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v T2Uxw@yJILyz\]e�UVKbR1e1D^H^{3S`\Qw@I K2\d|}IGw,y?\]S`R�DG~?�Y{J\d{J\]UVKJFOR1TJ\]DLe,PGkGR1TJ\7w,R1{3H
P9DG~?w�P2w�R�\d��w
R�TJIhR�w,\]e�W^U�Sd\�S`{3w�R�DL��\de�w/|7UVR1Tgw,y?\]SdUV�3S R1U��BU�K2F�e,\Q�Y{JU�e,\]�B\]KYR�w���\G��FJ�/H^{J\�HJIhR1\Qw7DGe
H2\]IGH2�VU�K2\Qw�������KJ�VU�aL\�w�R�ILKJHJIhe�H��b{J\d{J\dU�KJF R�TJ\dDGe�P8U�KB|7TJU�S�T�SdDG�B�BDGKByz\]e1~�DGe,��IhK3S`\
�B\QIGw,{2e1\Qw7ILe1\�Sd{Jw�R�DG�B\de�H^\]��IQPYk3�b{J\d{J\���\dKJFLR1T#ILK3H#w,\]e�WY\]e�{2R1U��VU�_QI�R�UVDGK0k2e1\]IL�V��R�UV��\
�b{2\]{J\dU�K2F<R�TJ\dDGe�P�~�D
Sd{Jw1\]w8DLK�R�T2\#Ih�JU��VUVR�P�DL~OI��Y{J\d{J\#H^Uxw1SdUVyJ�VU�KJ\�R�D��B\d\dR�Sd{Jw��
R�DL��\de R1U��BU�K2FNe1\]�b{2U�e1\d�B\]KbR�wdk�\L��F2��k0R�TJ\B~�e�IGS�R�UVDGK�DL~&S`{3w�R�DL��\de�wO|�T2D#�B\]\`R�R�T2\]UVe
e1\]�b{JUVe1\d��\dKbR�w�ILKJHpR�T2\�H^Uxw�R�e,U��J{^R�UVDGK�DL~&S`{3w�R�DL��\de���IhR�\dKJ\]w�wd�B �R�Ih�xw,DN~�D^Sd{Jw,\Qw DGK
�b{2\]{J\7SdDLKbR�e,DG�2yzDG��U�SdUV\Qw:R1D�e,\QH2{JSd\/DGe��BUVKJU��BUV_]\&�xIhR1\]K2\Qw1wdkYIL�¡R�T2DG{JFLT8R1TJ\Qw,\7S`DGKbR1e1DL�
IGw,y?\]S`R�w7ILe,\�KJDLR7\d¢
yJ��U�SdU¡R��VPtIGH2H2e,\Qw1w,\QH£U�K¤R1TJUxw&y3Ihy?\]ed�

v D¤w�R�{JH^PNR�T2\Qw,\9�B\QIGw,{2e1\Qwdk¥DLKJ\��9{Jw,ROaL\]\]y[R1e�IGS�a#DG~@R�TJ\9�V\QIGH
�¦R1U��B\Qw9��H2\]IGH
�
��UVKJ\<�BU�Kb{3w¤S`{Je1e,\]KYR¤R1U��B\���DL~�\]IGS�T§S`{3w�R�DL��\de]k�T2\]K3S`\<R1TJ\pw�P2w�R�\d�¨w�R�I�R�\<Uxw£DL~
{JKb�?DG{2K3H^\QH�H2UV��\dK3w,U�DLK0�g©ªT2\QI]W
P�R�e1IL«�StILK3Ih�VP^w1U�w�U�w9yJe,\Qw,\]KYR�\QHj~�DLe9R1TJ\t\QIhe1�VUV�
\Qw�RBH2\QILH2�VU�KJ\£�Je1w�R[�­¬�MO®���w1S�T2\QH2{2��UVKJF<y?DG�VUxS�PY� v T2Uxw8ILK3Ih�VP^w1U�w8H^\QS`DG�By?DGw1\]w9R�T2\
�?\dT3IQW
U�DLe�DG~�R�T2\�e,\QIh�V�¦R1U��B\8�b{J\d{J\BU�KYR�D£R�|&DNyJILe,R�wd¯ R�T2\BKb{J�9�?\de�UVKpR1TJ\�w�P2w�R�\d�
��|7TJUxS�TtS`DGKYWY\]e,FG\]w�|&\]ILab�VP8R�D9I�e,\]°2\QS`R1\QH�C&e,D±|7KJUxIhK��BDLR�UVDGKB|�U¡R�TtH2e,U�~xR`�@ILK3HBR�T2\
w,\dR DL~��V\QIGH
�¦R1U��B\Qw�FGU¡WY\dKgR�T2\B�Y{J\]{2\���\dKJFhR�T0� v TJ\8�V\QILH^�¦R1U��B\9y2e1DL�J��\�T3ILw It��UV�BUVR
|�T2UxS�T£Uxw/I�K2DGK^�²e�IhK3H^DG�ª~�{JKJS`R�UVDGK£DL~�R�T2\ �VU��BUVR/DL~�R�T2\�w1S]Ih��\]H¤�Y{J\]{2\ �V\]K2FLR�T£yJe,DL�
Sd\]w�wd��³�\]KJSd\LkJU�KNT2\QIQWbPtR�e�Ih«�SLk2DGK2\�S]ILK#S�T3ILe1IGS�R�\]e,U�_d\OR�TJ\�w�P2w�R1\]�>ILw�IBH^U�´z{3w,U�DLK
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v T2Uxw@yJILyz\]e�UVKbR1e1D^H^{3S`\Qw@I K2\d|}IGw,y?\]S`R�DG~?�Y{J\d{J\]UVKJFOR1TJ\]DLe,PGkGR1TJ\7w,R1{3H
P9DG~?w�P2w�R�\d��w
R�TJIhR�w,\]e�W^U�Sd\�Sd{3w�R1DG�B\]e1w/|�U¡R�T#U�K3H^UVW
UxH2{JIL�0R1U��BU�K2FBe1\Q�Y{JUVe1\]�B\dKbR�w��­\L��F2�7H^{J\�HJIhR1\Qw
DGe�H2\QILH2�VU�KJ\]w���� c {3S�T�w�P2w�R1\]��w�Ihe1Uxw,\�KJIhR�{2e�Ih���VP�UVK9��ILKb{J~�IGS`R1{Je,U�KJF�UVK�|�T2UxS�T�DGe1H2\]e1w
T3I]WY\�H2{2\�HJI�R�\Qwd�@©Ùw,\QSdDLK3H�S]I�R�\]FLDGe�PBDG~$\d¢^IL�ByJ�V\Qw�ILe,Uxw,\Qw�UVK�e1\QIh�V��R�U��B\�S`DG�ByJ{^R�\de
ILKJH<S`DG�B�9{JK2UxS]I�R�UVDGKgw�P2w�R�\d��w]� c {3S�T<w�P2w�R1\]��w���UVFGTYROU�KYWYDL�VWY\�R�T2\9R1e�IhK3w,�BUxw1w,U�DGK
DG~�H^U�FLUVR�UV_]\]H}WYDLUxS`\Gk�W^U�H2\dD�DGe£UV��ILFG\]w£DQWY\de¤I�K2\dR�|&DGe,a?� v TJ\]w1\[R�e�IhK3w,�BUxw1w,U�DLK3w
�9{3w�ROe1\QILS�TgR�T2\]U�eOH2\Qw�R1U�K3I�R�UVDGK[|�U¡R�TJUVKpw,y?\]SdU��JS9H2\QILH2�VU�KJ\]w�U�K<DGe1H2\deOR1D£��ILU�KYR�IhU�K
R�T2\�UVKbR�\dFGe,UVR�P¤DG~�R�T2\9SdDL���9{2KJUxSdIhR1U�DGKÚ��\G��F2��k3WGDGUxS`\9S`DGKYWY\]e1w1IhR�UVDGK$k3R1\]��\]SdDLKJ~�\de1\dK3Sd\
DGe���DQW^UV\���� ¿ \]IL�V��R�UV��\�SdDL�ByJ{2R1\]e�w�P2w�R1\]��w�IL��w1DtS`DGKYR�e1DL���9{3S�T[DG~@��D
H2\de1K#R�\]S�T^�
KJDL��DGFhPYk
~�DLeE\d¢2Ih�ByJ��\�\]K2FGU�K2\QwEILKJHt�Je1ILabU�KJF�w�P2w�R1\]��w�U�K£IL{^R�DG�BDL�JU��V\Qwdk
IL�V�¥IQW^UVDGK2UxS
w�P2w�R�\d��w/�­UVK3S`��{3H^U�K2F ILUVe:R1e�IL«�S/S`DGKbR1e1DL���¸IhK3H8IL�V�JILw,y?\QS�R�w:DL~z�BD^H^\]e,K8��IhK
{2~­IGS�R�{2e,�
U�K2F�~�IGS`U���U¡R�UV\Qwd��ÛEDG�By2{2R�\de1UV_]\QHtS`DGKbR1e1DL�$w�P^w,R1\]��wE�9{3w�R&e1\]Sd\dUVWY\OIhK3Hte1\QILS`RER�D�w,R�IhR1\
U�K2~�DGe,��IhR�UVDGK�|7UVR1TJU�K�I��2¢
\QH¥khDG~xR�\]K9w�R1e1U�K2FG\dKbRQkQR�UV��\�U�KYR�\de,WLIh�bUVK�DGe1H2\]e�R1D���ILU�KYR�IhU�K
yJe,DGy?\deESdDLKbR�e,DG�3D±WG\]e�R�T2\�w�P^w,R1\]�N�@®3ILUV��{Je,\7R�D��B\d\dR�R�IGw,a9R�UV��UVKJF�e,\Q�Y{JU�e,\]�B\]KYR�w�UVK
w1IL~�\`R�Pb��Sde,UVR1UxS]Ih�$ILy2yJ�VUxS]I�R�UVDGK3w/S]IhK#T3I]WY\�w,\]e1UVDG{Jw�S`DGKJw1\]�b{2\]K3S`\Qwd� v T
{3wdk2R�T2\�SdDGKJH2U¡�
R�UVDGK3w&~�DLe�S`DGe,e1\QS�R�yz\]e1~�DGe,��IhK3S`\�DG~�I8e,\QIL�¡�¦R1U��B\�w�P2w�R�\d�ªU�KJSd�V{3H2\ �zDLR1TNR1TJ\ ��DGFLUxSdIL�
SdDLe1e1\]S`R1KJ\Qw1w�DL~J\QIGS�T�DG~2R�TJ\�R�IGw,a
w¸R�TJIhR@U¡R@\`¢^\]Sd{2R1\Qw:IhK3H�R1TJ\ER1U��BU�K2FOSdDGe,e1\]S`R�K2\Qw1w�DL~
R�T2DYw,\�R�ILw,a^wd��Ü�WG\]e�R�T2\���IGw�R�H^\QS]ILH2\Lk3R1TJ\]e,\�T3I]WY\��?\]\dKgw,UVFGKJUV�3SdILKbR�w,R1e1U�H2\Qw7��IGH^\
U�K£R1TJ\�H^\dWG\]��DLyJ�B\]KYR7DL~:I9R�TJ\dDGe�P£DG~¸T3Ihe�H¤e,\QIh�V�¦R1U��B\ w,P^w�R�\]��wdk2w,P^w�R�\]��w&UVK¤|�T2UxS�T
R�ILw1a
w¸�9{3w�R��?\&SdDL��y2��\`R�\QH��z\]~�DGe1\�R�T2\]U�e�H2\]IGH2�VU�K2\�\]�xIhy3w,\Qwd� v TJ\Ee1\]IGH2\de�Uxw¸e1\d~�\]e,e1\]H
R�DBR�T2\�T3ILKJH2�zD
DGa¤�YP#Ñ �V\]U�K[\`RQ�zIL���@ÝÞi±ÕQß�~�DLe�I�H2\]w�S`e1UVy2R�UVDGK#DL~:R�T2Uxw7R�T2\]DLe,P¤|�T2UxS�T
IGH2H2e1\]w1w1\]w���ILKbP�y2e�ILS`R�U�S]Ih�ES`DGK3w,U�H2\]e1IhR1U�DGKJw�\]KJSdDG{2KbR1\]e1\]HjUVK�SdDL��y2{2R1\]e9w�P2w�R�\d��w
w,{3S�TjIGw�DGy?\de�I�R�U�K2F#w,P^w�R�\]�àD±WY\de1T2\QIGH¥k¸T3Ihe�H^|&ILe,\tIhe�S�T2UVR1\QS`R1{Je,\�H^\dR�ILU���wdk�S`DGK3S`{Je��
e1\dK3S`P£SdDLKbR�e,DG�0ILK3H£DLR1TJ\]e7w,DGe,R�w/DG~��2��D
S�a
UVKJFBILK3HtR�ILw1a�yJe,\QSd\]H2\dK3Sd\ e1\d�xIhR1U�DLK3wd�

v TJ\�w1S�T2\QH^{J��UVKJFOR1TJ\]DLe,P8H2\]w1Sde1UV�?\]H8U�KgÝÞi±ÕQßzILw1w1{2�B\Qw�ILKB\Qw1w,\]KYR�U�IL���¡P�H^\dR1\]e1�BUVK2�
Uxw�R�U�S9\]KYW^UVe1DGK2�B\]KbR]�9®3DLe \d¢^IL�ByJ�V\Gk¥R�ILw,agIhe1e1U¡WLIh�xw ILe,\8�BD^H2\d��\]HpILw�R�TJ\Bw,{2y?\]e,y?Dh�
w,UVR�UVDGK¤DG~�y?\de1U�D
H2U�S�ILe,e1U¡WLIL�0y2e1D^S`\Qw1w,\Qwdk3ILKJH¤R�IGw,a£w,\]e,W
UxS`\�R1U��B\Qw7Ihe1\�H2\`R�\]e,�BU�KJU�w�R�UxS
ILKJHáFGU¡WY\]Ká�YP�R�T2\N|&DLe�w�RtS]ILw,\#\`¢^\]Sd{2R1U�DLK}DL~O\QILS�T�R�ILw,a�R�P
y?\G� v |&DjyJe,U�K3S`U�yJIL�
ILy2yJe1DGIGS�TJ\Qw�T3IQWG\£�?\d\]K�H2\`WY\d��DGyz\QHÚ~�DLe8IGw1w,\Qw1w,U�K2F[R1TJ\¤H^\Qw,U�FLK�DL~�e1\]IL�¡�¦R�UV�B\tw,P^w��
R�\d��w |�U¡R�Tjy?\de1U�D
H2U�SBR�IGw,a�Ihe1e,UVWLIh�xwdk�DLKJ\��JIGw,\QH�DGKÚI#�2¢
\QHpR�IGw,a<yJe,U�DGe,UVR�Pjw�R�e,{3S��
R�{2e1\8�­\`¢^\]�By2��U��2\QH��YP[â�ãLä²åOæ�ç�è¥çhä²çhèJé¦ê ë`ê`ì2å�í�î^ïÞé�è^ðQ��IhK3H�R1TJ\�DLR1TJ\de&�JIGw,\QH�DLK¤H^Pb�
K3Ih��U�S�yJe,U�DGe,UVR1U�\Qw9�­\`¢^\]�By2��U��2\QH#�YP#R1TJ\¤å�ãhâ�ïÞé¦å`ë�ä�íYå�ãYí
ïÞé�è¥å&ñ�â�ë�ä�ò­ó�ô�õ�ö�IhyJy2e1DYILS�T
R�D�w1S�TJ\QH^{J�VU�KJFb��� v T2\Qw,\�R�|&D�w1S�T2\QH2{2��UVKJF�Ih��FGDLe1U¡R�TJ��w/|E\]e,\9IhK3IL�¡P^_d\QHN�YP#Z0U�{[IhK3H
Z¸I]P^��ILK3H÷Ý�lGl±ß�ILK3HpR�T2\t¬�MO®§w1S�T2\QH2{2��UVKJF#IL�VFGDGe,UVR1TJ�à|&IGw�w,TJDQ|�K�R�D#�z\�DLy2R�UV��IL�
~�DLe�R1TJU�w:w1S�TJ\]H2{2��U�K2F�y2e1DG�2��\d�#�¸ �K�w1DL�B\/w�P^w,R1\]��wdkh\Qw,yz\QSdU�IL�V�VP�SdDL�B��{2KJU�S]IhR1U�DLK9w,P^w��
R�\d��wdk3DGK2�VP#Itw,��IL�V�¸Kb{J�9�?\de�DG~@�2UVR�w�Ihe1\9IQWLIhU���IL�J�V\�U�K[\]IGS�T[y3IGS�aG\`R�R�D�e1\dyJe,\Qw,\]KYR
R�T2\BR�ILw1azøùw�yJe,U�DGe,UVR�P¥Ó�R1T
{3w�¬�M ®§S]IhKJK2DLR��z\�~�{J���¡P<U��ByJ�V\]�B\]KYR�\QH<�?\]S]IL{Jw,\�UVR9SdILK
e1\]�b{JUVe1\�ILK�{2KJ��UV�BUVR�\]H8K
{J�9�z\]e�DG~$H2U�w�R�U�KJS`R�y2e1UVDGe1U¡R�PBS]I�R�\]FLDGe,U�\Qwd�:ú�DLKJ\`R�TJ\d��\]w�wdkG|&\
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U�KYR�e1D
H2{JSd\Be,\QIh�V�¦R1U��B\B�b{2\]{2\]U�K2F¤R�TJ\dDGe�PpUVKpR�TJ\�S`DGKbR1\d¢bR�DG~�R1TJ\�¬�MO®Ùw1S�T2\QH2{2��UVKJF
IL�VFGDGe,UVR1TJ�Nk�w1UVK3S`\�R�TJU�w�IL��FLDGe,UVR�T2�àU�w�DLy2R1U���IL�@{2K3H2\de�w1DL�B\BSdDGKJH2U¡R�U�DLK3wd� Ï ILKb|&ILe
ILKJH v D±|�w1�V\dP�Ý�l�ûhß w1T2D±|E\QH}R�TJIhR¤¬�MO®*��I�¢^UV��UV_]\]wBR�TJ\g~�e�IGS�R�UVDGK�DL~�Sd{3w�R1DG�B\]e1w
�B\]\dR1U�K2F£R�TJ\dU�e�H2\QILH2�VU�KJ\]wO|7UVR�T2U�K<R�TJ\BSd��IGw1w DG~�|EDGe,apS`DGKJw1\de,W
U�KJF¤y?DL��UxS`U�\]w�IL�V��DQ|7�
U�K2FByJe,\]\d��y^R�UVDGK¤U�K[ÔO 1ühf<ü^i �b{2\]{2\Qw&|�T2\]e1\�S`{3w�R�DL��\de�w&T3IQWG\�FG\]K2\]e1IL�0H2\]IGH^��U�K2\Qwd�
C&DL{JKJHJw/DGK¤R�T2\�y?\]e,~�DLe1��ILKJSd\�DL~:¬�MO®�~�DGe�f<üLf<ü^i��Y{J\]{2\Qw/U�K¤|7TJUxS�T#Sd{3w�R1DG�B\]e1w
T3I]WY\�\`¢^yzDGKJ\dKbR1UxIL�0H^\QILH2��UVKJ\]w&|&\de1\�H2\dWG\]�VDGy?\]H¤�YP¤³�DLKJF2k v ILKNILK3H v D±|�w,�V\dPjÝÞi±lQß¦�
ýj\ IL��w1D�H^Uxw1Sd{Jw�w�R�TJ\&ñ�â�ë�ä�þ²é�è9ñ@â�ë�ä�þ�ç�î2ä�ò�õ@ÿ,õ��¸ö��b{J\d{J\ H^Uxw1SdUVyJ�VU�KJ\�U�K c \QS�R�U�DLKNÒ�DL~
R�T2Uxw/yJILyz\]e]�

v TJ\de1\¤Ihe1\£��I��,DGe9�VU��BUVR�IhR�UVDGKJw�R�D<IhKbPjR1TJ\]DLe,Pj|7TJU�S�T�e1\]�b{JUVe1\]w�yz\]e1UVD^H^UxStIhe,�
e1U¡WLIL��w�ILKJH�ILw1w1{2�B\Qw@|EDGe�w�R,��S]ILw,\�\`¢^\]Sd{2R1U�DLKBR�UV��\]wd� v TJ\]w1\�IGw1w,{J�By2R1U�DGKJw�ILe,\��b{2UVR1\
K3Ihe1e1DQ|�IhK3Há��UV��U¡RBR�TJ\Ne�ILK2FG\#DG~ w�P^w,R1\]��w8R1T3IhRtS]IhK}�?\[w�R�{JH2U�\]H$�Ùf#{J�¡R�U��B\]H2UxI
ILy2yJ��U�S]I�R�U�DLK3w�DGeEe1\]IL�¡�¦R�UV�B\�SdDL���9{2KJUxSdIhR1U�DGKJw�SdILK�\d¢^T2U��2UVR&w,{J�Jw,R�ILKYR�UxIh�3WhILe,UxIL�2U��VUVR�P
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SdUxI�R�\]Ht|�UVR1T#Ih����Ihe1e,UVWLIh�xw&�bPtR�UV��\��T3IQW
U�K2FB��\]IGH
�¦R�UV�B\Qw/IhR/R�UV��\E��U�Kóìôí¨# % â �

v T2\�~�DL���VD±|�UVKJF8e,\]�xI�R�UVDGK3w,T2U�y3w&\]IGw,U��¡Pt~�DL����DQ|�¯� � V*! ���1�}� ë � V*! �"�1�`��# %��\� � � Vc! ���1�}� ñ � Vc! �"�1�d�"# % ���3� � Vc! � � � V*! ���,�1�}�õò � V*! ���,�d��# % ���
ñ � V*! ���,�d��ì��²� ö `°a�b � ��!�W\[ � # #�÷�ø `°a�b¿ùÀ � � À�ú `°a�b¿ !�û
ü£ý

� Z�W\[ � # #�÷ ú `°a�b¿ û
üAþ�� À ø `'a�b¿·ÿ ú `°a�b¿ � ��ý �
ò � V*! ���,�d��ì��²� ö `°a�b � ��!�W\[ � i � Vc!W # # ÷�ø `°a�b¿ À � � À�ú `°a�b¿ !�ûGü£ý

