
Appears as Technical Report, UT-AI-TR-04-312.

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

.0/2143657198;:=<;8>8;1 ?�@BADCFEGA9AH@JILKJMONQP=RJ@TSFU�M�NV@TWFP
X�Y�Z\[�]_^_`aY�b9^dc�e*fgcO`aZThT^_Y�]�ikj�lmY�bBj�Y�n�oBp�bTlmqOY�]rn_ls^ut�cOe$v�YxwT[HnxoByzhBnu^rlmb{oBv}|�~2�4~4�,�
���O�=3��\�����$�*5��F�\��19� ?����F�=@k�
ILKJMONQP=RJ@TSFU�M�NV@TWFP
X�Y�Z\[�]_^_`aY�b9^dc�e*fgcO`aZThT^_Y�]�ikj�lmY�bBj�Y�n�oBp�bTlmqOY�]rn_ls^ut�cOe$v�YxwT[HnxoByzhBnu^rlmb{oBv}|�~2�4~4�,�

�����H�4�B�
���
� hTY�]rt��4t�fgcH`a`alV^_^_Y�Y�lGn
[�b�Yx JY�jx^_lmqOYd[OZTZT]rcH[Oj¢¡
^_c�n_Y�£mY�jx^_lmqOY�n_[O`aZT£mlmbT¤¥lmb§¦d¡TlGj¢¡©¨klGn_[O¤O]rY�Y�`aY�b9^
[�`acObB¤Hnª^L[�b«Y�bBn_Y�`L�T£mY¬cOe�¡4t4Z\cO^_¡TY,nªY,n�lGn�hBn_Y�¨
^_c'n_Y�£mY�jx^a¨B[2^r[­e®cH]¬£G[���Y�£mlmbT¤T¯ � hTY�]rt'�4t�°}[�¤O±
¤OlmbT¤'[�b\¨ � hTY�]rt��4t²°gc4c9nu^rlsbB¤§[O]_Y�^u¦gc©ZT]¢[Ojx±
^_lGj�[O£glm`aZT£mY�`aY�b9^r[2^rlmcObBn�c�ez^_¡TlGnL[�ZTZT]rcH[Hj¢¡§^_¡B[�^
hBnªY©°}[�¤H¤OlmbT¤�[ObB¨³°#c4cHnª^_lmbT¤Bo�]rY�n_Z\Y,jD^rlsqHY�£mt�od^rc
�ThTlm£G¨´^r¡TY�jxcH`a`als^ª^_Y�Y�n�¯�µTcO]+Y� �Y,jD^rlsqHY'[Ojx^_lmqOY
£sY,[�]rbTlmbT¤To\lV^�lmn�jx]rls^_lGj�[O£J^_¡B[�^�^r¡TY�j�cO`a`als^ª^rY�Y)��Y
`¬[O¨kY­hTZ¶cOe�jxcHbBn_lmnª^_Y�b9^�¡4t4Z\cO^_¡TY,nªY,n¬^r¡B[2^�[�]rY
qOY�]rt'¨kls JY�]rY�b9^�e®]_cH`&Y�[Oj¢¡�c�^r¡TY�]�¯´·�@�K��F¸{UkRJ@
lmnz[a]_Y,jxY�bH^r£mt¥¨kY�qHY�£mcOZ�Y�¨¹`aY�^_¡Tck¨¹^_¡\[2^�¨klm]rY�jx^_£mt
jxcOb\nu^r]_hBjx^rn}n_hBj¢¡¹¨TlsqHY�]¢nªY�jxcH`a`alV^_^_Y�Y�n*h\nªlmbT¤�[�]_±
^_lsº\jxlG[O£F^r]r[OlsbBlsbB¤�¨T[�^r[k¯av}¡TlGn�ZB[�Z�Y�])lmb9^_]rck¨khBj�Y�n
» K\R�EmC�@k¼_·L@\KJ�=¸{UkRJ@Jo*¦d¡Blmj¢¡§hBn_Y�n�·�@�K��F¸{UkRJ@
jxcO`a`als^_^_Y�Y,n�^_c�n_Y�£mY�jx^
¤Oc4ck¨L^_]¢[�lmbTlmbT¤�YxwT[�`aZT£mY,nx¯
½
w4^_Y�bBnªlmqHY�Y�w4Z�Y�]rlm`aY�b9^r[O£}]_Y,nªhT£s^¢na¨kY�`acHbBnu^r]r[�^_Y
^_¡B[�^�oklmba¤OY�bBY�]¢[�£¾o » K\RJEmCF@k¼r·�@�K��F¸{UkRJ@¬cHhk^_Z�Y�]_±
e®cO]r`¬n}�\cO^_¡ � hTY�]rt¬�4t�°}[O¤O¤OlmbT¤L[�bB¨ � hTY�]_t¥�9t
°gc4c9nu^rlsbB¤T¯

¿�À�ÁHÂ �9�\Ã}ÄzÅ����kÆuÃ Â
v}¡BY�[��Bls£mls^ut�^_c�[OjD^rlmqOY�£mt¥n_Y�£mY,jD^d^_¡BY�`acHnª^zhBn_Yxe®hB£F^r]r[OlsbBlsbB¤
Y�wT[�`aZT£mY�n¬lmn�[�b´lm`aZ�cO]_^r[ObH^¥[OZTZT]rcH[Hj¢¡²^_c�]rY�¨ThBjxlmbT¤©^r¡TY
[O`acOhTb9^0c�ednªhBZ\Y�]_q4lGnªlmcHb�]_Y,Ç9hTlm]_Y,¨+e®cO])Y� �Y,jD^rlsqHY�£sY,[�]rbTlmbT¤T¯
ÈÉb�ZB[O]ª^rlGjxhT£G[�]�o,ÊTË,Ë2ÌQÍªÎrÏ2Ð�ÑrÒ�Ð�Ï2ÓzÊ�ÌsÑ�Ð�Ñ�ÌVÑ¢Ô�Õ>Ö;Ë2×Bo9lmbL¦d¡TlGj¢¡�^r¡TY
£mY,[�]rbTY�]zj¢¡Bc9c9nªY,nd^r¡TY���Y�nª^0lsb\nu^¢[�bBj�Y�nde®cH]�£G[O�\Y�£slmbT¤Le®]rcO`Ø[
¤HlmqOY�b�nªY�^ac�e0hTbT£G[���Y�£mY�¨�YxwT[�`aZB£sY,nxo*lGnL^r¡TY+`acHnª^LZB]r[HjD^_ls±
j�[�£$[�ZTZB]_c9[Oj¢¡�e®cO]�ZT]rcO�T£mY�`¬ndlmb�¦d¡TlGj¢¡�hTbT£G[O�\Y�£sY,¨+¨T[2^¢[¬lGn
]rY�£G[�^_lmqOY�£st�Y�[Hnªlm£mtL[Ùq2[Ols£G[O�T£mY�Ú¾fgcO¡Bb�Y�^d[O£¾¯Vo{��ÛHÛ�Ü4Ý¢¯
yÞ^_¡TY�c�±
]rYx^rlGj�[�£m£mt¹¦gY�£s£s±ß`ac�^rlsq2[�^_Y�¨�[OZTZT]rcH[Oj¢¡à^_c+nr[�`aZT£mY�nªY�£sY,jD^rlscHb
lGn¥á#âBÑ�ãDä�Î�ä­å*Ë�Ó�ÓLÖ®Õ>ÕßÑ¢Ñ�Ú¾i4Y�hBbT¤¥Y�^�[�£¾¯so��,ÛOÛH�HÝ¢o�lsb+¦d¡Blmj¢¡
[Ob³Y�bBnªY�`��B£sY­c�e�¡4t4Z�c�^_¡BY�n_Y�n¹lGn�£mY,[�]rbTY�¨æ[ObB¨³Y�wT[�`aZT£mY�n
^r¡B[2^dj�[OhBn_Yz`¬[2wklm`LhT`�¨klGnr[�¤H]_Y�Y�`aY�b9^�[O`acObT¤9nu^*^r¡TlGngj�cO`�±

