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THÈME 1
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OQPSR�TVUVWYX[Z�\B]^UB_a`cb�U�de]^fc]gdhR�TVUB]
ikjhlnmgU�doO�j^l7prqts�]

Zo_aprp5laj^d�urU&j^U,svPrU�jvsvPrUxw5y�z|{a}n~+X��n`r��f�W��,d^P��S}n~a~;}�X[�7��pS_n�7UB]

�
���B�����r�a�a��� l7wrqts&�%l|l7T�Z�U,uc`Ss�dhq�l7w���q����9�5U�_nw�qt]^]^`rU&ln�1`cdhT�l;]gd�q�TVp5laj^dh_nw�s�U�q�w�� `rd^`rjhU�]^`rp�UBj¢¡
]^lawSq�s�s�_aj^jhq�U�jv]��cuc`rU�dhl�]gdhj^l7wr��j^UB�a`r�t_�dhq�l7wS]Qlaw�_as�la`S]¢d^qtsYw;`Sq�]h_nwSs�Ua£?OQPrU&pSj^U,]¢UBw7d���lajh¤�q�w7dhj^lcuc`�s�UB]
_�dhUBsvPrwrqt¥;`rUY� laj�l7pcd^q�TVq�¦Bq�wr��dhPrU&_nU�jhlcucf|wS_nTVqts�_a�5p5U�j^� lajhT�_nwSs�UV§n¨5©�dhPrU&]¢l7wrq�sY�5l|laTªprjhlcuc`Ss�d^q�law9�
dhPrjhla`r�7PYl7pcd^q�T�_n�a]^PS_ap�U«urUB]^q��7w9£��Q_a]^UBuYq�w!_�]¢la¡¬sB_n����U,u&­�®�¯o¡°� jhU�UkpS_ajh_aT�U�d^jhq�¦,_�dhq�l7w�TVU�dhPrlcu±�N��PrqtsvP
jhU���q�UB]1law�d^PSU�©�²t³�´�µh¶�·°²�¸,¶h©!³v¹|§�ºc¶?�;f��%l7j^¤|q�wr�Yq�wV_�pS_njv_nTVU�d^U�jk]^pS_as�U�ucU�dhU�jhT�q�wrU,u��|f!dhPrUo]^¤;q�w�wrlcucUB]
pSP;fc]^q�sB_n�;��lcsB_�d^q�law��Nd^Prqt]#T�U�d^Prlcucl7��l7�af�q�w7dhj^lcuc`�s�UB]1]^U�»7U�jv_n�7urq�]¢d^q�wSs�dhq�»7U«� U,_�dh`rj^U,]�£#¼#q�jv]gd,�a_nw�_aurucq�d^q�»aU
T�`r��d^q���UB»aU��±l7pcd^q�TVq�¦,_�dhq�l7w�prjhUBs�lawSucq�d^q�lawSU�jQq�]�urUB]^q��7wrUBu±�c��PSq�svPH��lad^P3]^T�l|lad^PrU,]«dhPrU�q½dhU�jv_�dhUBuH]¢PS_ap�U
_awSu3]^p�UBUBur]e`rp�d^PrU�lapcdhq�TVq�¦B_nd^q�law�s�l7w|»aU�jh�aUBwSs�U7£ � U,s�l7wSu±��d^PrU�]^lawSq�s&�5l|laT¾q�]ej^U,uc`Ss�UBu�q�wSucq�j^U,s�d^��f
�|f�jhUBuc`�s�q�wr�V��PS_�d���UYsB_n���¿d^PrU�³�À�¨�²D´�ÁhÀ,À�ÂÃ¶�Â�²t³v³v²DÀn¨S£?OQPrq�jvu±�r_nw�_au|¡¬PrlcsY]¢q�TVpr��U&s�l7]¢d�� `SwSs�dhq�l7wS_n�
qt]�s�l7wS]¢d^jh`Ss�dhUBu
��Prq�svP3s�lawS]^q�urU�jv]%�5lndhP3_nU�jhlcucf|wS_nTVqts�_a��pS_ajh_aTVU�d^UBjh]Q_awSu�]¢l7wrq�sY�5l|laTªUBT�qt]h]¢q�law9£
Ä3Å;Æ¿ÇhÈ�É ��Ê#�a� ­%laTVpr`cdv_�d^q�law�_n�9Ë�`rq�u�ucf|wS_nTVqts�]e¡ � PS_ap�U�laprd^q�TV_a��ucU,]¢q��aw�¡QÌYjv_aucq�U�w;d�TVU�d^Prlcu�¡
� PS_np5UopS_ajh_aT�U�d^jhq�¦,_�dhq�l7w!¡ � d^U�UBp�U,]gd�ucUB]hs�UBw7d«¡1Í�pcd^q�TVq�¦,_�dhq�l7wV¡#Î�`r��d^q���UB»aUB�Slaprd^q�T�q�¦B_nd^q�law�¡#®�u�mglaq�w7d
TVU�d^Prlcur]Q¡«Ï?`r��UBjoUB¥;`S_nd^q�lawS]%¡%ÐewS]¢d^jh`Ss�dh`rj^U,u�TVU,]¢PH¡«O�jh_awS]¢pSq�jv_�dhq�l7w
s�l7wSucq�d^q�lawS]

Ñ«Ò Ó#Ô9ÒÖÕ%×nØ�Ù�ÙvÚ�Ô9Û�Ü,ÝßÞ?àNÞgá�â|Ü,ã¢äåÛ�æåÞgá¢×�ç±ècénê�ë,×�Ù�ì�ê�Ù�ØoíBÛ�î,ïNäñðhòÖÕ#ó�ÝßäåîaÛ�æåäåá¢×Nô�õßðvóNãgÞö Ò Ó#Ô9ÒÖÕ%×nØ�Ù�ÙvÚ�Ô9Û�Ü,ÝßÞ?àNÞgá�â|Ü,ã¢äåÛ�æåÞgá¢×�ç±ècénê�ë,×�Ù�ì�ê�Ù�ØoíBÛ�î,ïNäñðhòÖÕ#ó�ÝßäåîaÛ�æåäåá¢×Nô�õßðvóNãgÞ÷kø óNä ù�ÞgõDá°ä Ýßú«à,Þ?û�Û�ó�ÝßînÞ¢æåæåäåÞgõ9ÒDÒ¬×nü#Þgî,Ý�û&ðhÝ°ï,ú¢ýoðhÝßäåþ�ÜNÞgá^×aÿ9ÿ#é Ù����?ëvÚ�Ù�ê���û��1Ó���è	��â|â|Ò
��Ô�ÿ¿Þ¢à,Þ��
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 � � _�jh\Buc`�s�d^q�law)uc`)�S_awr��]^`rp5U�jv]¢l7wrqt¥7`SU
»�_�prjhU�wSucjhUH`rwrU3q�T�p5laj^dh_awSs�U�ucU3pr��`S]VUBw
pS��`S]��7jh_awSucU�p�l7`rj���U,]Y� `cd^`rjv]&_N»|q�l7w�]^`rp�UBjh]^lawSq�¥;`rU,]�]^la`S]Y�t_�pSj^U,]^]^q�l7w+ucU�� l7j¢dhUB]Yj^\B�a��U�TVU�w;dv_�d^q�law�]
]^`rj��t_�w|`rqt]^_awSs�U�¥;`rqkU�w+j^\,]¢`r��d^U7£�­%U�d^jv_N»N_aq��1uc\,s�jhq½d�`rwrU�d^U,svPrwrqt¥;`rU�u�� l7pcd^q�TVq�]h_�dhq�l7w��
��_�� laqt]�ucUB]
p5U�j^� lajhT�_nwSs�UB]Q_n\Bj^lcucf|wS_aTVq�¥;`rU,]%U�deucU&�t_�pSj^lcuc`Ss�d^q�law3uc`��S_awr��]¢`rp5U�jv]^lawrqt¥;`rU�p�_nj���� l7pcd^q�TVq�]h_�dhq�l7w
urU«� l7j^TVUa£?­%U�d^d^U�TV\�d^PSl|urla��la�aq�U�UB]¢d#�S_7]¢\BU�]^`rj#`rw�pS_njv_nTV\�dhjh_a�aU«]h_nw�]1­�®eÍ��Npr`rqt]h¥7`�� UB����UQT�lcucq��SU���_
� l7j^TVUeurq�]hs�jhR�dhUoU�wVdhjh_N»�_nq�����_aw7d�]¢`rj%��_!p�l;]¢q�d^q�law�ucU,]?w��&`�ur]%urUo��_�p�U,_n`�uc`�TV_aq����t_n�aU7£#Ï?����Ueprjh\B]^U�w;dhU
��UB]«]¢p5\Bs�q���s�q½dh\B]?]^`rq�»�_nw;d^U,]�£1O�l7`cd«u�� _n�5lajvu±�awSla`S]?ur\��Swrqt]h]¢l7wS]1`rw�prjh\Bs�lawSucq�d^q�lawSwrU�`rj?u�� l7pcd^q�TVq�]h_�dhq�l7w
urU�dgf|p�U�T�`r��d^q�wrq�»aUB_a`�_aururq½dhq½�g£! �5j^\B�a`r�t_njhqt]¢UQ�t_�� lajhTVUoq½dh\�jh\�U�U�d%_7s�s�\B��RBj^Ue��_!s�law|»aUBj^�7U�wSs�Ua£�Ï?wS]¢`Sq½dhUa�
wSla`S]�s�l7wS]gdhj^`Sq�]^lawS]«`rwrU�� lawSs�d^q�lawrwSU�����UYs�l�"rd�prjhU�w�_nw;d%UBw
s�l7TVpcd^U���U,]�s�l|U�#�s�q�U�w;dh]�_n\Bj^lcucf|wS_aTVq�¥;`rU,]
U�do�$� \�TVqt]^]^q�law�uc`��S_nwr�V]^`rp�UBjh]^lawSq�¥;`rU7£
% É �,� Ç ��& 
 � � Î�\,s�_nwSq�¥;`rUHucUB]�¼#��`rqtucU,]('e`rTV\�jhq�¥;`rU�¡!Í�pcdhq�TVqt]^_nd^q�law ucU�� lajhTVU�¡!Î�\�dhPrlcucU
ucU
�7jh_7ucq�U�w;de¡�i1_njv_nTV\�dhj^qt]^_nd^q�law�ucU�� lajhTVU�¡oik��`S]Y�ajv_nw�ucU�ucU,]^s�U�w;d^U�¡�Í�pcd^q�TVq�]h_�dhq�l7w�¡eÍ�pcd^q�TVq�]h_�dhq�l7w
T�`r��d^q�¡°wrq�»aU,_n`
¡*)?¥;`S_�dhq�l7wS]�u�� Ïk`r��U�j�¡%Î�_nq����t_n�7UYwSlawc¡ ]gdhj^`�s�d^`Sj^\�¡�­%lawSurq½dhq�l7wS]oucUYd^jv_nw�]¢prq�jv_�d^q�law
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	 º5·ß²ÖÂ�§��¿³v¹|§�ºc¶�©a¶�³�²�
n¨Vq�w
_aU�jhl|urf;w�_nTVq�sB]«qt]�j^U,_asvPrq�wr��TV_nd^`rjhq�dgfV_awSu
��q����¿j^U,_asvP�q�w�dhPrUYwrU�b|d�faU,_njv]
dhPrU�p5laq�w;d���PrU�jhU��5UB]¢d�_nwS_a��fc]^q�]&s�lcucUB]
�$'e_N»|q�U�j^¡ � dhla¤7UB]��e��q����«�5U�q�w|»7la��»aUBu+q�w _���l|lap l7pcd^q�TVq�¦Bq�wr�
dhPrla`�]^_awSur]
ln��]^PS_np5U�pS_njv_nTVU�dhU�jv]�£ � q�wSs�U+�5lndhP pS_ajh_aTVU�d^UBjh]
_nwSu ËSl���»�_njhqt_n�r��UB]
��q�������U jhU�pc¡
jhUB]^U�w;dhUBu �|f)_ ��_aj^�7U3w;`ST��5U�j�la�&`rwr¤|wrl���wS]B��q½d
��U,s�laTVU,]�q�TVp�l7j¢dv_nw;d�d^l ucU�jhq�»7U3U�#�s�q�U�w;d�]¢l7��`c¡
dhq�l7w��Nl7pcd^q�TVq�¦,_�dhq�l7w�TVU�dhPrlcur]���q�d^P���l�� s�l7T�pS��U�b|q�dgf���PrUBwHd^PrU&w|`rT���UBj�ln��»�_aj^qt_n�r��UB]Qqt]Qq�wSs�jhUB_7]¢U,u±£

��U�la�S]^U�jh»aU�d^P�_�d&d^PSU�s�laTVpr��U�bcq�dgf�¥;`rUB]¢d^q�law�ln��ËSl�� ]¢l7��`cdhq�l7wS]�qt]&_aucjhUB]h]¢U,u��|f�T�_aw;f��%l7j^¤c]B�
��q�d^PV]^laTVU�]^`SsBs�UB]h]���PrU�w�Î�`r��d^q�¡ ÌYjhqtu�_a���7lajhq½dhPrT�]�l7j#¯�laT�_nq�wV¯eU,s�laTVp5l7]^q½dhq�l7w�Î�U�d^Prlcur]1_aj^U�`S]^UBu��
dhPrUB]^U�_n���al7j^q�d^PrT�]YU�wnmgl�f�_Hs�law|»aUBj^�7U�wSs�U�jv_�dhU�dhPS_�d�ucl|U,]�wrlnd!ucUB�ajv_aucU���PrU�w+d^PSU�w;`ST��5U�j&ln��`rwc¡
¤|wrl���w�]1q�]kq�wSs�j^U,_a]^UBu±£#®owS_a��l7�ala`�]¢��fa�n��Uos�l7wSs�UBw;d^jv_�d^U�q�wVd^Prqt]kpS_ap�UBj?law�d^PSUolapcdhq�TVq�¦B_nd^q�lawVprjhla�r��U�T
_awSu!��U���l|la¤Y� l7j1_a���7lajhq½dhPrT�]9dhPS_�d1��la`r�tu�_a��]^lePS_N»7U%_Ys�l7w;»7U�jh�aUBwSs�U?jv_�dhU%q�wS]^U�wS]^q�d^q�»aU?dhlYd^PrU�w|`rT��5U�j
la��l7pcd^q�TVq�¦,_�d^q�lawHpS_ajh_aT�U�d^UBjh]B£