� Z�W\[ � i � Vc!W # #�÷ ú `°a�b¿ ûGü�þ�� À ø `°a�b¿ ÿ ú `'a�b¿ � �"ý �
µ0ËGÌ3¼�½^Ä Ð ÒmÓ5Ñ���½
¼­Ì2ºQ½
Ä�� ¹�·�ËL½^ÅQÅ]½
Å
®3DLe�R�T2\8y2e1D
Sd\Qw1w,\Qw �,{Jw�R�H2\d�JKJ\]Hg{JKJH2\deOR�TJ\�¬�MO®��b{J\d{J\8H^Uxw1SdUVyJ�VU�KJ\Lk?|&\�{3w,\9R�T2\
~�DL����DQ|�UVKJF�TJ\QI]W
PtR�e1IL«�S w1S]Ih��U�K2FYwd¯¡Ö � Vc! �"�1��y� is S Ö � V*! ��Sk�1�\� ¡2 � V*! ���,��y� is S 2 � Vc! ��Sk�1���¡ë � Vc! ���,� y� is S ë � Vc! �"S��,�d� s SÏì���� §ð � Vc! ���1� y� is S ð � Vc! ��Sk�1�`� s SÏì8�\�
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ýj\�H2\d�JK2\�IL��w,D¡ñ � Vc! �"�1�`��ì�� y� is S ñ � Vc! ��Sk�1�d� s SAì����
� is S ö `'a�b � VG��!�W\[ � i ÷ ø `°a�b¿ùÀ � VG� À�ú `°a�b¿ !�û Æ V*ü£ý
� is S Z�W\[ � i ÷ ú `°a�b¿ û Æ V
üAþ�VG� À ø `°a�b¿·ÿ ú `°a�b¿ � VG�"ý �¡ò � Vc! �"�1�`��ì�� y� is S ò � V*! ��Sk�1�`� s S ì��
� is S ö `'a�b � VG��!�W\[ � i � Vc!W i ÷�ø `°a�b¿ùÀ � VG� À�ú `°a�b¿ !�û Æ V*ü£ý
� is S Z�W\[ � i � V*!W i ÷ ú `°a�b¿ û Æ V*ü�þ�V�� À ø `'a�b¿·ÿ ú `°a�b¿ � V���ý �

� ������� �!	#"$�/% ' O*���7�,�9�z���
ýj\�w,\dR

����u2� y��� Z� ��i���vB�
	3�,���
	D����� ���� ��i���vB�
	3�,���
	d� U�~�u r u w �
m?� U�~�u{´¨u w � ��&
�xiQ�

v T2\�~�{JKJS`R1U�DGK�����Ihy3wt� �3Ýõ��u w ßEDGKbR1D�Ý�m9��Ýá��ILKJHjUxw9w�R1e1UxS�R��¡P�H2\]Sde1\]IGw,U�K2FgIhK3H
Z�UVy3w1S�T2UVR1_�SdDLKbR1U�K
{2DG{Jw$|�U¡R�T�Z0U�yJw�S�TJU¡R�_�S`DGKJw,R�ILKYREi�DGK�� ��Ýõ�gu w ß²� v TJ\de1\d~�DGe,\Gk±R�T2\]e,\
\d¢
Uxw�R�w/I8SdDGKYR�UVK
{JDL{3w&UVKbWY\de�w,\ ~�{2K3S�R�U�DLK�� À � |7TJU�S�TN��Ihy3w�Ý m?�\Ý}��DGKYR�D#� ��Ýõ�gu w ß¦�
ýj\ K2\d¢
R/H2\]�2KJ\�|�TJIhR/|&\ w,T3Ih���¥{2�VR�UV��IhR�\d�VP�w,TJDQ|§U�wER�TJ\9ïÞé�æ�é­ä­é�è
ð�ë`ê�ãhïVå�í���â�çhè3ä­é�ådâ�?â�çQê�ådë�ë Ö wh�"�1� y��� À � ����w����,�1�����hã÷m?� ��&
�ÞlL�
|�T2\]e1\	� w Uxw7IGw/U�Kj�²lb�xi(&G���

 �K�R�T2Uxw@w1\]S`R1U�DGK$kL|E\7yJe,D±WG\/|&\]ILa9SdDGKYWY\de1FG\dK3S`\/DG~ §ð � Vc! IhK3H ¡ë � Vc! ILw��B\]IGw,{Je,\d�
WLIh��{J\]H�y2e1D
Sd\Qw1w,\Qwd��ýÚ\]ILa9S`DGKbWG\]e,FG\]KJSd\&DG~z�B\QILw,{Je1\`�¦WhIL��{2\QH9y2e1D
Sd\Qw1w,\Qw:U�w�I w,y?\]SdU�IL�
S]ILw1\BDG~E|E\QILapSdDLKbWG\]e1FL\]KJSd\�DL~&�B\dR�e,UxS���w,y3ILSd\d��WLIh��{J\]H<e�IhK3H2DL��DL�?��\QS`R�wdk¸|�T2UxS�TjUxw
e1\`W^U�\`|&\]H¤U�KN©�y2y?\]KJH2U¡¢¤©��2ýj\�w,{2����Ihe1U�_d\ U¡R�w7w1IL�VU�\]KYR7~�\]IhR�{2e1\]w/TJ\de1\L�

MO\dKJDLR1\8�bP�� R�TJ\Bw,\`R�DG~EIL�V�@�JKJU¡R�\Lk�KJDLKJKJ\dFYI�R�UVWG\8�B\QIGw,{2e1\QwODGK��O��# %���k0R�T2\
C&DLe1\d��w,{J�Jw1\`R�w8DG~�# %9�}��K3H^\]e8R�T2\¤|&\QIhaÚR�DGyzDG�VDGFLPGk�� Uxw�w,\dy3ILe1IL�2��\G��ýj\#SdILK
H2\d�JKJ\�I �B\dR1e1UxS��
�(DGK�� |7TJUxS�TBUxw�S`DGK3w,U�w,R1\]KYR@|�UVR1T8R�TJ\/|E\QILa�R�DGyzDG�VDGFLP9DGK��(�
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ýÚ\�K2D±|�H^\]�JK2\�� � Ý m?�\Ý}��k2R1TJ\�w,y3IGS`\�DG~ ¿ ÛEZ¸Zj�B\]IGw,{Je,\d�¦WhIL�V{J\QH£~�{JKJS`R�UVDGKJw
DGKtÝ�m9��Ýá���¸©�K��	�A � [æ�å�ãhë�î^â�ådþ�~Lãhï î3å�í}�?â1ç±ê�å`ë�ë3Uxw0I7e�IhK3H2DL� DG�9�,\]S`R0R�Iha
U�K2F/WhIL��{2\Qw
U�K�� �ÙÝ m?��Ýá��k
|�T2\]e1\ UVK!�"�§Ý m?��Ýá��|E\ {Jw,\OR1TJ\ C&DLe1\]�$#¥��Ih��FL\]�Je1I¤�­FL\]K2\]e�I�R�\]Ht�bP
R�T2\�DGy?\dK£w,\dR�w�{2K3H2\de�R1TJ\ c aLDGe,DGTJD
H�R1DGy?DL��DLFLP3���@©§w,\Q�b{2\]KJSd\ T&% V X ZV [ � DG~ ¿ ÛEZ¸Z
�B\QIGw,{2e1\d��WLIh��{J\]H�yJe1D
Sd\]w�w,\]w�ê�çhèx~Lå`â²ðYådëh�Eå�ãG�±ï ��R�D ILK ¿ Û&Z�ZN�B\QILw,{Je1\`�¦WhIL��{2\QH�yJe,DL�
Sd\]w�w'% UV~0R�T2\O�B\QILw1{2e1\]wEU�KJH2{3S`\QHtDLK�� �ÙÝ�m9��Ýá���bP(% V SdDLKbWG\]e1FL\�|&\]ILab�VP�R1D9R�T2\
�B\QIGw,{2e1\7U�KJH2{3S`\QH8DGK(� � Ý m?�\Ý}�¸�bP)%ÚkbU���\L��kG~�DLe�\dWG\]e,P��?DG{2K3H^\QH$kbSdDLKbR1U�K
{2DG{Jw���DGe
\Q�Y{JUVWhIL�V\]KbR1�VPGk^{JK2U�~�DLe1�B�VP£S`DGKYR�U�Kb{JDL{3w���~�{2K3S`R1U�DLK Ö ¯*� � Ý�m?�\Ýá�}ç # %�k2|E\�T3IQWG\

��UV�Vc± Z # ] V Ö �+% V � �õ# ]�w Ö �+%p�\�
v T2\�\d¢^yz\QS�R�IhR1U�DLKÚDLy?\]e1IhR1DGe�w # ] V IhK3H�# ] w e1\d°J\QS�R�R�T2\�~­IGS�R�R1T3I�R9\QIGS�T�% V ��I]P
�?\�H2\d�JK2\QHNDLK[IByJe,DG�JIL�JUV��U¡R�P¤w,yJIGSd\ |7UVR�T#IBy2e1DL�3IL�2U��VUVR�Pt�B\QIGw,{2e1\�H2\dy?\]KJH2UVKJFBDGK
R�T2\NU�KJH2\`¢ S:k&ILKJH}Ih���&R�TJ\]w,\[w,yJIGSd\]w8��I]P�H2U�´z\]e8~�e1DL� R�T2\#w1yJIGS`\NDGK�|7TJUxS�T,%
Uxw�H2\d�JK2\QH$�B �KpR�T2\�IhyJy2��UxSdIhR1U�DGKpDL~�R�TJU�w y3ILyz\]edk�R�TJ\8yJe,\d�²�VU��BUVR�y2e1D
Sd\Qw1w,\Qw�Ihe1\�IL�V�
H2\d�JKJ\]H¤DLK¤R�T2\�w�Ih�B\�w1yJIGS`\GkJILKJH£|&\ |�e,UVR�\E# ]*e1IhR1TJ\]e&R�TJILK|# ] V �

v TJ\���ILUVK¤e1\]w1{2�VR7DG~¸R1TJU�w7w,\QS�R�U�DLK¤Uxw&R�T2\�~�DG���VD±|7U�KJF2�- ¶¸½
·z¹�½«­/.10+2  �ådä §ð w ãhè?í ¡ë w43 å�ä�ì2å�æ�å�ãhë�î
â�å]þ�~hãhï î3å�í��?â�çQê�ådë�ë`ådë�íGå¦ñ@è?å�í 3 �§ð w����1�`��ì��}� � ü6587 9 � � �"! ÿ Z ! �,i���vB�"uJ�,���«ud� ¡ë w��"�1�d��ì��}�¶¤ §ð w����,�d��ì8�\� ��&
� &G�
�dçhâ�ãhï�ï8:�çhâ1ådï2ëdådä­ëhìôí¨# %�;"<0ì2å`è¤ä�ì2å�æ�å�ãhë�î
â�å]þ�~hãhï î3å�í5�?â1ç±ê�å`ë�ë`å`ë §ð � V*! ãhè?í ¡ë � V*!
ê�çhèx~Lå`â²ðYåp��å�ãG��ï ��ä²ç §ð w ã�è¥í ¡ë w�= â�å`ë��3å�êdä­é"~hådï �>;?�·z¹±·?¼�¼�ÌJ¹±Â,.10A@CB è?íYå`â ä�ì^å�å�ãhâ�ïÞé¦å`ë�ä�þ�íYå�ãYí
ïÞé�è¥ådþ ñ@â�ë�ä �dî3å`î3å�íhé�ëdê`é �?ï é�è?å = ä�ì^å ëdê�ãhïVå�í�dîJådî3å�ïVådè
ðLä�ì-�?â�çQê�ådë�ë`ådë ¡� � Vc! íYå�ñ@è?å�í 3 �#òEDF;AG`ö�ê�çhèx~Lå`â²ðYåp�Eå�ã���ï ��ä²ç�¤d� w ;HJI$K6KMLNKML�OPK6I$KRQ>Q>SMI>TVU$WYX$Z@ýÚ\ KJDhR�\ R1T3I�R§ð w��"�1�d�"# % � � ��� Ö wh�"�1�,�}�¶��w����,���¡ë w��"�1�d�"# % � � ¤�� w����,���¡ë � Vc! �"�1�d�"# % � � ¡� � Vc! �"�1�\�
v T2\���IhyJyJUVKJFN~�e,DG�[� UVKbR1D|# %9k�|7TJUxS�Tj��ILyJw�\]IGS�T�<·z\� R�DNU¡R�w R1DLR�Ih����IGw1w<���# %���k±Uxw�SdDLKbR�UVK
{2DG{3wd�¸CEP v TJ\dDGe,\]��&^�xi�ILK3H R�T2\&ÛEDLKbR1U�K
{2DG{Jw¸f[ILyJy2U�K2F v T2\]DGe,\]�
©���iLk ¡ë � V*! ��# %��^] ¡ë w��"# % ���
DGedkJ\Q�Y{JU¡WLIL�V\]KYR��VPGk ¡� � V*! ] ¤d��w��

i±l



_
v TJ\By2e1D
DL~EDL~ v T2\]DLe1\]�j&
�xi8U�w FGUVWG\]K�IhR�R1TJ\8\]K3H<DG~�R�TJU�w�w1\]S`R1U�DGK$�8 �KpDGe�H^\]e

