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À�Á kLH`MjHY]Âe°S-TNOjk-]_S-ÃIQRT>MPHYÄLKWeP]Â\iOPkaKNS¬\`K�OjH`Ã>TWMj]dÅ�K�Oj]dT>SIOjT/T>Z-M
OPkLTWZ-Ã>k>O�n>JyH`Mf\^H�J?OP]_TWS2n>KW\^OP]_TWSÆn;KNSL|¬ePJaH�H�\fkLÇRÈ±É�KNÊ>TNË q�ÌWÍ;ÎWÏ {
Ð-T>MIKNZ-OPTWSLTWQRTWZaeUKWÃWH�S>Ofe^ny\`K�OjH`Ã>TWMj]dH�eUTNVÂOPH�S KNJ-JyH�KWM�KWe�KWÄ s
e+OPMfKW\�Oj]_TWSLeUTNV�MfK�Ñ³ePH`SLePTWM¶MjH�K>|?]_S-Ã>eYOPkaK�O�J-MjT�cl]_|-H�K¬QRH�KNSLe
VÒTWM·MjH�\`TWÃWSL]dÅ�]_S-ÃR\^]_Mj\`Z-Q
e+OjKNSa\^H�e/KNSL|ÓJ-MjH�|?]Â\�Oj]_S-Ã
H^ËÔH�\^Oje·TWV
KW\^OP]_TWSae^{�ÐLTWM2H`Õ?KWQRJ-Ö_HNn�ePZL\fk�\�K�OPH�ÃWT>MP]_H�eaJ-ÖÂK�gIKWS&]dQRJyTWMPOjKWS;O
MjTWÖ_H�VÒTWM�K×QRT>Ä-]_Ö_H�MjTWÄyTNO
OjkLK�O�SaK�c;]_Ã;K�OPH�e¬KNMjTWZ-SL|ØT>ÄLe@OfK s
\^Ö_H�e&È Á KNS-] q�ÌWÌ>v>Ï n-VÒTWMIK¬Q
K>\fk-]_S-H s cl]Âe+]_TWSRePg?e@OjH`QÙOPkLKNOIMPH�\ s
TWÃ>S-]_Å`H�e2kLKWSL|�Ã>H�e+OPZ-MjH�e�ÈÚG�KNMjMjH`Ö_Öun�ÛYePejK?nNÜÞÝ�H�S>OjÖÂKNSL| q�ÌWÌWv;Ï n
VÒTWMFKße+]_Q�Z-ÖÂK�OPH�|ÞKNÃ>H`S;O�OPkLKNO Q
KNS-H�Z-cWH�Mje�KWÖdT>S-Ã8K8k-]_ÃWk s
Ñ�K�gàÈÚh \�XUKNÖ_Ö_Z-Q q�Ì>ÌWv>Ï n�KNSL|FVÒT>M�K¹klZ-Q
KWS s \^TWQRJLZ?OPH�M/]_S s
OPH�M+VÚK>\^H�OjkLK�O:KWZ?OPT>Q
K�OPH�e�MPH�JaH`OP]dOP]_c>H:OfKWePÊleIÈÚG�KWe`n?XUKNÃ>ÖÂK�g>KNS2n
Üâá�T>SLejKNÖ_cWH�e q�ÌWÌWÍ;Ï {ßÉ2]_ÊWH�Ý�]_H�Mj\`H¹KNSa|Øã·ZL]dJyH`Mfe�È q�ÌWÌ;ÎWÏ n
ä�KWQåKNSL|�[?KNS;OjKWQ
KNMj]ÂK�È q�Ì>Ì;ÎNÏ KNSL|�TNOjk-H`Mfe^nNHW{ ÃL{ænLÈÚç�ÄLK q�ÌWÌLqNè
Á k-MjZ-S q�ÌWÌ>Ì>Ï n2ÑYH�ÄaH�Ö_]dH�cWH�OPkLKNO&ePH`Sae+T>MP]_QRTNOjTWMIKWÃWH�S>Ofe·\`KNS
|?]Âej\^T�cWH�M&\`K�OjH`Ã>TWMj]dH�e�VÒT>M&OPkLH`Q
ePH`Ö_cWH�e^{ Á klZLe`n�OPk-HRVÒT?\`ZLe�TWV
OPkL]_e�JLKNJyH`M�]Âe2KNS�Z-SLePZ-JaH�MPcl]ÂePH�|�QRH^Ojk-T?|&Älg/Ñ¶k-]Â\fk�KIQRTWÄ-]_Ö_H
MjTWÄyTNO�|?H�|?ZL\^H�e2QRH�KNS-]_S-ÃWVÒZ-ÖN\`KNOPH`Ã>TWMj]_H�eLVÒMPT>Q³Z-SL]dS;OjH`MjJ-MPH`OPH�|
ePH`SLePTWM�MjH�KW|-]dSLÃ>e`{
Ý�MjH`cl]_TWZLePÖ_gNnNÑUHI|?H`QRT>SLe+OPMfK�OPH�|¬K·OPH�\fk-S-]Âé;Z-H¶VÒTWMYH^ÕlOPMfKW\^O s

]_S-Ã¬e+H�SLe+T>MPg
\`TWSL\`H`J?OfeUVÒMPT>QêOP]_QRH·e+H�MP]_H�eU|LK�OjK�È±ä¶T>ePH`SLe+OPH�]_S
ÜXYTWk-H�S q�Ì>ÌWÍ>Ï {Fë/Z-M�MjH�ePZ-ÖdOje&ÑUH`MjH¬VÒMjTWQ#K e+]_QRJ-Ö_H¬J-Z-M s
ePZ-]dO�ì�K�c>TW]Â|-KWSL\^H�Ã>KWQRHRÑ¶k-H`MjHRO@ÑUTÓe+]_Q�Z-ÖÂK�OjH�|FJ-ÖÂK�gWH`Mfe�VÒTWÖ s
Ö_T�ÑYH�|�T>S-H¶TNV2ePH`c>H`MfKNÖ?|?H^OjH`MjQR]_S-]Âe@Oj]_\:QRT�cWH�QRH`S;O�e+OPMfK�OjH`Ã>]dH�e^{
Á k-H´e+]_Q�Z-ÖÂK�OPT>M�MjH�\`TWMf|?H�|ØOjk-HF|-]_e+OjKWSL\^HÓÄaH`O@ÑYH�H`SßJ-ÖÂK�gWH�Mje
OPkLMPT>Z-ÃWk-T>Z?OÓQ
KWS;g³Ã>KWQRH�e`n&KWSL|íOPkLH5MjH�ePZ-ÖdOP]_S-ÃØOP]_QRHàePH s
Mj]dH�e�ÑYH�MPH�OPMfKNSae@VÒT>MPQRH�| ÄlgFKWS´ZLSLe+ZLJaH�MPcl]Âe+H�| Ö_H�KWMPSL]dSLÃ¹KNÖ s
ÃWT>MP]dOjk-Q ]_S;OPT�\^Ö_ZLe+OPH�Mje:TNV�JyTW]_S;Oje`{�ç�S�H^ËÔH�\^O`nlOPkLH·KWÖ_ÃWTWMj]dOPk-Q
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VÒTWZ-SL|%\�K�OPH�ÃWT>MP]_H�eITNV¶e+H�SLePTWMj]dQRTWOPT>MIH^Õ?JyH`Mj]_H`SL\`HNn2]u{ HW{æn�\^Ö_ZLe s
OPH`Mfe¬TNV�OP]_QRH�e+H�MP]_H�e�Ñ¶]dOjkØeP]_QR]dÖÂKWM�JLK�OPOPH�MPSLe`{ Á k-]Âe¬JLKWJaH�M
e+k-T�Ñ�e�OPkaK�O
KF\`Ö_ZLe@OjH`M s ÄaKWePH�|àKWJ-J-MjT>KW\fk%OjT%ÖdH�KNMjS-]_S-Ã ePZL\fk
\`K�OjH`Ã>TWMj]dH�e/ej\`KWÖ_H�e/OPTÓK�QRT>MPHR\`TWQRJ-Ö_]Â\`KNOPH�| MPT>ÄaTWO&|-TWQ
KN]_S
Ñ¶]æOjk�|-]dc>H`Mfe+HYÊl]dSa|-e�TNVÆe+H�SLePTWMfe�KWSL|�MPH�KNÖ s ÑUTWMjÖÂ|�H^ËÔH�\�Ofe�ePZL\fk
KWeiQRH�KWePZ-MPH�QRH`S;O�S-TW]ÂePHNnWÑ¶k-H�H`Öye+Ö_]_J-JLKWÃWHNnWKWSL|RePTWSLKWMiMPH`ôLH�\ s
OP]_TWSLe`{
Á k-H¬Ö_H�KWMPSL]dSLÃ�KNÖ_ÃWT>MP]dOjk-Q�naÑ¶k-]Â\fkFÑYHR|?H�eP\`MP]_ÄyH�]_SF|-H^OjKW]_Ö

