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\�]_^a`Qbdc�egfihj]T^lkC]Tm2bon2bd]_cp^qfjn;rY]geYmq`Qs;futvbwegfyxdz${Km2f|e}boc~mLf|�_fys�`Qx>^qf|h�rK`_cYbdh|`Qx8`QkYkKxobwhy`Qn2bd]_cKm
`_m|�B��]_s}fj�Y`Q^qkYxdf_�:cY]Tcg��xobdcYf|`_s$fyxw`_mLn2bwhjbon�z�]_speYz�c�`Q^qbdh�kKs2]T�Yxof|^amy�:t/f�kYs2]Tk�]�mLf�rYf|s2fT�:n2]
fj��n;fycKeqn;rYfybds8`QkYkYxdbwhy`�n;bo]Tcan2]�n2rYfJm�n;{Kegzq]Q�IrKfjn2f|s2]T�_f|cYfy]T{Km�mLn2s;{Kh�n;{Ys;f|m|�_��can;rYf�cKfj��n/m2f|hjn2bd]_cI�
t/f�egfim2hys2bd��f�`p^qfjn;rY]geg]_xd]_�Tz}tvrYbwh�r={Km2f|m�rY]_^q]T�_fycKbo�i`�n2bd]_c~n;f|h�rYcYbw��{Yf|m�`Qc�e=mL{K�Ceg]T^a`Qbdc
egfihj]_^qkC]Tm2b�n;bo]Tc:^qfjn2rK]�eKmIn;]�m2bo^�{Yxd`Qn2f��Cfyr�`���bd]_s�]Q�Khj]T^qk�]�mLbon2f�^a`Qn2fys;bw`Qx� ¡tvrYbwh�r�`Qs;f�mLn2s;]_cY�Txoz
rYfyn2fys;]_�TfycYf|]_{KmvmLn2s;{Khjn2{Ys;f|m�¢8`QcKe£t/f�m2rK`Qxdx�m2fyf¤rK]�tGbon�^a`�z�hy]_cKeY{Kh�n¥n;]a�_]�]ge�n2bd^qf�m2`���bdcY�Tm
]_cqkK`_s;`_xoxdfyx�hj]_^qkY{Yn2fys�m|�_¦�]Bn;rYbwm�fyc�e§�_t/fvtvboxdx�eYf|m;hjs;bo�Cf8n2rYf�egb�¨©hy{Yx�n;bofim�f|cKhj]T{Yc�n2fys;f|eI�QtvrYbwh�r
f|m;m2fyc�n2bw`Qxdxozªhy]_cKm2bdmLn�bdc«h�rY]�]�mLbdcY�u`�egf|hy]_^qkC]Tm2b�n;bo]Tcªn;`_¬�bdcY��boc�n2]�`_h|hj]_{KcTnJmL]T^lf�^qf|h�rK`_cYbdh|`Qx
hjs;bon2fys;bw`a`_mvn;rYf�kKs2fimLf|cKhjf¤]_�%rYfjn;fys;]_�_f|cYfybon2bdf|m|�K��cn2rYflmL{Y��mLfi�T{Kfyc�n�m2f|h�n;bo]TcI��mLn;`_sLn;bocK�a��s2]T^�`
m2bo^qkYxdf�fy�g`_^qkYxof�hj]_c�hjfys;cYbdcY�u`_cªfyxw`_mLn2bwh¤rYfyn2fys;]_�TfycYf|]_{Km®m�n;s2{Khjn2{Ys;f_��t>f�mLrK`_xoxMbdxoxd{KmLn2s�`�n2f¤n2rYf
bdcg¯K{Yf|cKhjf¤]_�°n2rYf�eYf|hj]T^qk�]�mLbon2bd]_cI��`QcKeªm2k�fihjbw`Qxdxozun2rYfF± hj]Ts2cKfysi± m8kYs;]_�Kxof|^�±K]_c£n2rKf¤fj¨©hjbdfyc�hjz
]Q�Mn2rKf�²gh�r�{Ysvhj]_^qkYxdfy^qf|cTn¥^qfyn2rY]ge§�

³ ´¶µ�·�Z¸µ�¹ºU�»¤¼�U�½G¾¥U�¿_Z¸R_µ�À�Á§R_µCS�Z[Á�Â[¿�Á�P�V�Ã�U�½GU�Ä�µÅP/Z¸ÆKÁ§RTZ[U�P�ÇJµ�X�È/P>Z[É�W>µ�¿
Ê ]_^qkC]Tm2b�n;f�^q`Qn2f|s2bw`Qxwm£`Qs;f¶�Cf|hy]_^qbdcY��^l]Ts2f�`Qc�eË^q]_s;f�bo^qkC]_s2n;`_cTnªbdc�n2rYf$hj]TcKmLn2s;{Kh�n;bo]Tc
]Q�JrYbd�_rg��k�f|sL��]Ts2^a`_cKhjfim�^qfih�rK`QcYbwhy`_xvm�n;s2{Khjn2{Ys;f|m|�%`_ml��]Tsafj�Y`Q^qkYxdf�`_fys;]Tm2kK`_hyf�`_kYkYxdbdh|`�n2bd]_c�my�
²�{Kh�r�`QkYkYxdbwhy`�n;bo]TcKm¤cKf|hjfim2m;`Qs;bdxoz¶s2fi��{Ybos;fu`«�_]�]ge�¬�cK]�tvxofieg�_f©]_�vn2rYf£hj]T^qk�]�mLbon2fT± m�^q`Qn2f|s2bw`Qx
kYs;]_kCfys2n2bdf|m|�g¦8rYfB^q`_boc�egbo¨ahy{Yxon�z©boc�n2rKbdmv`_s2fi`�mLn2fy^am/��s;]_^Ìn;rYfBrYbo�Tr�xdfy�TfyxÅ]Q�MrYfjn;fys;]_�TfycYf|b�n�z
fyc�hj]_{KcTn;fys;f|e§��^a`Q¬�bdcY�l`_c�zlc�{Y^qf|s2bwhy`_xChy]_^qkY{gn�`�n2bd]_c�kYs;]_rYbd�Ybon2bd�_fJb���cK]Qn8bo^qkC]Tm;mLbd�Yxdf_�gÍ�t/`�z
n2]a]��Tfys�hj]T^lf�n2rKf|m2f�egbo¨ahy{Yxon2bdf|m®hy]_cKm2bwm�n�mvboc£{Km2bdcY�arY]_^q]T�_fycKbo�i`�n2bd]_c�n2fih�rYcYbw��{Yf:��]_s®k�f|s2bd]gegbdh
mLn2s;{Kh�n;{Ys2fim:Î \�{Y�KÏ�ÐY�KÑ¤ÒÓ_Ô�Õ �
¦8rYbdmMn;f|h�rYcKbd��{Yf/ÖKs�m�n�hy]_cKm2bdmLn;mMbdclhy]_cKm2bwegfys;bocK�®n�t/]Jm;hy`_xofimy×in;rYf8^lbwhjs;]Tm;hj]TkYbwh� ¸hj]_cKcYf|hjn2f|e�n2]

n2rKf�hj]T^qk�]�mLbon2f¤��`_m2bdh:hyfyxdxw¢®egf|m;hjs;bo�Cf|mvn2rYflhj]_^qkC]Tm2b�n;f_± m®hy]_cKmLn2bon2{Yf|c�n;m®`_cKe�n2rKf�^a`_hys2]�m2hy]_kYbwh
s;fyxw`�n2fim�n2]¶n2rYfªm;hy`_xof�]Q��n2rYfªhj]T^qk�]�mLbon2f£^a`�n;fys;bd`_x8mLn2{�egbofie§��Ø/z}`�^lbwhjs;]Tm;hj]TkYbwhu`QkKkYs2]�`_h�rI�
n2rKbdm�n2fih�rYcYbw��{Yf�`_xoxd]�t¥m¤]TcYf©n;]¶hy]_^qkY{gn;f©n;rYf�fi��{Ybo��`_xof|cTnqrY]T^l]T�_f|cYfy]T{Km¤�CfyrK`���bd]_s���]_s�n2rYf
hj]T^qk�]�mLbon2fT�J¦8rYf~hj]T^lkK{gn;`Qn2bd]_c�]_�u`Qxdx�^q]geg{YxdbqeYf|m;hjs;bo�YbdcY�Fn;rYbwm�rK]_^q]_�TfycYf|]_{Kmª�Cfyr�`���bd]_s
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bwm�h|`Qs;s2bdf|e�]_{Yn���zËn;rYf�m2]_xd{gn;bo]Tc�]Q�©kYs;]_�Yxdfy^amn2]=�Cf~m2]_xd�_fie�`�n«n;rYf}^qbwhjs;]Tm;hj]TkYbdh�xdfy�Tfyx
 ¡h|`Qxdxofiehjf|xoxd{Yxw`Qs�kYs2]T�Yxdfy^am;¢j��tvrK]Tm2f¤c�{Y^��CfysJ`QcKehy]_^qkYxdfj�gbon�z£eYfykCfycKeª]Tcªn2rKf�hj]T^qk�]�mLbon2fT± m
hj]TcKmLn2bon2{Yf|cTn�my�B¦8rYf~^a`Qbdc `_eg��`_cTn�`Q�Tfp]Q�an;rYbdm�n;rYfy]Ts2z�bdm«n2r�`�n¶n2rYf�hj]T^lkK{gn;`Qn2bd]_c�]_�an2rYf
s;f|m2k�]TcKmLf®]Q�I`¤rY]T^q]_�_f|cYfy]T{Km�mLn2s;{Kh�n;{Ys;f¥^a`�z��Cf�h|`Qs;s2bdf|el]_{Yn>tvbon2rY]T{gn>c�{Y^qfys;bwhy`Qx�]��_f|s;hy]TmLn;m|�
ÑIfyn¤{KmBcY]_n2fln2rK`Qn:n2rYbwmBn;rYfy]Ts2zªrK`TmBxofie�n2]�n2rYfaf|xd`_��]Ts;`Qn2bd]_c�]Q�>^a`_c�z�mL]_�àn�t/`_s2fim�`_cKe�n2rYf|bos
fj¨©hybof|cKhjbdf|m8rK`��TfB��f|fyc£kYs;]��_f|eu^a`Qc�zan2bd^qf|m8��]Ts¥mLf|�_f|s;`_xÅhy]_cKmLn2bon2{Kfyc�n|± m8��f|rK`���bo]Ts;m|�
9¥]�t/fy�_f|s:n2rKf�`Qc�`Qxdz��|f«Î \®f|�;:=< Õ ]Q�vn;rYf Ê.> ? n2bd^qf|m�s2fi��{Ybos;f|e¶��]Ts�n;rYbwm�rY]T^q]_�_f|cYbd�|`�n;bo]Tc