R�D�y2e1D±WG\�R1TJUxw�e1\]w1{2�VR]kb|&\��Je1w,RE\d¢^IL�BU�K2\�R�TJ\�S`DGKYWY\]e,FG\dK3Sd\�DL~$R1TJ\��B\]IGw,{Je,\d�¦WhIL�V{J\QH
yJe,D^Sd\]w1w ¡ò � V*! ILKJH ¡ñ � Vc! � ¿ \]S]Ih���bR1T3I�R�R�T2\Qw,\EyJe,D^Sd\]w1w1\]w¸aG\]\dy�R1e�IGS�a�DG~3ILe,e1UVWG\QH�|&DLe1a
ILKJHNILe,e1U¡WY\QH¤Sd{Jw,R1DG�B\]e1wdk2�J{2R7KJDhR�H2\dy3Ihe,R�{2e1\]w]���¹�· ®�·?ÅQ»�º±»�·zÎ�.10A.  �ådä ��Ý ß¨u{ß¨u w ãhè?ía`¶´÷m 3 åOðhé"~hådèb;dcOë�Säç Ý =

w,{Jy��� � �8e(fff ¡ò � Vc! �"�1�`��ud�\Ýá���g���"up� s SE�,���h����u2� fff i�dç m9� ��&
��ûb�
w,{2y�=� � �8e fff ¡ñ � Vc! ���1�`��u���Ýá���¨¤j����uE� s SE�1����¤j����u2� fff i�dç m9� ��&
�ÞÒL�

HJI$K6KML1Z&®JDGe9��&^��û
��kJ�V\dRlk�´ m8�?\�FGUVWG\]K[IhK3H#S�TJDbDYw,\�IByJILe,R1UVR1U�DGK|uó��	 � ß�	?�3ßm�mnm ßo	qp �õu w w,{JS�T�R�TJIhR � 	sr þ ���t	srH� r k ~�DGe�\dWY\de,P�uº�Ùm?�������Ï��v �piL� v T2\]K
R�T2\�~�DL���VD±|�UVKJF�U�K2\Q�b{JIL�VUVR�UV\Qw&T2DG�xH¥kJ~�DGe7\]IGS�T uº��i*���������wv*¯

�dk�� r À ��r [d��x i���vB�
	 r �zy@�+	 r þ � �h	 r � ��&
� ÐG�
r ��{ |� �,i���vB�
	J�1���
	
r k�� r À ��r [d� x i���vB�
	sr þ ����y@�+	sr þ �}�}	sr ���

v DBw1\d\ |7TbPtR�T2Uxw/UxwER�e1{2\Gk2DG�3w,\de,WY\OR�TJIhR�~�DGe7\QILS�T~uº�§m9����������v �ái |E\�T3IQWG\
�h{ |R� Á{ | ��i���vB�+	J�,���
	r �,i���vB�
	sr �1�`�+	sr þ �}�}	sr �� �,i���vB�
	sr þ ���1�`�+	sr þ �}�}	sr �Ï�Ù��v8�+	sr þ �����åv8�+	sr �,�d�+	sr þ � �h	sr �r �,i���vB�
	sr þ ���1�`�+	sr þ �}�}	sr �Ï��k^��v8�+	sr þ �����åv8�+	sr �,���

c {2���BUVKJF�{Jy#R�T2\9IL�zD±WY\�UVKJ\]�b{3Ih��U¡R�P¤~�DGelu ��m?��������� uK�÷i�ILKJHgS]IhK3S`\]���VU�K2FBR�T2\: R1\]��\]w1SdDGy2U�K2F¼> R1\]e1��w�FGUVWG\Qw�R�TJ\�e1UVFGTbREUVKJ\]�b{3Ih��U¡R�P8U�K<��&
� ÐG��� v TJ\���\d~�R�U�KJ\]�b{JIL��U¡R�P8Uxw
DG�^R�ILUVKJ\]H£U�K#IBw,U��BUV�xILeE|/I]PY�
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®3DLe�m r � r `�k^|&\�T3I]WY\¡ò � V*! ���1�`��u���Ýá�� is S Z�W\[ � i � Vc!W # #�÷ VG��þ Æ V � À ø `°a�b¿�� ú `'a�b¿ � VG�"ý
r is S p�r [ � Z�W\[ � i � Vc!W # #�÷ Æ V { |�� Á � ø `°a�b¿ � Æ V { | ý # #�÷ V�� À Æ V9� { | À � ! � ú `'a�b¿ � V���ý
� p�r [ � ¡� � Vc!r �"�1�Ï� p�r [ � ¡� � Vc!r ���,���

|�T2\]e1\¡� � V*!r �"�1� y� is S Z�W\[ ��� i � Vc!W # # ÷ Æ V { |�� Á � ø `'a�b¿ � Æ V { | ý � i< � Vc! x vB�+	sr ����vB�+	sr À ����y*�
m # #�÷ VG� À Æ V9� { | À � ! � ú `'a�b¿ � V���ý �¡� � V*!r �"�1� y� i< � V*! s S Z�W\[ � x v8�+	sr ���åv8�+	sr À ��� y # #�÷ V�� À Æ V«� { | À � ! � ú `°a�b¿ � V���ý �

v Dpw,\]\£R�TJIhR8~�DLe8\]IGS�Tgupk ¡� � Vc!r ] m<ILwDS¶ç Ý�k�|E\NH^\]�2KJ\£R�T2\Nw,\]�b{J\dK3S`\¤DL~
KJDLKJKJ\dFYI�R�UVWG\ U¦��U¦�ùH¥�2e1ILKJH2DG� WhILe1U�IL�2��\Qw�i W � Vc! y�·i W � Vc! # # ÷ Æ V { |�� Á � ø `°a�b¿ � Æ V { | ý ������i*��l9�������
ILKJHNw,\dR�� � Vc!r �"�1� y� is S � VG� ��W\[ � � �i � Vc!W �1# ] �i � V*!W �

� is S � VG� ��W\[ ��� i � Vc!W # # ÷ Æ V { |�� Á � ø `°a�b¿ � Æ V { | ý � i< � V*! x vB�
	sr �G�	vB�+	sr À ���zyj���
ýj\���IQP�|�e1U¡R�\¡� � Vc!r �"�1�²� �� � V*!r x Áa � � V*! ��Sk�1��y{� �� � V*!r x Áa � � Vc! �1��Sk�£� s S��+	srÞ�1uJ�,� þ �zy� �� � V*!r x Á� a ¡� � V*! ���,���¸¤ � Vc! ��y� �� � V*!r x Á� a ¡� � V*! �1�"��� Á� a �+	srÞ�1uJ�,� þ ��8��¤ � Vc! ��� Á� a ¤ � V*! �+	sr¸��u2�1� þ y �

idû



v T2\]DGe,\]��C��xi���|7UVR�TPi � Vc!W e1\dyJ�xILSd\]H��bP �i � Vc!W ��U��ByJ�VU�\Qw�R�TJIhR�T �� � Vc!r XGZV [ � T3IGwEI�S`DGK^�
R�UVK
{JDL{3w�|&\]ILa���UV�BUVR �� wr � v TJ\£M�U�´z\]e1\dK3S`U�KJF v T2\]DGe,\]� ©�� &gIhK3H v T2\]DLe1\]�(CO� l
U��ByJ�¡P�R�TJIhR ¡� � Vc!r ] m�DGKÚÝ�m9��`7ß¦k3IhK3H¤T2\]KJSd\

w1{2y��� � �8e fffff
p�r [ � ¡� � Vc!r �"�1� fffff i�dç m?�
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�xiQÒG�
ILKJHNw,{J�Jw1\]�b{2\]KbR1�VP£w,TJDQ|§R1T3IhR s S��"�£�16 � V*! �"�1�,�^] m9� ��&
�xi]ÐY�
|�T2\]e1\OR�T2\�S`DGKYWY\]e,FG\dK3Sd\ UVKÚ��&^�xiQÒG�EIhK3Hj��&
�xiQÐG��Uxw/~�DLe5�?â1ç±ê�å`ë�ë`å`ë�DLK�Ý�m9��`/ß²�

lLm



Ü��3w,\de,W^UVKJF�R�T3I�R §ð � V*! Ý ¡2 � Vc! � ¡Ö � V*! �EU�w ¿ ÛEZ¸Z�k2|E\�KJDhR�\OR�T3I�R§ð � Vc! ��6 � V*! �"�1�����]Ý ¡2 � V*! ��6 � Vc! ���1�\���\� ¡Ö � V*! ��6 � Vc! ���,�����1�� §ð � Vc! ��6 � Vc! ���,�����`�E´ �}�§m9� ��&
�xiQÕG�§ð � Vc! ��6 � V*! �"�1�1�dÝ ¡2 � Vc! �"6 � Vc! �"�1�1�\� ¡Ö � Vc! ��6 � Vc! ���,�1�1�r is S ��Ih¢� �«W�� ö `°a�b � V��"! i � V*!Wr ��Ih¢�����g�8e � ¡� � V*! ���±��� ¡� � Vc! ���*���E�5� ��&
�xi�)Y�
c Dá��DLKJF÷ILw¤R�T2\]e,\ÚILe,\ÚS`{3w�R�DL�B\]e�w£|�UVR1T§��\QILH^��R�U��B\]w¤U�KÙR�TJ\�{2K3w1S]Ih��\QHÙUVKbR�\de,WhIL�
Ý°2 � V*! � Ö � Vc! ��k�R�T2\N{JKJw1S]IL�V\QH�~�e1DGKYR�UV\]e Ö � Vc! H^\QS`e1\QILw,\QwBI�R�e1IhR�\�i¤yz\]eB{JK2UVR8R�UV�B\G�
v T2\]e1\d~�DLe1\Gk2~�DGe��EzÚ��Sk6 � V*! �"�1�\��Sk��ß²kÖ � V*! ���±�@� Ö � Vc! ��Sk6 � Vc! �"�1�1���÷������Sk6 � V*! ���1�,��� ��&
�xi�+Y�
®3DLe/|7T3IhR7~�DL����DQ|�wdk2UVR/|�UV���$�?\�T2\]��y2~�{2�¥R�DBUVKbR1e1D^H^{3S`\�w1DL�B\�KJDhR�I�R�U�DLK0�:ýj\�H^\]�2KJ\� � Vc! �"�1� ��&
�ÞlhmY�� Z�W\[ � i � Vc!W # #�÷ V�µ `°a�b � �"! � ú `'a�b¿ � VG�"ý # #�÷�ø `°a�b¿ À � V�� À�ú `°a�b¿ ! � 9 `°a�b � V�µ `°a�b � �"!�! À V«� � À µ `°a�b � ��!�!"ý
Ü��Jw1\de,WG\�R�TJIhR¸�z\QS]Ih{3w,\�DL~0��&
�xi(+G��kQ|�TJ\dKJ\`WY\]eÏS�6 � Vc! ���,��ß � � Vc!W r Sk��k±R�T2\�SdDLK3H2U¡R�UVDGK� � Vc!W �÷�"S���� � � Vc!W �hß Ö � V*! ��Sk6 � V*! ���1�,���1S��"�£�16 � Vc! ���,�1�
Uxwt\]�b{2UVWLIh��\dKbRtR1D � � Vc!W ß Ö � Vc! � � � Vc!W ���  �K�DLR1TJ\det|&DLe�HJwdkP� � V*! ���,��U�w�R�T2\g|&DLe1a
IGw1w,D^S`UxIhR1\QHá|�UVR1T§S`{3w�R�DL�B\]e�wtILe1e,UVW
U�KJFÚ|�UVR1TJUVK�R�T2\gR�UV��\gUVKbR�\de,WhIL�8��Sk6 � V*! �"�1�\��Sk��ß
|�T2DYw,\��V\QIGHtR�UV��\]w/{2y?DGKNILe,e1UVWhIL�0ILe1\ R1D8R�T2\��V\]~�R7DL~¸R1TJ\�~�e1DLKbR�UV\]ed�

ýÚ\�KJDQ| K2DLR1\9R1T3I�RODGK[R1TJ\�R1U��B\�U�KYR�\de,WLIh�/�"S�6 � Vc! �"�1�\��Sk��ß¸R�T2\�w1\de,WG\]e�U�w�KJ\dWG\]e
UxH^��\Gk¥|�T2UxS�Tp�B\QILKJwOR1T3IhR R1TJ\�|EDGe1ab��DGIGHpU�w �z\]U�K2FNH2\]Sde1\]IGw,\QH<�YPgR1TJ\Bw,\]e�WY\]e�IhR�I
SdDLK3w�R�IhKbR7e�I�R�\BiL� v TJU�w7FGU¡WY\Qw&{3w&R�T2\�\Qw�R�UV��I�R�\

m r ð � Vc! ��Sk�1�dÝ°2 � V*! �"S��,��� Ö � V*! ��Sk�1�1�� ð � Vc! ��Sk6 � V*! �"�1�,�]Ý°2 � Vc! �"S�6 � Vc! ���,�1�\� Ö � Vc! ��Sk6 � Vc! �"�1�1�,���� � V*! ���,���1S��"�£�16 � V*! �"�1�,���
DGedk3IL~xR�\de�w1S]Ih��U�K2FJk

m r §ð � Vc! �"�1�dÝ ¡2 � Vc! ���,��� ¡Ö � Vc! ���1�,�� §ð � Vc! �"6 � V*! �"�1�,�]Ý ¡2 � Vc! �"6 � V*! ���,�1�\� ¡Ö � V*! ��6 � V*! ���1�,�1� ��&
�Þl
i±�� is S � � V*! ���1��� s S����£�16 � Vc! �"�1�,���
l^i



ú�\`¢
RQk^|&\ \Qw�R�UV��I�R�\OR1TJ\ R1\]e,� �Æ V � � Vc! �"�1����®JDGe�u r u w |E\�TJIQWY\�\dUVR�T2\]e�£�16 � V*! ���1�hß is S ��uxw �1uJ� ��&
�ÞlLlG�
DGe/\]�xw,\ Sk6 � V*! �"�1��� s S��"uxw �1uJ� r S��\� ��&
�Þl
&Y�
 �K£R�TJ\ �xI�R1R�\de7S]ILw1\Lk

is S � � Vc! ���,� r is S Z�W\[ � i W � V*! # # ÷ V�µ `°a�b � ��! � ú `°a�b¿ � V�µ `°a�b � �"!�þ Æ V9� � � À � !"ý� is S Z�W\[ � i � V*!W # # ÷ V�µ `°a�b � �"!�þ Æ V«� � � À � ! � ú `°a�b¿ � V���ý # # ÷ ø `°a�b¿ � Æ V � ý� is S � � V*! � � � V*! ��Sk6 � V*! �"�1��� s S��"uxw �1u2�1�1� ��&
�Þl±û
�� is S � � Vc! � � � Vc! ��Sk6 � Vc! �"�1�1�,�� ¡` � Vc! ¥ iS � � V*! ��Sk�1� ¦� ¡` � Vc! ¥ iS � � Vc! �"S�6 � Vc! ���,��� s S���uCw �1uJ�,� ¦� v8��uJ�< � Vc! s S � � � Vc! ��Sk�1�£� � � V*! ��Sk6 � V*! �"�1��� s S��"uxw �1u2�1�±�� ¡� � Vc! ¥ 6 � Vc! �"�1�Ï� is S �"uxw ��u2� ¦ � ¡� � Vc! x 6 � Vc! ���,�zyH��uCwh�1u� ¡` � Vc! ¥ is S ¡� � Vc! ���1���¨¤ � Vc! � ¦� ¡` � Vc! ¥ is S ¡� � Vc! ¥ 6 � V*! ���1��� is S �"uxw ��u2� ¦�t¤ � Vc! 6 � Vc! ���,��� ¤ � Vc!s S ��uxw �1u2��¶� vB��u2�< � Vc! � ¡� � V*! ���,�£� ¡� � V*! ¥ 6 � Vc! ���,�Ï� is S ��u w �1uJ� ¦ ��EvB��u2� ¯ � Vc! s S�������6 � Vc! ���,�1����vB�"uJ� ¯ � Vc! ��uCwh�1uJ�
lGl



r � ¡� � Vc! ¥ 6 � V*! ���,�Ï� is S ��uCwh�1u2� ¦ � ¡� � V*! x 6 � Vc! ���,�zy*�� � ¡` � V*! ¥ is S ¡� � V*! �"�1���¸¤ � Vc! � ¦� ¡` � V*! ¥ is S ¡� � V*! ¥ 6 � Vc! ���,��� is S ��uCw �1uJ� ¦�E¤ � V*! 6 � V*! �"�1��� ¤ � V*!s S ��uCw �1uJ�±¶ È� vB�"uJ�< � V*! � ¡� � V*! �"�1��� ¡� � Vc! ¥ 6 � V*! ���1��� is S �"uxw ��u2� ¦ ��pvB�"uJ� ¯ � Vc! s S��"�£�16 � V*! �"�1�,���§��i���vB�"uJ� ¯ � Vc! �d�"uxw ��u2���
ÛEDLKbR�UVK
{2U�KJF�R1TJU�w7UVKJ\]�b{3Ih��U¡R�P�|&\���IQPt|7e1U¡R�\

is S � � Vc! ���,� r ��Ih¢�����g�8e ffff ¡
� � Vc! ¥ ��� is S ��uCwh�1u2� ¦ � ¡� � V*! ���±� ffff��lÚ��I�¢�����g�8e ffff ¡`

� Vc! ¥ is S ¡� � Vc! ���±�Ï�¨¤ � V*! � ¦ ffff� l*vB��u2�< � Vc! ��I�¢�����g�8e fff ¡� � Vc! ���±� fff �¨vB��u2� ¯ � Vc! s S��"���16 � Vc! �"�1�1��8��i��$vB��u2� ¯ � Vc! �d�"uxw �1u2���
©�w1w,{J�B\NK2D±|ªR�TJIhRHuùßºu w � c {J�Jw,R1UVR1{2R�UVKJF<R1TJ\#Ih�?DQWY\NUVKJ\]�b{3Ih��U¡R�P�U�KYR�D}��&^� l^iQ��k
{3w,U�K2F#��&
�xi()G��kJIhK3HNH2U¡W^UxH^U�K2F8�bP���i���vB�"uJ� ¯ � Vc! � s S:k2|&\�DL�2R�IhU�K

m r ���16 � Vc! �"�1�r i
��i���vB�"uJ� ¯ � Vc! � s S à ��Ih¢�=���g�8e � ¡� � Vc! ���±�£� ¡� � V*! ���*���±�� ��I�¢�=���g�8e � ¡� � V*! ¥ �h� is S ��uCw �1uJ� ¦ � ¡� � Vc! ���±� � ��&
�ÞlLÒG���lÚ��Ih¢�����g�8e ffff ¡`

� Vc! ¥ is S ¡� � Vc! ���±���¨¤ � Vc! � ¦ ffff� l*vB��u2�< � Vc! ��Ih¢�=���g�8e fff ¡� � Vc! ���±� fff â� is S �"uxw ��u2���
Ü�~�S`DG{2e�w,\Gk@UV~9��&^� lGlG��T2DG�xH2wdk@R�T2\]KÙ��&
�ÞlLÒG��H2Db\Qw�ILw9|E\]������®Je1DL�¨��&
�ÞlLÒG� |&\£TJIQWG\
��&
�xi±ÒL���

l*&



ú�\d¢bR9|&\£w,{J�3w�R1UVR�{^R�\�R1TJ\tUVKJ\]�b{3Ih��U¡R�P÷��&
�Þl±û
��UVKbR1D���&
�Þl
i±��k:{3w,UVKJF���&^��i()Y��k�IhK3H
H2U¡W^UxH^U�K2F8�bP���i���vB�"uJ� ¯ � Vc! ��R�DBFL\dR

m r s S������16 � Vc! ���,�1�r i
�,i���vB�"uJ��¯ � V*! � à ��Ih¢�=���g�8e � ¡� � Vc! ���±�£� ¡� � V*! ���*���E�� � ¡� � V*! ¥ 6 � Vc! �"�1��� is S �"uxw �1uJ� ¦ � ¡� � Vc! x 6 � Vc! ���,�zy*�� � ¡` � Vc! ¥ is S ¡� � Vc! ���,�Ï�¨¤ � V*! � ¦� ¡` � V*! ¥ is S ¡� � Vc! ¥ 6 � V*! ���1��� is S ��uxw@��u2� ¦� ¤ � V*! 6 � Vc! ���,�Ï� ¤ � Vc!s S ��uxw �1uJ�±¶ È� vB��u2�< � V*! � ¡� � Vc! �"�1��� ¡� � V*! ¥ 6 � Vc! �"�1��� is S �"uxw �1uJ� ¦ � â þ
�8��uCwh�1u2���

|�T2\]e1\8R1TJ\�yzDYw,UVR1UVWY\8yJILe�R�DGKpR�T2\8R�\]e,��w�U�K T mnm�m X \dK3w,{Je,\Qw R1T3I�R�R1TJU�w�UVKJ\]�b{3Ih��U¡R�PTJDL�xHJwO\dWG\]K�UV~ ��&^�Þl
&Y��~�ILU���wB��IhK3HpT2\]KJSd\[��&^� lGlG��T2DG��HJw����B©�wpS ç�Ý�kE��&^��i±ÒG��IhK3H
R�T2\ v UV��\£ÛETJILK2FG\�ILK3HjM�U�´?\de1\dK3SdUVKJF v TJ\dDGe1\d��w�©��Þl¤ILKJHÚ©�� &¤U��ByJ�¡P<R�TJIhR�R�T2\
e1UVFGTbR,�²TJILK3H¤w,U�H2\�TJIGw/��UV�BUVR�u w ��uzkJU���\G�Vk� s S��"�£�16 � V*! ���1�,���÷��uxw �1u2�±� þ ] m?�
c UVK3Sd\Eu{ß u w Uxw/ILe,�JUVR1e�Ihe,PYk^|&\��9{3w�R7T3I]WY\���&^��iQÐG���
��w,U�K2F[��&
�xi�)Y��k���&^� l^i±�EIhK3H£R�T2\�UVKJ\Q�Y{3Ih��UVR�Pp��&^� l�û
��|7UVR1T8uD�õu w k^|&\�DG�^R�ILUVK

m r §ð � Vc! ���1�dÝ ¡2 � Vc! �"�1��� ¡Ö � V*! ���,�1�r ��Ih¢�����g�8e � ¡� � Vc! ���±�£� ¡� � V*! ���*���±�� � ¡` � Vc! ¥ is S ¡� � Vc! �"�1�Ï� ¤ � V*! � ¦� ¡` � Vc! ¥ is S ¡� � Vc! x 6 � V*! �"�1� y �¨¤ � Vc! 6 � Vc! �"�1� ¦ �� i< � V*! � ¡� � V*! �"�1��� ¡� � Vc! x 6 � Vc! �"�1�zy*�����i���¯ � Vc! � s S������16 � Vc! ���,�1���
l�û



