.571.@B:H0z():H04=Q@RA-&+,u&)A�M-,u&)}H@B:H*4=.6BC>\�1SU4@B=
@R=b=SU4:7930�@t0��g@BX�k 8-k98-\ 93U4&+,/&F1�U4&�M�:>=.@B1.@B:H04=b:7E3YF57J4@NY~*-Y A-@B=SM46N57()&+Yb&+021V5>,u&F6N5>n-&)6B6B&)Ao()6N57=.= 

5>04Ay()6N57=.=b^$6B@tY�@R1$,/&)=SM�&)()1.@B}>&)6BC>k
��:4,gEG&+571S*-,u&$}>&)()1.:H,/=�E�,/:4Y ():40>1.&)J41/KL@N04=.&+04=.@B1.@B}>&F,/&)X2@R:404=3:7Eg1SU4&?EG&+571S*-,/&$=�M-57()&>\-()6N57=.=.@PO�(+571Q@R:40

(+5>0 n�&�Yh57A-&'9�@B1SU4:H*41g5>0>C M-,u@R:4,�<404:79�6B&)A-X>&':7E�1SU4&T=Q&��p*4&+04()&�:fEHEG&+571S*-,/&I}>&)()1.:H,u=�EL,/:HY�9?U4@R()Ub1SU4&



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

x1

x2

Staticboundary

Class 0 limit

Class 1 limit

D

Context−Sensitive

Context−Insensitive

Context−Insensitive

C

B

A

�"! #%$'&)(+*�, *�-�����(�4�5 1�� A�6�5�$ & 6�5�! 1"2 1%2 =�1'A
! 5 ! 1"2 1�� 5�0 (8;'(�4�! A
! 1%2 ��1"$'2 ;�6�&�� ! 2 5 0 ( � ( 6�5�$'&3( A
=:6�4�(',

(+*-,.,/&+021$&)Jp5>YhM46R&b:H,u@RX2@t0-5f1.&)=+k��':40>1.&)J41/KL@N04=.&+04=.@B1.@B}>&�,/&)X>@B:H04= 5>,/&�1SU4:>=.&b93U4@B()U�5>,/&F04:>1?=SM-5>0-04&)A
n>C|Y�:�}2&+Yb&+0>1�:7E31SU4&�A-&)()@B=.@B:H0on�:H*-04A�5>,/C{Z � 5>04A�� @N0��g@RX�kP8-k98 a k�xsU4&V()6N57=.=Q&)=V57=.=.@BXH04&)A�1.:
1SU4&)=.&�E�&+5f1S*-,/&b}>&)()1.:H,u=�5>,u&~*-0-576B1.&+,/&)A�n>C�5F()U-5>04X>&b@N0�1SU4&bM-:>=.@B1.@B:H0�:7E;1SU4&bA-&)()@B=.@B:H0cn�:H*-04A�5>,/C
Ze9�@B1SU4@N0F1�U4&�()6N57=.='6B@tY�@R1Q= a 5>04AV,/&+YF5f@t0h1SU4&�=�5>Yb&�93U4&+0h1SU4&'EG&+571S*-,u&�}>&)()1.:H,u=g:H()(+*-,I@N0V5?A-@P��&+,/&+021
():H0>1Q&)JH1+k
��:4,$EG&+571S*-,u&y}>&)()1.:H,/=�EL,/:HY ():H021.&)J41/KL=.&+04=.@B1.@B}>&�,/&)X>@B:H04=F:7E$1SU4&�EG&+571S*-,/&y=�M-57()&|Z	� 5>04A
� @N0

