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µZ¼¾µZÛ[ÊCÊÅÐ�Ðf¿`µZ¿�ÊtµZÙ}¸Ì·ÅÐf¿,À÷ËHÐfà�Ðf¿[À~¸Î¼H@w¸Î¼Î¼ÌÐ��ÜË@À÷ËwÀ÷Ð�Ðf¿
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¼ÌËwÀH·ÅÐf¿>¿�Ëw¸Î¿>ÀwµZà�î[Ðf¿[ÀHº~Ù}Ù`Ðf¿�Ðf¿§Ù}¸Î¿~Û[Û[ÊC¸Î¿�à
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�g_SKUeLX«\hGJ�2XiE~e«jS\HBSX�KVB�If_SX'YÔEFZP\hGfE�If\hGtxy\HO
[]\hWYDSQcIfE~IfKU\hBFEHNc�1BclhKVBSXbXZGJKVBSl5\]Y^[i�._nE~I1If_SX
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ACB[s~EHeLK¾shX�g]GLEHKVB.ACB[IfXbGfEHq°IfKV\HBhX�KUIL_ji�\ Z�\~Ife#c�m!XbB[I�EHN�v,QSlHWdXbB�IfE~IfKU\hB!IL_SGL\HQSlh_��|XbIfXbGLWYKkc
BFE~ILKV\hBY\HO¶ACB�ILXZBSjcXZj�vgqbILKV\hBj\ m!v|ACvO_É�lY^[i�0X]EHe]eJXZNVXbqbILXZj�EHe1If_cX,vgqwE~jSXZWyxY\HO
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qZXbB[IfGLX,\HO�XporqbXZNVNUXZBSqbX|OR\hG1xhXZEHGLeg�H�h�h�qcÅ�H�lr»�r�^�g_SX,eLQSDPXZGtsrKUeL\hG«\HO#IL_SKVeLX]\HGL��XiE~eivgqwEHjcXZWyx
znGL\HORXbeLeJ\hGg{}KVWYWd\k{`EHeJ�
K¶EHBSj¨IL_SX�KUBSeJILGLQSq°If\hG@vgqwEHjcXZWyxsm¡XbNVNU\,XJe
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qbIL\hG]\~OÔ�^Xbq�_SBS\hNU\hlHx
�HQS����Ed��XZKU�
�~\hBSXbB#�
�|XbGLX.A�X«\hQSNUj�NUKV�HX IL\ IL_FEHBS�+z1GJ\HOÅ��{`KUWdWY\ {`EHeJ�
KgOR\hG¢IL_SX.\hDSDP\hGJILQSBSKUICx If\�X]\HGL�7KVB
If_cKVeiOØEHeJqZKVBSE~IfKUBSl�DSGL\qdJXbqbIZ�@v|NVeJ\dA.X]\hQcNVj=NVKU�HX�If\�If_SEHBS��EHNUN¶If_cXkDSEHGJILBSXZGJe|\HO�If_cKVegDSGJ\qdJXZq°I
X�KUIL_tX�_S\hW5A@_FEwshXk_FEHj=If_SX`DSGJKUs
KVNUXZjSlhX�IL\�X]\hGJ�uX�KUIL_#�1A!X«\hQSNUj!NUKV�HX|If\�If_FEHBc���,GZ� ��XZq�_
�HQS����E4��XZKV���~\hBSXZB OR\hG`KVBSetIfGJQSqbILKVBSl=WyxjX«\hGJ� E~BSj �|GZ� �^Xbq�_#���,E~GLGLK&v@E~NVDP\hNME¨OR\hG`lhK¾s
KVBSl
KVB[s~EHNUQFEFZSNUX�KVjSXZEHeZ�@AgEHW EHNVeJ\YjcXZXZDcNUx=KVBcjSXCZcILXZj=If\¨m � orqH�i�hEHBSBSX�Y�XZ_[If\hBcXZB!OR\HG�_cKVe�_FEHGJj
X«\hGL� If\.WdEH�HXYIf_SXY\hBSNUKVBSXwg#[]A�\HD�XbGfE~ILKV\hBFE~N1EHBSj IL_SXY\hBSNVKUBSX�WdXZEHeLQcGLXZWYXZB[ILeyDP\heLeJK=ZSNUXH�
�neLDPXZqbKMEHNUNUx.A#X]\hQcNVj NVKU�HXyIL\ If_FE~BS��m �Çorq~��YÔEHQSGLE {`EHQS_FE~BSXZB OR\hG�_cXZNVDcKVBSl¨IL\uX�GLK¾IfXyIL_SKVe
If_cXZeLKUe]E~BSj EHNUeL\}OR\hG1_SXbG«XxocDPXZGtIfKUeLX�GLXZlhEHGLjSKUBSl�g#[]ApGLXbeLXZEHGLq�_ WY\hGJX�lHXZBSXbGfEHNUNUxh�^ApEHNUeL\JX�KVeJ_
If\YIf_FE~BS�!m �Ço
qy��\hWdWYK3f�x
�~\hDSD�OR\hG�_SKVe�qZ\HWdWYXZB[Ife|EHBSj�EHjcs
KVqbXZe,GJXZl[E~GLjSKUBSldetI�E~ILKVetIfKVqZEHN
WY\rjSXbNVKUBSl KVeJeLQSXbekEHe�X]XbNVN1EHeOZPXZKUBSl=DSNVXZEHefE~B�I`qb\hWYDFEHB[x�KUB�IL_SX�BSKVlH_�I�\HOi��XZNUeLKVBc�
K �¢v,Bcj
NME~eJI5ZSQcI Bc\HI¨NUXwEHetIIeiA�X«\hQSNUj>NUKV�HX=If\ XporDSGJXZeLe�W6x�lhGfE~ILKUILQSjSX=If\ W6x�DSEHGLXbB�ILe EHBcj§Wyx
ORGLKUXZBSjceyX�_S\d_cXZNVDPXZj.WYX�X�_SXZBSX°shXbG,A]BcXZXZjcXZj4K¾Iw�
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�r� � mFXwE~ILQSGLXbe��k�6�k�k�k�k�k�6�k�6�k�k�6�k�`�6�k�6�k�k�6�k�6�k�`�6�k�k�6�k�6�k� r÷�
�r� �r��r []\HWdDSQrI�E~ILKV\hB�\HO�ORXwE�IfQSGJXZe �k�`�6�k�6�k�k�6�k�6�k�`�6�k�k�6�k�6�k� r÷�
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�r���c�Ç� Y�KUBSXwEHG]jSKVeJqZGLKUWdKUBFEHB[Ife«OR\hGgqZNVEHeLeJKUTFqZE~IfKU\hB �6�k�6�k�`�6�k�k�6�k�6�k� �H�
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�c� � i�XbeLQSN¾Ifeg\HO�If_cX`ORXZE~IfQcGLX`eLXbNVXZq°IfKU\hB��6�k�`�6�k�6�k�k�6�k�6�k�`�6�k�k�6�k�6�k� �[�
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WdKUGLBS\»s�IfXbeJI�eJIfE~IfKUeJILKVq,OR\hGgWyQSNUILKVDSNUX|ORXwE�IfQSGJXZe��k�k�6�k�6�k� �F�
�r��§ ��D�XbGfE~ILKV\hB�\HO�If_cXk\HBSNVKUBSX�qZNVEHeLeJKUTFXbGy�k�`�6�k�6�k�k�6�k�6�k�`�6�k�k�6�k�6�k� �9�
�c�kr v�sHXZGLEHlhXZj!�Li|zne�OR\hG�o¨rGcÅoS� �6�k�k�6�k�`�6�k�6�k�k�6�k�6�k�`�6�k�k�6�k�6�k� �h�
�c� � v�sHXZGLEHlhXZj!�Li|zne�OR\hG�oc�qcÅo¨r»���k�k�6�k�`�6�k�6�k�k�6�k�6�k�`�6�k�k�6�k�6�k� �h�
�c��� v�sHXZGLEHlhXZj!�Li|zne�OR\hG�z#rGcÅz@� �k�k�6�k�`�6�k�6�k�k�6�k�6�k�`�6�k�k�6�k�6�k� �%�
�c��� []\hGLGJXZNVE~IfKU\hB WdE~Ifq�_SXbj4�Li�zne.�k�k�6�k�`�6�k�6�k�k�6�k�6�k�`�6�k�k�6�k�6�k� � §
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�r�kr zïE~ILKVXbB�I�KUBcOR\hGJW¨E~ILKV\hBdOR\hGiIfX°IfGfE~DSNVXblhKVq�eJQzZEdJXbqbIfeY�k�6�k�6�k�`�6�k�k�6�k�6�k� r r
�c�kr []NMEHeJeLK¾TFqwE~ILKV\hB=E~qZqZQcGfEHqbKVXZe�ª�«2¬�OR\hGgeLQzZKdJXZqbILe�o�rJc]o¨rw� �k�`�6�k�k�6�k�6�k� � �
�c� � g]KUILGfE~ILXZeiOR\hGgeJQzZEdJXbqbIfe,o¨rOc]o¨r»� �6�k�`�6�k�6�k�k�6�k�6�k�`�6�k�k�6�k�6�k� � �
�c��� []NMEHeJeLK¾TFqwE~ILKV\hB=E~qZqZQcGfEHqbKVXZegOR\hGgDSE~IfKUXZB[Ife�z#rOc«z«� �6�k�6�k�`�6�k�k�6�k�6�k� �F�
�c��� g]KUILGfE~ILXZeiOR\hGgDSE~IfKUXZB[Ife�z#rOc«z«���k�6�k�`�6�k�6�k�k�6�k�6�k�`�6�k�k�6�k�6�k� �F�
�c� � v,DSDcNVKVqZE~IfKU\hB DPXZGtOR\hGLWdEHBSqbXko¨r�c]o¨r»�5�`�6�k�6�k�k�6�k�6�k�`�6�k�k�6�k�6�k� �[�
�c� � v,DSDcNVKVqZE~IfKU\hB DPXZGtOR\hGLWdEHBSqbX`z�rOc«z@� �`�6�k�6�k�k�6�k�6�k�`�6�k�k�6�k�6�k� �[�
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g#[]A g]GLEHKVB�qb\hWYDSQcIfXbG�KVB[IfXbGJOØEHqbX
��mï� �,KUeLqbGLXbILX�m¡\HQSGLKUXZG]ILGfEHBSetOR\hGLW
�@�.¥ �nNVXbqbILGL\
XZBSqbXZDS_FE~NV\hlhGLEHDS_[x
�!�J¥ �nNVXbqbILGL\9cÜ\rqbQSNV\hlHGfEHW
�.i�z �pshXbB[IRcCGJXZNVE~IfXbj!DP\HIfXbB[IfKME~NVe
m&mï� m¡EHetI'm¡\HQSGLKUXZG]ILGfEHBSetOR\hGLW
O mhi�A mFQSBSq°IfKU\hBFEHN�W¨EHlHBSXbILKVq�GJXZeL\HBFEHBSqbX6KUW¨EHlHKVBSl
m4�.¥ m4E~lhBSXbIL\rXbBSqZXbDS_FEHNU\hlhGLEHDS_[x
z.�H�h� z�\heLK¾IfKUsHX}D�XZEH� KUB=IL_SXk�Li|z°�H�h��Wde�E~OÖILXZG�EHB.XbsHXZB[I|\rqbqZQSGJGLXZj
z![]v znGLKUBSqZKUDFEHN�qZ\hWYD�\HBSXZB[I|EHBFEHN¾x
eLKVe
oz[iz orNU\�X qb\hGJILKVqwE~N#D�\~IfXZB[ILKMEHNUe
v}�1z v,KVeLQSEHN#XbsH\h�HXbj4DP\HIfXbB[IfKME~N
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ACB�If_SX=NME~eJI�IfXbB�xHXwEHGJeCeiWyQSq�_�Xp¤¶\HGJIY_FEHeµZPXZXZB�DSQcIYKUB�IL\�GLXZeJXwEHGJq�_>XxocDcNV\hGJKVBSlaX�_SX°If_SXbG
eLKUlhBFEHNUeyWYXwEHeJQSGLXbj+ORGL\hW2IL_SXsZSGLEHKVB+qZEHBUZPX QSeLXbj7If\ qZ\HB�ILGL\hN«eL\hWYX¨qb\hWYDSQcIfXbG�EHDSDcNVKVqZEqc
IfKU\hB#� �g_SKUe¨��KVBSj�\HO`qZ\HWdW¢QcBSKVqZE~IfKU\hB�eJx
eJILXZWYe�EHGLX!qwEHNUNVXbj¶ZSGLEHKVBEcCqZ\HWdDSQrIfXZGYKVB[ILXZGJOØE~qZXZe
\]gy[]ACe�_tª��F�F¬ ��o
\�OØE~G¢If_SX=XporKUeJIfKUBSl·g#[]Ayetx
eJIfXbWdedEHGJX=EFZSNVX IL\�KVB[IfXbGLDSGJXbI�GLXbNVKVEFZSNUx \hBSN¾x
ORXGXJe�NUXZeLedIf_FEHB�eJKko¨e�qZ\hWYWdEHBSjSeGe�EHBSj�\hBSN¾x�GfE~IL_SXZGdeLKVWYDSNUX4EHDcDSNVKUqwE~ILKV\hBSeYqwE~B°Z�X4qZ\hB�c
IfGJ\hNVNUXZj0ª�� �9¬ �}�g_�QSeGeÔIL_SX¢WdEHKVB!QSeLXbG}lhGL\HQSD�OR\hG�gy[]ACe`EHGLX¢WY\HIL\hG¸cÜjSKVeLEFZSNVXbj4DPXZGJeL\hBSe�X�_c\
EHGJX�QSBFEFZcNVX,IL\�Wd\»shX|If_SXbKVGi_FE~BSjSeZ�n�g_cKVeglhGJ\hQSD�KVBcqZNVQcjSXZeiX~� lc�cDFE~ILKVXbB�ILe¹X�KUIL_�eLDSKUBFEHN�qZ\hGJj
KVB,dJQSGLKUXZekEHe�X«XZNUN@EHeyDFE�IfKVXbB[Ife�X�K¾If_ Wd\~If\hG`BSXbQSGL\hB jSKVeJXwEHeJXZe¢NUKV�HX�v|Wyxh\HILGL\hDc_SKVq5YÔE~IfXbGfEHN
orqbNVXZGJ\heLKUeJ\Øv¦Y�oz_°�rACB=IL_SX�WY\heJIiGLXZqbXZB[I�eJILQSjSKVXbeCeSWY\HIL\hG]jSKUefEFZcNVXZj¨_FEwshXJZ�XbXZB.EFZSNUX|IL\�qZ\hB�c
IfGJ\hNÔE�_FEHBSj.\hGJIL_S\heJKVe�ª��H�q¬]ePWY\»shXkE�qZQSGJeL\hG�\hB=If_SX`eLqbGLXbXZBUªº���q¬�EHBcj!q�_S\
