
���

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

1 �/���� 2�3���4 ,� 5 
�	&6�����7 �

8:9<;>=@?BAC=EDGF)HJILKMDNFPO�Q<;RDNF�ST4U =V?WI�X�YIZF[YI

\ ]_^Z`babc�dfe/gh`bijc4^
k-l2mhn@lpoVlrqts�sVu>l:vwlrqhlpn@xzy|{~}rl����<nV�By~�����N�zn@nVl���s@{|�bqL��x_q�xb�r��lpy|lpn@x_sV{~�zq�sVl��Euhqh{��t�hl"���zn�sVuhloV�zy~�WsV{~�zq"s@��x�o�lpnV{~lpo��_��oV�t����l�s@nV{��,y~{~qhlpxzn�mhn@�z�>y|lp��o���{�s@u:oVlr�blrnEx_y/n@{~�zuts���u>x_qC�"o�{��Wlpo�x_qC�� x�s@nV{���l�or��x_qC����{|sVu�{|s@o�lr¡ �r{|lpq>�����zq�x_q�{|q>�h�>o¢s@nV{�x_yBs@uhn@lrl��£�W{~��lrq>oV{|�bq>x_yBqh�bqhy~{|qhl�x_n¤lry�xzo�sV{���{|s¢�mhn@�z�hy~lr�¦¥>§B�C�Eu¦x�s@lp�Euhqh{��t�hlP{�of�>xzoVlp�¨�hmR�zq©sVuhlPn@lr�Co�l<�_�¤�<nV�By~���,o�mCxz��l�or¥ª«�zq>y|{~qhlpxzn¬lpy~xbo¢s@{~�r{�s¢�­m>nV�b�hy|lp� o¬xznVl�x¨�px�sVlp�z�bnV�©�_�GmhnV�b�hy~lr� o��z�®sVlpq¯lrqC���z�>qbs@lrn@lp�¯{|q¯sVuhl° lpy~�P�z�ho��by|{��Px_q>�Po�sVn@�>��sV�hnEx_yb��l��Eu>x_q>{~�por¥r±fu>l3sVl��Euhqh{��t�hlpoLsVuhl3���to¢sZ�zlrq>lrnEx_y~y|�«�Co�l��<���zn²sVuhlp{|noV�zy~�WsV{~�zq¯xznVl�ª«lr�fs@�zqW�js¢�BmCl���l�sVu>�B�>o�³ �<lry�´zµ�¶j¥·±fuhlpoVl�� xz{|qhy~�­���bq>o�{�o�s¬{~q�sVu>l����bq>o�sVn@�>��s@{|�bq�_��x�o�lpnV{~lpo��_�«y~{|q>lpx_n�mhn@�z�hy~lr� op�²s@uhl¨oV�zy~�WsV{~�zqCo¸�_�¬��uh{~�Eu:���zqB�blrn@�zl�sV���fx_nE�hoPs@uhl¨oV�zy~�Ws@{|�bqsV��sVu>l¦�r�zq>oV{��Wlrn@lp�"m>nV�b�hy|lp�¦¥¤ª��_s@l¹s@u>x�s�sVuhl¦m>xznVlpqts�� x�s@nV{���l�o��z�«sVu>�boVl¨y~{|q>lpx_n�mhn@�z�hy~lr� ox_n@l[oV�B����lrsVn@{~�[mC�to�{|sV{~�zl[�hl ° qh{|sVl:���zn¯sVuhl:s¢�BmCl:�_�,��lp�EuCx_qh{��rxzy�mhn@�z�hy~lr� o¯�Nlº���zqCo�{��Wlrn³ »�lr�W¼_½_¶j¥>±fu>lP�>o�l<�z�Zqh�bqW�����zlrn@y�x_mhmh{~qh���W�z� x_{~q¦�Wlp�r�z��mC�to�{|sV{~�zq©��l�s@uh�W�ho¸¾�m>nV{~� x_y/³ ¿Ll�±�¼_½À¶�zn"�W�Cx_y¯³ Á¤»«¼_½�¶¹xzmhmhn@�bxb�EuCÂ¯�r�z�hm>y|l�����{|sVuÃx����bq�Ä¢�h�bx_sVlJ�znExz�h{|lpqbs"x_y~�z�bnV{|sVu>�ÅmhnV���B{��Wlpox�m>xzn�s@{~�r�hy~xznVy~���Glry~y��£xz�hxzmWsVl��ÆoV�zy~�Ws@{|�bqÆ���bn"m>x_nEx_y~y~lry,���b��mh�Ws@x_sV{~�zqÆ���zn"s@uhlÇoV�zy~�WsV{~�zqÈsV�sVu>�boVl�oV�t����l�s@nV{���y|{~qhlpxzn¬m>nV�b�hy|lp� or¥·É«���Glr�blrn��hsVu>l�qB�h��lrn@{��rx_yZl�¡,�r{|lpq>���­�z�3sVuhl����bq�Ä¢�h�tx�sVl�znExz�h{|lpqbs�x_y~�z�zn@{|sVuh���WlpmClpq>�ho��hmR�zq"s@uhl©�r�zq>o�sVn@�>��sV{~�zq2�z���<nV�By~����oVm>xz�rlpo��_��s@uhl©oV�zy~�Ws@{|�bqsV�¦s@uhl,xzo@oV�B�r{~x_sVl���mhn@�z�hy~lr� op¥ËÊ£q-�znE�Wlrn<s@��o�{~�zqh{ ° �px_qtsVy~�¯oVmClplp���hm�sVuhl n@lpoV�zy~�Ws@{|�bq>ow�_�GsVuhloV�>�r�rlpo@o�{~�zq��_�RoV�B����lrsVn@{~�Ny~{|qhl�x_n¤mhn@�z�hy~lr� op���Nlf�Wlp�zlry~�zmRlp��x�sVlp�Eu>qh{~�t�hlb���Nlpy|y|�£xz�hxzmWsVl��PsV�Pxzq{~��m>y|lp��lpqts@x�s@{|�bq��bq�mCx_nEx_y~y|lpy¤�r�z��mh�Ws@lrnEor�ËÌBqh����q�xzows@uhl,vwlrqhlpn@xzy|{~}rl����<n@�By|���¯�N�zn@n@lp��s@{|�bq³ »«Í¬¿4¼bÎ�¶Z³ »�lr�W¼zÏ�¶j¥B±fuh{�o3��l�s@uh�W� nVlpy|{~lpo/�hmR�zq,x_q¹l�¡,��{~lrqts/�Ws@{|y~{�oVx_sV{~�zq,�z�Ë�hlpo@��lrqtsN�h{|n@lp��sV{~�zq>o�rxzy~�r�hy�x�sVl��,{~q,s@uhlP���z�>n@oVl��z�LsVuhl<n@lpoV�zy~�WsV{~�zq¹�_�²mhn@lr�B{~�z�>oGoV�Bo�sVlp� oGoV��xboNsV�����zn@n@lp��sNsVuhlwqhlp��Wl�oV�rlrqts¸�W{|n@lp��sV{~�zq>op¥LÐGlpoV{~�hlpop�Ë{�s��px_q-�Cl {~qtsVlpnVmhn@l�s@lp��xzoPx©�zlpqhlrnEx_y~{~}px�s@{|�bq¯�z�/sVu>l {�s@lrnEx�sV{~�zloV�zy~�WsV{~�zq-�_�«oV�B����lrsVn@{~� oV�Wo¢s@lr� o¸��{|sVu"���hy�s@{|m>y|l,n@{~�zuts���u>x_qC��oV{��WlpoP�>�Ws���{|sVu2xzq"{|qB��x_n@{~xzqts� x�s@nV{|Ñ mhnVlp�B{|�b�>o�y~��xb�h�Wn@lpo@o�l���{|q�³ Ò�xzn@´bÓp¶j�·³ §hxzxz¼bµ�¶Lx_q>��³ ÁZ�G»�¼_½�¶�¥t±fu>{~o/sVl��Euhqh{��b�>l�{�o3s@lpo�sVlp��zq¦x_q¦{~q>�W�>o�sVn@{�x_y·sVu>nVlpl��£�W{|��lpq>o�{~�zqCx_y·l�Ñhx_��mhy~l,¾ÔoVlrlPÁZ{~�>¥LÕÀÂ��hx�o¢s@lrlpy���lry�xzo�sV�b��lpn�o¢s@nV�>��sV�hn@lz¥§B�>�Eu,o�sVn@�>��s@�hnVl�o/xznVl�{~q>��n@lpxbo�{~qh�by|�¸�Co�l�� x_q>� �Wlp�zlpy|�bmCl���{|q,{~q>�W�Co¢s@nV��sV�¸m>nV�W�W�>�rl�l�¡,��{~lrqtslry�xzo�sV{��©o��hm>mC�bn�sEor¥�ÐG�Ws�sVuhlp{|n�qB�h��lrn@{��rx_y��r�z��mh�WsEx�sV{~�zq:�>oV{|qh��sVu>l ° qh{�s@l¦lry~lr��lrqts ��l�sVu>�B�
Ö�×�Ø�Ù|Ú�Û�Ø�Ù®ÜVÝ£Ø_Þ�Ù�×|ß�Ø_Þ�àËá>ß�ØVâ£ÜVÝÔÜVØ_ã�ÜGß�Ø<ä/ß�åGÞ�×�ØPä/Ü�ã�ß�åZæpß�ç�×�Ù�×~ß�ØPè�ÜVÙ�ÚÀß�é�çêRëpì íjî�ï4ðhñ¢íÔíòñ�ï²ê4ó�ôBõjö�ïò÷òíjøEëtù_úPøEûEü�ñ/ý_óÀêR÷Ôþzñ�ëÀø@ÿhø@ü�ë��¤ø��rì ë<ê4ó���ñ���ñ�÷ �	�

����� ����ú�ó î�ïòû



����� ������������ �!��
{~��m>y|{~lpoGx¸qB�h���ClpnN�z�²�W{�¡,�r�hy�s@{|l�o/y~{~qhÌzl���sV��sVuhl¬�zn@lpx�sNuhl�s@lrn@�z�zlpqhlr�b�>oVqhlpo@o��_�Ës@uhl¬o�sVn@�>��sV�hn@lz�x_qC�0s@��sVuhl+qh�bqhy~{|qhl�x_n-�Rlru>xÀ�B{~�zn-�_�¦nV�>�h�Clpn"y~xÀ�blrnEor¥wk-lÇ�Wlr���bq>o¢s@n@x_sVlb�P�>o�{~qh��sVu>{~o"{~y~y�����bq>�W{|sV{~�zqhl��Ãs@uhnVlpl��£�W{~��lpq>oV{|�bq>x_y¨l�Ñhx_��mhy~lz��sVu>l�lr¡ �r{|lpq>���Ã�z�­sVuhl�vwlrq>lrnEx_y~{|}plp� �<n@�By|����N�zn@n@lp��s@{|�bqÃ��n@�z� xÈqB�h��lrn@{~�px_y¦mR�z{~qbs+�z���B{|lp� xzq>� ��n@�z� sVuhl�mR�z{~qbs+�z���B{|lp���z��{|s@o{~��m>y|lp��lpqts@x�s@{|�bqJ�zqºm>x_nEx_y~y|lpy����z��mh�hsVlrnEop¥¤k�l�xzy~oV�-�z�Ws@y|{~qhl©sVuhl­��xzy|{��W{|s¢�:�W�b��xz{|qº�_�¬sVuh{�o���bnVn@lp��sV{~�zq,�B{�o¢�#"x����B{~o3sVuhl<lp�z�zy~�Ws@{|�bq,�_�Z��x_sVn@{~�rlpoN�_�4sVuhlw��x_n@{|�b�>oNoV�B����lrsVn@{~�¬y~{|qhl�x_n�oV�Bo�sVlp� or¥±fuhlpqL�4x_�®sVlrn��hn@{|l%$>��n@lp�r�zy~y|l���s@{|qh�­�z�fsVuhl¹oV�zy~�Ws@{|�bq-sV��qh�bqhy~{|qhl�x_n¸lpy~xbo¢s@{~�r{�s¢��mhn@�z�hy~lr� oP��{|sVux�ª�lr�fsV�bqW�js¢�tmRl¹��lrsVuh�W�Ë�Z�Nl¨�Wlpo@��n@{|�Rl s@uhl©vwlpqhlrnEx_y~{|}plp�"�<n@�By|�����N�bnVn@lp��sV{~�zqL¥²Ê£q"sVuhl¨y~xbo¢soVlp��s@{|�bqL�W�Gl<o�sV�C�W�,s@uhlPnVl�o��>y�sEof�z�WsEx_{~qhlp�¨���znfs@uhlPlry�xzo�sV{��<o��>mhmC�bn�s�¥