Ü�KJSd\OILFGILU�K�R1TJ\ v U��B\�Û�T3ILK2FG\ IhK3H£M�U�´z\]e,\]K3S`U�K2F v T2\]DLe1\]��w&©��Þl�ILKJH£©�� &�w1T2D±|
R�TJIhR7R1TJ\ e1U�FLTbR,�²T3IhK3H¤w,UxH^\�TJIGw/��UV��U¡R7_d\]e,DJ� v TJU�w7U��ByJ�VU�\]w§ð � V*! Ý ¡2 � Vc! � ¡Ö � Vc! �·] m9�
c UV��UV�xIhe1�VPGk

m r ¡ë � Vc! �"�1�dÝ ¡2 � Vc! ���,��� ¡Ö � Vc! ���1�,�r is S �¦ih� � � Vc! ��Sk�1��� � � V*! ��Sk6 � V*! �"�1�,�±�� is S � ¡� � V*! ���,��� ¡� � Vc! �"6 � V*! ���,�1���¨¤ � V*! s S��"�£� 6 � Vc! �"�1�1�\�
v T2\ v UV�B\9ÛETJILK2FG\�IhK3H¤MOUV´?\]e,\]KJSdU�K2F v T2\]DGe,\]��w7©�� l�ILKJHN©�� &�ILKJH£R�T2\�S`DGKbWG\]e��
FG\dK3Sd\���&
�xiQÐG��U��ByJ�¡P�R�TJIhR7R1TJ\ e1U�FLTbR,�²T3IhK3H¤w,UxH^\�TJIGw/��UV��U¡R7_]\de1DJ� v T2Uxw/U��ByJ�VU�\]w¡ë � V*! Ý ¡2 � V*! � ¡Ö � Vc! �^] m?� _
ýÚ\NKJ\d¢bR�\d¢^IL�BU�K2\¤R�TJ\N��U��BU¡R�DG~�R�TJ\#w�SdIL�V\QH�~�e,DGKbR1U�\de�yJe,D^Sd\]w1w ¡Ö � Vc! � c UVK3S`\s SEu w � S�� r Ö � Vc! ��Sk�1� r s S;u w IhR�IL���¥R�UV��\]wdk^|E\�TJIQWG\ R�T2\��zDG{JKJHJwuxw � s S;� r ¡Ö � Vc! �"�1� r uCw(� ��ã÷m9� ��&
�ÞlhÐY�

v T2\�~�DL���VD±|�UVKJF8�V\]�B��I�yJe1DQW^U�H2\Qw7I9R�U�FLTbR1KJ\Qw1w&�?DG{2K3H£~�e1DL�ª�?\]�VD±|��¸ ½«­$­jÌ�.10
¹ õ¸ç�â¤å=~Lå`â��4`º´=m�ãhè?íºkF´=m = ä�ì^ådâ�å¤åw»hé�ë�ä­ë uåz�� ��Ýõ��u w ��ë�î3ê�ì
ä�ì2ãLä��`çhâ9ãhï�ïxS = # q à UVKJ~��� � �8e ¡Ö � V*! �"�1�hß¸u â ß,k«�
HJI$K6KML1Z�CEP¤H2\d�JK2UVR�UVDGK$k� � Vc! ���,�@�õð � Vc! �"�1�d�"# % �}�õð � Vc! ���,�]Ý'2 � Vc! ���,��� Ö � V*! �"�1�1����ð � V*! ���,�]Ý Ö � V*! ���,���\Ý}�\�
c SdIL��UVKJF�R1TJUxw&\Q�Y{3IhR1U�DLK0k^|&\�DL�2R�IhU�K§ � � V*! ���,�}� §ð � V*! ���1�dÝ ¡2 � Vc! ���1�\� ¡Ö � Vc! ���,�1�Ï� §ð � Vc! �"�1�dÝ ¡Ö � Vc! ���1�\��Ýá���
ÛEDLe1DG�V�xIhe,P�C���û�U��ByJ�VU�\]w § � � V*! ] � w kh|7TJ\]e,\�� w Uxw�I�e1\]°2\QS�R�\QH�C&e,D±|7KJUxIhK9��DhR�UVDGK
|�U¡R�T�H2e1UV~�R]k
IhK3H Ï e1DGyzDYw,UVR1U�DLK{&^�ùÐ�w,TJD±|�w�R1T3IhR §ð � Vc! Ý ¡2 � V*! � ¡Ö � V*! �·] m^� v T2\]e,\]~�DLe1\Lk§ð � V*! Ý ¡Ö � V*! ��Ýá�^] ��w(� ��&
�ÞlLÕG�

lGÒ



®:U¡¢(`¶´�m
� v TJ\�ÛEDLKbR�UVK
{2DG{3w�f[ILy2yJUVKJF v TJ\dDGe1\d�>©��xi ILy2yJ��UV\QHtR1Dg��&^� lGÕG��P
U�\d�xHJw
��I�¢��� � �8e § � � Vc! �"�1�dÝ ¡Ö � Vc! ���1�\��Ýá�^] ��Ih¢��� � �8e ��w��"�1�\� ��&
�Þl
)Y�

©&ROR1U��B\-��k¥K2D¤Sd{Jw,R1DG�B\]e�|7UVR�Tg��\QILH^��R�U��B\�UVKá� Ö � Vc! �"�1���\Ýá��TJIGw�\`WY\deO�?\d\]K<UVK
w,\]e,W
UxS`\Gk¸w1D[m r ¡ò � V*! ���,�d� ¡Ö � Vc! �"�1���\Ýá� r §ð � V*! ���,�]Ý ¡Ö � Vc! �"�1�\��Ýá����®Je1DL� ��&^� l*)Y��|&\
w,\]\:R�T2\]KOR�T3I�R0R1TJ\�w,\]�b{J\dK3S`\@DG~
e1ILKJH2DG�ÙWhILe1U�IL�2��\Qw'�z��Ih¢ ��� � �8e ¡ò � Vc! �"�1�d� ¡Ö � V*! ���,����Ýá���dZV [ �
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W^U�H2\QH¤IhKN\]�b{JUV��UV�Je1UV{J�ªIhK3IL�¡P2w,Uxw&y2e1DbDG~�UVK#IhKN{JK2yJ{2�J��U�w,TJ\QH£��IhK
{3w1S`e1U�y^RQ�@©���w1D2kJUVK
i(+*+YÕ
k?f[ILe�R�U�K ¿ \dU���ILK#DL~�Z0{3S`\]KYR v \QS�T2KJDL��DGFLU�\]w7yJe,D±W^U�H2\]H#UVK3w,U�FLTbR�w/U�KbR1D�T2D±|�R1D
{3w,\�TJ\]IQWbP¤R�e�Ih«�S��B\dR1TJD
H2DG�VDGFhPÚ�­IGw�DLyJyzDYw,\QH¤R�D£f[ILe,aGDQWN��\`R�T2D^HJw��ER�DtIhK3IL�¡P^_d\
e1\]IL�V��R�UV��\t�Y{J\d{J\Qw�R�TJIhR8�V\QH�H2UVe1\]S`R��¡P�R�DgR1TJUxw�y3ILyz\]ed�j®�U�K3Ih���¡PYk:|&\£IGS�abKJDQ|���\]H2FL\
ILKNIhKJDGKYP^�BDG{Jw/e,\]~�\de1\d\O|�TJD8y?DLU�KbR1\QH£DL{2R�IhKN\de1e1DLe7UVKNILKN\]ILe,��U�\de&WY\de�w,U�DLK¤DG~�R�T2Uxw
y3Ihy?\]e7ILKJH#w,{2FGFG\]w�R�\QH¤I8w,U��ByJ�VU��3SdIhR1U�DGK£DG~ v T2\]DGe,\]�º&^��iL�

v TJU�w�e,\Qw,\QIhe�S�T}|&IGw�w1{2yJyzDGe,R1\QH}UVK÷yJILe,Rt�bP�R1TJ\pÜ�«�S`\[DG~ ú�IQWhIL� ¿ \Qw,\QIhe�S�T
{JKJH2\]e�S`DGKbR1e�ILS`R�ú�mGmLm2idûh� +Gl±�²XL��i±ÒLl�û2kY�bP8M�© ¿�Ï ©÷{JKJH2\de�S`DGKYR�e�ILS`R�w�®}&GmLÐGmGl±� +LÐ���i`�
m2i]ÐGm/ILKJH�ú�ÐGÐLmGm2i�� +GÕ±��Û�� )GÒGlGÕ&IhK3H �bPOR1TJ\�©�e,��P ¿ \]w,\QILe1S�T�Ü�«�Sd\�{2K3H^\]e�SdDLKbR�e1IGS�R
M�©�©�³�mhûL��+YÒQ��i`��mYlLlLÐ^�O � ������� Ø��O����"O�����8':�

v T2\�~�DG�V��DQ|�U�K2F[w�R�IhK3HJIhe�Hje,\Qw,{J�¡R�w�S]IhKÚ�z\�~�DL{JK3HjUVKÚDGe9Ihe1\�\QILw,U��VP�H2\de1U¡WY\QH�~�e,DG�
IGw1w,\]e�R�U�DLK3w$~�DL{JKJH�UVK Ï Ihe,R�TJIGw1ILe1IhR1TbP�Ý�lLÒQß²kGÛ�T3Ihy2R�\de0 1 ¥ILKJH�C&UV���VU�KJFGw,��\dPBÝÞi�ß²k c \QS`R1U�DLK
i±Õb�@ �K�R�TJU�w�ILy2y?\]KJH2U¡¢¥kY|&\�w�R�IhR�\�WG\]e1w1UVDGK�DG~¥R1TJ\Qw,\�e1\]w1{2�VR�w�KJ\]\]H2\]H�~�DGe�R1TJU�w�y3ILyz\]ed�
Z�\`R � �?\NI�w,\]yJILe1IL�J�V\¤�B\`R�e1U�S¤w,yJIGSd\LkEILKJH���\dR�� � � ���?\£R�TJ\Nw,\`RBDG~��JK2UVR1\