Í�wrU�UB]h]¢UBw7dhq�_a��l7pcd^q�law3q�w3d^PSq�]Yucq�j^U,s�d^q�law3qt]�dhl�s�l7TVpr`cd^U�]¢UBwS]^q½dhq�»|q�dgfa�rdhPS_�dYq�]ed^PSU�ucU�jhq�»N_nd^q�»aU!la�
s�U�j^dh_aq�w�¥;`S_nw;d^q�d^q�UB]��D_�do��UB_7]gdQdhPrU�� `rwSs�d^q�lawS_a�±d^l�TVq�wrq�TVq�¦�U��Q��q½dhP�j^U,]¢p5UBs�d�d^l�_�]¢U�doln�1pS_njv_nTVU�d^U�jv]B£
Î3l7]¢dYTVq�wrq�TVq�¦B_nd^q�law�pSj^lcs�U,]^]^UB]ej^UB��f3l7w�]^U�wS]^q½dhq�»|q�dgfa�±�r`rd���PSU�w�dhPrU�»N_aj^qt_�dhq�l7wS]Y_njhU�s�l7TVpr`cd^U,u��|f
urq�»|qtucUBu ucq��5UBj^UBwSs�U,]��kdhPrU�s�l7TVpr`cdh_nd^q�lawS_a��s�l7]¢dV��q�����prjhla�S_a�r��f U�bcs�U�U,u�� dhq�TVU,]�d^PrU3s�l;]gd�la�elawrU
� `SwSs�dhq�l7wS_n�Y��PrU�jhU�� qt]�dhPrU�w|`rT���UBj
la��p�_njv_nTVU�dhU�jv]�£/­%l7w7dhjh_aj^q���fa��]¢l7��»|q�wr� _nw _auNmgl7q�w;d
]^fc]gdhU�T
� l7j�s�laTVpr`cdhq�wS��dhPrU��ajv_aucq�U�w;d�la�od^PSU�� `rw�s�d^q�law�_n�Qq�]�wrl�TVlajhU
s�l7]¢d^��f d^PS_aw s�l7TVpr`cd^q�wr��lawr��f lawrU
� `SwSs�dhq�l7wS_n����Prq���Uoq�d%prjhl�»|q�urUB]kq�wc� lajhT�_�dhq�l7w�� l7j%_a���rla�¿d^PrU��Hl7pcd^q�TVq�¦,_�dhq�l7w�pS_njv_nTVU�dhU�jv]�£#OQPrqt]?p5laq�w7d
la��»|q�U��/q�]&wSlnd!wrUB���ß]¢UBUV� laj&U�br_aT�pS��U���W,{! "�����r`cd�q�d!qt]!]gdhq����k�D_7s�q�wr��]¢l7TVU�pSjh_7s�d^qts�_a�kprjhla�r��U�T�]�q�w
��jhq�d^q�wr�odhPrU�urq��¿U�jhU�w;d^qt_�dhUBu!s�lcucUa£?Í�wrU%_awS]^�%UBj�qt]#_a`cd^l7T�_�d^U,u&laj1_a]h]^q�]¢d^U,u&ucq��¿U�jhU�w;dhq�_nd^q�law#�$� z% °�&� }%'� "��£
��f�ucq��5UBj^UBw7dhq�_nd^q�law(�D_a`cd^l7T�_�d^U,u�laj��;f
PS_nw�u)���5��_aj^�7U!�a¯ �aU�l7TVU�d^jhq�UB]���q�d^P�dhPrU�Ïk`S��UBjoËSl�� TVlcucU��
s�la`r�tu
��U&PS_awSuc��UBu
��q½dhP3_+*v­�®e¯e¡°� j^UBU-,Yp�_njv_nTVU�dhj^q�¦B_nd^q�law9£1��f.*h­�®�¯o¡°� jhU�U-,��r_asBs�l7jhucq�wr��d^l��å}cW- ¬�c�%U
TVU,_nw
d^PS_nd�d^PrU!]^PS_np5U�q�]QjhU�pSj^U,]¢UBw7dhUBu�lawr��f��|f�_Vw|`rTVU�jhq�sB_n�5d^U,svPrwrl7��l7�afa�;dgf|prqts�_a����f�d^PSU&��l7`rwSur_aj^f
la��dhPrU�T�U,]¢PH`S]^UBu�� laj�]^la��»;q�wr��d^PrU�­�¼1¯xprjhla�S��UBTH£k® prq�lawrUBU�jhq�wS����lajh¤�`S]^q�wr��d^PSq�]Ql7pcd^q�lawHq�]+�å}a{� °£

® ]¢U,s�l7wSu�pS_nd^P�dhl���UB]h]Qs�l7]¢d^��f�lapcdhq�TVq�¦B_�dhq�l7w
_a����l��%U,uV�|f�dhPrU�ucU�jhq�»�_nd^q�law�la��_nw�_7uNmglaq�w;d�]^fc]gdhU�T
qt]�d^l�]¢q�T�`S�½dv_nwrUBla`S]^��f3]^la��»aU�d^PrU�s�l7T��rq�wS_nd^q�law�la�%]gdv_�dhU�]^fc]gdhU�T/�ÖdhPrU�ËSl��0���9_7uNmglaq�w;d�]^fc]gdhU�T��9_nw�u
l7pcd^q�T�_n��q½dgf3U,¥;`S_�dhq�l7w+jhU��t_�dhUBu3dhlHd^PrUV�ajv_aurq�UBw7dYln�%� `rwSs�dhq�l7wS_n�°£VOQPrq�]�qt]&]^`r�a�7UB]¢d^UBu��|f�O�_ � _7]^_aw�U�d
_a�ß£��rs�_a����UBu1*¢lawrU�¡¬]^Prlnd$,�TVU�dhPrlcu2��WB�� °£

 w3��W,�� ¬�±q½d&qt]�pSj^l7p�l;]¢U,u�d^l�s�l7T��rq�wrU�d^PrU�lawrU�¡¬]^PrladYTVU�dhPrlcu���q�d^P _#4e¡¬s�fcs���U�T�`S�½dhq���U�»7U��kpS_ajh_n¡
TVU�d^jhq�¦,_�d^q�law3la�1d^PrU�s�law;dhj^l7�9»�_njhq�_a�r��U7£  ¬deqt]�_�TVU�d^Prlcu3jhU���f|q�wr��l7w�_��7jh_7ucq�UBw;de_nprprjhl7_7svP9�S_aprpr��q�U,u
dhlHd^PrU ��5��B��� ���n� �9� Å Ê jhU�prjhUB]^U�w;dh_nd^q�law�la�Q_�]^PS_np5U�_a]�d^PSU�]¢¤|q�w+la�Q_��a¯ dhU�dhjh_aPrUBucjhq�¦B_�dhq�l7w9£V¼rlaj
T�`r��d^q�¡°��U�»7U�����q�wr�S�#dhPrU
»7la��`rTVU�¡ _n�7�a��laTVU�jv_�dhq�l7w+prjhq�wSs�q�pr��U�q�w7dhj^lcuc`�s�UBu q�w6��WBz� �q�]�_nprpS��q�UBu±£ OQPrU74o¡
s�fcs���U�TVU�dhPrlcu3�%l7j^¤c]�]¢`SsBs�U,]^]^q�»7U���f�q�w�l7wrU�s�fcs���U�q�w;d^l�d^PrUVucq��5UBj^UBw;dY_N»�_nq���_a�r��U!��UB»aUB��]B�5]^l�dhPS_�dYd^PrU
s�l7]¢d�ln��l7wrU
s�f|s���U�q�]�prj^l7p�l7j¢dhq�l7wS_n�?d^l�dhPrU�w|`rT���UBj�la�Q��U�»7U��°£�Í�w d^PSU
s�l7w;d^jv_njhfa�#q�w8�å{� ¬�1d^PrUH_n`c¡
dhPrlajv]k]^Prl��%U,u!dhPS_�d?q�wVd^PSUos�_a]^UQln�±U�T���U,urucU,u���U�»7U��t]��aT�`r��d^q�¡°�7j^qtuVs�l7w;»7U�jh�aUBwSs�U�s�_nwV�5U�la�cdv_nq�wrUBu��|f
jhU�pS��_7s�q�wr�
_aw;f3s�f|s���U��|f3_
]^q�wS�a��U�s�lajhj^U,s�d^q�law�]¢d^UBp�q��%��U�sB_nw�`�]¢UV_�T�`r��d^q�¡°��U�»7U��#prj^U,s�l7wSucq�d^q�lawrwrUBjB£
 w6� }nz� ¬�«_3�D_aT�q���f ln��]^`SsvP T�`r�½dhq½¡¬��U�»aUB�Qprj^U,s�l7wSucq�d^q�lawrUBjh]�_njhU
ucUBj^q�»aU,u�� lajV`rwS]¢d^jh`Ss�dh`rjhUBu TVUB]^PrU,]��
p�_nj^d^qts�`r�t_njh��f�q�TVp�l7j¢dv_nw;dQ� lajos�laTVpr��U�b��7U�laTVU�d^jhq�U,]%��q�¤aUYd^Prl;]¢U&��U&_njhUYurUB_n��q�wr�V��q½dhP9£

OQPrU�pr`rjhp5l7]^U�la�?d^Prqt]YpS_np5U�j�qt]�ucla`r�S��U7£!¼�q�jv]gdh��f�_awSu3� l7����l���q�wS��d^PSq�]Y�t_a]¢dY��q�wSUa�¿d^lHU�b|dhU�wSu�d^PrU
Î�_njvs�ln¡:9�l;l7�r`S]¢¡¬¯�U�jh»|q�UB`cb+pSj^U,s�law�ucq½dhq�l7wrU�j�dhl d^PrU�pS_ajh_aT�U�d^jhq�]h_�dhq�l7w la�;*v­�®e¯e¡ß� jhU�U<,��a¯Ã]^PS_ap�U,]�£
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®ewSu�]^UBs�lawSur��f7��dhl
_aprpr��f�_nw�l7pcd^q�TVq�¦,_�d^q�law���l|lap�`S]¢q�wr�
d^Prqt]YprjhUBs�l7wSucq�d^q�lawrUBjodhl�d^PSU�l7pcd^q�TVq�]h_�dhq�l7w
la��dhPrU!_nUBj^lcucf|wS_aT�qts�]Q_awSu
]^lawSq�sY�5l;l7T la�#_�]^`rp�UBjh]^lawSq�sY_nq�jhs�jh_n�ÖdB£

� U�d1`S]#q�w;d^jhlcuc`Ss�U?d^PSq�]#qtucUB_S£�®ow|f!]^la��q�u!��lcucf&TVl�»|q�wS�e_�dk]¢`Sp�UBjh]^lawrqts?]^p�UBUBur]1ucUB»aUB��l7p�U,]�_�]¢Prlcsv¤
�Q_N»aUo]^fc]gdhU�T�£k® ]^q�TVpr��U�]¢l7��qtuVln�9jhU�»7la��`cd^q�law��D��q�¤aUY_!prjhlnmgU,s�d^q���U!�1prjhlcuc`Ss�UB]%lawr��f�dg��l�]^Prlcsv¤���_N»7UB]B�
l7wrUeq�w�� jhlaw;dQ_nwSu�d^PrUYlndhPrU�j�lawrU���UBPrq�wSu±£?®o��d^PSla`r�7P�TVlajhU�s�laTVpr��U�b���lcucq�UB]B�|��q�¤aUYpr�t_nwrU,]��;prjhlcuc`Ss�U
TVl7j^UHs�laTVpr��U�b ]^Prlcsv¤ pS_nd¢d^UBj^w�]��kdhPrUB]^UHpS_�d^d^U�jhwS]Vs�_aw s�l7_n��UB]hs�U
��UBfal7wSu dhPrU�wrUB_aj �SUB��u9£ ¼#q��7`rjhU
W
]¢¤7U�dhsvPSUB]�dhPrU�]^q½dh`S_�dhq�l7w9£+Í�wSs�UVdhPrU
]^Prlcsv¤��Q_N»aU�p�_�d¢dhU�jhw j^U,_asvPrU,]Yd^PrUH]¢l7q��°�#q½d�PS_a]�`r�½dhq�T�_nd^U���f
�5UBsB_nTVU�_nw dg��ln¡ ]¢PSl|sv¤ ]^f|]¢d^UBT��«_�]^ln¡ s�_a����UBu 'o¡ßdgf|p5U�prjhUB]h]^`rj^U
��_N»7Ua�1��PrqtsvP qt]Vucjh_a�a�7UBu �|f d^PrU
pS��_awrU?TVl�»aUBT�UBw;dB£���lndhP&d^PSU«prjhUB]h]¢`Sj^Ukq�wrq�d^qt_n�;j^qt]¢U%_nwSu �Sw�_n�7urj^l7p!_njhU«]gdhU�UBp�UBwrUBu!_n�Öd^UBj�prjhlapS_a�7_nd^q�law
dhPrjhla`r�7P�d^PrUV_�dhT�l;]¢pSPrU�jhUa��prj^lcuc`�s�q�wr��»7U�jhf
]¢d^jhlawr��U�bcpr��l;]¢q�»aU�]¢l7`rwSur]elaw3dhPrU��7j^l7`rwSu±����PrqtsvP3� laj
q�wS]¢dh_awSs�U��t_Nfc]Y_nd�W,{n¤;T ��UB��l�� d^PrU
_nq�j^pr�t_nwSU�� l7j�d^PrU�­%lawSs�lajvucU�Ë�f;q�wr��_nd�s�jh`rq�]^U�_n��d^q�d^`SurUa£
OQPSq�]
�D_7s�doPS_7]�TVlndhq�»�_�dhUBu
d^PSU!prjhlaPrq��rq�d^q�lawHln�%­%lawSs�lajvucU�]¢`rp5U�jv]^lawrqtsYËSq��aP;dh]Ql�»7U�j��t_nwSu±£%OQPrU�jhU�� l7j^U7�cd^PrU
jhUBur`Ss�dhq�l7w�ln�¿d^PrU�]¢l7wrq�so��l|laT qt]«_nw�q�TVp�l7j¢dv_nw;d«qt]^]^`rUoq�wVd^PSU�]^p�U,s�q���s�_nd^q�lawVlaj«d^PrUowSU�b|d%�7U�wrUBjh_nd^q�law
la�S]¢`Sp�UBjh]^lawrqts?_aq�jvs�jv_��Ödv] ��W 'c��}7�  ¬£1®�s�s�l7jhurq�wr�od^l��å}7�! °�n]^lawrqtsk�5l|laT TVq�wrq�TVq�¦,_�dhq�l7w�s�l7`r�tu&��U�_�d^dh_nq�wrU,u
s�lawS]^qtucU�jhq�wS���S_7]¢qts�_a����f�d^PrjhU�U�p5laq�w7dv] ��d^lH�aU�d�d^PrUVTVq�wSq�T�`rT�prjhUB]h]¢`Sj^U�q�TVpr`S��]^Ua�±��PrqtsvP�q�]&ucU	�SwrU,u
_7]�d^PrU�q�w;d^U��7jh_a��ln��d^PrU3l�»7U�jhprj^U,]^]^`rjhU�]^q��7wS_�dh`rj^U7�«l7j�dhPrU3TVq�wSq�T�`rT�q�wrq�d^qt_n�e]^Prlcsv¤ prjhUB]h]¢`Sj^UHj^qt]^U
l7j �SwS_a����f dhl ]¢TVl|lndhP dhPrU�prjhUB]h]^`rj^U�jhq�]^U��|f ucqt]gdhj^q��r`cdhq�wS� q½d�q�w _ ��lawr�7U�j�jhq�]^UHd^q�T�U7£ ¯�q��5UBj^UBw7d
l7pcd^q�TVq�¦,_�dhq�l7wH]¢d^jv_�dhU��aq�UB]%� lcs�`�]�lawHlawrU�l7jo]¢UB»aU�jv_n�5ln�#d^PSUB]^U&p�l;]^]^q��Sq���q½dhq�U,]�£