& '�c)(�e/`bijc4^�`zc+*:c4^�(�ij^-,/.La!01(2.43�`tiògCiÔ`�576,atc 89(2,/:;3
Ê£q��znE�Wlrn4sV�<���W�WlryW�R�W�W{|l�o¤� xz�WlG�hm��_�C�r�z��mhn@lpo@o�{~�hy~lN�bn��b�CxzoV{���{|qC���z��mhn@lpo@oV{|�hy~l3uB�BmClpnVlpy~xbo¢s@{~�� x�s@lrn@{~xzy~o�xzq>�¦�hq>�WlpnV�b�z{~qh��y~xznV�blP�Wl����bnV� x�s@{|�bq>op�W�Nl¸�Euh�B�to�l<s@uhl�¿²xz�znEx_qh�b{~xzq ���zn@���>y~x_sV{~�zqL¥< y~yz��xznV{�x_�hy~lpoËxznVl¤s@uB�>o²�Wl ° qhl��Px_q>�wn@l�s@xz{|q>lp�w{|q¸xfn@l���lpnVlpq>��l3�r�zq ° �z�hnEx�s@{|�bqL¥�±fuhl�lp�t�h{~y~{|�hn@{~�h�lp�t�>x_sV{~�zq>of� xÀ�,�RlP��n@{�sVsVlrq©{~q¦x��GlpxzÌ ���zn@� xzoG���by|y~���«o>=

ÁZ{~q>�@?�o��C�Eu¹s@u>x�s!ACBED4FDHG ¾I?ËÂ�=KJML9NPORQ;ASBUT/V L�NPOXWYASZ�B�[/V L-NP\ ]HL ¾_^W¥~Õ�Â
��uhlpnVlb��L·¾I`RÂ���{�o[xzqB�Æxz�h��{�o@o�{~�hy~lÇ�W{~oVmhy�xz�rlr��lrqts ° lpy~� {~qÃs@uhlÇn@l���lrn@lrqC��lÇ���bq ° �b�hn@x_sV{~�zqL�?¤¾I`RÂ��f{~o¹sVuhl-�W{�o�m>y~xb��lr��lpqbs ° lry��Ë�aT¤¾I`·Â¹xzq>��[Ë¾I`·Â¹xznVl�sVuhl-�WlrqCo�{|s¢�J�_���R�W�W�º���znE��lpo©x_qC�oV�hn��Ôxb��l¨sVnExz��sV{~�zq>o�n@lpoVmCl���sV{~�zlpy|�b� G ¾I`RÂbQdcPNeWfJM?¤¾I`RÂ��3{�o�sVuhl­�Wlr���zn@��x_sV{~�zq:�znExz�W{~lrqtsp� F �{�oLs@uhlNoVmCl���{ ° ��{~qtsVlrn@q>xzyzlry�xzo�sV{���lpqhlrn@�z�b�px_qC� ¾g= Â���o¢sEx_q>�>oË���zn²sVuhlG�W�z�>�hy|lr���r�zqtsVnExz��sV�bnË�zmRlrnEx�sV�bnp¥
±fuhl¹mhn@�z�>y|lp��¾2^W¥~Õ�Â<{�o��Co��>xzy|y~�-�W{~o@��n@l�s@{|}plp��s@uhnV�b�h�zu2x ° qh{|sVl¹lpy|lp��lrqts���l�s@uh�W�Ç³ �N{~xCh�´�¶x_qC�:y~lpxb�ho�sV�-s@uhl¯oV�zy~�WsV{~�zqºs@�-x-q>�zqhy~{|q>lpx_n m>nV�b�hy|lp� {~qºsVuhl­���bnV�ji ¾I?ËÂ@QMÓ>¥lk­l�s@uh�W�ho��y�xzo@oV{~�px_y~y|�J�>oVlp�Ç���zn©sVuhl"oV�zy~�WsV{~�zqÇsV�+o��C�Eu mhn@�z�hy~lr� o©x_n@l�ª�lr�fs@�zqW�js¢�BmCl���l�sVu>�B�>or¥�±fuhloV{|��mhy~lpo�s���l�s@uh�W�Ë�¤ª«lr�fs@�zqW�£»«xzmhu>oV�zqL�Z���zqCo�{�o¢sEoP{~q2{�s@lrnEx�s@{|�blry~��n@lrmhy�xz�r{|q>�­{|q"s@uhl¹l��t�>x�s@{|�bqi ¾I?ËÂmQ�Ó s@uhl¸���>q>��s@{|�bqni ��{�s@u¯{|s@o ° n@o�s����znE�Wlpn«l�ÑWm>xzq>o�{~�zq�xznV�b�hq>�©s@uhl�mR�z{~qts�¾I?ËÂ�¥RÊ�s�s@uhlrq{|sVlrnEx�s@{|�blry~�¹oV�zy~�zlpoNs@uhl¸o�lpnV{~lpoG�z�Zy~{|q>lpx_n�m>nV�b�hy|lp� oGsVuB�>of�z�hs@x_{~qhl��Ë¥
< ° n@o�s¸��x_n@{~xzqtsw�z�Ns@uh{~o¸��lrsVuh�W�J¾2o¬�CxzoV{3ª«lr�fs@�zqCÂ<�r�zq>oV{�o¢sEo<�_�fnVl�xz��s@�>x_y~{~}r{~qh�¹s@uhl y~{|qhl�x_noV�Bo�sVlp� � x_sVn@{�Ñ©�zqhy~�¨lp�zlpnV�Up¯qh�zqhy~{~qhlpxzn«{�s@lrnEx�s@{|�bq>or¥CÉ«���Glr�zlpnp�h�hlrmRlrq>�W{~qh�,�bq¦sVuhl�o¢s@{rq·qhlpo@o�_�²sVuhlwmhn@�z�hy~lr�ÈsV���RlwoV�zy~�zl��Ë�b�Gl���{~y~yR�Co�l<o¢s@nV�bqh�zlpn/��x_n@{�x_qts@op�toV�>�Eu¹xbo3s@u>x�sf�_�²sVuhl<ª«lp�fsV�zqÊ£q>�rnVlp��lpqts@x_y3¾Ô��uh{��Eu����zqCo�{�o¢sEof{|q­{~q>�rnVlp��lpqtsV{~qh��sVuhlPy~�bxb�W{~qh�tÂG�bn�lr�zlpq¦�Clrs�sVlpn�sVu>l�o��z���px_y~y|l���R�znE�Wlrn@{|q>��x_y~�z�bnV{|sVuh�Ã³ �<lry�´zµÀ¶�¥ÀÐN�hsZ��u>x_sVlp�zlrn4sVu>lG�Euh�to�lpq¸��l�s@uh�W�¸� xÀ�<�Clb�Àxzy|ybsVu>lN��l�s@uh�W�ho���b��l«�W����q�sV�<s@uhl�oV�zy~�WsV{~�zq�sV��xPo��>�p��l�oVoV{|�bq��_�Ëy|{~qhl�x_n3mhn@�z�>y|lp��op��s@uhl«n@{|�bubsV�juCx_q>��o�{��Wl�o/x_qC�� x�s@nV{���l�of�_�4��u>{~�Eu­x_n@l¬sV� �RlPnVl�xz��s@�>x_y~{~}rlp�L¥»�l���lpnfsV�,�N{~xznVy~l�sP³ �N{�xz´bÏÀ¶·���zn�x����b��m>y|lrsVlwmhnVl�o�lpqts@x�s@{|�bq¹�z�LsVuhlw���bnV���hy~x_sV{~�zq¨�_�²qh�bqhy~{|qhl�x_nlry�xzo�sV{���{|s¢��m>nV�b�hy|lp� o2x_q>�Ès@���<lry~y~lrn ³ �<lry�´zµ�¶©�zn[¿²l ±4xzy|y~lp��³ ¿Ll�±�¼zÓÀ¶¨���znºª«lr�fs@�zqW�js¢�BmClqh�bqhy|{~qhl�x_n«oV�zy~�zlrnEop¥