`als^_^_Y�Y+Ú;¦dlV^r¡©]_Y,nªZ�Y�jx^�^_c�^r¡TY¬ZT]rY�¨Tlmjx^_Y,¨çj�[2^rY�¤OcH]_lmè,[2^_lmcHb\Ý
[O]_Y�nªY�£sY,jD^rY�¨�[On�^_¡TY�`acHnª^zlmbke®cO]r`¬[2^rlsqHY�¯}é$cOZThT£G[O]#Y�bBn_Y�`�±
�B£sY¥£sY,[�]rbTlmbT¤+[�£m¤OcH]_ls^r¡T`¬nxo�nªhBj¢¡«[On�°}[O¤O¤OlmbT¤+[ObB¨'°#c4cHnª^ª±
lmbT¤Bo{¡B[ÙqOYL�\Y�Y�bçhBn_Y�¨+^rc�Yxê¬jxlmY�b9^r£st¹£mY�[O]_b�Y� �Y,jD^rlsqHYLj�cO`�±
`als^_^_Y�Y,nge®cO]�[Ojx^_lmqOY�£mY�[O]_bTlmbT¤�Ú;y���Y�ë�ì�[�`als^rn_hTí2[ko{�,ÛOÛO�9Ý¢¯
ì�Yx^r[�±¾£mY,[�]rbTlmbT¤+Y�bBn_Y�`L�T£mY¥[O£s¤HcO]rls^_¡T`¬n�o�n_hBj¢¡«[Hn�°#[O¤O¤HlsbB¤
[ObB¨¥°#c4cHnª^_lmbT¤BoH^r¡B[2^dY�`aZT£mc2tL[Ob�[�]r�Tls^_]¢[�]rtL�B[On_Y�j�£m[Hn_n_lsºBY�]
[O]_Y�ZB[�]_^_lGj�hT£G[�]r£st¥hBnªY�e®hT£
nªlmbBj�Y�^r¡TY�t�[O]_Y�¤OY�bBY�]¢[�£�ZThT]rZ\c9nªY
[ObB¨�j�[�b���YL[OZTZT£mlmY�¨�^_c¹lm`aZT]rc2qOY)[�b4t¹£sY,[�]rbTY�]�^_¡B[�^�lGn�Y�eG±
e®Y,jD^rlsqHY�e®cO]�[L¤OlmqOY�b�¨kcH`¬[�lmb{¯
yzb6lm`aZ�cO]_^r[�b9^îZT]rcOZ�Y�]_^ut�cOe�[&¤Hc9ck¨ïY�bBn_Y�`L�T£mYðe®cO]
j�cO`a`als^ª^rY�Y�±¾�B[HnªY,¨­[HjD^rlsqHYa£mY�[�]rbTlmbT¤�lGn�¨TlsqHY�]¢nªls^utO¯çñ�bT£mt­[
j�cO`a`als^ª^rY�YLc�e}¡4t9Z�c�^r¡TY�n_Y�n�^r¡B[2^�Yx JY�jD^rlmqOY�£mt�nr[�`aZT£mY,nz^r¡TY
qHY�]¢nªlmcHb�nªZB[HjxY#c�eJ[�£m£9j�cObBn_lGnu^rY�b9^�¡4t4Z�c�^_¡BY�n_Y�n�lGn�ZB]_ck¨khBjx^_lmqOY
e®cH]�nr[�`aZT£mY�nªY�£sY,jD^rlscHb«ÚßfgcO¡Tb§Yx^L[�£¾¯Vo#��ÛHÛ�Ü9ÝD¯�·L@\KJ�=¸{UkRJ@
Ú>ì+Y�£mq4lm£m£sY�ë
ì+c4cObTY�t�o0�OòOòHóHÝalGn¹[�]rY�j�Y�b9^_£mt�lmbH^r]_ck¨kh\jxY�¨
Y�bBn_Y�`L�T£mY#`aY�^r[�±¾£mY�[O]_bBY�]�^_¡B[�^g¨klm]_Y,jD^r£st�jxcOb\nu^r]_hBjx^rn*¨TlsqHY�]¢nªY
j�cO`a`als^ª^rY�Y,n}�9t�Y�`aZT£mc2t9lmbT¤an_Z\Y,jxlG[�£m£mt9±ßj�cObBnª^_]rhBjx^_Y�¨�[�]_^_lsºT±
j�lG[�£�^r]r[OlmbTlmbT¤§YxwT[�`aZT£mY,nx¯7½*w9^rY�bBn_lmqOY+Y�w4Z�Y�]rlm`aY�b9^rn¬¡B[ÙqOY
¨TY�`acOb\nu^r]r[�^_Y�¨+^_¡B[�^)·L@\KJ�F¸{UkR�@çjxcHbBnª^_]rhBjD^¢nz`acH]_YL[Oj�j�hk±
]¢[2^rY©Y�bBn_Y�`L�T£mY�n�^r¡B[�b���c�^_¡�°}[O¤O¤OlmbT¤²[�b\¨ » W{UFô)����M�R
¦d¡BY�b¹^_]¢[�lmbTlmbT¤L¨T[2^¢[�lGn#£mlm`alV^rY�¨J¯
v}¡Blmn�ZB[OZ\Y�]$ZT]_Y,nªY�b9^rn$[zbBY�¦«[OZTZT]rcH[Hj¢¡)^_c0[Ojx^_lmqOYg£sY,[�]rbTlmbT¤To
» KBRJEmCF@T¼_·L@\KJ�=¸{UkRJ@Jok¦d¡TlGj¢¡�hBn_Y�n�j�cO`a`als^ª^rY�Y,n�ZB]_ck¨khBj�Y�¨
�4t�·L@\KJ�F¸{UkRJ@¹^_canªY�£mY�jD^}YxwT[O`aZT£mY�n�e®cO]d£G[���Y�£mlmbT¤T¯$½
w4^_Y�bk±
n_lmqOY
Y�w4Z�Y�]rlm`aY�b9^r[O£2]_Y,nªhB£V^¢n=cHb�nªY�qOY�]¢[�£O]_Y,[�£s±¾¦#cO]r£G¨z¨T[�^r[HnªY�^rn
n_¡Tc2¦­^_¡B[�^=hBn_lsbB¤g^r¡TlGn=[�ZBZT]_c9[Oj¢¡�ZT]rc4¨ThBjxY,n{nªhT�\nu^¢[�b9^_lG[�£2lm`�±
ZB]_c2qHY�`aY�b9^�c2qOY�]0hBn_lmbT¤ » W{U�ô0����MxR©¦dls^r¡­]¢[�bB¨TcO`!nr[�`�±
ZB£slmbT¤B¯ » K\RJEmCF@k¼_·L@\KJ�F¸{UkRJ@�]rY�Ç9hTlm]_Y,n{e;[O]Fe®Y�¦gY�]�Y�wT[�`aZT£mY�n
^r¡B[�b » W{UFô)����M�RFo�[�bB¨çcOb©[ÙqHY�]¢[�¤OYL[�£Gn_c�ZT]rck¨khBj�Y�n)jxcHbk±
n_lG¨kY�]¢[��B£sY#]rY�¨khBjx^_lmcOb\n$lsbaY�]_]rcO]�¯FÈÉba¤HY�bTY�]r[O£>oHcOhT]�[OZTZT]rcH[Hj¢¡
[O£Gnªc�cOhT^_Z�Y�]_e®cO]r`¬n)�\cO^_¡ � hTY�]_tç�4tç°}[O¤O¤OlmbT¤�[�b\¨ � hTY�]rt
�4t¥°#c4cHnª^_lmbT¤B¯

õdÀ�ö Å�÷{�Tøù�}ø�úçÃ*û�ûüÆÉ�4�k÷=÷
� hBY�]rt¥�4t+fgcH`a`als^ª^_Y�YLÚ � °�f}Ý}lGn�[�qOY�]_t�Yx JY�jD^rlmqOY�[Ojx^_lmqOY
£mY,[�]rbTlmbT¤#[OZTZT]rcH[Hj¢¡z^r¡B[2^�¡B[OnF�\Y�Y�b�n_hBj�j�Y�nrnue®hT£m£mtz[OZTZT£mlmY�¨z^_c
¨TlV JY�]rY�b9^}jx£G[Onrnªlsº\j�[2^rlscHb�ZB]_cH�T£mY�`¬n�Ú>ì�j,f#[O£s£mhT`îëþýzls¤9[�`�o