�B\QIGw,{2e1\Qw�H^\]�2KJ\QH#DGK#R�TJ\"#¥�²IL��FL\]�2e�IBDG~�CEDGe,\]��w,{J�Jw,\dR�w�DG~ � ��ýj\�\]KJH2D±|°� � � �
|�U¡R�T�R�T2\-��å�ãG�9ä²ç\�Jçhï�ç�ð
�hkb|�TJ\de1\d�bP�I�w,\Q�b{2\]KJSd\�DG~$�JK2UVR�\��B\]IGw,{Je,\Qw/T�< V XGZV [ � S`DGK^�
WY\de1FG\]w9R�D�Ig�JK2UVR�\£�B\QILw1{2e1\�<ÙUV~�IhK3H�DLKJ�VPÚU�~���UV� V*± Z � úZ� �«< V � � úZ� �«< ~�DLe

&c+



\dWG\]e,P��zDG{JKJH2\]H$kbS`DGKbR1U�K2DG{3w@~�{JK3S�R�UVDGK � ��ILy2yJU�K2F � U�KYR�Dp# %�� v TJ\/|&\]ILa�R�DLy?DG�VDGFhP
DGK~� � � �EU�w/��\`R�e,U�_QIh�J�V\Gk2ILK3H~� � � �EUxw/�VD^S]Ih���¡P£SdDG�ByJIGS`R]�

ú�D±|§��\`RET�% V XGZV [ � �z\�IBw,\Q�Y{J\]KJSd\ODG~ � �¦WhIL�V{J\QHte�IhK3H^DG�ªDL�?��\QS`R�wdk2H2\d�JKJ\]H£DGK
e1\]w1yz\QS�R�UVWG\�yJe,DG�JIL�JUV��U¡R�PBw,y3ILSd\d\Qw��6� V ��� V �g# q V ��|�T2UxS�T���I]P�H^\]yz\]K3HBDGKPS:k^IhK3HB��\`R%=�z\�IhK � �¦WhIL��{2\QHOe�ILKJH2DL� DG�9�,\QS�R¸H^\]�JK2\QH DGK�I7y2e1DL�3IL�2U��VUVR�POw,y3IGS`\��D� w ��� w �g# q w ���
ýj\Bw�I]P�% V ê�çhèx~hådâ¦ðbå`ë	�Eå�ãG�±ï ��R�D�%Úk�IhK3H<|E\8|�e1U¡R�\)% V ] % U�~�R�TJ\Bw,\]�b{J\dK3S`\
DG~�y2e1DG�JIL�2U���U¡R�P��B\QILw,{Je1\]wD< V U�KJH2{3S`\QH�DLK � �YPg% V SdDLKbWG\]e1FL\Qw9|&\QIha
�¡P�R�D<R�T2\
yJe,DG�3Ih�JUV��UVR�Pt�B\]IGw,{Je,\�U�KJH2{JSd\QH£DGK � �bPº%Ú�- ¶¸½
·z¹�½«­ Æ 0+2 �¦ÛEDLKbR�UVK
{2DG{3wgf[ILyJy2U�K2F v TJ\]DLe1\d�#� �� �ådäóT&% V X ZV [ � 3 å�ã÷ë`ådþ�dîJådè?ê�å#çg� � þ�~Lã�ïÞî3å�í<â�ãhè?íYçhæ ç 3q� å�êdä­ë¤ê�çhèx~Lå`â²ðhé�è
ð ��å�ãG�±ï ��ä²çÚãhè?çLä�ì2å`â � þ�~hãhï î3å�í
â�ãhè?íYçhæ(ç 3q� å�êdä'%\;ä �å]äz��¯ � ç � 3 å¤ã[æ�å�ãhë�î^â�ã 3 ï�å3��î^è?êdä­é¦çhè���â�çhæ � ä²çpãhè3þ
çLä�ì2å`âNæ�ådä­â�é¦ê#ë��JãYê�å~� = ãhè?í�ãhë�ë�î
æ�å]� é�ë[ê�çhè3ä­é�è3îJçhî^ë[çhèÙä�ì^å[ë�î��c�3çhâ`ä�çg�)%\;<0ì2å`èk���+% V �§]����+%p�n;
Z�\`R¤� � ��¯^���z\£I#��D^SdIL�V�VPjSdDL�By3IGS�R�w,\]y3Ihe�Ih�J��\��B\`R�e1U�S�w,y3IGS`\Gk@ILKJHÚ��\`R"`É´ªmN�?\
FGU¡WY\]K$�á© w,\]yJILe1IL�J�V\N�B\dR1e1U�S¤w1yJIGS`\Qw�|7TJU�S�T}w,TJIL���7SdDLK3Sd\de1K�{3w8Uxw�� ú Ý�m9��`7ß¦k�R�T2\
w,y3IGS`\NDG~�e1UVFGTbR,��S`DGKbR1U�Kb{JDG{Jw8~�{JK3S�R�UVDGK3w�|7UVR�Tá�V\]~�R,�²TJILK3H���UV��U¡R�wN�­TJ\de1\]IL~�R1\]e�S]Ih���V\QH�	�A A <~�{JK3S�R�UVDGK3w���~�e1DG� Ý m?��`/ß0R1D � kJ\]�b{JUVyJyz\QH£|7UVR1T¤R�T2\ c aGDGe,DGT2D^H¤�B\`R�e1U�S
� e �
à��guJ�}� UVKJ~_ � w,{Jy��� � �8e ¯ É à:��¤¸���,�1�\��u$�"�1��Ìh� w,{2y��� � �8e �'¤����,�������
¨8� àA��uPzÖ� ú Ý m?�z`7ß��
|�T2\]e1\&R1TJ\/UVKJ�JK2U��9{J��Uxw:D±WG\]e�IL�V�Jw�R1e1UxS�R��¡P�U�KJSde1\]IGw,U�K2F ~�{JKJS`R�UVDGKJw ¤8��IhyJy2U�KJF�Ý�m9��`/ß
DGKYR�DBU¡R�w,\]�V~��

 �K�R1TJUxw y3ILyz\]edk¸��DGw�R�y2e1D
Sd\Qw1w,\Qw�ILe1\BUVKj~­ILS`R�H2\d�JKJ\]H�DGK�Ý�m?�\Ýá��� v TJ\�w1yJIGS`\� ú Ý�m?�\Ýá� DG~ ¿ ÛEZ¸Z�k c �¦WhIL��{2\QHj~�{JK3S�R�UVDGK3w�H2\d�JKJ\]HÚDGK§Ý�m9��Ýá� T3ILw�I[��\`R�e,UxS4� Z|�U¡R�T[R1TJ\�y2e1DGyz\]e�R�PNR�TJIhR�|�T2\]K2\dWY\dePà�IhK3HäuNILe,\9U�K�� ú Ý�m?�z`7ß:ILK3HNR�T2\]U�e�e1\]w,R1e1U�S`�
R�UVDGK3w�à@�ø7 � ÿ e3� ILKJHåuÏ� 7 � ÿ e3� R1D÷Ý m?��`/ß7ILFLe1\d\Gk@R�T2\]Kg� Z �
à��guJ� r p À e ��Ý�ÒQß²kEÛETJILy2R1\]e&^k c \]S`R1U�DGKÚÒL���� �~/T&à V XGZV [ � U�w�INw,\]�b{J\dK3S`\8U�Kh� ú Ý�m9��Ýá��kRàjUxw�IhKJDhR�TJ\de�~�{JK3S�R�UVDGK
U�K�� ú Ý m?�\Ý}��k¥IhK3H[~�DLeO\`WY\de,P�` ´�m8R�TJ\�w,\Q�Y{J\dK3Sd\�DG~@e1\Qw�R1e1UxS�R�UVDGK3wpT�à V � 7 � ÿ e3� XGZV [ �
SdDLKbWY\de1FL\Qw�UVK�� ú Ý m?��`/ß�R�D�à}� 7 � ÿ e3� k�R1TJ\dK¨T&à V X ZV [ � S`DGKbWG\]e,FG\Qw U�K�� ú Ý�m?�\Ýá��R1D!à��
v T2\�SdDLKbWG\]e�w,\ TJDG��HJw/U�~6à[U�w7SdDGKYR�UVK
{JDL{3wd�

ú�D±|*�V\dRHT�% V ���,��Ó�m r � r ` X�ZV [ � �?\�INw,\Q�b{2\]KJSd\BDL~ ¿ Û&Z�Z�k � �¦WLIh��{2\QH<yJe,DL�
Sd\]w�w,\]wOH2\d�JKJ\]HgDGK}Ý�m9��`/ß²� v TJ\]w1\�U�KJH2{JSd\�I¤w,\]�b{J\dK3S`\�DL~��B\]IGw,{Je,\Qw�DLK}� ú Ý�m?�z`7ß¦�
 �~3R�TJU�w�w1\]�b{2\]K3S`\�S`DGKbWG\]e,FG\Qw:|E\QILab�VP�R�D R1TJ\7�B\QILw1{2e1\/U�K3H^{3S`\QH8�YP8ILKJDhR�T2\]e ¿ Û&Z�Z�k� �¦WLIh��{2\QH#yJe,D^S`\Qw1w T&%����,��Ó�m r � r ` X k?R�T2\]K[|E\�w�I]PNR1T3IhR�R�T2\�w,\Q�Y{J\]KJSd\�DL~�yJe,DL�Sd\]w�w,\]w3T&% V X ZV [ � ê�çhèx~hådâ²ðYå`ë3��å�ãG��ï ��R1D9R�T2\OyJe,D^Sd\]w1w�%�IhK3H�|7e1U¡R�\¡% V ]Î%Ú� v TJ\
H2\d�JKJU¡R�UVDGKpDG~�|E\QILa<S`DGKbWG\]e,FG\]KJSd\8DG~&INw1\]�b{2\]K3S`\BDL~ ¿ Û&Z�Z�k � �¦WhIL��{2\QH<y2e1D^S`\Qw1w,\Qw
DGKjÝ�m9��Ýá��Uxw/w,U��BU���ILed� c {JS�T¤I8w,\Q�Y{J\dK3Sd\OSdDGKYWY\de1FG\]wE|E\QIha
�VPBR�D8I8S`DGKbR1U�Kb{JDG{JwEyJe,DL�
Sd\]w�w{T�%����,��Ó�m r ��ßYÝ X UV~�IhK3H�DGKJ�¡P�U�~�k�~�DGe8\dWG\]e�P�`j´ m^k�R1TJ\Nw,\Q�Y{J\]KJSd\¤DL~