]dS�Ojk-H/SLH^ÕlOYePH�\�Oj]_TWSÆn;MPH`OPZ-MjSLe:K&õyöP÷Wøu÷WøÚùjõLú/ÈÚä¶T;eP\fk�ÜDÉ�ÖdT�g?|
q�Ì;ÎNÍ>Ï n`TWM2ÄyH�e+O�H`Õ?KWQRJ-Ö_HNn�VÒT>M2H�K>\fk·\�K�OjH`ÃWT>MPgW{�Ð-T>MÆOPk-]ÂeÔÑUTWMjÊyn
J-MPTWOPTWO@g;JyH�e&KWMPH�Oj]dQRH¬ePH`Mj]dH�e·\^TWQRJLZ?OPH�|FÄlg´K�cWH`MfKNÃ>]_S-ÃROPkLH
QRH`Q�ÄaH�Mje�TNV/K´\`KNOPH`Ã>TWMjg%TWMR\^Ö_ZLe+OPH�M`{5ÐLTWM¬H^Õ-KNQRJLÖdHWn:Ð�]dÃ s
Z-MPH q ePk-T�Ñ�eIK�J-MPTWOPTWO@g;JyH�ÄLK>e+H�|µTWSFe+H�cWH`SÓ]dSae@OfKNSL\`H�e¶TWV:K
Ý�]_TWS-H�H`M q MjTWÄyTNO�ÄLZ-QRJ-]_S-Ãµ]_S;OPT KµÑ�KNÖ_Öu{�ûUg´MPH�\^T>ÃWS-]_Å`]_S-Ã
OPkLKNO/]dOje/\^Z-MjMPH�S;O/e+]dOjZLK�Oj]dT>S�]_e/KRQ
K�Of\fk�OPT�OPk-H�OP]_QRH�ePH`Mj]dH�e
]dS¹Ð°]_Ã>Z-MPH q nlOPk-H�MjTWÄyTNOU\�KNS
JLMPH�|?]Â\�O:OjkLK�O�]dOjeYÄ-Z-QRJ�ePH`Sae+T>M
Ñ¶]dÖ_ÖUÃWTFTNËüK%e+kLTWMPO�Oj]dQRH¹ÖÂK�OPH�M`{ØûYH�Ö_T�ÑêÑYH�J-MjT�c;]Â|?H¹H`cl] s
|?H`SL\`HUOPkLKNOiePH`Sae+T>MPg�\�K�OPH�ÃWT>MP]_H�e�TNVaOPk-]Âe�e+T>M+OiKNÖ_Ö_T�Ñ×KNS¬KNÃ>H`S;O
OPT \`KWMPc>H�]dOfe&ÑYT>MPÖÂ|Ó]dS×ePTWQRH�QRH�KWS-]_S-ÃNVÒZ-ÖiÑ�K�gN{¹[?]dSa\^HRTWZLM
MPT>ÄaTWO�MjH^VÒH�Mje�OjT�]dOje�J-MjTNOjTNO@glJyH�e�Ñ¶]dOPkRKNMjÄ-]dOPMfKNMjg&e+glQ�ÄaT>ÖÂe2ý
S-TNO¶ÑUTWMf|-eUÖd]_Ê>HIþ/ÿ����¬T>M������	�;ÿ	�
�µý OPkLH��¬ú���������/VÒMjTWQ
e+ZL\fk¹\`K�OjH`Ã>TWMj]dH�ei\^T>QRH�eiVÒMjTWQ�Ojk-H/JLMPH�|?]Â\�OP]_T>SLei]dOU\�KNS
Q
KWÊWH
KNÄyTWZ?O�ePH`SLePTWM�MjH�KW|-]dSLÃ>e`{

�¶¿L7�� ��02</9;7i¿a9à=?7 EF.�=?0	��7�¿L(@0�9
Ð-TWM%K³QRTWÄ-]_Ö_H×MPT>ÄaTWO´T>JaH�MjKNOP]_S-ÃÞ]_S�KNS H�Slc;]_MjTWS-QRH�S;O TNV
H`cWH�SÞQRT?|?H�e+Oµ\^TWQRJLÖdH`Õ?]æO@gWnIe+H�SLePTWMjg8\�K�OjH`ÃWT>MP]_H�e
e+ZLJ-J-Ö_gßK
S-H`H�|?H�|âÖ_H`cWH�Ö%TNVØKWÄLe+OPMfKW\�Oj]_TWS K�Ñ�K�g VÒMPT>Q MjK�Ñ ePH`Sae+T>M
MPH�KW|?]_S-Ã;e
ÈÚh KWkLKW|-H`c�KNSÆn Á kLH`T?\fkLKNMjTWZae^n�Ü$ã·kLKWÖdH�H`Ö_] q�ÌWÌWÍ-è
hµ]Â\fkLKNZL| Ü h K�OfKNMj]_\ q�ÌWÌWÍ-è Ý�]_H`Mf\^HpÜ ã·Z-]_JaH�Mje q�ÌWÌ;Îlè
ä�KNQÜ [?KNS;OjKWQ
KNMj]ÂK q�ÌWÌlÎNÏ {�[l]_SL\^H¬T>Z-M·TWÄ��@H�\�OP]_c>H�]Âe/OPkLKNO
KNÃWH�S;Oje�|?]ÂeP\`T�cWH�MUePZL\fk�\`K�OjH`Ã>TWMj]dH�e�VÒT>M�OPk-H�Q
e+H�Ö_cWH�e�ý Ñ¶]dOPk s
TWZ?O�ePZ-JaH�MPcl]ÂeP]dT>S·ý ÑUH¶Q
KNÊWHYZLePH¶TNVy\`Ö_ZLe@OjH`Mj]_S-Ã�OjH�\fk-S-]Âé;Z-H�e
OPkLKNO°TNËÔH`M�K�Ã>H`S-H�MjKWÖ±n�Z-SLePZ-JyH`Mjc;]ÂePH�|�VÒMfKNQRH�ÑYT>MPÊ¶VÒT>M�\�K�OjH`ÃWT s
MP]_Å`]_S-Ã¬|-KNOjK?{���T�ÑUH`c>H`M�n-OPkLH&VÒTWÖ_Ö_T�Ñ¶]_S-Ã�ePZ-Ä-J-MjTWÄLÖdH�Q
eUH^Õ?]Âe@O�n
KNSL|�OPk-]Âe�e+H�\�Oj]dT>S�T>Z?OPÖ_]_S-H�e°TWZLM�ePTWÖ_Z?Oj]_TWS·OPT·H�KW\fk�T>S-H ��H`c>H`S;O
|?H^OjH�\�Oj]_TWSÆniOj]dQRH�e+H�MP]_H�e�\^T>QRJLKNMj]Âe+T>SÆn�ePH`Sae+T>M�\`TWQRJLKWMP]ÂePTWSÆn
KNSL|�e+H�SLePTWM�ÑYH�]_ÃWk;OP]_S-ÃL{
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m ÃWH�S;Oje
]_Sß\^T>S;OP]_SlZ-TWZLe s OP]_QRH�ePH^OPOP]_S-Ã;e¬O@glJ-]Â\`KNÖ_Ö_g×ÃWH�S-H`MfK�OjH
OPMjH`QRH`Sa|?TWZLe�KWQRTWZ-S;Oje°TNVÆePH`SLePTWMi|-KNOjK?{ Á H`QRJyTWMfKNÖ?KNÄLe+OPMfKW\ s
OP]_TWS�]Âe�S-H�H�|?H�|�OjT/VÒT?\`ZLeiKIÖ_H�KNMjS-]_S-ÃIKNÖ_Ã>TWMj]æOjk-QíTWS�Ojk-H�QRT>e+O
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no contact
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bumper event detected
with 0.2 s delay

Time (s)
-2.5 -2.0 -1.5 -1.0 0.0 1.0 1.5 2.52.0-0.5 0.5
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 break beams

� �����W�@��½��Æ¼Æ�@���@�`�u«W§?���d�������f��f�/���;�¦�+���>¡f�f�Æ�`�l�@�;�i¼2�����>�f�j��½i�&��²
£;�����¶�@��£?�`�·òÒ��ó�£>�;�&§;���>�·���N�@�·�&�������Â¨ î ���&§?���;�f�����@���&�¶���j�@���f�
�`�@�&òÂ£?ó2���+���>���ª�`�@�����;���y��f����¡f�®�u«������&���`�f¥-òÂ¡^ó��_�������`�+�¬�����l�`�:���
�&�¬¥����l��òÒ�?óy£;�>�&§����f�>�����YòÂ���·�`�����ió+¨��Y�+��«/�@�f�������;�����;�>��¡��`�@�
�@�;�R���f��f�U�`��§>�@���@�`�u«W§?�R��`�@�ª��£>�ª���®�u« òÂ���>�
�¦�+���l�>�`�+�%�W�fN�ª�`�@�����
�d�@���D�@�;�¶�&���`�-ó+¨

JyH`MPOP]_S-H`S;O¶JLKWM+Ofe�TNViK¬MPT>ÄaTWO�	®e�Öd]dVÒH`OP]_QRHN{�Ð-TWMI]dSae@OfKNSL\`HNn-K�
 s
S-]dOPH·e+OjK�OjH·Q
KW\fk-]_S-H�MjH`JLMPH�e+H�S>OfK�Oj]dT>S�\`KWS�]ÂePTWÖÂK�OjH�ÊWH�g¬OP]_QRH�e
Ñ¶k-H�S�K�MPT>ÄaTWOUH�SL\^T>Z-S;OPH�MjeUK�Ö_KWSL|?Q
KWMPÊ�ÈÚã·Z-]_JyH`MfeYÜ ûYglZ-S
q�Ì>Ì-qWè h K�OfKNMj]Â\ q�ÌWÌ�WÏ T>MIÄ-MfKNSL\fkµJyTW]_S;O�È Á KWS-] q�ÌWÌ>v>Ï { m S s
TNOjk-H`M�ÑUK�gIOPT�H�QRJ-kLKWeP]_Å`H�OPkLH�QRT>e+O2MPH�Ö_H`c�KNS;OÆJLKNMPOje�TNV-K�Ö_TWS-Ã
OP]_QRHUe+H�MP]_H�e°]Âe°OPT·KNJ-J-Ö_g�K�e+ZL]æOfKNÄ-Ö_HUKNQRTWZLS>O�TNVÔ\^TWQRJLMPH�ePeP]_TWS
KNSa|µH^Õ?JLKWSLe+]_T>S�KWÖ_TWS-Ã¬Ojk-H�Oj]dQRH�K�Õ?]Âe^{IÐLTWM�]dSae@OfKNSL\`HNnyG�KNM s
MjH`Ö_Ö�ú`ø �����È q�ÌWÌ>v>Ï ZLePH�|�KR|?glSLKNQR]Â\�OP]_QRH·ÑUKWMPJ-]_S-Ã�ÈÚG Á�� Ï
KNÖ_Ã>TWMj]æOjk-Q OPTßJyH`MPVÒTWMjQ OPk-]Âe�c>H`MjgÞe+T>M+OµTNV�OPH�QRJaT>MjKWÖ·KWÄ s
e+OPMfKW\�Oj]_TWS�Ñ¶kLH`S
\`KNOPH�ÃWTWMj]_Å`]_S-Ã�klZ-Q
KWS¬ÃWH�e+OPZLMPH�e^{i[?\fk-QR]_Ö_ÖÆú�ø
����aÈ q�ÌWÌ>Ì>Ï KNÖÂe+TIZ?OP]_Ö_]_Å`H�|&G Á�� OPT�ÖdH�KNMjS�\`KNOPH�ÃWTWMj]_H�e2KWSL|�T>J s
H`MfK�OjTWMUQRT?|?H`ÖÂeYVÒTWM¶K�QRTWÄ-]_Ö_H�MjTWÄyTNO�{iG/glSLKNQR]Â\�OP]_QRH/Ñ�KNMjJ s
]_S-ÃFKWÖ_ÃWTWMj]dOPk-Q
e�kLK�c>H
Ojk-H�K>|?c�KNS;OjKWÃWH
TWV/\^ÖÂK>ePeP]dVÒg;]_S-Ã�Oj]dQRH
ePH`Mj]dH�e2]_S�KIcWH`Ö_T?\^]dO@g s ]dSa|?H`JyH`SL|-H`S;OÔVÚKWePk-]_TWSÆnNKNÖdOjk-TWZ-Ã>k�G Á��
MjH`J-MjH�ePH`S;Oje�K¬\^T;e@OjÖ_gRJ-MPH�J-MjTl\`H�eje+]_S-Ã�e@OjH`J¹VÒTWM�\`ÖdZae@OjH`Mj]dSLÃ�KNÖ s
ÃWT>MP]dOjk-Q
e/È±ã·H`T>ÃWk q�ÌWÌlÎNÏ {
Á k-HRKNÖdOPH�MPSLKNOP]_cWH�ZLe+H�|´k-H`MjH�]_SlcWT>Ö_cWH�e�OPk-H¬MjH�KWÖ s OP]_QRH�|-H s