�-� s9tK�!u9vxwm�4�9�HulyRt{z}|�~��)tU�_�Y�9u��9���_�9� |-��z4��u9���/�)�1t �����
� '�c)(�e/`bijc4^�`zc+.�'�eNghg�,/3�3zijc4^Èc)���<ij^-,/.La!6¹abc)8�(2,H:+3
±fuhl �>oVl �_���W{~nVl���s�oV�zy~�zlpn@o¬���zn<s@uhl,n@lpoV�zy~�WsV{~�zq��_��oV�>�Eu�x­oV�>�p��lpo@oV{|�bq��z�foV�B����lrsVn@{~��y~{|qhl�x_nmhn@�z�hy~lr� oZn@lp�t�h{~nVl�o²uB�h�blN��lr���bnV�PoVm>xz�rlGxzq>��{�oZl�ÑBsVn@lr��lpy|�<s@{|��l��£���bq>oV�h��{|qh�w��uhlpq��rxznVn@�B{|q>��z�hs��rxzy~�r�hy~x_sV{~�zq>op�«m>xzn�s@{~�r�hy�x_n@y|�+���bn¯y�x_n@�zlr��o@�rxzy|l�sVuhn@lrlr���h{|��lrqCo�{~�zq>xzy¸lry�xzo�sV{���{|s¢� m>nV�b�hy|lp� or¥k­�bnVlp���zlrn<s@uhlr�2xznVl¹qh�_s�o��h{|sVl��-���zn�x_q"{~��mhy~lr��lrqts@x_sV{~�zq2�bq2m>xzn@xzy|y~lryG���z��mh�hsVlrnEop¥Z±fuh{�o�{~ox_y~y·sVu>lP���bnVlws@uhl¸�rxbo�lPxzoGs@uhlP� x�s@nV{���l�oN�z�4s@uhlP��x_n@{|�b�>oGmhn@�z�hy~lr� o�x_n@lwsV���RlPnVl�xz��s@�>x_y~{~}rlp�L¥Í��b��xz{|q��Wlp�r�z��mC�to�{|sV{~�zqP��lrsVuh�W�hoG¾�mhn@{~��xzyR³ ¿Ll�±�¼_½À¶B�znZ�W�>x_yBx_m>mhnV�txz�Eu ³ ÁZ»�¼_½�¶�Â�Â��À�r�z�hm>y|l����{|sVu¹x����zq_Ä¢�h�bx_sVl«�bn@xb�W{|lpqts/x_y~�z�zn@{|sVuh�¦�z� xzÌzl«{|sNmR�bo@o�{~�hy~lz�b�t� �r�zq>�Wlpq>oV{|qh��mhnV�b�hy~lr� o3�bq�sVuhl{~qbs@lrnV�Ôxz�rl��_�¸oV�h�R�h�z� x_{~q>op�3sV�ºo��by|�bl¦sVuhl¯���zy~y|����{~qh�2oV�>�r�rlpo@o�{~�zqJ�z�����zqC�Wlrq>oVlp�+oV�B����lrsVn@{~�y~{|qhl�x_n«oV�Wo¢s@lr� or�Bs@uhlPm>xznVlpqbs�� x�s@nV{���l�of�_�Z��uh{~�Eu­xznVl<o��B����l�s@nV{��_�hmR�boV{|sV{~�zlP�Wl ° qh{�s@lz¥