OQPrU&p�_np5U�j�qt]Qlajh�7_nwSq�¦BUBu�_7]�� la����l��o]+�
¼#q�jh]¢dB�?��UHq�w;d^jhlcuc`Ss�U�d^PSUHpSj^l7�r��UBT _nwSu ]¢¤7U�dhsvP d^PrU���q�wrU,]�T�lad^q�»�_�d^q�wr��d^Prqt]V�%l7j^¤¿£ OQPrU�w �%U

pSj^U,]¢UBw7d�d^PrU%T�`r��d^q���UB»aUB�7pS_ajh_aTVU�d^jhq�¦B_�dhq�l7w&_nwSu&pSj^U,s�law�ucq½dhq�l7wrU�j��%U%prj^l7p�l;]¢U?� laj��7¯ ]^PS_ap�U%lapcdhq�TVq�¦B_�¡
dhq�l7w9£  ¬dQ� la����l��o]�_�urU�U�p5U�j�ucU,]^s�j^q�pcdhq�l7w�ln��d^PrU�laprd^q�T�q�¦B_nd^q�law�pSj^l7�r��UBT d^lV]¢l7��»7UodhPrU&s�lajhjhUB]^p�l7wSucq�wr�
l7pcd^q�T�_n��q½dgf�s�lawSurq½dhq�l7wS]�£('o`rTVU�jhqts�_n�1U�b|p5U�jhq�T�UBw;dh]Yj^UB��_nd^U,u3d^l�_nUBj^lcucf|wS_aTVq�sB_n�#p�UBj¢� l7j^T�_nw�s�UB]Y_nw�u
]^lawSq�sY�5l;l7TªjhUBuc`Ss�d^q�law
� lajo_�]¢`Sp�UBjh]^lawrqts�_nq�jhs�jh_n�ÖdQ_aj^U�d^PSU�w�j^UBp�l7j¢dhUBu±£k¼#q�wS_n����f7�r]¢l7TVU�s�lawSs���`�]¢q�lawS]
_aj^U�ucjv_N��w9£

� � �����H���o� �9"�
�"��o� �o��"

����� ����� �"!$#&%�'(%*),+�#&%*�.-/!$0&�"132*�4'5�76984:;�.%�-<#>=?�"0@'BA$2*+�#&%*�<-
OQPSU«�aUBwrU�jv_n�a� lajhT la�rd^PSU«prjhla�r��U�T dhl�]^la��»aU?qt]9dhPrU?� l7����l���q�wr�)�±��U«�Q_nw;d9dhl �Sw�uDC;E«d^P�_�d�TVq�wrq�T�q�¦�U,]�_
s�U�j^dh_aq�w�� `rwSs�dhq�l7wS_n��FHGIC4J�KMLNGOC�PRQSGOCTJ�J±`rw�ucU�j#d^PSUQs�lawS]¢d^jv_nq�w;d"UVGICTP?QSGOCTJ�J�KXWr£1®o���YC � ]#j^UBprj^U,]¢UBw;d
dhPrUYpS_njv_nTVU�dhj^q�¦B_nd^q�law�la�9d^PrU&]^PS_np5U�d^l�lapcdhq�TVq�¦�Ua£ZFHGOCTJkq�]%dhPrUYs�l7]¢d%� `SwSs�dhq�l7wS_n�°�|q½dv]�ucU�p5U�wSurU�wSs�U�l7w
C�qt]#]^U�d1�|f�d^PrUQ_nUBj^lcucf|wS_aTVq�s�q�]¢d#_7s�s�l7jhurq�wr�od^lYPrq�]#wrUBUBur]B£�¼#q�wS_n����fa��dhPrU�s�lawS]¢d^jv_nq�w;d[UVGICTP?QSGOCTJ�J�K\W
qt]«d^PrU�]¢U�d%la�9ËSl�� UB¥;`S_nd^q�lawS]?d^PrUBT�]¢UB��»7UB]B�7q�w�dhPrq�]QsB_a]^U�d^PrU�s�l7TVprj^U,]^]^q��r��U�Ïk`r��U�jQUB¥;`S_nd^q�lawS]B�;]^la��»aU,u
q�w3_VuclaT�_nq�w^]Y�c� laj���PrqtsvP�_`]bacC#£.QSGOCTJ?qt]�d^PrU�ËSl�� �SU��tu±£

OQPrU3TVq�wrq�T�q�¦B_nd^q�law prjhla�r��U�T qt]VdhPrU�w ]^la��»aUBu `S]^q�wr� � _n�ajv_nwS�aU�T�`r��d^q�pr��q�U�jv]B£)OQPSU3prj^l7�r��U�T � ]
� _n�7jh_awr�aqt_nw�qt]

d�GeQSGOCTJfP�C�P�gVGOCTJ�JcKhLNGiQSGOCTJfPfC4J,jXkeUVGOC�PRQSGOCTJ�JRP�gVGOCTJml?P �gW!�
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Sonic Boom N−Wave

p

Tail Wave

Bow Wave

(far field)

Sonic Boom Downwards Emission
Control Box (near field)

¼#q��a`rjhU�W%�kOQPrU&]¢l7wrqtse�5l|laT�£ � ¤aU�dhsvP
ln��wSUB_nj�_awSu��D_aj �SU��tu
]^Prlcsv¤��Q_N»aUep�_�d¢dhU�jhwS]Qln�#_�]^`rp5U�jv]¢l7wrqts
_aq�jvs�jv_��Öd,£

��PSU�jhU<gVGOCTJ9q�]k_Y�aUBwrU�jv_n��q�¦�UBu � _a�ajv_nwr�7U?T�`r��d^q�pr��q�UBjB�;_nwSu kNP.l�q�]k_�]^`rq½dv_n�r��U�]^sB_n�t_nj1prjhlcuc`Ss�d,£#OQPSU�w9�
C E���q����±�5U �SwSu�_��ÖdhU�je]^la��»|q�wS�

UVGOC�PRQSGOCTJ�JTKbW
G���� UVGOC�PRQSGOCTJ�JfJ�� g�K	���VL�GICTP?QSGOCTJ�J
F�
IGOCTJ�K���
;LNGOC�PRQSGIC4JfJ�� kOg GIC4JRP���
�UVGOC�PRQSGOCTJ�J*l�� �ß}%�

OQPSU��Sjv]gd���q�wrU�qt]ed^PrU�ËSl��x]¢l7��`cdhq�l7w9��d^l�l7�cdh_aq�w QSGIC4Jh£�OQPrU�]¢U,s�law�u3lawrU�q�]ed^PrU�]¢l
s�_n����UBu3_au�mglaq�w7d
Ë�l�� ]^la��`cdhq�l7w9�rdhl��aU�d$g GIC4Jh£�®ewSu3q�w3d^PrU���_7]gd���q�wrUa��d^PSU��ajv_aurq�UBw7d F 
 GOCTJ%la�1d^PrU�s�l7]¢do� `rw�s�d^q�law�_n�#q�]
UB»�_n��`S_�dhUBu±�5��PrqtsvP�q�w�d^`rjhw���q����1�5U�`S]^UBu3d^lHT�lcucq�� fHd^PrU�� lajhTVU�j C�£YOQPrU�urU�jhq�»�_�dhq�»7UB]eln�?�5lnd^P�d^PrU
s�lawS]¢d^jv_nq�w;d«_nwSu�dhPrUes�l7]¢d?� `rwSs�d^q�lawS_a��s�_aw���Uela�cdv_nq�wrUBuVUBq½dhPrU�j%�;f(�Swrq�d^U�ucq��¿U�jhU�w�s�UB]«laj,�aT�`SsvP�TVlajhU
U	#�s�q�U�w;d^��fa�|�|f�_n`cdhlaT�_�dhq�s�ucq��5UBj^UBw7dhq�_nd^q�law2� }rW- °£ ��UYprj^l7p�l;]¢U���UB��l�� Prl��)d^lV_aur_apcd�d^Prqt]%d^UBsvPSwrq�¥;`rU
dhl�d^PrU!]^lawrqtsY��l|l7T laprd^q�T�q�¦B_nd^q�lawHprjhla�r��U�T�£

���I� � �.-$%��X1D� �.' �.!�#&%�'(%*),+�#&%*�<-
OQPSUYT�_aq�w�p5laq�w7doq�w3]¢l7wrqts��5l|laTªjhUBur`Ss�dhq�l7wHqt]�d^P�_�doq�doPS_a]�dhl���U!_nd¢dh_aq�wSUBu
��q½dhPrla`cde_VpSj^l7Prq��Sq½dhq�»7U
urU��ajv_auS_�d^q�law�ln��dhPrU
_aq�jvs�jv_��Öd�_aU�jhlcucf|wS_nTVqts�_n�«p�UBj¢� l7j^T�_nw�s�Ua£3¼S`rj¢dhPrU�jhTVlajhUa�1_�ucq�j^U,s�d�U�»�_n��`S_�dhq�l7w
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la�Qd^PrU�]^Prlcsv¤+]^q��awS_nd^`rjhU�law�d^PSU�]¢l7q��«� j^l7T�dhPrU
�7¯ªÏk`r��U�j�UB¥;`S_�dhq�l7wS]&qt]�s�laTVpr`cdv_�d^q�law�_n����f+la`cd�la�
jhUB_7svP9£� ¬d?qt]kwrU,s�U,]^]h_njhf&d^l&TVlcucUB�cd^PrUQ�D_aj!�SUB��uV]^lawrqtsQ��l|l7T prjhlapS_a�7_nd^q�law9�n_aw�qt]h]¢`rU�_a`cd^Prl7j^q�dh_nd^q�»aUB��f
urUB]hs�jhq��5UBuV�5lndhP�q�w���W '� Sd^PSj^l7`r�aPVdhPrUoprq�lawrUBU�jhq�wS�&�%l7j^¤c]kla� � q�d^P�_nT�_n�5la`cd«d^PrUoT�_nd¢d^UBjB�;laj«q�w��å}7�! °£
OQPSUos�U�w;dhjh_a�cq�ucU,_�q�w � q�d^P�_nT � ]kd^PrUBlajhf�qt]1d^l&prjhlap�_n�7_nd^U��rq�¡¬ucq�TVU�wS]^q�lawS_a����fa�7q�w�_�pr�t_nwrUo]^pS_awrwrUBu��|f
dhPrU!Ë�q��7P7dYucq�jhUBs�d^q�law�_awSu�d^PSU�»aUBj¢dhq�sB_n�9l7wrUa��d^PSU�wrU,_nj���U��tu�]¢PSl|sv¤H�Q_N»aU&pS_nd¢d^UBj^w��5_7]^]^`rTVq�wS��]¢l7TVU
�Dq�w�ucU�U,u ]¢d^jhlawr� �&P|f|p�lad^PrU,]¢qt]�£ OQPrqt]�TV_a¤aU,]!dhPrU
pSj^U,]^]^`rjhU�]¢l7q���]^q��7wS_�dh`rjhU�U�»�_n��`S_nd^q�law _+prjhla�r��U�T
]^U�p�_njv_�d^U,u�� jhlaT d^PrUV­�¼#¯/]¢q�T�`S��_nd^q�law �?q�deqt]o_�s�l7T��rq�wS_nd^q�law�ln�k_V��q�wrU,_njhq�¦BUBuHprjhlapS_a�7_�dhq�l7w�dhPrU�l7j^f
� l7j&d^PSU��D_nj��SU��tu ]^q��7wS_�dh`rj^U�_awSu _3wrl7w ��q�wrUB_aj&d^PSj^UBU�ucq�T�UBwS]^q�l7wS_n�«]^U�d�ln��UB¥;`S_nd^q�lawS] �DÏk`r��U�j�� ]!laj
'�_N»|q�UBj¢¡ � d^l7¤aU,]	� �1� l7jQd^PrU&wrU,_nj �SUB��u
ËSl��&£