OPH�\�Oj]dT>S TNV�H�cWH�S>Ofe^nÔ]u{ HW{ænÆÊ>H`g�JaT>]dS;OfeI]_S�OPkLH�ePH`SLePTWM/k-]Âe@OjTWMjgN{

a b c d

 velocity -0.99 -0.98 0.72 -0.70

 sonar -0.67 -0.71 0.97 -0.54

 bump 1.00 1.00 -0.74 0.79

Template

Se
ns

or

(a) (b)

(c) (d)

2.0 s0.4 s
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ë/Z-M�J-MjH`QR]ÂePHi]Âe2OjkLK�O�e+H�SLe+T>MP]_QRTWOPTWMÆKWÃWH`S;Ofe^nNePZL\fk�KWe°]_S?VÚKNS;Ofe
KNSL|�QRT>Ä-]_ÖdH�MjTWÄyTNOje`naJyT>ejePH�eje¶OPkLH�]_S-SLKNOPH�KNÄL]dÖ_]dO@g¬OPT�|?H^OjH�\^O
Z-S-H^Õ?JyH�\^OPH�|×\fkaKNS-Ã>H�e·]_Sàe+H�SLePTWM&MjH�KW|-]dSLÃ>e`{ m eP]_QR]dÖÂKWM/KNJ s
J-MPT;KW\fk Ñ�KWe�OfKNÊ>H`SÓÄlgÓG�KWe
ú�ø������È q�ÌWÌWÍ;Ï n2Ñ¶k-T�H�QRJ-Ö_T�gWH�|
À OPMj]_ÃWÃ>H`MfePÇRK>e�K¹Ñ�K�g�OPT�]Âe+T>Ö_KNOPH&Oj]_QRH�ePH`Mj]_H�eIePH`Ã>QRH`S;Oje/VÒT>M
KàklZ-Q
KNS s \`TWQRJ-Z?OjH`M
]_S;OPH�M+VÚK>\^HW{�ç�SüOPk-H�]dM�KNJLJ-Ö_]_\�K�Oj]dT>SÆn¶K
OPMj]dÃ>ÃWH�M¬ePZL\fkÞK>eROPkLH À [?H`Ö_H�\^O m Ö_ÖÂÇ´\`TWQRQ
KWSL|Ø]dSßK×ÑUTWMf|
J-MPT?\`H�eje+]_S-ÃRJ-MjTWÃ>MjKWQ$e+J-Ö_]dOje/K�JLMPTWOPTNO@glJyH�]_S;OPT�O@ÑYT¹J-]_H�\`H�e �
K�J-MjH�
-ÕRJLKNO+OjH`MjS
VÒTWMUMjH�\^T>ÃWS-]_Å�]dSLÃ·\`TWS;OPH`ÕlO�KWSL|
K�e+Z��¬ÕRVÒT>M
J-MPH�|?]Â\�Oj]dSLÃ�OPkLH�ZLePH`M�	 e�S-H`ÕlOIKW\�Oj]_TWSÆ{Uë/Z-M�KWJ-J-MjT>K>\fk¹|?]dËÔH`Mfe
VÒMPT>QpOPk-H�]_Mje�]_S�OjkLK�O�H�cWH`S;Ofe�K>\�O�KWeieP]_ÃWSLKWÖÂeÆVÒTWM�\`Ö_ZLe@OjH`MiKNSaKNÖ s
gleP]Âe^n2MfK�Ojk-H`M�OjkLKNS%H^Õ?J-Ö_]Â\^]dO·|?H�\`]_eP]_TWS JyTW]_S;Oje�J-ZLÖdÖ_H�|ÓT>Z?O&TNV
H^Õ?]Âe@Oj]dSLÃ�\^Ö_ZLe+OPH�Mje`{
Á T¶MPH�\^T>ÃWS-]_Å`H°H`c>H`S;Oje`n�T>Z-MÆÖ_H�KWMPS-]_S-Ã�KNÖ_Ã>TWMj]æOjk-Q8Q
KNÊ>H�eyZLePH

TNVyeP]_QRJ-Ö_H:MjZ-Ö_H�e°OPkaK�O:|?H`OPH�\^O:e+]_QRJ-Ö_HWn�\`TWSLePJ-]Â\^ZLTWZLe�JLKNO+OPH�MPSae
e+ZL\fk×K>e·OPk-H�MP]ÂeP]dSLÃ¹H�|?ÃWHRVÒMjTWQ K�Ä-Z-QRJàePÑ¶]dOj\fkÆn°OPk-H�ePZL| s
|?H`SR\fkLKWS-ÃWH�]_S¬Ñ¶k-H`H�Ö-cWH�ÖdT?\`]æO@g&Ñ¶kLH`S
K·MjTWÄyTNO�e@OfKNÖ_ÖÂe^nNT>MiOPkLH
�@Z-QRJ�]_S�cl]_eP]_TWS�MjH�K>|?]_S-Ã>e°Ñ¶k-H�S¬KWS¬TWÄ��@H�\�O�e+Za|-|?H`SLÖdg�|?]ÂePKWJ s
JaH�KNMfe^{ Á k-H�ePH¶MPZLÖdH�e�ÑYH�MPH�]_QRJ-Ö_H`QRH�S;OPH�|�Ä;g�\^T>QRJ-Z?OP]_S-Ã/OPkLH
\^TWMjMjH`ÖÂK�Oj]dT>S�TWV�Ojk-H·QRT>e+OYMjH�\^H�S;O�ePH`SLePTWMUMjH�KW|-]dSLÃ>e�Ñ¶]dOjk�TWSLH
TNVyVÒTWZ-M:OPH`QRJLÖ_KNOPH�e¶ÈÚK&ePk-TWMPO�OP]_QRH¶ePH`Mj]dH�e�JLK�OPOPH�MPS Ï e+k-T�Ñ¶S¬]_S
Ð°]_Ã>Z-MPH � { � k-H�S-H`c>H`M�TWS-H
TWV¶OPk-H�\^T>MPMjH`ÖÂK�Oj]_TWSÓc�KWÖdZLH�e�H`Õ s
\^H`H�|-e�K�Ojk-MPH�e+kLTWÖÂ|ÔnLKNSµH�cWH�S>OIeP]_ÃWSLKWÖyOPMj]dÃ>ÃWH�MjeYOPkLH�Ö_H�KNMjS-]_S-Ã
KNÖ_ÃWT>MP]dOPkLQ OjT�Ã>MjKWÄ¹K�
Lc>H s e+H�\^TWSa|RÑ¶]_SL|?T�ÑÞTWV�ePH`SLePTWM�MjH�KW| s
]dSLÃ>e�\^H`S;OjH`MjH�| T>SÓOjk-H¬H`c>H`S;O`n�KWSL| Ojk-]Âe�Q�Z-ÖdOj]dc�KWMP]ÂK�OjH·OP]_QRH
e+H�MP]_H�e�Ojk-H`S¹ÄaH�\^T>QRH�e:K�S-H`Ñß]_SLe+OjKWSL\^H¶VÒT>MU\`Ö_ZLe@OjH`M:KWSLKNÖ_g?eP]_e`{
 -"! $$# $&% - $&')( .*!,+�-�% -.' .0&
��]Âe@OjTWMjg s ÄLK>e+H�|×\`KNOPH`Ã>TWMj]_H�e�KWÖ_ÖdH�cl]_KNOPHROjk-H�MPH�KNÖ s ÑYT>MPÖÂ|%|?]/� s
\^Z-ÖdOP]_H�e/K>ePePT?\^]ÂK�OjH�| Ñ¶]dOjkFk-]Â|-|-H`S×e@OfK�OjHNn°]u{ HN{dn�JLKWM+Oj]_KWÖ_Ödg�TWÄ s
e+H�MPc�KNÄLÖdHØH`Slcl]_MPT>S-QRH`S;Ofe5ÈÚhÓ\�XUKNÖ_Ö_Z-Q q�ÌWÌ>v?è hµ]Â\fkLKNZa| Ü
h K�OfKNMj]_\ q�ÌWÌ>Í?è ä�KNQÜ [?KNS;OfKNQ
KNMj]ÂK q�ÌWÌlÎ;è ä¶T>ePH`Sae@OjH`]_SÓÜ



XYTWkLH`S q�ÌWÌWÍ;Ï {àë/S-H�Ñ�K�gÓOjTÓÄ-ZL]dÖÂ|×ePZL\fk5\�K�OPH�ÃWT>MP]_H�e·]Âe�OPT
JyH`MPVÒTWMjQ�\`ÖdZae@OjH`Mj]dSLÃ/TWVÔQRH�KWePZ-MjH`QRH`S;O � ú����Lú ���fú � nlKNÖdOPkLTWZ-Ã>k
\^Ö_ZLe+OPH�MP]_S-Ã¬KNÖ_Ã>TWMj]æOjk-Q
e�T>MP]_Ã>]dSaKNÖ_Ö_g�|?H�e+]_ÃWSLH�|�VÒTWM¶]_SL|?]_cl]Â|?ZLKNÖ
VÒH�KNOPZ-MjHUcWH�\^OPT>Mje°Q�Zae@O�ÄaHUH^ÕlOjH`SL|?H�|�OjT·kLKNSL|-ÖdH 
LS-]dOPH�ePH`SLePTWM
k-]Âe+OPTWMj]_H�e`{:ç�S TWOPk-H�M�ÑYT>Mj|Le^nLT>S-H�Q�ZLe+OI|?H`cl]Âe+H�K¬QRH�KNSLe¶VÒTWM
OP]_QRH·e+H�MP]_H�eU\`TWQRJLKWMP]ÂePTWSÆ{
Û�cWH�MPg \^Ö_ZLe+OPH�MP]_S-Ã#KNÖ_ÃWT>MP]dOjk-Q�níTWVpÑ¶k-]Â\fk Ojk-H`MjHâKWMPH