\heJX6NUXbILILXZGJe�ORGJ\hW
s
KVGtIfQFEHN¶�HXbxEZP\[EHGJj»ª��[�,¬ �
g]GLEHKVB�EHq°IfK¾srK¾ICx¢qZEHB5ZPXgWYXwEHeJQSGLXbj5ZP\HIf_�KUB�s~EHeJKUsHXZNUxFe[XH� lS�[XZNUXZq°IfGL\
jSXgKUWdDSNVEHB[IfepKUB¢If_SX�ZSGLEHKVB
IfKUeLeJQSXFe|EHBSj BS\hBcKVB[s~EHeLK¾shXZN¾x�ORGJ\hW If_SX�eJQSGJOØE~qZX \HO`If_cX eLqwE~NVD#� ACB[s~EHeLK¾shX�WdX°If_S\
jSe DcGL\9c
s
KVjSX�WY\hGLX�EHqbqZQSGLE~IfX�eLDFE�IfKME~NPKUBcOR\hGJW¨E~ILKV\hB¢EFZ�\HQcI1If_SXbZSGfEHKUB¨E~qbIfK¾s
KUICx e�X°shXZB EHqbILKUs
KUICx¢ORGJ\hW
eLKUBSlhNUX.ZcGfEHKUByqZXbNVN�qwE~B�Z�X@jSX°IfXZq°IfXbjBª�� �9¬¼e9ZSQcIpDcNMEHqbKVBSl�KVB[IfGLEHqZGLEHBSKVEHN[eLXbBSeL\hGJepGLXba�QSKVGJX«XxocDPXZBEc
eLK¾shX¢eJQSGLlHXZGLKUXZe�If_FE~I,qwEHBaZPXyjSEHBSlhXbGL\hQSeb�`or\¨OØE~G,WY\heJI|KVB[s~EHeLK¾shX2g#[]A�GLXZeJXwEHGJq�_�_FEHe¦ZPXZXbB
qZ\HBSjSQSq°IfXZjjX�K¾If_!Wd\hBc�HXbx
e�ª �h�q¬ �'f|\hBcKVB[s~EHeLK¾shXZN¾xBZSGfE~KVB�E~qbIfK¾s
KUICx=qwE~BjZ�XkWYXwEHeJQSGLXbjhX�KUIL_
XH� lS�#XbNVXbqbIfGJ\rXbBSqZXbDS_FEHNU\hlhGLEHDS_[xU\Ø�1�!¥�_pe¶W¨EHlHBSXbIL\rXbBSqZXbDS_FEHNU\hlhGfE~DS_[xU\ m4�.¥�_xe¶BSXZEHG}KVBcORGLEqc
GLXbj eJD�XbqbIfGJ\heLqb\hD[x½\1f|AAi|oz_pe�EHBcj ORQSBcqbIfKU\hBFEHNkm!EHlhBSX°IfKVq¾i�XZeL\HBFEHBSqbX ACWdEHlhKUBSl¿\RO mhi�A¸_°�
m!\hetIOg#[]ACe,QSeLX6XZNVXbqbILGLKVqZEHN�EHqbILKUs
KUICx=\~OpIf_SX�ZSGfE~KVB4WYXwE~eLQSGJXZj4ORGJ\hW If_SX6eLqZEHNVDhX�K¾If_4�@�.¥
ZPXZqwE~QSeLX�If_SX�WYXwEHeJQSGLXbWdXbB[I`jSXbs
KVqbXZe6EHGLX�W¢Qcq�_ eJW¨EHNUNVXbG�EHBSj NVXbeLe`XporDPXZBSeJKUsHXYIL_FEHBaX�KUIL_
If_cXk\~If_SXbG�WYXbIL_S\
jSeJª��F�F¬ �
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m4EHB[xhg#[]AgeJILQSjSKUXZe�_FEwsHX�Z�XbXZB�WdEHjSX6\FÀYKVBSX9e�K � X~�¡jFE~I�EdKVe�TFGLetI�qZ\HNVNVXbqbILXZj�KUB�EdeJXZDFE~GfE~ILX
GLXbqZ\hGJjSKVBclkeJXZeJeLKV\HB¨EHBcj¨EHNUNrIL_SX�eLKVlHBFEHNSDSGJ\rqbXZeJeLKVBclyEHBcjYqbNMEHeJeLK¾TFqwE~ILKV\hB�KUenjS\hBSX�E~OÖILXZG¸XiEHGJjSeZ�
ACB�EHB�\hBSNVKUBSX¨XxorD�XbGLKVWYXZB[IYeLQlZEdJXZq°IfedEHGLX�lhK¾shXbB�GJXwEHNHcÜILKVWYXdORXZXbjzZFEHq���E9Z�\hQrI¢If_SX=DPXZGtOR\hG¸c
WdEHBSqZXy\HOnIf_SXµgy[]A��¨� KUIL_�If_SXy_SXZNUD \HO1\hBSNUKVBSXkORXZXZjlZFEHq��!IL_SX�eLQlZEdJXZq°Ife`NVXZEHGLB4IL\�qZ\hB[ILGL\hN
If_cXµg#[]A�Wd\hGJX¢XGÁYqbKVXZB[ILNUx�X�KUIf_�IL_SXZKUG¦ZSGLEHKVB�E~qbIfK¾s
KUICx¾ª��[�q¬ �`v|NVeL\�WY\hGJXylhXbBSXZGLEHNVN¾x e�ORXbXZj�c
ZFEHq��dKVeiXbeLeJXZB[IfKVEHN"X�_SXbB!NUXwEHGJBSKVBSlyEHB[x BSXpX IfEHeL��eFqb\hBSeLKUjSXZG]XH� lS�SNVXZEHGLBcKVBSlkIf\�jSGJKUshX`E�ZcKV�HX
X�KUIL_S\hQcI|EµZSKV�~XH�«ACB�EHjSjcKUIfKU\hB�If\�If_SX`BSXbXZj4OR\HG�WY\hGJX}\hBSNVKUBSX}eJILQSjSKUXZeCePWY\heJI'g#[]A]eJIfQcjSKVXbe
EHGJX�W¨EHjcXuX�KUIL_�_cXwEHN¾If_[x+eJQzZEdJXZq°Ifeb�>m.\hGLX�XbWdDS_SEHeLKUe�eL_S\hQcNVj¯Z�X�DcQcI�If\�IL_SX=D�\HILXZB[IfKVEHN
QSeJXZGylHGL\hQSD"eïWY\HIf\hG`jSKUefEFZcNVXZj DFE~ILKVXZB[ILeZ��mFQSGJIL_SXZGJWd\hGJXFe�eLQzZKdJXZqbILe¢\HOÖILXZB+BSXbXZj+Xxo
IfXZBceLKUsHX
IfGLEHKVBcKVBSl DPXZGJKV\
jSe�\HO@eJXbshXbGfEHN&X«XZXb��ey\hG�X°shXbB WY\hB[If_Se�IL\.EHq�_SKVX°shX�EHqbqZXbDcI�EFZcNVX�qZ\HB�ILGL\hNï\HO
If_cX�gy[]A�ªHr�Âle>�h��ez���q¬ �
ACB�If_SKUepIf_SXbeLKVe@E`BSXGX>\hBSNUKVBSX#gy[]AnEHDSDSGJ\[EHq�_wZFEHeJXZjY\hBdeJKVBSlHNVXpc IfGJKMEHN
qZNVEHeLeJKUTFqZE~IfKU\hB�\HO¶�@�.¥
KVegDcGLXZeJXZB[IfXbj#�i�g_SX6EHKUWÃX]EHe�IL\�qZ\hBSetIfGJQSqbI,EHB.\hBSNVKUBSX}eJx
etIfXZW IL_FE~I�qZ\HQSNVjBZPX6QSeJXZj!XG¤�XZqpc
IfK¾shXbNUxBX�KUIL_S\hQcI,Xpo
IfXbBSeLK¾shX�IfGLEHKVBSKUBSlS�¦��BSNVKUBSX6XxorD�XbGLKVWYXZB[ILe¦X]XbGLX�qZEHGLGJKVXZj4\hQcI¦X�K¾If_jZP\HIL_
_SXZEHNUIL_�x4eLQzZKdJXZqbILeyE~BSj�DFEHGfE~NUxEÄZXbj DSE~IfKUXZB[Ife�IL\ IfXZetIJX�_SXbIL_SXZG`efE�IfKVetOØEHqbIL\hGJx!DPXZGJOR\HGLWdEHBSqZX
qZ\HQSNVj¯ZPX!E~q�_SKVX°shXZj>jSQSGLKUBSl E eLKVBclhNVX�XxocDPXZGJKVWYXZB[Iw���g_SX.qZNVEHeLeJKUTFXbG�XiEHe�IfGLEHKVBcXZj�\hBSNUKVBSX
E~OÖILXZGgXwE~q�_.IfEHeL� DPXZGtOR\hGLWYXZjBZ[x IL_SX`eLQzZEdJXbqbIZ�«�g_�QSeGeP\HBSNVKUBSX,ORXZXbjzZFEHq���qb\hQSNUjtZ�X`lhK¾shXZB�IL\
eLQlZEdJXZq°Ife�GLKUlh_[I6ORGJ\hW2If_SX5Z�XblhKVBcBSKVBSl.\HOiIL_SX XxocDPXZGJKVWYXZB[IyIL\4eJ_S\hGJILXZB+ILGfEHKUBSKVBSl.DPXZGLKU\rjceZ�
�g_SX`DPXZGJOR\HGLWdEHBSqZX`\HO�If_cXkeJQzZEdJXbqbIfe|EHGJXkqb\hWYDFEHGLXbjtX�KUIf_�IL_S\heLX`\HO^\HIL_SXZG'g#[]A«lhGL\hQcDSeZ�
�g_SX GJXZetI�\HOgIf_SKUeyq�_FE~DcIfXbG¢DSGL\»s
KVjcXZe�EhZSGJKVX°O�KVB[IfGJ\rjSQcqbIfKU\hB IL\�eL\HWdXdqZ\hBSqbXZDcILe�GLXZa�QSKUGLXbj
If\ QSBSjSXbGLeJIfEHBSj§IL_SX4WYXbIL_S\rjce¨QSeJXZj�KVB�If_SX!XporD�XbGLKUWdXbB�ILeZ� �g_cX�q�_FEHDcILXZGdXZBSjSesX�K¾If_>E
eL_c\hGJIyGLXbs
KUXGX \HOg\hDPXZGLE~IfKU\hBFEHNnDcGLXZeJXZB[IRcÜjFEwxUg#[]A`E~DSDSGL\hEHq�_SXZeb� �,X°I�EHKUNVXZj jSXZeJqZGJKVDcILKV\hB \HO
If_cX!\hBcNVKVBcXtg#[]A�EHBcj�IL_SX!XxorD�XbGLKVWYXZB[ILe¨EHGJX=DSGLXbeLXZB[ILXZj§KUB�q�_SEHDcIfXbG��r�¶i�XZeLQcNUIfe�\HO|If_SX
XporDPXZGJKVWYXZB[Ife}E~ebX«XZNVN^EHe|eL\hWYXy\FÀYKUBSX¢EHBSEHNUx
eLKUe|\~OnIf_SX6qZ\hNUNVXZq°IfXbj�jFE~IfE¨EHGJX¢DSGLXbeLXbB�ILXZj�KVB
q�_FEHDrIfXZGJ�r�2[]_SEHDcIfXbGO� eLQcWdWdEHGLK�ÄZXbe|If_cX�jSKVeJqZQSeJeLKV\HBSe`EHBSj�TFBSEHNïqb\hBSqZNUQSeLKU\hBSe}E9Z�\hQrI�If_SX
GLXbeLQSN¾Ifeb�
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�g_SX�_�QSWdEHB¶ZSGfEHKUB>qb\hBSeLKUeJI¨\HO�If_cGLXZX!DFEHGtIfeCegqbXZGJXCZSGJQSWWe�qbXZGLXGZ�XbNVNUQSWWe]EHBSj°ZcGfEHKUB>eJILXZW
ª�� �9¬ � �g_SX�qbXZGLXGZ�XbNVNUQSW qb\hB[IfGL\HNVeyIL_SX�XporqZQrIfKV\HB�\~O,NUXwEHGJBSXZj7WY\»shXZWYXZB[ILedE~BSj7If_SXtZSGLEHKVB
eJILXZW�qZ\hBSBcXZqbILe�If_SX qbXZGJXCZSGJQSW If\�IL_SX eJDSKVBFE~N]qZ\HGLj#� �g_SX�qZXbGLXGZSGLQSW KVeyjcKUs
KVjSXbj7KVB[If\�E
NVX°OÖI@EHBSjdGLKVlH_�I@_SXbWdKUeLDS_cXZGLX~��g]\HIL_d_cXZWYKVeLDc_SXZGJXZe@qZ\hBSeJKVetI]\HO�OR\hQSG1NV\FZ�XbeCe[ORGL\hB[IfEHN¼e[DFE~GLKVX°I�EHN]e
\
qZqZKUDSKUIfEHNÔEHBSj!IfXZWYDP\hGfEHN]eFeLXbXyTFlhQSGJXurh�krh���1EHq�_ _SXbWdKUeLDS_SXbGLX6KVe�GLXZNVE~IfXbj!IL\¨If_SX6\hDSDP\heLK¾IfX
eLKUjSXk\HOpIf_cX2ZP\rjcxH�'m¡\HG|XxoSE~WdDSNUXFe>X�_SXbB NVXbOÖI|_FEHBcj4WY\÷sHXZe�GJXZNVE~IfXbj�EHq°IfKUs
K¾ICx�qwEHBhZ�X6eLXZXbB
KVB�IL_SX|GJKVlh_[I@_SXbWdKUeLDS_SXbGLX~�p�g_SX�\hQcIfXbG1eLQSGtOØEHqZX�\HO¶IL_SX�qZXZGJXCZSGJQSW KVenqZEHNVNUXZjdEkqb\hGJILXpoµX�_SKUq�_
KVe�E¢IL_SKVB=NMEwxHXZG�\HO^lhGLX°x�W¨E�ILIfXbGCeSK � X~�SqZXbNVN
ZP\
jSKVXbeZ�
�g_SX`jSKk¤¶XbGLXZB[I�eLXbBSeLXbeCe¡s
KVeLQSEHN¼ecEHQSjSK¾If\hGtx eSeJ\hW¨E�If\heJXZBSeJ\hGJxFeF\hNUOØEHq°If\hGtx ecEHBSj=eLXbBSeLX6\HO^IfEHeJILXFe
EHGJXdDSGJ\rqbXZeJeLXZj7KUB jcK�¤�XZGLXbB[I¢DFEHGtIfek\HOiIL_SX¨qbXZGLXGZSGLQcWWe^XH� lS��If_SXYsrKUeLQFE~N@qb\hGJILXpo KVekNV\
qwE�IfXZj
KVB§IL_SX�D�\HeJIfXbGLKU\hG DFEHGtI=\HO`If_SX�\
qZqbKVDSK¾I�EHN�NV\ ZPXUª�� �9¬ �Ð��QSG�WdEHKVB>OR\
qZQce�KVe If\�WYXwEHeJQSGLX
EHq°IfKUs
K¾ICxWZP\HIL_�ORGL\hW If_SX�DcGLKVWdEHGtx=eL\hWdE~If\HeLXZBceL\hGtx EHBSj WY\HIL\hG,qb\hGJILXpo¨e
X�_SKVq�_ EHGJX¢WY\hGLX
qZ\HWdWY\hBSN¾x`�
Bc\,X�BYEHe�If_SX]eLXZBceL\hGJKVWY\HIf\hG^qZ\hGtIfXxo¶�ï�g_SXiDSGJKVWdEHGJx`WY\HIf\HGïqZ\HGJIfXxo¢KUeïeJKUIfQSE~IfXbj
KVB�IL_SX`D�\hetIfXbGLKV\HGiDFEHGtI|\~O^IL_SX}ORGL\hB[I�E~N#NV\ ZPXFeSEHB[IfXZGJKV\hG]\HO^IL_SX`eL\hWdE~IL\heLXbBSeL\hGtx�qZ\HGJIfXxo��

mïKVlHQSGLX�rH��rhu1�|K�¤�XZGLXbB[I|DSEHGJILe�\~O^IL_SXJZSGfEHKUB#�@m!\
jSKUTSXZj�ORGL\hW�ª��lrC¬ �

Å�Æ�Ñ ÒPÓpÉ�Ô!Õ-Ì�ÖµÉ�ÏBÔ¹É#×�ÈBÍ�ÓpÖ�Ø�Ì�Í�×�È�Ù

�g_SXBZSGLEHKVB7qb\hBSeLKUeJILe�\HO�_
QcBSjSGLXbjSeY\HO'ZSKVNUNVKV\HBSe6\~O|BcXZQSGJ\hBSeCenK � X~�0ZSGLEHKVB7qbXZNUNVeCe1XZEHq�_�qZ\hB�c
BSXbqbIfXbj�If\¢qZEc�"r»�H�h�h�6\~If_SXbGiBSXZQcGL\hBSeJª�� �9¬ �p�g_SX}BcXZQSGJ\hBSegqZ\HWdW¢QcBSKVqZE~IfX�X�KUIL_ XwEHq�_=\HIL_SXZG
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Z[x}eLXbBSjSKUBSl|BcXZGJsHX«KUWdDcQSNVeJXZeZ�^orKUW¢QSNVE~I�EHBcXZ\hQSe#EHqbILKUs
KUICx,\HOrIL_S\hQSeLEHBSjSeÔ\HOrBSXbQSGL\hBce�lHXZBSXbGfE~ILX
qZQcGLGLXbB[IfeïIL_FE~IpqZEHB�ZPX]WYXwEHeJQSGLXbjyORGL\HW IL_SX]eJQSGJOØE~qZXi\HOcIf_SX«eLqwE~NVD2X�K¾If_yXbNVXbqbIfGJ\rXbBSqZXbDS_FEHNU\hl9c
GfE~DS_[xW\ �1�.¥�_É�[�g_SX|WY\hetI«KUWdDP\hGtI�EHB[InBSXbQSGL\HBSe@OR\HG@\HQSG1DSQSGLDP\heJX,EHGJXgIf_SX�D[xrGLEHWYKVjFEHNcBSXZQ�c
GL\HBSe�\HO^IL_SX`qZ\hGtIfXxo"e�ZPXZqZEHQSeLX`If_cXbx=NVKUX�DPXZGLDPXZBcjSKVqbQSNMEHGiIL\�If_SX`qZ\HGJIfKUqwEHN¶eLQSGtOØEHqZX6EHBSj=If_SXbKVG
EHq°IfKUs~E~ILKV\hB¨qwEHB=If_SXbGLX°OR\hGLXJZPXkjcXbIfXbqbILXZjWX�K¾If_.�1�.¥Úª �H�q¬ �
ACB �1�.¥ WdXZEHeLQcGLXZWYXZB[ILe@IL_SX|DP\HILXZB[IfKVEHNFjSK�¤�XZGJXZBSqbXFe
K � XH�hIL_SX�sH\hNUIfEHlhX9eEZPXbI�X«XZXbB�eLqZEHNVDYXZNUXZqpc
IfGJ\rjcXZe�KVe¨GLXZqb\hGLjcXZj(ª �H�q¬ �¥m!XwEHeJQSGLXbj �1�.¥�eJKVlhBFE~NVe E~GLX QSeJQFEHNVN¾x>KUB�WdKUqZGJ\÷sH\hNUI¨GfEHBclhXH�
`|eJQFEHNUNUxysH\hNUIfEHlhXbe.ZPXbI�X«XZXbB eLX°shXbGfEHNPXZNUXZqbILGL\
jSX�DFEHKUGLe1EHGJX�WYXwE~eLQSGJXZj¨eJKVW¢QcNUI�E~BSXZ\hQceLNUxH�^�g_cX
DP\heLK¾IfKV\HBSey\HO�If_cX�XZNVXbqbILGL\
jSXZe�\hB�E�WYXwEHeJQSGLXbWdXbB[I�qwEHD�EHGJX�eJI�E~BSjFEHGJjSK=ÄbXZj�EHqZqb\hGLjcKVBSl�IL\
If_cXkKUB[IfXZGJBFE~ILKV\hBFE~N�r»�qcÅ�H��eJx
eJILXZW�e¡eLXZX`TFlhQcGLXµrh� �r�.f,EHWYXZeg\HO^If_SX`XbNVXZq°IfGJ\rjSXbe�qZ\hGJGLXZeJD�\HBSj
If\ jcK�¤�XZGLXbB[I�NV\ ZPXZe6\HO�If_SXuZSGfEHKUB#��`|BcXbshXbB�B�QSW2Z�XbGLe�EHGJX \hB+If_cX NVX°OÖI�_SXZWYKVeJDS_SXbGLX�EHBcj
XbsHXZB B�QSW�ZPXZGLe`E~GLX¢\hB IL_SX�GLKUlh_[Iw��mF\hG,XxoSE~WdDSNUX¢XZNUXZq°IfGL\
jSXµ��r�KUe�NV\
qwE~ILXZj \»shXbG�If_SX�NUXbOÖI
\
qZqZKUDSKUIfEHNSNU\ Z�X~�&`�eLQFEHNUNUx¢EHNVNSXbNVXbqbIfGJ\rjcXZe«EHGLX�GLX°ORXZGJXZBSqbXZj¨IL\6\hBcX|qb\hWdWY\hB�XZNUXZq°IfGL\
jSX~�p�g_SKVe
XZNUXZq°IfGL\
jSX¢qZEHBaZPX¢NV\
qwE~ILXZj�\HB4If_SXyBS\heLX9e-Z�Xb_SKVBcj�If_SX¢XZEHGLeGe#\hG|\hB�If\hD \~OnIf_SX¢_cXwEHj#�`v|B
EHN¾IfXZGJBFE~ILKUshX5XiEwx7KUe¢If\�WdXZEHeLQcGLX�eLX°shXbGfEHN�ZSKUD�\hNVEHGyXbNVXbqbIfGJ\rjcX�DFEHKVGJe2X�KUIL_S\hQcIYE�qb\hWYWd\hB
GLX°ORXZGJXZBSqbXH�

mïKUlhQSGLX�rh� �ru1znNMEHqbXZWYXZB[Ig\HO^�1�.¥�XZNUXZqbILGL\
jSXZe�E~qZqZ\HGLjSKUBSlyIf\¢IL_SX}KVB[ILXZGLBSE~IfKU\hBFEHN^r»�qcÅ�H�yeJx
eAc
IfXbWÛª ��rC¬ �

mF\hQSGkjSK�¤�XZGJXZB[I¢Dc_SXZBS\HWdXbBFEle&ZSGLEHKVB·XiEwsHXZeCen\~O�jSK�¤�XZGJXZB[IyORGJXZa�QSXZBcqbx qZ\hB[IfXbB[I�_FEwshXsZPXZXbB
jSX°TFBSXZj�KUB§�1�.¥ ªHr÷�q¬]egeLXbX4TFlhQcGLX0rH���c� �g_SXbeLXjX«XZGLX4BFEHWYXZj§KUB�If_cX4\hGJjSXZGYIf_SX°x¶X«XZGJX
jSKUeLqZ\»sHXZGLXbjyetI�EHGtIfKVBcl�ORGJ\hW E~NVDS_FEiGJ_[x
IL_SW.�ïv,NUDS_FEiGJ_�x�IL_SW qwEHB�ZPXneLXZXbBy\»shXbG�IL_SX1\rqbqZKUDSKUIfEHN
NV\FZ�X'X�_SXZB.eLQzZKdJXZqbI�KUe]XbxHXZe�qZNU\heLXbj
eSGJXZNME,ocXbjBZSQcI�EIX]EH�HX~�¹g]X°I�E¢GJ_�x�IL_SW�qZEHBBZ�X�jcXbIfXbqbILXZj
\»shXbG�If_SXyORGJ\hB[I�EHN^EHBSj qbXZB[IfGLEHNpGJXZlhKU\hBSebX�_cXZB�eLQzZKdJXZqbILe`EHGLX¢EHNVXbGJIw�,ACB�EHjSQSN¾IfeCePIf_SX°I�E�EHBcj
jSXbNUI�E�GJ_�x�IL_SWde�EHGJX`Wd\hetIfN¾x¨eJXZB4jcQSGLKUBSl�eLNUXZXZD¶�
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mïKUlhQSGJX�rh���run�g_SX`GL_[x�If_SWYKVq`EHq°IfK¾srK¾IfKUXZei\HO�If_cX�ZcGfEHKUB¾ªHrI�F¬ �
ACB�EHjSjSK¾IfKU\hB If\ IL_SXtZSGfE~KVB»X]E»sHXZeGe]sh\hN¾I�EHlHXuÜFQSq°IfQFE~ILKV\hBce�GLXZNVE~IfXbj7If\ eL\HWdX�DS_cXZBS\hWYXZBSE
E~I�E�DSEHGJILKVqZQcNMEHG`IfKUWdXdKVBSetI�EHB[IIe1QSeJQFEHNUNUx qwEHNUNVXbj+XbsHXZB[IYGLXZNVE~IfXbj7D�\~IfXZB[ILKMEHNUet\ �Li�zne�_pe@qwE~B
ZPX�jSXbILXZqbILXZjaX�KUIL_��1�!¥Ýª��[��¬ �kACB�ZFEHeJKVq¢GJXZeLXZEHGLq�_�If_cX��.i�zne`EHGLXyeJIfQcjSKVXbj·Z[x�E»sHXZGLEHlhKVBcl
eLXblhWYXZB[Ifep\~OP�@�.¥ \÷sHXZGpeJXbsHXZGfE~NS\rqbqZQSGJXZBSqbXZen\HOFIL_SXieLEHWdX«DS_SXbBS\hWYXZBFEc��mF\hGïXxoSE~WdDSNUX«WY\9c
WYXbshXbB[InGLXbNME~ILXZjyDP\HILXZB[IfKVEHNVe�qwEHB2Z�X«GLXZqb\hGLjcXZj�\»shXbGpWd\~If\hGÔqZ\HGJIfXxo2X�_cXZB�eLQlZEdJXZq°I1D�XbGJOR\hGJWde
_FEHBcj!WY\»shXZWYXZB[ILeZ�

Å�ÆRÞ ßwÉ�ÏBà-Ö�Ì*ÎGá Ö�Õ3ÖJÌÝÔ¹Ö�Ì^Õ3É¹â

m4EHB[xsg#[]A1GLXZeJXwEHGJq�_=lhGL\hQcDSeiDSGJXbORXZG«If\�QSeJX�eLKUlhBFEHNUe]lhXbBSXZGLE~IfXbj�KVB¨IL_SX�eLXbBSeL\HGLKVWY\HIL\hG«qb\hG¸c
IfXxo�If\.qZ\hB[ILGL\hN1qZ\HWdDSQrIfXZG6EHDSDcNVKVqZE~IfKU\hBSe�ªº� �F¬ �¨�g_cKVekKVekE.BSE~IfQSGLEHN1EHDSDcGL\[EHq�_ If\.jSXbsHXZNU\hD
EHeJeLKVetIfKUBSl IfXZq�_cBS\hNV\HlhKVXbe¢OR\hG�Wd\HIL\hG¸cÜjSKVeLEFZSNUXZj+DPXZGJeL\hBSeµX�_S\ BS\ NV\hBSlHXZG¢QSeJX.IL_SXZKUG�Wd\~If\hG
qZ\HGJIfXxo�If\.D�XbGJOR\hGJW2Wd\»sHXZWYXZB[Ifeb���,K�¤�XZGJXZB[I6DFEHGJILe`\HO]IL_SXdeJXZBSeJ\hGLKUWd\~If\hG`qZ\HGJIfXxo qZ\hB[ILGL\hN
jSKk¤¶XbGLXZB[I�sH\hNVQcB�IfEHGJx4W¢QSeJqZQSNVEHG�WY\÷sHXZWYXZB[Ife}\~OnIf_SX�ZP\rjrx»ª�� �9¬]e#eLXbX¢TFlhQSGJXtrh���S�`vgqbIfK¾s
KUICx
GLXbNME~ILXZj4IL\¨NUXbOÖI,EHBSj�GJKVlh_[I�_SEHBSj�WY\»shXZWYXZB[ILe}EHGLX6Wd\HGLXkDSGLX°ORXZGfE9ZSNVXkOR\hG¦gy[]A�qb\hB[IfGJ\hN*ZPXpc
qwE~QSeLX qb\hGLGJXZeJD�\hBcjSKVBSl�EHGLXZEHe¢EHGJXdORQSGtIf_SXbG¢EIX]E»x ORGL\HW�XZEHq�_7\HIL_SXZG6KVB IL_SX WY\HIf\HGkqb\hGJILXpo
If_SEHBdX~� lc��EHGLXZEHe1qZ\hB[IfGJ\hNVNUKVBSl,NVXZlHeZ��mFQSGtIf_SXbGLWY\hGLX9e[W¢QSeLqbNVXbe1IL_FE~I1qb\hB[IfGL\HN¡TSBSX�Wd\»shXbWdXbB[IfeCe
eLQcq�_�EHe@_FEHBSj¨EHBSjdOØE~qZX�Wd\»shXbWdXbB[IfeCe
_FEwshX|NMEHGJlhXZGnGJXZDSGJXZeJXZB[I�E~ILKV\hB¨KVB�If_SX�Wd\~If\hGnqb\hGJILXpo��
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mïKUlhQSGLX2rh���cun�g_SX6_�QSWdEHB=WY\HIf\hG]qZ\hGtIfXpo¾ªº����¬ �
�g_SX«eLXZBceL\hGJKVWY\HIf\hGÔqb\hGJILXpo6lhXZBcXZGfE�IfXZe^GL_[x�If_SWYKVq«EHq°IfKUs
K¾ICx`qwEHNUNVXZj`If_cX�\RGL\hNVEHBSjSKUq�_
ã¨cCGJ_[x
IL_SW
X�_SXbB eLQzZEdJXbqbILe`EHGLX6BS\HI�DPXZGtOR\hGLWYKVBcldE~B�x!WY\÷sHXZWYXZB[Ife�ª�Âle^r��9¬ ���g_SKVe,EHqbILKUs
KUICx=qb\hBSeLKUeJI,\HO
I�X«\kORGJXZa�QSXZBcqbxµZFEHBcjSe@EHGL\hQcBSjBr»�}EHBSjd�H�`�bÄyX�_cKVq�_dEHGLX#ZP\HIf_�qb\hB[IfGfE~NME~ILXZGfE~NVNUx`eJQSDSGJXZeLeJXZj
rGcÅ��e�ZPXbOR\hGJXYWY\»shXbWdXbB�Ik\hBceLXbIZ�¨�g_SKUe6eJQSDSDSGJXZeJeLKV\HB0ZPXZqZ\HWdXbe�ZSKUNME~ILXZGLEHN�dJQSetI�Z�X°OR\hGLX�If_SX
WY\÷sHXZWYXZB[In\hBceLXbI'ª �F§le[�9�ze%�%�,¬ �^v§qZ\hB[ILGfEHNVE~IfXbGfEHNUNUx`jS\hWYKVBSEHB[I^OØEHetInGLXbqZ\»shXbGJx�E~BSj�GLXCZP\hQSBcj
\HO�If_SX`GJ_�x
_[IfWYe�qwEHBBZPXkjcXbIfXbqbILXZj�E�OÖIfXZGiIL_SX`Wd\»sHXZWYXZB[I�XZBSjSe�ªº�[�9¬ �
g]Xb_FEwsrKU\hQSGk\HO]IL_SX�eLXbBSeL\hGJKVWY\HIf\HGkqb\hGJILXpo jSQcGLKVBcl!WY\»shXZWYXZB[ILe6_FE~e�ZPXZXbB eJILQSjSKUXZj Xxo
IfXZBEc
eLK¾shXbNUxaX�KUIL_ _cXwEHN¾If_[x eLQlZEdJXZq°Ife2X�_SXbGLXZEHe6IL_SXZGJX¨EHGJXd\HBSNUx�E�ORXGX¥eJIfQcjSKVXbe�X�K¾If_ DFEHGfE~NUxEÄZXbj
DFE~ILKVXbB�ILeZ�=m.\heJI6\HO]IL_SXZeJX EHGJX�jS\hBSXµX�KUIL_ O mhi�A�EHBcj \hBSN¾x�E=qZ\hQSDcNVXµX�KUIf_ �1�.¥���O mhi�A
eJILQSjSKUXZe�eL_S\�X IL_FE~I�eLXbBSeL\hGJKVWY\HIf\HGgqZ\hGtIfKVqbXZe�\HOïDFEHGfE~NUxEÄZXbj!DFE�IfKVXbB[Ife�EHGLXkEHq°IfK¾sHE�IfXZj.jSQSGJKVBSl
E~IJIfXZWYDcILXZj¨_SEHBSj E~BSjdOR\
\HI@Wd\»sHXZWYXZB[Ife¦ª��F��el�H�9¬ �*v1XZGJxYeJKVWYKVNME~GpEHq°IfKUs~E~ILKV\hB�DFE�ILIfXbGLBSeGecXxoEc
qZXbDcIyX«XwEH�~XZGGelX]XbGLX�OR\hQcBSjuX�_SXbB�_SXwEHN¾If_[xYqZ\hB[ILGL\hNPeLQzZKdJXZqbILegD�XbGJOR\hGJWdXbj GLXZEHNPWd\»shXbWdXbB[IfeZ�
�|\�X«XbsHXZGCe
X�K¾If_!DFE~IfKUXZB[Ife�If_SX¢EHqbILKUs~E~IfKU\hB.DFE~ILILXZGJBSe,jSKk¤¶XbGLXbjjZ�X°I�X]XbXZB�KVWdEHlhKUBSXZj!EHBSj�E~IRc
IfXbWdDrIfXZj6Wd\»sHXZWYXZB[IfeGeheLQSlHlhXZetIfKVBcl|If_SE~I�GLXwE~NrWY\»shXZWYXZB[ILe^eJ_S\hQSNUj2ZPX«QSeJXZj�KUB6etIfQSjSKUXZe3X�KUIL_
_SXZEHNUIL_�x4eLQzZKdJXZqbILeZ��v|NVeL\=E�GJXZqZXbB[I¢m!�!¥ eJIfQcjcx eL_c\,X«XZj�If_SE~I`eLXbBSeL\hGJKVWY\HIf\HG�qZ\hGtIfKUqZXZe,\HO
IfX°IfGLEHDSNVXblhKVqbe«GJXZeJD�\hBcj¨If\yE~ILILXZWYDcIfXbj¨_FEHBcj Wd\»sHXZWYXZB[IfeOªHr�§,¬ �nACB�E~jSjSKUILKV\hB"e[qZ\hB[IfGLEHNME�IfXZGLEHN
WY\HIf\hGgDP\HILXZB[IfKVEHNVe#X«XZGLX6jSXbILXZq°IfXZjWX�KUIf_4�1�!¥äX�_SXbBjZP\HIf_.DFEHGLEHDSNVXblhKVqbe�EHBSj!ILXbILGfEHDSNUXZlhKUqZe
E~IJIfXZWYDcIgTFBclhXZG�WY\÷sHXZWYXZB[Ife�ªHr»�le
rFrC¬ �
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vÚZSGLEHKVB7qb\hWYDSQcIfXbG¢KVB[ILXZGJOØE~qZX�KVeyE eJx
eJILXZW IL_FE~I¢ILGfEHBSeJNME~ILXZe¢WYXZB[IfEHN«IfEHeL��e�\hG¢jSKk¤¶XbGLXbB�I
ZSGLEHKVB etI�E~ILXZe}KVB[IL\�qZ\hWYDSQcILXZG}qZ\HWdWdEHBSjSeb�6viI}IL_SX¢TFGJeJI`KVB[ILXZGLBSE~IfKU\hBFEHN*g#[]A�qZ\hBcORXbGLXbBSqZX9e
g#[]A�X]EHeijSX°TFBSXZj.EHeiEyqZ\hWYW¢QSBcKVqwE�IfKV\HBdetxretIfXbW�KVBwX�_SKVq�_�WYXZeJefEHlHXZeg\hG«qZ\hWYW¨E~BSjSe1If_FE~I
If_cX�QceLXZG@eLXbBSjSe1If\`If_SX�XxorILXZGJBFEHN>X]\HGLNVj�jS\kBS\HI1DSEHeLe1If_SGJ\hQSlh_�If_cX'ZcGfEHKUB
n enBc\hGLWdEHNS\hQrIfDSQcI
DFE~IL_%XiEwx
e�\HOnDPXZGJKVDS_cXZGfE~N�BcXZGJsHXZe}E~BSj4W¢QceLqZNUXZe2ª��%�,¬ ��v(g#[]AgqZ\HQSNVj!_SXZNUD4XH� lS�¡WY\HIf\hG�jSKUe¸c
EFZSNUXZj�DPXZGLeJ\hBSenIf\`\hDPXZGLE~IfX�E�X�_SXbXZNUq�_FEHKVGGe�EHBYEHGLW�DSGL\HeJIf_cXZeLKUe1\hG1E}qZ\hWYDSQcILXZG1EHDSDcNVKVqZE~IfKU\hB
OR\hG`qZ\HWdW¢QcBSKVqZE~IfKU\hB#�Y�^GLEHBSeLNVE~IfKUBSl=WdXbB[I�EHN1eJIfE~IfXbeyKUB�IL\!qb\hWYW¨EHBcjSe`KVB[IfXbGLDSGJXbI�E9ZSNVXµZ[x E
qZ\HWdDSQrIfXZG^qZ\hBceLKVetIfe^\HOFOR\hQSG�W¨E~KVBkDS_FEHeJXZeZ�&mïKVGJeJIIe9ZSGfE~KVB¢E~qbIfK¾s
KUICx`_FEHe�If\�ZPX]WYXwE~eLQSGJXZj�EHBcj
jSKUlhKUILK=ÄZXbjWX�K¾If_�eJ\hWdXyWdX°If_S\
j#�`�1�.¥ KVe,Wd\hetI�qb\hWdWY\hBSN¾x=QSeLXbj�jSQSX¢If\dIf_SX�DP\hGJIfEFZSKUNVKUICx
EHBSj.GLXbNME~ILKUsHXZNUx¨E9¤�\hGLjSEFZSNVX,DSGLKUqZXZe�\HO�If_cXkjcXbs
KVqbXZeZ�
ACB�IL_SX.eLXZqb\hBSj§Dc_FEHeLX.If_SX.WYXwEHeJQSGLXbj§eLKUlhBFEHNUe�EHGLX.DSGL\
qZXbeLeJXZj§If\ \ ZcIfEHKVB�ORXwE�IfQSGJXZe�If_FE~I
q�_FEHGLEHqbILXZGJK=ÄZXiIL_SXgWYXZB[I�EHNceJI�E�IfXZe@EHe*X]XbNVNFEHenDP\heJeLK=ZcNVXH��mF\hGpXpocEHWYDSNUXFeheJD�XbqbIfGJQSW¥XbeJIfKUW¨E�IfXZe
qZ\HQSNVjíZ�X�QSeJXZj IL\�Xxo
IfGfE~qbI.ORXwE~ILQSGLXbe.IL_FE~I.jSXZeJqZGJK=ZPX IL_SX GJ_[x
IL_SWYKVq�Z�Xb_FEws
KV\hQSG=\HO6If_SX
ZSGLEHKVBhª����,¬ �pACB IL_SX|IL_SKVGJj¨DS_SEHeLX,IL_SX,ORXZE~IfQSGJXZe]EHGLX|qwE~ILXZlh\hGJK=ÄbXZj QSeJKVBSlyeL\hWYX,qbNMEHeJeLKUTSqwE~ILKV\hB
WYXbIf_c\rj#�&`|eLQSEHNVN¾x¢If_SX�\ ZEdJXbqbILKUshX|KVenIf\6EHeJeLKVlHB E`DSGL\ ZSEFZSKVNUKUICxbî^ïñðzòEó;ôhõRö�÷�OR\hG1XwE~q�_ WdXbB[I�EHN
eJIfE~IfX�ø¨ePK � XH��qZNVEHeLe#ð>òqe¶lhK¾shXbB�EdORXZE~IfQSGJXksHXZq°If\hG¦ö7EHBSj4eJ\hWYX6IfGLEHKVBcKVBSl�jFE~IfEsô qb\hNVNUXZq°IfXZj
DSGJXbs
KV\hQceLNUx|ORGL\hW If_SXnQceLXZGb�ï�g_SXbGLX@XporKVetIfeÔWdEHB[x�jSKk¤¶XbGLXZB[IÔqbNMEHeJeLKUTSqwE~ILKV\hB�WYXbIL_S\
jSe�GfEHBclhKVBSl
ORGL\HW�eJKVWYDSNVXYNVKUBSXwE~G6WY\rjcXZNVekIf\�WY\hGJX¨qZ\HWdDSNUXpo eLQcDSD�\HGJI¢sHXZqbIL\hG¢WdEHq�_SKUBSXZe�E~BSj7BSXZQcGfEHN
BSX°I�X]\hGJ��e�ª��9¬ �ï�g_SX�W¨EHKUB�KVeLeJQSX�KVepIL\kTFBcjdjSKUeJILKVBSq°IfKUsHXiORXwE~ILQSGLXbe@IL_FE~I1eJXZDFEHGLE~IfX�If_cX�qbNMEHeJeLXbe
\hDcILKVWdEHNVN¾x�Z�XbqwEHQSeJX X°shXbB EHB EHG�ZSK¾IfGLEHGLKUNUx�qZ\hWYDSNVXxo�qbNMEHeJeLKUTSXZG=qwEHB BS\HI.qwE�IfXZlH\hGLK�ÄZX If_SX
WYXZB[I�EHN«eJIfE~IfXbe�X�KUIf_UZSEHj7\hBSXbeZ�¾� K¾If_+lH\r\
j ORXwE�IfQSGJXZe�E�eLKUWdDcNVX¨WY\
jSXZN@KVe¢eJQlÁYqZXbB�I�IL\
EHq�_SKUXbsHX6_SKUlh_�qZNVEHeLeJKUTFqZE~IfKU\hB=EHqbqZQSGLEHqbxH�
vgqZqb\hGLjcKVBSl�If\�� \hNVDFEIX XbI|EHN �
ªº� �F¬]eFDSGLXbeLXZB[I|jFEwxBg#[]ACe�qwEHB�ZPXkjcKUs
KVjSXbj=KVB[If\�TSsHX6lhGJ\hQSDSe
ZFEHeJXZj�\hB�IL_SX�XZNUXZqbILGL\hDc_�x
eJKV\hNU\hlhKVqZEHNÔeLKUlhBFEHNUe|If_cXbx�QceLXH�yo
x
eJILXZWYe}KVB�IL_SXyTFGJeJI`lhGJ\hQSD QSeJX
s
KVeJQFEHN�XbsH\h�HXbj�DP\HIfXbB�ILKMEHNUe�\�v��@zne�_�If_SE~I�qwEHBWZ�X`jSX°IfXbqbIfXbj�\»shXbG�IL_SXks
KUeLQFEHN�qb\hGJILXpoBX�_SXbB
If_cXiQSeLXbGpjSKUGLXZq°Ife^_SKVeplhEFÄZX@If\}E,jcXZeLKUGLXbj�\ ZEdJXZq°In\hByIL_SXieJqZGLXbXZB#�1�1EHq�_�eJXZNUXZqbIfEFZSNUX]\ ZEdJXbqbIn\HB
If_cX|eJqZGLXbXZBwÜ¡EHeL_cXZeiE�I«jcK�¤�XZGLXbB[I«GLE~IfX�EHBcjYIL_SX,E~qbIfK¾s
KUICx�DFE�ILIfXbGLBSe@\HOPIf_SX�s
KVeJQFEHNFqZ\HGJIfXxodEHGLX
qZ\HWdDFE~GLXZj!If\¨IL_SX¢qZ\HGLGLXbeLDP\hBSjSKUBSlsv}�1z�IfXbWdDSNVE~IfXbe,DSGJXbs
KV\HQSeLN¾x!jcXbTFBSXbj OR\hG|IL_SX¢qZQcGLGLXbB[I
QSeJXZGZ�h`|eJKVBSl.If_SKUe¢EHDSDcGL\[EHq�_ eLQzZEdJXbqbILe¢_FEwshXsZPXZXbB�EFZSNUXYIL\4\hDPXZGLE~IfX¨E�X«\hGLj7DSGJ\rqbXZeJeLKVBcl
DSGJ\hlhGfE~W E~IJr»�,c�r÷��X«\hGLjce�ù~WYKVB·ª�� §9¬ �
v}�1z°ZFE~eLXZjjg#[]ACe�EHGJX`qZ\hBSeJKVjSXbGLXbj�jSXZDPXZBcjSXZB[I�ZPXZqZEHQSeJX6If_cXbx.GLXba
QcKVGLXkW¢QSeJqZQSNVEHG�qZ\hB[ILGL\hN
\HOnlhEFÄZXkjSKVGJXZq°IfKV\HB4EHBcj4If_�QSe|jS\rXbe,BS\~I|ORQSN¾TFNVN�If_SX6jSXbTFBcKUIfKU\hB.\HO1Eugy[]AgDSGLXbeLXZB[ILXZj KVB.If_SX
ZPXZlhKUBSBSKVBcl4\HO�If_cKVe¢eJXZqbILKV\hB¶� �g_cX�eJx
eJILXZWYe�Z�XbNV\hBSlHKVBSl.If\�If_cX \HIf_cXZGyOR\hQcG�g#[]AklhGL\hQcDSeCe
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ZFEHeJXZj \hB4eLNV\�X qZ\HGJIfKUqwEHNÔDP\HIfXbB[IfKME~NVeCe�zL�h�h�¨X°sh\h�~XZj�DP\HIfXbB�ILKMEHNUeCe�ã¨c�E~BSjhú-cCGJ_�x�IL_SWdeGe#EHBcj
qZ\HGJIfKUqwEHN�BcXZQSGJ\hBFEHN^EHqbILKV\hB!D�\~IfXZB[ILKMEHNUe�GJXZeJD�XbqbIfK¾shXbNUx e�EHGJX¢EHeJeLQSWYXZj4IL\uZPX6KUBSjSXbD�XbBSjSXZB[I,\HO
EHB[x WyQSeLqbQSNMEHG«\hGiDPXZGJKV_SXbGfEHNPBSXZGtshXkEHq°IfKUs
K¾ICx¨E~NUIf_c\hQSlh_ qb\hWYDSGLXb_SXZBSeJKUsHX}qZ\hBcTSGLWdE~IfKU\hB _FEHe
BS\HI�ZPXZXbB4DSGJXZeJXZB[IfXbj#�
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mïKUlhQSGLX�rH�Ç�ru.��DPXZGLE~IfKU\hBFEHN�DSGLXbeLXZB[I¸cCjFEwx=KVBcjSXZDPXZBSjcXZB[I�gy[]AiEHDSDcGL\[EHq�_cXZe�ª�� �9¬ �

orNU\,X�eL_cKUOÖIfe}\~O«IL_SX�ZSGfE~KVB�EHq°IfKUs
K¾ICx�\
qZqZQcGLKVBcl�\÷sHXZG87:9�;=<?>'7=eGe�qwEHNUNVXbj eLNV\�X%qZ\hGtIfKVqZEHNïDP\9c
IfXbB[IfKME~NVe�\ ol[iz1e�_peP_FEwshX�Z�XbXZB4QceLXZj4EHe�qZ\hB[ILGL\hNÔeLKUlhBFEHNUeiOR\hG'g#[]ACeZ�iorQzZEdJXbqbILe,qwE~B4NVXZEHGLB�IL\
lhXbBSXZGLE~IfXgWY\hGLXgDP\heJKUIfK¾shXgE~BSj�BSXZl[E�IfKUsHX�oz[iz s~EHNUQSXZenE�OÖIfXZGneJXbsHXZGfE~N�X«XZXb��e«\hGïXbshXbB¨WY\hB[If_Se
\HO^IfGfE~KVBSKUBSl�ª ��¬ �g�1EHq�_!eLXbNVXZq°IfKU\hB!GJXZa�QSKUGLXZe,E¨��e'ZFEHeLXbNVKUBSX`D�XbGLKV\
j=If\YWdXZEHeLQSGJXkIL_SXkKVBSK¾IfKME~N
EHq°IfKUs~E~ILKV\hB.NVX°shXbNïE~OÖILXZG'X�_SKVq�_�IL_SX¢EHWYDSNUKUIfQcjSX`eL_SK¾OÖI�KVe�WYXwEHeJQSGLXbj�jSQSGJKVBSl�E �Ye,ILKVWYXkDPXpc
GLKU\rj"eFeLXZX6TFlhQSGJX5rh� �z\ØE%_°��`�eLKVBcl oz[izne�eJQzZEdJXbqbIfe,_FEwshX�ZPXZXbB�EFZSNUXkIL\5X�GJKUIfXA@B<DCFEwX«\hGLjce
DPXZG�_S\hQSG#Z[x.E�eLXbGLKUXZe�\HO�I�X]\9cÜq�_S\hKUqZX`eLXbNVXZq°IfKU\hBSe#X�KUIL_!E~qZqZQcGfEHqbKVXZe�\HOGE�;H<JIF7 «��
� _SXbB+eLQzZKdJXZqbILe�EHGJXdDSGJXZeJXZB[IfXbj»X�KUIf_ KVBcORGJXZa�QSXbB�Iy\hGkDFEHGJILKVqbQSNMEHGJNUx!eLKUlhBSKUTSqwEHB[IyEHQSjSK¾If\hGtx e
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KVeJQFEHN¼e^\hGkeL\hWdE~If\HeLXZBceL\hGtx etIfKUW¢QSNVK]e�E4D�\HeLKUILKUsHXdDPXwEH��enzL�h�H�!XbsH\h�HXbj�D�\HILXZB[IfKVEHN¼e�qwE~B»Z�X
jSX°IfXZq°IfXbj0�h�H� Wde`E~OÖILXZG�IL_SX�eJILKVW¢QSNUQSe�KUB�If_SX��1�.¥µe¶eLXZX�TFlHQSGLXtrh� �z\�Z�_°�6AÜO]eJQzZEdJXZq°IkqZ\hB�c
qZXbB[IfGfE�IfXZeg\HB=E¢DFEHGJILKVqbQSNMEHG@eJx
W�ZP\hN#KUB�EylhGJKVj
eczL�h�h�yDPXwEH�dqwEHBtZPX�jSX°IfXbqbIfXbj!K¾OÔXZK¾If_SXbG]If_SX
qZ\HGLGLXbeLDP\hBSjSKUBSl�GL\�X \hGiqb\hNVQSWYBuÜ¡E~eL_SXbe�GLEHGLXbNUxdqZ\hWYDFEHGJXZj IL\�\HIf_SXbGyÜ¡EHeJ_SXZeb�!g@xuÜ¡EHeJ_SKVBcl
EHNUN@GJ\�X�e�EHBSj7qZ\HNVQSWYBSekGfEHBSjc\hWdN¾x EHBSj+WY\hBSK¾If\hGJKVBSl=If_SX �@�.¥<EHqbILKUs
KUICx�If_cX eJx
W�ZP\hN@\HO
eLQlZEdJXZq°IIn e¢KVB[IfXbGLXbeJI6qwEHB·Z�XYjSX°IfXZGJWdKUBSXZj¶�t��BSNVKUBSX�XporDPXZGLKUWdXbB[Ife6EHBSj \FÀYKVBSX�eLKUW¢QSNVE~IfKU\hBSe
eLQclhlhXZetIïIL_FE~I^qZ\hWYW¢QSBSKUqwE~ILKV\hB`GLE~IfX«QSDcIf\��r��§|q�_FEHGLEHqbILXZGJepD�XbG^WYKVB�QcILX.X�K¾If_2§h�%« EHqbqZQSGLEHqbx
DPXZGgq�_S\hKUqZX}qZEHBtZ�X`E~q�_SKVX°shXZj.QSeJKVBSl�zL�h�h�tª��q¬ �n�g_SXkEHjcs~EHB[I�E~lhX�\HOÔIf_cX`z.�H�h��EHDSDSGJ\[EHq�_�KVe
If_SE~IgIf_SXb\hGLX°IfKUqwEHNUNUxdKUI�GLXba�QSKVGJXZe�BS\�IfGLEHKVBSKUBSlS�
�g_SX¢WY\hetI�DSGJ\hWdKUeLKUBSl¨\hBcNVKVBcX2g#[]A�etxretIfXbWde`EHGJX2ZFE~eLXZj�\hB4QSeLXbGCn e`EFZSKVNUKUICx IL\�qZ\hB[ILGL\hN�_SKVe
eLXbBSeL\HGLKVWY\HIL\hGpqZ\HGJIfKUqwEHNlã¨c^EHBSj�ú-cCGJ_�x�IL_SWdeGe�qZ\hGJGLXZeJD�\HBSjSKVBcl`IL\8KL<M>N@}�bÄ�EHBSjO>)KP<Q@%E`�bÄ
ORGLXba�QSXZBSq°xíZFEHBSjSe.GLXbeLDPXZq°IfKUsHXZN¾x e�XH� lS��eLXbX TFlHQSGLX�rh� �z\ØqI_°��[]\hWdDcQcIfKUBSl�D�\�X«XZG.eLDPXZqbILGfEHN
XZetIfKUW¨E~ILXZe¢ORGJ\hW \hBcX�\hG�eLX°shXZGLEHN�XZNUXZqbILGL\
jSXZe�\»sHXZG�If_SX�eJXZBSeJ\hGLKUWd\HIL\hG¢qb\hGJILXpo�EHBcj�QceLKVBcl
NVKUBSXwE~G¨qZ\HW�ZSKVBSE~IfKU\hBSe¨\~O6IL_SXaã¨cYEHBcjPú-c ZFEHBSj EHq°IfK¾srK¾IfKUXZe¨ORGJ\hW IL_SXZeJX NU\rqZE~IfKU\hBSedQSeLXbGCn e
ZSGLEHKVB=EHq°IfK¾srK¾ICx qZEHBBZ�X}IfGLEHBSeJNME~ILXZj�KVB[IL\dE�qb\hB[IfGL\HN#eLKUlhBFEHN¶OR\HG#g#[]A���`|eJKVBSl�IL_SKVe�EHDcDSGL\[E~q�_
OR\hQSG=eJQzZEdJXZq°Ife E~q�_SKVX°shXZj eLKVlHBSKUTFqZEHB[I.qZ\hB[IfGJ\hN`\HO�E7I�X«\9cCjSKUWdXbBSeLKU\hBFEHN}GJXwEHNHcÜILKVWYX4qZQcGLeL\HG
WY\÷sHXZWYXZB[I¦ª����,¬ �pv�OÖIfXbG]E`WdKUBSKVWyQSW%\HO�TSshX'X]XbXZ��e]ILGfEHKUBSKVBSl`eJQzZEdJXZq°Ife¹X«XZGJX�EFZcNVXgIf\6Wd\»shX
If_cXiqZQSGJeL\hG^If\}E,GJKVlh_[I^I�EHGJlhXbI*X�KUIf_�§[� « WdXZEHB�EHqbqZQSGLEHqbxH�pACB�EHBS\~If_SXbGïeJILQSjcx¢E|IfX°IfGfE~DSNVXblhKVq
DFE~ILKVXbB�I�EHq�_SKVX°shXbj�E~NVWY\heJIyXZGLGJ\hG¸c ORGLXbX qZ\hB[ILGL\hN«\HO|E4_FEHBSj�\hGtIf_S\HeLKVe�X�KUIf_ KVWdEHlhKVBcXZj OR\
\HI
WY\÷sHXZWYXZB[Ife¨E~OÖIfXbGYIL_SGLXbX4WY\hB[If_SeY\HO�ILGfEHKUBSKVBcl¶ª��h�9¬ � �1EHq�_§qbNMEHeJeLKUTSqwE~ILKV\hB�GLXba
QcKVGLXbj�§ e
IfKUWdX`DPXZGJKV\
j#�g�g_SXyjcXZeJx
BSq�_cGL\hBSK�ÄwE~ILKV\hB4\HOpIf_cX2ã¨cÜGL_[x�If_SW5jSQcGLKVBcl¨KVWdEHlhKUBSXZj=WY\»shXZWYXZB[ILe
X]EHe�qZ\hWYDFEHGJXZj=If\YE��Ye�ZFE~eLXZNUKVBSX`E~qbIfK¾s
KUICx DcGLKV\HGiIf\�If_SX`WY\»shXZWYXZB[I�\hBSeJXbIZ�
ACBdEHjSjSK¾IfKV\HB¢If\}If_SX�BS\HBSKVB[s~EHeLK¾shX�WYXbIf_c\rjSenjcXZeLqbGLK�Z�XbjdXZEHGLNUKVXZGïeL\hWYX'g#[]AïlhGJ\hQSDSe1WYXwEHeJQSGLX
qZ\HGJIfKUqwEHN¶BSXZQSGJ\hBFEHN�EHq°IfKU\hB=D�\HILXZB[IfKVEHNVe]KVB[s~EHeLK¾shXZN¾x eFK � X~�SORGL\hW XZNVXbqbILGL\
jSXZe�DSNME~qZXZj.\hB=If\hD=\hG
KVBceLKVjcX�ZSGfEHKUB�IfKUeLeLQcXFeÔeLXbXYTFlHQSGLXtrh� �z\Rj�_°�Ym!\HeJI`\HO@If_SXbeLXYeJILQSjSKVXbe`_FEwshXµZ�XbXZB W¨EHjcX2X�KUIL_
WY\hBS�HX°x
e�Z�XbqwEHQSeJX�eLQSK¾I�EFZSNUX]KUB�ILGfEHqb\hGJILKVqZEHNrXbNVXbqbIfGJ\rjcXZeïOR\hGï_
QcW¨EHB�QceLXyX«XZGLXgBc\HI@EwsHE~KVNVNVEFZSNUX
QSB[IfKUN�GLXbqZXZB[ILNUx·ªº� �F¬ �«ACB4EYetIfQSjcx�Z[x�f|KUqZ\hNUXZNUKVe]X°I�E~N �@EYWY\hBS�~XbxtX]EHe�E9ZSNVX�IL\dqb\hB[IfGL\HN*�H�
WY\÷sHXZWYXZB[I�\HO^E�GL\ ZP\HI�EHGJW�QSeJKVBSl�eLKUlhBFEHNUeiGLXbqZ\hGJjSXZj=ORGL\HW�KVB[ILGfEHqb\hGJILKVqwE~N¶XZNUXZq°IfGL\
jSXbeJª �h�,¬ �
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��QSGiE~KVW½XiE~e]If\¢qb\hBSetIfGLQcqbI�EHB¨\hBSNVKUBSXbg#[]AnIf_FE~I]qZ\hQcNVjsZPX�QSeJXZj�XG¤�XZq°IfK¾shXZN¾x5X�K¾If_S\HQcIiXxoEc
IfXbBSeLK¾shXiILGfEHKUBSKVBSlc�3� XijSXbqZKUjSXZj¢IL\�GLXbNUxk\hB�eLKUBSlhNUXpcÜILGLKVEHNhqZNVEHeLeJKUTFqZE~IfKU\hBy\~O�GJXwEHN�TFBSlHXZGpWY\»shXpc
WYXZB[Ife2X�K¾If_ _SXwEHN¾If_[x eLQzZEdJXbqbILe�EHBSj�E~IJIfXZWYDcILXZj+WY\»shXZWYXZB[ILe2X�KUIL_+DFEHGLEHNUxEÄZXbj+DFE~ILKVXbB�ILeZ�
g]GLEHKVBdEHqbILKUs
KUICx¢GLXZNVE~IfXbjYIL\yGJXwEHNFTFBSlHXZG@Wd\»shXbWdXbB[Ife@qwEHB5Z�X�jSXbILXZq°IfXZj�KUBd_cXwEHN¾If_[x�eLQzZKdJXZqbILe
X�KUIL_ �1�.¥ \»shXZG`If_cXdeJXZBSeJ\hGLKUWd\HIL\hG}qZ\HGJIfXxo¶ª �9§lep�9Â9¬ �umFQSGJIL_SXZGJWd\hGJXFeÔeLKUWdKUNMEHG,EHqbILKUs~E~ILKV\hB
DFE~IJIfXbGLBSegqZEHBtZ�X|OR\hQSBSjsX�_SXbB=Wd\HIL\hG¸cÜjSKVeLEFZSNUXZj¨DSE~IfKUXZB[IfegE�ILIfXbWdDrIiWY\÷sHXZWYXZB[IfeJªHr,�q¬ �nvgqpc
IfK¾s
KUICx!GLXZNVE~IfXbj�If\=_SKUlh_ NVX°shXZNïWdXbB�IfEHNïIfEHeL��e}eLQcq�_+EHe}qbQzZ�X�GJ\HI�E�IfKV\HB�QSeLXbj¾Z[x eJ\hWYX�g#[]A
lhGJ\hQSDSeGeceLXbX�XH� lS�"ª �h��¬¼erqwEHBtZPX,_SEHGLjSXbG«IL\¢jSXbILXZq°I�Z�XbqwEHQSeJX�KUI«KVe«BS\HI]eLDFE~ILKMEHNUNUx�E~e]NV\
qwE~NVK=ÄbXZj
EHe6Wd\HIL\hG}I�EHeJ��eZ�.ACB7EHjSjSK¾IfKU\hB IL_SKVek��KVBSj \HOiI�E~eL��e¢EHGJX¨WY\hGLXYjSKkÁdqbQSNUI`IL\4DPXZGLqbXZK¾shX�EHBcj
DPXZGJOR\HGLW�GJXZlhQcNMEHGJNUxh�norQSqZqbXZeJeJORQSN�QSeLXk\HO�If_SXbW QSeJQFEHNVN¾x GJXZa�QSKVGJXZe�E�NV\HI�\~O^ILGfEHKUBSKVBSlc�
� X|DSGJXbORXbGLGLXbj�E`eJx
BSq�_SGJ\hBS\hQSe]eLKVBclhNVXxcÜIfGJKMEHNcEHDSDSGJ\[EHq�_5Z�XbqwEHQSeJX,qb\hB[IfKVB�QS\HQSe]qb\hB[IfGL\HNPBcXZXZjce
Xpo
ILXZBSeJKUshXgILGfEHKUBSKVBSl�DPXZGLKU\rjce^If\OZPXiXp¤¶XbqbIfK¾shXJªº���,¬ �ïv|DSDSGJ\�orKUW¨E~ILX«ILKVWYX]KVBrOR\hGLWdE~IfKU\hB`\HO¡If_SX
WY\÷sHXZWYXZB[I@W¨E~�HXZe1qbNMEHeJeLKUTSqwE~ILKV\hB�XZEHeLKUXZGLZ�XbqwEHQceLX�X]X���BS\�X°X]XbGLX�If\`NV\
\h�`OR\hGnIf_SX�EHq°IfK¾srK¾ICx
KVB�IL_SXk�@�.¥�eJKVlhBSEHNVeb�
�g_SXkW¨E~KVB=GLXba
QcKVGLXbWdXbB[I�OR\HG�\HQSG'g#[]A¹X]EHe�IL_SX6EFZSKVNUKUICxYIf\YlhKUsHX}ORXZXZjlZFEHq���If\�If_SX`eJQzZEdJXZq°I
GLKUlh_[I,ORGJ\hW5If_SX�ZPXZlhKUBSBSKUBSl¨\HOnIL_SX�XporDPXZGJKVWYXZB[Iw�}�g_SKUe�GLXba�QSKVGJXZe,OØEHetI}NVXZEHGLBcKVBSl¨EHBSj lh\
\rj
lhXbBSXZGLEHNVK�ÄwE~ILKV\hB�qwE~DFEFZSKUNVKUILKVXbe¢ORGL\hW IL_SX4qbNMEHeJeLKUTSXZGZ� �g_�QSeGe�X«X�jSXbqZKUjSXZj>IL\ QSeJX�E NUKVBSXZEHG
qZNVEHeLeJKUTFXbG�X�K¾If_7DSGJKVBSqbKVDFEHN1qb\hWdDP\hBSXbB[I�EHBFEHN¾x
eLKVes\ z.[]vO_`OR\hGyjSKUWdXbBSeLKU\hBFEHNUKUICx GJXZjSQcqbIfKU\hB
e
eLXbX6X~� lc�-ª��q¬ �

r»�



ÑµÆCÅ Ò°âu×aÉyÌ�ÎGá É�ÏµÕ^à

�3X]\}\hBcNVKVBcX!gy[]A�XxorD�XbGLKVWYXZB[I*X]XbGLXgqwE~GLGLKUXZj6\hQcIpQceLKVBcl,If_SX«efEHWYX]DSEHGfEHjcKVlhW.�Ô�^XbB�_SXwEHN¾If_[x
eLQlZEdJXZq°Ife¨DSEHGJILKVqZKUDFE~ILXZj�KVB�If_SX=TFGJeJIYXporDPXZGLKUWdXbB[I EHBcj�TSsHX4WY\HIf\HG¸cCjcKVefE9ZSNVXbj IfX°IfGfE~DSNVXblhKVq
eLQlZEdJXZq°Ife`KVB�IL_SX�eLXbqZ\hBSj�\hBcXH�y�g_cKVe�eJXZqbILKV\hB�jSXbeLqbGLK=ZPXZe�IL_SX�eLQlZEdJXZq°IfeCe�IL_SX�XporDPXZGLKUWdXbB[I�EHN
eLX°IfQSD4EHBSj�If_cX6�1�.¥%GLXbqZ\hGJjSKVBclhegKVB=jSX°I�EHKUN �

S,T�ULT5U V0W$X0Y[Z]\!^`_
��XZB¨_cXwEHN¾If_[x�GLKUlh_[IRcÜ_FEHBSjSXbjdeJQzZEdJXbqbIfeio¨r#cno�r»�u\ÖTSshX�WdEHNVXbeCe�EHlhXbj �~�qct�9�%_ïDFEHGJILKVqbKVDFE~ILXZj�KVB
If_cX�TFGJeJI«XporDPXZGLKUWdXbB[IiEHBcjdTSsHX,WdEHNVXiILXbIfGLEHDSNUXZlhKUq�eJQzZEdJXbqbIfe«KVB�If_SX|eLXbqZ\hBSj¨\hBSXH�ï�ïEFZcNVX|�r�kr
jSKUeLDSNVE»x
egIf_cX6E~lhXFeFIfKUWdX,eLKVBcqZXkKVBqdJQSGtx�EHBcj4qZK¾IfX}\HOïKVBqdJQcGJx�\HO�If_cX6eJQzZEdJXZq°Ife,EHe#X]XbNVNÔEHe�If_SX
NV\�X«XZetI6eJKUILX�X�_SXZGJXYeJ\hWYX�\ØNVXbeLe}If_SEHB�BS\hGLWdEHN�_|Wd\»sHXZWYXZB[I`qZ\hQcNVj�Z�X�jSX°IfXbqbIfXbj#�5[]KUILXw[¹�
qZ\HGLGLXbeLDP\hBSjSeYIf\�If_SX.XZN�Z�\�XÚÜSXpor\hGLeGeiqZK¾IfXW[i� IL\ IL_SX�X�GJKVetIdXxo
IfXZBceL\hGJe�EHBSj�qZK¾IfXh[#� IL\
If_cXyXZN�Z�\�X XxorILXZBSeJ\hGLeb�b� _SXbB�EHeL�~XZj
e¶eLQzZEdJXbqbI`z�� GJXZDP\hGJILXZjjZPXZKUBSl¨NUXbOÖI�_FEHBcjSXZj�EHBcj4If_SX
GLXbeJI�GJXZDP\hGJILXZjBZ�XbKVBSl�GJKVlh_[I¸cC_FEHBcjSXZj#�n�g_cX`ILXbILGfEHDSNUXZlhKVE6KUB=z�rpcÅz���XiEHe�qZEHQSeLXbjWZ[xdIfGfE~QSW¨E
KVBcjSQSqZXbj+eLDcKVBFEHNHcCqb\hGLj KVBqdJQSGtx7\ oz[]A¸_kEHBSj+KUB7z@�WZ[x7o
x
BSjcGL\hWdEj¥}QSKVNUNMEHKUB�giEHGJGLXa\ oz¥Jg#_°�
v,NUN#eLQlZEdJXZq°Ife�X]XbGLX`TFGLetIRcÜILKVWYXOg#[]AiQceLXZGJeZ�

�^EFZSNUXk�r�krhu1zïE~ILKVXbB�I�KUBcOR\hGLWdE~ILKV\hBYOR\hGiIfX°IfGfE~DSNVXblhKVq�eJQzZEdJXbqbIfe
v,lHX �gKVWYX}eLKVBcqZX

KVBqdJQcGJx
[]K¾IfX`\HO^KVBqdJQSGtx
\ØWY\÷sHXZWYXZB[I
jSX°IfXZq°IfXbj�_

[iE~QSeLXk\HO
ILXbIfGLEHDSNUXZlhKVE

z#r �H� �dWY\hB[If_ce [¹��\¼[g�F_ oz[]A
z@� �K� �dWY\hB[If_ce [g�z\¼[¹�%_ oz[]A
zL� �H� �YWY\hB[If_ce [g�z\¼[#�F_ oz[]A
z�� � � �[�yxHXwEHGJe [g�z\¼[i� _ oz[]A
z@� �FÂ rh� �¢xHXwEHGJe [¹��\¼[#�F_ oz¥Jg

S,T�ULT�S acb,dAZ�e:f�ghZ]ij^:kLlm_nZo^:Wpd
�g_SXkXporDPXZGLKUWdXbB[Ife�X]XbGLXyDPXZGtOR\hGLWYXZjtX�K¾If_!E5g#[]A]eJx
eJILXZW jSXbsHXZNU\hD�Xbj�E~I�IL_SX2YÔEFZP\hGLE~If\hGtx
\HO'[]\HWdDSQrI�E~ILKV\hBFE~N1�1BclhKVBSXbXZGJKVBSlzeï�|XbNVeLKUBS��K.`|BSK¾shXZGJeLK¾ICx \~O��^Xbq�_SBS\hNU\hlHxh�.�g_SXdefEHWYX¨XxoEc
DPXZGLKUWdXbB[I�EHN#eJXbILQSD�X]EHe�QSeLXbj�X�K¾If_�Z�\~If_�If_SX`_SXZEHNUIL_[x�eLQzZKdJXZqbILe,E~e�X«XZNUNÔEHeiIf_cXkDSE~IfKUXZB[Ifeb�
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BALL
MOVES

500 700
METER

APPEARS
METER

APPEARS

CORRECT

WRONG

MAX TRIES

ARROW VISIBLE
600 400 800

METER
VISIBLE

METER
DISAPPEARS

ISI = 2 s x 3 − 10 times

mïKVlhQcGLX`�r�krhu!��BSNVKUBSX,ORXbXZjzZFE~q���lhKUsHXZB=If\�If_SX`eJQzZEdJXZq°Ife
mïKUlhQSGLX��r��r�eJ_S\�X�e6E�eJqZGLXbXZBSeJ_S\HI6\HO@If_SX�DSGJ\hlhGLEHW QSeJXZj�If\=lhK¾shX¢I�E~eL��ekEHBSj�ORXZXZjlZFEHq��4IL\
If_cX|eJQzZEdJXZq°Iw�1�g_SX�I�EHeJ��XiEHe@If\kWd\»sHX,E`qZKUGLqZNUXgIf\6IL_SX�I�EHGJlhXbI@NV\
qwE�IfXZjY\hBYIf_SX�NVX°OÖI1\hG«GJKVlh_[I
eLKUjSXg\HO�E�qZ\HWdDSQrIfXZGneJqZGJXZXZBwZ[x¢WYXwEHBcen\HOPXZNVXbqbILGLKVqZEHNlZcGfEHKUB�EHqbILKUs
KUICxkWYXwEHeJQSGLXbjwX�K¾If_��1�.¥��
�|XZEHNUIL_[x7eLQzZKdJXZqbILe DPXZGJOR\HGLWYXZj�OØEHeJIYGLXZEHNgNVX°OÖIY\hG�GLKVlH_�I�KUBSjSXxo�TFBSlhXbGYWY\»shXbWdXbB�ILeZ�§�g_cX
IfX°IfGLEHDSNVXblhKVq«eLQzZKdJXZqbILe�X]XbGLX�KVBSetIfGJQSqbILXZj�If\`E~IJIfXbWdDcI^OØEHeJIpNVXbOÖInEHBSj�GLKUlh_[Ip_FE~BSj�Wd\»shXbWdXbB[IfeZ�
orQzZKdJXZqbIyz#rGcÅz@� IfGJKVXZj IL\!qbNV\heJX�IL_SXZKUG�TFeJILeZ� orQzZEdJXbqbIyz.��IfGJKVXbj IL\.NUKUOÖI}_cKVe`KVBSjcXpo TFBclhXZGJe
EHBSj.eLQlZEdJXZq°I�z��9cCz«��E~IJIfXbWdDcILXZj�If\YDSKUBSq�_�If_SXbKVGgKVBcjSXpo�TSBSlhXZG�EHBcj.IL_
QcW�Z.IL\hlhX°If_SXbGZ�
��BSX1qZNVEHeLeJKUTFXbj6WY\»shXZWYXZB[I�KVe�qZEHNVNUXZjkEiIfGJKMEHN ���g_SX@IfEHGLlHXbIÔqZ\HQSNVjJZPX@GJXwEHq�_cXZjyKUB}If_SGJXZX1IfGLKVEHNVeb�
AÜOcIL_SX1IfGLKVEHNFX]EHeïqbNMEHeJeLK¾TFXZjkqZ\hGJGLXbqbIfN¾x�If_cX«qbKVGLqbNVX1WY\÷sHXZjkIf\�If_SXnI�E~GLlhX°I^jcKVGLXbqbILKV\hB
e�\HIL_SXZG¸X�KVeLX
KUI|WY\÷sHXZj�IL\¨If_SXy\hDSDP\heLK¾IfXyjcKVGLXbqbILKV\hB#�|�g_�QSeCe�K¾IbX]EHe`EHNUeL\¨DP\heJeLK=ZcNVX6IL\ GLXZEHq�_�If_cX2X�GL\hBcl
\Ø\HDSD�\HeLKUILX�_iI�EHGJlhXbI,KUOpIL\r\dW¨E~B�x=KUBSqZ\HGLGLXbqbI,qZNME~eLeLK¾TFqwE�IfKV\HBSe'X«XZGJX¢WdEHjSXH�|�g_SXyDP\heJKUIfKU\hB.\HO
If_cXdqbKVGLqbNVX�X]EHekQSD�jSE~IfXbj EHqbqZ\hGJjSKVBcl.IL\jø2qsrwïñðut9ó öLõ�vh÷P<w7:9�;*x]e-X�_SXZGJXyrwïñðutFó öLõ�vh÷�KVe}If_SX
\hQcILDSQcI1\HOPIf_cXgqZNME~eLeLK¾TFXZGnKUB�E�I�X]\`qZNVEHeLenDcGL\ ZSNUXZW�ehK � XH�kehIf_cXgD�\hetIfXbGLKV\HGpDSGL\FZFEFZSKUNVKUICxk\HO�qZNVEHeLe
�6lhK¾shXbB�EkORXZE~IfQSGJX,shXbqbIL\hG¹ö�EHBcj¨IfGLEHKVBSKUBSlkjFE~I�E8v �nzïE~GfEHWYXbILXZG#øYKVeiEkjSKVetI�EHBcqZX�WYXwEHeJQSGLX
KVB�DSKHorXZNVe1E~jqdJQSeJILXZj¨EHqZqb\hGLjSKUBSl}If\}If_cX�eJK=ÄbX�\~O�IL_SX�eLqZGJXZXbB#�1ACBd\HIL_SXZG&X«\hGJjSeCe�If_SX�NVEHGLlhXbGpIf_SX
DSGJ\ ZFEFZSKUNVK¾ICx�lhK¾shXZB·Z[x�If_SXYWd\
jSXbNpIf_SX5ZSKVlhlHXZG�If_cXdetIfXZD If_SXYqZKUGLqZNUX�Wd\»shXbj#���g_SX�I�EHGJlhXbI
qZ\HQSNVjWZ�X¢GJXwEHq�_cXZj KVB.I�X]\ ILGLKVEHNVe�EHeJeLQSWYKVBSlWr»�h�%«�\HQcIfDSQrI�DSGJ\ ZFEFZSKUNVK¾ICx OR\hG�qZ\hGJGLXZq°I}qZNVEHeLe
ZSQcI�KUB.DcGfEHq°IfKVqbX`E�WdKUBSKVW¢QcW \~O^IL_SGLXbXkILGLKME~NVe¹X]EHe�GLXba
QcKVGLXbj#�
v,e1KUBSjSKVqZE~IfXbj�KVB¢TFlhQcGLX|�r�kr e[XwEHq�_dl[EHWYXieJIfEHGJILXZjµX�KUIL_dE~B¨EHGJGL\�X�KVBSjSKUqwE~ILKVBSlbX�_SKVq�_�I�EHGJlhXbI
If_cX4eLQlZEdJXZq°I�eL_S\HQSNVj�IfGJx�IL\ GLXZEHq�_#� �1EHq�_�l[EHWYX=qZ\hBSeJKVetIfXZj>\HOk�,c�r»� ILGLKME~NVe�EHBSj>XZBSjSXbj
X�_SXbB§If_SX�eJQzZEdJXbqbI�XbKUIf_cXZG¨GJXwEHq�_cXZj \hBSX!\HO}If_SX.I�EHGJlhXbILeCeg\hG¨E WdEqorKVW¢QSW \~O�r»� ILGLKME~NVe
X]EHe XporqbXZXZjcXZj#�%�@E~q�_�l[EHWYX!If\
\h��\hB EwshXbGfEHlHX EFZP\hQcIjr»� eZ� �,QcGLKVBcl If_SX lhEHWdX9eiIf_SX
eLQlZEdJXZq°IfeyeLEIX?E�srKUeLQFE~NpIfGLKUlhlhXbG�XbsHXZGJx�I�X«\!eJXZqb\hBSjSeb�¨�g_SX�eLQlZEdJXZq°Ife�X«XZGJXdKUBSeJILGLQSq°IfXbj IL\
DPXZGJOR\HGLW?If_SX|I�EHeJ�YeJ_S\�X�BBZ�xYIf_cX}EHGLGJ\�X E~I]IL_SX¦ZPXZlhKUBSBSKUBSly\HO�IL_SX,lhEHWdX|E~OÖILXZG«IL_SX,s
KVeJQFEHN
IfGJKVlhlHXZGgjSKUefEHDSDPXwE~GLXZj¶�@�g_cXkILGLKVlHlhXZG¹X]EHe|EYGJXZq°I�EHBSlHNVX�If_SE~I�lh\HI�eLWdEHNUNVXZGiEHBSj.eLWdEHNVNUXZGgEHBcj
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3-4 sessions 2-3 sessions 2-3 sessions