��U�PS_N»7U�q�ucUBw;d^q��SUBu�dg��l3j^U,s�UBw7d!��UB_7ucq�wr�3�%l7j^¤c]�l7w ]^lawSq�sV�5l|laT lapcdhq�TVq�¦B_�dhq�l7w ��Prq�svP � l7����l��
dhPrqt]!��q�wrU7£+Í�wrU�_a�½dhU�jhwS_�dhq�»7U�q�]�prj^U,]¢UBw;d^UBu q�w8� �� ¬£  w d^Prqt]���lajh¤¿��q�d�qt]!prjhlap5l7]^UBu _3p�_njv_nTVU�dhj^qts�_a�
l7pcd^q�TVq�¦,_�dhq�l7w!]^svPrUBTVUk� laj±dhPrU%]^lawSq�sk�5l|laT��N��PrU�jhUkdhPrU«pS_ajh_aTVU�d^UBjh]±]^pS_7s�U?qt]�ucU�d^UBj^TVq�wrUBu&�|f�]¢UB»aUBjh_a�
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d^PrUHprjhUBs�l7wSucq�d^q�lawrUBj�qt]V]¢f|TVTVU�d^jhqtsn£ �+UHPS_N»7U
]^U�U�w d^PS_ndV_aw _auSucq½dhq�l7wS_n�
]^TVl|lnd^PSq�wr���o_nprpS��q�UBu)l7w K � � GOC . 2 PRQ Pfg J�sB_nw q�wSucUBUBu q�TVprj^l�»7U�d^PrU�]¢l7��`rd^q�law9�o]^p�U,s�qt_n����f ��PrUBw
dhPrU!]^¤;q�w�TVUB]^P
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l7p�UBjh_nd^l7jQurU��SwrU,u�q�w(� ' ����q½dhPE� K 	a£
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OQPSU&w;`ST�UBj^qts�_a�¿T�U�d^Prlcu�_npSpr��q�UBu
� l7j�prj^U,ucqts�d^q�wr��]¢d^U,_aucf�Ï?`r��UBjQËSl��o]B�cq�]o_(�SwSq½dhU&»ala��`rTVU&]^svPSU�TVUa£
OQPSU�w;`ST�UBj^qts�_a�1ËS`cb�U�»�_n��`S_�dhq�l7w+qt]&ucl7wrUV� la����l���q�wr��lawSU�la�%dhPrUB]^U�TVU�dhPrlcur] �!Zol;U � ]!laj 4?_nw � U�U�j
Ë�`cb+»7UBs�dhlaj!]^pr��q½d^d^q�wr�S£�OQPSU�svPrlaqts�U�ucUBp�UBwSur]&l7w��D_as�dhlajv]���q�¤aUVjhla�r`�]gdhwrUB]h]�laj&prjhla�S��UBT ]^q�¦BUa£�OQPrU
l�»7U�jv_n����ucq��5UBj^UBw;d^qt_n�rq���q�dgf�ln�?dhPrU�pSj^lcs�U,]^]���q����1_n����l�� dhl
_aprpr��f�_aw�U�br_7s�d¢¡¬�ajv_aurq�UBw7de_aprprjhl7_7svP9£�OQPrU
_aprpr��q�sB_�dhq�l7w la��_ ]^PS_np5U�ucU,]¢q��aw)��l;l7p ]¢PSla`r�tu)q�w|»7la��»aU�d^PSU�jhU�p5UB_�dhUBu)jhU�¦Blawrq�wr� ln��dhPrU�TVUB]^P)d^l
_7s�s�la`rw;dV� laj�dhPrU3TVlcucq��5s�_�dhq�l7w)ln�Yd^PrU�]^PS_ap�U3la��dhPrU�_nq�jhs�jh_n�ÖdB£  w dhPrq�]��%l7j^¤¿��q�wS]^prq�j^U,u �;f d^PrU
_aprprjhl7_7svP�`�]¢U,u��|f��?la`rwr��¶�·�§����0� ��WaW< "���|��U�s�lawS]^q�urU�j�q�w�_ �Sjv]gd�prPS_7]¢Ued^PrUYlapcdhq�l7w�ln��j^UBprj^U,]¢UBw;d^q�wr�
dhPrUV]¢PS_ap�U�TVlcucq��5s�_�dhq�l7w��|f�_npSpr��f|q�wr�
_�d^jv_nw�]¢prq�jv_�d^q�law�s�lawSurq½dhq�l7w � d^PSq�]YTVUB_awS]�d^PS_nd�dhPrU�s�`rjhj^UBw;d
]^PS_ap�UYq�]QucU	�SwrU,u���q�d^PHj^U,]¢p5UBs�d%dhl�dhPrU�TVU,]¢PH]¢¤|q�w
_a]Q_�p�UBj¢dh`rj^��_�d^q�lawH]¢q�T�`S��_nd^UBu��|fVd^jv_nwS]^prq�jh_nd^q�law
�ß]¢UBUY� laj�U�br_aT�pS��U �å}a}! "���Sj^U�� U�jhj^U,u�q�w
dhPrU!]^UB¥;`rU��9_7]�d^PrU0*;·°µ^§n¨r³¬º�²Öµ^¶v©&ºc¶�µ�·I�cµBÁh§n·ß²DÀn¨�,�£?OQPrU�w�C3qt]Qd^PrU
p5U�j^d^`Sj^�S_nd^q�lawH� `rwSs�d^q�law � q�deqt]�d^PSU�_n���aUB�rjh_aq�sY��U�wr�ad^P�la�1d^PrU�urq�]^pr�t_as�UBTVU�w;deln�1dhPrU!�5la`rwSuS_njhf
_n��lawS�
q�dh]�wrlajhT�_n�°£#��U�jhUBs�_a���1dhPrU�dhjh_awS]¢pSq�jv_�dhq�l7w�s�lawSucq�d^q�law � l7j�Ïk`r��U�j!ËSl��o] � � U�d�`S]�ucUBwrlndhU��|f
	 � ���
�dhPrUV]¢PS_ap�U�d^lH�5U�UBT�`r�t_�dhUBu��|f�dhjh_awS]¢pSq�jv_�dhq�l7w�_nwSu��;f /��� 4������ dhPrU�wrlajhT�_n�#ln�?dhPrU�]¢PrUB���°£!OQPrUV]¢��q�p�5la`SwSur_njhf�d^U�jhT�ln�±dhPrU�ËS`cb UVGiQ J#q�]QucU	�SwrU,u�_a]«� la����l��o] ��� laj�UB_asvP
s�laTVp5lawrUBw;d%ln�±dhPrU�Ïk`r��U�j�ËSl��
U,¥;`S_�dhq�l7wS]Q]¢U�dB�
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ln�#d^PrU!ËS`rqtu±£�OQPSq�]o_aprprjhlNbcq�T�_�dhq�l7w
P�_a]�prjhl�»aU,u�dhl���U�U�wrl7`r�aP�_asBs�`rjv_�dhU
� l7j�jh_nd^PrUBjQ��_aj^�7U�p5U�j^d^`rjh�S_nd^q�lawS]Qla��dhPrU&��l7`rwSur_aj^f�_awSuH»aUBj^f�jhla�r`�]gd,£

OQPrU�]¢UBwS]¢q�d^q�»|q½dgf�_nw�_n��f|]^qt]QPS_a]e��UBU�w3U�br_7s�d^��f
urU�jhq�»7UBu±�r�S`cdY_a�7_nq�w�q�w�_ ��jh]¢deprPS_7]¢U7�rlawS��fH`rp�d^l
dhPrU �Sjv]gd^¡°l7jhucUBj�_7s�s�`rjh_nd^U�`rp|��q�wSuH]hsvPrU�TVUa£kOQPrU�»�_n��qtur_�dhq�l7w�ln��d^Prqt]�]^U�wS]^q½dhq�»|q�dgf�q�]Qp5U�j^� lajhTVUBu��;f�_
urq�jhUBs�dks�laTVpS_aj^qt]¢l7w!��q�d^PVucq�»|qtucUBuVucq��¿U�jhU�wSs�UB]#ln��d^PrUos�l7]¢d�� `rw�s�d^q�law � U�jhjhlaj1q�w��ajv_aurq�UBw7dks�l7TVp�l7wrU�w;dh]
qt]�_n�5la`rd!£ ~7~rWa£

OQPrU��a��la�S_a��]hsvPrU�TVU!qt]�UB]h]¢UBw7dhq�_a����fHTV_7ucU!la�kd^PrjhU�U���l|lap�]�£eOQPSU!U�b|d^UBj^w�_n����l|lap�qt]e_�j^UBTVUB]^Prq�wS�
��l|lap q�w ��PrqtsvP _�wrU��ª]^PS_np5U�qt]�ucUBj^q�»aU,u�� j^l7T _nw l7��u l7wrU�`rp¿ur_nd^UBu �|f+d^PrU�d^jv_nwS]^prq�j^U,u+p5U�j^d^`Sj¢¡
��_�d^q�law�£  w dhPrU
U�br_nTVpr��UB]!pSj^U,]¢UBw7dhUBu PrUBj^U7�?_a]!d^PrUH�ajhq�u TVl�»7U�TVU�w;dh]���PrU�jhU�wSlnd�]^l�q�TVp�l7j¢dv_nw;dB�
dhPrqt]�j^UBTVUB]^Prq�wS�V]¢d^UBp�q�]o]^¤|q�pSp�U,u±£��ol���U�»7U�j,�;q�deqt]Q�%l7j¢dhP�dhl�]^_Nf�d^PS_nd�d^Prqt]��Q_a]Q`S]^UBu
d^l�_7]^]^UB]h]�d^PrU
s�lajhj^U,s�dhwrUB]h]kln�¿dhPrUodhjh_awS]¢pSq�jv_�dhq�l7w�_nprprjhl7_7svP9£� w
_n���Sln�±dhPrU�sB_a]^UB]?d^PS_nd%��UoPS_N»aUod^UB]¢d^U,u�q�dB�7d^PrU�ËSl��
��U��tu+l7�cdh_aq�wSUBu+U�q�d^PrUBj&��q½dhP+dhjh_awS]^prq�jv_�dhq�l7w�l7j&j^UBT�U,]¢PSq�wr��`S]^q�wr�3_a]&]^¤;q�w�T�U,]¢P�dhPS_�d!qt]�prjhl|ur`Ss�U,u
�|f+d^jv_nwS]^prq�jh_nd^q�law ��U�jhU��S_a]^qts�_n����f�d^PSU
]h_nTVUa£�OQPrU
U�b|d^UBwS]^q�»7U�`S]^U�ln��dhPrU�l7`cd^UBj�jhU�TVUB]^Prq�wr�3��l|l7p
qt]oucqt]hs�`S]h]¢U,u�q�w�_�� laj^d^P�s�laTVq�wr�VpS_np5U�j,�r��PrUBj^U&_aU�jhl;UB��_7]gdhq�s�s�la`rpr��q�wr�Vq�]o_7urucjhUB]h]¢U,u
_awSuHj^UBTVUB]^Prq�wS�
�5UBs�laTVUB]�_�T�`S]gd,£
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OQPSU �Sjh]¢d&dg��l�_njhU�jv_�dhPrU�j!_7s�_7ucU�TVqts���_aw Í '�Ï?Zo® Î�'���q�wr������PSq�svP q�w �D_as�d �Ö� � �
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¼#q��a`rjhU!� �oÍ 'eÏ«Zo®/Î�'S�¿}a¯ ]^UBs�d^q�law9£�ikjhUB]h]¢`Sj^U!s�law;d^l7`rjo��U�»aUB��]o� laj�dhPrU�l7j^q��aq�wS_a� � ��U��Öd-�o_nw�u�lapcdhq½¡
TVq�¦�U,u �Dj^q��aP;d-�«pSj^l��S��U,] � �r��l��Q¡¬`rp ��£
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¼#q��a`rjhU!z �oÍ '�Ï?Zo® Î�'r�9}a¯/]^UBs�d^q�law9£ei?j^U,]^]^`rjhU�]¢PSl|sv¤�prjhlap�_n�7_nd^q�lawH��UB��l�� dhPrU�_aq�j^� laq��t]e_�d�d^PrjhU�U
urq��¿U�jhU�w;d�»aUBj¢dhq�sB_n�±p5l7]^q½dhq�l7wS]Qpr�t_as�U,u
_ndo~r£å{�����_awSu7'�svPrlajvu���U�wr�7P;dh] �ÖdhPrqt]�q�]�d^PrU���¡ s�l|l7jhucq�wS_nd^U!��£

5 É � _+]¢`rp5U�jv]^lawrqts���q�wr�+�r`cd�q½dVqt]�»7U�jhf `S]¢U�� `r�Qd^l�d^U,]gdVd^PSUH]hsvPrU�TVU7�«_nwSu _nw _aq�jvs�jv_��Öd�� ]��aUBwrU�jhqts
wSl7]^Ua�|�r`rq��½do]^q�TVpr��f��|f�j^ladh_nd^q�wr��_ 'e®e­�® ~a~SW,}r£#OQPrUY�t_a]¢d�l7wrU�qt]�_�]¢PS_ap�UYln�#_!� `cdh`rjhU�]^`rp5U�jv]¢l7wrqts
�S`S]¢q�wrU,]^]#mgU�dB�rprjhlnmgU,s�dhUBu
�;f
¯�_7]^]h_n`r��do®�»|qt_�dhq�l7w9£
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����� ������� 6 �	� 	9%�- �
®e�½dhPrla`S�aP�dhPrUV]¢pS_7s�U�ucq�]hs�jhU�dhq�¦,_�dhq�l7w�ln�?dhPrqt]�U�br_nTVpr��U�qt]Y»aU�jhf3s�l;_njv]¢U#��
�
�W�
�wrlcucU,]�� 	�W�W���
VdhU�d^jv_�¡
PSUBucjv_ ���«q�d���q�����d^PSlajhla`r�7Pr��f q�����`S]¢d^jv_�dhUHd^PrU3qtucUB_7]VprjhUB]^U�w;d^U,u _a��l�»7Ua£)OQPrU���q�wr� � ]�]^¤|q�w)TVUB]^P q�]
s�laTVp5l7]^UBuVln������W!wrlcucUB]B�7jhUB]^`r��d^q�wr��q�w 	���
 � d^jhq�_awr�a��UB]B£ ��UYPS_N»aUo`�]¢U,u�d^PSq�]�s�_7]¢Ued^l!dh`rwrU�ucq��5UBj^UBw7d
p�_njv_nTVU�dhU�jv]�ln�1d^PSU�]hsvPrU�TVUa£�OQPrU!q�wrq½dhq�_a�#s�lawSurq½dhq�l7wS]e_aj^U�urU��SwrU,u3�|fH_��D_nj �SU��tu�Î3_7svP3w;`ST��5U�jela�
	�� �&_awSu�_nw�_awr�a��Uola�±_nd¢dv_asv¤�ln��
 � W�W&ucUB�ajhU�U,]�£#OQPrUeprjhUB]h]^`rj^Uourq�]¢d^jhq��S`cd^q�law�q�w�d^PSUeucl���w|��_ajhuS]1��q�wr�
�D_7s�U�qt]o]¢UBU�wHq�wHdhPrU!¼#q��7`rj^U!{r£ 'elndhU&q�w
d^Prqt]o¼#q��a`rjhUYd^PrU!s�l7_njv]^U�wrU,]^]%ln�#d^PrU&TVU,]¢P9£

 wHd^PSq�]�U�br_nTVpr��Ua�c��UYP�_N»aUYd^U,]gdhUBu
TV_aw|f�ucq��5UBj^UBw7dop5l7]h]^q��rq���q½dhq�U,]�d^l�s�_aj^jhfVla`cd�dhPrU!]^PS_np5U�lapcdhq½¡
TVq�¦B_nd^q�law!prjhlcs�U,]^]B£ ��U%P�_N»aU«»�_aj^q�UBu�dhPrU�pS_njv_nTVU�dhU�jv] �

2
� � 3 _nwSu � � ln���gWB� ���n_awSu&��U%PS_N»7U%]¢d^`Surq�U,u�5lndhPHd^PrU&»7la��`rTVUYpSj^U,]¢UBj^»|q�wr���7jh_7ucq�U�w;d�pSj^lamgUBs�dhq�l7w � 4�i«Ì�i �QlajQdhPrU&T�`r��d^q���U�»aUB� �D_7urucq�d^q�»aU&laj�wSlnd��

pSj^U,s�law�ucq½dhq�l7wrUBuHTVU�dhPrlcu±£� w�dhPrq�]Ys�_7]¢U7�r��U!PS_N»aU!]^U�UBw�d^PS_nd��5U�q�wr��dhPrU�]^¤|q�w3TVUB]^P�]^l�s�l;_njv]¢U7�cd^PrU
_7urucq�d^q�»aU&T�`r�½dhq���U�»7U���prj^U,s�l7wSucq�d^q�lawrUBjoq�]o`rwrwrU,s�UB]h]h_njhfa£QOQPrU�svPrl;]¢UBw � � ]opS_ajh_aT�U�d^UBjh]�_aj^U � �

2
K�Wr�� 3 K 	e_nwSu � � KA	 Wr�;TVUB_awrq�wS��d^PS_nd*�Sjv]gdh��f7�adhPrU�urjh_a�&q�]«U�brs���`SucU,uV� j^l7T dhPrU�s�l7]¢d?� `rwSs�d^q�lawS_a�ß�|_nw�u

]^UBs�lawSur��f7�cq½dv]Qprj^U,]^]^`rjhU��ajv_aucq�U�w;d�d^U�jhTªqt]Qd^UBwHd^q�T�U,] *¢PrUB_N»|q�U�j$,od^PS_aw
dhPrU&��q½�Ödol7wrUa£