Q
KNSlgpÈÚÛ:cWH�MP]dO+O q�Ì>ÍWo>Ï n/MjH�é;Z-]_MjH�e�KØQRH�KWePZ-MPHÓTNV�]_SLe+OjKWSL\^H
eP]dQR]_ÖÂKNMj]dO@gNnlTWM�|?]ÂePeP]_QR]dÖÂKWMP]æO@gNn>OPT�Ã>Z-]Â|?H�]dOje/|?H�\`]Âe+]_TWSae¶KNÄyTWZ?O
\^Ö_ZLe+OPH�M�QRH`Q�ÄaH�MjePk-]_JÆ{ � k-H�Sµ|?H�eP]_ÃWS-]_S-Ã�K�QRH�KWePZ-MPH/TNV�|?]Âe s
eP]dQR]_ÖÂKNMj]dO@g¬VÒTWM·Oj]dQRH¬ePH`Mj]dH�e^n2T>S-H�QR]dÃ>k;O/OfKNÊWH�]_S;OPT�KW\`\`TWZ-S;O
Q
KNSlg&|?]dËÔH`MjH`S;O�\`MP]dOPH�MP]ÂK-n�ePZL\fk�K>e�KWQRJ-Ö_]dOPZL|?HYeP\�KNÖ_]_S-Ã-n�OP]_QRH s
K�Õ?]ÂeRej\`KNÖ_]_S-ÃLn:TWM
Ö_]_S-H�KNMR|?Mj]æVÂOÓÈ±ã·H`T>ÃWkßÜâÝiKWÅ`Å�KNS-] q�ÌWÌWÍ;Ï {
ë/Z-MÓ\fkLTW]Â\^H%gl]_H`ÖÂ|-eµKßc>H`MjgÞVÚKWe+OFKWSL|pe+]_QRJ-Ö_H%KNÖ_ÃWT>MP]dOjk-Q�n
Ñ¶k-H�MPH�ÑUH/\`TWSLeP]Â|?H`M�O@ÑYT&Oj]_QRH�e+H�MP]_H�e`n��
	 w����������������������� x
KNSa|���	 w��  ��� � ����������� � xln�KWe�c>H�\^OPTWMfe&KNSa|àé;ZLKNS;OP]dVÒg´|?]Âe s
eP]dQR]_ÖÂKNMj]dO@g�KWeUOjk-H�Û�Za\^Ö_]Â|?H�KWS�|?]Âe@OfKNSL\`H  ÄaH`O@ÑYH�H`S�OPkLH`Q �

|?]ÂePeP]_QR]dÖÂKWMP]æO@g�	 ���"!$#%�&!'�(	 )**+
�, -�.  È �
- # � - Ï � È q�Ï

ë/Z-MR\fk-TW]Â\^H�TNV·Û:éa{�È q�Ï Ñ�KWe�QRTWOP]_c�K�OPH�|×ÄlgàTWZLM�JLMPH�c;] s
TWZae:ÑUTWMjÊ¬Ñ¶]æOjk¹K�|?glSLKNQR]Â\`e s ÄLKWePH�|¬eP]dQ�Z-ÖÂK�OjTWM�È±ä¶T>ePH`SLe+OPH�]_S
Ü XYTWk-H�S q�Ì>ÌWÍ>Ï KWSL|�Ñ¶]dOPk�Ojk-H �Rú`ø0/-÷�1�÷3241Wú�� �ù � n2K¬OPH�\fk sS-]Âé;Z-H�ÄLKWePH�|�TWS�Ojk-H`T>MPg�KWÄaT>Z?O:|?glSLKWQR]_\�e^{UÈ±[lH�H�È±[?\fk-MjH`]_ÄyH`M
Üê[?\fk-QR]dOPÅ q�ÌWÌ;ÎWÏ KNSL|�MjH^VÒH�MPH�SL\^H�e�OPk-H�MPH�]_S¹VÒT>MITWOPk-H�M�ÑUK�g?e
OPT�\`ÖÂKWeje+]dVÒg�OP]_QRH¶e+H�MP]_H�e°Älg�|?glSLKNQR]Â\`e`{ Ï Á k-H¶QRH^Ojk-T?|�TWVÔ|-H s
ÖÂK�g?e�OjMjKWSLe+VÒTWMjQ
e°JaKNMPO�TNVÆK�OP]_QRH¶e+H�MP]_H�e°OjT�K·JaT>]dS;O�]_S&1Wú�� �ù�5�f÷�÷Nö61���� Nø¦ú � õ 7�jú^nÔÑ¶k-H`MjH�|?H`ÖÂK�g�\`TlTWMf|?]_SLK�OjH�e�KNMjH �@ZLe+O/e+Za\ s
\^H�ePeP]_cWH·QRH�K>e+ZLMPH�QRH`S;OjeUOfKNÊWH�SµK�O�K�e+Z-]dOfKNÄ-Ö_H�OP]_QRH&]_S;OPH`Mjc�KNÖ
ÈÚä�T>ePH`SLe+OPH�]dS2nÆXYTWÖ_Ö_]_SLe`naÜ�GIH�É2ZL\�K q�Ì>ÌNtlÏ { Á KNÊWH�SLe�È q�Ì>Í-q�Ï
J-MjT�cWH�|¬OPkLKNO�|?H`ÖÂK�g¬\^TlTWMf|?]_SLK�OjH�e:J-MPH�e+H�MPc>H/\`H`MPOjKN]_S
Ã>H`T>QRH^O s
Mj]_\ J-MPT>JaH�M+Oj]_H�eRTWV�K5|?glSLKWQR]_\�KNÖ�ePg?e@OjH`Q�n�H`c>H`SÞÑ¶kLH`SüK>\ s
\^H�ePe�OjT�OPk-HRZLSL|?H`MjÖ_gl]dSLÃ¹e+OjK�OjH
e+JaKW\^H¬]Âe·Ö_]_QR]æOjH�|�OjT K�ÖdT�Ñ s
|?]_QRH`Sae+]_TWSaKNÖLJLMPT+�@H�\�Oj]_TWSÆ{ Á k-H&MjH`Ö_H`c�KNSa\^H�VÒT>M�\^Ö_ZLe+OPH�M�KNSLKWÖ s
g?e+]Âe°]Âe�OjkLK�OiS-H�KNMjH�e+O�SLH`]_ÃWklÄyTWMfe2]_S�e+OjKNOPH�e+JLK>\^HUMPH�Q
KN]_S&S-H�KNM
TWSLH·KWS-TNOjk-H`M¶]_S�|?H`ÖÂK�g s \^TlTWMf|?]_SLK�OjH�e+JaKW\^HW{
# $�& ' . % ( .*!,+�-�% - '+.0&
ë/S-HR|?]/�
\^Z-ÖdO@g�]_SFÑUTWMjÊl]_S-Ã
Ñ¶]dOPk´MPT>ÄaTWOje·]Âe/OPk-H¬c�KNMj]_H^O@gµTWV
ePH`SLePTWMfe^{UÐ-TWMI]dSae@OfKNSL\`HNn-Ojk-H�Ý�]_T>S-H`H�M q QRT>Ä-]_Ö_H/MjTWÄyTNO�ZLePH�|
]_SµOPkL]_e·e+OPZL|-gµkLKWe�e+T>SLKNMfe¶OjkLK�O&QRH�KWePZ-MPH�|?]Âe@OfKNSL\`H�]_SÓQR]_Ö s
Ö_]_QRH^OPH�Mje`nÆ]_S?VÒMjKWMPH�| Ä-MjH�KWÊ ÄyH�KNQ
e�OjkLK�O�MjH^OjZ-MjSFT>S-HRTNVYO@ÑYT
|?]Âej\^MjH^OPH�c�KNÖ_Z-H�e`n2KNSL|FK�cl]ÂeP]dT>S e+g?e+OPH�Q�OPkLKNO&\`TWQRJ-Z-OPH�e�KNS
TWÄ �@H�\�O�	 e�eP]dÅ�HNnNKNQRT>S-Ã¶TNOjk-H`M°OPkL]dSLÃ>e`n�]_S�ejé;ZLKNMjH s J-]dÕ?H`ÖÂe^{	�IT�Ñ
ePk-TWZ-ÖÂ|&K/\^Ö_ZLe+OPH`Mj]_S-Ã�KNÖ_Ã>TWMj]æOjk-QÞÑUH`]_ÃWk�Ojk-HU\`TWS;OPMj]_Ä-Z?Oj]dT>SLeÆTWV���
���yøuú`öuõyöjú`ø¦ú�1&e+H�SLePTWMfe¶Ñ¶]dOPk |?]dËÔH`MjH`S;O�Z-S-]dOje/KNSL|µ|-]æËÔH`MjH`S;O
MfKNS-Ã>H�e�TNVIc�KNÖ_Z-H�e�8�ÐLZ-MPOPk-H�MPQRT>MPHWn�kLT�Ñ e+kLTWZ-ÖÂ|%Ojk-H�KWÖ_ÃWT s
Mj]æOjk-Qâ|-H�KNÖiÑ¶]dOjk%ePH`Sae+T>Mje�OjkLK�O�KWMPHRÄyTNOjk%\`TWS;OP]_SlZ-T>ZLe&KNSL|
\`KNOPH�ÃWTWMj]Â\`KWÖ±n�e+ZL\fk�KWeÆOjk-H�e+T>SLKNMfe2Ñ¶k-]Â\fk&S-T>MPQ
KWÖ_Ödg¶Ã>]_cWH�MjH�KWÖ s
c�KNÖ_Z-H�|ßQRH�K>e+Z-MjH`QRH�S;Oje¬Ä-Z?O KWÖ_ePT×MjH^OPZLMPSíKàÖÂKNMjÃWH |?H`VÚKNZ-ÖdO
c�KNÖ_Z-H�Ñ¶k-H`S�S-TRT>Ä��@H�\^Oje¶KWMPH�J-MjH�ePH`S;O�8
� H&J-MjTWJyT>ePH&K�O@ÑYT s e+OPH�J�ePTWÖ_Z?Oj]dT>S �¶È q�Ï XYÖ_ZLe+OPH�M�]dSa|?]_c;]Â| s

ZLKWÖ�e+H�SLe+T>M·k-]Âe@OjTWMj]dH�e/K>e·|?H�ej\^Mj]_ÄaH�|FKWÄaT�c>HNnÆOPkLH`MjH`ÄlgÓ\^MjH�KNO s9;: �W�����&§;���f�&�j�N�+�^�@��������¡j�@�;�����®«
�������j�U�;���/�����@�;�=<;>�?7@�ACBCD
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GRIP-FRONT-BEAM  Pattern Alphabet

1.000.00Large Cup:

0.829 0.171Small Cup:

0.734 0.266Small Ball:

GRIP-FRONT-BEAM  Signatures
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]dSLÃÓKFePQ
KNÖ_ÖUKNÖ_J-kLKWÄaH`O�TNV/JLK�OPOPH`MjSLe�e+JyH�\`]/
a\ROjTFH�KW\fk ePH`S s
e+T>M`{ È �WÏ XYTWSLe+OPMjZL\^O�K Z-SL]æO s KWSL|àej\`KWÖdH s ]_SL|-H`JyH`SL|?H�S;O � � �T5
��NøU�?öPú/OjkLK�O�e+OPT>MPH�e·OPkLH
JLK�OPOPH�MPS%TNV�eP]_QR]dÖÂKWMP]dO@g�ÄyH^O@ÑUH`H�S×K
S-H`Ñ¶Ö_gRTWÄae+H�MPc>H�|ROj]_QRH�ePH`Mj]_H�e�KNSL|¹H�K>\fk¹QRH�Q�ÄyH`MUTNV�OPkLH�KNÖ s
J-kLKNÄyH^O�{�Ð-TWM�MjTWÄyTNOUSLK�cl]dÃ;K�Oj]dT>SRKNSL|�H^Õ?J-Ö_TWMfK�Oj]dT>SÆn>ã·Z-]_JyH`Mfe
KNSL|RûUglZ-SÓÈ q�ÌWÌLq�Ï |?H�
LS-H�|¬OPk-H�e+]_Ã>SLK�OjZ-MPH¶TWV2K À |?]Âe+OP]_SL\^OP]_cWH
J-ÖÂKW\^H�Ç&KWeYK�ePZ-ÄLePH^OYTWV2VÒH�KNOPZ-MjHIc�KWÖdZLH�e�OjkLK�O¶KNMjH�Q
K�Õ?]_QR]_Å`H�|
K�O�OPk-HIJ-ÖÂKW\^HW{°ç�S¬ÃWH�S-H`MfKNÖunWeP]_ÃWSLKNOPZ-MjH�e�\`KWS�ÄyH¶Ä-Z-]_ÖdO�VÒTWM:ePH`S s
e+T>MPg¬\`KNOPH`Ã>TWMj]_H�e`nWÑ¶k-]Â\fk
Q
K�g�TWMUQ
K�g�S-TWOU]_SlcWT>Ö_cWH�J-klg?e+]Â\`KWÖ
ÖdT?\�K�OP]_T>SLe^{Ih TWMjH`T�cWH�M`naOPk-H�VÒH�KNOPZ-MjH�ePH^O�nÆ]±{ HN{dnyOPk-H¬KNÖ_J-kLKWÄaH`O
JLK�OPOPH`MjSLe`n2S-H`H�|ÓSLTNO&ÄaH
ePJyH�\^]/
LH�| ]_SFK>|?c�KNSL\`HNn�ÄLZ?O&MjKNOPk-H�M
\`KNSFÄaH¬Ö_H�KWMPSLH�|µÄlgµOjk-HRKNÃWH�S;O/VÒMjTWQ]dOfe/MfK�Ñ ePH`SLePTWM�MjH�KW| s
]dSLÃ>e`{üÐ-TWMR]_SLe+OjKWSL\^HWn Á kLMPZ-SpÈ q�ÌWÌ>Ì>Ï ZLePH�|8KNMPOP]/
a\`]ÂKNÖUS-H`Z s
MjKWÖaS-H`O@ÑYT>MPÊ?eYKNSL|
û�K�g>H�eP]_KWSRe@OfK�OP]Âe+OP]Â\`e�OPT�H^ÕlOPMfKW\^OYVÒH�K�OPZLMPH�e
VÒMPT>Q K�MPT>ÄaTWO�	®e¶e+H�SLe+T>M�ìNKW\^OP]_TWSRk-]Âe+OPT>MP]_H�e`{
m eIKNSÓH^Õ-KNQRJ-Ö_HWnaÐ�]dÃ>Z-MjH r e+kLT�Ñ�e¶OPkLH�KNÖ_J-kaKNÄyH^OITWV�JaK�O s

OPH`MjSLe�VÒT>M¶OPkLH�e+H�SLePTWMWVYX[Z0\^];_`X ���	��];a�b-ÿYcÙÈÒT>S-H�TNV�O@ÑUTR]dS s
VÒMjKWMPH�|àÄ-MjH�KWÊ×ÄaH�KNQ
e�ÄaH`O@ÑYH�H`S OPk-H�MjTWÄyTNO�	 e�ÃWMj]_J-JyH`M¬JLKW| s
|?Ö_H�e Ï { � ]dOjkpOPk-H8KNÖ_J-kaKNÄyH^O´eP]_Å`H5ePH^OFOPTüO@ÑYTLn�Ojk-H 
LMfe+O
O@ÑYT JLK�OPOPH`MjSLe¹H`SL\`TWZ-S;OjH`MjH�|ßQ
KWÊWH Z-J³OPkLHF]_S-]dOP]ÂKWÖIKNÖ_J-kLK s
ÄaH`O`n?Ñ¶]dOPk
H�KW\fk�ePZ-ÄLePH�é;Z-H�S>OUJLK�OPOPH�MPS�VÒTWMf\^]_S-Ã�T>S-HI]dOPH�MjKNOP]_TWS
TNV¶KNS%KNÃWÃ>Ö_TWQRH`MfK�Oj]_cWH&\^Ö_ZLe+OPH�MP]_S-Ã�KNÖ_ÃWT>MP]dOjk-Q)È � KNMf| q�ÌWv>r>Ï
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KNSa|�Ojk-H`MjH`Älg&Z-JÔ|-K�Oj]_S-ÃIOjk-H�KNÖ_J-kaKNÄyH^O�OPT·MPH`ôLH�\^O°Ojk-H�\^T>S;OPMj] s
Ä-Z?Oj]_TWSµTNViOjk-H�SLH`ÑpJLKNO+OPH�MPS2{ Á k-H�eP]_ÃWSLKNOPZ-MjH�e�]dS Ð�]_ÃWZLMPH r
KNMjH�OPk-H�MPH�e+ZLÖæO·TNVUe+H�cWH`MfKNÖ�]_S;OPH`MfKW\^OP]_TWSae¶Ñ¶]dOPkÓT>Ä��@H�\^Oje/OPkaK�O

-O/OPk-H�Ý�]_TWS-H�H`M�	 e�Ã>MP]_J-JyH`M�{�ç�S H�KW\fk \`K>e+HWnLOjk-H�ePÖ_TNOje�]dS�Ojk-H
eP]dÃ>SLK�OjZ-MjH�ÑUH`MjH 
LÖ_Ö_H�|´Älg´\`TWQRJ-Z-OP]_S-Ã�OPk-H�e+]_QR]_ÖÂKNMj]dO@gFÈÂOjk-H
MjH�\^]_J-MjT?\`KWÖ�TNVI|?]Âeje+]_QR]_ÖÂKNMj]ªO@g Ï ÄaH`O@ÑYH�H`S×Ojk-H�\`TWMjMPH�e+JyTWSa|?]_S-Ã
KNÖ_J-kaKNÄyH^O2JLKNO+OPH�MPS�KWSL|�OPkLH�MPH�\^H�S>O°k-]Âe@OjTWMjg�TNV VYX[Z0\^];_`X ���	��]a�b-ÿYc·{ Á k-HRKW\^OPZLKWÖ�c�KWÖdZLH�e/ÑYH�MPH¬KNÖÂePT
S-TWMjQ
KNÖ_]_Å`H�|�Ä;g�Ojk-H
OPTWOjKWÖ�eP]_QR]_Ö_KWMP]dO@g�VÒTWM�Ojk-HRe+]_ÃWSaK�OPZLMPHW{ Á klZLe`n�K�e+]_ÃWSaK�OPZLMPH�]Âe
Q�ZL\fk×Ö_]dÊ>HRK Z-S-]dO�c>H�\^OPTWM�]_S%OPk-H�e+JLK>\^H
TWVIKNÖ_J-kLKWÄaH`O�JLKNO s
OPH�MPSae^n?Ñ¶]dOPkROjk-H�J-MPT+�@H�\^OP]_TWS¬TWS;OjT�H�K>\fk�K�Õ?]Âe�]_SL|-]_\�K�Oj]dSLÃ/Ojk-H
|?H�ÃWMjH`HRTNV¶Q
KNOj\fk%Ñ¶]dOPk´OPk-H�\^T>MPMjH�ePJaT>SL|?]_S-Ã�JLK�OPOPH�MPSÆ{��IT s
OP]Â\`H�]_SµOPkLH�
LÃ>Z-MjH�OPkaK�O�OPk-H¬e+Q
KWÖ_Ö�\^Z-J´KNSL|µOPk-H�ÄLKNÖ_Ö�kLK�cWH
eP]dQR]_ÖÂKNM·ÈÂOjk-TWZLÃWkÓ\`TWSLeP]Âe@OjH`S;OPÖ_g¹|-]_e+OP]_SL\^O Ï eP]_ÃWSLKNOPZ-MjH�e�Ñ¶k-]Â\fk
KNMjHIc�K>e@OjÖdg¬|?]dËÔH`MjH`S;O:VÒMjTWQ�OPkLH/ÖÂKNMjÃWH�\`Z-J 	®e�e+]_ÃWSaK�OPZLMPHW{ië/S-H
\^T>Z-ÖÂ|�MjH�\`TWÃ>S-]_Å`H�Ojk-H�T>Ä��@H�\^Oje�]_S�Ð�]_ÃWZLMPH r ÄLKWePH�|�ePTWÖ_H`Ö_g¬TWS
OPkLH VYX[Z0\^];_`X �	�	��];a�b-ÿYc eP]_ÃWSLKNOPZ-MjHNnIKWÖæOjk-TWZLÃWk8TWS-HFQ�Zae@O
KW\�\^T>Z-S;OUVÒT>M¶TNOjk-H`M�ePH`SLePTWMfeU]_S¹QRT>MPH�\^TWQRJLÖdH`Õ
H^Õ-KNQRJLÖdH�e^{
ë/S-HRÖ_]dQR]dOfK�OP]_T>SµTNV�OPk-H¹\^Z-MjMPH�S;O�KNÖ_ÃWT>MP]dOPkLQ$]_e�Ojk-H
S-H�H�|