�����/� Qd� � ���bn��YQMÕ{��^9��V�V�V��}� ¾Ôµh¥�^zÂ
��uhlpnVl � � {~ofs@uhl<� x�sVn@{|Ñ¹�_��§W�EuB�hn«���b��m>y|lp��lpqtsf{~q­�W�>xzyË�znfmhn@{|� x_y·���bnV� xz�r�r�znE�W{~qh��s@��sVuhlx_m>mhnV�txz�Eu©�Euh�boVlrq©x_q>��� � sVuhl¸xboVoV�W��{�x�s@lp�¹�r�zq>�hlrq>oVlp�¨nV{~�zutsV�ju>xzq>�©o�{��Wlz¥
�������H�#� �H �¡1¢£�H¤�¥�����¦_�§¢� ¨�ª©%¢£¦2�§«£�X«g¬�¦I­�¡¯®l«£��°�±{²K¢�¦³¡b´9�µ¢{¤��§¡#��¦
±fuhl�nVl�o��by|�hsV{~�zq­�_�/sVuhl1� sVu �_�3s@uhlpoVl�oV�B����lrsVn@{~��y|{~qhl�x_n<o��Wo�sVlr� o¬�B�¦sVuhl�x_y~�z�bnV{|sVuh���_�/sVuhl���bq�Ä¢�h�tx�sVlP�bn@xb�W{~lrqtsp�Wmhn@lp�r�zq>�h{�s@{|�bqhlp�©�B�,s@uhl¸� x�s@nV{|Ñx¶ � �zlpqhlrnEx�s@lpoGs@uhlP���zy~y~����{|qh�1·:¾ � � Â�<n@�ty~���ÇoVm>xz�rlz���r�zq>o�sVn@�>��s@lp��{|q�s@uhl[���b�hnEo�l-�_��{|sVlrnEx�s@{|�bq>o¦�>oV{|q>�Ç�Wlpo@��lpqbs¯�h{|n@lp��sV{~�zq>ox¸ �¹³ ±�¿²´Ph�¶2=

·[¾ ��� ÂlQ�º�l���s�¾§¸ �» � V�V�V��}¸ �¼ Â�V ¾Ôµh¥ µbÂ
±fuhl � �¼ p>�jnEx_q>Ì¨x_m>mhnV�ÀÑW{~� x�sV{~�zq¦�z�Zs@uhl�oV�zy~�Ws@{|�bq¦sVu>x_s¬��{|q>{|��{~}rlpo�[bQ � � � �¼M½ � � n@lpoV{~�h�>x_y���zlpn�s@uhlb¾ � �¿SÀ WÁ·[¾ � � Â¬o�m>xb��l¦¾���uhlpnVl � �¿ {�o<x¹�b{|�blrq�{~qh{|sV{�x_y ° lpy~�>Â����bn�s@uhl �W�_sPmhn@�W�W�>��sxzo@oV�B�r{~x_sVl��,��{|sVu©sVuhl � � � x�s@nV{|Ñ¹{�ofsVu>lrq¦�z{~�zlpq¨�B�Â=

�/�¼ Q �/�¿ W�Ã ¾ ��� Â�¾2� � ½ �����/�¿ Â ��{|sVu Ã ¾ ��� Â�¾ � Â-Q ¼Ä ¹�Å »
¾ � ��¸ �¹ Â¾ � � ¸ �¹ �S¸ �¹ Â ¸ �¹ ¾Ôµh¥ ½tÂ

±fuhl x_mhmhn@�ÀÑW{|� x_sV{~�zq�� xÀ�¦sVu>lrq"�Wl ° qhl x¨�r�zn@nVl���s<{|qh{|sV{�x_y~{~}px�s@{|�bq����bn<sVuhl�n@lpoV�zy~�WsV{~�zq��_�Gxy~{|qhl�x_n¸oV�Wo¢s@lr�$��{|sVu�sVu>l,oVxz��l�� x�s@nV{|Ñ:¾�sVuhl {~qh{|sV{�x_y~{|}�x�sV{~�zq-{�o<�zmWs@{|� xzy�mhnV���B{��Wlp�¯sVuCx�s¸{|s¸{~o�>oVlp�,sV��n@lpo�s@xzn�sNsVuhlwn@lpoV�zy~�WsV{~�zq,�z�ËsVuhl<o@x_��l¬y~{~qhlpxznNmhn@�z�>y|lp� Â�¥Pk��zn@lr���zlpnp�_sVuhl�o�l<���bq>�WlrqCo�l��oV�Bo�sVlp� o,x_n@l�o�� xzy|y«{~qÇ���b��m>x_n@{~oV�zq:sV�2sVuhl¯�h{|��lrqCo�{~�zq>o,�_�<sVuhl¯�zy~�z�>xzy�mhnV�b�hy~lr�xÆ/�Gl��rxzqsVu>lrn@l����zn@l«Ìblrlrm,sVuhl¬{|qW���bnV� x_sV{~�zq,�b�Ws@xz{|qhl������zy~y~����{|qh�¸sVuhlp{|nGnVl�o��by|�hsV{~�zq �>oV{|q>�¸sVu>l¬���bq�Ä¢�h�tx�sVl�znExz�h{|lpqbsZ��l�sVu>�B�4ÆÀsVuh{�o¤x_mhmhn@�bxb�Eu��W�BlpoZqh�zsZu>���Nlp�zlrn4lrqts@xz{|yBuh{~�zu�xz�h�h{�s@{|�bq>x_yW���to¢sEoN¾Ô{|q�sVlpnV� o�_�¤��lr���zn@�,�rxzm>xz�r{�s¢�hÂ�¥Bk�lP� xÀ� s@uhlrn@l����bnVl<�>oVlwsVuhlp� {~q©�bn@�hlrnGsV�,oVmClplp�©�hm©sVu>lPnVl�o��by|�Ws@{|�bq�_�ZsVu>l<���zy~y|����{~qh��o��Wo�sVlr� op¥
ÇH­�¡b´a¡#�H¡#�
¢£ ¨��È�¡É¤MÊM��Ë£ �«�Ìx®Í«����µ¡É�#¦2�§«£�< �z�B�W��m>nVl����zqC�W{�s@{|�bqhlrn¤�z�>sVu>lm� sVu y|{~qhlpxzn�o��Wo�sVlr��{~oZs@uhl�� x�sVn@{|ÑM¶#oV�>�Eu�s@u>x�s � � ¶;[ÎQÏ[R¥k-l mhnV�bmC�to�l�x¯[�Ð�xzmhmhn@�ÀÑB{~� x�s@{|�bq:³ »�lr�W¼zÏ�¶N�_�/s@uhlÑ[CÒ ¼#Ó �bmWsV{~� x_y3���bnVn@lp��sV{~�zq­s@lrn@�)�Wl ° qhlp�



����Ô ������������ �!��
�B�¸s@uhl«n@lry�x�sV{~�zq²� � � ¾_¶ � [�W¯[ Ò ¼#Ó£ÂeQÁ[R�_�Rlr{~qh�Ps@uhl��znVsVu>�z�z�bq>x_yBmhn@�_Ä¢l���s@{|�bq¦¾òµh¥ ½tÂ¤xboVoV�W��{�x�sVl����{|sVu¨sVuhl � ��Õ » � x_sVn@{�Ñ,�z�²sVu>l�[SÖ ¼É¼ o��by|�hsV{~�zq,s@��s@uhlPo��Wo�sVlp�©� � ��Õ » [SÖ ¼É¼ QÁ[ ½ � ��Õ » ¶ � [R�{~q¨s@uhlU·[¾ � ��Õ » Â×ph�£�W{~��lrq>oV{|�bq©�<n@�By|��� oVm>xz�rlz¥< �p���bn@�W{~qh��sV�­¾òµh¥ ½tÂ��Bs@uhl>[}Ð<���bnVn@lp��sV{~�zq,s@lrn@� � xÀ�,�RlP��nV{|s�s@lrqØ=

[ Ð QÙÃ ¾ � ��Õ » Â�¾I[ ½ � ��Õ » ¶ � [hÂlQÙÃ ¾ � ��Õ » Â�¾I[WÂ ½ ¼Ä ¹�Å »
¾2¶ � [/� � ��Õ » ¸ ��Õ »¹ Â
¾ � ��Õ » ¸ ��Õ »¹ ��¸ ��Õ »¹ Â ¸ ��Õ »¹ ¾Ôµh¥ ÎzÂ

±fuh{~o©lrÑBm>nVl�oVoV{|�bq+�hq>�WlpnVy~{~qhlpo¹sVu>x_s¦sVuhl-�rxzy~�r�hy~x_sV{~�zqÇ�z�PsVuhl-���bnVn@lp��sV{~�zqJs@lrn@�#�W�Blpo¨qh�_sn@lp�t�h{~nVl s@uhl¦���z��mh�hs@x�s@{|�bq2�_��sVuhl � ��Õ » ¾_¶ � [WÂ¸��x_sVn@{�ÑB���zl���sV�bn¸mhn@�W�W�>��s�¥�±fuhl¨�px_y����hy�x�s@{|�bqsV{~��l��_��s@uh{~oJ�r�zn@nVl���sV{~�zq sVuhlpnVlr���zn@l u>xboºxÈ���to¢sJ���b��mCx_nEx_�hy~lÇs@��s@u>x�s+�_��xÆ�r�z��mhy~l�sVln@lr�znVsVu>�z�z�bq>x_y~{~}px�s@{|�bq mhn@�B�rlp�W�>nVlPx_qC�¨�r�zq>oVlp�t�hlpqbs@y|�¹nVlp��xz{|qCofy|{~��{�s@lp�Ë¥É«���Glr�zlpnp�>sVuh{�ow���zn@n@lp��s@{|�bq­�zqhy~�¦nVl��t�h{|n@lpo��zqhl��<nV�By~���©oVm>xb��lz¥Ë§B�©xzo�sV�¹lrÑBsVlrqC�­sVu>{~o ° nEo¢s�<n@�ty~���+���bnVn@lp��sV{~�zqÇs@�ºsVuhl"mhn@lr�B{~�z�>o�� ½ Õ-�<n@�By|���+oVm>xz�rlpop�f�Nl-mhn@�W��lrl�� �B� oV�>�p��lpo@oV{|�bl���bnVn@lp��sV{~�zq>op¥MÚ¬qÃlpxb�Eu {�s@lrnEx�sV{~�zq �z�©s@uhl��r�zq�Ä¢�>�bx�s@l+�znExz�W{~lrqts��PsVuhl����zn@n@lp��s@{|�bqÈsVlrn@� {~o�rxzy~�r�hy�x�sVl��¨xboG���zy~y|���«o>=
Ê£qh{�s@{~xzy|{~}px_sV{~�zq§Bs@x�s@lUÛ¯Q7¶ � �Á>�znmÜ�QÃÕz�Ws@��� ½ Õ¸�W��N�z��mh�hsVl<sVu>l¸���zn@n@lp��s@{|�bq�[}ÐmQÙÃ ¾ � ¹ Âr¾�[ ½ � ¹ ÛtÂ§tsEx�sVlUÛ�Q+Û�WX[�ÐÝ/q>�¨�_��¿L�B�zm
�N�z��mh�Ws@l<sVuhlPqhlp���Wl�oV�rlrqts��W{~nVl���s@{|�bqb¸;QÙÛ ½ßÞ�à�á â)ãÉä�åÞ�â ã ä×á ä�å ¸k-l ° qCx_y~y|�¸xboVoV�W��{�x�sVl3sV�«s@uhlf�<nV�By~���w�r�zn@nVl���sV{~�zq¸xw���b��mhy|lrsVlNnVlp�znVsVuh�b�z�zqCx_y~{|}�x�sV{~�zq<mhn@�W��l��W�hn@l³ »��z�>¼>Õ�¶L�_�Z�Wlpo@��lpqbs��W{~nVl���s@{|�bq>ofo���xzoNsV��lpq>o��>nVl�sVuhlP���bnVn@lp��sf�r�zqB�zlpnV�blrq>�rl«�_�²sVuhlP���bq�Ä¢�h�tx�sVl�znExz�h{|lpqbsf��l�s@uh�W�Ë¥