�,ÛOÛH���LX�[�¤9[�b�ë�½�bT¤OY�£GnªcHb{oL�,ÛOÛ������FlmY�]rY§ë v�[O¨kY�ZB[�£m£ml¾o
�,ÛOÛ4~�Ý¢¯ y!¤HY�bTY�]r[O£mlsè�Y�¨�cOhT^_£mlmbTY+c�e�^r¡TY � °df [OZTZT]rcH[Hj¢¡
lGnaZB]_Y,nªY�bH^rY�¨�lmbæy�£m¤OcH]_ls^_¡B` ��¯���lmqOY�b²[©Z�c4cO£zcOe)hTbT£G[2±
��Y�£mY,¨'YxwT[O`aZT£mY�n�o � °�füls^_Y�]r[�^_lmqOY�£mtànªY�£mY�jD^¢n�Y�wT[�`aZT£mY�n)^_c
��Y�£G[���Y�£mY,¨ae®cO]�^_]¢[�lmbTlmbT¤T¯*ÈÉb+Y,[Oj¢¡�ls^_Y�]r[�^_lmcOb{okls^�¤OY�bTY�]¢[2^rY�n
[¹jxcH`a`als^ª^_Y�Y�c�e}jx£G[Onrn_lVº\Y�]¢nd�B[On_Y�¨àcOb­^_¡TYaj�hT]_]rY�b9^�^_]¢[�lmbk±
lmbT¤�n_Yx^�¯�v}¡BY�b¹lV^}Y�q2[O£sh\[2^_Y,ng^_¡TY0Z�c�^_Y�b9^_lG[�£Jhk^rls£mls^ut�c�e�Y�[Oj¢¡
Y�wT[�`aZT£mY�lmb­^_¡TYahBbT£G[���Y�£mY�¨�n_Yx^�o�[ObB¨­n_Y�£mY,jD^rn)[�n_hT�Bn_Yx^)c�e
Y�wT[�`aZT£mY�n�¦dls^_¡�^r¡TY�¡Tlm¤H¡TY�nª^*YxwkZ�Y�jD^rY�¨�hk^rlm£sls^utO¯�v}¡TY�£G[���Y�£Gn
e®cH]{^_¡BY�n_Y*YxwT[�`aZB£sY,nJ[�]rY*[Oj�Ç9hTlm]rY�¨�[�bB¨�^r¡TY�t0[�]rY$^_]¢[�bBnªe®Y�]rY�¨
^rc¬^r¡TY�^r]r[OlsbBlsbB¤�n_Yx^�¯�vgt4ZTlGj�[�£m£mt�ok^r¡TY�hT^_lm£mlV^ut¥c�e�[�bàYxwT[�`�±
ZB£sY�lGng¨kY�^_Y�]_`almbTY,¨��9t¬n_cO`aYz`aY�[On_hT]rY�c�e}Ò2ÖmÐ�Ï
	Oã_Ñ¢ÑxÓaÑ�×\Õglsb
^r¡TY�jxcH`a`als^ª^_Y�Y�[O�\cHhk^dlV^¢n}ZT]rY�¨klGjD^rY�¨¥£m[O�\Y�£¾¯$v}¡TlGn#ZT]rckjxY�nrn
lGn�]_Y�Z\Y,[2^rY�¨�hBbH^rlm£�^r¡TYLb9hB`���Y�]�c�eg[Ùq2[Ols£G[O�T£mY�]rY�Ç9hTY,nu^¢n�e®cO]
£G[O�\Y�£mnglGn}Yxwk¡B[OhBnu^rY�¨J¯
µB]_Y�hTbB¨�Yx^¹[�£¾¯�Úu�,ÛOÛ4~�ÝLnª¡Bc2¦gY,¨'^r¡B[2^¬hTb\¨kY�]¥j�Y�]_^r[Olsb²[Onª±
n_hT`aZk^rlmcObBn�o � hTY�]_tL�4tafgcH`a`alV^_^_Y�Y}j�[�b¬[Hj¢¡TlmY�qOYd[Ob¬YxwkZ�c�±
bBY�b9^_lG[�£#¨kY�j�]_Y,[On_Y¬lmb©^_¡BY�b4hT`L�\Y�]�cOe�YxwT[�`aZT£mY,n)]_Y,Ç9hTlm]_Y,¨
^rcà[2^_^r[Olsb©[+Z\[�]_^_lGjxhT£G[O]�£mY�qOY�£�c�e�[Oj�jxhT]¢[Oj�t�o
[On�j�cO`aZB[O]_Y,¨
^rc§]r[ObB¨kcO`�n_[O`aZT£mlsbB¤T¯��zc2¦gY�qOY�]�o�^r¡TY�n_Y¹^_¡TY�cO]rYx^rlmj�[�£}]rYx±
n_hT£s^rn#[Onrn_hT`aY�^r¡B[2^
��lm�T�Bn#[�£m¤OcH]_ls^r¡T`�lGnghBn_Y�¨a^rc�¤HY�bTY�]r[�^_Y
^r¡TYdjxcH`a`alV^_^_Y�Y*c�eB¡4t4Z�c�^_¡BY�n_Y�n�hBn_Y�¨)e®cH]
n_[O`aZT£mY�nªY�£mY�jD^rlmcOb{¯
v}¡BY���lm�T�Bn�[O£s¤HcO]rls^_¡T` e®cH]�`acHnª^�lmbH^rY�]rY�nª^_lmbT¤LZT]rcO�T£mY�`¬n#lGn
j�cO`aZThT^r[2^rlmcObB[O£s£mt)lmb9^_]¢[Ojx^r[��B£sYO¯�v�c�^¢[Oj¢í4£mYd^_¡TlGnglGn_n_hTY�o4y���Y
[ObB¨aì�[O`alV^¢nªhBíÙ[�Úª��ÛOÛH�HÝ�ZT]rcOZ�cHn_Y�¨�^u¦#c)q2[�]rlm[Ob9^rn$c�e � °�fzo
� hBY�]rt)�9t�°}[O¤O¤OlmbT¤�[ObB¨ � hTY�]rt0�9t�°gc4c9nu^rlsbB¤ToÙ¦d¡TY�]rY#°}[O¤�±
¤HlmbT¤¹[ObB¨ » W{U�ô0����MxR'[O]_Y�hBn_Y�¨­^rc�jxcOb\nu^r]_hBjx^0^_¡TY¥j�cO`�±
`als^_^_Y�Y,n�e®cO])n_[O`aZT£mY�n_Y�£mY�jx^_lmcOb=¯�ÈÉb­^_¡TY�ls])[OZTZT]rcH[Oj¢¡=o{^_¡TY�t
Y�q2[�£mhB[2^rY
^_¡BY�hk^rls£mls^utzcOeBj�[ObB¨klG¨T[2^rY*YxwT[O`aZT£mY�nJ�B[HnªY,¨)cOb)^r¡TY
ÓaÏ2ã�	�ÖG×¹c�eJ^_¡BYzYxwT[O`aZT£mY��O¦d¡TY�]_Y}^r¡TYz`¬[O]_¤Hlmb�lGn*¨kY�ºBbTY�¨¥[On
^r¡TY0¨kls �Y�]_Y�bBjxY���Yx^u¦#Y�Y�ba^_¡BY�b4hT`L�\Y�]�cOe=qOc�^rY�nglmb�^_¡TY0jxhT]_±
]rY�b9^�jxcH`a`als^ª^_Y�Y)e®cO]0^r¡TYa`acHnª^0Z\cHZThT£G[�]0jx£G[Onrn�£G[���Y�£¾o=[�bB¨
^r¡B[2^�e®cO]�^_¡BY#n_Y�j�cObB¨�`acHnª^FZ\cHZThT£G[�]�£G[���Y�£¾¯�½
wT[O`aZT£mY�n{¦dls^_¡
n_`¬[�£m£mY�]g`¬[�]r¤OlmbBng[�]rY0j�cObBn_lG¨kY�]rY�¨a^_ca¡B[ÙqHY�¡Tlm¤H¡TY�]}hk^rls£mls^ut�¯

�dÀ����������
��� ���!��"$#&%����

Èß^�lGn¬��Y�bTY�º\jxlG[O£zlmb � °�fù^_c�h\nªY§[�b´Y�bBn_Y�`L�T£mY+`aYx^_¡Bc4¨
^r¡B[2^��ThTlm£G¨Tn¹[ÞÒ�Ö('ÙÑ�ã¢Ð�Ñ�jxcH`a`alV^_^_Y�Y�o�lmb´¦d¡TlGj¢¡´Y,[Oj¢¡³¡4t9±
Z�c�^r¡TY�n_lGnFlGn�[On$¨kls JY�]rY�b9^$[HnFZ�cHnrn_ls�B£sYOo2¦d¡Tlm£sYgnu^rls£m£9`¬[�lmb9^r[OlsbT±
lmbT¤¬j�cObBn_lGnu^rY�bBj�t¥¦dls^_¡�^r¡TY)^r]r[OlsbBlsbB¤�¨B[2^r[T¯�·L@\KJ�=¸{UkRJ@+lGn
[Ob­Y�bBn_Y�`L�T£mY�`aYx^r¡Tck¨�^r¡B[2^�Y�wkZT£mlmj�ls^_£mt¥e®ckj�hBnªY,n0cOb§jx]rY�[�^ª±
lmbT¤�Y�bBn_Y�`L�T£mY�nL^r¡B[2^+[�]rYà¨klmqOY�]rn_Y'Ú;ì�Y�£mq4ls£m£mY�ë&ì+c4cObTY�t�o
�OòOòHó��*ì+Y�£mq4lm£m£sY�ëðì+c4cObTY�t�o���òHò�Ü4Ý¢¯�y n_hT`a`¬[�]rt+c�ed^r¡TY
·L@\KJ�F¸{UkRJ@a[�£m¤OcH]_ls^_¡B`ÞlGn$ZT]rc2q4lG¨kY�¨�lsb�^_¡BY}e®cO£m£mc2¦dlsbB¤znªhB�k±
n_Y�jx^_lmcOb=¯*)çYaZT]rcOZ�cHn_Ya[�q2[�]rlm[Ob9^�cOe � hTY�]_tà�9t©fgcO`a`als^ª±
^rY�YOo » K\RJEmCF@k¼_·L@\KJ�F¸{UkRJ@JoO^r¡B[2^*hBn_Y�ng·�@�K��F¸{UkRJ@�^_c�jxcHbk±
nª^_]rhBjx^zjxcO`a`als^_^_Y�Y,n
e®cH]�n_[O`aZT£mY�n_Y�£mY�jx^_lmcOb{¯
v�c©Y�q2[O£sh\[2^_Y¹^r¡TY�YxwkZ�Y�jx^_Y�¨�hk^rlm£sls^ut©cOe�hTbB£m[O�\Y�£mY�¨«YxwT[�`�±
ZB£sY,nxod¦#Yà[�£Gn_c§hBnªY,¨²^_¡BY�`¬[�]r¤OlmbBnLcOb²^r¡TYàY�wT[�`aZT£mY�n�od[On
lmb©y���Y¥[ObB¨§ì�[�`als^rn_hTí2[§Úu�,ÛOÛO�9Ý¢¯+)§Y¬¤HY�bTY�]r[O£slmè�Y�¨�^r¡TY�lm]
¨TYxºBbTls^rlscHb{o�^_c­[O£m£sc2¦�^_¡TY��B[On_Y¥jx£G[Hn_n_lsºBY�]¢n�lsb§^r¡TY¥Y�bBn_Y�`�±
�B£sY¥^_c­ZT]_c2q4lG¨kY¬j�£m[Hn_n�ZT]rcO�B[O�Tlm£sls^rlsY,nxo�lsb\nu^rY�[O¨§cOe-,uhBnª^�^r¡TY