�g@RX�k?8-k 8 a \I1SU4&D()6N57=.=�A-&)()@B=.@B:H0�A-&+M�&+04A-=D:H0m1SU4&D(+*-,.,u&+0>1yM-:>=Q@R1Q@R:40o:fE 1SU4&DA-&)()@B=.@B:H0{n�:H*-04A�5>,/C
93U4@B(�U�@B=bA-&)1.&+,.Yb@N04&)Aon2Cc1SU4&yU4@B=.1.:H,/Cv:7E3M-,/&)}H@B:H*4=h()6t5f=.=bA-&)()@R=Q@R:404=+k|x�U4&�()6N57=.=F57=.=Q@RX404&)A_1.:�5
E�&+571�*-,/&T}>&)()1Q:H,�EL,/:HY�1SU4&)=Q&�,u&)X>@B:H04=�@B=g1SU4*4=�A-&+M�&+04A-&+0>1I:H0$1SU4&'M-57=.1!():H021.&)JH1 @t0�93U4@B()U�1SU4&gEG&+571S*-,/&
}>&)()1.:H,':4()(+*-,/=+k

����� ����� ��� �T�!� (�� ,.�I�g"0/8"0($�.13(� b� 4 5�� 7�
 ( &O��� ����� ��� �"5��+�T�!� (s�+7 �
� �'� /8"/�#"'& "u�E7

d U4&+0h=S571�*-,.571.@B:H0�:7E�1SU4&304:4046R@N04&+5>,;E�*-04()1.@B:H0�:H()(+*-,/=i\pM-52,/1T:7E81SU4&�():H021.&)J41/KL=.&+04=.@B1.@B}>&$,/&)X>@B:H0�576B=.:
n-&)():HYb&)=b@N04=.&+04=.@B1.@B}>&y1Q:y6R:4(+576'M-57=.1 ():40>1.&)J41+kFx�U4@B=b@B=Fn-&)(+5>*4=.&�=.:HY�&~:fE�1�U4&F():H021.&)JH1uKL=.&+04=.@B1.@B}>&
E�&+571�*-,/&'}>&)()1.:H,/=g6B@B&?9�@B1SU4@N0b1SU4&3,/&)X2@R:40 :fE#=S571�*-,.571.&)Ab:HM�&+,.571.@B:H0b:fE�1SU4&3U4@BA-A-&+0V04:4A-&304:H046B@N04&+5>,/@B1/C
5>04Ac(+5>0-04:>1�@N04@R1Q@t5f1.&�Y�:�}2&+Yb&+0>1$:fE;1SU4&FA-&)()@B=.@B:H0�n-:4*-04A�5>,/C>kyx�U4@B= @B=b@B6R6N*4=.1�,.571.&)AvE�:4,?1SU4&F1/9':7K
A-@tY�&+04=.@B:H0-576'&)Jp52YFM46B&V@N0v�g@RX�kP8-k���\893U4@B(�Uv=SU4:79�= 1�U4&bE�&+5f1S*-,/&b=SM-57()&yM-,/:>�/&)()1.@B:H04=+\ J L '�Z;: a \8EG:H,
93U4@B(�Uh()6N57=.=.@PO�(+571.@B:H0�:fE 5�E�&+5f1S*-,/&�}>&)()1Q:H,g(+5>0�(+5>*4=.&$Yb:7}>&+Yb&+021g:7E�1SU4&�A-&)()@B=.@B:H0Dn�:H*-04A�5>,/C�EL,/:HY
1SU4&b()6t5f=.=36B@NYb@B1�Z�=SU-57A-&)Ac,/&)X>@B:H04= a k3x�U4&�O�XH*-,/&)=$576B=.:y=SU4:79{1�U4&�04:4046R@N04&+5>,�ZeA-&)()@B=.@B:H0 a EL*-04()1.@B:H08\
� ZCB a=D 1S5>0-U�ZCB a \H5204AD1SU4&$A-&)()@B=.@B:H0z1SU-,/&)=�U4:>6BA�k