kYs;]ghjf|eY{Ys2f/s;fy�_fi`QxwmIn;rK`�n�@BA®kCfys�hjf|cTni��bdm%eYf|egbwhy`Qn2f|e�n2]�n2rKf¥mL]Txo{gn;bo]Tc�]_�Kn2rKf8hyfyxdxo{Kxd`_sMkKs2]T�Yxof|^amy�
¦8rYf¶ÖKs�m�nªs;f|`TmL]TcFn2]~n2rKbdm£�¡`Th�nmLn2fy^am���s;]_^ n;rYf�^�{Yxon2bdkYxdbdhyb�n�zG]Q��n2rYf$hjf|xoxd{Yxw`Qs£kYs;]_�Yxdfy^am
 à��]Ts©fj�Y`_^lkKxof£bdc~xdbdcYf|`_safyxw`_mLn2bwhjbon�z}Ð$hjf|xoxd{Yxw`QsakYs;]_�Yxdfy^amqrK`��Tfun;]$��fm2]_xd�_fie§�%bdc~]Ts;eYfysqn2]
]_�Yn;`Qbdc�`_xoxv^q]geg{Yxdbv]Q�®n2rYf£rY]T^l]T�_f|cYfy]T{Km��Cfyr�`���bd]_s�¢��Mn;rYfªmLfihj]_c�e$s2fi`_m2]_c}hy]_cKm2bwm�n�m�bdc�n2rYf
kYs;f|m2fycKhyf�]_��k�f|s2bd]gegbdhyb�n�z£�C]_{Yc�eY`Qs;zªhj]_c�egb�n;bo]TcKm�tvrYbdh�r�`DCÅf|h�nJn2rKf��K`_cKegtvbwe�n2r�]Q��n;rYfFE�G H
^a`�n;s2bo�§��¦8r�{Km|�itvrYfycqhj]TcKhjf|kgn2f|s;m�xo]�]T¬���]TsMn2rYf/]_kgn;bo^a`_x�hy]_cKhyfykgn;bo]Tc�]_��hj]T^lkC]Tm2bon2f/^q`Qn2f|s2bw`Qxwmy�
�Cf|hy`_{Km2f�n2rYf|z rK`��Tf�n2] hy]_cKm2bwegfysp`�xd]Qn�]Q�£^lfih�rK`QcKbdh|`Qx« ¡^l]geg{Kxob�]Q��n2rYf�hj]TcKm�n;b�n;{Yfyc�ni± m
�CfyrK`���bd]_s�¢�`Qc�eB�_fy]T^qfjn2s;bwh�kK`_s;`_^lfyn2f|s;m> ��_]Txo{K^lf/]Q�YbdcKhyxo{Km2bd]_cKm|��k�]Ts2]�mLbon�z�k�`Qs2n|�d�o�d� ¢In2]Begfim2hys2bd��f
n2rKf�^qbdhys2]�m2hy]_kYbwh:xdfy�TfyxI��]TsJ��{K`_c�n2bo��z�bdcY�an;rYfybdsJfICÅf|h�n�mJ]_c£n2rKf�fi�T{Kbo��`Qxdfyc�n®�Cfyr�`���bd]_s�^q]�eY{Yxob[�
bonJbwm®cKf|hjfim2m;`Qs;z©n;]u^�{Yx�n;bokKxozª��zª`axd]QnB]Q��kK`_s;`_^lfyn2f|s;mvc�{Y^���f|s®n;rYflc�{K^��CfysJ]Q�%n2rKf�hjf|xoxd{Yxw`Qs
kYs;]_�Yxdfy^am>n2]q�Cf:mL]Txo�Tf|eu`_cKe�b�nvbwmvhjxdf|`Qs/n;rK`�n8n2rKbdmvhy]_cKhyfykgn;bo]Tc�mLn2fyk�bdc��T]_xd�_fim��Ybd�aegbo¨ahy{Yxon2bdf|m
tvrYf|c£m2f|��{Yf|c�n2bw`QxIhj]T^qkY{gn2f|s;mv`_s2fJ{Km2f|e§�

JLK4M�K�N=OIPRQTS7U4VWQ�K4PYX�Z[K7\]OI^]^_U4Pa`cbcK4M�U4QdP#bFO]\�K4MfegKh^�QdV)Q�KDPjikOlVnmoK�`Bp
Í�t/`�z¶n;]�]��Tfys�hj]_^qfan;rYf|m2f£egb�¨©hy{Yx�n;bofimy��hy]_cKm2bwm�n�m�bdc�egf|�_f|xo]TkYbocK�~Î ²�]_{R:_Ð Õ `�^lfyn2rY]geg]Txo]T�_z
tvrYbwh�r�{Km2f|mËhy]_cDq�]Tboc�n;xoz rY]_^q]_�TfycYbd�|`Qn2bd]_c�n2fih�rYcYbw��{Yf|m=`_cKe�m2{Y�CeY]_^a`Qbdc#egf|hy]_^qkC]Tm2b�n;bo]Tc
^qfjn;rY]geYmFbdc ]Ts;egf|s~n2] n;`_¬_f�`_eg��`_cTn�`Q�TfGbdc�` xw`Qs;�_f�t/`�z ]_�«n;rYf�kK`Qs�`Qxdxdfyxªhj]T^lkK{gn2f|s;m
kCfys2��]_s;^q`_cKhjfT�
¦�]:bdxoxd{KmLn2s�`�n;f8n2rYbwm�^qfjn;rY]geg]_xd]_�Tz_�Qxdfjn�{�m�hj]TcKm2bdegf|s°n2rYf�hy`_m2fv]Q�§`Jn2rKfys;^l]�f|xd`Tm�n;bdhvhy]_^qk�]�mLbon2f