¼#q��a`rjhU�{ ��Í 'eÏ«Zo®¾Î�'3��q�wS�S£�ikjhUB]h]¢`Sj^U�ucqt]¢d^jhq��r`rd^q�law ln��dhPrU�ucl���w|�Q_njvur]���q�wr�3�D_as�Ua�k]^Prl���q�wS�
_a��]^l�d^PrU!]^¤|q�w�TVUB]^P9£
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¼#q��a`rjhU '
]^Prl��o]�dg�%l�ucq��5UBj^UBw;d�l7pcd^q�TVq�¦BUBu�]¢P�_np5UB]B�9��q½dhP _nwSu���q½dhPrla`cd 4Yi«Ì�i lapcdhq�TVq�¦B_nd^q�law9£
 w��5lnd^P sB_a]^UB]B�¿d^PrU�ucl���w|�Q_njvur]���q�wr�H�D_7s�UVq�]&Ë�_�d^d^U�wSUBu±��]^U�UB¤|q�wr�HdhlH��l��/url���w�dhPrU�]¢l7wrq�s��5l|laT
UBTVq�]h]¢q�law�£ ®o�t]^l d^PrU3dhjh_aq���q�wr� UBuc�7U3q�]
]¢��q��aP;d^��f s�`rj^»7UBu)ucl���w|�Q_njvur]�d^l s�l7wS]^U�jh»aU���q��Öd�� l7jhs�Ua£  w
dhPrU �Sjv]¢des�_a]^Ua�S��q½dhP�4�i«Ì�i)dhPrU�»7la��`rTVU���l;]gdeq�w�d^PSU&�D_as�U&��UB��l�� q�]ej^U,s�l�»7U�jhUBu�q�w�d^PSU&�D_as�U!_n�5l�»aUa�
jhUB]^`r��d^q�wr�eq�w�_aw!laprd^q�T�q�¦�U,u!��q�wr�Y��q½dhP!d^PSU �ß_nprprjhlNbcq�T�_nd^U���f �¿dhPrU�]h_nTVU%»ala��`rTVUa£ � Prq�d^Prl7`cd�4Yi«Ì�i#�
dhPrU!jhUB]^`r��d^q�wr����q�wr��q�]eq�w�ucU�U,u �SwrUBje_nwSu�TVl7j^U&U	#�s�q�UBw;deq�w��aU�wSU�jv_n�¿d^UBj^T�]B£�OQPrU!�5l;l7T�jhUBur`Ss�dhq�l7w
qt]Q]¢UBU�w
q�w�¼#q��7`rj^U!�|£  ¬d�]¢PSl��o]«dhPrUYprj^U,]^]^`rjhU�ucqt]¢d^jhq��r`rd^q�law�_n��lawr��_���q�wSU��5U���l�� d^PSUY��q�wr�V_�dQPS_n����la�
q�dh]o��q�wr�;]¢p�_nw9£«OQPSU!lajhq��7q�w�_n�9Î�'Vprjhlcuc`Ss�U,]Qd^PSU�dgf;pSq�sB_n� � q�d^PS_aT � ]o¼�¡°� `rwSs�d^q�law�d^lVdhPrU�]^Prlcsv¤ �Sjv]gd
]¢d^jhlawS��s�laTVprjhUB]h]¢q�law��9q½d�� la����l��o] �Sjv]¢d�_3]gdhj^l7wr��l�»aU�j^¡¬U�bcpS_nw�]¢q�law�_awSu+d^PrUBw _3]¢TVl|lndhPrU�j&pSj^U,]^]^`rjhU
jhUBs�l�»aUBj^f7£�®e]kjhU�p5laj^d^U,u�q�w���lajh¤|]#��q�¤7U ��W!'� ¬�nd^PSU '�¡ ]¢P�_np5Ua�a��PSU�wVprjhlapS_a�7_�dhUBu�ucl���w|��_ajhur]B��prjhlnmgU,s�dh]
l7w�d^PSU�]^laq��SdhPrUY]^lawSq�s�]¢q��awS_nd^`rjhUa�7��PrqtsvP�q�]«d^PSUYsB_n`S]^Uela�±d^PrU�]¢l7wrqts���l|l7T � laj?dhPrqt]%p�_nj^d^qts�`r�t_nj�s�_a]^Ua£
��U�P�_N»aU
]^U�UBw _n�5l�»aU7�1q�w dhPrU3}n¯¾]¢q�TVpr��q���sB_�d^q�law � laj�d^PrU3Î�'3dhPS_�d�d^Prqt]��D_as�d�]¢dh_nj^dh]�d^l+��U,s�l7T�U
_aprpS_aj^UBw7d�_�d�_aj^l7`rwSu�' svPrl7jhu ��UBwr�ndhPS]V�5U���l��&£)OQPSU74Yi«Ì�i laprd^q�T�q�¦�U,u ��q�wr� ]^TVl;lad^PS]�dhPrU '�¡
]^PS_ap�U7�c��lad^P3�|f�jhUBuc`Ss�q�wS��dhPrU!p5UB_a¤�_n��TVl7]¢d�dhl�PS_n���1ln�1q½dv]�q�w;dhU�wS]^q½dgf
_nwSuH�|f�jhU�dh_ajhurq�wr�Vq�dh]�jhqt]¢q�wr�S£
OQPSq�]��D_as�d�prj^lcuc`�s�UB]V_�]¢U,s�l7wSu _7uc»�_nw;dh_a�aU%��d^PrUH� la����l���q�wr�+U�bcpS_awS]¢q�law q�]V]^PS_n����l��%UBjB£ ��`cd���PrUBw
dhPrUY»ala��`rTVUYprj^U,]¢UBj^»|q�wr��s�lawS]¢d^jv_nq�w;d%qt]�`rwr��UB_a]^PrU,u±�;d^PrU�jhUB]^`r�½dv_nw;d%wSlawc¡ 4�i«Ì�i laprd^q�T�q�¦B_nd^q�law
f;q�U��tur]
_�ucq��5UBj^UBw;dB�«TVl7j^UHU�b|d^jhU�TVU�la`rdhs�l7TVU%��dhPrU3�5l�� ]¢PSl|sv¤ pSj^lamgUBs�dhUBu uclaw|�Q_njvur]�P�_a]Vucqt]^_aprp�U,_njhUBu±�
��UB_N»|q�wr��_�prjhUB]h]^`rj^U *¢pr��_nd^U,_n` ,��±prjhUBs�U,ucUBu+�|f�_�]¢TVl|lndhP+jhq�]^q�wr�H_awSu�� la����l���UBu��;f+_nw+_a��]^l�]¢TVl|lndhP
U�bcpS_nwS]^q�law9�r��q�d^P�wrl�d^jv_as�U!ln�1dhPrU('o¡¬]^PS_np5Ua£�OQPrqt]oqt]Ys�_n`�]¢U,u
�|f
d^PrU�Ë�_�d^d^UBwrUBu�url���wc¡ß�D_7s�U7�r��PrqtsvP
urU�»aUB��l7p�U,]9_�TVlajhU?s�l7wS]¢dh_nw;d9prjhUB]h]^`rj^U?urq�]¢d^jhq��S`cd^q�law9£#OQPrU?��q½�Öd1_nwSu�ucjv_n�os�l|U�#�s�q�U�w;dh]9� laj9l7`rj�l7j^q��aq�wS_a�
Î�'�_awSu�� laj��5lnd^P�l7pcd^q�TVq�¦,_�d^q�law�]�_njhU�]^Prl���wHq�w3O#_n�r��UVWa£

¼#q��a`rjhU0')�kÍ '�Ï?Zo® Î�'!��q�wr�S£«Í�pcdhq�TVq�¦�U,u�]¢P�_np5UB]B£#O�lap9�|��q�d^P
4Yi«Ì�i#£r��lnd¢dhlaT��;��q�P;d^l7`cd 4Yi«Ì�i#£
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Í�jhq��7q�wS_a� 4�i%Ì�i wrl14�i%Ì�i� � ~S£ ~;{7�n~ ~r£ ~a�az7� �������������� ~S£ ~7�rW�� ~r£ ~7}7}a{ ��������	�


O#_n�S��U!W �«Í 'eÏ?Zo® Î�'!��q�wr��£1¯�jv_n��_awSu���q½�Öd�s�l|U�#�s�q�UBw7d«� laj 4�i«Ì�i6� »al7��`ST�U�prjhUB]^U�jh»;q�wr�&�7jh_7ucq�UBw;d
pSj^lamgUBs�dhq�l7w ��_nwSu
wrla¡ 4Yi«Ì�i lapcdhq�TVq�¦B_�dhq�l7wS]B£

¼Slaj&dhPrq�]!pS_nj^d^qts�`r�t_nj&sB_a]^Ua��wSlnd!¤aUBU�prq�wr�Hd^PSU�»ala��`rTVU�s�l7wS]gdv_nw;d&PS_a]!�aq�»aU�w _H��U�d¢dhU�j!l7`cdhs�laTVUa�
�5UBsB_n`S]^U�_auSucq½dhq�l7wS_n����fa�#q½dv]!_nUBj^lcucf|wS_aT�qts�p�UBj¢� l7j^T�_awSs�U�qt]!�5U�d^d^U�j!��q�d�PS_7]&jhU�wSucUBj^U,u _���q�wr�3��q�d^P
_
��q½�Öd!s�l|U	#�s�q�UBw;dYl7wr��f�������l���U�jY��q�d^P�PS_n���%la�?d^PrUVl7j^q��aq�wS_n����q�wS�
dhPrqtsv¤;wSUB]h]�£!��U���l�� q�dYqt]&]^Prl���w
dhPS_�dY_�ucq��5UBj^UBw7d�]¢U�deln��� � ]es�_aw3prjhl|ur`Ss�U�]^PS_ap�U,]�d^P�_�d���PSq���U!¤aUBU�prq�wr��dhPrU!dv_njh�aU�de_nU�jhlcucf|wS_nTVqts�_a�
pSj^l7p�UBj¢dhq�U,]Y_awSu+j^U,uc`Ss�q�wr�Hd^PSUV]^lawSq�s��5l;l7T�U�TVqt]^]^q�law9�±dhPrUVprjhUB]^U�jh»aUV_nprprjhlNbcq�T�_nd^U���fHd^PrU�l7j^q��aq�wS_a�
»7la��`rTVUa£
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¼#q��a`rjhU�� �«Í 'eÏ«Zo® Î�'V��q�wr�S£kikjhUB]h]¢`Sj^U&_n��lawS��_���q�wrU&�5U���l�� dhPrU&��q�wr�S£

���I� 6\%�0 �`0&+N=R#�
 , �"�4-$�Z0@% �
-��?,;�
OQPSUoËSl��)jhU��aq�TVUoqt]%_a�7_nq�w�� K 	 � �r£1OQPrU��aU�l7TVU�d^jhf�q�w�dhPrq�]�U�bc_aTVpr��Ue��_7]?�aUBwrU�jv_�dhUBuV�|f�j^ladh_�dhq�wS�
_ 'e®e­�® ~7~rWN}epSj^l��S��U�_njhla`rwSu�q�dh]�_�bcqt]1d^l�prj^lcuc`�s�Ue_aw�_nq�jhs�jh_n�Öd � ]kwrl7]^U�¡¬��q�¤7U%� l7j^T�£kOQPrUo��_asv¤|��_ajhuS]
�D_7s�q�wr�&pS_aj¢d?la�5dhPrUe]^la��q�uVpSj^lcuc`Ss�UBu��|f�dhPrUoprjhl ����U � ]kjhlndv_�dhq�l7w�qt]kjhU�pr�t_as�UBu��|f�_&s�f|��q�wSucUBjB£1OQPrUoqtucUB_
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¼�q��a`Sj^U&� �k®eq�jvs�jv_��Öd�� ]oÌYUBwrU�jhq�s 'el7]^Ua£?ikjhUB]h]¢`Sj^U�ucqt]gdhj^q��r`cdhq�l7wHq�w3_�pr��_awrU���UB��l�� d^PrU&wSl7]^Ua£

la�kd^Prqt]YU�br_nTVpr��U�qt]ed^l
]^Prl�� dhPrU�U �5U,s�d�ln�kd^PSU�]^lawrqts!�5l|laT U�TVqt]^]^q�law�l7pcd^q�TVq�¦,_�d^q�law+_as�dhq�wS�
_n��lawSU
l7w�_�]^q�TVpr��U��aUBlaTVU�dhj^f7£�OQPrU���q��Öd�_nw�u�urjh_a��dhU�jhTV]�q�w�d^PrU�s�l7]¢d�� `rwSs�dhq�l7wS_n�%_njhU�dhPrU�w UB��q�TVq�wS_nd^U,u
�|f��rbcq�wr� �

2
K
WV_nwSu � 3 KbWr�r�5U�q�wr� � � KA	7£«OQPrU&l7pcd^q�TVq�¦,_�d^q�law��Q_a]�ucl7wrU&��q�d^P 4�i«Ì�i lawHd^PrU

s�laTVpr��U�dhU�»al7��`ST�U7£�OQPrUV]^pS_�dhq�_a��TVUB]^P�qt]eT�_7ucU�la�%{7�|WN{���dhU�d^jv_nPSUBucjv_r�¿s�l7T�pSj^qt]¢q�wr��W7WB~azaz�wrlcucU,]�£
OQPSU�]^¤|q�w�TVUB]^PHq�]�T�_7ucU�ln�k�a�rW!'&dhj^qt_nwr�7��U,]�£

