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wYXEWY]�[Qp�wYS�nhS�e�XEgh�bS/TQWESUwEwEcvWES�^¸]�W)ZjV�[f|�pbS�[QS�WYV�XYgu]b[Qw��

st[(XErQghw�TQVbT?S�W��xS�^¸]fe�cQw/SU�\eUnucvwEgh��S�nh|2]b[I]b[QS�TQV�WYXEghe�cQnhV�W
ZjS�XErv]\q�]k^6[Qghe rQgh[QpQ�0WESU�xVbWEq}ÓEÕQÍbÊ�ÆÈÄ�Ì_�*�)rQS/ÆÈÎ��?ÙhÆÈÇ�ÆÒÅ�ÄQÆÈÇ ÕQÆÒÄ�Ì
gh[QqvcQe�S�qó{\|�XYrQS}[QV�XYcQWEVbnxVb[Qq�wYghZ!TQnhS�Z!S�XYrQ]fq�]k^NqQgh�fghqQgh[Qp
cvT�WES��aV�WYq?�ke�WYS�qQghX³�6
?XE[vS�wEw)VbZ!]�[vpNV�nhnfgh[QqQgh�fghqQcQV�nhw¶�)rQ]/rQVk�bS
SUV�WE[vS�q¯guXU�+ghw�V2T8]k�xS�W�^¸cQnaTQWE]bZ!]bXES�W/]_^Ne�]f]�T8S�WEVbXEgh]�[O�IstX�guw
eUV�TQVb{QnhSx]_^»ZjV�gh[fXEV�gh[Qgh[Qpae�]f]�T8S�WYV�XEgh�bS/ÀÈg���Sk�h��[Q]�[²� e�]bZ!T8S�XEgh[QpfÁ
WYcQnhS)wES�XYwxSU��S�[jcQ[QqQS�W�e�]�[QwYXEVb[\XaV�[vq�WYgupb]�WY]�cQw*VbTQTQnhghe�V�XYgh]�[/]_^
pbS�[QS�XYghe/V�nhp�]bWEghXErvZ;wYS�nhS�e�XYgu]b[}V�[Qq}wESUV�WEe r6�

��S�
?WEwYX)qQS�wEeUWEgh{?S�{QWEghS�7?|�XYrQS�S��fghwEXEgh[Qp��a]�W5��]b[!XYrQS�cQwES
Vb[QqKVb[QV�nh|fwEghw�]k^�wErQVbWEgh[Qp�gh[¯XErvS z¶`)d8�)��SøXYrQS�[=TQWE]fe�SUS�q
XY]}Z!V,�bS�V}wYXEWE]b[Qp2e�VbwES�^¸]bW/XErvS�e�WEghXEghe�Vbn*[QS�SUq�^¸]bW½wYrQV�WYgh[Qpk�
gh[QqvcQe�S�q�[Qghe rQgh[Qp}gh[IXYrQS!�}ghe rQghp�Vb[f� wYXt|fnuS�z�`)d»�+�¶gu[vV�nhnh|��8�xS
SU�\TvV�[Qq¢]bcQW2cQ[QqvS�WEwYXEV�[vqQgh[QpK]k^�XErvS�[QV�XYcQWESk��e�V�TvV�{QghnhghXEghS�w��
Vb[Qq�nhghZ!ghXEVbXEg¡]b[Qw)]k^NwYcQe r�[Qghe rQgh[Qpk�tgh[QqQcQe�SUq�e�]f]�T8S�WEVbXEgh]�[�{f|
SU�\XYS�[QqQgh[QpiXErQSaWESUwEcQnhXEw0]_^+&i]�WY[6�\l�]bnuqv{?S�WYpQ�kV�[vq�RiS�{!ÀE�"���_�\Á �
d²T?S�eUg3
8e�V�nhnh|/�aS)T?S�W�^¸]�WYZüV�e�WYguXYghe�V�nQXYghZ!gh[Qp)V�[vV�nh|fwEghw0]k^?[Qghe rQS
eU]�[f��S�WYp�S�[ve�S/V�[vq!Z!Vbgh[\XYS�[QVb[Qe�Sk�0�)rQSNcvnuXYghZ!V�XYSxpb]�Vbn?]_^+XErvguw
nhgh[QS�]k^NWYS�wES�VbWEe r�ghw/Vâe�]�ZjTQnhS�XES�TQWESUqQghe�XEgh��S�Zj]fqQS�n*]_^�[Qghe rf�
gh[Qp�gu[�SU��]�nhcQXYgh]�[QVbWE|�e�]�ZjTQcQXEVbXEgh]�[�wE|fwYXES�Zjw��*�)rQSiWES�wYcQnhXEw)XE]
qvV�XES_��V�[Qq�XErQSaS��fT?SUe�XES�q�Zj]fqQS�n��kV�WES�p�S�[QSUWEV�nhnh|�V�TQTvnughe�Vb{QnhS*XE]
Vbnhn�Xt|fT?SUw/]k^xSU��]�nhcQXYgh]�[QVbWE|!eU]�Z!TvcQXEVbXEgh]�[}�)rQS�WYS�XYrQS�p�]bV�n¶guw
wYcQe�e�SUwEwt^�cQn)wES�VbWEe r(^¸]bW½SUZ!S�WYp�S�[fX/e�]f]bT?S�WYV�XYgu]b[I�fghV}wES�nhS�eUXEgh��S
eU]�Z!T8S�XYguXYgh]�[6�
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st[�XYrQghw�wYS�e�XYgu]b[��aS!{QWYghS�7?|�WESU�\ghS�� XErQSj[QV�XYcQWESj]k^N[Qghe rQgh[QpQ�
XYrQS�[QS�S�q ^¸]�W)[Qghe rQgh[Qp�gh[!V�[2z¶`)d8�QS��fghwEXEgh[Qp��a]�W/�!]b[![Qghe rQS�q
lmyNw��8V�[Qq}wY]�Z!S�TQWYS��fgh]�cQwi�x]bW5�!cvwEgh[Qp�[Qghe rQgh[Qp�gh[}e�nhV�wEwYg�
?S�W
wY|fwEXESUZ!w��
< H5= ��>i4@?=4�4¶DBA�<07C?KC5D)>ÐCE>)P CE>FE)>N4HG.�I�
st[jV�wEghZ!TvnuSNlmy;ÀÒ]�W)l/�*ÁaS�Vbe³r}gh[QqQgh�fghqQcQVbnQghwxS��kVbnhcQV�XYS�q}V�e �
eU]�WEqvgu[vp�XE]�V�wEgh[QpbnhSøwYe�V�nhVbW.
?XY[QS�wEw�^¸cQ[QeUXEgh]�[¯gh[QqQS�T8S�[QqvS�[fX
]_^x]�XYrQS�W�Z!SUZ�{?S�WYw)gh[IXYrQS�T8]�TvcQnhV�XEgh]b[6�½��S�e�V�[(XErfcQw��fghS��
XYrQS!XYV�w/�I]_^�XYrQS!wYguZjTQnhSýlmy;Vbw�]bTQXEghZjgu¾UV�XEgh]b[ø]_^�XYrQS!wYcQZ2�
]bW�Vk��S�WYV�p�S_�+]_^�XYrQS�T8]�TvcQnhV�XEgh]b[KJ�wL
8XE[QS�wYwES�wU�ø�)rvS�]�TQXYguZ�cvZ
T8]�TvcQnhV�XEgh]b[�e�]b[QwEghwYXEwaS�[fXEghWES�nh|�]_^»e�]bTQghS�wa]k^�XErvSN{8S�wEXagh[QqQgh�fguq²�
cvV�n��N�acQX��)rQS�[(gu[vqQgh�\ghqQcvV�nhwxgh[�78cQS�[Qe�S�SUV�e r2]�XYrQS�W*J wM
?XY[QS�wYw
SU�kV�nhcQV�XYgh]�[6�0XErQSjXEVbw5��]k^NXYrQS2l�y e�Vb[�[Q]ânu]b[Qp�SUW�{8S!Zj]\q²�
SUnuSUqøVbwxVb[!]bTQXEghZ!gh¾�VbXEgh]�[�]k^+XY]�XYV�n8T?]bTQcQnhV�XYgu]b[N
?XE[vS�wEwU��dfcQe r
SU��]�nhcQXYgh]�[�rvV�w�p�]b[QS}{f|�XErvS2[QV�ZjS!]_^ýÇ ËO�EÃ	��Ë_ÙuØfÅ�ÆÈË�Äf�/Ç Ë"Í�ÑO�
ÍP�»Å�Í�Å�ÆÈË�Ä²�NV�[Qq Ç³ËbÄQÅ�ÃRQbÅ'�EÑbÃ �QÃ"ÄQÑ�Ã"ÄQÅNÔUØ\ÄvÇ�Å�ÆÈË�Ä=Ë��6Å¸ÆÒÎ�Æ3S"ÍbÅ¸ÆÈËbÄf�
`a]_� SU��]�nhcQXYgh]�[!ghw)Zj]�WES�[QVbXEcQWYV�n��QZ!]bWES�WESUV�nhghwEXEghek�8T?]bXES�[fXYguVbnhnu|
Zj]�WYS+T8]k�aS�Wt^¸cvn¸�kVb[Qq�e�S�WEXYV�gh[Qnh|�Z!]bWES0e�]�ZjTQnhS��)XErvV�[/XYrQSxeU]�[f�
�bS�WEpbS�[Qe�S�]k^*V�wYghZ!TQnhSNl�y��Qst[øXYrQS�z¶`)d8�Q�xS�Vbw5�!XYrQS/l�y¢XE]
wYS�V�WYe røXYrQWE]bcQp�rjXErQSiwETQVbe�S�]k^�Vbnun8T8]�wEwYgh{QnhSNWEcvnuSUwxXY]T
?[vq!V�[vq
ZjV�gh[fXEVbgu[�V�qQgh��SUWEwES_�?e�]f]�T8S�WYV�XEgh�bS½wYcQ{QT8]�TQcvnuVbXEgh]�[O�

st[}XErvS�z�`)dje�]bZ!Z�cQ[QghXt|/ghX)ghw)e�]bZ!Z!]b[Qnh|/{8S�nhguSU��S�q2XYrQV�X

XYrQSIl�yGghw�cQwYS�qåwY]�wETQVbWEgh[Qpbnu|b�)V�[Qq¯�)ghXEr¯wY]�Z!Vb[f|�]�XErvS�W
wYT?S�eUguVbnhgu¾US�q}]�T8S�WEVbXE]�WYwNVbXx�a]�W/�?�QXYrQV�X)ghXaghw)�\ghWYXEcQVbnunh|�ghZ!T8]�wt�
wYgu{vnuSm^¸]�WiVøwYgh[Qp�nhS/WYcQnhS�XY]!XEV���S�]k��S�W�XYrQS�T8]�TvcQnhV�XEgh]b[6�½yi[Qq
XYrQghw!ghw}]k^¸XYS�[KXErvS�e�V�wYSk��dfT8S�e�ghVbnugh¾�SUqåwYS�nhS�e�XEgh]b[å]bT?S�WYV�XY]�WEw
wYcQe råVbwøSUnughXYguwYX!wYS�nhS�e�XEgh]b[6�½]bW}TQWE]bXES�e�XYgh��S�p�WY]�cQT�Z!S�VbwEcQWYS�w
wYcQe r�V�w�XErQS�^¸]�WYZ!V�XYgh]�[2]_^Ne�nhV�wEwYg�
?S�W�e�]�WYT?]bWEV�XYgh]�[QwU�*]�W�V�[f|
�fgh[Qq�]_^Ne�]f]�T8S�WEVbXEgh��S,� WYS�gh[f^¸]�WYe�S�ZjS�[fXN
?XE[QSUwEw�^�cQ[Qe�XYgu]b[¯wEcQe r
Vbw½XYrQS!{vcQe���S�X/{vWEghp�VbqQS�]�W/SUT?]fe rQV�nae�WYS�qQghX�VbwEwYgupb[QZ!SU[\XU�6V�nhn
rQSUnuTâe�]�cQ[fXYS�WEVbe�X/e�]b[\�bS�WEpbS�[Qe�S_���acQX�XErQghwN]b{QwESUWE�kV�XYgh]�[(qQ]fS�w
[Q]bX�rvS�nhT cvw�cQ[QqQS�WYwEXYV�[QqK]bW�TQWESUqQghe�X!XYrQS}{?S�rvVk�\gh]bW�]_^mXYrQS
z¶`)d8�

�)rQS!z¶`)d(gu[�ghXYw/wEghZ!TvnuSUwEXi^¸]�WYZ2�6V�WYp�cQVb{Qnh|2V2wYXEghZ�cQnhcQwt�
WYS�wET8]�[QwYS!z�`)dj^�]�WN{vgu[vV�WE|}e�nhVbwEwEg�
?eUV�XEgh]b[2V�wi�xS�]�cQXYnhgu[vS/{?S,�
nh]k���fwErQ]bcQnhq!{8S/V�{QnhSiXE]�Z!Vbgh[\XYV�gh[�V�qQgh�bS�WEwYS½pbWE]bcQT}]k^+rvgupbrf�
%fcQVbnughXt|iWEcQnhS�w*XYrQV�X0XY]�p�SUXErQS�W�e�nhV�wEwYg£^¸|�XErQS)S��fVbZ!TQnhS�w¶V�X0rQV�[vq6�
�vcQWEXYrQS�WYZ!]�WYSk�fg¡^0�xSiXEWY|!XE]�Z!Vbgh[\XYV�gh[/qQgh�bS�WEwYguXt|�{f|�nh]k�aS�WEgh[Qp
wYS�nhS�e�XEgh]b[�TQWES�wYwEcQWYSk�)�xS�qvS�TQWEgh�bS!XErvS!z�`)d(]k^NXYrQS!T8]k�aS�W/]k^
l�yGwYS�V�WYe r6�;�)rvS�WES ^�]�WES_�½ZjV�gh[fXES�[QVb[Qe�S}]k^/WYcQnhS2wES�XYw}Z�cQwEX
XYV,��S�TQnhVbe�S/]k��SUW)V�XEghZ!SÐ^¸WEVbZ!SNXYrQV�Xighw)V�X)nhS�V�wYXNVb[ø]bWEqQSUWN]k^
ZjV�p�[vguXYcQqQS*pbWES�VbXES�W�XErQVb[�XErQSie�]�[f��SUWEp�SU[Qe�SNXYghZ!Sa]k^6XErQSNl�y��
�)rQS�]b[Qnh|��xVk|jXE]�Z!Vbgh[\XYV�gh[�wEcQe r2rQghpbrf�U%fcQVbnhguXt|�qQgh��SUWEwEghXt|jgu[
XYrQS/^�V�e�S�]k^xrvgupbr2wESUnuSUe�XEgh]�[�TvWES�wYwEcQWYS!ghwNXY]ø{vV�nhV�[QeUS�e�]b[f��S�W��
pbS�[Qe�S)�)ghXEr�V½WYS�wEXY]�WYV�XEgh�bSa^¸]�WYe�Sk��wYcQe r�V�wL� [Qghe rQgh[QpiTQWES�wYwEcQWYSV�
À�&N]�WY[6�����b���bÁ �
< H < W 7?4OB)CE<YXLZ�[I<07]\
�)rQS�ghZ!T8]�WYXEVb[\XaWE]bnhS½]_^*[Qghe³rvgu[vp�gu[}S��b]�nhcQXYgu]b[QV�WY|�e�nhV�wYwEg�
?e�V_�
XYgu]b[IwY|fwEXESUZ!w/rQVbw/{8S�S�[�WYS�e�]bp�[Qgh¾�S�qó{f|IZjV�[f|}WES�wYS�V�WYe³rvS�WEwU�
�¶S�WYrQV�TQwaXErvSNS�VbWEnhghS�wEXaV�[Qq�Zj]�wYX+eU]�[QwYguwYXES�[fXaV�qQ�b]fe�V�XYSN]k^�XYrQS
e�WYghXEghe�V�nbWE]bnuS�]k^QwE]bZ!S�Xt|fT8Sx]_^Q[Qghe³rvgu[vp)gu[�Vb[�z�`)di�aV�w��a]f],�bS�W
ÀY�����b�f���"�����bÁ �Y&iS/ghZ!TQnhS�ZjS�[fXES�q�[Qghe rQgh[Qp�cQwYgh[Qp�V�[}gh[QqQghWESUe�X
^¸]bWEZ ]k^�wErvV�WEgh[Qp�{QVbwES�qj]�[�TQVbWEXYguVbnQZ!VbXEe r�wEe�]bWES�w)]_^�gu[vqQgh�\ghqf�
cQVbnhw*�)ghXEr�WES��aV�WYqQw��8V�[Qq�gh[fXEWY]\qvcQe�S�qjZ!V�XYgh[QpNWYS�wEXYWEghe�XEgh]b[QwxXY]
nhghZ!ghX*Zjgu�fgh[Qp/{8S�Xt�aS�S�[�[Qghe rQS�wU�½��gunhwY]�[}V�nhwE]�qvS�Z!]b[QwEXYWEV�XYS�q
XYrQS}V�{QghnhghXt|I]_^½[Qghe rQgh[QpQ�*�fghV(wErQVbWEgh[Qp�]k^�WES��aV�WYq?�keUWES�qQghXU��XY]
ZjV�gh[fXEV�gh[jqQgh��S�WYwES!qvguwh� cQ[QeUXEw/gh[(VøT8]�TvcQnhV�XEgh]b[IWYS�TQWESUwES�[fXEgh[Qp
V2qvguwh� cQ[QeUXEgh��S�{8]f]�nhS�V�[óe�]�[ve�S�TQX}ÀÈ�KghnhwE]b[6�)�����b��Á�]bW�VâwEcQW��
�fgh�kV�n¶wEXEWYV�XYS�p�|KÀÒ�KghnuwY]�[6�a�����b��Á,�ýst[(rQghw/Zj]�WES�WES�e�SU[\X��a]�W/�
ÀÒ�KghnuwY]�[6�N�"���_�Q�½�"���b��Á �arQS2wYguZjTQnhg�
?S�w/XYrQSIz�`)dóVbnupb]�WYguXYrQZ
Vb[Qq!ghwE]bnhV�XESUw���S�|jqQ|f[QV�ZjgueUw��fwEcQe r2Vbw)[Qghe³rvgu[vpQ�

dfZjguXYr�V�[Qq�^*V�nhS�[v¾�cQS�nhVk�Eº)SU[QqL_]�[=ÀE�"�����bÁ�ghqQS�[fXEg�
?SUq XYrQS
pbS�[QS�WYV�n8[QS�S�qj^¸]bWx[Qghe rQgh[Qp�gh[!XYrQS½z¶`)d8�\{vcQXxWYV�XYrQS�W)XErvV�[�cQwYS
XYrQS�ÆÈÎ��?ÙhÆÈÇ�ÆÒÅ/ÄQÆÈÇ ÕQÆÈÄbÌk�N�fghV(WES��aV�WYqKwErQVbWEgh[Qpv�NwEcQpbp�S�wYXES�q�{\|
�a]f],��SUW��0�KghnuwY]�[6�¶V�[Qq(]�XYrQS�WEwU�*XErQSU|IVbTQTQnhghS�q Ã�QP�?ÙuÆÒÇ�ÆÈÅiÄQÆÈÇ Õ��
ÆÈÄbÌk�8�\ghVT�*Å�ÄQÃUÓ Ó�ÓEÕQÍbÊ�ÆÈÄ�Ì_�?XY]!VjwEZ!Vbnhn»z¶`)d}cQwEgh[Qp1&NVbZ!Z!g£[Qp
qQghwYXEV�[ve�S*V�w0ViZ!S�XYWEghe0]�[/XYrQSxwYTQV�eUSx]_^?WEcQnhS�wU�+�)rvS�|��xS�WYS)wEcQe,�
e�SUwEwt^�cQn?gh[�ZjV�gh[fXEV�gh[Qgh[QpaV/wYS�Xx]_^»qvgu�bS�WEwYSNWYcQnhS�w*XErvV�X*XY]�p�SUXErQS�W
e�]k�bS�WESUqøXYrQS�S��fV�ZjTQnhS�w*V�[vqøwY]�nh��SUq!XErvS½TvWE]�{vnuSUZ2�`&i]k�xS��bS�W��
XYrQS�|(V�TQTQVbWES�[fXYnu|âWEV�[�gh[fXE]}XYrQS}Ó�Ã �QÍ�ÊYÍ�Å�ÆÈË�Ä}TQWY]�{QnhS�Z gh[QrQS�W��
S�[fX0gh[a
?XY[QS�wEwawErvV�WEgh[QpiV�[Qq�ghqQS�[fXEg�
?SUq�gh[!À�l�]�nhqQ{8S�WEpv�\RiS�{6� ¿
&i]�WE[O�»�"�����bÁ �0�xWYghS�7?|b�QXErQS�wESUTQV�WYV�XEgh]b[!]k^�qvS�wEghWEVb{QnhS�V�[Qq�cQ[²�
qQSUwEghWEVb{QnhSxgh[QqQgh�fghqQcQVbnuw¶e�V�[�{8S)V�TQWE]b{QnhS�Z¢^�]�Wb
?XE[vS�wEwawErQVbWEgh[Qp
{8S�e�VbcQwES)]_^?XErQSc
?�fS�q�[Qghe rQSxWYV�qQghcQw;dKe5f²�+��S*eU]�[�� SUe�XEcQWYS)XErQVbX
ghZ!Tvnughe�ghX)[Qghe rQgh[QpjcQwEgh[Qp2WYS��aV�WEq�wYrQV�WYgh[Qp}wErQ]bcQnhq�Vk��]�ghq2XYrQghw
TQVbWEXYgueUcQnhV�WNXt|fT8S�]_^xwESUTQV�WYV�XEgh]b[2TQWE]b{QnhS�Z2�8{QcQX�XErvguwiWES�ZjV�gh[Qw



XY]!{8S�wYrQ]k�)[6�½� V�rf^¸]bcQq�ÀY�����b�kVv�������b�k{?ÁÐrQV�wiWES�eUS�[fXEnh|2rQVbq
wYcQe�e�SUwEw!VbnhwE]2cQwYgh[QpISU�\Tvnughe�ghX/[vgue rQgh[Qp ^¸]�W�lmy)�t{QV�wYS�q�e�nhVbwEwEg£�

8e�V�XYgu]b[�]k^N{8]f]�nhS�V�[�eU]�[Qe�SUTQXEwU�xV�nhXYrQ]�cQpbrIrvS!qQ]fS�w�[Q]�X�e�V�nhn
rvguw)Vbnhp�]�WYghXErQZ Vb[2z�`)d8�8�)rQS�WES�guwiwE]bZ!SNSU�\ghqQSU[Qe�S�gu[}rQghw)WYS �
wYcQnhXEw�XYrQV�X�XYrQS2wESUTQV�WYV�XEgh]b[ TvWE]�{vnuSUZ�e�WE]bTQw!cvT6�){QcQX�V�pbV�gh[
XYrQghw)WES�ZjV�gh[QwaXE]�{?S�wErQ]k�)[6�

�¶S�WYrQV�TQw0XYrQS*e�nhS�VbWES�wYX+qvS�Z!]b[QwEXYWEV�XYgh]�[N]_^QS��fTQnhgueUguX6[vgue rQgh[Qp
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T8]�wYghXEgh��SjS��fV�Z!TvnuSUw³Á �(�)rQS�WYS ^¸]�WYSk�x�aS!eUV�[¯V�wYwEcQZjS�XErQVbX�Vbnun
WYcQnhS�w){8S�wEghqQS�w�XYrQS�qQS ^¸VbcQnhX)rQVk��S�V�[j]�cQXYTQcQX)]_^M�_�V�v�+��Sie�V�[
XYrQS�[�nhS�Vk��S0XErvSxWYS�wET8]�[QwYS/ÀÈ]bcQXETQcvX³Á6]bcQX�]_^?XErvS*S�[Qe�]fqQgh[Qpv��V�[vq
wYS�V�WYe r�]�[vnu|(V�Zj]�[QpjXErQSjT?]bwEwYgu{vnuSje�]�[vqQghXEgh]�[(��S�eUXE]�WYw2ÀÈSk��pv�u�
�b����j.j.j��,j��,j.jNj}���f�	j�Á �

�¶gh[QV�nhnh|b�»�aS�Z!V���S/V}�bS�WE|(ghZ!T8]�WEXYV�[fXNwYghZ!TQnhg�
?e�VbXEgh]�[}XE]
SUnughZjgu[vV�XES�XErvSøghwYwEcQS}]k^NwYT?SUe�g�
?e�ghXt|��bS�WEwYcQw�p�S�[vS�WEVbnughXt|b����S
VbwEwYcQZ!SjXErQVbX�VbnunaWEcvnuSUw�gu[óXErQS}T8]�TQcvnuVbXEgh]�[�rvVk��S!XYrQS}wEVbZ!S
[fcQZ�{8S�W�]k^$� qQ]b[KJ�X�e�VbWESV��e rQVbWEVbe�XES�WYw�jj�¯�KghXEróS�V�e r¯WEcQnhS
VbTQTQnh|fgh[Qp2XE]�Vb[�SV%fcQVbnN�b]�nhcQZ!S�]_^½XYrQS}XE]�XYV�n)e�nhVbwEwEg�
?eUV�XEgh]b[
wYTQV�eUS � �xXYrQS�WESâe�V�[¯{8S2[Q]�TQWYS ^¸S�WYS�[Qe�Sâ^¸]�W�wET8S�e�g�
?e(]�W�pbS�[f�
SUWEV�n6WYcQnhS�w��ayNnhn8WES�VbwE]�[vV�{QnhSM
?XE[vS�wEwÐ^¸cQ[Qe�XYgh]�[Qwa^¸]bWxgh[Qqvgu�fghqQcQVbn
WYcQnhS�w�WES�qQcve�S!XY]2V}^¸cQ[ve�XEgh]�[�]_^�Vbe�e�cQWYV�e�|�]b[Qnh|��}yN[vq�wEgh[Qe�S
Vbnhn�WEcvnuSUw/rQVk��S�SV%fcQV�n0��]bnhcQZ!S�w)]_^xe�]k�bS�WEVbp�S}ÀÈV�TvTQnhgueUV�{QghnhghXt|²Á,�
Vb[f|øWYS�V�wY]�[QVb{QnhST
8XE[QS�wYwi^¸cQ[Qe�XYgh]�[2{QVbwES�q(]�[âV�e�e�cvWEV�eU|IZ�cQwYX
{8S�V�Zj]�[Q]bXE]b[Qghe�V�nhnh|�gu[ve�WES�VbwEgh[Qp�^¸cv[Qe�XEgh]b[!]k^0XErQS�[fcQZ�{8S�W*]_^
SU�\VbZ!TQnhS�wae�]k�bS�WES�qâ{\|jXErQS�WEcQnhSk�)df]��aS/e�Vb[}wEghZ!TQnh|�cQwES�XErQS
[fcQZ�{8S�W)]_^+S��fV�ZjTQnhS�w)e�]k�bS�WES�qóÀÈV�pbV�gh[6�QVbwEwEcvZ!gh[Qp�V�nhn6S��fV�Z��
TvnuSUw�V�WESâT?]bwEghXEgh��S}]b[QS�w³Á�XE](]�WYqQS�W!XYrQS2WYcQnhS�w!Vbe�e�]�WYqQgh[Qp�XE]

8XE[QS�wYw��aS���S�[�XYrQ]�cvp�r��aS�qQ]�[KJ�Xa�f[Q]k�%XErQS�SU�\Vbe�X��*T8]�wYwEgh{Qnh|
[v]�[Qnhgh[QS�VbW���
?XY[QS�wEwÐ^¸cQ[QeUXEgh]�[6�
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yÐ^¸XESUW�V�nhnxXYrQS}V�{8]k��SjwEghZ!TQnhg�
?e�VbXEgh]�[vw½Vb[Qq�VbwEwYcQZ!TQXYgh]�[QwU�*guX
ghw�S�wYwES�[fXEghVbn*XErQVbX��xS���S�WYg£^¸|2XErvV�X��xS�rQVk�bS�wYXEghnhn+rvVk��S�Vøqvg¡^Ò�

8e�cQnhX��)gh[fXES�WYS�wEXYgu[vpQ�NVbnu{8S�ghX�V�{vwEXEWYV�e�XU�)TQWE]b{QnhS�Z2�K�KrvS�[¯�xS
nhghZ!ghX0]�cvWEwESUnu�bS�w�XE]�{Qgh[QVbWE|je�nhV�wEwYg�
?e�V�XYgh]�[}V�[Qq}VbwEwEcvZ!SNV�qvS �
^�V�cQnhXae�nhV�wEw�ÀÈg���Sk�h�Q�xS�VbWES/WYS�V�nhnh|�]�[Qnh|�XYWE|fgh[Qp�XE]�ghqQS�[fXYg¡^�|�]�[QS
eUnuVbwEw Á �x�aS!VbWESjnuS,^¸X��)ghXYr�V�[�gh[QwYXEVb[Qe�S}]k^NXYrQS}wES�X�e�]k�bS�WEgh[Qp
TvWE]�{vnuSUZ2����S�V�WYS�XEWY|\gh[Qp}XY]øeU]k��S�W/XYrQS�T8]�wEghXYgu�bS�S��fV�ZjTQnhS�w
�)ghXYr/VNwYZ!V�nhnkwYS�X0]k^?Vbe�e�cQWYV�XESaWEcvnuSUw��x�¶ghp�cQWYSN�*ghnhnhcQwEXYWEV�XYS�w0]�cQW
�bS�WEwYgh]�[�]k^6wES�X*eU]k��S�WYgu[vpQ�0�)rQSxnhVbWEp�SaWESUe�XEVb[Qp�nhS)WESUTQWES�wYS�[fXEw)Vbnun
T8]�wYwEgh{QnhS/�	�)gh[QwEXYV�[Qe�SUw��?�)rvS�WESM�½ghwaXErQS�[fcQZ�{8S�Wa]k^�{QghXEw)cvwES�q
XY]/S�[QeU]\qvS½SUV�e r!gh[QwYXEV�[ve�Sk�xst[!�¶ghp�cvWES��_�\�aSNcvwES��L� ����{QghXYw��
�)rvS�S�[fXEghWESjgu[vwEXEVb[Qe�S�wYTQV�e�Sjghw/XErfcQw/qvS�wEe�WYgh{?S�qó{f|IXYrQS�WEcQnhS
À4j.j.j.j.j.j.j.j.jrjH�-�"Á0]�WawEghZ!Tvnu|Nj.j.j.j.j.j.j.j.j.j��
�)rvS)V�e�XYcQV�n8e�]�[ve�S�TQXaXE]/{8S)nhS�V�WY[QS�q�ghw*wYrQ]k�)[�{f|/XErQSiwErQVbqQS�q
WYS�p�gh]b[Qw��0�)rQSxz¶`)dNghw¶p�gh��S�[�]b[Qnh|)VNwEcv{QwES�X0]_^²XYrQS�wYS*gh[QwEXYV�[Qe�SUw
VbwxÀÒT?]bwEghXEgh��S"Á�SU�\VbZ!TQnhS�wU���)rQS)z�`)d�ghw¶e�]�[QwYXEWYV�gh[QS�q�XY]NVNWYcQnhS�w
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�¶ghp�cQWYSø�_�l»b¼k½�¾V¿5À1Á5Â3¾	Ã Ã4¼kÄ|Á�¾	Å4¼ÇÆ*½w¾	Ã�¾NÁRÆ*È�É/¿ ¼k½|Ê�Ë,¿5Æ*Ì,Â3É�ÍNÎTÏ;Ð|É
Å ¾	Ã4Ñ�Æ*Ò�Å4Ð�É.Ó�ÔYÕÖ¼3ÃNÅ Æ.Ä,½�×IÁ/Â3¾�Ã Ã4¼kÄ�É5¿5Ã0Ø�¿ Ù�Â3É�Ã�ÚY¿5É/Ë,¿5É�Ã É/½,Å É�×I¾�Ã
Á/¼k¿5Á/Â3É�Ã5Û;Å ÆLÁ�ÆVÈ	É/¿ÜÅ4Ð�É�É�ÝO¾	ÍMË,Â3É�Ã�Ø�Ë)Æ�Ã4¼3Å4¼3È	ÉLÆ*½,Â3À,ÛÜÆVÒKÅ4Ð|ÉcÙ,½�ÑO½|ÆVÞ;½
Á�Æ*½|Á�É/Ë|Å�Ø'Ã4¼k½�ÊVÂ3ÉaÁ/Â3¾�Ã Ã�Ú�¿5É/Ë�¿5ÉRÃ É/½,Å É�×.¾	ÃYÃ4Ð|¾	×,É�×N¿5É�ÊV¼3Æ*½|Ã5Û/Î