æ çEè�è�(�ijg�.Ë`tiòcZ^
§B�­xzows@�­lr��x_y~�>x_sVl�sVuhl lr¡,��{~lrq>�r��x_qC��s@uhl ��x_y~{~�W{|s¢���h�z� x_{~q��z�Ns@uh{�o<sVl��Euhqh{��b�>lz�Ë�Gl,x_mhmhy~�{|s¸sV�¦s@uhl,n@lpoV�zy~�WsV{~�zq-�_��x_q-{~q>�W�>o�sVn@{�x_y3mhn@�z�>y|lp�é=4x­o�sVlplry|�jlpy~xbo¢s@�z��lrnPy�x_��{~q>x�s@lp�-o�sVn@�>��s@�hnVl¾ÔoVlrl,ÁZ{~�>¥3ÕÀÂ<o��>�WÄ¢lp��sPsV��x_q"x_ÑB{�x_y3�r�z��mhn@lpo@o�{~�zq�y|�txz�W{~qh�¦��{|sVu2x_q-{~��mC�to�l����h{~oVmhy�xz��lp��lrqtsp¥k�x_sVlrn@{�x_y«�Rlru>xÀ�B{~�znEo x_n@l­���B�hlry~y|l��J�t�[sVuhl"�N{~xznVy~l�sV�£vwlp�B���bq>x�s�³ �fv<´K^�¶<o�mRlp�r{ ° �­{|qts@lrn@q>x_ylrq>lrn@�z� F ¥C§Blpl,³ »«lr�W¼_½�¶Ë���bn«x����hy~yLmhn@lpoVlrqts@x_sV{~�zq¹�z�4s@uhlP{~q>�W�>o�sVn@{~xzyËmhn@�z�hy~lr�¦¥±fuhl3mhn@�z�hy~lr��sVuB�>o4���bq>o�{��WlpnVl��¬{�oËuh{~�zu>y|�wqh�zq>y|{~qhlpxznp�px_q>�P�W{�o@��n@l�sV{~}rl��<�B��uhlrÑWxzuhlp�hn@xzy ° qh{|sVllry~lr��lpqbsEo¬¾³o�Õ«lry~lr��lpqbs�Â�¥W±fuhl¬��l�o�u¨���zqCo�{�o¢sEo/�z�²x<sV�zs@xzyC�z�²Ï_½bµtÎ<�Wlr�bnVlplpo/�_�Ë��n@lrlp�h�z�Ãx_q>�,{~o�Wl����z��mR�boVlp�©{~qbs@�,´ o��>�W���h�z� x_{~q>oP¾ÔÁZ{~�>¥LÕÀÂ�¥>±fu>l��W�z� xz{|q­�Wl����z��mR�boV{�s@{|�bq¨��lrsVuh�W�Ë�CÌtq>����qxzo�sVu>l�Í¬�>x_y3§W�EuB�hn¸�N�z��mhy~lr��lpqbs>k­l�s@uh�W�[³ Á¤»«¼_½z¶¤�r�z�hmhy~lp�¯��{�s@u�s@uhl��r�zq�Ä¢�>�bx�s@l��bn@xb�W{|lpqtsx_y~�z�bnV{|sVu>� x_qC�"mhn@lp���bq>�W{|sV{~�zqhl����t�-y~�W�rx_yNnV{~�z{��W{|s¢�¯� x�s@nV{���l�o¸{�o��Euh�to�lpq-���zn�sVuhl¨nVl�o��by|�Ws@{|�bq�_�Gy|{~qhl�x_nPo��Wo�sVlp��op¥L±fuhl o�sV�zm>mh{|q>�¦�rnV{|sVlpnV{~�zq��_�NsVuh{�o<{�s@lrnEx�s@{|�bl�oV�zy~�zlpn¬{�o�ÕpÓ Õ/ê ��uhlrn@lpxbo¬sVuhlo�sV�zm>mh{|q>�¨��n@{|sVlrn@{~�zq­�_�Nqh�zqhy~{~qhlpxzn�{|sVlrnEx�s@{|�bq>o�¾Ôª«lp�fsV�bq�{�s@lrnEx�s@{|�bq>o@Â«{~o�ÕpÓ Õ/ë ¥R±fuhl��W{�qRlpnVlpq>��l{�o�Ä¢�>o�sV{ ° lp�¦�B�¨sVuhl��b�Cxz�WnEx�s@{~�P�r�zqB�zlpnV�blrq>�rl¬�z�Zs@uhl�ª�lr�fsV�bq­��l�sVu>�B�¯x_q>�©�B�¹s@uhlP�Ôxb��s«s@u>x�ssVu>l<oV�zy~�Ws@{|�bq,sV��y~{|q>lpx_nfmhn@�z�>y|lp��oG�bqhy|�¨���zqCo�{�o¢sEoG{|q¦x_q¨{|qtsVlpnV��l��W{~x_sVl<o¢s@lrm©{|q¨sVu>lPnVl�o��by|�Ws@{|�bq



�-� s9tK�!u9vxwm�4�9�HulyRt{z}|�~��)tU�_�Y�9u��9���_�9� |-��z4��u9���/�)�1t ����ì
ílî�ïSð/ñ#òxóõô9öÉ÷Éø�ù�úSø�û�ü�ýgü¨ø�þeü¨þ£ýgø>Ôÿû��������{ø�ù	��ü¨þKûÍø�
��%þeö�
���û³ýgü¨÷aû��PúKúSø���ý