�'6N57=.=Q@ O�(+5f1.@B:H0�:7E�5�EG&+571S*-,/&?}>&)()1.:H,�EL,/:HY ,/&)X>@B:H0�� (�U-5>04X2&)=;1�U4&$=.@BXH0F:fE�E�&)&)A�n-5f(�<�5>04A�X>@B}>&)=
6t52,/X>&~Y�:�}2&+Yb&+0>1s:7ET1SU4& A-&)()@B=.@B:H0�n�:H*-04A�5>,/C>ks��:H,�E�&+5f1S*-,/&$}>&)()1.:4,/=3@N0z,/&)X>@B:H04=��{5>04A��$\�Yb:7}>&�K
Yb&+0>1�:7Eb1SU4&DA-&)()@B=.@B:H0 n-:H*-04A�52,/C_EL,/:HY 5c()6N57=Q=y6R@NYb@B1z:H046BCo:4()(+*-,/=y93U4&+0�()6N57=.=Q@ O�(+5f1.@B:H0�:7E~5
E�&+571�*-,/&V}2&)()1.:H,$(+52*4=.&)=F5y=.@BXH04@PO�(+5>021F()U-5>04X>&�@t0v1SU4&hE�&)&)A�n-5f(�<zEL,/:HY 1SU4&�=S571S*-,.5f1.@B:H0�}�5f6t*4&)=h:7E
)b^>kgx�U4@B=T:4()(+*-,/=gEG:H, 1SU4&3,/&)X>@B:H0�@N0h93U4@B(�Ub1�U4&�04:4046R@N04&+5>,�EL*-04()1.@B:H0b:HM�&+,.571.&)=g=Q@RX404@ O�(+520>1.6BCF:4*41g:7E



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

   
−1

0

1

N
et

w
or

k 
ou

tp
ut

 vT x
−θ(−w −θ ) (w −θ )

d

C
la

ss
 1

 li
m

it

C
la

ss
 0

 li
m

it

ABCD

decision
threshold

boundary
movement

�������
	���
���
���������	�� ��� ������� � !"�#! �$��	��
%'&)( ��*��,+.-�/0-21436587��:9�	�;<�=�:9���>�
:>)?

   
−1

0

1

N
et

w
or

k 
ou

tp
ut

 vT x
−θ(−w −θ ) (w −θ )

d

C
la

ss
 1

 li
m

it

C
la

ss
 0

 li
m

it

ABCD

decision
threshold

boundary
movement

��@A�B�C	���
���
����D����	�� ��� �����FEG� !"�#! �H��	��
%I&)( ��*J�LKM-�/�3N1O-P5Q7��:9�	�;<�R�:9��S>�
T>)?