ûbm



e1\]w,R1e1U�S`R�\]H<y2e1D
Sd\Qw1w,\Qw�T�% V �"�1��Ó�m r � r ` X SdDLKbWG\]e1FL\Qw�|&\QIha
�¡PgR�D£R�T2\Be1\]w�R�e1U�S`R1\QHyJe,D^Sd\]w1w;T&%��"�1��Ó�m r � r ` X �- ¶¸½
·z¹�½«­ Æ 0A@ � v UV��\�ÛETJILK2FG\ v TJ\dDGe1\d�N�Þ�`�3î��¼�Jçhë`å�ä�ì2åBë`å\�dîJådè?ê�å�çg� �	�A A  =� þ�~Lãhï î3å�í5�zâ�ç±ê�å`ë�ëdå`ëhT�% V ���1��Ó�m r ��ßõÝ X ZV [ � ê�çhèx~Lå`â²ðYådëh�Eå�ãG�±ï ��ä²ç�ã9ê�çhè3ä­é�è3îJçhî^ë =� þ�~Lãhï î3å�í��zâ�ç±ê�å`ë�ë-T�%����,��Ó�m r � ßîÝ X ;C�3î��¼�Jçhë`å3��î^â`ä�ì2å`âBä�ì2ãLä�ä�ì^å�ëdå\�`î3å`è?ê�å£ç ��	�A A  = Ý�m9��Ýá�`þ�~hãhïÞîJå�í-�?â1ç±ê�å`ë�ë`å`ë	TW� V �"�1��Ó�m r �EßîÝ X�ZV [ � ê�çhèx~Lå`â²ðYådë	��å�ãG�±ï �#ä²ç
ã�è?çhè3þ²â�ãhè?íYçhæ ê�çhè3ä­é�èJî3çhî^ë�Ý�m9��Ýá�`þ�~hãhï î3å�í��?â�çQê�ådë�ë�Tf� ���,��Ó�m r �hßõÝ X ;�<0ì2å`è% Vh� � V ]ß% � ���- ¶¸½
·z¹�½«­ Æ 0A. �­MOUV´?\de1\]KJSdUVKJF v T2\]DLe1\]�N� ���zî(�¼�3ç�ëdå�ä�ì2å�ë`å\�dî3å`è?ê�åOçg�h�	�A �  = � þ~Lã�ïÞî3å�í	�?â�çQê�ådë�ë`ådë T&% V ���1��Ó�m r �Eß Ý X�ZV [ � ê�çhèx~Lå`â²ðYådë �Eå�ãG�±ï �Nä²çgã[ê�çhè3ä­é�è3îJçhî^ë =� þ�~Lãhï î3å�í �?â�çQê�ådë�ëET&%��"�1��Ó�m r �3ß�Ý X ;��3î��¼�Jçhëdå���î
âdä�ì^ådâ9ä�ì2ãhä7ä�ì2å�ëdå\�`î3å`è?ê�ådë�ç ��	�A A  = Ý�m?�\Ýá�`þ�~hãhïÞî3å�íp�zâ�ç±ê�å`ë�ëdå`ëpTW� V �"�1��Ó�m r �3ß^Ý X ZV [ � ãhè?í{TW� V �"�1��Ó�m r �3ßÝ XGZV [ � ê�çhèx~Lå`â²ðYå3��å�ãG�±ï �9ä²ç�ä�ì2å�é¦íYå`è3ä­é¦ê�ãhï�ï �a³Qådâ1ç��?â�çQê�ådë�ën;"<0ì2å`èNä�ì2å�ëdå\�`î3å`è¥ê�å ç ��?â�çQê�ådë�ë`ådë � V �"�1� y�õ¯ x % V �����`� V ���1�,����% V �����`� V �"�1�,�zy
ê�çhèx~Lå`â²ðYådë3�Eå�ãG�±ï ��ä²ç�ä�ì2å�é¦íYå`è3ä­é¦ê�ãhï�ï �)³Qådâ1çE�zâ�ç±ê�å`ë�ën;J ;9�8��'¸+$��Ø��9���1������+¥"$���k�#�1
 ��+ 	�-9��Ø�"$��


v T2Uxw�ILy2y?\]KJH2U¡¢8w,{J�B��ILe,U�_]\]w�S`�xIGw1w,UxSdIL�^TJ\]IQW
Pb�¦R1e�IL«�S&�VU��BUVR�e,\Qw,{J�¡R�w@~�DGe�I�w,\]�b{J\dK3S`\
DG~E�Y{J\]{2\Qwd�� ²R�Uxw UVK3S`��{3H^\QHgTJ\de1\By2e1UV��Ihe1UV�VP#R�DN\]w�R�IL�2��U�w1TgKJDLR�IhR1U�DGKp~�DGeOR1TJ\8��ILUVK
�?D
H^PpDL~&R1TJ\�yJILy?\de]� ¿ \QSdIL�V��R1TJ\�H^\]�2KJUVR1U�DLK3w � � Vc!� y�ªmNILKJHj~�DGe�0$ã>iLk � � V*!4 y�� 4W\[ � U � V*!W k?|�TJ\de1\�~�DLeO\]IGS�T S@k£T(U � Vc!W X ZW\[ � UxwOI£w,\Q�Y{J\dK3Sd\9DL~�UVK3H^\]y?\dK3H^\]KbR]k¥UxH^\]K^�
R�U�S]IL�V�VPáH2U�w,R1e1UV�J{2R1\QH÷w�R�e,UxS�R��VP�y?DGw,UVR�U¡WY\[e1ILK3H^DG� WLIhe1U�IL�J�V\QwB|�UVR1T��B\QIhK �_ `°a�b IhK3H
w�R�ILKJHJIhe�H<H2\dW
UxI�R�U�DLK e � V*! �9 �K<R�T2\DS¥��R�T��Y{J\]{2\Gk � � V*!4 UxwOR1TJ\BIhe1e1U¡WLIh�:R1U��B\8DL~�R�T2\0b��R�T}S`{3w�R�DL�B\]e]� v TJ\NK
{J�9�z\]eBDG~OSd{Jw�R�DG�B\de�wBILe,e1UVWG\QH��bP�R�U��B\m��U�w � � V*! ���,� y�
��Ih¢�T
0Pã÷m^Ó � � V*!4 r � X �:ýj\�H2\d�JK2\ R�T2\tê�å`è3ä²ådâ�å�í�ãhè?í�ë`ê�ãhï�å�ítãhâ�â�é"~hãhï?�zâ�ç±ê�å`ë�ë¡� � V*! ���,� y� is S � � � Vc! �"S��,�£��¤ � Vc! Sk�±��� ��ã÷m9�

¿ \]S]IL�V�$IL��w,D�R�TJ\ H2\d�JK2UVR�UVDGK£DG~0R�T2\�ê�ådè3ä²å`â�å�í�ã�è¥íBë`ê�ãhï�å�íD�Eçhâ\��ãhâ�â�é"~hãhï«�?â�çQê�ådë�ë¡� � Vc! �"�1� y� is S � V�� ��W\[ � ¥ i � Vc!W � i< � Vc! ¦ �
û3i



|�T2\]e1\¤~�DGe�\QILS�T S:k/T�i � Vc!WµX�ZW\[ � U�w8Ipw,\Q�b{2\]KJSd\£DG~�U�K3H^\]yz\]K3H^\]KYRQk�U�H2\]KYR�U�S]IL�V�VPÚH2U�w��
R�e,U��J{^R�\]H÷e�IhK3H^DG� WLIhe1UxIh�J�V\Qw�|7UVR1T �B\]ILKõ< � V*! ILKJH}WLILe,UxIhK3Sd\|n � Vc! � v TJ\[|&DLe1a
ILe,e1UVWhIL�$y2e1D^S`\Qw1w/Uxw � � V*! ���,� y� � V�� ��W\[ � i � Vc!W �
ILKJH£R�T2\�S`\]KbR1\]e,\QHNIhK3HNw1S]Ih��\QH£K2\dR1yJ{2R7yJe,D^Sd\]w1w7U�w¡� � V*! �"�1� y� is S �"� � Vc! � � � Vc! ��Sk�1�1���1Sk�±���
ýj\NU��ByzDYw,\£R�T2\NTJ\]IQWbP�R�e1IL«�SNILw1w1{2�By2R�UVDGKJwN�²l
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M/M/1, EDF, Rho = .99, Queue lengths = 20, 60

Deadlines = Uniform(30,70), At Local Times = 10
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M/M/1, EDF, Rho = 0.95, Level = 15,  Global Time = 3.216e+04

Deadlines = Uniform(30,70), # of Excursions = 50, Local Time = 10
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M/M/1, EDF, Rho = 0.95, Level = 20,  Global Time = 4.63e+04

Deadlines = Uniform(30,70), # of Excursions = 50, Local Time = 10
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M/M/1, EDF, Rho = 0.99, Level = 40,  Global Time = 9.755e+04

Deadlines = Uniform(30,70), # of Excursions = 50, Local Time = 10
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M/M/1, EDF, Rho = 0.99, Level = 60,  Global Time = 1.971e+05

Deadlines = Uniform(30,70), # of Excursions = 50, Local Time = 10
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M/M/1, EDF, Rho = 0.95, Level = 20,  Global Time = 4.129e+04

Deadlines = 50Exp(1), # of Excursions = 50, Local Time = 10
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Q−Q Plot, M/M/1, EDF, Rho = 0.95, Level = 20,  Global Time = 4.129e+04

Deadlines = 50Exp(1), # of Excursions = 50, Local Time = 10

F
ra

c
ti
o

n
 o

f 
ta

s
k
s
 w

it
h

 l
e

a
d

−
ti
m

e
s
 l
e

s
s
 t
h

a
n

 t

®:UVFG{2e1\9Õb¯EÀ���À Ï e,DG�2��\Qwd¯�f[\]ILK$k3fgI�¢¥k3f[UVK#IhK3H v TJ\dDGe,PGkd�ô� lLm
k3ú � ÒLm

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1
Q−Q Plot, M/M/1, EDF, Rho = 0.95, Level = 40,  Global Time = 1.181e+05

Deadlines = 50Exp(1), # of Excursions = 50, Local Time = 10
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Q−Q Plot, M/M/1, EDF, Rho = 0.99, Level = 20,  Global Time = 8.184e+04

Deadlines = 40Pareto(6), Seed = 8725, # of Excursions100, Local Time = 10
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Q−Q Plot, M/M/1, EDF, Rho = 0.99, Level = 40,  Global Time = 1.839e+05

Deadlines = 40Pareto(6), Seed = 8725, # of Excursions 100, Local Time = 10
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Q−Q Plot, M/M/1, EDF, Rho = 0.99, Level = 40,  Global Time = 1.839e+05

Deadlines = 25Pareto(3), Seed = 8725, # of Excursions 100, Local Time = 10
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Q−Q Plot, M/M/1, EDF, Rho = 0.99, Level = 60,  Global Time = 4.219e+05

Deadlines = 25Pareto(3), Seed = 8725, # of Excursions 100, Local Time = 10
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M/M/1, FIFO, Rho = 0.95, Level = 20,  Global Time = 3.906e+04

Deadlines = 50Exp(1), # of Excursions = 50, Local Time = 10
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Q−Q Plot, M/M/1, FIFO, Rho = 0.95, Level = 20,  Global Time = 3.906e+04

Deadlines = 50Exp(1), # of Excursions = 50, Local Time = 10
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M/M/1, FIFO, Rho = 0.99, Level = 40,  Global Time = 7.352e+04

Deadlines = 50Exp(1), # of Excursions = 50, Local Time = 10
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Q−Q Plot, M/M/1, FIFO, Rho = 0.99, Level = 40,  Global Time = 7.352e+04

Deadlines = 50Exp(1), # of Excursions = 50, Local Time = 10

F
ra

c
ti
o

n
 o

f 
ta

s
k
s
 w

it
h

 l
e

a
d

−
ti
m

e
s
 l
e

s
s
 t
h

a
n

 t

®:UVFG{2e1\�i]Ð^¯�À���À Ï e1DL�J��\]wd¯�f[\]ILK$kzf[Ih¢?k3f[UVK#IhK3H v T2\]DGe�PYk��ô��ûbm
k3ú � ÒLm

Ò*&



−20 −10 0 10 20 30 40 50 60 70
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1
M/M/1, EDF, Rho = 0.99, Level = 60,  Global Time = 1.005e+05

Deadlines = Uniform(30,70), # of Excursions = 50, Local Time = 0
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