¼#q��a`rjhUB]1�r���Y_nw�u�W,~e]^Prl�� d^PSU�U �5U,s�dkln�Sd^PrUQlaprd^q�T�q�¦B_nd^q�law�prj^lcs�UB]h]�£  w�dhPrq�]ksB_a]^Ua����U%P�_N»aU«`�]¢U,u
dhPrUV_aurucq�d^q�»aU�T�`S�½dhq���U�»7U��1prjhUBs�l7wSucq�d^q�lawrUBjY_awSu�_aw+_7urucq�d^q�lawS_a�1]^TVl|lnd^PSq�wr�
� laj�d^PSUVs�l7]¢d�� `SwSs�dhq�l7wS_n�
�7jh_7ucq�U�w;d�l7w�d^PSUV]^`rj^�D_as�Ua£�OQPrUVprjhUB]h]^`rj^U�ucqt]gdhj^q��r`cdhq�l7w�law+d^PSU�Prl7j^q�¦�l7w;dh_n�#pr�t_nwrUV�5U���l��xd^PSU�wSl7]^U
]^Prl��o]�dhPS_�d�dhPrU+]^TVl|lnd^PSU�wrq�wr� ln��dhPrU�p5UB_n¤ prjhl|ur`Ss�U,u)�;f d^PrU+]¢Prlcsv¤ _nPrU,_au d^PrU�wrl7]^U3q�]�»aUBj^f
U �5U,s�dhq�»7Ua£kOQPrqt]«qt]%_7svPrq�U�»aU,uV�|f�pSj^l7��l7wr�aq�wr��d^PSUewrl;]¢UY_nwSu�jhqt]¢q�wr�&dhPrUYurl���w;�Q_njvur]kP�_n���g£1OQPSUejhq�]^q�wS�
pSj^lcuc`Ss�UB]�_n�;_nq�w+_�Ë�_�d^d^UBwrq�wS�Hla�«dhPrU�pS_nj^d�ln�«dhPrUV�aUBlaTVU�dhj^f3��PrqtsvP�q�]Y�D_7s�q�wr�Hurl���w9£�®�]Yd^PrU�� `r���
»7la��`rTVUoqt]«s�l7wS]^U�jh»aUBu���PS_nd«�al|U,]«_nPSUB_auVq�w�dhPrUowrl;]¢U � ]«lapcdhq�TVq�¦�UBu�]¢PS_ap�Ueq�]�s�l7T�p5U�w�]^_nd^UBuV�|f���PS_�d
s�laTVUB]�d^l�d^PrUHjhUB]¢d�ln�ed^PrU�s�f|��q�wSurU�j,£ OQPSq�]�Ë�_�d^d^UBwrq�wS�+qt]V]¢PS_aj^pS��f��Swrqt]¢PSUBu _nd�dhPrU
d^jv_nq���q�wr��pS_aj¢d
la�od^PSU�s�f|��q�wSucUBjB�k�D_aj�� j^l7T d^PrU�wrl;]¢U7�«]¢q�TVpr��f ��U,s�_a`S]¢U
d^PSU�jhU
UBwSur]�d^PSUHw|`rTVUBj^qts�_a��ucl7T�_nq�w _nw�u
dhPrl7]^UowrlcucU,]«_aj^U �Sb|U,u±£1OQPrUejhUB]^`r��d^q�wr�!�r`rTVp�q�wVd^PSUe�aUBlaTVU�dhj^f�prjhl|ur`Ss�U,]kd^PSUeprjhUB]h]¢`Sj^U�U�b|p�_nwS]^q�l7w
q�w d^PSU��D_nj�j^q��aP;d!la��dhPrU�pSj^U,]^]^`rjhU�pr��lad�q�w ¼�q��a`Sj^U��S£3®ow|f|��_Nf7��dhPrq�]�pS_aj¢d!la��dhPrU
urlaT�_nq�w q�]�la`cd
la�1d^PrU!l7pcd^q�TVq�¦,_�dhq�l7w3prj^l7�r��U�T�£  w�dhPrU�wSU�b|deU�br_aT�pS��U7�rd^PSU 4�i«Ì�i uclawSU&p�UBj¢¡ ]¢U,s�dhq�l7wS]���q�����prj^l7��U
U �5U,s�dhq�»7U%dhl&_N»alaqtu&dhPrqt]�£1OQPrU�prjhUB]h]¢`Sj^U%pr��lad?q�wV¼#q��7`rjhU ��s�lajhj^U,]¢p5lawSuS]9dhl�dhPrU�prjhUB]h]¢`Sj^UQucqt]gdhj^q��r`cdhq�l7w
_a��l7wr�Vd^PSU�TVqtuc��q�wrU�ln�kd^PSU�pr�t_nwrU�]¢PSl���w3q�w�¼#q��a`rjhU��S£� ¬d&]¢Prl��o]�d^PS_ndB�±_a]eq�w�d^PrU�s�_a]^U!la�kd^PrUVÎ�'r�

Ò Ó#Ô9ÒÖÕ



� ¶�µ^ÀB©���¨5§nÂ�²D´v§��1§�¨¿©V³�À�¨�²D´�ÁhÀ,À�ÂÃÀvº�·°²ÖÂ�²�¸B§n·ß²DÀn¨ W��

0.15

0.2

0.25

0.3

0.35

0.4

-0.2 0 0.2 0.4 0.6 0.8 1

P

X-coordinate

No optimization
Optimization, VPGP, ML

Optimization, VPGP, A-ML

0.15

0.2

0.25

0.3

0.35

0.4

-0.2 0 0.2 0.4 0.6 0.8 1

P

X-coordinate

No optimization
Optimization, VPGP, ML

Optimization, VPGP, A-ML

¼#q��a`rjhU�� �3®oq�jhs�jh_n�Öd � ]�ÌYU�wrUBj^qts 'ol7]^Ua£)O�lap9�%lajhq��7q�wS_a�Q�aU�l7TVU�d^jhf � TVU,]¢P)]¢PSl���w ��_nwSu lapcdhq�TVq�¦�U,u
]^PS_ap�U �D]^la��qtu)��£?��lnd^d^l7TH�cpSj^U,]^]^`rjhUY_a��l7wr��_�s�U�w;d^UBj^U,u���q�wrU&��UB��l��&£

_n�Öd^UBj�lapcdhq�TVq�¦B_�dhq�l7w dhPrU '�¡ ]^PS_np5U�prj^U,]^]^`rjhU
qt]VTVlcucq���UBu �|f _�p�U,_n¤ jhUBuc`�s�d^q�law)_nw�u _�jhq�]^q�wS��la�
dhPrU�p5l7]¢d^UBj^q�laj!U�bcpS_nwS]^q�law9�#j^U,]¢`S�½dhq�wr��q�w _�T�l7j^U�pS��_awrU�prjhUB]h]¢`Sj^U�ucqt]¢d^jhq��r`rd^q�law9£  w dhPrU�pr��lnd,�1d^PrU
jhUB]^`r��dh]«wrlnd«`�]¢q�wr�&dhPrUeprjhUBs�lawSurq½dhq�l7wrU�j«_aj^U�_n�t]¢l&q�wSs���`SucU,u±�c]¢PSl���q�wr��dhPrU�]^`r�S]¢dh_awSs�qt_n�Sq�TVprjhl�»aUBT�UBw;d
la�¿d^PrUe_7urucq�d^q�»aUoT�`r��d^q���UB»aU��°�a�5lndhP�q�w�d^PrUop5UB_a¤�_awSu�U�bcpS_awS]¢q�lawVjhUBuc`�s�d^q�law�]?_nwSuVq�wVd^PSU�]^T�l|lad^PrwrU,]^]
pSj^U,]^]^`rjhU«ucqt]gdhj^q��r`cdhq�l7w�ucl���wS]¢d^jhUB_aT�£� ¬dh]�m¢_n�7�aU,u!svPS_njv_as�d^UBj9q�]1uc`SU«dhlod^PSUQs�l7_ajh]^U�wrU,]^]9ln�rdhPrU�]^`rj^�D_as�U
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�7j^qtu3ucl���wS]¢d^jhUB_aT dhPrU�wrl7]^U!q�dh]^U����g£YOQPrU �SwS_a�#l7`cdhs�laTVU!qt]ewSlndY_
s�l7T�pS��U�d^U�]^Prlcsv¤HË�_�d^d^UBwrq�wS�
uc`rU
dhl�d^PrU&�7j^qtu
s�l7_ajh]^U�wrU,]^]%�r`cdoq�de]^Prl��o]�_V]gdhj^l7wr��dhU�wSurU�wSs�f�d^l��Q_njvur]�q�dB£

¼#q��a`rjhU�W,~ �e®eq�jvs�jv_��Öd�� ]�ÌYU�wSU�jhq�s('ol7]^Ua£!i?j^U,]^]^`rjhU�ucqt]gdhj^q��r`cdhq�l7w�q�w+_�pr��_awrU���UB��l��xdhPrU�wrl7]^Ua£&O�lap9�
�5U�� l7j^U�l7pcd^q�TVq�¦,_�d^q�law�£1��lad¢d^l7T��S_��ÖdhU�j�laprd^q�T�q�¦B_nd^q�law9£
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��� * ��A�!D�Z0 , �<-$% ��� A , %f-���,:,�� �,#
OQPSU �SwS_a�SU�br_aT�pS��Uoqt]«_aw�lapcdhq�T�`rT ucUB]^q��7w�]gdh`Sucf�ucl7wrUolaw�_&pSj^lamgUBs�dhUBu � `Sp�UBjh]^lawrqts���`S]^q�wrU,]^]��nU�dB�
`SwSucU�jYucU�»7U���lap5U�TVU�w;de_nd�¯�_7]^]h_n`S�½de®�»|q�_nd^q�law9£QOQPrU!�7U�laTVU�d^jhf��Q_a]�prjhl�»|q�urUBuH�|f�d^PSU�s�l7wS]gdhj^`�s�d^l7jB£
OQPSU�]¢p�_�d^qt_n���ajhq�u)P�_a]�W����;{a}�'�wrlcucU,]�q�w �a�SWB�;}a}�d^U�d^jv_nPrU,ucjh_ _awSu s�l7j^jhUB]^p5lawSur]�d^l PS_a�½�!la�&d^PrU
_aq�jvs�jv_��Öd,�9��q�d^P _�»aUBj¢dhq�sB_n�?]^f|T�TVU�d^jhf�pr�t_nwrU��ß]¢UBU�¼#q��7`rj^U3W7W!��£
OQPrU�q�wcËSl���Î3_asvP w|`rT���UBj!q�]�Wa£ �
_awSu�d^PrU!_awr�a��U�ln�#_nd¢dv_asv¤�qt] 
��n£

OQPrU�_nq�jvs�jv_��Öd?��q�wr�7]�_njhU�d^PSUedv_njh�aU�dv]?la�±d^PrU�lapcdhq�TVq�¦B_�dhq�l7w9£kOQPrU�]^q�T�pS��q��SUBu���q�wS�7]?pSj^l�»|qtucUBuV�|f
dhPrU�s�l7wS]¢d^jh`Ss�dhlajY� laj&dhPrqt]&�aUBwrU�jhq�s��7U�laTVU�d^jhf�_njhU�PSlajhq�¦Blaw;dh_a����f�]¢f|TVTVU�dhj^qts�_a�ß�9��q�d^P dg��l3ucq��5UBj^UBw7d
]^��U�U�p _nwr�7��U,]�la� 	����
_nwSu 
�����jhUB]^p�U,s�dhq�»7U���fa�«_awSu _+jh_nd^PrUBj�]^TVl|lnd^P d^jv_nwS]^q�d^q�law �5U�dg��U�UBw dhPrU�T�£
OQPSU&Î�_asvP3_nwr�7��U�� laj � K 	 � ��qt]o_aj^l7`rwSu 
 � � £«OQPrU�jhU�� l7j^U7�|��Prq���U�d^PSU&q�w|�5l7_njvu
pS_nj^d�ln��dhPrU!��q�wr�7]
�D_a���t]���q�d^Prq�w�d^PSU�Î3_asvP3s�lawrU#�D»|q�¦7£��å}! "�Q��q½dhP3wrl�]^Prlcsv¤��Q_N»aU�_nPrU,_au�_nw�u3_V��l���U�j��Q_N»aU&ucjv_n���cd^PrU
l7`cd^�5l7_ajhu
��q�wr��s�`cded^Prjhla`r�7P�dhPrU�Î3_7svP3s�lawSUa£«®�]e_�s�l7wS]^UB¥;`rU�w�s�Ua�|dhPrU�]^Prlcsv¤c]Q��q������5U&prjhl|ur`Ss�U,u
_aPrUB_7u�la��dhPrU�À �c·gÁhÀB§nµ^©Yp�l7j¢dhq�l7w
la��dhPrU���q�wS�S£

OQPrqt]�]¢d^`Sucf ��_7]�sB_njhj^q�UBu la`cd�q�w dg��l�]¢d^UBpS]���ucUB]hs�jhq���U,u q�w dhPrU�wrU�b|d�]^`r� ]^UBs�d^q�lawS]B£ ¼#q�jh]¢d^��fa�
dhPrU�_nq�jvs�jv_��Öd���q�wr�;]!_njhU�U�b|d^jv_as�d^UBu�� jhlaT�dhPrU�pr�t_nwrU7��jhU�¡¬TVUB]^PrUBu���q½dhP _Hs�l7_ajh]^U�j�]¢¤|q�w T�U,]¢P���_nw�u
l7pcd^q�TVq�¦BUBu±£  w dhPrqt]V��_Nf7�kd^PrU���q�wr�7]V_aj^U
d^ladh_n����f q�]^la�t_�dhUBu la�edhPrU�q�wcË�`rU�wSs�U�ln�edhPrU�j^U,]gdVln��d^PrU
� `�]¢UB��_a�aUa£ � q�¤7UYq�wHd^PrU!sB_a]^U�la��dhPrU�Î�'���q�wr�S�S_V]^q�TVq���_aj^��f�s�l;_njv]¢UY�ajhqtu�qt]Q`S]^UBu
d^l�ucl�_�prjhU���q�TVq�wS_nj
]¢d^`�ucf�ln��d^PrUYprjhla�r��U�T��c��PrqtsvP�qt]�wrl�� TVlajhU�s�laTVpr��U�b�uc`rUYdhl�dhPrU&uc`S_n��¡ ]¢��U�UBp�_nwr�7��U7£  w�d^PSq�]�sB_a]^U
��Ue��q����5]^Prl�� d^PrUYU<�¿UBs�d%la�±d^PrU�s�l;]gd%� `rwSs�dhq�l7wS_n��d^PSj^UBU�s�l7wS]¢d^q�d^`cdhq�»7Uod^UBj^T�]B£ � UBs�lawSuc��fa�;��Ueprjhlcs�U�U,u
dhl�laprd^q�T�q�¦�U�d^PrU
��q�wr�;]��#�r`cd�wrl�� q�w;d^UB�ajv_�dhUBu�d^l�d^PrU�pS��_awrU�_a]�q�w dhPrU�l7j^q��aq�wS_a�k�aU�l7TVU�d^jhfa£3OQPrU
l7�cmgUBs�d^q�»aU�q�]�s���UB_aj ����PS_�d�qt]edhPrU�q�wcË�`rU�wSs�UVln�?dhPrU�� `S]¢UB��_a�aU�q�w+d^PrU���q�wr�7]Ylaprd^q�T�q�¦B_nd^q�law+prj^lcs�UB]h]��
��_N»aU�dhPrU
]^PS_ap�U,]�l7�cdh_aq�wrU,u d^PSU
]h_nTVU�� l7j^T	�  g]�q�d�wSUBs�U,]^]h_njhf�dhPrU�w��?wrlnd�lawr��f�d^l�s�law�]¢qtucU�j�d^PrU
��PSla��U�pS��_awrUa���r`cd�_n�t]^l
dhl3lapcdhq�TVq�¦�U�q�d�_a]&_H��Prl7��U
� Í�j&T�_Nf;�5U�_auSucq�wS��]^laTVU�]^p�U,s�q���sVpS_nj^dh]�la�
dhPrU�� `S]^U��t_n�aU
� ¼#q��a`rjhU�}n~
q�]�s���UB_aj �Yq�d&]^Prl��o]�d^PSUVs�l7]¢d�� `SwSs�dhq�l7wS_n�k�7jh_7ucq�UBw;dYucqt]gdhj^q��r`cdhq�l7w�� l7j�d^PrU
s�laTVpr��U�dhU�_aq�jvs�jv_��Öd�� ]�]¢`rj^�D_as�U�_nd�dhPrU�q�wrq�d^qt_n�1laprd^q�T�q�¦B_nd^q�law�]¢d^UBp9£  ¬dYd^U����t]���PSq�svP+pS_nj^dh]�ln�?dhPrUV]¢¤|q�w
la�?d^PSUVs�laTVpr��U�dhUV_aq�jvs�jv_��Öd�]¢PSla`r�tu��5UVTVl|urq��SU,u�jhU��t_�dhUBu�d^lHd^PrU�]^lawrqts���l|laTÃUBTVq�]h]¢q�law+j^U,uc`Ss�d^q�law9£
­%l7T��rq�wrU,u ��q½dhP d^PSU
qt]¢l7��_nd^U,u ��q�wr�;]�]¢d^`�ucfa�1dhPrq�]Vs�la`r�tu �5UBs�l7TVU
_�`�]¢U�� `r�«dhl|la�%� laj�d^PrUH_nq�jhs�jh_n�Öd
urUB]^q��7wrU�jv]�£