�"! #%$'&)(/*�,VU%- ��( 6�5�$'&3( A
=:6�4�(+=�&)1�W9(�4�5 ! 1"2 A8X J & '�Z;: aSY � 1�&�	 0'! 4�0+4�? 6�A A ! C�4 6�5 ! 1"2+4 6 $ A (�A 	+1[Z�(�	 (�2�5�1�� 5 0 (
;'(�4�! A
! 1%2 ��1"$'2 ;�6�&��\X A
0 1 	 2 A
0:6�;'(�;IY , 	[] ;'(
C 2 (�A+5�0�(�2 1"2 �<A 6�5 $'& 6�5<(�; &)(�#"! 1"2+1�� � ZCB a=D 1S5>0-U�ZCB a�,
=S571S*-,.5f1.@B:H08\4=SU4:7930yn>CM]h@N0y�g@BX�k�8�k��-\493U4&+,/&$1SU4&�9�@BA-1SU8\-:H,�=SM-5>08\-:7Eg1SU4& 04:H02KL=�571S*-,.571Q&)AD,/&)X>@B:H0
:7ET:HM-&+,Q571.@B:H0z:7E � ZCB a D 1S5>0-U�ZSB a @R=$X2@R}2&+0�n2C 	[]�k3x�U4&�9�@BA-1SUz:7ET1SU4&F04:H02KL=S5f1S*-,.571.&)AD,u&)X>@B:H0z:7E:HM-&+,.5f1.@B:H0y@N04(+,/&+57=Q&)= 57=31�U4& XH,.5fA-@R&+021?:7ET1SU4&~04:4046R@N04&+5>,�E�*-04()1Q@R:40DA-&)(+,u&+57=.&)=+\80-5>,.,/:79�04:4046R@N04&+5>,
E�*-04()1.@B:H04='():H,Q,/&)=SM-:404A-@t04Xh1.: 1SU4:2=.&�9�@B1SUh=.1.&)&+MhXH,.57A-@B&+021.=+k!��:4,T5$9s@RA-&+,'04:H046B@N04&+5>,/@B1/C>\^]�&)J41.&+04A-=
E�*-,/1�U4&+,!@t021.:$1SU4&'():H021.&)J41/KL=.&+04=.@B1.@B}>&�,/&)X2@R:40 X2@R}4@N04X~5?6N5>,/X2&+,�04*-Ybn-&+,!:7E�E�&+571�*-,/&T}>&)()1Q:H,/=!EG:H,�9?U4@R()U
()6t5f=.=.@PO�(+571.@B:H0 (+5>*4=.&)=3Yb:7}>&+Y�&+0>1':7Eg1SU4&$A-&)()@B=.@B:H0Dn�:H*-04A�5>,/C|Z�():HYFM-5>,/&?�g@BX>=+k�8-k `�Ze( a 5>04AA8-k `�Z�A a
@t0 =.&)()1.@B:H0 8-k98-k
	 a k
x�U4@B=gU-57=�@NYFM46B@B(+571.@B:H04=gEG:H,81�U4&;5>n4@B6B@B1rC�:7E-1SU4&;04&)1/9':H,.<s1.:357()():4*-0>18EG:H,8():40>1.&)J41�@N0�1S,.5f�r&)()1.:4,/@B&)=

:7E8E�&+571�*-,/&�}>&)()1.:4,/=!E�,u:HY 1SU4&�=S52Yb&�()6N57=.=+k��':H04=.@BA-&+,g1�U4&3()6N57=.=Q@ O�(+5f1.@B:H0F:fE 5?1�,.57�/&)()1.:H,/C�:7E#()6N57=Q= 

E�&+571�*-,/& }>&)()1Q:H,/=+\�=SU4:7930Dn2CD1�U4& =.:>6B@BAc6B@N04&F1S,.5f�r&)()1Q:H,/C�@t0z�g@BX�k+8-kV_�Z�5 a \-9�@B1SU�576B6 E�&+5f1S*-,/& }2&)()1.:H,/=
6R:4(+571.&)A�@N0F1�U4&3,/&)X>@B:H0������Fk7��&+571�*-,/&�}>&)()1.:4,/=!E�,u:HY ,/&)X2@R:40 � 5>,/&304:>1I():H04=.@BA-&+,/&)Ayn-&)(+5>*4=Q&$1SU4&)C
5>,/& 576B9�5iCH='()6N57=.=.@PO�&)A�57=�()6N57=.= ^2k��g@BX�k�8-kV_�ZGn a =SU4:79�='1SU4&?EG&+571S*-,/&$=SM-5f()& M-,/:>�/&)()1.@B:H0cZ;J L '�Z;: a.a @N0
1SU4&�(+57=.&s93U4&+,/&?=S571S*-,.5f1.@B:H0b571T1SU4&s()6t5f=.=