OPT¹e+JyH�\`]æVÒg¹OPkLH�KNÖ_J-kaKNÄyH^OIeP]dÅ�H&]_S KW|?c�KNSa\^HN{Ih TWMjH`T�cWH�M`n?Ojk-H
ejKNQRHRKNÖ_J-kLKWÄaH`O�e+]_Å`H¬]Âe·ZLePH�|FVÒTWM�e+]_QRJ-Ö_H�O@glJyH�e&TWV�ePH`Sae+T>Mje
ÈÚePZL\fk�K>eiOjk-HIÄ-MjH�KWÊ�ÄyH�KWQ
e�Ñ¶k-]Â\fk
ePk-T�Ñße+]_QRJ-Ö_H�Mj]_eP]_S-Ã&KNSL|
VÚKNÖ_Ö_]_S-Ã�H�|?ÃWH�e Ï K>e�VÒTWM�Mj]Â\fk O@glJyH�e&TWV�ePH`SLePTWMfeRÈÚePZL\fk×KWe�Ojk-H
ePTWSLKWMje�Ñ¶k-]Â\fk´MPH�e+JyTWSL|ÓOPTµKWMPÄ-]dOjMjKWMPg�QRT�cWH�QRH`S;O/JaK�O+OjH`MjSLe
TNV/OPk-H�MjTWÄyTNORKNSL|5]dOje�H`Slcl]_MPT>S-QRH`S;O Ï { ë/S-H�TWÄlcl]dT>ZLe�Ñ�K�g
KNMjTWZLSL|/OPk-]Âe2Ö_]_QR]dOjKNOP]_TWS¶]ÂeÔOjTI\^ZLe+OPT>QR]_Å`H�H�K>\fk�KNÖ_J-kLKWÄaH`O�e+]_Å`H
OPTÓQ
K�Oj\fkFOPkLH¹\`KWJLKNÄL]dÖ_]dOP]_H�e�TNV�Ojk-H�ePH`SLePTWM�n°Q�ZL\fk%Ö_]dÊ>H�Ojk-H
KNJLJ-MPT;KW\fk¬OfKNÊWH�SRÑ¶]dOPkROjk-H/H�cWH�S>O�|?H^OjH�\^OPTWMfe`{ �IT�ÑYH�cWH`M�n>T>Z-M
J-MjH`cl]_TWZLeIMPH�e+ZLÖæOfe¶VÒT>M·K�J-Z-Mfe+ZL]æO^ì�K�c>TW]Â|-KNSa\^H·Ã>KWQRH�ÈÚä¶T;e+H�S s
e+OPH`]_S�ÜíXYTWkLH`S q�ÌWÌ>Í>Ï Ö_H�KW|�ZLe�OPT&ePJaH�\^Z-ÖÂKNOPH�KNÄyTWZ?O:KWS-TNOjk-H`M
KNÖdOjH`MjSLK�Oj]dc>HN{ � H�VÒTWZ-Sa|ROPkaK�O¶J-MjH�|?]Â\�Oj]_TWSRTNV�OPk-H·Ã>KWQRH�TWZ-O s
\^T>QRH�Ñ�KWe�KW|?c>H`Mfe+H�Ödg¹K�ËÔH�\�OjH�|ÓÑ¶k-H`SµOjk-H�S;ZLQ�ÄyH`M�TNV:\`ÖdZae s
OPH�Mje`nN]u{ HW{æn�Ojk-H¶KNÖ_J-kLKWÄaH`O�eP]_Å`HNn�Ñ�KWe°OPTlT·e+Q
KWÖ_Ö±n�Ñ¶k-H`MjH�K>e�Ö_]dO+OjÖ_H

ÄaH�S-H�
-OUÑUK>eiÃ>KW]_S-H�|�Älg�]_SL\`MPH�KWeP]_S-ÃIOjk-H�SlZ-Q�ÄaH�M�TNV�\`Ö_ZLe@OjH`Mfe
ÄaH�gWTWSa|�K¶\`H`MPOjKW]dS/JaT>]_S>O�{ Á klZLe`n�T>S-H�\^T>Z-ÖÂ|I]_S-]dOP]ÂKWÖd]_Å�HÆOPk-HYKNÖ s
J-kLKNÄyH^O�eP]_Å`HYOPT&K�Ö_KWMPÃ>HNnN\^T>SLePH`Mjc�KNOP]_cWHYc�KNÖ_Z-HNnNÑ�KN]dO�Z-S;OP]_ÖlOPkLH
KNÖ_J-kLKWÄaH`O�JLKNO+OjH`MjSLe·e@OfKNÄ-]_Ö_]_Å`HNnÆKNSa| Ojk-H`S´ÃWMfKW|?ZaKNÖ_Ö_g�ePk-Mj]dSLÊ
OPk-H�KWÖ_J-kLKNÄyH^O�Älg�\^TWQ�Ä-]_S-]_S-Ã�JLK�OPOPH�MPSLe�Z-S;OP]_Ö°ePTWQRH·JyH`MPVÒTWM s
Q
KNSL\`H�\`MP]dOPH�MP]_T>S
|?H`Ã>MjK>|?H�eYOPT
KWS¹ZLSLePKNOP]Âe+VÚKW\�OjTWMjg¬ÖdH�cWH�Ö±{
# $ & '+. %�� $ -����%'�- &	�
Ð-TWM¬KNSlg%ÃW]_c>H`S×H`c>H`S;O`n�T>S-Ö_g´K´ePQ
KNÖ_Ö:ePZ-ÄLePH^O¬TNV/KÓMPT>ÄaTWO�	®e
e+H�SLe+T>Mje:Q
K�gR\^TWS;OjMP]_Ä-Z?OjH¶OPT�Ojk-HIOj]_QRH/ePH`Mj]dH�e�JLKNO+OjH`MjSLeYOPkLKNO
\fkLKNMfKW\^OPH`Mj]_Å`H�OPk-H�H`c>H`S;O`{%hµTWMjH
Ã>H`S-H�MjKWÖdÖ_gWn�K Ö_H�KNMjS-]_S-ÃµKNÖ s
ÃWTWMj]dOPk-Q ePk-TWZ-ÖÂ|ßÑUH`]_Ã>k8OPk-H%]_QRJaT>M+OfKNSL\`HµTNV�H�KW\fküePH`Sae+T>M
Ñ¶k-H`SÓ|-H�\^]Â|?]_S-Ã�]æViO@ÑUT
JLKNO+OjH`MjSLeIÄyH`Ö_T>S-ÃROPT¹OPkLH�ejKNQRH�\�K�O s
H`ÃWT>MPgW{³Ð-T>M
H^Õ-KWQRJ-Ö_HNn:Ñ¶k-H�SßÃWMfKWePJ-]_S-Ã%K×e+Q
KWÖdÖ�T>Ä��@H�\^O�K
MPT>ÄaTWO�ePk-TWZLÖ_|�J-ÖÂKW\`H:Ojk-H¶ÃWMjH�KNOPH�e@O�H`QRJ-kaKWeP]_e°TWS�]dOje�Ã>MP]_J-JyH`M�n
Ñ¶]æOjk×Ö_]æOPOPÖ_H¬TWM�S-TFKNO+OPH�S;OP]_TWS×JLKW]Â|ÓOjTÓÄLKNO+OjH`Mjg´Ö_H�cWH`Öu{ h K s
kLKW|?H�c�KNS´ú�ø �����È q�Ì>ÌWÍ;Ï ePTWÖ_cWH�|¬OPkL]_e�JLMPT>Ä-Ö_H`Q�Ñ¶]dOPk¹VÒH`H�|?VÒTWM s
ÑUKWMj|�S-H�Z-MjKWÖLS-H`O@ÑYT>MPÊ?e�KWSL|RePZ-JaH�MPcl]ÂePH�|�Ö_H�KNMjS-]_S-ÃLnNÑ¶k-H`MjH�K>e
[?\fk-QR]_Ö_ÖLú`ø	����-È q�ÌWÌ>Ì>Ï kLKWSL|?J-]Â\fÊWH�|/OPk-HUe+H�SLe+T>MjeÆOPkLKNO°MjH�\^H�]_cWH
OPk-HRejKNQRH�S-TWS s Å`H�MPT¹ÑYH�]_ÃWk;O�ÄyH^VÒT>MPH¬Z?Oj]_Öd]_Å�]dSLÃ
KNS´Z-SLePZ-JaH�M s
c;]ÂePH�|¹\^Ö_ZLe+OPH`Mj]_S-Ã�KWÖ_ÃWTWMj]dOPk-Q�{
Á k-H�
aSLKNÖIe+OPH�J8]dS8T>Z-M
KNJ-JLMPT;KW\fkàOjTàÖ_H�KWMPS-]_S-Ã´e+H�SLePTWMjg
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QRH`MjÃWHYTWJyH`MfK�Oj]dT>S�Älg&Ojk-H¶\^Ö_ZLe+OPH`Mj]_S-Ã/KWÖ_ÃWTWMj]dOPk-QD\^MjH�KNOPH�e�KWS s
TNOjk-H`M·S-T?|?H�]_SFK�\^Ö_ZLe+OPH�M/k-]_H�MjKWMj\fklgNnÔÑ¶]dOPk SLH`Ñ eP]_ÃWSLKNOPZ-MjH�e
KNSa|�ÑUH`]_ÃWk;Ofe�\`TWQRJ-Z-OPH�|�KWeiKWS�K�c>H`MfKNÃWHYTNVaOPk-H�\`TWSLe+OP]dOPZLH`S;Oje
ÈÚK>| �@ZLe+OPH�|�VÒT>M�OPk-H¶eP]dÅ�H�e°TNVaOPk-H�QRH`MjÃWH�|�\^Ö_ZLe+OPH�Mje Ï {°ç�S�K�JLKWM s
KNÖ_Ö_H`Ö�T>JaH�MjKNOP]_TWSÆn�OPk-HRMfK�ÑåOj]dQRHRePH`Mj]_H�e�ZLePH�|´OPT \`MPH�K�OjH�Ojk-H
eP]dÃ>SLK�OjZ-MjH�eRKNMjH KNÖÂePT%QRH`MjÃWH�| OjTàÃW]_cWHµK×JLMPTWOPTNO@glJyHÓKWe
]dS
Ð�]_ÃWZ-MjH q {���T�ÑUH`c>H`M�nNOPkLH�ePH�OP]_QRH�ePH`Mj]_H�eiJ-ÖÂK�g�S-T�|?]_MjH�\^O:MPT>Ö_H
]_S�Ojk-H�\^T>QRJ-Z?OfK�OP]_T>S
TNViÛ:éa{�È �>Ï {
Á T
]_S-]dOj]_KWÖ_]dÅ�H¶OPkLH�ÑUH`]_ÃWk;Oje�Ñ¶k-H`S K
\`Ö_ZLe@OjH`M�kaKWe �@Zae@O�TWS-H