. 80/��B/2<0132�3546��Y�bTY�]r[O£mlsè�Y�¨ � hBY�]rta�9t+fgcO`a`als^ª^rY�Y
7 <®:�14�-8
9¶±�nªY�^�c�eF^r]r[OlmbTlmbT¤�Y�wk[O`aZT£mY�n
:þ±gnªY�^dc�e$hTbT£G[���Y�£mY�¨¬^_]¢[�lmbTlmbT¤�YxwT[�`aZT£mY,n
;=<�>@?BA!?B<�CBD�±*�B[HnªY0£mY�[O]_bTlmbT¤L[�£m¤OcH]_ls^r¡T`
E ±*b4hT`���Y�]}cOe$n_Y�£mY�jx^_lmqOY�n_[O`aZT£mlmbT¤�ls^_Y�]r[�^_lmcObBn
F ±�n_lmè�Y�c�e$Y�[Oj¢¡�nr[�`aZT£mY
��¯HGdY�Z\Y,[2^ E ^_lm`aY�n
�4¯ ��Y�bTY�]¢[2^rY0[�j�cO`a`als^ª^rY�YzcOe$j�£G[OnrnªlsºBY�]rn�o

IKJ$LNM DO>@? FQPSR ?BTU?BVXWZY [�Ú0;�<�>@?BA!?B<�CBD�\]9�Ý
ók¯ ^`_�acbd:�o�jxcO`aZBhk^_YK:�V�e R efV�g{Ú IKJ \h_�a,ÝDoB�B[HnªY,¨

cHb¥^r¡TY�jxhT]r]rY�b9^�jxcO`a`als^_^_Y�Y
ÜT¯ i4Y�£mY�jD^�[�n_hT�Bn_Yx^$i�c�e F YxwT[�`aZT£mY,n*^r¡B[2^

`¬[�w4lm`almè�Y,n
hk^rls£mls^ut
�4¯ ��[���Y�£=Y�wk[O`aZT£mY�n�lsbdi
j ¯ GdY�`ac2qOY�YxwT[�`aZB£sY,n*lmbdi'e®]rcO`k:�[ObB¨�[O¨T¨

^rc*9
~9¯HGdY�^_hT]rb M DO>@? FQPlR ?BTU?@VXWmY [�Ú0;=<�>@?BA!?B<�CBD�\]9�Ý

`ac9nu^�£mlmíOY�£mtçjx£G[Onrn�£G[O�\Y�£>¯���lmqHY�b'^r¡TY+jx£G[Onrn�`aY�`L�\Y�]rn_¡TlmZ
ZB]_cH�B[��Tlm£mls^_lmY�n}ZB]_Y,¨klGjD^_Y,¨��4t�^_¡BY�j�cO`a`als^ª^rY�YOo\^r¡TY�`¬[�]r¤Olmb
lGn0^r¡TY�b«¨kYxºBbBY�¨©[On�^_¡TY�¨kls �Y�]_Y�bBjxY¬��Yx^u¦#Y�Y�b§^_¡TY¥¡Tlm¤O¡TY,nu^
[ObB¨¹nªY,jxcOb\¨¥¡Tlm¤H¡TY�nª^dZT]_Y,¨klGjD^rY�¨¬ZB]_cH�B[��Tlm£mls^_lmY�n�¯

n �o4\�$·L@\KJ�F¸{UkRJ@
v}¡Blmn�nªY,jD^rlscHb)nªhT`a`¬[O]_lmè�Y�n\^_¡TY}·L@\KJ�=¸{UkRJ@�[O£s¤HcO]rls^_¡T`Q��e®cO]
e®hB]ª^r¡TY�]�¨kY�^r[Ols£Gn}n_Y�YaÚ;ì+Y�£mq9lm£m£mYzë7ì�c9cHbTY�tOo\��òHòOó��Tì+Y�£mq9lm£m£mY
ë ì+c4cObTY�t�oF��òHò�Ü9ÝD¯�v}¡TYL[OZTZT]rcH[Hj¢¡+lmn�`ac�^rlmqÙ[�^_Y,¨��9t�^r¡TY
e;[HjD^d^r¡B[2^zj�cO`L�TlmbTlmbT¤)^_¡BY)cOhk^rZThk^rnzc�e�`�hT£s^rlsZB£sY�jx£G[Onrn_lVº\Y�]¢n
lGn�cObT£mt¹hBn_Yxe®hT£$lse
^_¡TY�t�¨klGn_[O¤O]rY�Y�cHbàn_cO`aY�lmbTZThT^rnLÚ0p0]rcO¤O¡
ërq
Y,¨kY�£Gn_�9tOo)��ÛOÛ��OÝD¯s)§Yà]rYxe®Y�]¬^_c'^_¡TYà[O`acOhTb9^¬cOe)¨Tlmnª±
[O¤O]rY�Y�`aY�b9^#[Hn#^_¡TYc[te�u�?@C�>
efV�g¬cOeF^r¡TY)Y�bBn_Y�`L�T£mY�o4¦d¡TlGj¢¡¥¦#Y
`aY,[On_hT]rY�[Hn�^_¡BY�ZT]rcO�B[O�Tlm£sls^ut­^_¡B[�^�[©]¢[�bB¨TcO` Y�bBnªY�`��B£sY
`aY�`���Y�]3v n�ZT]_Y,¨klGjD^rlscHb«cHb´[©]¢[�bB¨kcH`�Y�wT[�`aZT£mY�¦dlm£s£�¨Tlmnª±
[O¤O]rY�Y�¦dls^_¡�^_¡TY)ZT]rY�¨Tlmjx^_lmcOb¥c�e�^_¡TY�j�cO`aZT£mYx^rYzY�bBnªY�`��B£sYO¯
·L@\KJ�F¸{UkRJ@¬¦}[On�¨TY�n_ls¤HbTY�¨L^rc�hBn_Y0[O¨T¨kls^rlscHbB[�£T[O]ª^rlsº\jxlG[�£m£mt9±
¤HY�bTY�]r[�^_Y,¨�^r]r[OlmbTlmbT¤�¨B[2^r[�lsbacH]r¨TY�]$^_c�¤OY�bBY�]¢[2^_Yd¡Bls¤H¡T£mt�¨kls±
qHY�]¢nªYzY�bBn_Y�`L�T£mY�n�¯�yzb¥Y�b\nªY�`��T£mYdlGng¤OY�bBY�]¢[2^_Y,¨�ls^_Y�]¢[2^rlmqOY�£mtOo
£mY,[�]rbTlmbT¤dcObTYgbTY�¦'j�£G[OnrnªlsºBY�]F[2^�Y�[Oj¢¡�lV^rY�]¢[2^rlscHb)[�bB¨�[O¨T¨klmbT¤
ls^g^_c�^_¡TY0jxhT]r]rY�b9^�Y�b\nªY�`��T£mYO¯�v}¡TY�Y�bBn_Y�`L�T£mYdlGn�lmbTls^rlm[O£mlsè�Y�¨
¦dls^r¡�^r¡TY�j�£G[OnrnªlsºBY�]F^r]r[OlsbBY�¨LcOb�^r¡TY�¤OlmqHY�b�¨T[2^¢[k¯
v}¡TYzjx£G[Hnu±
n_lsºBY�]¢n)lmb©Y�[Hj¢¡'nªh\j�jxY,n_n_lmqOYals^_Y�]r[�^_lmcOb§[�]rYa^r]r[OlsbBY�¨çcOb©^r¡TY
cH]_lm¤Hlsb\[�£\¨B[2^r[�[ObB¨�[O£Gnªc�cOb�nªcH`aY�[O]ª^rlVº�jxlG[�£�¨T[2^¢[k¯
ÈÉb�Y�[Oj¢¡
ls^rY�]¢[2^_lmcHb{oF[�nªZ�Y�j�lVº\Y�¨çb4hT`���Y�]0cOe}[O]ª^rlVº�jxlG[�£�^_]¢[�lmbTlmbT¤¹Yxw4±
[O`aZT£mY�n�[O]_Y�¤OY�bBY�]¢[2^_Y,¨+�B[HnªY,¨�cObà[�nªlm`aZT£mY)`ack¨kY�£�c�e*^r¡TY
¨B[2^r[�¨klGnª^_]rlm�Thk^_lmcHb{¯�v}¡TYaj�[�^_Y�¤HcO]rt�£m[O�\Y�£Gn�e®cH]0^_¡TY,nªYa[�]_^_ls±
º�jxlG[�£m£mt�¤OY�bTY�]¢[2^rY�¨ç^r]r[OlsbBlsbB¤+YxwT[�`aZT£mY,n)[�]rY�j¢¡Tc9nªY�b'nªcç[On
^rcà¨kls JY�]�`¬[�wkls`¬[O£m£st¥e®]_cH` ^_¡TY¥j�hT]r]_Y�bH^�Y�bBn_Y�`L�T£mY�v n0ZT]rYx±
¨Tlmjx^_lmcOb\nx¯�)§Y�]rYxe®Y�]�^_c¬^r¡TlGnz[O]ª^rlVº�jxlG[�£�^_]¢[�lmbTlmbT¤an_Yx^0[Ond^r¡TY