Part 1: Training
General features
Sequential model training

Part 2: Training
Individual features
Sequential model training

Part 3:Testing
Individual features
Static model

Break
10 min

Break
5-10 min

Individual features
for all subjects

1 session
       =
20-30 games

1 game
       =
2-10 trials

mïKVlHQSGLXk�r� �ru@o
ILGLQSq°IfQSGJX`\HO^IL_SX`\hBSNUKVBSXOgy[]AiXporDPXZGLKUWdXbB[I
jSKUefEHDSDPXwE~GLXZj �c��§keiE~OÖILXZG@KUI.XiE~e]jSKUeLDSNVE»xHXZj#�nAÜI]_FEHe.Z�XbXZB�eJ_S\�X�B If_FE~I@If_cX,DSGJXZDFEHGLE~IfKU\hBY\HO
TFBSlHXZG}WY\÷sHXZWYXZB[IfeGeÔGLXwE~Np\hG`E~IJIfXZWYDcILXZj
e#qZEHB·Z�X�eJXZXZB KVB�IL_SX��1�.¥ eLKUlhBFEHNUe}EHe`E eLNU\�X�NUx
q�_FEHBclhKVBSl}DP\HILXZB[IfKVEHNVe#ªº�F¬ �ïAÜO�X]X#X�KUeL_�If\}QSeJXgIf_SXbeLX�D�\~IfXZB[ILKMEHNUeïOR\hGpqbNMEHeJeLKUTSqwE~ILKV\hB�E~qZqZQcGfE~ILX
IfKUWdX.KVBrOR\hGLWdE~IfKU\hB�\HO}If_SX WY\»shXbWdXbB�ILe KVe¨GLXZa�QSKUGLXbj#� �g_SX�s
KVeJQFEHN|ILGLKUlhlhXZGYXZBSEFZSNVXbe If_SX
eLQlZEdJXZq°Ife¨IL\ DSGJXZDFEHGJX!OR\hG�IL_SX!IfEHeL��EHBcj�EHNVNU\�X�e�IL_SXZW IL\ ILKVWYX=IL_SX.Wd\»shXbWdXbB[I¨If\ If_SX
jSKUefEHDSDPXwE~GfEHBSqbX`\HO^IL_SX`WdX°IfXbGyX�KUIf_.EHe�NUKUILILNVX�sHE~GLKME~BSqZX`EHe�DP\heLeJK=ZSNUX}EHqbGL\heJe�ILGLKME~NVeZ�
mïKUlhQSGLXy�r� �YjSKUeLDSNVEwxre�If_cXy\»shXbGfEHNUN^etIfGLQcqbIfQcGLX¢\HOïIf_SX6XporD�XbGLKUWdXbB�IZ�,�,E~I�EµXiEHe,qZ\hNUNVXZq°IfXbj4KVB
EFZP\hQcI`If_cGLXZXdEHBSj E._SEHNUO«WdKUB�QcIfX�eLXbeLeJKV\hBSeb���g_SXZGJX5X«XZGJXdeJ_S\hGJI�ZSGJXwEH��eCeïEHDSDSGJ\IocKUW¨E�IfXZN¾x
�h�=eyNU\hBSlze3ZPXbI�X«XZXZB+IL_SXYeLXZeJeLKU\hBSeyIL\4Ewsh\HKVj IL_SXYeLQzZEdJXbqbILe¢lhXbIJIfKUBSl.ILKVGJXZj#���1EHq�_ eLXZeJeLKU\hB
qZ\HBSeLKUeJIfXbj�\HO«EFZ�\HQcI`�H� lhEHWdXbe�jSXbD�XbBSjSKVBcl�\hB�If_SX�eJQzZEdJXbqbIIn e`D�XbGJOR\hGJW¨E~BSqZX~�k�g_cX�X�_S\hNVX
XporDPXZGJKVWYXZB[I�qZ\HBSeLKUeJIfXbj7\HOgIf_cGLXZX¨DFEHGJILeZ���1EHq�_7DFE~GJI¢qb\hBSeJKVeJILXZj�\HO�\hBcXdIf\�OR\HQSGyeJXZeLeJKV\hBce
jSXbD�XbBSjSKVBcl.\HB _S\�X%If_cX�eLQzZEdJXbqbILekORXbNUI}E~BSj�_S\�XäX«XZNVN�If_SX°x DPXZGJOR\HGLWYXZj#��Y�\hBSlhXbGOZSGLXZEH��e
X«XZGLX«�HXbDcI�ZPXbI�X«XZXZB¢IL_SX@DFEHGJILe�ZPXZqZEHQSeLX@IfKUWdX�X]EHeïBSXbXZjSXbj¢If\�TFBSj6IL_SX]KUBSjSK¾srKUjSQFEHN~ORXwE~ILQSGLXbe
\HO�If_SX`eJQzZEdJXZq°Ifeb�
f|\�eJXZDFE~GfE~ILX+IfGfE~KVBSKUBSl§EHBcj IfXZetIfKUBSl§DFEHGtIfejX«XZGJX7BSXZXbjSXZj Z�XbqwEHQceLX+If_cX+qZNVEHeLeJKUTFXbGhXiE~e
IfGLEHKVBcXZj�\hBcNVKVBcX6QSeJKVBSlYIf_SXyqZ\hGJGLXZq°I}KVBrOR\hGLWdE~IfKU\hB.EFZP\hQcI,IL_SX6IfEHeL�.\HOnIL_SX¢WY\hWdXbB[I,KUB4If_SX
TFGJeJI�I�X«\ DSEHGJILeZ� ACB�IL_SX TFGJeJI�IfXbB7IfGLKVEHNVek\HO�If_cX�XporD�XbGLKUWdXbB�I�IL_SX qbKVGLqbNVX WY\»shXbj�KUB+If_SX
qZ\HGLGLXbqbI�jSKUGLXbqbIfKU\hBsZPXZqZEHQSeLX�IL_SXZGJX�XiE~egBS\HIgXbBS\hQSlh_=eLEHWdDcNVXZe@If\¢ILGfEHKUB¨If_SX}WY\
jSXZN �ïACB�If_SX
GLXbeJI�\HO�If_cX}XporD�XbGLKUWdXbB�IgIL_SX`qZKUGLqZNUX�WY\÷sHXZj=KVB IL_SX}jSKUGLXZq°IfKU\hB�KVBSjcKVqwE�IfXZjtZ[x IL_SX}qZNVEHeLeJKUTFXbGZ�
�g_SX|qZNME~eLeLK¾TFXZG�X]EHe]GJXbILGfEHKUBSXZj¨E~OÖIfXbG@XZEHq�_¨ILGLKME~N^\ØWY\÷sHXZWYXZB[Ix_&X�KUIL_dIL_SX|DcGLXbs
KU\hQSe@efEHWYDSNVXbeZ�
��GfEHKUBSKVBSl¨\HO«IL_SX�qZNVEHeLeJKUTFXbG}KVe�jSXbeLqbGLK=ZPXZj KVB�WY\hGLXyjSXbIfEHKVNpKUB�If_SX�BSXxo
I6eJXZq°IfKV\HB#�µg]XZqZEHQSeJX
eLQcD�XbGJs
KVeJXZj IfGLEHKVBSKUBSl¨\~OnIf_SX�qbNMEHeJeLKUTSXZG,KUe�BS\HI�D�\heJeLK�ZSNVX6KVB�GJXwEHNïEHDSDSNUKVqwE�IfKV\HBSe�\ÖIf_SXyKVB[IfXbB�I
\HO@If_SX�eJQzZEdJXbqbI6KVe}BS\HI`��BS\�X�B�_,IL_SX�Wd\
jSXZN^XiE~ekBc\HI}IfGLEHKVBSXbjaX�KUIf_ BcXGX¥eLEHWYDSNVXbe}KVB If_SX
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Raw EEG data, left hand, channel C4
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Detrending
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Frequency band 0.5 − 3.0 Hz
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Averaged amplitude 3.02 µV between
 time points −0.12 and −0.07 s
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Frequency band 19.0 − 21.0 Hz
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Averaged amplitude 2.58 µV between
 time points −0.34 and −0.24 s
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QcW�Z�XbG�\HO�ORXwE~ILQSGLXbeµX]EHe�qZ\HWdDSQrIfXZj7ORGJ\hW�IL_SX�jFE~IfE
qZ\HNVNVXbqbILXZj KVB�IL_SX�TFGLetI`DFEHGtI`\HO1If_SX�XxocDPXZGJKVWYXZB[Iw�yv,NUIL_S\hQSlH_�If_SX¢ORXZE~IfQSGJXZekEHGJX�BS\HI`KVBcjSXpc
DPXZBSjSXbB[I,If_cXbxBX]XbGLX6qZ\hBSeJKVjSXbGLXbj�KVBSjcXZDPXZBSjSXbB[IfNUxH�g�g_SX¢{�\hNVWY\hlh\HGL\»s%ctorWYKVGJBS\»sa\Ø{6ol_iILXZetI
eJIfE~IfKUeJILKVq&X]EHe^QceLXZj¢EHe�E�jSKk¤¶XbGLXbBSqZX@WdXZEHeLQcGLXLZ�X°I�X]XbXZB¢IL_SX1jSKVetIfGLK�ZSQcILKV\hBSe�\~OcIf_cX@qbNMEHeJeLXbe^OR\hG
XbsHXZGtx¢ORXwE~ILQSGLX]KVBSjSXbD�XbBSjSXbB�ILNUxuª �,¬ �^�g_SX�{koKcÜILXZeJIpeJI�E�IfKVetIfKUqyô%KUeïjSX°TFBSXZjYEHe^If_SXiWdEqorKVWyQSW
EFZSeJ\hNVQrIfXkjSK�¤�XZGJXZBSqbX�ZPXbI�X«XZXbB�If_SX6qZQSW¢QcNME~ILKUshX`jSKUeJILGLK=ZcQcIfKU\hBSeg\HOpI�X«\¨GLEHBSjS\HW sHE~GLKME9ZSNVXbeCe
EHBSj.KVB�\HQSG�qwEHeJX

ô � eLQSD� ó
� � ï � ÷�<���t,ï � ÷Có � eLQSD� ó�rwï�� � � � ÷�<Ør5ï���tp� � ÷Có õ \ �r�kr,� _
X�_SXbGLX�� £ KVe�E�GfEHBcjS\hW s~EHGJKMEFZcNVX,qb\hGLGJXZeJD�\hBcjSKVBSl�IL\�IL_SX�s~EHNVQcX}\HOÔORXwE~ILQSGLX � lhKUsHXZB=KUI#ZPXpc
NV\HBSlhepIf\kqZNVEHeLej¥L��� £ KVenIf_SX�qbQSW¢QSNVE~IfK¾shX�jSKVetIfGJK=ZSQcILKV\hB�\~O#GfE~BSjS\hW%s~EHGJKMEFZcNVX�� £ �n�nWYDSKVGJKVqZEHN
\ØK � X~�¶eLEHWdDcNVX�_�qZQSW¢QcNME~ILKUshXyjSKVetIfGLK�ZSQcILKV\hBSebX]XbGLX�QSeLXbj E~e}XZeJILKVWdE~IfXbe�KVB�ORXZE~IfQcGLX�eLXbNVXbqbIfKU\hB#�
mïKUlhQSGLX]�r� �|eJ_S\�X�enEHB¢XxoSE~WdDSNUX«\~OSIf_SX«efEHWYDSNUX«qbQSW¢QSNVE~IfK¾shX@jSKVetIfGLK�ZSQcILKV\hBSe�OR\hG*Z�\~If_yqbNMEHeJeLXbe
OR\hGi\HBSX}DFEHGtIfKVqbQSNME~G@ORXZE~IfQSGJXH�n�g_SX`WdEqorKVW¢QcW jcK�¤�XZGLXbBSqZX}KUeiWdEHGL�~XZjsX�KUIL_=E¢shXZGtIfKUqwEHN�NVKVBcXH�
vÔshXZGLEHlhXbj XbshXbB[I}GLXbNME~ILXZj.D�\HILXZB[IfKVEHNVe�\Ø�.i�zne�_�\��%eJI�E~BSjFEHGJj4jSX°srKVE~IfKU\hB�_]OR\hG'Z�\~If_4qbNMEHeJeLXbe
EHGJX eL_S\�X�B KVB§TFlhQcGLX �r� �r�%�g_cX �Li�zne!E~GLX qZ\HWdDSQrIfXZj�ORGJ\hW IL_SX efEHWYX q�_FEHBcBSXZN`EHBcj
ORGLXba�QSXZBSq°x°ZFE~BSj�EHeYIf_SX.ORXwE~ILQSGLX!KVB�TSlhQSGLX��r� �c� �g_SX �Li|zne jcK�¤�XZG�If_SX!Wd\hetI E~GL\hQSBcj
�H�.Wde�Z�X°OR\hGLX�If_SX¨qZQSX~�!ACB TSlhQSGLX��r� �=If_SKUe6qZEHB»ZPX¨eJXZXZB�E~e¢E!jcK�¤�XZGLXbBSqZXuZ�X°I�X]XbXZB7If_SX
qZQcW¢QSNME�IfKUsHX4jSKUeJILGLK=ZcQcIfKU\hBSeY\HO}If_SX!ORXwE~ILQSGLX!qZ\hWYDSQcILXZj§ORGL\HW ª c�� §leÇ�,¬,WYedILKVWYX!KUB�ILXZGtsHE~N �
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mïKVlhQcGLX|�r� �ruïvÔshXbGfEHlhX|XbsHXZB[IgGLXbNME~ILXZjdD�\9c
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mïKVlHQSGLXi�r� �ruï{�\hNVWY\hlh\hGJ\»sKcÅorWYKVGLBc\÷s,IfXZetI
eJIfE~IfKUeJIfKUq