QRH`Q�ÄyH`M�ÈÚK/S-H`Ñ ]dSae@OfKNSL\`H:TNVÔe+H�SLePTWM�e+]_ÃWSaK�OPZLMPH�e Ï OPk-H�Ö_H�KWMPS s
]_S-ÃDKNÖ_ÃWT>MP]dOPkLQ Q
KNÊ>H�eFZLePHØTWV�Ojk-H8H`cWH�S;O×|-H^OPH�\�OjTWMfe´|-H s
ej\^Mj]dÄyH�|àJ-MPH�cl]dT>ZLePÖdgW{Óç�S5JaKNMPOP]Â\^Z-ÖÂKWM`niKNÖ_ÖYOPk-H�e+H�SLePTWMfe&OPkaK�O
H^Õ?k-]_Ä-]dO2ePZL|-|?H�S·\fkaKNS-Ã>H�eÔÑ¶]dOPk-]_S&K ÍWo>o Q
eÔÑ¶]dSa|?T�ÑFKWMPHi\^T>S s
eP]_|-H`MjH�|¹OPT
ÄyH�JaKNMPOITNV�OPkLH�ejKNQRH&H`c>H`S;O/KWSL|�OPk-H�]_MIÑUH`]_ÃWk;Oje
KNMjH�e+H`O�OjTFT>S-H è KNÖ_ÖUTNOjk-H`M¬ÑUH`]_ÃWk;Oje�KNMjH¹ePH^O¬OjTFÅ�H`MjT-{ ÛYe s
ePH`S;OP]ÂKNÖ_Ö_gNnaOPk-HR]_S-]dOj]_KWÖ�ÑUH`]_ÃWk;Ofe�VÒT>MPQK�Ä-]dO·cWH�\^OPT>M�Ñ¶kLH`MjH q
KNSa| o ]dSa|?]Â\`K�OjHNnWMjH�ePJyH�\�Oj]_cWH`Ö_gWn�K>\�Oj]dcl]dO@g�KWSL|�S-T�KW\^OP]_cl]dO@g·VÒTWM
OPkLH
\^TWMjMjH�ePJaT>SL|?]_S-Ã¹ePH`Sae+T>M`{�ÐLTWM�H`Õ?KWQRJ-Ö_HNnÆÄ-Z-QRJL]dSLÃ�]_S;OPT
K%Ñ�KNÖ_Ö�KWe�]dSßÐ�]_ÃWZ-MjH q \`KWZLe+H�e
ePH`cWH�MjKWÖ�e+H�SLePTWMfe^n�Ö_]dÊ>H�Ojk-H
VÒTWMjÑ�KNMf|µe+T>SLKNMfe^naOPk-H�Ä-Z-QRJ´e+Ñ¶]dOf\fkÆnÔKWSL|�Ojk-H�c>H`Ö_T?\^]dO@g�H�S s
\^T?|?H�Mje`n�OjT kLK�c>HR]dSL]æOj]ÂKNÖ�ÑYH�]_ÃWk;Oje�TNV¶T>S-HNn�Ä-Z?O�TWOPk-H�Mje`n�Öd]_Ê>H
OPkLH&ÄLK�OPOPH`MjgRÖ_H`c>H`ÖÆKNSL|�OPkLH�Ã>MP]_J-JyH`M�Ä-MjH�KWÊRÄaH�KNQ
e`nlOPT¬kLK�cWH
]_S-]dOP]ÂKNÖaÑYH�]_ÃWk;OjeYTNV�Å�H`MjT-{ m ÖdOjk-TWZ-Ã>k
ÑUH/VÒT>Z-SL|¹H`SL\`TWZ-MfKNÃ>]_S-Ã
MjH�ePZ-ÖdOje2Ñ¶]dOjk&OPk-]Âe�e@OjMjKW]_ÃWk;O+VÒT>MPÑ�KNMf|IKWJ-J-MjT>KW\fk·OjkLK�O�KW|-|Le�Ö_]dO s
OPÖ_HU\^TWQRJLZ?OjKNOP]_TWSLKWÖW\^T;e@O�nNÑYHY]_Q
KNÃW]_S-H�OjkLK�OiePTWQRH:eP]dOPZLKNOP]_TWSLe
Q
K�gµMjH�é;Z-]_MPH¬K�QRTWMjH¬e+T>J-k-]Âe@Oj]Â\`K�OjH�|ÓÑYH�]dÃ>k;O�]_S-]dOP]ÂKWÖd]_Å�K�OP]_TNS
J-MjT?\^H�|-Z-MPHW{�ÐLTWM�]_SLe+OjKWSL\^HWn>ÑUH�Q
KNÊ>H�S-T�K�OPOPH�QRJ?O�OPT�KW| �@ZLe+O
VÒTWM�\^TWMjMjH`ÖÂK�OjH�|ÓePH`Sae+T>Mje&ePZL\fk×KWe·Ojk-H
MjTWÄyTNO�	 e 
acWH¬VÒTWMjÑ�KNMf|
ePTWSLKWMje`{UÈ Á k-H�e+T>SLKNMfei\`KWMPMjgNn>]dS�H^ËÔH�\^O`n
LcWH�Oj]_QRH�e�OPkLH¶]dS-ôLZ s
H`Sa\^H¶TNVaOPk-H¶ÄLZ-QRJRe+Ñ¶]dOj\fk�Ñ¶k-]Â\fk�KWÖÂe+T/MPH`OPZ-MjSLe�]_S?VÒTWMjQ
K�Oj]_TWS
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e+Z-ÖdOfe°]_S�OPk-]Âe�JLKNJyH`M�KWMPHYVÒTWM�JyT>e+O s J-MjTl\`H�eje+H�|�|-KNOjK�e+H`Oje Ï {:ë/S
OPk-H�ÖdH`VÂO`nÔMjK�ÑDePH`SLePTWM/MPH�KW|?]_S-Ã;e¶KNMjH�Q
KW|?H�K�c�KW]_Ö_KWÄ-Ö_H�OjT
OPkLH
MPT>ÄaTWO�K�O°K¶MfK�OjHiTNV q�o �IÅNnNÑ¶]dOPk�Ojk-H:H�cWH`S;O�|?H`OPH�\�OPT>Mje°\^T>S>Oj]_S s
Z-TWZLePÖ_g QRTWSL]æOjTWMj]_S-Ã
Ojk-HROP]_QRH
ePH`Mj]_H�e�VÒTWM�KNÄ-MjZ-J?O�\fkaKNS-Ã>H�e`{
� k-H`SÞKWSÞH`c>H`S;O
T?\`\^ZLMje`n¶OPk-H´KNÖ_ÃWT>MP]dOjk-Q \^T>ÖdÖ_H�\�OjeRK 
LcWH s
e+H�\^TWSa|�ePH`ÃWQRH�S;OYTNV�e+H�SLePTWM�MPH�KW|?]_S-Ã;eYKWSL|�\^TWSae@OjMPZL\^Oje�K�Ä-]dO
cWH�\^OPT>M�OPkLKNO:]_SL|?]Â\`KNOPH�e�Ojk-H/K>\�Oj]dc>H¶e+H�SLe+T>Mje`{ Á kLH�ePHI|-K�OfK&KNMjH
JLKWeje+H�|¬OPT�OPkLH·\`Ö_ZLe@OjH`Mj]_S-Ã�KNÖ_ÃWT>MP]dOjk-Q
e�VÒTWM�KW|-|-]æOj]_TWSLKWÖaKNSaKNÖ s
gleP]Âe^{¶Ð�]_Mje+O`n-Ojk-H�SLH`ÑíOP]_QRH�ePH`Mj]dH�e¶KNMjH�ZLePH�|�OjT
Z-JÔ|-K�OjH�OPkLH
JLK�OPOPH`MjS�KNÖ_J-kaKNÄyH^O2VÒT>M�H�K>\fk�e+H�SLePTWM�{���H`Õ;O�n�OPk-H�e+HYePKWQRHiOP]_QRH
e+H�MP]_H�e�KNMjHY\^T>SlcWH`MPOPH�|�OPT�K/ePH^O�TNVaeP]_ÃWSLKNOPZ-MjH�eÔVÒT>M�ePZ-ÄLePH�é;Z-H�S;O
\^Ö_ZLe+OPH`Mj]_S-Ã
ÈÒÑ¶]dOjk
OPkLH�ÄL]æO�cWH�\�OjTWM�KW\�Oj]_S-Ã�K>e�Ojk-H·]dSL]æOj]ÂKNÖaePH`S s
e+T>MIÑUH`]_ÃWk;Oje�]dSFÛ:éa{�È �WÏPÏ {�ë/SµOPk-H�Mj]dÃ>k;O`nyOPk-H�
LSLKNÖ�T>Z?OPJ-Z-O
]_eIK
k-]_H`MfKNMf\fklgRTNV:ePH`SLePTWMjg¹\�K�OjH`ÃWT>MP]_H�e�Ñ¶]æOjkµH�K>\fk \`K�OjH`Ã>TWMjg
MPH�J-MPH�e+H�S;OPH�|�Älg�K�J-MPTWOPTWO@g;JyH·Ö_]dÊ>H�Ojk-H&TWS-H&]_S�Ð°]_Ã>Z-MPH q {
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]dSLÃ�e+H�SLePTWM�|-K�OfK�Ñ¶k-]_Ö_H�Ojk-H�Ý:]_TWS-H�H`M�MjTWÄyTNO�]_S>OjH`MfKW\^OPH�|¬MfKNS s
|?TWQRÖ_g�Ñ¶]dOjk c�KNMj]dT>ZLe¶T>Ä��@H�\^Oje`nÔePZL\fkÓK>e/K�ÄLKNÖ_ÖunyK¹\^Z-JÆn2KWSL|
K ÄLZL\fÊWH`O`{ Á TÞ\^T>S>OjMPT>Ö·OPk-H5MPT>ÄaTWO�ÑUHà|?H�e+]_ÃWSLH�|íKØeP]_Q s
J-Ö_H���b�b��Y]Pÿ	��� ]Pÿ \ \ X �Ôÿ	���5ÄyH`kLK�cl]_TWM�naÑ¶kLH`MjH�Ojk-H�Ý:]dT>S-H`H�M
OPZ-MjSLeIK
MjKWSL|?TWQ KNQRT>Z-S;O`nyKWJ-J-MjT>K>\fk-H�eUOjk-H�T>Ä��@H�\^O/\^Ö_T>ePH�e+O
OPT�]dOje&Ö_]_S-H�TNV¶e+]_ÃWk;O�n°e@OjTWJLe·QRT�cl]_S-Ã�e+k-T>M+OjÖ_g K�VÂOPH�M�Q
KNÊl]_S-Ã
\^TWS;OfKW\�O�nNKNSL|�OPk-H�S�MjH`cWH�MjePH�e�|?]_MPH�\�OP]_T>S·VÒTWM�K�MfKNSL|?T>QRÖ_g/\fk-T s
e+H�S
OP]_QRHW{:ë/Ä �@H�\�OfeUÑYH�MPH·MjH�\^T>ÃWS-]_Å�H�|¬Ñ¶]dOPk¹OPk-H·k-H�Ö_J¹TWV�OPkLH
MPT>ÄaTWO�	®e À Ä-Ö_TWÄLÇIcl]_eP]_TWS�ePg?e@OjH`QpOjkLK�O�|?H`OPH�\�Oje�JLK�Of\fk-H�e�TNVyMPH�|
J-]dÕlH�ÖÂe�]_S�]dOfe�]dQ
KWÃWH�JLÖ_KWS-HN{�Û:K>\fk�TWÄ �@H�\�O�Ñ�KWe�Ã>]dc>H`S�KWS�TWOPk s
H`MjÑ¶]_ePH:]_SL|-]_e+OP]_S-Ã>Z-]Âe+kaKNÄ-Ö_H�MPH�|�Q
KWMPÊynNe+T&ePH`SLePTWMjg&\`KNOPH`Ã>TWMj]_H�e
ÑYH�MPH¹ÄLKWePH�| TWS5OPk-HµSLKNOPZ-MjH�TNVIOjk-H�]_S>OjH`MfKW\^OP]_TWSÆn�SLTNO¬VÒH�K s
OPZ-MjH�e/VÒMjTWQ K�|?H^OfKN]_Ö_H�| KWSLKNÖ_g?eP]_eITNVYOPk-H¬cl]Âe+ZLKWÖ�ej\^H�S-HN{ � H
MjKWS�Ojk-H���b b�� ]+ÿ	���Y]+ÿ \ \ X �Ôÿ	��� \^T>S;OPMjTWÖ_Ö_H`M�MPH�JaH�K�OPH�|?Ö_g�Z-S s
OP]_ÖÆOPkLH�MPT>ÄaTWO�]_S>OjH`MfKW\^OPH�|�K�O/ÖdH�KWe+O 
LcWH&Oj]_QRH�e�Ñ¶]dOPk�H�K>\fk�TNV
e+]dÕ
TWÄ �@H�\�Ofe^{
Ð�]_ÃWZ-MjH�e���KNSa| v KWMPH�MjH`JLMPH�e+H�S>OfK�Oj]dc>H¶\^Ö_ZLe+OPH`MYk-]_H`MfKNMf\fk-]_H�e
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T>Z?OPJ-Z-O�TNV�Ojk-H�Ö_H�KWMPSL]dSLÃ�KWÖdÃ>TWMj]dOPk-Q�{