� ��
���� 
 � É & �c� Å Ê È � 5��5�7� È � 5 � É � ���$�����a�c��� É 5
OQPSU«]¢¤|q�w&TVUB]^P&q�]#]¢PSl���wYq�w�¼#q��a`rjhU�W,}r��dhlap9�,d^P�_�d#_a��]^lo]^Prl��o]¿d^PSU?� la`Sj�s�`cdv]�la�r¼�q��a`Sj^UoWBzS£�OQPSU?»aUBj^f
s�l7_ajh]^U%]^¤|q�wVTVUB]^P�s�laTVprjhq�]^UB]?}nz7~ �owrlcucU,]�£� w�d^PrUo]h_nTVU �S�a`Sj^U7�a_�d1d^PSU���lad¢d^l7T��aq�d«s�_nw��5Uo]¢UBU�w�d^PrU
��q�wr�V_nwSu�d^PrU�pr�t_nwSUY�5U���l��&�|��PrqtsvP�qt]�_�d�d^PrUYd^l7p
la�9d^PSU�s�law;d^jhla�5�5lNb¿£kOQPrU�prjhUB]h]^`rj^UYucqt]gdhj^q��r`cdhq�l7w
l7w�dhPrqt]Qpr��_awrU�q�]Q`�]¢U,u�q�wH¼#q��a`rjhU�WB��d^l�svPrU,sv¤�Prl�� U<�¿UBs�d^q�»aUYd^PSU�]^lawSq�sY�5l;l7TªU�TVqt]^]^q�law�jhUBur`Ss�dhq�l7w
qt]B£ ��UePS_N»7UQ� la����l���UBu�dg��l!ucq��5UBj^UBw7d%lapcdhq�TVq�¦B_�dhq�l7w�]gdhjh_nd^UB�aq�UB]1q�w�lajvucU�j1dhl�]^U�U�dhPrUoq�wcËS`rUBwSs�U�ln�¿d^PrU
]^lawSq�sY�5l;l7T jhUBuc`�s�d^q�law�jhU��t_�dhUBu�d^lVd^PSU!��q��Öd�_awSu�ucjh_a��s�l7]¢d�� `rwSs�d^q�lawS_a�±d^UBj^T�]B�r`S]^q�wr�Vdg��l�ucq��5UBj^UBw7d
]^U�dv]!la�opS_njv_nTVU�dhU�jv] �%�«]¢PSl���w q�w O#_n�S��U
} ��� � ��� �����7�c��� É 5 �9�����c� Å � Æ�

_nwSu�� � ��� �����a�r��� É 5
�9�����c� Å � Æ�


�£� w �5lndhP s�_7]¢U,]����%U�]^U�UB¤�dhl�¤aUBU�p�d^PrU
ucjh_a��_nwSu���q½�Öd�dh_aj^�7U�dh]!��Prq���U�jhUBuc`�s�q�wr��d^PrU
]^lawSq�s«��l|laTxUBTVq�]h]¢q�law�£�OQPrUQucq��5UBj^UBwSs�U���_Nfc]�q�w�d^PSU%jhU��t_�dhq�»7U«��U�q��aP;d���U�_7]^]^q��aw&dhl�U,_asvP!la�rd^PrU%d^UBj^T�]
q�w�d^PSU�s�l;]gd�� `SwSs�dhq�l7wS_n�°£ � Prq���U�d^PrU ��jh]¢d�]¢d^jv_�d^UB�af �  $��UBwc� lajvs�U,]Qd^PSU�_nUBj^lcucf|wS_aTVq�sYp5U�j^� lajhTV_awSs�U,]��
dhPrU
]^UBs�lawSu l7wrU�qt]�TVl7j^U�_a�a�ajhUB]h]^q�»7U��D_7s�q�wr�3dhPrU
]^lawrqts��5l|laT U�TVqt]^]^q�l7w �   $��£k¼rl7j��5lnd^P ln�Qd^PrUBT
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��U&]¢PSl�� d^PSU!prjhUB]h]¢`rjhU�ucq�]¢d^jhq��r`cd^q�law3q�wHd^PrU&jhU�� UBj^UBwSs�U�pr�t_nwSU&��UB��l��&�cdhPrU&��q�wr��prjhl �S��U&_�d�d^PSU�� la`rj
jhU�� UBj^UBwSs�U�]^UBs�dhq�l7wS]�_nw�u�dhPrU&prjhUB]h]¢`Sj^U�ucqt]gdhj^q��r`cdhq�l7wH_a��l7wr��_���q�wrU&��UB��l�� d^PrUBT�£

�
2

� 3 � �
� ��U�q��aP;d^q�wr� � � dhU�jhT � � ��U�q��aP;d^q�wr� � � dhU�jhT � � ��U�q��aP;d^q�wr� " �  " 3 dhU�jhT
�

� � ��� �����a�r��� É 5
�9�����c� Å � Æ 
 Wa£ ~ WB~r£ ~ ~r£ ~a~SW

� � ��� �����a�r��� É 5
�9�����c� Å � Æ 


 Wa£ ~ WB~r£ ~ ~S£�W

O#_n�r��U!} �! g]^la�t_�d^U,u���q�wr�7]Qla��dhPrU � `rp5U�jv]^lawrqts��%`�]¢q�wrUB]h]o�aU�dB£«Í�pcdhq�TVq�¦B_nd^q�law3]gdhjh_nd^UB�aq�UB]Q]¢PSl���w9£

OQPrUYprjhUB]h]¢`Sj^UYucq�]¢d^jhq��r`cd^q�law
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�ß¼#q��7`rj^U,]�W,{�_nwSu�W!' ��£
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dhPS_�d�dhPrqt]�U<�¿UBs�doq�]�U,¥;`rq�»�_a��UBw7dQdhlVd^PrU&prjhUB]h]^`rj^U *¢pr��_nd^U,_n` ,�q�w3¼#q��7`rjhUYz�£! ¬doq�]QjhU�T�_aj^¤�_n�S��U�d^PS_nd�� laj
�5lndhP�]gdhjh_nd^U�d^q�UB]  �_nwSu   ��rd^PSU!q�w|�5l7_ajhu
lapcdhq�TVq�¦�U,u3]¢PS_ap�U&pSj^U,]¢UBw7d�dhPrU�]h_nTVU�d^UBwSucUBwSs�fH_a]QdhPS_�dela�
� '� ¬�r��PrUBj^U�lawS��f�urjh_a�V_awSu
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¯�£� w��r��`rUa�rd^PrU�lajhq��aq�wS_n�±]^PS_np5Ua£

¼#q��a`rjhU�W ')�* g]^la�t_�dhUBuH��q�wS�7]ola�1d^PrU � `rp�UBjh]^lawSq�s&��`S]^q�wSUB]h]��aU�dB£eÍ�pcdhq�TVq�¦B_nd^q�law � d^jv_�dhU��7f�  �£ � PS_ap�U
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OQPSUo]gdh`Sucf�s�law;d^q�w|`rUB]1��q�d^P�d^PSUos�laTVpr��U�dhUo_nq�j^pS��_awrUa�nla����PrqtsvP�¼#q��7`rj^U�W��e]^Prl��o]�d^PSUeÎ3_asvP�w|`rT��5U�j
_awSu�prj^U,]^]^`rjhU�ucq�]¢d^jhq��r`cd^q�law�l�»aUBj#d^PrUo]^`rj^�D_as�UQla��dhPrU���Prla��U�_nq�jhs�jh_n�ÖdB£�� 'ol��&�;_n�;_nq�w�lawS��f&dhPrUo��q�wr�7]
_aj^U�l7pcd^q�TVq�¦BUBuH�r`cdodhPrU&q�wcËS`rUBwSs�U&la��dhPrU!jhUB]¢dQla��dhPrU!pr�t_nwSUYqt]Qdv_n¤aUBw�q�w;d^l�_7s�s�la`rw;d �1q�deqt]oucUBur`Ss�U,u
� jhlaTªd^PrU&jhUB]^`r��dh]�d^P�_�doq�doq�]Qwrlade_�do_n���9wrUB�a��q��7UB_a�r��U7£

OQPrU�la`cdvs�l7T�U�ln�«��l7pcd^q�TVq�¦,_�d^q�law+s�fcs���UB]eq�]Y]¢PSl���w3q�w W,�r£  w3dhPrqt]��S�7`rjhU!q½d&s�_aw3��U�]¢UBU�w3dhPS_�d
dhPrU�TV_aq�w�p�U,_n¤�PS_a]�q�wSucU�U,u�ucq�TVq�wSq�]^PrUBu9�9_a]�q�w�_n����dhPrU�lad^PrUBjYsB_a]^UB]B£ � q�¤7U���PrUBw�d^PSU���q�wr�7]���U�jhU
l7pcd^q�TVq�¦BUBu�q�]^la�t_�dhUBuc��fa�7d^PrU�l7pcd^q�TVq�¦,_�d^q�law�prj^lcs�UBuc`rjhUeP�_a]�T�_nwS_a�aUBu�dhl�ur`rTVp�dhPrUY]^Prlcsv¤Vprjhl|ur`Ss�U,u
�|f dhPrU�pS_aj¢d�la��dhPrU���q�wr� ��Prq�svP)qt]�la`rd�ln�Yd^PrU�Î3_7svP s�lawSU �¢W��S�«dhlap ��£ �ol���U�»7U�j,�«��q�d^Prq�w)d^PrU
Î�_asvP�s�lawSUa�cdhPrU!prjhUB]h]¢`Sj^U�p5UB_n¤
PS_a]e_n`r�7T�UBw;d^UBuH_��ÖdhU�j�dhPrU!l7pcd^q�TVq�¦,_�d^q�law(�¢W��r�S��lad¢d^l7T
��£ � ��q��aP;d^��f
_a`r�aTVUBw7dhUBu+q�w�ucU�U,u±���5UBsB_n`S]^UVq½dv]&T�_�bcq�T�`rT�jhU�T�_nq�wS]&s���l;]¢U�d^lHdhPS_�d!la�«d^PSU�j^U,uc`Ss�U,u ]¢Prlcsv¤¿£1�+U
�5U���q�U�»aUVdhPS_�d�d^Prqt]&�D_7s�d�sB_nw �5U�_�d^d^jhq��r`rd^UBu d^l�d^PSU�U<�¿UBs�d�ln�QdhPrU�jhUB]¢d!ln�Qd^PrU
_nq�jhs�jh_n�ÖdB�#UB]^p�U,s�qt_n����f
dhPrU�wSU�q��aP|��l7j^q�wr��� `S]^U��t_n�7Ua£�®�]�]^U�UBw q�w }n~S��dhPrUHs�l7]¢d!� `rwSs�d^q�lawS_a�%�7jh_7ucq�U�w;d�ucqt]gdhj^q��r`cdhq�l7w � laj�d^PrU
s�laTVpr��U�dhUe_nq�jhs�jh_n�Öd � ]?]^`rj¢�D_7s�U�dhU�����]%`S]«��Prq�svP�pS_nj^dh]kla�±d^PrUY]¢¤|q�w�ln�±dhPrU�s�laTVpr��U�d^U�_nq�jhs�jh_n�Öd«]¢Prl7`r�tu���U
l7pcd^q�TVq�¦BUBu�j^UB��_nd^q�»aU���fVd^l�d^PSU�s�l7]¢d%� `SwSs�dhq�l7wS_n�¿prjhlap5l7]^UBu�PrU�jhUa£k®e]Q_�TVlajv_n��Ue� jhlaT dhPrU&_nprpr��qts�_�dhq�l7w
la�±la`cd?dhUBsvPrwSq�¥;`rU�dhl&d^PSq�]%U�br_nTVpr��Ua�7q½dQs�_aw��5U�]h_nqtu�d^P�_�d?dhPrUolaprd^q�T�q�¦B_nd^q�law�la�5dhPrUeqt]^la�t_�d^U,uV_nq�jhs�jh_n�Öd
p�_nj^dh]�s�l7`r��u+�aq�»aUVucUBU�p5U�j&qtucUB_7]edhlHd^PrU�ucU,]¢q��awSU�j�law���PrU�jhUV_njhU���lcs�_�dhUBu�d^PrUVprjhla�S��UBTV]B�9UB»aU�w�� laj
jv_�dhPrU�j�s�l7_njv]^U
]^¤;q�w TVU,]¢PrU,]�£)OQPrqt]Vlapcdhq�TVq�¦B_nd^q�law sB_nw ��U3ucl7wrU�T�`SsvP �D_a]¢d^UBjVd^PS_aw dhPS_�d�ln��d^PrU
� `S����_nq�jhs�jh_n�Öd�_nwSu ]^U�»7U�jv_n�eucq��¿U�jhU�w;d�� lajhT�]�s�_aw ��U�prj^lcuc`�s�UBu _awSu d^U,]gdhUBu)`rw;dhq���]¢l7TVU3ln��d^PrUBT
_aj^U�]¢UB��U,s�d^U,u±£eOQPrqt]esvP�_nwr�7UB]esB_nw3�5U�q�w;d^jhl|ur`Ss�U,u3q�w�d^PrU�� `r���1_nq�jvs�jv_��ÖdB�5_nwSu�`r�½dhq�T�_nd^U���f�lapcdhq�TVq�¦�U,u
s�laTVpr��U�dhU���f�d^l�_7]^]^UB]h]%d^PrU&svPS_awr�aU,]�£

��� Û��±Þ ù�Þgõ¢×|õßÞgá°Ü,æ Ý°á
	���Ü,õßÞgá?á°ïNÛ�� ÝßïNÞ�ãgÛ�ý�îNæåÞ ÝßÞ�ðväåõßãgõßð�
�Ý¢é ��ï,äåá1äåákàNÜNÞ%Û�óNæ �&Ý°Û�ðoîaÛ�áDÝ°î,õßÛ�ãgÞ¢áßá°äåó���Ý°õDäåã��n×���ïNäåã¬ï
ÜNá°Þgá±Ý°ï,Þ«á��,ý�ý�Þ Ýßõ��oî,æñðvóNÞ?ðvá�ð�� ý�äåõDõßÛ�õ��¬é �9ïNäåá9æåÞ¢ðvàNá�ÝßÛ�ð��nÞ ÝDÝ°Þgõ1ðvó,àYÞ¢ðvá°äåÞgõ�õßÞgá°Ü,æ Ý°á�äåó�ÝßÞgõßî,õßÞ Ý°ðhÝ°äåÛ�ó;é