^a`�n;fys;bd`_x¸�%{Km2f|e�`QnqbdcKeg{�m�n;s2bw`Qx¥xdfy�Tfyx¥`Tmahj]T`Qn2bdcY�¶��]_s©m2kK`_hyf£fycY�TbocYfimy����n©bdm©hy]_cKmLn2bon2{Yn2f|e~��z
{YcYbwegbds2fih�n;bo]TcK`QxBhy`_s2�C]_cFxw`�z_f|s;m WA=r4:BApegf|�_s;fyfim;¢qrKfyxweFboc�hj]TcTn�`_hjnu��z�`pn2rYbds�e=hj]TcKm�n;b�n;{Yfyc�n
 ¡h|`Qs;��]Tc�¢©h|`Qxdxofie ± kYbwhj]_n|±d�.EK]_sun2rYbwm��_fy]T^qfjn2s;z}bon£bdm�mLrK]�tvc�Î Ñ�± 9s:_Ð Õ n2rK`Qnun;rYf�fi��{Ybo��`_xof|cTn
rY]T^l]T�_f|cYfy]T{Km%n;rYfys;^q]�f|xd`Tm�n;bdh®��f|rK`���bo]Ts�bwm/]_s2n2rY]_n2s;]_kYbwh¥`Qc�euhy`_c©�Cf®��{Yxdxdzuhj]T^lkK{gn2fie©��zln2rYf
m2]_xd{gn2bd]_cB]Q�YÐvf|xd`Tm�n;bdh_�lt8n;rYfys;^a`Qx_`_cKe�u�hj]T{YkYxdf|e:hjf|xoxd{Yxw`QsIkKs2]T�Yxof|^amy�lH]_s;fy]��_f|sCn2rYf/`QcK`_xoz��yf%]_�
mLn2s;f|m;m�hj]TcKhjf|c�n2s�`�n2bd]_c¤m2rY]�t¥mIn2rK`Qn°eY`_^a`Q�_fim§xd]�h|`�n;f|e¤`Qn�n2rKf>bdc�n2fys2�¡`_hyf|m���fyn�t>f|fyc�hy]_cKmLn2bon2{Kfyc�n;m
^�{�m�n��Cf®hj]TcKm2bdegf|s2fie�bdcq]_s�egfys°n;]:]_�gn�`Qbdca`Qca`_h|hj{Ys�`�n;f8eYf|m;hjs;bokgn;bo]Tc�]_��n;rYf®hy]_^qk�]�mLbon2f8s;f|`_xobon�z_�
¦8rYf¥fy�Y`Q^qkYxdf¥m�n;{Kegbdf|eakC]Tm;mLfim2m�mL]T^lfv�Tfy]T^lfyn2s;bdhvm2z�^q^lfyn2s;bofim%bdcqn2rYf¥kKxd`_cYf� �AK� �§� zY¢°fycK`_�YxdbocY�
n2]�hy`_s2s;z¶]_{gnln2rYfªm2]_xd{gn2bd]_c}]Q��hyfyxdxo{Yxw`QsqkYs;]_�Kxof|^qm�]_cKxoz$]Tc$n2rYfª��{K`_sLn;fysl]Q�¥n;rYf���`_m2bdh�hjfyxdx
 �EMbd�_{Ys;fvui¢j�B9¥]�t/fy�Tfys%kCfys;bo]gegbwhjbon�z��C]_{KcKeY`Qs;z�hy]_cKeYb�n;bo]TcKm°��fyn�t>f|fycqn;rYf¥xd]�t>f|s°`_cKeln2rKfv{YkYkCfys
�¡`_hyf|m8]_��n2rKf¤�T{�`Qs2n2fys8]_��n2rKf:�K`_m2bdhJhjf|xox[�Ys;fy^a`QbdcI�Y¦8rYfBkK`_s;`_xoxdfyxÅ^qfjn;rY]geg]_xd]_�Tz©egfy�Tfyxd]_kCf|eu��]_s
n2rKf¥hj]_^qkY{Yn;`�n;bo]Tc�]_��n;rYfvhj]_^qkC]Tm2b�n;fveY`Q^a`Q�Tf|e�f|��{Ybd��`_xof|c�n°�Cfyr�`���bd]_s%hy]_cKm2bdmLn;mMbdcln2rYfvhjf|xoxd{Yxw`Qs
kYs;]_�Yxdfy^am:��z¶{Km2f©mL]Txo��bdcY�ª]Q�¥`£cY]TcY]��_f|s2xw`QkYkKbocY�ªm2{Y�Åeg]_^a`Qbdc$egf|hy]_^qkC]Tm2b�n;bo]Tc¶^qfyn2rY]ge§�Mt>f
{Km2f_�§rYf|s2fT�Ån2rYfu²Yh�r�{Ks¤hj]_^qkYxdfy^qf|cTn:^qfjn;rY]ge�Î Ø w Ó Ð Õ �I¦�]�n2rYbwm:t8`�z_�Åt>fqrK`��Tfln2]ªh�rY]�]Tm2fl`
m2{Y�CeY]_^a`Qbdc�eYf|hj]T^qk�]�mLbon2bd]_cu��]_s/n2rYf:��{K`_sLn;fys8]Q��n2rYfB�K`TmLbwh�hyfyxdx¸�Y`Thyhy]_{Yc�n2bdcY��n2rYfBkCfys;bo]gegbwhjbon�z
�C]_{YcKeK`Qs;zuhj]TcKegbon2bd]_cKmv`_cKe©n;rYf¤egbwm2hy]_c�n2bdc�{Ybon2bdf|m¥`_s2bwmLbdcY����s2]T^ eY`_^q`_�_fJboc�n;fys2�¡`_hjfimy�

bFO�\]K4MfegKh^�QdV)Q�KDPo^_QdPRV&KyxRzg{]`BK4M�U4QdPo^LK}|~VnmoO~�sUh^�Q�\��'Ol�d�
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x

z

y

damage interface
between constituents

picot

periodic boundary
condition

layer at 90 degrees layers at 0 degrees

���¤n;rYf¶h�rK]Tm2fycËegfihj]T^lkC]Tm2bon2bd]_c=bwm�m2{Kh�rËn2rK`Qn��¡`Thjf|m|�/tvrYfys;f«t/f«rK`��Tfn;]�m;`�n2bwmL��zFk�f|s2bd]gegbdh
�C]_{YcKeK`Qs;z�hj]_c�egb�n;bo]TcKm|�J�Cfyxd]_cK�Ën;]Gn�t/]�egb¼CÅfys;fyc�npm2{Y�CeY]_^a`QbdcKm|�Jbon$bdm¶n;rYfyc s;f|��{Ybds2fie�n2]
kYs;f|m;hjs;bo�Cf�`8kK`_sLn;bdhy{Yxd`_s§xobdcY¬J��fyn�t>f|fycJn2rKf|m2f�mL{K�Ceg]T^a`QbdcKmy�|Ø>fyn�t>f|fycBf|`Th�rBk�]Tboc�n�]_�Tn;rYf|m2f%�¡`_hyf|m
t/f>rK`��Tf�n;]Jm;`�n;bdmL��z:n;rYf ���=�h�W�(�����B���]�#�a½��7���c�����7��¾��o���=�0�=�-� `QcKe�n2rKf �g�-�7�n� ���D�W�(���W�B�����k�a½
�7���¿�l�7�h�;���_Àa�=�B�7�R� ��¦8rKf|m2f�s;fyxw`�n;bo]TcKm��CfybdcY��fy�Y`_h�n;xozln;rYf ���o�Á� n2r�`Qcan;rYf|m2f®n;]��CfJm;`�n;bdmLÖKfie`�n�n2rKf¶bdc�n2f|sL�¡`Thjf«]_��n;rYf¶eYf|hj]T^qk�]�mLbon2bd]_cI�/n;rYf�^q`_bocGbdeYf|`}��]_s�n2s;f|`Qn2bdcY�pn;rYf|m2f�kK`Qs2n2bwhj{Yxw`Qs
hj]TcKegbon2bd]_cKm� ���zq`:mL{Y�Åeg]T^q`_boc©`_kYkYs;]T`Th�r�¢Mhj]_c�mLbwm�n�m�bdc©hjs;f|`Qn2bdcY�¤`~± Ö�hjn2bd�_fT±_bdcTn;fys2�¡`_hyf_�_xdbdcY¬�bocY�
n2rKf¥e§� ]�� ���_��f|xo]TcY�_bdcY��n2]B�¡`_hyf|m%hy]_cKhyfys;cYf|e���z�k�f|s2bd]gegbwh>�C]_{KcKeY`Qs;z�hy]_cKegbon2bd]_c�my�Q`_cKe�bdca`_eYeYbocY�
bon®n2]un2rYf�boc�n2f|sL�¡`Thjf¤kKs2]T�Yxof|^�tvrYbdh�rªtvbdxdx��Cf�hyxd`Tm2m2bdh|`Qxdxoz�mL]Txo�Tf|e���z�n2rYflhj]_c4q�{Y�T`Qn2f¤�Ts;`Tegbof|c�n
`Qxd�_]Ts2bon2rK^��
�0Â��o�0�oÃR�Y�W�-�7�=�D½&�o�B�Ä���+�7���k���=���R�Á���R���n�����a���
¦8t/]F^q`_cYcYf|s;m£n;]Fn;`_¬_f$bdc�n2]Ë`Thyhj]T{Yc�n«egbwm2hy]_c�n2bdc�{Yb�n;bofimbdc�n2rYf}^lfimLrKf|m} ¡^q]�eYfyxdbo�|bocY�=n2rYf
egf|��]TcKegbdcY�=bdcTn;fys2�¡`_hyf|m�¢£rK`��_f}��f|fyc hy]_cKm2bdeYfys;f|e§�®¦8rKfyz�xofi`_e�n;]Fn�t>]Gegf|hy]_^qk�]�mLbon2bd]_c�mªboc
s;f|m2k�fih�n2bd�_f|xozÅ<4A£`QcKe Ó m2{Y�Åeg]_^a`QbdcKm© WEMbo�T{Ys2f�<T¢���¦8rYfqÖ�s;mLn¤]_cYf©hy]_cKm2bwm�n�mBboc$h�rY]�]Tm2bdcY��n2rYf
bdcTn;fys2�¡`_hyf|m�]Q�Kn;rYf8egf|hy]_^qk�]�mLbon2bd]_cl`_m�n2rK]Tm2f>tvrYf|s2f/eY`Q^a`_�_f�]gh|hj{Ys�my��tvrYf|c�`Je§� ]K� ���Qhj]_^qfim�bdcl`
eY`_^q`_�_fiea�y]TcYf_�w �tvrYf|s2f�cY]�s;fyxw`�n;bo]TcKm>]Q��hy]_c�n2bdc�{Yb�n�zqrK`��Tf¥n;]��CfJm;`�n;bdmLÖKfieK¢���bon/bwm>n2rYf|cukYbwh�¬_fie
]_{YnM��s;]_^�n;rYf8boc�n;fys2�¡`_hjf>kYs;]_�Yxdfy^  ¸egf|hy]_^qk�]�mLbon2bd]_clbdcF<4AJm2{Y�CeY]_^a`QbdcKm�¢��Q¦8rYf8mLfihj]TcKe¤^a`QcKcYfys
eg]�f|m®cY]QnJhj]_c�n�`Qbdc£n2rYbwm®`Tm2m2]ghjbw`�n2bd]_c£�Cfjn�t/fyf|ceY`Q^a`Q�Tf¤`QcKeªeYf|hj]T^qk�]�mLbon2bd]_c£bdcTn;fys2�¡`_hyf|m|��`Qc�e
egbwm2hy]_c�n2bdc�{Ybon2bdf|m/`Qs;bdm2bocK�:��s2]T^ eK`Q^a`Q�Tf®hy`_c©��fJxd]�h|`�n;f|eabdcKm2bdegfJmL{K�Ceg]T^a`QbdcKm� ¸egf|hy]_^qkC]Tm2b�n;bo]Tc
bdc Ó m2{Y�Åeg]_^a`QbdcKm�¢��

Æ�OI^�z§�¹VW^~KDPÄVdmgOsÇLx§ÆÈ�'K4Mfe-z§V&OlZ
w�f:s2f|k�]TsLn¤ �EMbd�_{Ys;fvtT¢>��]Tsvf|`_h�r£egfihj]_^qkC]Tm2b�n;bo]Tc�m2]_^qfBs;f|m2{Yx�n�m8]_�gn�`QbdcYf|e�eg{Ys;bdcY�amLfi�T{Kfyc�n2bw`Qx
kYs;]ghjf|m;m:`Qc�e«kK`_s;`_xoxdfyx%kKs2]ghjfim2mq ¡tvrYfys;fqn2rYf©hy]_^qkY{gn;bocK��n�`_m2¬gmBs2f|xd`Qn2f|e«n2]ªfi`_h�r�mL{K�Ceg]T^a`Qbdc
`Qs;fBhy`Qs;s;bofiea]_{gnv��z©fi`_h�rukKs2]ghjfim2m2]_s8`_m;m2bo�TcYf|eK¢j�g¦8rYf|m2f�s;f|m2{Yxon;mvhy]_cKhyfys;can2rYf¤m2]_xd{gn;bo]Tcu]Q�M]_cYf
hjf|xoxd{Yxw`QsJkYs;]_�Yxdfy^���z£{KmLf�]Q�%n;rYfq²Yh�r�{KsJhy]_^qkYxdfy^qfyc�n�^qfyn2rY]getvrKfys;f¤n2rKf�n�t/]�± É®fy{Y^a`_cYcI±
kYs;f|hy]_cKegbon2bd]_cKfys�m�rK`��Tf®�Cfyfyc£hj]TcKm2bdegf|s2fieª Y± É¥f|{Y^a`QcYcg�É¥f|{Y^a`QcYc�±ÅÎ ÑIfi¦1: Ô�Õ `_cKe�± É®fy{Y^a`_cYcg�
hj]�`Qs�mLfT±�Î H`Qcg: Ô�Õ ¢��B¦8rYfyz�rK`��Tfp��f|fyc�]T�gn;`_bocKf|e�]Tc�n2rYf+Ê¤²§Ë5kK`_s;`_xoxdfyx�^a`_h�rYbdcYfp]_�an2rYf
�}É�Ë¥��Í�bocKmLn2bon2{Yn|�4w�f¥egbwm2m2]ghjbw`�n;fvbocln2rKf|m2f8hy{Ys;�_f|mMn;rYf�± xd]ghy`_xg]_kCfys�`�n2bd]_c�my±�bdcln2rYf¥m2{Y�Åeg]_^a`QbdcKm
 ¡hy]_^qkY{gn�`�n;bo]TcKmM]Q�¤± \®bds2bwh�rYxdfjni±Q`QcKeF± É¥f|{Y^a`QcYc�±�kYs2]T�Yxdfy^am;¢§��s2]T^�n2rYf¶± boc�n2f|sL�¡`Thjf/]_kCfys�`�n;bo]TcKmy±
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 ¡hy]_cDq�{K�T`�n;f��Ts;`Tegbdfyc�n�]Tk�f|s;`Qn2bd]_cKm�¢��8¦8rYf|m2f¶s2fimL{Yxon;m�m2rY]�t�n2r�`�n�n2rYf�egf|hy]_^qkC]Tm2b�n;bo]TcËbdc×<4A
m2{Y�CeY]_^a`QbdcKm�bdm£cK]Qnªm2`Qn2bwm���z�bdcY���Cf|h|`Q{Km2f�eg{Ys;bocY�~n;rYf�kK`Qs�`Qxdxof|x�kKs2]ghjfim2m|�8^q]TmLn�]_�¤n2bd^qf$bdm
hj]TcKm2{Y^qf|e ��z�n2rYf ± bdc�n2f|sL�¡`Thjf�]_kCfys�`�n;bo]TcKmy±Jbdc ]TkYkC]Tm2b�n;bo]Tc�n2]�n;rYf=egf|hy]_^qkC]Tm2b�n;bo]Tc bdc Ó
m2{Y�CeY]_^a`QbdcKmu��]_s£tvrYbwh�rFn2rYf�n2bd^qf¶m;`���bocK�}^a`�z���f¶boc�hjs;f|`_m2f|e���zF{Km2bdcY�}^q]_s;fn;rK`QcG]_cYf
kYs;]ghjf|m;m2]_s8��z�m2{Y�CeY]_^a`QbdcKm|�g9¥]�t/fy�Tfysi�g��fihy`Q{�mLfBt/f:rK`��_f¤h�rY]�mLf|c�`aeK`Q^a`Q�TfJxd]ghy`Qn2f|e£`Qnvn2rYf
bdcTn;fys2�¡`_hyf���fyn�t>f|fycBn;rYf± kYbdhy]Qni±� ¡tvrY]Tm2f�s�`_egbd{KmIbwm�m2^a`Qxdxw¢I`QcKeBn;rYf�xw`�z_f|s;m|��t/f�rK`��_f>`_m;mL]ghjbw`�n;f|e§�
��]_s�n2rYf�egf|hy]_^qkC]Tm2b�n;bo]Tc$bocØ<BAm2{Y�CeY]_^a`QbdcKm|��]TcYxoz¶]_cKfumL{K�Ceg]T^a`Qbdc$��]_s�n2rYf�± kYbwhj]_n|±d�M¦8r�{Km
t/f�rK`��Tf�m2k�]Tboxdf|e�n2rYf�xd]T`_e��K`Qxw`QcKhybocK�Ë�Cfjn�t/fyfyc kYs;]�hyf|m;mL]Ts;m|��¦8rKf~egfihj]T^lkC]Tm2bon2bd]_c bdc Ó
m2{Y�CeY]_^a`QbdcKm«eY]�fimªcY]_n«kYs;f|m2fyc�nn2rKbdm«kYrYfycK]_^qfycY]Tc�mLbdcKhyf$b�n�m2`Qn2bwm�ÖKfimm2]_^qf$^qf|h�rK`_cYbdh|`Qx
hjs;bon2fys;bw``QcKe$`�_]�]gepmLbd�yfuf|��{Ybdxobd�Ys;bo{Y^ �Cfjn�t/fyf|c}mL{K�Ceg]T^a`QbdcKm:��]Ts�`k�`Qs�`Qxdxof|x�`QkYkKxobwhy`Qn2bd]_cI�
w=bon2r�n2rKbdmªfy�Y`Q^qkYxdf$t>f�s�`QbwmLf¶n2rKf$kYs2]T�Yxdfy^�kC]Tm2f|e���zFn;rYfpbdcg¯K{Yf|cKhjf$]_��n;rYfph�rY]_bwhjf$]_�
n2rKf�egfihj]_^qkC]Tm2b�n;bo]Tcª]_cªn;bo^qfim�m;`���bocY��mv]_�Yn;`QbdcYfieª]_cªkK`_s;`_xoxdfyx�kYs;]�hyf|m;my��¦8rYbdmJ`_m2kCf|h�nBhy`_cª��f
^q]_s;f¥��{Yxdxdz©egf|m;hjs;bo�Cf|e©n2rK`_cY¬gm>n2]¤n;rYf���]_xdxo]�tvbdcY��fy�Y`Q^qkYxdf�tvrYbwh�ruhy]_cKhyfys;cKm�n;rYfBm�n;{Kegza]Q��n2rYf
s�`�n2f®]Q��hy]_c��_f|s2�TfycKhyf/]_��eg]_^a`_bocueYf|hj]T^qk�]�mLbon2bd]_c©^qfyn2rY]geYm>tvrYfyc�`QkYkYxdbdf|eqn;]�rYfyn2fys;]_�TfycYf|]_{Km
mLn2s;{Kh�n;{Ys2fim8tvrYfys;f~± hy]_s;cYfys�my±�fy��bwmLn|�

Ù ¼�U�S�P�µCSgÚà¿kÛuSTU�Ü/Â[µÅ½ »2U�S¶Ã}µ�R_µ�S�U�Ä�µCP>µCU�W>¿�ÝMRTS�W>XgRTW>STµC¿
¦8rYf{�mLf�]Q�Bn2rYf�kYs;f|hj]TcKegbon2bd]_cYfieFhj]TcDq�{Y�T`Qn2fª�Ts;`Tegbof|c�na��]_s©n;rYf�m2]_xd{gn;bo]TcF]Q�Bn2rYf�boc�n;fys2�¡`_hjf
kYs;]_�Yxdfy^�boc��T]_xd�_f|mJn;rK`�n:n;rYf©s�`�n;fa]Q�vhj]_c��Tfys;�_fyc�hjf£ ¡`Qc�e$hj]_c�mLfi�T{Kfyc�n2xdzªn2rKfan2bd^qf|m�m;`���bocK�Tm�¢
egf|k�f|cKeYm�]_c�n;rYf~h�rK]_bwhjfp]_�an2rYf~egf|hy]_^qk�]�mLbon2bd]_c boc m2{Y�Åeg]_^a`_bocKm~ LÎ ²;Þ�:�@ Õ ¢��B`Qc�e�s2fihjf|cTn
s;f|m2f|`Qs�h�rKm£ ¡m2fyf�Î E�Ëf: Ô�Õ ¢qn2s;z}n;]$^lbdcYbd^qbo�|fªn2rYbwm©bdcg¯K{KfycKhyf_�>¦�]$bdxoxd{KmLn2s�`�n2fn2rYbwmu`TmLkCf|hjn|��xdfjn
{Kmªhy]_cKm2bdeYfys�n2rYf$kKs2]T�Yxof|^ k�]�mLfieË]TcËn;rYf$^�{Kx�n;boxw`�z_f|s2fie=m�n;s2{�h�n2{Ks2f$`Qc�eGegfim2hys2bd�Cf¶bdcGn2rYf
EMbo�T{Ys;f Ô  ¡tvrYfys;f�ß�bwm¤n;rYf�mLn2s;f|m;m:n;fycKm2]_si��à� �áÅ¢2¢Bn2rKf�xdbocKf|`Qs;bd�yf|e$mLn2s�`Qbdc�n2f|cKm2]_si��â > ]Tbdm;m2]_c
s�`�n2bd]u`_cKekã n;rYf_ä�]T{YcY��^l]geg{Kxo{Km�¢��aw�flmLn2{�egz�n�t>]�^q`Qn2f|s2bw`QxMhj]_cYÖK�_{Ys�`�n;bo]TcKm|×Yn2rKf�ÖKs�mLn|�Cbdm
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à�ò¹ó� �áÅ¢£ðõô}ö�÷ø ßgò¹ó�ùú÷ø ßRûIûBülò¹óài �áÅ¢£ðÈôý  Wþ� ná§¢�ÿØþ��> ná§¢L¢á¿ð Al]Tcun;rYf:xo]�t/fys/�¡`Thjf
á¿ð���]_c�n2rKf:{YkYkCfysv�¡`Thjf