��TWOP]Â\^H
OPkLKNO�ePH`SLePTWMjgÓH`ÕlJyH`Mj]_H`SL\`H�e&Ñ¶]dOjk%OPk-H�ePKWQRHRTWÄ��@H�\�O
OPH�SL|FOPT \`ÖdZae@OjH`M�OPT>ÃWH^Ojk-H`M�KNO·OPk-HRÖ_T�ÑUH�e+O�Ö_H`c>H`ÖÂe/TNVUOPk-HRÄ-] s
SLKWMPg/OPMjH`HW{�Ð-ZLM+Ojk-H`M�Z-J�Ojk-H:kL]dH�MjKWMj\fklgWn`OPkLHYS-T?|?H�e�MjH`JLMPH�e+H�S>O
KNÄae@OjMjK>\�OP]_T>SLe�TNVÆOjk-H�ePH�]_SL|?]_cl]Â|?ZLKNÖ?H`Õ?JaH�MP]_H`Sa\^H�e`{�ÐLTWMYH^Õ-KNQ s
J-Ö_HNny]_S�Ð�]_ÃWZLMPH �RKWÖdÖ2OPk-H�Ã>MjK>e+JaKNÄ-Ö_H·TWÄ��@H�\�Ofe�ÈÂOjk-H�ÄLKWÖ_Ö±n?Ojk-H
\^ZLJLe^n�KWSL|ØOPk-HµÖ_H�Ã´TWV�K×|?H�ePÊ Ï VÚKNÖ_Ö�]_SØOPk-HÓejKNQRH�Ä-MfKNSa\fk
TNV�OPkLH&OPMjH`H�KWSL|�KNÖ_ÖÔOPkLH�Z-S-Ã>MjK>e+JLKWÄ-Ö_HNn?]_QRQRT�c�KNÄ-Ö_H�T>Ä��@H�\^Oje
ÈÂOjk-HÓÑ�KNÖ_Ö Ï VÚKNÖ_Ö/]dSÞKWS-TNOjk-H`M¹Ä-MfKNSL\fkÆ{ ä�H�\`KWÖ_Ö�OPkaK�O¹ÖÂKWÄaH�Ö_e
ePZL\fk�KWe À Ã>MjK>e+JLKWÄ-Ö_H�ÇUKNSL| À ]_QRQRT�c�KNÄ-Ö_H�ÇYKNMjH�QRH�KWS-]_S-ÃNVÒZLÖ�OPT
TWZLMjePH`Ö_cWH�e¶Ä-Z?O&Q
K�gµKWe/ÑUH`Ö_Ö�ÄaH¬KNMjÄ-]dOPMfKNMjg¹ePglQ�ÄyTWÖÂe¶OjT�Ojk-H
MjTWÄyTNO`{ Á k-H�g5ePg;Q�ÄyTWÖ_]_Å`H
J-MjTNOjTNO@glJyH�e`n:]u{ HW{æn¶K�cWH�MjKWÃWHROj]dQRH
ePH`Mj]dH�e^{
Ð°]_Ã>Z-MPH�e ��KWSL| v |?]dËÔH`Mi]_S�Ojk-H¶e+]_Å`HUTNVaOPk-H¶JaK�O+OjH`MjS�KWÖdJLkLK s

ÄyH^O�ZLePH�|´OjTÓ\^T>SLe+OPMjZL\�O&Ojk-H�eP]dÃ>SLK�OjZ-MjH�e`{�ç�SàÐ�]dÃ>Z-MjH �¹Ojk-H
KNÖ_J-kaKNÄyH^O:eP]dÅ�H¶ÑUK>eiTWSLHNn;VÒTWMf\^]_S-Ã·H�K>\fk�H�cWH�S>O�	 e�Öd]Âe+O�TNV2eP]dÃ>SLK s
OPZLMPH�e�OPTµÄyHRH�é;Z-]_c�KNÖ_H`S;O�OPT�OPkLH
\^TWMjMjH�ePJaT>SL|?]_S-Ã�ÄL]æO&c>H�\�OjTWM
\^T>SLe+OPMjZL\�OjH�|ßÄlgÞ|?H`OPH�\^OP]_S-Ã Z-S-H^Õ?JyH�\^OPH�|³\fkLKNSLÃWH�e�]_Süe+H�S s
ePTWM¶MjH�KW|-]dSLÃ>e`{!��TNOj]Â\^H�OPkLKNO¶OPk-H�H`cWH�S;OI|?H^OjH�\�OjTWMfe¶KNÖ_TWSLH·KWMPH
\`KWJLKNÄLÖdH�TNVI|?]Âej\^Mj]dQR]_SLKNOP]_S-Ã�e+H�cWH`MfKNÖU\`KNOPH`Ã>TWMj]_H�e&TWV�H^Õ?JaH�MP] s
H`Sa\^H�e`{ �IT�ÑYH�cWH`M�n°H�KW\fk×Ä-]dO�Q�ZLe+O�ÄyH�H^Õ?JLKWSL|?H�|´OPTÓKFe+]_Ã s
SLKNOPZ-MjHRÑ¶]dOPk×K�O�Ö_H�KWe+O�O@ÑUT ePÖdTWOje/ý KWe&]_S%Ð°]_Ã>Z-MPH v ý ]dS
TWMf|?H�MiOPT�OPH�K>e+H/KNJLKWM+OYePTWQRH¶]_S;OPH�MjK>\�Oj]dT>SLeiePZL\fk�KWe�OPk-T;e+H�VÒTWM
OPkLH&ÄLKNÖ_ÖÆKNSL|�OPkLH�\^Z-JLe&ÈÚÑ¶k-]Â\fk�OjMP]_Ã>ÃWH`MUÄyTNOPk�Ä-MjH�KWÊ
ÄaH�KNQ
e
Ä-Z?OYS-T�TNOjk-H`MYe+H�SLe+T>Mje Ï { m ePQ
KNÖ_ÖlJLK�OPOPH`MjS
KNÖ_J-kaKNÄyH^O:KNÖ_Ñ�K�g?e
ePZ��
\^H�|%]_S×T>Z-M�H^Õ?JyH`Mj]_QRH`S;Oje`n�KWÖæOjk-TWZLÃWk%ÑYH�H^Õ?JaH�\�O�QRT>MPH
\^T>QRJ-Ö_]Â\`K�OjH�|¬H�S;cl]_MjTWS-QRH�S>Ofe�OjT¬MPH�é>ZL]dMjH�Ö_KWMPÃ>H`MUKNÖ_J-kLKWÄaH`Oje`{
Ý�MjTNOPTWO@glJaH�eUePH`MjcWH·S-TWO�TWS-Ö_g�K>e¶MjH`J-MjH�ePH`S;OjKNOP]_cWH�eiVÒT>MIe+H�S s

ePTWMjg�\`KNOPH`Ã>TWMj]_H�e`nlÄLZ?O/KNÖÂePT�K>e�e+OjK�OjH�KNÄLe+OPMfKW\^OP]_TWSaeYT>M¶ÃWT;KNÖÂe^{
m OUKWSlg�ÃW]_c>H`S�OP]_QRHNnWOPk-H/MPT>ÄaTWOY\`KWS
|?H^OjH`MjQR]dSLHU]dOfe:e+OjK�OjH�Älg
MjZ-S-S-]_S-Ã�K�eP]_QRJ-Ö_H�S-H�KWMPH�e@O�S-H�]dÃ>klÄaT>MYKNÖ_Ã>TWMj]æOjk-Q OPkLKNO 
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K�Oj\fk5ÄaH`O@ÑYH�H`S5]dOfe�MjH�\`H`S;O¬ePH`Sae+T>M�k-]Âe+OPTWMjg×KNSL|
H�K>\fk%TNV�OPk-H�J-MPTWOPTWO@g;JyH�e`{µhµTWMjHRÃWH�S-H`MfKNÖ_Ö_gNn�T>S-H
\`KWS×cl]dH�Ñ
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