mïKUlhQSGLX��r�	�¨eJ_S\�X�e}If_SX�{ko4IfXbeJI`eJIfE~IfKUeJILKVq¢qb\hWdDcQcIfXbj KUB�W¢QSN¾IfKUDSNVXyEHjqdLEHqbXZB[I6�H� WYe,IfKUWdX
X�KVBcjS\�X�e«OR\hG1If_SX,�yq�_FEHBcBSXZNUeZ�.[]_FEHBcBSXZN"m*[¦r|eLXbXZWYe]If\6eLXZDSEHGfE~ILX,qbNMEHeJeLXZe¹Z�XbeJIiqZEc�1�H�kWde
ZPXbOR\hGJX If_SX�qbQSXH�UYÔEHGJlhXZG¢s~EHNUQSX \HO�If_cX={6o ILXZeJI�etI�E~ILKVetIfKVq¨eLXZXbWde�IL\ KVBSjSKUqwE~ILX¨If_SE~I�If_SX
ORXwE�IfQSGJXkeJXZDFE~GfE~ILXZegIf_SX`qbNMEHeJeLXZe'ZPXbILILXZGb�
v,NUN�ORXZE~IfQcGLXZebX]XbGLX�EHGJGfEHBclhXZj E~qZqZ\HGLjSKUBSl¨If\dIf_SX�{ko.ILXZetI}eJIfE~IfKUeJIfKUqH�|�g_SXZB ORXwE�IfQSGJXZe¦X«XZGJX
q�_S\heJXZB�\hBSX!Z[x¢\hBSX«qZ\hGJGLXbeLDP\hBSjSKUBSl,If\|If_SXiNVEHGLlHXZeJIp{koKcÜs~EHNUQSX«eJ\,If_SE~IpIf_cXZGLX!X]XbGLXiBS\,\÷sHXZGAc
NME~DSDSKVBcl,ORGLXba
QcXZBSq°x�ZFEHBSjcen\hGpIfKUWdX.X�KVBSjS\�X�epORGJ\hW IL_SXgefE~WdXgq�_FE~BSBSXZN �ï�g_SKUe&XiE~enjS\hBSXiIL\
jSXbqZGLXZEHeLX`If_cX}GLXZjcQSBSjFEHBcqZKVXbe�EHWd\HBSl¢If_SX�ORXZE~IfQcGLXZeb�1AÜI�KVegqZNUXwEHG«If_FE~I�E~WdDSNUKUILQSjSX|s~EHNUQSXZe]\HO
If_cX�efEHWYX�eJKVlhBFE~NPORGJ\hW BcXwEHGRZ�xdIfKUWdX�KVBSetI�EHB[ILegEHGLX,qZ\hGJGLXZNVE~IfXbj#�n�g_SX�eLEHWYX}EHDSDSNUKVXbe«If\6ORGLXpc
a�QSXZBcqbxBZFEHBcjSe�qZ\hB[I�E~KVBSKUBSl¢DFEHGtIfKVEHNVN¾x�efEHWYX�ORGLXba
QcXZBSq°x=qZ\hWYD�\HBSXZB[Ifeb�![]_S\r\HeLKVBcl¢ORXwE~ILQSGLXbe
KVBcjSXZDPXZBSjcXZB[IfN¾x4E~qZqZ\HGLjSKUBSldIL\dIf_cXks~EHNUQSX6\~OpIf_SXy{ko=IfXbeJI,eJI�E�IfKVetIfKUq�X«\hQSNUj4GLXbeLQSN¾I,KUB4W¢QcNkc
IfKUDSNVXyGLXZjcQSBSjFEHB[IkORXwE~ILQSGLXbe`qZ\hGJGLXZeJD�\HBSjSKVBcl.IL\=IL_SX�efEHWYX�W¨E,ocKUW¢QSW<jSK�¤�XZGJXZBSqbXµZ�X°I�X]XbXZB
If_cX¨qZNVEHeLeJXZeb�amF\hG6XxocEHWdDcNVX¨KUB TFlHQSGLX �r�	�=I�X]\�ORXZE~IfQSGJXZe6qZNV\HeLXdIL\�XwE~q�_7\HIf_SXbG�X«\hQSNUj»Z�X
q�_S\heJXZB ORGJ\hW q�_FEHBSBSXbN
mFqFrH�pv,e]E6GLXbeLQSN¾IiWdEHB[xY\HIf_SXbG]lh\
\
jYORXZE~IfQSGJXZeiWdEwx�BS\HI¹Z�X�q�_S\heJXZB
ZPXZqwE~QSeLX�If_SX�jSKVWYXZBceLKV\HBFEHNVK¾ICxy\~O#If_SX�ORXwE�IfQSGJX|eJDFEHqZX|W¢QSetI¹ZPX|�~XZDcI]GLXZEHeL\hBSEFZSNVX~��giEHeJKVqZEHNVN¾x
GLXbjSQSBSjSEHBSqZKUXZeYEHWY\hBSl4IL_SX ORXwE�IfQSGJXZe�WdE»x GLXbeLQSN¾I�KVBUZPXbIJIfXbG�qZNME~eLeLK¾TFqwE�IfKV\HB DPXZGJOR\HGLWdEHBSqZX
ZSQcI,EHqbqZ\hGJjSKVBSl�If\d\FÀYKVBSX`eJKVW¢QSNVE~IfKU\hBSeiq�_c\r\heJKVBSlYORXwE~ILQSGLXbe|GJXZNVE~IfXbj!If\dEHDSDSEHGLXbB�ILNUx=jSKk¤¶XbG¸c
XZB[I�q�_FEHGLEHqbILXZGJKVeJILKVqbe�\~O^IL_SX`eLKVlHBFEHNVe]GLXZeJQSNUILe�KVBBZ�X°ILILXZG�EHqZqbQSGfE~qZKVXbeZ�
� _SXbB4E�DFEHGtIfKUqZQSNVEHG]ORGLXba�QSXZBSq°xBZFEHBSj!EHBSj�ILKVWYX¦X�KVBSjc\,X¿XiE~e�q�_c\heLXbB!ORGL\HW�\hBSX`q�_FE~BSBSXZN
If_cX�qZ\hGJGLXbeLDP\hBSjSKUBSl¢ORXwE~ILQSGLXw\ÖIf_SX,efEHWYX�ZFEHBcj=EHBSj IfKUWdX'X�KVBSjc\,Xb_!X]EHe�EHNUeL\¢q�_c\heLXbB=ORGJ\hW
If_cX¨\HIL_SXZG`TSshX¨q�_FEHBSBSXbNVeb�!�nKUlh_[IyjSKk¤¶XbGLXbB�IyqZ\hW2ZSKVBFE�IfKV\HBSe}\HOg\hBcXdORGLXba�QSXZBSq°x0ZSEHBSj7EHBcj
IfKUWdX�X�KUBSjS\�XäX«XZGJXdeJXZNUXZqbILXZj GLXZeJQSNUILKVBSl=KUB Ec�­K � ��K ORXwE~ILQSGLXbeyE~NUIf\HlhXbIL_SXZGb�Y�g_cKVeOXiE~e
jS\hBcXkIL\ EHa�QSKUGLX`Wd\HGLX`KVBcOR\HGLWdE~IfKU\hB=EFZP\hQcI�If_SXkefE~WdXkXbsHXZB[I�ORGL\HW jSK�¤�XZGJXZB[I,EHGLXZEHe|\~OpIf_SX
eLqZEHNVD¶�
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mïKUlhQSGLXi�r���ru^�g_cX�s~EHNUQSXZeï\HO�{6oyILXZeJI1etI�E~ILKVetIfKVq«KVB�W¢QcNUIfKUDSNVX«EHjqdLE~qZXZB[I«�H��WYeïILKVWYX!X�KVBcjS\�X�e
ORGL\HW ��q�_FEHBSBSXbNVe
ÑµÆRÞ � ÏtÓpÎCÏtÉ Ô!ÓCÍ�à3à3Î���ÉyÌ

mïKUlhQSGLXk�
����KVNUNVQSetIfGfE�IfXZe«If_SX`\hDPXZGLE~IfKU\hB=\HOïIL_SX`\hBSNVKUBSX}qZNVEHeLeJKUTFXbGgjSQSGJKVBSl�IfGLEHKVBSKUBSl�DPXZGLKU\rjceZ�
v|OÖILXZGgORXwE�IfQSGJXkXxo
IfGfE~qbIfKU\hB.EHBSj.BS\hGJW¨EHNUK=ÄZE~IfKU\hB¨XZEHq�_!BcXGX eLEHWdDcNVX�KUe�qbNMEHeJeLK¾TFXZj=QSeJKVBSl�If_SX
XporKUeJIfKUBSl�WY\rjSXbN ��giEHeJXZj \hB If_SX�GJXZeLQcNUI}ORXZXbjzZFEHq�� KUe�lhK¾shXZB IL\=IL_SX�eLQlZEdJXZq°Iw���g_SX�qZNVEHeLeJKkc
TFXbG6KUekQcD�jFE�IfXZj QSeLKUBSl!qb\hGLGJXZq°IyqbNMEHeJe6NVEFZ�XbNVeb�¨�g_SKUe6KUe6E.��KVBSj \HOgeJQSD�XbGJs
KVeJXZj+eJXZa�QSXbB�ILKMEHN
GLX°IfGLEHKVBSKUBSl�EHDSDcGL\[EHq�_�If\ \hBSNUKVBSX�NUXwEHGJBSKVBSlle«BS\~I¨E�GLXZEHN�EHjFE~DcIfK¾shX.qZNME~eLeLK¾TFXZGµZFE~eLXZj�\hB�E
jcx
BFEHWYKVqkWY\rjSXbN �b��BSNVKUBSX`IfGfE~KVBSKUBSl�\HOnIf_SX6Wd\
jSXbN�KUe,etI�EHGtIfXZj4\hBSqZX¢EdWYKVBSKUW¢QSW B�QSW�ZPXZG
\�X]EHeYeLX°IdIL\¶r»��KVB�If_cX!XxocDPXZGJKVWYXZB[Ife�_�\~O�efE~WdDSNUXZe�\ÖORXwE~ILQSGLXbe�_�KVeYEHqZa�QSKUGLXbj�ORGL\HW XbsHXZGJx
qZNVEHeLeb�n�g_�QSeCeSORXbXZjzZFE~q��¨qwE~BtZ�X�lHKUshXbB If\yIL_SX�eJQzZEdJXZq°I�EHNVGJXwEHjrxdORGJ\hW?If_SX�ZPXZlHKVBSBSKUBSl6ORGJ\hW
If_cXyXporDPXZGJKVWYXZB[Iw�¦m¡QcGJIf_cXZGLWY\hGJXkIL_SX¢lhXbBSXZGLEHNVK�ÄwE~ILKV\hB=qwE~DFEFZSKUNVKUICx \HOnIf_SX6qZNVEHeLeJKUTFXbG,qwE~BjZ�X
WY\hBSKUIL\hGLXbj ORGL\hW XwEHGJNUx¨\hB#�
ACB=EHjSjcKUIfKU\hB�If\�EHNUN¡\HIf_SXbGiBSXbqZXZeJefEHGtx�WY\rjSXbN¡DFEHGfE~WdX°IfXZGJeCerefEHWYX,B�QSW�ZPXZG]\HOÔDSGLX°s
KV\hQSe«ORXwEqc
IfQcGLXpshXbqbIL\hGLeÔORGL\hW XbsHXZGJx`qbNMEHeJeÔEHGLXnetIf\hGJXZj`KVB}IL_SXnWdXbWd\HGJx|jSQSGLKUBSlgIf_SXn\HBSNVKUBSXpXporDPXZGJKVWYXZB[Iw�
v|OÖILXZG«qZNME~eLeLK¾TFqwE�IfKV\HBYIL_SX,\hNUjSXZetIieLEHWdDcNVX�ORGL\hW¥IL_SX�qZ\HGLGLXbeLDP\hBSjSKUBSlyqbNMEHeJe]KUe«GJXZDSNVEHqZXbjuX�KUIL_
If_cX¢BSXGX�\hBSX~�6�g_cKVe�WdEH�HXbe}GLXblhQSNME~GLK=ÄZE~IfKU\hB.\HOnIf_SX�WY\
jSXZN�XwEHetx e�K � X~��e�E~qZqZXbeLe}If\ EuX�_S\hNVX
_SKUeJIf\HGJx¢\~O¶DSGJXbs
KV\HQSe1efEHWYDSNVXben_SXZNUDSe@Ewsh\hKUjSKVBSl}\»sHXZGJTcILIfKUBSlJX�_SXZB�If_SX�WY\rjcXZNSKUen\hDcIfKUWdK�ÄZXbj#�
�,QSGJKVBSlkIfXbeJIfKUBSlyDPXZGJKV\
jSenIf_SX|qZNVEHeLeJKUTFXbG.X]EHe]�~XZDcIieJI�E�IfKVq~�p�g_SX|qZNME~eLeLK¾TFXZG@qZ\HQSNVjd_FEwshX¦ZPXZXbB
GLX°IfGLEHKVBSXbj�EHNUeL\�jSQcGLKVBcl,If_SX«IfXZetIfKUBSl�DPXZGLKU\rjceïXbsHXZB�If_c\hQSlh_�KUBcOR\hGLWdE~ILKV\hBkEFZP\hQcI^If_SXiqb\hGLGJXZq°I
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m^KVlhQSGJX`�r��§cu.��D�XbGfE~ILKV\hB�\~OïIf_cX}\hBSNVKUBSX}qZNVEHeLeJKUTFXbG
qZNVEHeLe�X]\HQSNVj+Bc\HI�ZPX Ews~EHKVNVEFZSNUXH�.�1EHq�_7BSXGX eLEHWdDcNVXYqZ\hQSNUj0ZPX�EHeJeL\
qZKME�IfXZj·X�KUIL_7E4qZNVEHeLe
ZFEHeJXZj�\hB IL_SX�\hQrIfDSQcI]DSGL\FZFEFZSKUNVKUICx�\~O�If_SX|qZNME~eLeLK¾TFXZGb�nv BSXpX eLEHWYDSNVX�X]\HQSNVjtZPX�EHjcjSXZj IL\
If_cXkqbNMEHeJe�\hBSNUx¨KUOÔIf_cXkDP\hetIfXZGJKV\hGgDcGL\ ZFE9ZSKVNUKUICxµXiE~e|_SKUlh_�XZBc\hQSlh_#�
� X�jSXZBS\~IfX�If_SX ê cÜjSKVWYXZBSeJKV\hBSEHN�ORXZE~IfQcGLX¢shXbqbIL\hGOX�KUIf_jöp�¢�^\~I�EHN^\HO0� � � � ¬�������¬ � Ç
ORXwE�IfQSGJX1sHXZq°If\hGJe^ORGL\HW DSGLX°s
KV\hQSeÔIfGJKMEHNUe�EHGJX«etIf\hGJXZjkKVB`If_SX1qZ\HNVQSWYBSeÔ\HOSWdE~ILGLKVqbXZe]v � õ�9)9)9Iõ�vcÇ
X�_SXbGLX���KVe6IL_SX B�QSW�ZPXZGy\HO�qZNVEHeLeJXZeZ� m4E,ocKUW¢QSW;B�QSW�ZPXZG¢\~O�efEHWYDSNVXbe6ORGJ\hW;XwEHq�_�qZNVEHeLe
KVeç�BÊGË�ÍKe,IL_FE~I.KVeç��ò�� � ÊÌË�Í OR\hGWø � > õ'9)9'9Iõ��÷� orK=ÄbX \HO¢WdE~IfGJKko}vBò�KVe IL_SXZGJXbOR\hGJXê � ��òwX�_cXZGLXc��òdKUekIL_SX¨B�QSW2Z�XbGy\HO�eLEHWdDcNVXZekqZ\HNVNVXbqbILXZj ORGJ\hW;qZNVEHeLe�ø��hf�\HIfXYIf_FE�I¢KVB
If_cX¢XwEHGJNUx=DFE~GJIfe,\HOpIf_cX¢XporDPXZGLKUWdXbB[I¦X«X¢_FEwshX�NUXZeLe�If_FE~BÛ� ÊÌË5Í�ORXZE~IfQcGLXZe,eJIf\HGLXZj KUB4eJ\hWdX
\HO@If_SX�WdE~IfGJKVqbXZeHvBò���zïEHGLEHWdX°IfXbG8� ÊÌË5ÍdqZ\hB[ILGL\hNUe�If_SX�eLDPXZXbj+E~IOX�_cKVq�_�If_SX�qbNMEHeJeLKUTSXZG}KVe
EFZSNUX�If\·n EHjSEHDcIIn�IL\!DP\heLeJK=ZSNUX�q�_FEHBSlhXbeyKUB IL_SXdeJQzZEdJXbqbIIn e�ZSGLEHKVB EHq°IfKUs
K¾ICxh�sg«XZqwE~QSeLX¨�@�.¥
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