Ò�Ö('ÙÑ�ã¢ÐDÖ®Õ;ä+ÒOÏOÕ¾Ï2¯H)§Y)^_]¢[�lmb+[abTY�¦�j�£G[OnrnªlsºBY�]#cHb�^_¡TY�hTbTlmcOb
cOe=^_¡BY�cH]_lm¤Hlsb\[�£k^r]r[OlsbBlsbB¤�¨T[2^¢[�[ObB¨a^r¡TY)¨klmqOY�]rn_ls^utL¨T[�^r[T¯$Èße
[H¨T¨klmbT¤¥^_¡TlGn�bTY�¦7j�£G[OnrnªlsºBY�]d^_c�^_¡TYaj�hT]_]rY�b9^�Y�bBn_Y�`L�T£mY�lmbk±
j�]_Y,[On_Y�n$^r¡TYzY�bBn_Y�`L�T£mYg^r]r[OlmbTlmbT¤0Y�]r]_cH]�o�^r¡TY�b¬^_¡TlGn*j�£m[Hn_n_lsºBY�]
lGn�]_Y ,uY�jx^_Y�¨{ogY�£Gn_Y¥ls^�lmnL[O¨B¨kY�¨�^_c­^_¡TY+j�hT]_]rY�b9^LY�bBn_Y�`L�T£mY�¯
v}¡Blmn�ZT]rc4j�Y�nrn)ls^�]rY�Z�Y�[2^rY�¨©hBbH^rlm£*^_¡BY�¨kY,nªlm]rY�¨§jxcH`a`alV^_^_Y�Y
n_lmè�Y�lGn�]_Y,[Oj¢¡TY,¨�cO]�[¥`¬[�w4lm`LhT`ùb4hT`L�\Y�]zcOe�ls^_Y�]¢[2^rlmcObBn}lGn
Y�wTjxY�Y,¨kY�¨{¯
v}¡BYL[O]ª^rlVº�jxlG[�£F¨B[2^r[¥lGn�j�cObBnª^_]rhBjD^rY�¨+�4t+]¢[�bB¨TcO`a£mt¬¤OY�bTY�]_±
[�^_lmbT¤�Y�wT[�`aZT£mY�n0h\nªlmbT¤à[Ob�[�ZBZT]_cÙwklm`¬[2^rlmcOb�cOed^_¡TY�^_]¢[�lmbk±
lmbT¤�¨T[2^¢[�¨klGnu^r]_lm�ThT^_lmcOb{¯�µTcO]gb4hT`aY�]rlGjd[2^ª^r]_lm�ThT^_Y�n�o9[��0[�hBnª±
n_lG[�b�¨klGnª^_]rlm�Thk^_lmcHb�lGn�¨kYx^rY�]r`alsbBY�¨0�4t0Y�nª^_lm`¬[2^rlsbB¤g^r¡TY#`aY�[�b
[ObB¨ànª^r[ObB¨T[O]r¨�¨TY�q4lG[2^_lmcHb¹cOe*^_¡BY�^r]r[OlsbBlsbB¤¬nªY�^�¯�µTcH]0bTcO`�±
lmbB[O£g[�^ª^_]rlm�Thk^rY�n�o�^r¡TY�ZB]_cH�B[��Tlm£mls^ut+c�edckj�j�hT]_]rY�b\jxY¬cOe�Y�[Oj¢¡
¨Tlmnª^_lmbBjx^Lq2[O£shBY�lGn�¨kYx^rY�]r`almbTY�¨©h\nªlmbT¤��F[OZT£G[OjxY�Y�nª^_lm`¬[2^rY�n
e®]rcO`�^_¡BY�^r]r[OlsbBlsbB¤�¨B[2^r[T¯�½
wT[O`aZT£mY�n}[�]rY)^_¡BY�b�¤HY�bTY�]r[�^_Y�¨
�4t�]¢[�bB¨kcH`a£mtaZTlGj¢í9lmbT¤aq2[O£shBY�n}e®cH]zY�[Hj¢¡�e®Y�[�^_hT]rY��B[HnªY,¨�cOb
^r¡TY�n_Y�¨klGnª^_]rlm�Thk^_lmcHbBnxoB[Hn_n_hT`almbT¤a[2^_^_]rlm�Thk^_Y)lmbB¨TY�Z�Y�bB¨kY�bBjxYO¯
ÈÉb«Y�[Hj¢¡�ls^_Y�]r[�^_lmcOb{o�^_¡BY�[O]ª^rlsº\jxlG[�£m£mt+¤OY�bTY�]¢[2^rY�¨©Y�wT[�`aZT£mY�n
[O]_Y�£G[���Y�£mY�¨��B[HnªY,¨�cHb�^_¡BY�j�hT]r]_Y�bH^�Y�bBn_Y�`L�T£mY�¯K��lmqOY�bà[�b
Y�wT[�`aZT£mY�o9¦gY�jxcH`aZThk^_Y�^_¡TY0jx£G[Onrn*`aY�`���Y�]¢n_¡TlmZ�ZT]rcO�\[��Tlm£mls±
^rlmY�ndZT]rY�¨Tlmjx^_Y,¨¥�4t¬^r¡TY�j�hT]_]rY�b9^�Y�bBnªY�`��B£sYOok]_Y�ZT£G[OjxlmbT¤�è�Y�]_c
ZB]_cH�B[��Tlm£mls^_lmY�n¬¦dlV^r¡þ[ænª`¬[O£s£ � e®cH]àn_`ac9cO^_¡TlmbT¤B¯k��[���Y�£Gn
[O]_Y�^_¡TY�b�nr[�`aZT£mY�¨�e®]rcO`ü^_¡Blmn#¨klGnª^_]rls�Bhk^_lmcOb=oHnªh\j¢¡a^_¡B[�^g^r¡TY
ZB]_cH�B[��Tlm£mls^utdc�eBn_Y�£mY�jx^_lmbT¤�[z£m[O�\Y�£OlGn=lmb4qOY�]rn_Y�£mt�ZB]_cHZ\cH]ª^rlscHbB[�£
^rcL^_¡TY�j�hT]_]rY�b9^dY�b\nªY�`��T£mY v ngZT]rY�¨klGjD^rlmcObBn�¯