?6R@NYb@B13U-5f=T:4()(+*-,.,/&)AcZ E�:4,!&)Jp5>YhM46R&$5iEG1.&+,!()6N57=.=.@PO�(+571Q@R:40
:7E�5~E�&+571�*-,/&$}>&)()1.:H,�EL,/:HY ,u&)X>@B:H0���:H,'()6N57=.=Q@ O�(+5f1.@B:H04=3:fE�EG&+571S*-,/&$}2&)()1.:H,/=IEL,/:HY 1SU4&$@N04@B1.@N576gM-5>,/1
:7E�1�U4&$1S,.57�/&)()1.:H,uC a k

x�U4&'A-&)()@B=.@B:H0Fn�:H*-04A�5>,/Cb9�@B6B6-:H046BCFn-&)X>@N0b1.:$Yb:7}>&I93U4&+0F5�E�&+571�*-,/&'}>&)()1.:H, @B=g()6t5f=.=.@PO�&)AV9?U4@R()U
@R=?6B:H(+5f1.&)AD@N0z1SU4& 1�,.57�/&)()1.:H,/C2KL=.&+04=.@B1.@B}>& ,u&)X>@B:H0y=SU4:7930cZ�=SU-57A-&)A a @N0z�g@BX�k�8-kV_�kTx�U4@B=3():4,.,/&)=SM�:H04A-=
1.: 1SU4&$04:H02KL=S5f1S*-,.571.&)Ay,/&)X>@B:H0h:7E�:4M-&+,.571Q@R:40F:7E�1SU4&$04:H046B@N04&+5>,�E�*-04()1.@B:H08\493U4@B()U�@B=�=SU4:7930Fn2C`]b@N0
�g@RX�k�8-kV_�Z�n a k�]�:>=.1IEG&+571S*-,/&$}2&)()1.:H,/='6B@B& @N0y1SU4&$1�,.57�/&)()1.:H,/C2KL@N04=.&+04=.@B1.@B}>& ,/&)X2@R:408\-93U4&+,/&$=S5f1S*-,.571.@B:H0
:7E�1�U4&D04:H046B@t04&+52,/@B1rC�M-&+,/=Q@R=Q1.=�5204AoM-,/&)}>&+021.=�Y�:�}2&+Yb&+0>1b:7E$1SU4&yA-&)()@B=.@B:H0�n-:4*-04A�5>,/C�EL,/:HY�1SU4&
(+*-,.,/&+021$()6t5f=.=$6B@tY�@R1ik � =$@B6R6N*4=.1�,.571.&)Ac@N0��g@BX�k+8-kV_�ZG5 a \�5h1S,.5f�r&)()1Q:H,/CcZe:H,?M-5>,/1$:7E;5h1S,.5f�r&)()1.:4,/C a :7E
E�&+571�*-,/&b}>&)()1.:H,/=$9?U4@R()U�E�57@B6B= 1Q:y&+0>1.&+,�1SU4&b1S,.5f�r&)()1.:4,/C>KL=Q&+04=.@B1.@B}>&F,/&)X>@B:H0�@B= &���&)()1.@B}>&)6BCc()6N57=Q=.@PO�&)A



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

x1

x2

CLASS  0

CLASS  1

Staticboundary

Class 0 limit

Class 1 limit

D

A

trajectory
sensitive

C

B

����������������� 
:� 	S�^��� �����^E
��������
:�:��	���! 
:�

   
−1

0

1

N
et

w
or

k 
ou

tp
ut

 vT x
−θ(−w −θ ) (w −θ )

d

trajectory
sensitive

C
la

ss
 1

 li
m

it

C
la

ss
 0

 li
m

it

ABCD

decision
threshold

��@A�	��
:����
���
 �������:

����	���
:�T��! 	��=� %[&)( ��*���� �:9�	�; !"���
� � ����
:�T�J	���������
���� ! � ! ��
^� 
���! 	��^��	�����>�
:��! � ! 	)�	��	�
���>��
�����=������� ������E8� !"�#! �

�"! #%$'&)( *�,��%- �/2 (�� 6 	 ='? (I1 � 5�& 6:W9(�4�5<1�& � �<A (�2 A
! 5 ! Z'! 5 ��� 1�&+5�& 6:W9(�4�5<1�&9! (�A 1�� 4�?@6 A A�� � ( 6�5 $'&)( Z�(�4�5<1�&)A�,
� 2'? ��5 0 1'A (�5�& 6:W<(�4�591�&<! (�A 	 0'! 4�0 =:6�A A�! 2 5<1 5�& 6:W<(�4�591�&�� �<A (�2 A
! 5�! Z�( &3(�#"! 1"2�A6X A
0 1 	 2�A
0:6�;'(�;IY #"! Z (�&<! AB(
5<1 4�?@6�ABA
! C�4 6�5�! 1"2 A 	 0 ! 4�0 6�&3( ; (�=:(�2 ; (�2 5�1"2 5�0 ( 1�&);'(�& 1 � =�&3(�AB(�2�5B6�5�! 1"2�1�� � ( 6�5�$ &)(6Z�(�4�5<1�&)A ! 2 5 0 (
5�& 6:W9(�4�5<1�& � ,

n>C{5�=.1S5f1.@B(|n-:H*-04A�52,/C{571y1SU4&c(+*-,.,u&+0>1z()6t5f=.=D6B@NYb@B1+k �'6N57=.=.@PO�(+571Q@R:404=�:fE EG&+571S*-,/&c}2&)()1.:H,/=y:H0
=S*4(�Uv1S,.5f�r&)()1Q:H,/@B&)=~5>,u&V*-0-5i��&)()1.&)A_n>C�1SU4&�:H,/A-&+,�@t0�9?U4@R()Uv1SU4&FEG&+571S*-,u&F}>&)()1.:H,u= :4()(+*-,~5204A�04:
9�@B1SU4@N02KL()6t5f=.=y():H021.&)JH1h@R=h1S5><7&+0�@N021.:|57()():H*-021+k�G�1F@B=�5f6R=Q:c9':H,/1SU_04:>1Q@t04Xv1SU-571V5>02Cc1S,Q57�/&)()1.:H,/C
:7E~}>&)()1Q:H,/=�93U4@B(�U�@B=�M-5>,.576B6B&)6$1.:_1SU4&�A-&)()@B=.@B:H0 n-:H*-04A�5>,uC 9s@R6B6b04:>1V(+52*4=.&|Yb:7}>&+Yb&+021�:7E~1SU4&
A-&)()@R=Q@R:40|n�:H*-04A�5>,/C_Z;J L '�Z;: a @B=$():H04=.1S5>021 a 5>04A�@B=$1SU4&+,/&�EG:H,/&b1S,.5f�r&)()1.:4,/C>KL@N04=.&+04=Q@R1Q@R}2&>\8&)}>&+0z@ E3576B6
E�&+571�*-,/&F}>&)()1.:4,/=$:H0z1SU4&F1S,Q57�/&)()1.:H,/Cy6B@B&V9s@R1�U4@t0v1SU4&F1�,.57�/&)()1.:H,/C2KL=.&+04=.@B1.@B}>&�,/&)X>@B:H0�:7E'1SU4&bEG&+571S*-,/&
=SM-57()&>k � 0>C�1S,Q57�/&)()1.:H,/Cz93U4@B(�Uv(+,/:>=.=Q&)=$EL,/:HY :H04&�():H021.&)JH1uKL@t04=Q&+04=.@B1.@B}>&D,/&)X>@B:H0�1Q:�5>04:>1�U4&+,$9�@B6B6
(+5>*4=.&DYb:7}>&+Yb&+021b:7E$1SU4&yA-&)()@B=.@B:H0�n-:H*-04A�5>,uC�5>04Aq9�@B6B63,/&)=S*46B1�@t0q5z(�U-5>04X2&D@N0�()6N57=.=�A-&)()@R=Q@R:40
ZGYb@B=.()6N57=.=.@PO�(+571Q@R:40 a k
d{U4&+0�1SU4&$A-&)()@B=.@B:H0Dn�:H*-04A�5>,/C�@B=36B:4(+571.&)AD571�5�()6N57=.=�6B@NYb@B1+\�1SU4&$1S,.5f�r&)()1Q:H,/C2KL=.&+04=.@B1.@B}>&$,/&)X>@B:H0