Ô�Ô¾ó�=rÚ ��Ø�Ù



�7~ ���B¸����S¶h¸��
	�¶�µ��,²D¶
��������À,À7Á
�|³

¼#q��a`rjhUVWN� � � `Sp�UBjh]^lawrqts���`S]¢q�wrU,]^]o�aU�d,£%­%law;d^l7`rjQ��UB»aU��t]B£1O�lap��SÎ3_asvPHw|`rT��5U�j,£k�%lad¢dhlaT��cprjhUB]h]¢`rjhUa£

Ò Ó#Ô9ÒÖÕ



� ¶�µ^ÀB©���¨5§nÂ�²D´v§��1§�¨¿©V³�À�¨�²D´�ÁhÀ,À�ÂÃÀvº�·°²ÖÂ�²�¸B§n·ß²DÀn¨ �SW

¼#q��a`rjhUYWB� � � `rp5U�jv]¢l7wrq�s���`S]^q�wrU,]^]k�aU�d,£#ikjhUB]h]^`rj^U�ucqt]gdhj^q��r`cdhq�l7w�q�w�_�pr�t_nwrU��5U���l�� d^PSUQ_aq�jvs�jv_��Öd,£�O�lap9�
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¼#q��a`rjhUVW��)� � `rp�UBjh]^lawSq�s���`S]^q�wrU,]^]o�aU�d,£«ikjhUB]h]¢`Sj^U&_n��lawS��dg��lV��q�wrUB]o��UB��l�� d^PrU&��q�wr�S�Sla`cdv]¢qtucU �Ödhlap �
_awSu
q�wS]^qtucU
� �5lnd^d^laT
�%dhPrU�Î3_asvP�s�l7wrUa£
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��UQPS_N»aU�prjhlap5l7]^UBu�_ewSU�� T�U�d^Prlcu�� laj1dhPrU�lapcdhq�TVq�¦B_nd^q�law�ln�5_aU�jhlcucf|wS_nTVqts«]^PS_np5UB]B�n��PrqtsvP�qt]k�S_7]¢U,u
T�_aq�wr��f3q�w�dg��l�lajhq��aq�wS_n�#q�urUB_a]B£&¼#q�jv]gd,�9_nwSu�� j^l7T�_�T�_�dhPrU�T�_nd^qts�_n�1p5laq�w;dYla�«»|q�UB�&�¿d^PrU�U�b|d^UBwS]^q�l7w
la�o_nw _7urucq�d^q�»aU�T�`r�½dhq���U�»7U���TVU�d^PSl|u q�]�_nprpS��q�UBu�dhl+�a¯¾]^PS_np5U�pS_ajh_aT�U�d^jhq�¦,_�dhq�l7w9£�OQPrU�]^PS_np5UB]�]^l
l7�cdh_aq�wSUBu _njhU�]^T�l|lad^PrUBj
_nw�u s�law|»7U�jh�aU�w�s�U�jh_nd^U,]�_njhU3�D_a]¢d^UBj�dhPS_nw ��PrUBw wrl pSj^U,s�law�ucq½dhq�l7wrU�j�q�]
pSj^U,]¢UBw7d,£�OQPrqt]Yd^U,svPrwrqt¥7`SU�qt]�_n�t]¢l�s�l7T��rq�wrU,u���q�d^P ]¢UB»aU�jv_n�#laprd^q�lawS]Y��U����?_aur_apcd^U,u3d^l�U,_asvP�lad^PrUBj �
­�®�¯o¡°� jhU�UVpS_njv_nTVU�d^jhq�¦,_�d^q�law�d^l��%l7j^¤3l7w�dhPrU�ucqt]^s�j^U�d^q�¦�UBu+]¢P�_np5UB]B��Ïk`r��U�j&Ë�l�� TVl|urU��k��q�d^P�d^jv_nwc¡
]^prq�jh_nd^q�lawHs�law�ucq½dhq�l7wS]Q��PrqtsvP3]¢q�T�`r�t_�dhUB]�dhPrU!]¢P�_np5UYTVlcucq���s�_nd^q�lawS]QpSj^lcuc`Ss�UBu
�|f�d^PrU&l7pcd^q�TVq�¦,_�dhq�l7w
pSj^lcs�U,]^]B�5laj�_�ucqt]^s�j^U�d^UV_auNmgl7q�w;d�_nprprjhl7_7svP9��d^l
urUB_n�1��q�d^P�d^PrU�U�»7U�w;d^`S_a����f���_aj^�7U�ucq�TVU�wS]^q�l7w�la�?d^PrU
urUB]^q��7wH»�_aj^qt_n�r��UB]�]^pS_7s�U
� `Sp3d^l3W7WB~a~7~V]¢`rj^�D_as�U��ajhq�uHp5laq�w7dv]�� l7j�d^PrU!� `r��� � `rp5U�jv]^lawrqts&��`S]¢q�wrU,]^]e�aU�d
� `�]¢UB��_a�aUYlapcdhq�TVq�¦B_�dhq�l7w ��£

� _Nf;q�wr�Vlaw
d^PSU!lapcdhq�T�`rT�urUB]^q��7wH]^q�urUa�cdhPrU!]¢U,s�l7wSu�l7j^q��aq�wS_a�9s�law�s�U�prdQqt]QdhPrU!]¢l7wrqts��5l|laT�lapcdhq½¡
TVq�¦B_nd^q�law�q�w�q½dv]¢UB�½�g£  ¬d�qt]o��_a]^UBuHlaw�dg��l�prq���_ajh] � �1¹c§�·���U!q�w��D_as�dej^U,uc`Ss�U�_nwSu�¹cÀ � ��U&T�_nwS_a�aU�d^l
jhUBur`Ss�U�q�dB£%Í�w�d^PSUelawSUoPS_nw�u±�a��Ue_njhU�wrlad?d^jhf|q�wr�!d^l!jhUBuc`�s�U�dhPrUe]^lawrqts��5l;l7T/q�dh]^U���� � q°£ U7£#d^PrUY]¢Prlcsv¤
]^q��awS_nd^`rjhUel7w�dhPrU&]¢l7q��°�|q�w
d^PrUY�D_aj ��U��tu)���r��P�_�dQj^U,¥7`Sq�jhUB]Q_auSucq½dhq�l7wS_n�±]^q�T�`r�t_�d^q�law�]«l7`cd�ln��dhPrU&Ïk`r��U�j
Ë�l��xUB¥;`S_�dhq�l7wS]Y]^s�lap5Ua£  wS]¢d^U,_au3la�?d^Prqt]B�±la`rjY�al;_n�#q�]�d^lHjhUBuc`Ss�U!dhPrU�pSj^U,]^]^`rjhU�]^Prlcsv¤Hq�w;d^UBwS]¢q�dgf3q�w
dhPrU&wrU,_nj �SUB��uH�5U���l�� d^PSU&pr��_awrUa�S��PS_�do��U�PS_N»aU&s�_a����UBu�d^PSU!]¢l7wrq�sY�5l|laT UBTVq�]h]¢q�law�£%Í�w�dhPrU!lndhPrU�j
P�_nwSu±�5��U�ucl�q�de�|f
TVlcucq�� f|q�wr��d^PrU�_nU�jhlcucf|wS_nTVqts&]¢P�_np5UB]�dhPrU�T�]^U���»aU,]�£oOQPrU�pS_njv_nTVU�dhU�jv]o]^pS_as�U&q�]
dhPrU�w�d^PrUVprP|fc]^q�sB_n�#p�l;]¢q�d^q�law+ln�?dhPrU�]^¤|q�w+TVUB]^P�wrlcucU,]��9_�T�U,]¢P+d^P�_�d�q�w�d^`rjhw+sB_nw��5UV_aur_apcd^U,u3d^l
dhPrU&wrUBUBur]Qla��dhPrU�ËSl�� ��U��tu±£

®e�½dhPrla`r�7P�dhPrU&]¢l7wrqtse�5l|laTªUBT�qt]h]¢q�law
q�]Q_auSucj^U,]^]^UBu�q�w�_V]¢q�TVpr��q��SU,u��r`rdQU �5U,s�dhq�»7U�T�_nwSwrU�j,�|d^PrU
]^PS_ap�UVlaprd^q�T�q�¦B_nd^q�law�d^U,svPrwrqt¥;`rU�PrU�jhUVprjhlap5l7]^UBu�_n����l��o]Ydhl�s�law�uc`Ss�d&dhPrU�jhUB]^UB_njvsvP+_aTVlawr�3_H»aUBj^f
�t_njh�aUe�D_nTVq���f�la��]¢P�_np5UB]B£�4kUBj^f�]^q�T�pS��U�U�br_aT�pS��U,]%]^Prl�� dhPS_�d��S_awr�n¡°� j^UBUe�7U�laTVU�d^jhq�U,]?U�bcqt]gd���PrUBw�wrl
��q��Öd�s�lawS]¢d^jv_nq�w;d�qt]ejhUB¥;`rq�j^U,u±�±_���U����1¤;wSl���w3�D_as�d �o��q½�Öd�prjhlcuc`Ss�U,]�]^lawSq�s���l|laT dhPS_�d���q����1�5U�_a���Q_Nfc]
dhPrU�jhU � };�  ¬£ � l���PrU�w ��q½�Ödhq�wS�3��lcucq�UB]!_aj^U�]^U�UB¤aUBu9��]¢P�_np5UB]���q�d^P�Ë�_�d^d^UBwrUBu ucl���wS_ajhuS]�P�_n��»aUB]�pS��_Nf
_+pS_aj¢dhq�s�`r��_aj^��f q�w;dhU�jhUB]¢d^q�wr�+jhla��U
]^q�wSs�U�q�w T�_nw|f sB_a]^UB]�d^PrUBf prjhl|ur`Ss�UH��l���]¢l7wrq�s
prjhUB]h]¢`Sj^U
j^qt]¢U,]��
��PSq���U3¤aUBU�prq�wr��d^PrU���q��ÖdB£ OQPrUB]^U3¤|q�wSu la��]^PS_np5UB]�_njhUH��U����ojhU�prjhlcuc`Ss�UBu �;f d^PrU+_n���alajhq�d^PrT PrUBj^U
pSj^l7p�l;]¢U,u±£
��U�q�����`S]gdhjh_nd^UVdhPrq�]�p�l7q�w;d!��q�d^P _3]^U�jhq�U,]�ln��laprd^q�T�q�¦B_nd^q�law U�br_aT�pS��U,]&��q½dhP q�wSs�j^U,_a]^q�wS�
]^PS_ap�U!s�laTVpr��U�bcq½dgf7�Sjhq�]^q�wr��`rp�d^l
_Vprj^U�¡°q�wSuc`�]gdhj^qt_n�cmgU�de�aUBlaTVU�dhj^f7£�®�uSucq½dhq�l7wS_n����fa�rdhPrU�]hsvPrU�TVU&PrUBj^U
pSj^l7p�l;]¢U,uVprj^l�»|qtucUB]«U�wrl7`r�aP�ËSU�bcq��rq���q�dgf�dhl�dh`rwrUed^PrU�ucUB]^q�j^U,u�_nUBj^lcucf|wS_aT�qts�prjhlap5U�j^d^q�UB]%_n�;_nq�wS]gd%d^PrU
]^lawSq�sY�5l;l7T ucl���wS_ajhuS]%UBTVq�]h]¢q�law�£

OQPrUBj^U
_njhU�]gdhq�����]^U�»7U�jv_n�k��q�TVq�dh_nd^q�lawS]�q�w dhPrU
_7s�s�`Sjh_7s�f�la�ola`rj!jhUB]^`r��dh]B��dhPS_�d���U,_au�dhPrU��Q_Nf�d^l
� `rd^`rjhU���q�wrUB]Yln�%j^U,]¢U,_njvsvP9£�¼#q�jh]¢dB�9_H]¢p�_�d^qt_n����f�]^UBs�lawSuc¡°l7jhucUBje_asBs�`rjv_�dhU�_7uNmglaq�w;d�qt]Ys�`rjhj^UBw7dh��f�`rw�ucU�j
urU�»aUB��l7prTVU�w;dB£#OQPrU�w���d^PrU�q�wS_7s�s�`Sjh_7s�f�q�w�uc`Ss�U,u��|f&dhPrU�d^jv_nwS]^prq�jh_nd^q�law��S_a]^UBu�T�lcucUB��qt]h_�d^q�law�ln�5��_aj^�7U
]^PS_ap�UoTVlcucq���s�_nd^q�lawS]?��q����S�5U�]^`rprp5l7]^UBuc��f�s�law;d^jhla����UBu��|f�dhPrUojhU��aUBwrU�jv_�dhq�l7w�la�9_&�aUBw;`Sq�wrU�TVU,]¢PV� l7�½¡
��l���q�wr�!dhPrU�l7pcd^q�T�_n�±]^PS_np5Ua£ � dh`Sucq�UB]�q�w�d^Prqt]Qucq�j^U,s�d^q�law
PS_N»aU�ucU�TVlaw�]gdhjh_nd^UBu�d^PS_nd%dhPrU �SwS_n�¿]^PS_np5UB]
l7�cdh_aq�wSUBu�pr`rjhU���f���q�d^P dhjh_awS]¢pSq�jv_�dhq�l7w�ucl�wrlnd�svPS_awr�aU��|f�� `rj¢dhPrU�j�lapcdhq�TVq�¦B_nd^q�law _��ÖdhU�j�_3ucl7T�_nq�w
jhU�TVU,]¢Prq�wr�&qt]«sB_njhj^q�UBu�la`cd,�7��PSq�svPVdv_n¤aU,]?_a]?d^PrUewrU�� ]^¤;q�w�TVUB]^PVd^PrU�la`cdvs�l7T�U�la�¿d^PrUed^jv_nwS]^prq�jh_nd^q�law
s�lawSurq½dhq�l7wS]�£�OQPrqt]���la`r�tu+]^`r�7�aUB]¢d
�D_nd���UB_7]gd&� l7j�d^PrUVprjhla�S��UBTV]&]¢d^`�ucq�U,u)��d^P�_�d&d^jv_nw�]¢prq�jv_�d^q�law+q�]&_
»�_a��qtu l7pcd^q�law d^l ucU,_n����q�d^P d^PrU3]^PS_np5U�TVl|urq���sB_�dhq�l7wS]V]¢l q�wSuc`Ss�UBu±£ �ol���U�»7U�j,�«_��ÖdhU�j�d^PrU3q�wrq�d^qt_n�
l7pcd^q�TVq�¦,_�dhq�l7w+]¢d^U�p�]ep5U�j^� lajhTVUBu�l7wr��f3��q½dhP�d^jv_nw�]¢prq�jv_�d^q�law���dhPrU�j^U,]¢`r��d^q�wr��]¢¤|q�w�TVUB]^P+sB_nw+prj^U,]¢UBw;d
U�brs�UB]h]^q�»7U!s�l7_ajh]^U�wSq�wr��q�w�jhU��7q�l7wS]���PrUBj^U�]^`rj^�D_as�U!TVl|urq���sB_�dhq�l7wS]oPS_7]o�5U�UBw�q�TVp5laj^dh_aw7d,£eOQPrUBj^U�� lajhU
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