�zÀ������ ÷{�BÆªû�÷ Â �k�
	 ��� �
	uÅz���kÆuÃ Â

 �o4\��571t1@2��F����8;� /B�
v�cçY�q2[�£mhB[�^_Ya^r¡TY�Z�Y�]_e®cO]r`¬[�b\jxY¬cOe » K\RJEmCF@k¼_·L@\KJ�F¸{UkR�@{o
¦#Y*]¢[�b)Y�w4Z�Y�]rlm`aY�b9^rnJcHb¬�@�#]rY�ZB]_Y,nªY�bH^¢[2^rlsqHY
¨T[2^¢[�nªY�^rn=e®]_cH`
^r¡TY�p0fgÈ)]_Y�Z\c9nªls^rcO]rt'Ú;°#£G[�íOY¬ëðì+Y�]_èOod��ÛOÛH�HÝD¯ )§Y�j�cO`�±
Z\[�]rY�¨�^r¡TY²Z\Y�]ªe®cH]_`¬[ObBjxY'cOe » K\RJEmCF@k¼_·L@\KJ�F¸{UkRJ@7¦dls^_¡
^r¡B[2^Lc�e � hTY�]_tç�4t©°#[O¤O¤HlsbB¤§Ú � °}[�¤9ÝDo � hTY�]rt­�4t©°#c4cHnª^ª±
lmbT¤§Ú � °#c4cHnª^¢Ý�[ObB¨ » W{UFô)����M�R�o�[�£m£$hBn_lsbB¤¹[Ob­Y�bBnªY�`��B£sY
n_lmè�Y#c�e��@�4¯���Ü9��¨TY�jxlGn_lmcObk±¾^_]rY�Yglsb\¨khBjD^rlmcOb{oÙ^_¡BY�)çY�íÙ[�Ú )´lV^_±
^rY�b+ë7µB]r[ObTí�o=��ÛHÛOÛHÝ�lm`aZT£mY�`aY�bH^¢[2^rlscHb�c�e
fgÜB¯ �¹Ú � hTlmbT£G[�b{o
�,ÛOÛHóHÝ¢o
¦}[On�hBnªY,¨�[Hn)^_¡BY��B[HnªY�£mY�[�]rbTY�])e®cO]�[�£m£�`aY�^_¡Tck¨Tn�¯
)§Y�[�£Gn_c�hBn_Y�¨�^r¡TY�)çY�í2[�qOY�]¢n_lscHb¬c�e » W{U�ô0����MxR�¯
v}¡BY�Z�Y�]_e®cO]r`¬[�bBj�Y�c�e�Y�[Hj¢¡¥[�£m¤OcH]_ls^r¡T`7¦}[On#[ÙqOY�]r[O¤OY�¨�c2qHY�]
^u¦#cç]_hTb\n�c�e��,ò2±¾e®cO£G¨�j�]_c9n_nª±ßqÙ[O£mlm¨B[2^_lmcHb{¯çÈÉb�Y�[Hj¢¡�e®cH£G¨'c�e
j�]_c9n_nª±ßqÙ[O£mlm¨B[2^_lmcHb{oF¦#Y¥¤OY�bTY�]¢[2^rY�¨©£mY,[�]rbTlmbT¤�jxhT]rqOY,n�lmb©^r¡TY
e®cH£m£sc2¦dlmbT¤�e;[On_¡TlmcOb{¯dv}¡TY�n_Yx^�c�e*[Ùq2[�lm£G[��T£mYd^r]r[OlmbTlmbT¤�YxwT[�`�±
ZB£sY,n�¦#[HnF^r]_Y,[2^rY�¨L[On$[�bLhTbT£G[���Y�£mY,¨)Z\c4cH£kc�e\Y�wT[�`aZT£mY�n�o2[�bB¨
[�^)Y�[Oj¢¡­ls^_Y�]¢[2^rlmcOb+^r¡TYa[OjD^rlmqOYL£sY,[�]rbTY�]0n_Y�£mY�jx^_Y�¨­[�nr[�`aZB£sY
cOe
Z\cHlsb9^¢nd^_c¥�\Y�£m[O�\Y�£mY�¨�[�bB¨+[H¨T¨kY,¨¹^_ca^r¡TY�^r]r[OlsbBlsbB¤�n_Yx^�¯
µBcO] » W{UFô)����M�RFo�^_¡TY¥YxwT[�`aZT£mY,nzlmbçY�[Oj¢¡§ls^_Y�]r[�^_lmcObà¦gY�]_Y
n_Y�£mY,jD^_Y,¨¥]¢[�b\¨kcO`a£mt�¯*v}¡TY�]_Y,nªhT£s^rlsbB¤Lj�hT]_qHY�n}Y�qÙ[O£mhB[2^rY�¡Bc2¦
¦#Y�£m£d[�b�[Ojx^_lmqOY�£sY,[�]rbTY�]�cO]¢¨kY�]¢n�^_¡TY+n_Yx^�c�e0[ÙqÙ[Olm£m[O�T£mYaYxw4±
[O`aZT£mY�ndlmb�^rY�]r`¬ndc�e*hk^rlm£sls^utO¯dy#^�^_¡BY�Y�b\¨+c�e
^r¡TY�£mY�[O]_bBlsbB¤
j�hT]rqOY�ok[�£m£J[�£m¤OcH]_ls^r¡T`¬n$nªY�YzYxwT[HjD^_£mt�^_¡TY0nr[�`aY�^r]r[OlmbTlmbT¤)Yxw4±