�_�ZsVu>lP���zlrnEx_y~yRmhnV�b�hy~lr�¦¥
®l¢�©%¡��)­�¡%�µ¡	�Â¢�¦_���§�É¡#©M¢£�µ¡��/«�¦��ÿ¡
¢K�#¦2±}¢£ r��È�¡É¤
±fuhl ° n@o�s��pxzoVl2o¢s@�>�W{~lp��{�o¯��u>lrq�sVu>l[qh�bqhy|{~qhl�x_n¯m>nV�b�hy|lp� {�o¯oV�zy~�zl����>oV{|qh�ÇsVuhl�o¬�>xzoV{��ª«lp�fsV�bq[��l�s@uh�W�[��{|sVuh�b�Ws x_qB�-��x_sVn@{�Ñ"n@lpxb��sV�Cx_y~{|}�x�sV{~�zq²¥Z±fuhl¦x_y~�z�bnV{|sVu>� s@uhlrqº���bqt�blrn@�zl�o{~q¹Î<{�s@lrnEx�s@{|�bq>or¥b±fuhl�qB�h���RlrnN�_�Ë{�s@lrnEx�s@{|�bq>o��_�·s@uhl����bq�Ä¢�h�tx�sVl��bn@xb�W{~lrqts3�zq�lpxb�Eu�{�s@lrnEx�sV{~�zq �z�sVu>lÑo¬�>xzoV{|��ª�lr�fsV�bq¨��{|sVu­�bn���{�s@uh�z�hs«sVuhl¸xb�h�W{|sV{~�zq¦�_�¤s@uhl�vwlrqhlpn@xzy|{~}rl��¦�<nV�By~���,���zn@n@lp��s@{|�bqsVlpnV� ¾Ôx_qC�PsVu>l�{|qh{|sV{�x_y~{~}px�s@{|�bq�{~qtsVn@�B�h�>��l��¸{~q©¾òµh¥ ½tÂ�Â4{�o��Wlpo@��n@{~�Cl��¸{~q�ÁZ{~�>¥{^�¾2o¬�>xbo�{|��ª�lr�fs@�zq��kÇ{|sVuh�b�Ws��znNkÇ{�s@u©�<n@�By|���hÂ�¥tÊ�sf��xÀ� �Rlw�z�>oVlrn@�zl���sVu>x_sG{~qtsVn@�W�W�>��{~qh��sVuhl<�<n@�ty~�������zn@n@lp��s@{|�bqsVlpnV�Æ���z�>mhy|l��¸��{|sVu�sVuhlf{~qh{|sV{�x_y~{|}�x�sV{~�zq�{~��m>y|{~lpo�x¬uh{~�zuhy~��oV{|�bqh{ ° �rx_qts¤�Wlp�rnVl�xzoVlN{~q�s@uhlfqB�h���Rlrn�_�f{|sVlrnEx�s@{|�bq>op¥ËÊ�s¸��xÀ��sVuB�>oP�Rl �z�>oVlrn@�zl��­s@u>x�sPs@uh{~o¸{�s@lrnEx�sV{~�zl xzmhmhn@�bxz�Eu����bnVn@lpoVmC�bq>�ho¬sV��xoVlr��{��£�W{~nVl���sf��l�sVu>�B�©��uh{��Eu©nVl��b�>{|n@lpoN�zqhy~�¹x�mhn@�_Ä¢lp��sV{~�zq¨�_�²s@uhl¸oV�zy~�WsV{~�zq¨{|q¦�<nV�By~��� o�m>xb��l�or���{|sVu­x��zlrn@�,y~{|��{|sVl���¾Ô�zn�lp�zlrq©qh{~y�ÂGqB�h���Clpn«�_�4sVuhl¸�r�zq�Ä¢�>�bx�s@l<�znExz�W{~lrqts�{�s@lrnEx�s@{|�bq>or¥
®l¢�©%¡e«g¬��ÿ¡
¢K�#¦2±}¢£ r��È�¡É¤��Â¢�¦_���§�É¡#©
±fuhl�qh�bqhy~{|qhl�x_n¤mhn@�z�hy~lr��{~o¤qh���ºo��by|�blp���B�PsVuhl«ª�lr�fs@�zqW�£»«x_m>u>o��bq���l�s@uh�W����{�s@u�oV�Wo¢s@lr� x�s@{~�n@lpxz��sV�>xzy|{~}px_sV{~�zqP�z�hsVuhlG� x�s@nV{|ÑË¥À±fu>lNx_y~�z�bnV{|sVu>��s@uhlrq����bqt�blrn@�zl�oL{~q�µ«{|sVlpn@x_sV{~�zq>op¥À±fuhlNn@lpoV�hy|s@o�z�hs@x_{~qhl��¦��{�s@u­�zn«��{|sVuh�b�Ws«s@uhl�xz�>�W{�s@{|�bq­�_�¤sVu>l�vwlrqhlpn@xzy|{~}rl��¦�<nV�By~���¹���bnVn@lp��sV{~�zq¨sVlrn@� xznVloVuh����q¨{~q­ÁZ{|�C¥�^¦¾Ôª�lr�fsV�bq��PkÇ{|sVu>�z�Ws��bnfkÇ{�s@u��<nV�By~���hÂ�¥W±fuhl¸�Wl���n@lpxzoVlw{|q¦s@uhlPqB�h���Rlrn«�z�{|sVlrnEx�s@{|�bq>ofuh���Glr�blrnG{~o«oV� x_y~y|lpnGsVu>xzq©{~q©sVuhlPm>nVlp�t{~�z�CoG�pxzoVl<�h�Ws«n@lr� x_{~q>o�oV{|�bqh{ ° �rx_qts�¥



�£��� ������������ �!��
í�î�ïSð/ñ#ò�� �-ö �Íýgø�þ��lü¨ý"!Ñø��$#Xü�ý"!Pø��Ký&%�öÉþKö �'��
¨ü)(Éö*�ew+��,-
¨ø/.Ñ~×ø����göÉ÷
ýgü¨ø�þ

0

40

80

120

160

200

240

1 2 3 4 5 6

N
um

be
r 

of
 li

ne
ar

 it
er

at
io

ns
0

Nonlinear iterations

Quasi-Newton /Without Krylov
Quasi-Newton /With Krylov

Newton /Without Krylov
Newton /With Krylov
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Incremental Newton Iterations

 

Without Krylov
With Krylov

With Internal Krylov
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