:7E�1SU4&?EG&+571S*-,/&$=�M-57()&$@B=�A-&�O#04&)Acn>C`]�\41SU4&$9�@BA-1SU :7E�1SU4& 04:H02KL=�571S*-,.571Q&)AD,/&)X>@B:H0�:7E�:4M-&+,.571Q@R:40�:7E
1SU4& 04:H046B@N04&+5>,'EL*-04()1.@B:H08\��g@BX�k�8-kV_�ZGn a k�xsU4&$&+0>1.@N,/&$():40>1.&)J41/KL=.&+04=Q@R1Q@R}2&~,/&)X>@B:H0�9s@R6B6gn-&$1S,Q57�/&)()1.:H,/C2K
=.&+04=.@B1.@B}>&�@PE�@B1g@R=g():4YFM46B&)1.&)6BCF=SM-5>0-04&)AFn2C2]�k G�0�():H0>1�,.57=.1+\75$0-5>,.,u:�9'&+,�04:4046R@N04&+5>,�EL*-04()1.@B:H0b9�@B1SUb5
6t52,/X>&+,�YF5fJH@NYb*-Y�XH,.5fA-@R&+021!X>@B}>&)=�Yb*4(�U�6B&)=.=�1S,.5f�r&)()1Q:H,/C2KL=.&+04=.@B1.@B}H@B1/C>k GL0?1SU4&I6B@tY�@R1=] D 
-\)1�U4&T1S5>0-U
04:H046B@t04&+52,/@B1rCy@B=3,u&+M46t5f()&)A�n2C�5�=.1.&+M�EL*-04()1.@B:H08k7G�0�1SU4@B=�(+57=.&>\�1SU4&3:4046RCyM-:2=.=.@Nn46B&�M�:>=.@B1.@B:H04=�:fE�1SU4&
A-&)()@R=Q@R:40~n�:H*-04A�5>,/C 52,/&T571�1SU4&',/&)=SM�&)()1.@B}>&T()6N57=.=!6B@NYb@B1.=Tn-&)(+5>*4=Q&T1SU4&'U4@RA-A-&+0b*-04@B1g576B9�5iC4=�:HM�&+,.571.&)=
@t0 =S571S*-,Q571.@B:H08k � 6B68EG&+571S*-,u&3}>&)()1Q:H,/=�@N0�1SU4&$():H021.&)J41/KL=.&+04=.@B1.@B}>&b,/&)X>@B:H0y5>,u&31S,Q57�/&)()1.:H,/C2KL@N04=.&+04=.@B1.@B}>&
n-&)(+5>*4=.&b1SU4&)@N,?()6N57=.=Q@ O�(+5f1.@B:H0zA-:H&)=$04:>1$Yb:7}>&$1SU4& A-&)()@B=.@B:H0vn-:H*-04A�5>,uCyEL,/:HY @B1.=$M-:>=Q@R1Q@R:40�5f131SU4&
(+*-,.,/&+021V()6N57=.=y6B@NYb@B1+k ��:H0>1Q&)JH1/KL=Q&+04=.@B1.@B}>&zE�&+571�*-,/&D}>&)()1Q:H,/=V5>,u&D1SU4&+,/&�EG:H,/&�576B9�5+C4=�()6t5f=.=.@PO�&)A�57=
n-&)6B:H04X>@N04X�1.:b1SU4&3=�5>Yb&?()6t5f=.=357='1SU4&$M-,/&)}4@R:4*4='E�&+5f1S*-,/&?}>&)()1.:H,)kgx�U4&$()6N57=Q=�A-&)()@B=.@B:H0y(+5>0h:H046BCyn-&



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

class 0 class 1

P(x in D | class 1)

P(x in A | class 0)

P(x in B,C,D | class 0) P(x in A,B,C | class 1)
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