[O`aZT£mY�n�¯
v�c'`¬[�w4lm`almè�Y¥^_¡TY­¤H[Olsb\n�c�e�[Ojx^_lmqOY+£mY�[O]_bBlsbB¤Togls^¬lGn¬��Y�nª^
^rc©[Oj�Ç9hTlm]rY¥[§nªlmbT¤H£mY¬YxwT[�`aZB£sY�lmb�Y�[Hj¢¡�ls^_Y�]r[�^_lmcOb=¯ ��c2¦}±
Y�qOY�])^_c­`¬[�íOY�cHhT]�Y�w4Z�Y�]rlm`aY�b9^rn)j�cO`aZThT^r[2^rlmcObB[O£s£mt¹e®Y�[Hnªls±
�B£sYOo�¦#Y�j¢¡Bc9c9nªY�£m[O]_¤HY�]�nr[�`aZT£mY�n_lmè�Y�nde®cO]�^_¡TYL�Tlm¤O¤HY�]z¨T[�^r[
n_Yx^¢nx¯+ÈÉb©ZB[O]ª^rlGjxhT£G[�]�oF¦#YahBn_Y�¨©[�nr[�`aZT£mYan_lsè�Y�c�e}^u¦gc�e®cO]
^r¡TY�Ê�ãDÖGÓaÏ2ãDä�¨T[�^r[On_Yx^�oJ[ObB¨+^r¡T]rY�Y�e®cH]�Î�ã_Ñ¢ÏÙÐxÕ>Í�����ÐxË�äOÎ¢ÑrÏ�×��
Ò�Ö;ÏOÎ¢Ñ�Õ¾ÑxÐ���'ÙË���ÑxÌT[ObB¨©ÔxãrÑrÒ�Ö®Õ;Í0	�¯
v}¡BY¹ZB]_lm`¬[�]rt§[�lm`&c�e0[OjD^rlmqOY¥£mY,[�]rbTlmbT¤�lGn�^_c§]_Y,¨khBj�Y�^r¡TY
[O`acOhTb9^#c�e=^r]r[OlsbBlsbB¤�¨T[2^¢[�bTY�Y�¨kY,¨¬^rc�lmbB¨ThBjxY�[�b�[Hj�j�hT]r[�^_Y
`ack¨kY�£¾¯�vFc�Y�q2[�£mhB[�^_Y�^_¡TlGn�o�¦gY�ºB]rnª^
¨kYxºBbBY�^r¡TY�ÕßÏ2ã�	HÑ�Õ�Ñ�ãDã_Ë2ã
ãrÏ�ÕßÑa[On�^_¡BYL£mc2¦#Y�nª^�Y�]_]rcO]�^_¡B[�^ » W{UFô)����M�R©j�[Ob­[Hj¢¡TlmY�qOY
cHb³[«¤OlmqOY�b´¨T[2^¢[On_Yx^�o�[On¹¨kYx^rY�]r`alsbBY�¨²�4t²lV^¢n¥Y�]_]rcO]�]r[�^_Y
[ÙqHY�]r¤OY,¨àc2qHY�]0^_¡BY¬£G[Onª^��¹Z\cHlsb9^¢n)cOb§^r¡TY¬£mY�[O]_bTlmbT¤�jxhB]_qHY�¯
)§Ya^r¡TY�b']rY�j�cO]¢¨�^r¡TY¥n_`¬[�£m£mY�nª^�b4hT`L�\Y�]�c�edY�wk[O`aZT£mY�n�]rYx±
Ç9hTlm]rY�¨��4t�[�£mY�[O]_bTY�]$^_cL[Oj¢¡TlmY�qHY}^_¡TY�n_[O`aY�cO]g£mc2¦gY�]
Y�]r]_cH]�¯
)§Y�¨kY�ºBbTY�^_¡TY�ÒHÏ�ÕßÏ�âTÕ;ÖGÌ Ö��,ÏOÕ;Ö;Ë�×çãrÏ�Õ>Ö;ËÙo{[Ond^r¡TY�b4hT`L�\Y�]�c�e
Y�wT[�`aZT£mY�n$[Ob�[HjD^rlsqHY}£sY,[�]rbTY�]$]rY�Ç9hTlm]rY�n�^_c)]rY�[Hj¢¡�^r¡TYd^r[O]_¤HYx^
Y�]_]rcO]�]¢[2^_Yd¨klmq4lG¨kY�¨��9t�^_¡TY}b4hT`L�\Y�] » W{UFô)����M�R�]_Y,Ç9hTlm]_Y,nx¯
v}¡Blmn0`aY�^_]rlGj�]rY��\Y�jD^¢n)¡Tc2¦üYxê¬jxlmY�bH^r£mt�^_¡TY¥[HjD^rlsqHY�£mY,[�]rbTY�]
lGnzhBnªlmbT¤¬^_¡TYL¨T[2^¢[¥[�b\¨+lGnzn_ls`alm£G[�]g^_c¹[¬`aY,[On_hT]_Y)h\nªY,¨+�4t
yz�\Y�[ObB¨�ì�[�`als^¢nªhTí2[�Úu��ÛHÛO�9Ý¢¯
yzbTc�^r¡TY�]«`aYx^r]_lGj«e®cO]«Y�q2[�£mhB[�^_lmbT¤þ[�bù[HjD^_lmqHY�£mY,[�]rbTY�]©lGn
¡Bc2¦«`LhBj¢¡�ls^*ls`aZB]_c2qHY�n�[Oj�j�hT]¢[Ojxt�c2qOY�]
]r[ObB¨kcO`ün_[O`aZT£mlmbT¤
¤HlmqOY�b§[�ºTwkY,¨©[�`acOhBbH^�cOed£m[O�\Y�£mY�¨§¨T[2^¢[k¯�v}¡TY�]_Y�e®cO]rY�o�¦#Y
[O£GnªcçjxcO`aZBhk^_Y¹^_¡BY+Z\Y�]rj�Y�b9^r[O¤OY¹]_Y,¨khBjD^rlmcOb�lmb«Y�]r]_cH]Lc2qHY�]
» W{UFô)����M�Rà[ObB¨�]_Y�Z\cH]ª^z^_¡TYL[ÙqOY�]¢[�¤HY�c2qHY�]�[O£s£FZ\cHlsb9^¢ndcOb
^r¡TYL£sY,[�]rbTlmbT¤ajxhT]rqOYO¯�y�nz`aY�bH^rlmcObTY,¨+[���c2qOY�o\^_c2¦}[�]¢¨Tnd^r¡TY
Y�bB¨­c�e�^r¡TYa£mY�[O]_bTlmbT¤�jxhT]rqOYOoF[�£m£$`aYx^_¡Bc4¨Bn�¦dlm£m£�¡B[ÙqOY�nªY�Y�b
[O£m`acHnª^�[�£m£�^r¡TY�n_[O`aY¥YxwT[O`aZT£mY�n�¯ ��Y�bBjxYOo*^_¡BY�`¬[Olsb©lm`�±
Z\[OjD^�c�e*[Ojx^_lmqOY)£mY,[�]rbTlmbT¤�lmn�£sc2¦#Y�]dcHb�^_¡TY�£mY�[�]rbTlmbT¤ajxhB]_qHY�¯
v�c­j�[�Zk^rhT]rY¥^r¡TlGnxo*¦#Y�[O£mn_c�]rY�Z�cO]_^�^r¡TY�Z�Y�]¢jxY�b9^r[�¤HY¥Y�]_]rcO]
]rY�¨ThBjD^rlscHb¬[ÙqOY�]r[O¤OY�¨�c2qOY�]�cHbT£mt�^r¡TY0�Oò���c�e=Z�cOlmb9^rngcOba^r¡TY
£mY,[�]rbTlmbT¤�jxhB]_qHY�o)¦d¡TY�]rYç^_¡TY©£G[O]_¤HY�nª^�lm`aZT]rc2qOY�`aY�b9^rn¬[O]_Y
ZB]_ck¨khBj�Y�¨J¯²v}¡TlGnLlmn�n_lm`als£G[O]0^_c©[à`aY,[On_hT]rY¥]rY�Z�cO]_^_Y�¨��4t
iT[O[�]_±ÉvdnªY,j¢¡B[�bBn_í4tL[ObB¨�é*]rc2qOc9nu^0Ú>��òHòT�ÙÝ¢¯
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v}¡BY'¨T[2^¢[«hT^_lm£mlsè,[2^rlscHbæc�eL^_¡TY'¨TlV JY�]rY�b9^�[Ojx^_lmqOYç£mY�[O]_bTY�]rn
¦dls^r¡¥]rY�n_Z\Y,jD^�^rc » W{UFô)����M�R¹lmn#n_hT`a`¬[�]rlmè�Y�¨�lmb�v�[��T£mY��O¯
)§Y�ZT]rY�n_Y�b9^d^r¡TY�b4hT`L�\Y�]dc�e
YxwT[�`aZB£sY,n#]_Y,ÇHhBls]rY�¨¥e®cO]zY�[Oj¢¡
n_tknu^rY�` ^_c¥[Hj¢¡TlmY�qOY�^r¡TY)^r[O]_¤HYx^dY�]r]rcO]d]¢[2^_Y�[ObB¨Jo�lsb�ZB[O]_Y�bk±
^r¡TY�n_Y�n�oF^r¡TYa¨T[2^¢[¹hk^_lm£mlmè�[2^rlmcOb+]¢[2^_lmcB¯�v}¡TYan_`¬[�£m£mY�nª^zb4hT`�±
��Y�]$cOe\YxwT[O`aZT£mY�n=bBY�Y�¨TY�¨�e®cO]$Y�[Hj¢¡�¨T[2^¢[On_Yx^$lGn�ZB]_Y,nªY�bH^rY�¨�lsb
��cO£G¨0e®cHb9^�¯�ñ�b�cObTY#¨T[2^¢[On_Yx^�oTÌ ä2Ó�Ê$#9o » KBRJEmCF@T¼_·L@\KJ�=¸{UkRJ@
]rY�Ç9hTlm]rY�nd[Le®Y�¦Þ`acH]_Y)Y�wT[�`aZT£mY�ng^r¡B[�b » W{UFô)����M�RF¯dv}¡TlGn
lGn=[Ob�[�bTcH`¬[�£mcOh\n�¨B[2^r[HnªY�^F¦d¡TY�]_Y*bBcObTY*cOe4^_¡TY#[OjD^rlmqOY$£mY�[�]rbk±
Y�]rn�ZT]_c2q4lG¨kY)[a��Y�bTY�ºT^�¯�ñ�b+[O£s£Fc�^_¡BY�]z¨T[�^r[HnªY�^rn�o » K\RJEmCF@k¼
·L@\KJ�F¸{UkRJ@�ZT]_ck¨kh\jxY�n+n_hT�Bnª^r[Ob9^_lG[�£0lm`aZT]rc2qOY�`aY�b9^rn¬c2qHY�]
» W{UFô)����M�R¬lmbL^_Y�]_`¬n$cOe{¨B[2^r[0hT^_lm£mlsè,[2^rlscHb{¯FµThB]ª^r¡TY�]r`acO]rY�o
» KBRJEmCF@T¼_·L@\KJ�=¸{UkRJ@�cHhk^_Z�Y�]_e®cO]r`¬n{��c�^r¡�^_¡BY�c�^r¡TY�]$[Ojx^_lmqOY
£mY,[�]rbTY�]¢n�cObæ��ò�cOeg^r¡TY�¨B[2^r[HnªY�^rn�¯+ñ�bN'2Ë%��Ñ�Ì o � °}[�¤�¦}[On
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�������'*&(� 67�������98:�;�(& .10���23�4��'5� <1=���> <1=+�4��'5� .?,(����@A&-
B&-,(��$�����& 6C��$�>�&(�EDF$*$���$�GIH/J
=�$�&���'5�*KL� MAN�O P�MAQ:G5P�R S�SAJ TAQUGLS:R N�VAJ V�N:GLSUR T�T4J WYX[Z*\[]_^�`ba T�R�P�c
'*��d�=+&-��� MUP�Q TAe�SUG5P�R S�SAJ N�T�O�GLS:R Q�NAJ N4P�OUGLSUR TAMAJ fU^YX[Z*\[]_^+gYa V:R S�S
'5����������> N�T�c e�eUG5P�R S�SAJ e�NUGLS:R O�c4J MUP�GLSUR M�OAJ ^�ghZ*\[]_WhfUa P-OUR M�c
�"$��;' P�c�Q OAV:G5P�R S�SAJ c�NUGLS:R c�c4J V�V:GLSUR V�OAJ W�\7Z*\[]_WhfUa MUR SAV
�;��=+��$ Q4P T4Q:G5P�R S�SAJ N�M�GLS:R Q�e4J P�OUGLSUR T4N�J f:i[Z*\[]_W�W�a P-cUR cAV
#Y&���$*�*KI# N�M�Q P�P-T�G5P�R S�SAJ ^�X[Z*\[]_^Yi+a T4V:GLSUR T�P�J c�O�GLSUR c�T:J N�SUR SAQ
#Y&-)Y�����"����' P-T�S TAOUG5P�R S�SAJ c�S�GLS:R M:P�J TAcUGLSUR e�eAJ ^YW[Z*\[]�`hgYa P-MUR e�e
)�$���jk��$*d c�S�Q N�V�T�G5P�R S�SAJ P-T�M�GLS:R Q�c4J N4P�MUGLSUR V�OAJ fUW�\7Z*\[]�`hgYa Q�eUR O�e
@A����&-� eUP-S eAQ�N:G5P�R S�SAJ K M�c�MUGLSUR V�Q�J `7fA`CZ*\[]�`bX�a Q:R e�O
'*���Y��$ P�e�V P�Q4PAG5P�R S�S P�e�M�G5P�R N�c4J P-cUP�GLSUR eAV�J XYX[Z*\[]_l�l�a P-eUR N�Q
0��;��=+&m��&-' M�O:P P�N�SUG5P�R S�SAJ ihf+Z*\[]�`+^+a V�Q:GLSUR MAN�J O�c�GLSUR V�e4J N�V:R T4Q
#Y&���$*�*KI, N�V�c TAMUG5P�R S�SAJ Q�M�G5P�R N�NAJ T�P�GLSUR e�OAJ WYl[Z*\[]ngYo�a N4P�R Q�Q
>��;��'*' P�O�c P�Q�eUG5P�R S�SAJ P�c�e�GLS:R e�VAJ f:\+X[Z5\[]_l�X+a P�N�e�GLSUR e:P�J N�cUR OAN
,($�&�0U���*KI> O�S�S c�O�MUG5P�R S�SAJ f:X�^[Z*\[]�`+o+a N�N�eUGLSUR Q�eAJ c�M�c�GLSUR O�NAJ N�V:R N�c
�"d�j/)�# P�c�c `+\[Z(f�];\�\ba V�S�G5P�R V�QAJ Q:P�G5P�R N�V�J T�TYG5P�R�P-S4J P-eUR e�S
prqAs1q*t uwvnxYy P c P f:\