wY|\[fXYV��!]_^ � �+�����Pj1� � ß �½��S�WESUTQWES�wYS�[fX�XYrQghwNe�]b[QwEXYWEVbgu[fXi{\|}V
e�ghWYe�nhS�^¸]�W�XErvSw� eU]k��S�WYV�p�S*�2]k^)V}WEcQnhSk�IºÐcQnhS�w��)guXYr�Z!]bWES.j
e rQVbWEV�eUXES�WYwxe�]k�bS�WaZ!]�WYS*]k^�XYrQS)gh[QwEXYV�[QeUSNwETvV�e�Sk�QVb[Qq�V�WESiWES�T²�
WYS�wES�[fXYS�q�{f|2nhV�WEpbS�W�qQghV�ZjS�XES�Wie�ghWEe�nhS�wU��yNw/�¶gupbcQWES}�/wYrQ]k�)w��
WYcQnhS�w)e�V�[}�kVbWE|!gh[jwET8S�e�g�
?e�ghXt|�ÀÈe�]k�bS�WEVbp�S/]_^+gh[QwYXEV�[ve�S/wETvV�e�S�Á
Vbw+�aS�nhnQVbw+gh[�[fcQZ�{?SUW+]_^»SU�\VbZ!TQnhS�w�à*eU]k��S�WYS�q6�x�vcQWEXYrQS�WEZj]�WYSk�
WYcQnhS�wxeUV�[}]k��S�WYnhV�T�XE]�V�nhZj]�wEX0Vb[\|�qvS�p�WYS�S�gu[je�]k��SUWEV�pbSN]_^+gh[f�
wYXEV�[ve�S�wNVb[Qq?�_]�WaS��fV�Z!TvnuSUw��

st[(p�S�[QSUWEV�n���XYrQS�{Qgh[QV�WY|øeUnuVbwEwYg3
8e�V�XYgu]b[IXYV�w/�2]k^xXYrQS�z�`)d
ghw)XE]N
8[Qq}V}Ó,Î�ÍkÙÒÙQwEcQ{QwYS�XN]_^NÍ�Ç Ç�ØfÊYÍ�Å�Ã)WEcQnhS�wiXErQVbX�Ç Ë,�"Ã"ÊxXYrQS
S��fVbZ!TQnhS�wU���)rQS�wYS)V�WES)XYrQWESUS)wES�TQVbWEVbXES)]�{��,S�e�XEgh�bS�w��Y&i]k�xS��bS�W��
XYrQS�wES�eU]�[Qq¯]�{��,S�e�XEgh�bSk�*gh[QqQgh�fguqvcQV�n0WEcvnuSjV�e�eUcQWEVbe�|��*ghw/TvWE]�{²�
nhS�ZjV�XEghek�K&i]k���\S��fVbe�XEnh|b��qQ]/�aS)Z!S�VbwEcQWYS)V�e�eUcQWEVbe�|)áI`anhS�VbWEnh|
Vbe�e�cQWYV�e�|�gh[Qe�WYS�V�wYS�w0�)guXYr�XErQS*[fcQZ�{8S�W6]_^²SU�\VbZ!TQnhS�w8e�]bWEWESUe�XEnh|
e�nhVbwEwEg�
?SUq�V�[Qq�qQSUe�WES�VbwES�w)�)ghXYr�XErQSi[\cvZ�{?S�W0e�nhVbwEwEg�
?SUq�gu[ve�]�W��
WYS�e�XEnh|b�)�xcQX�XYrQS�wES�Xt�a]�[\cvZ�{?S�WYw)WES�TvWES�wYS�[fX/Xt�x]je�]�[+7?ghe�XEgh[Qp
]b{�� S�e�XYgu�bS�w�XYrQS�ZjwES�nh��SUw�� � [vS*WEcQnhS*Zjghp�rfXQrQVk�bS+{8]�XYr/V)rQghp�rvS�W
[fcQZ�{8S�W*]_^�e�]�WYWES�e�Xie�nhV�wYwEg�
?e�VbXEgh]�[QwaV�[vq!V�rQghp�rQS�Wa[fcQZ�{8S�W*]k^
gh[Qe�]bWEWYS�e�Xae�nhV�wEwYg�
?e�V�XYgh]�[QwaXErQVb[�V�[Q]bXErQSUWxWYcQnhSk�*�KrQghe r�ghwaTQWES,�
^¸SUWEWESUq]á}st[/VbqQqQghXEgh]�[O���aSx]_^¸XES�[��xVb[\X¶WEcQnhS�w0�)ghXEr�p�WESUV�XESUW*TQWES,�
qQghe�XYgh��S�T?]k�aS�W��0XErvV�X/ghw��0Z!]bWES�p�S�[vS�WEVbnughXt|2{8S�e�VbcQwES}]_^�XYrQS�ghW
pbWES�VbXES�W)e�]k�bS�WEVbp�S/]_^+gh[QwYXEV�[ve�S�wETQVbe�Sk�)��SNZjgupbrfX*TQWES,^¸S�WNnhS�wYw
Vbe�e�cQWYV�XES�{QcQXNZj]�WYSNp�SU[QS�WEVbn0WEcQnhS�wiXE]�Z!]bWES�V�eUe�cQWEVbXESk�6Zj]�WES
wYT?S�eUg3
8e�WEcQnhS�wU�ýdf]jXErQS�]�{�� SUe�XEgh��S�]k^)WEcvnuS�V�e�e�cvWEV�eU|Ighw�ghXEwESUn¡^
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f    = Area( A )

AB
f       =  Area( A      B )

A

Area( B )

Positive Examples

Rule BRule A
f    =

B

�¶ghp�cvWES��²��»;ÀT¾	Ã Ã4Ù|ÍM¼k½|ÊN¿ Ù�Â3ÉRÃ¸Æ*ÒåÉ�ì	Ù|¾*Â`Ã4Ë)ÉRÁ/¼kÄ�Á5¼3Å4À0Ø�½OÙ|Í�Ì)É5¿LÆ*Ò
í�î Ã5Û/ÚVÞåÉ;Á�¾*½LÙ|Ã É;×�¼3¾�ÍaÉ�Å É/¿`¼k½lÅ4Ð�É;Ã4Ë|¾	ÁRÉ;Æ*Ò)ÉRÝO¾	ÍMË,Â3É�Ã`Å ÆÜ¼k½|×O¼3Á�¾	Å É
¾�¿ Ù,Â3É î ÃN¾	ÁRÁ/Ù�¿5¾�Á�Ài¾	Ãiï4ÁRÆ*È�É/¿5¾	Ê�É1ÆVÒTð5ñOòOóÜô)õ3ð�öz÷�Î�ø1É.Á�¾V½IÅ4Ð|É/½
È	¼3Ã4Ù�¾VÂk¼3ù�ÉNÆVÙ�¿�×�É/Ä,½,¼3Å4¼3Æ*½|ÃMÒ'Æ*¿�Å4Ð�ÉlÆ*Ì6ú/É�Á�Å4¼3È�ÉMÄ|Å4½�É�Ã Ã�ÆVÒb¿ Ù,Â3É�Ã�Ú�û	ü
¾*½|×Tû*ýYÚO¾*½|×TÅ4Ð�ÉTï'Ä�Å4½|É�Ã Ã ÷LÆ*Ò)Å4Ð|ÉYÆ*È�É/¿ Â3¾*Ër¼k½a¿ Ù,Â3É¸Á�ÆVÈ	É5¿5¾	Ê	É�Ú�û�ü�ý
¾	Ã;¾V¿5É�¾	Ã�ÎYØ'þ�¼3Å4½|É�Ã ÃYÍM¼3Ê*Ð,Å;Ì)É�ÍaÉ�¾	Ã4Ù,¿5É�×r¾	Ãb½OÙ|Í�Ì+É/¿�Æ*ÒKÉRÝO¾	ÍMË,Â3É�Ã
Á�ÆVÈ	É/¿5É�×)Î Û

Z�cvnuXYgh]�{�� S�eUXEgh��Sk�/stX�ghwNXYghS�q�cQT(gu[âXErQS�ghwEwYcQS�w/]_^xp�SU[QS�WEVbnhguXt|b�
wYT?SUe�g�
?e�ghXt|!�bS�WEwYcQw)V�e�eUcQWEVbe�|��a�)rQS�wYS½VbWES�e�WYguXYghe�V�n8ghwEwEcvS�w��8{QcQX
�aS/{8S�nhghS���S�XErvS�|}V�WES�wES�TQVbWEVb{QnhS�^¸WE]bZèXYrQS/ghwEwYcQS�wi]k^*WEcQnhS/wYS�X
wYgh¾�S!ÀÈeU]�[Qe�ghwYS�[QS�wYw½]_^+e�]b[Qe�S�TvXNqQS�wYe�WEghTQXYgh]�[?ÁÐV�[Qq}e�]k�bS�WEVbp�Sk�

�0]¯Vk��]bguq�e�]�[QwYghqQS�WEVbXEgh]�[vw2]k^�p�S�[vS�WEVbnughXt|K�bS�WEwYcQw(wET8S�e�g£�

8e�ghXt|��aV�[Qq¯rQS�[ve�S2WESUqQcQe�S2Vbe�e�cQWYV�e�|¯XY]�V�wEgh[Qp�nhSj]�{�� S�eUXEgh��S
XYrQV�Xae�Vb[�{?S�Z!SUV�wEcvWES�q�{f|�V�wYe�V�nhV�WU�\�aSNeU]�[QwYguqvS�Wx]b[Qnh|�WYcQnhS�w
]_^»XYrQS)wEVbZ!Sa]�WYqQS�WNÀÒ[\cvZ�{?S�W0]_^»qQ]b[KJ�X0e�V�WYS�w³Á,�*yNnhnQwEcve³r�WYcQnhS�w
rvVk��S/XYrQS�wYV�ZjS/wET8S�e�g�
?e�ghXt|b�ýdfgh[QeUS�S�Vbe rIWYcQnhS�rQVbwNXYrQS�wEVbZ!S
eU]k��S�WYV�p�S�]_^	gh[QwYXEVb[Qe�S/wYTQV�e�S_�?XErvS�ghWNV�eUe�cQWEVbe�ghS�wNeUV�[}{?S�e�]�Z��
TvcQXES�q}VbwxwYguZjTQnh|/XErvS½[fcQZ�{8S�W*]_^+S��fVbZ!TQnhS�w*eU]k��S�WYS�q6��� V��fg£�
Zjgh¾�gh[QpNXYrQSN[fcQZ�{8S�W0]k^�S��fVbZ!TQnhS�w0e�]k�bS�WES�qjZ!Vb�\ghZ�gh¾�S�w¶V�e�eUcf�
WYV�e�|b�0st[/XES�WYZ!w¶]k^?�¶gupbcQWES��k�kXYrQS�z¶`)d�ghw6^¸cvWEXErvS�W0e�]�[QwYXEWYV�gh[QS�q
XY]/cQwYgu[vp/e�ghWEe�nhS�w)]_^»V�wET8S�e�g�
?ek�8e�]�[QwYXEVb[\XawEgh¾�S_�*�)rQghwx]b{QwES�WY�kVk�
XYgh]�[�TQWE]bZ!TQXYw*cQw*XY]/WES�qvS�
?[QS�]�cvWY^*S�[Q[�qvguVbp�WYV�ZüXYS�WEZjw*V�[vq
cvwES/XYrQS/qQghV�ZjS�XESUWx]_^	XYrQS�e�ghWEe�nhS�w�XY]�WES�TQWYS�wESU[\X�Vbe�e�cQWYV�e�|b�)st[
�¶ghp�cvWES��f��XYrQS�nhVbWEp�S�WESUe�XEVb[Qp�nhS�WES�TQWYS�wESU[\XYw�XErQS�wYTQV�eUS�]k^xVbnun
Ã�QbÍ�Î��?ÙuÃUÓ/p�gh�bS�[�XE](XErQS}z�`)d ^¸]�W/nhS�VbWE[Qgh[Qpv�I�)rQSjwEgh¾�S}]k^NV
eUguWYe�nhS/WESUTQWES�wYS�[fXEw/XYrQS�[fcQZ�{?SUW)]k^�Ã�QbÍ�Î��?ÙuÃUÓ)e�]k��SUWES�q2{f|jXErQS
eU]�WEWYS�wET8]�[vqQgh[Qp/WEcvnuS_�\Vb[Qq�rvS�[Qe�S)ghXEw�V�e�e�cvWEV�eU|��0�)rQS)]k��SUWEnhV�TQw
]_^?e�ghWEeUnuSUw*WES�TvWES�wYS�[fX)]k��S�WYnuVbTQw�]_^»eU]k��S�WYV�p�SaV�Zj]�[Qp)WYcQnhS�w��fV�[vq
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�f[Q]k�)[�Z!SUXErQ]fq/]_^	Ã�Q��QÃ Ç�Å�Ã Ñ��6ÊEËP�²ËbÊ�Å¸ÆÒË�Ä�Ã�ã�ØfÍbÅ¸ÆÈËbÄfÓ0XE]�Z!]fqQS�n
[vgue rQS(e�]b[\�bS�WEpbS�[Qe�S_�è�)rQghw}Z!S�XYrQ]fq¯]k^�XYWEV�e��fgh[Qp�]b[Qnh|¯XErQS
SU�\T8S�e�XYS�q�[QS��fXip�S�[QSUWEV�XYgh]�[0�QË��6Ø�ÙhÍ�Å�ÆÈË�Ä²��WEVbXErQS�W�XYrQV�[}XEWYV�e��b�
gh[QpjXErQS�S�[fXEghWYSøÑbÆhÓ�Å¸Ê�ÆäW�ØfÅ�ÆÈË�Ä�]k�bS�W�V�nhn�T8]�wYwEgh{QnhS�T?]bTQcQnhV�XYgu]b[Qw��
rvV�wN{8S�S�[(TQcQX�XY]!p�]f]fq2cQwYS�ZjV�[f|�XEghZjS�w)gh[2XErQS�l�yünhghXES�WYVk�
XYcQWES}ÀÈS_� pv�h�»dfZjguXYr ¿ ^�V�nhS�[Q¾�cvS�nhVk�Eº)S�[QqM_]�[6�0�����b��(6l�]�nhqQ{8S�WEp
¿ RiS�{O�½���b�Q��(YgNS�WYg ¿ dfV�ghXEXYVQ�N�"�����bÁ �(�)rQS}Z!S�XYrQ]fqQ]�nh]�pb|
rvV�w!VbeV%fcQghWES�q¯wYS���S�WYV�n�[QVbZ!S�wU�@^*]bwES�ÀY�����b��Á,��[v]�XEgh[Qp�XYrQV�X
XYrQS�V�e�eUcQWEVbe�|!]_^�XErQS�TQWY]�T8]�WEXYgh]�[!S*%\cvV�XEgh]b[QwxVbwE|fZ!TvXE]�XYghe�V�nhnh|
VbTQTQWY]�V�e rQSUw/]�[QS��)ghXYrIgh[Qe�WYS�V�wYgh[Qp}T?]bTQcQnhV�XYgu]b[IwYgh¾�Sk�0e�V�nhnhw�guX
XYrQS!ÆÈÄ*�*ÄQÆÈÅ�ÃM�²ËP�»ØbÙuÍbÅ¸ÆÒË�Ä(Î�Ë"Ñ�ÃUÙ¡�Nº)SUe�S�[fXEnh|b�]gNSUWEg0V�[Qq2dfVbghXEXEV
ÀY���b����Áie�]bgh[QS�q�XYrQS�XESUWEZ �"ÆÈÊ�Å�ØfÍkÙxÍ���Ã"ÊEÍ"Ì�Ã��QË��»ØbÙhÍ�Å�ÆÈË�Äf�I�v]�W
Vb[/gh[f�tqQS�TQXYr/e�]�[vwEghqQS�WYV�XEgh]b[/]k^QXErvS*V�e�eUcQWEVbe�|/]k^QXYrQS�wES)Zj]fqQS�nhw
^�]�WK
8[QghXESaT?]bTQcQnhV�XYgu]b[Qw��kwYS�S)�xSU[!l�]fS�WEXY¾�S�n4J�w+{8]f],��À¸lm]\SUWEXE¾US�n��
�"���b��Á �fgh[}�)rQghe³rjrQS�e�V�nhnhw)XErvS½XYWEVbe�S/p�gh�bS�[!{f|�XErvS½WYS�e�cQWYWES�[fX
TvWE]�T8]�WYXEgh]�[}SV%fcQVbXEgh]�[vwxXYrQS�ÙuË"Ç ÍkÙ�Ã�Q��QÃ Ç�Å�Ã Ña�QÍ�ÅhÕf�8V�w)]�TvT?]bwES�q
XY]IXYrQS��,p�nh]�{QVbn�� ÀÒS��fV�e�X Á2Ã�Q��QÃ Ç�Å�Ã Ñ1�²ÍbÅuÕ(pbgh��S�[ó{\|óXErQSj^¸cvnun
� V�W5�b]k��Z!]fqQS�n��_=`�åQ`Dc æ	¬GgÂç:¬D®�è�£
k(®Zé(o]¦�èQo]®>g"o�ê6o�ç×f(é�¬Gk(¦
~i[QqQS�W�TQWE]bT?]bWEXEgh]b[QV�XYS�wYS�nhS�e�XEgh]b[6��XErvS�S��fT?S�eUXES�qóTQWE]bT?]bWEXEgh]b[
]_^*XErQS�[QS��fXNpbS�[QS�WYV�XYgu]b[KJ�wNT8]�TQcvnuVbXEgh]�[}pbgu�bS�[}XE]jV�[}gh[QqQgh�fguq²�
cvV�n0ghw!Ã�ã�ØfÍkÙ6XY]øXYrQS�TQWY]�{QVb{QghnughXt|j]k^)wES�nhS�e�XYgh[Qp2XErvV�X�gh[QqQgh�fguq²�
cvV�n6^�]�W)WESUTQWE]fqQcQeUXEgh]�[(gh[øXYrQS/e�cvWEWESU[\X�pbS�[QS�WYV�XEgh]b[KJ�w)T?]bTQcQnhVk�
XYgh]�[6�N�)rfcQw�g£^*LQ�:, ë)guwiXErQS�TQWY]�T8]�WEXYgh]�[2]_^	XYrQS�e�cQWEWYS�[fX/T8]�Tf�
cvnuVbXEgh]�[O�+VbX�XYguZjSju��xe�]b[QwEghwYXEgh[Qp(]k^Ne�]bTQghS�w�]k^NWYcQnhS	�}�*XYrQS�[�«� LQ�:, ë ~ � � �;U#�a���)rQSUWES
U#��guwie�V�nhe�cvnuVbXES�q(V�X�XYguZjS!ÀÈpbS�[QS�W��
VbXEgh]�[8Á°u�� dfcv{QwEXYguXYcQXEgh[Qpâ^¸]bW
U#��^¸WE]bZ�o;%fcQV�XYgu]b[K����Vb{?]k�bSk�
Vb[Qq}[Q]�XYgh[Qp�XYrQV�X
L �:, ë � < �� V�X)XYghZ!S=u��?�aSM
?[Qq}XErvV�X���PL:�:, ë ~ � � � �>-/� � . � � < ���=-/�!� . �E F � �=-R��� . �!�)LQ�:, ë�=-R��� . �E F �

ºÐS�V�WYWEVb[Qp�gh[Qpv�Q�xSM
?[Qq}XYrQV�X�«� LQ�:, ë ~ � � � �=-/� �
�=-��!� . �EGF . � �

�=-/�!� . �EGF L:�:, ë/�
gi]k�Kg£^��xSiZ!V���S)XErvSNZ!V"� ]�W*VbwEwYcQZ!TQXYgh]�[�XErvV�X%���PL �:, ë ~ ����ìL �:, ë ~ � ÀÈ�)rQghe rKghw!V�wYXEWEghe�X}SV%fcQVbnhguXt|ó]�[Qnh|ç^¸]�W�qQSUXES�WYZ!gh[Qghwt�
XYghe�wYS�nhS�e�XEgh]b[I]bT?S�WYV�XY]�WEw�]�W)^�]�WNgh[�
8[QghXES�T?]bTQcQnhV�XYgu]b[Qw�À�^*]�wYSk�
�"���b��ÁEÁ�XErvS�[2XErvS½Vb{?]k�bS�guwaV�wEghZjTQnhS)nugh[QSUV�W)WESUe�cQWEWYS�[Qe�S�WYS�nhVk�
XYgh]�[!]b[�L:�:, ëY��RiS�
8[Qgh[Qp?LQ�:, ß½XY]�{?S�XYrQS/gh[QghXEghV�n8T8]�TQcQnhVbXEgh]�[6�
�aS�wE]bnu�bS�XErQS�qQg£�6S�WES�[ve�S�S*%\cvV�XEgh]b[øVb[Qq!WYS�V�WYWEVb[Qp�S/XY]�p�S�XU�L �:, ë � �=-H� �

�=- �I� � . �E F .í L �:, ß - �=-H� �
�=-ç�"� � . �E F>î í � ��E F -R� � . � î ë ��ÀY����Á

ºÐS�Z!S�Z�{8S�WYgu[vp*XErQVbX�VbX6SV%fcQghnugh{QWYghcQZ¢ÀÈwEXYS�V�qv|��twEXYV�XYS�ÁZL �:,P@BA ���ß EGà��ß àGEGà ~ áâ F À¸o;%fcQVbXEgh]�[��bÁ �0V�[Qq�gh[fXEWY]fqQcQe�gh[Qp�ïV� EGàáâ F ß EGà ~ � �

�aS�wEghZ!TQnhg£^¸|/XY]LQ�:, ëå�;L:�:,P@BA>-KÀ�LQ�:,P@BA*-�LQ�:, ß�ÁDï ë
]bW L �:, ë �;L �:,P@DA ÀY�=-�ï ë Á . L �:, ß ï ë � ÀE�"��Á
��S�[Q]bXES/XYrQV�X°ï/�ü�_�N�)rQghwNZ�cQwYXx{8S�wE]!VbwNXYrQS/[fcQZ!SUWEV�XY]�W
]_^*ï0�'� � � ������ � Z�cQwEXiV�nh�xVk|fwi{?S6� �k�¶�)rQghnuS�XErQS�qQSU[Q]�Zjg¡�
[QVbXE]bW½Z�cvwEXNVbnh�xVk|fw�{?S6ð �k��wYgu[ve�S?�����ñ�ò��� � � ���� � �� �� � � ����� �E F �xVb[Qq�wY]K��� �E F -H��� . �_� st[¯pbS�[QS�WYV�n��ï�y¢�NVb[Qqøo;%fcQVbXEgh]�[(����ghnunhcQwYXEWYV�XESUw)XErQS�S��fT8]�[QS�[fXYguVbn6qQS�e�Vk|
]_^?XErQS)gh[QghXYguVbnfwEXEVbXESOJ�w*S,�»S�eUX*]�[�XYrQSxeUcQWEWYS�[fXxT8]�TQcvnuVbXEgh]�[O��Vb[Qq
XYrQSxeU]�WEWYS�wET8]�[vqQgh[Qp/S��fT8]�[QS�[fXYguVbnQp�WY]k�)XEr/]_^»XYrQST� nh]�[QpiXES�WYZ$�
wYXES�VbqQ|!wYXEV�XYSOJ�wNgh[�7?cvS�[Qe�Sk�

�)rQS)XYrQgheR��nhgh[QSxTvnu]bXEXYS�q�gh[ý�¶ghp�cQWYS)��gunhnhcQwYXEWEVbXES�w�V½Xt|fTQghe�Vbn
e�]b[f��S�WYp�S�[QeUS�p�WEVbTQr6���KghXEr0
8XE[QS�wYw/WEVbXEgh]?�����ü��V�[Qqâ]k��S�W��
nhV�TâWEV�XYgh]�� � �G�! b�f��XYrQS�SV%fcQghnhgu{vWEghcQZGTQWY]�T8]�WEXYgh]�[/L �:,P@DA ���ß E à��ß à­EGà ~�áâ F � �� ��������¡�f�=st[K��ghpbcQWES2���aS2wYS�SI�bS�WE|ç^¸V�wYX
e�]b[f��S�WYp�S�[QeUS/XE]�XYrQghw)SV%fcQghnugh{QWYghcQZ2�

�0]�wYS�SIXYrQS(S �»SUe�X2]k^��kV�WE|fgh[QpóXErQS(qQS�pbWES�S�]_^m]k�bS�WEnhVbT6�
�¶ghp�cQWYS/�}wErQ]k�)w�e�]b[f��S�WYp�S�[QeUS�e�cQWE�bS�w�^¸]bW�V![fcQZ�{8S�WN]_^xqQg£^È�
^¸SUWES�[fX�� � �kVbnhcQS�w����)rQS�nh]k�xSUwEX�e�cQWY��S�e�]bWEWESUwET8]�[QqQw�XE]�� � �
�� Q���²����SUWE|�nhghXEXEnhS�]k�bS�WEnhV�TO�+gh[��)rQghe r��xSjS��fT?SUe�X�XE](wES�SjV�n£�
Zj]�wEX0gh[QwYXEV�[fXYV�[QS�]bcQw/ÀÈg���Sk�h�f]�[QSip�S�[QSUWEV�XYgh]�[?Áae�]b[f��S�WYp�S�[QeUS½XY]
wYXES�VbqQ|b� wYXEV�XYSKÀ�L �:,P@DA Á �G�)rQS�]�XYrQS�W2eUcQWE�bS�wIwYrQ]k� rv]k� gh[f�
e�WYS�V�wYgh[Qp�]k��S�WYnhV�T!gh[QeUWES�VbwES�wiXErQS�e�]b[\�bS�WEpbS�[Qe�S�XEghZ!S){QcvX)V�nhwE]
e rQVb[Qp�S�wjXErQS(SV%fcQghnhgh{QWEghcQZ T?]bgh[\XU�üy)X!ZjV��fghZ�cQZ ]k�bS�WEnhVbT6����L�%�� I� � � �! ��²�Q�xS�wES�S�e�]�[f�bS�WEpbS�[Qe�S�XY]!V�T8]�TQcQnhVbXEgh]�[}]k^
Vbnun���wU�

st[�XErvS!qQS�pbS�[QS�WYV�XYSøeUV�wESj]k^
��� �ó���B�ô�����i�0XErQSjXt�x]
wYT?S�eUguSUw³�kWYcQnhS�w�� V�[Qq6�üVbWESiguqvS�[fXEghe�V�n���eU]�Z!TvnuSUXES�nh|�]k��S�WYnuVbTf�
TQgh[Qpv�\Vb[QqøoÜ%\cvV�XEgh]b[I����WESUqQcQe�S�wiXE]�V�e�]�[vwEXEVb[fX��\LQ�:, ßk�Qgh[QqQg£�
e�VbXEgh[Qp�[Q]jwES�nhS�eUXEgh��S�TQWESUwEwEcvWES�Vk�aVk|�^¸WY]�ZGXErvS/gh[QghXEghV�n6T8]�TQc²�
nhV�XYgh]�[2qQghwYXEWEgh{QcvXEgh]�[6�}�)rQghw�ghw/XErQSje�V�wYS!]_^ÐÌbÃ�ÄvÃ�Å�ÆÈÇ}Ñ�Ê�Æ Ô�ÅÈ�¶gu[
�)rQghe r�SV%fcQVbXEgh]�[Qw�]_^NS��fT?SUe�XEVbXEgh]�[¢ÀÈS_� pv�h�xo;%fcQV�XYgu]b[K���bÁ/VbWES
nhS�VbwEX)cQwYS ^¸cQn��f^¸Vbgunhgh[Qp/XY]�qQS�wYe�WEgh{8S�XYrQS��kV�WEghVb[Qe�S�]k^*XErvS½wYS�nhS�e �
XYgu]b[}]�T8S�WEVbXE]�WU�½st[âXErQS�e�V�wYS�]_^*p�S�[QSUXEghe�qvWEg£^¸X��8XErQghwi�kV�WEghVb[Qe�S
qQ]bZ!gh[QVbXES�w/XYrQS}qQ|f[QV�Zjghe�w��*Vb[Qq�nhS�VbqQw�XE](S���SU[\XYcQV�n)nh]bwEw�]k^
]b[QS�]�W)XErvS½]bXErQSUWNwET8S�e�ghS�wU�_=`�åQ`ba £
k(®Zé\o]¦�èQoq®>g"o;õ%¬D§zo!¤
&iS�WESj�xS�qQSUWEgh��S�V}cQwYS ^¸cQnaS��fTQWESUwEwEgh]b[�^¸]bWýÀÒXt�x]_��Á�[Qghe rQS�e�]�[²�
�bS�WEpbS�[Qe�SiXEghZ!S�w¶{f|�wY]�nh�fgu[vp½o;%fcQVbXEgh]�[}���Ð^¸]bW+XYghZ!SZuNÀÈgh[�p�S�[²�
S�WYV�XYgu]b[Qw³Á,�Iº)S�VbWEWYV�[Qpbgu[vp oÜ%\cvV�XEgh]b[K���f�0�aS�Z!]k��Söu/XE]2]b[QS
wYguqvSk� ï ë � L �:, ë -HL �:,P@DAL:�:, ß÷-HLQ�:,P@DA �
�0V,�fgh[Qp�XYrQSInh]bp�V�WYghXErQZ ]k^�{8]�XYråwYghqQS�w}V�[Qq=wE]bnh�\gh[Qp(^�]�Wsu��
|fghS�nhqQw�� uÜ�OøZù�ú �Dû �n} üJý ß û �n} þû �n} ü�ý¯ß û �n} ÿ �ø'ù�ú � ï � � ÀE�"��Á
st[2pbS�[QS�WYV�n>LQ�:, ëxVbTQTQWY]�V�e rQSUw�LQ�:,P@DA/VbwE|fZ!TvXE]�XYghe�V�nhnh|��)ghXYr6u��
�}]bWES�TQWYV�e�XYghe�V�nhnh|��¶�xSjgu[fXYWE]fqQcQe�SjXErQS�qvguwYe�WESUXES}[QV�XYcQWESj]k^NV
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NICHE CONVERGENCE
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NICHE CONVERGENCE TIMES

1
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8[QghXESaT?]bTQcQnhV�XYgu]b[�]k^?wYgu¾US*N��k{f|�V�w/�\gh[QpÐ^¸]�W¶XErQSaXEghZjS+ghX¶XEV,�bS�w
XY]�p�]â^¸WE]bZ�]�[vSøeU]�Tf|�]_^��ùÀ�L �:, ß � �� )NIÁ�XE]��)ghXYrQgh[�V�X
Zj]�wYX+]b[QS)gh[QqQgh�fghqQcQV�n6ÀY�! �NIÁ¶]k^6XErQS)SV%fcQghnhgh{QWEghcQZ T?]bTQcQnhV�XYgh]�[
ÀJLQ�:, ëå�;L:�:,P@BA>-K�! �NIÁ,�uÜ� øZù�ú � �G� �û �#} üJý�ßb�G� � �øZù�ú � ï � �

d²guZjTQnhg£^¸|fg¡[Qp�|fghS�nhqQw��uY� - øZù�ú � L �:,P@BA NO- � �øZù�ú � ï � � ÀY����Á

��S)eUV�[!wYS�S�ghZ!Z!SUqQghV�XESUnu|iXErQVbXxSU�\T8S�e�XYS�q2e�]b[f��S�WYp�S�[QeUS½XYghZ!S
pbWE]k�)w�nh]�p�VbWEghXErvZ!ghe�V�n£nh|øgh[�T8]�TQcvnuVbXEgh]�[�wYgh¾�S6N��*V�w��xSjwEcQw��
T8S�e�XYS�q6�)��ghpbcQWES��/ghnhnhcQwEXYWEV�XYS�w*V�Xt|fTQghe�V�n8S��fT?SUe�XES�qâp�WE]k�)XYr�gh[
eU]�[f��S�WYp�S�[ve�S}XEghZ!S��)ghXEr(gu[ve�WES�VbwEgh[Qp�N��0&NS�WYS�� � � �}V�[vq�����¢�� ��}ÀÈWYS�Z!SUZ�{?S�WaXErvV�X%ï(guw)V�^¸cQ[ve�XEgh]�[}]_^'� � V�[Qq�����Á �8 H 8 W X�E�EfCE>)P65OE�þ�LtL���<0Px4KE)>i467`���27QC EfC5D6A�L W <Y~��

X)LEAbEfCE<*>��aC�764`Z
st[�XYrQghw/wEcv{QwES�eUXEgh]�[¯�aS�Z!V,�bS�Vb[�gh[QghXEghV�n0V�XYXES�ZjTQX/XY]2{QWEgh[Qp
XYrQS�V�{8]k��S/Xt�a]!XYguZjgh[Qp�WYS�wEcvnuXYw/XE]bp�S�XYrQS�W�gh[2V!WYV�XYrQS�W�e�WEcvqQS
^�V�wErvgu]b[6����SarQ]�T8S)XE]�WYS�
?[QS)Vb[Qq�ZjV,�bS*WEghp�]bWE]bcQw0wE]�ZjSNÄQÆÈÇ Õ��
ÆÒÄ�Ì!Ç ËbÄQÅ¸ÊYËkÙ�Î�Í��8Ó�gh[�^¸cQXEcvWESk�
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Convergence vs. Extinction Times
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