rY]T^l]T�_f|cYfy]T{Km:tvrYf|s2f�`Qxdx�xw`�z_fysl`Qs;fa^a`_egf�{Yk}]_�vmLn2f|fyxB ¡h|`Qxdxofie�± ²�n;fyf|x���²�n2f|fyx[± ¢j�Mn2rYf�mLfihj]_c�e
bwm®rYfyn2f|s2]T�_fycKfy]_{�mv��fihy`_{KmLf�n2rYflxw`�z_fys�m¥`_s2f�`_x�n;fys;cK`�n;bo�Tfyxdz�^a`Tegf�{Yk«]Q�>mLn2f|fyx°`QcKeªf|xd`Tm�n;]_^qfys
 ¡h|`Qxdxofie~± ²�n;fyf|x��G�xw`_mLn2]T^lf|s|± ¢��IEK]_{YsMegf|hy]_^qkC]Tm2b�n;bo]TcKm§bdc Ô �|ÐK� Ó `_cKe�u|Ðvm2{Y�Åeg]_^a`QbdcKm§r�`��_f%�Cfyfyc
�_f|cYfys�`�n;f|e§�C¦8rYfyz£s;f|m2k�fih�nB`©�_]�]ge£xd]T`_e£��`Qxw`QcKhybocY���aH]_s;fy]��_f|s¥mL]T^qf¤k�]Tboc�n�m�]_��mL{K�Ceg]T^a`Qbdc
^qf|m2rYf|m°�Cfyxd]_cK��n;]:^q]_s;f>n;rK`Qcy<Bm2{Y�CeY]_^a`QbdcKmv àn;rYf|m2fvkC]_bdcTn�m%`Qs;fvhy`Qxdxdf|e=± hj]Ts2cKfys�my± ¢��DEY]Ts%f|`Th�r
egfihj]_^qkC]Tm2b�n;bo]TcI�it>f8egf|m;hjs;bd��f>bocq¦�`_�Yxdf�u_�¥u�n;rYf8s;`Qn2f>]Q��hy]_c��_f|s2�TfycKhyf¥ �bdc�bon2fys�`�n;bo]TcI± m�c�{Y^���f|s�¢
]Q�Kn2rYfv²gh�r�{Ys°hj]_^qkYxdfy^qf|cTn°^qfjn;rY]ge¤{Km2f|e:tvbon2r�n2rKf«± É¥fy{K^q`_cYcg��hj]�`Qs�mLfT±ykYs;f|hy]_cKegbon2bd]_cKfysi����{Ys
kY{Ys;kC]Tm2f©rYfys;fubwm�q�{Km�n�n2]�f|mLn;`Q�KxobwmLrpn2rK`Qn�bdcp]_cYf�hy`TmLf« ¡rY]_^q]T�_fycKfy]_{�m;¢Jt/fu]T�gn;`_boc}`�_]�]ge
fj¨©hybof|cKhjz¶]Q�8n2rKf�± É®fy{Y^a`_cYcg��hj]T`_s;m2f_±§kKs2fihj]_c�egb�n;bo]TcYfys�`_m:n;rYfum2{Y�Åeg]_^a`Qbdc$c�{Y^��Cfys��_s;]�t¥my�
tvrYf|s2fi`_m¤bdc$n;rYfu]_n2rYf|s�hy`TmLf� �rYfyn2fys;]_�TfycYf|]_{Km�¢�� �n��� ���������o�Á�+���;�B�a�����a���n�7�W�R� t/f�eg]cY]_n/]T�gn;`_bocYfieabon|�g¦�]�fj�gkYxw`Qbdcan2rKbdm/kYrYf|cY]_^qf|cY]_cI��t/f®s;fykC]_s2n2f¥bdc©Ö��_{Ys;fLuT� @:n2rYfJfy�T]_xd{gn2bd]_c©]_�
n2rKf�hj]TcDq�{Y�T`Qn2fB�_s�`_eYbof|cTnvs;f|m2bdeY{K`Qx§��]Tsvf|`Th�r�kC]_bdc�n¥]Q�Mn2rYf�boc�n2f|sL�¡`Thjfa à��]Tsvn2rKf�egf|hy]_^qkC]Tm2b�n;bo]Tc
bdc�Ð¶mL{Y�Åeg]T^q`_boc�m;¢�`QcKep��]_sln2rKfun�t/]�^a`Qn2fys;bw`Qx8hj]_cYÖK�_{Ys�`�n;bo]TcKm�mLn2{�egbofie§�%��cpn;rYf|m2fªhj{Ys;�_fimy�
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