�������n�BzU��{C&m$�,-&-�4�?&($*$���$!$�&�0U�Y,(�������%��@�&($?.10���23�4��'5�

�������'*&(� <1=���> <1=+�4��'5� .?,(����@A&-
B&-,(��$�����&
=�$�&���'5�*KI� cUR O�c M:R TAO Xh]_X�`
'*��dU=+&���� eUR S�T P�M:R eUP ^�lh]_o�^
'5����������> T�R O:P c:R T4N lh]_l�i
��$���' P�eUR M�V M:R Q�S ^�`7]_i�o
�_��=+��$ K|SUR e�T e:R OAQ WY\[]�`bX
#Y&���$*�*K|# Xh]_oU` M:R e�e MUR Q:P
#Y&-)Y�����"����' K�P�R c:P P�R M�T lh]_^+g
)�$���jk��$*d Q:R�P-S P�R�P�S ih]_l�l
@A����&-� K|MUR N�O N�S:R N:P W�^h]_l+g
'*������$ SUR�P-O c:R S�T fU^h]�`bi
0��;��=+&(��&(' oh]_iYX N4R M�S MUR�P�Q
#Y&���$*�*K|, N:R V�V ib]_X�o P�R M�S
>��;��'*' K|SUR e�M Q4R e�c gb]_^Y\
,($�&�0��"�*KI> lh]}f:^ N4R M�S P�R�P�c
��dUj/)�# K~Q:R Q�e \h]_i�X K�P�R e�e
���*��x cUR Q�Q M:R�P�e f�f�]ngYi
prq4sEq*t uwv�x�y c N f:\

hBbB[��T£mY�^rcà[Oj¢¡TlmY�qOYL^_¡TY¥^r[O]_¤HYx^�Y�]r]rcO]�]¢[2^rY�¯­ñ�b'[ÙqOY�]r[O¤OY�o
» KBRJEmCF@T¼_·L@\KJ�=¸{UkRJ@´]rY�Ç9hTlm]rY�na¡\[�£se�[On�`¬[�b4t«Y�wT[�`aZT£mY�n
[Hn » W{UFô)����M�R«^_c­[Hj¢¡TlmY�qHYa^_¡TY�^r[O]_¤HYx^�Y�]_]rcO]�¯§Èß^LlGn�lm`�±
Z�cO]_^r[Ob9^¥^_c�bTcO^_Y­^_¡B[�^ » W{UFô)����M�RÞlV^¢nªY�£se)[Hj¢¡TlmY�qHY�na^r¡TY
^¢[�]r¤OY�^}Y�]_]rcO]d¦dls^r¡�e;[O]de®Y�¦#Y�]dY�wT[�`aZT£mY�ng^r¡B[�b�[Ùq2[�lm£G[��B£sYzlsb
^r¡TY�e®hT£m£T^_]¢[�lmbTlmbT¤�n_Yx^�oT[On�n_Y�Y�b¬�4tajxcO`aZ\[�]rlsbB¤�^rc�^r¡TY�^rc�^r[O£
¨B[2^r[HnªY�^�n_lmè�Y�n�¯ �zY�bBj�Y�oOlm`aZT]rc2q4lsbB¤gcHb�^_¡BY#¨T[�^r[zhk^_lm£mlmè�[2^rlmcOb
cOe » W{UFô)����M�R�lGnd[�e;[Olm]_£mta¨klsê¬jxhT£s^#^r[On_í�¯
ñ�hB]a]_Y,nªhT£s^¢n�cHbæ[ÙqOY�]¢[�¤HY¥Y�]_]rcO]�]rY�¨khBjx^_lmcOb\nL[O]_Y+n_hT`a`¬[2±
]rlmè�Y,¨àlmb©v�[O�T£mY¬�4¯�µBcO]�Y,[Oj¢¡©¨T[2^¢[On_Yx^�oF^_¡BY¬¡Tlm¤O¡TY,nu^)Y�]_]rcO]
]rY�¨ThBjD^rlscHb¥lGn}ZT]rY�n_Y�b9^_Y,¨¥lmb¹�\cH£G¨¬e®cHbH^�¯-)§Y)cO�Bn_Y�]rqOY,¨a^_¡\[2^
cHb©[�£m`acHnª^0[O£m£*¨T[2^¢[On_Yx^rn�o » KBRJEmCF@T¼_·L@\KJ�=¸{UkRJ@©ZT]rck¨khBj�Y�n
n_hT�Bnª^r[Ob9^_lG[�£{]rY�¨kh\jD^_lmcHbBn}lmb¹Y�]_]rcO]}c2qHY�] » W{UFô)����MxR�¯}µThT]_±
^r¡TY�]r`acO]rY�o�cOb²��ò¹c�e#^_¡BY¬¨T[2^¢[On_Yx^rn�o » KBRJEmCF@T¼_·L@\KJ�=¸{UkRJ@
ZB]_ck¨khBj�Y�nà¡Tlm¤O¡TY�]�]_Y,¨khBjx^_lmcObBn�lsb�Y�]_]rcO]+^r¡B[�b�^_¡TY«c�^_¡BY�]
[HjD^rlsqHYx±ß£mY�[�]rbTlmbT¤L`aYx^r¡Tck¨Tnx¯�v}¡BY�]rY�n_hT£s^rnzcOb�^r¡TYL^_cHZç��ò��

�����������4��67��)�N�SAH�)+&($�,-&-�4�!&($*$���$!$�&�0���,(������� ��@A&($?.E0Y��23�4��'5�

�������'*&(� <1=���> <1=+�4��'5� .E,(����@A&-
1&-,-��$�����&
=�$�&���'5�*KI� c�SUR S�e N�MUR Q�Q W�gb]ng�\
'*��dU=+&���� N�eUR N�O cAN:R Q�e `+lh]}fUl
'5����������> P(T�R cAN P�cUR c:P f:Xh]}fUW
��$���' `�`7]_^�^ N�SUR V�M TAc:R V�S
�_��=+��$ N�N:R cUP c�MUR V�T `+oh]_X�^
#Y&���$*�*K|# fUoh]_Whf P�MUR N�T P�Q4R SAN
#Y&-)Y�����"����' P-MUR V�V P�MUR S�V ^Yih]_o�`
)�$���jk��$*d eUR cAV cUR O�V f4\[]�`b^
@A����&-� P-MUR MAQ TAcUR Q4P g�^h];\+l
'*������$ P-cUR M�c P�MUR V�N ^Yih]_iY\
0��;��=+&(��&(' fUWh]_o�` OUR N�Q P�P�R V�c
#Y&���$*�*K|, P�N:R e�S fUlh]_W�i P�c:R O�S
>��;��'*' P-SUR T4V P-T�R S�c f:oh]_^�l
,($�&�0��"�*KI> f:\[]_oY\ V:R V�Q Q4R e�M
��dUj/)�# eUR cAQ fUoh]�`bo P-TUR�P�c
���*��x P�V:R OAQ P�OUR T�O ^�gb]_^�^
prq4sEq*t uwv�x�y T N X

Y�]_]rcO]}]rY�¨kh\jD^_lmcHb¥Yxwk¡Tlm�Tls^#^_¡TY�nr[�`aY�^r]_Y�bB¨Tn)Ú;n_Y�Y�v�[��B£sY0óHÝD¯
y�n�¨Tlmnrjxh\n_n_Y�¨æ[O�\c2qHY�o}^_¡TlGn¥`aYx^_]rlGj�¤OlmqOY,n¬['��Yx^_^_Y�]�lmbB¨kls±
j�[2^rlscHb�cOe�^r¡TY+`¬[�¤HbTls^_hB¨kY¹c�e�Y�]r]_cH]�]_Y,¨khBjD^rlmcOb'^r¡B[2^¥j�[�b
��Y+YxwkZ�Y�jx^_Y�¨�¦d¡TY�]_Y�[Ojx^_lmqOY¹£mY�[O]_bTlmbT¤à¡B[OnL^r¡TY+`acHnª^Llm`�±
Z\[OjD^�¯0X�Y�Z�Y�b\¨klmbT¤¥cHb+^_¡TY�¨T[�^r[On_Yx^�o » KBRJEmCF@T¼_·L@\KJ�=¸{UkRJ@
ZB]_ck¨khBj�Y�n¬[§¦dlG¨kY+]¢[�bB¤OY�c�e)lm`aZT]rc2qOY�`aY�b9^rn�o
e®]_cH`
`ack¨4±
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[�bB¨�`¬[�]r¤OlmbBn
[Hj¢¡TlmY�qHY�^r¡TY+^¢[�]r¤OYx^¬Y�]_]rcO]¥]r[�^_Y+¦dls^_¡´j�cO`aZB[O]r[O�T£mY¥b4hT`�±
��Y�]�c�e
YxwT[O`aZT£mY�n�o4�Bhk^z^r¡TY�Y�]r]rcO]d]rY�¨khBjx^_lmcOb�ZT]rck¨khBj�Y�¨¹�4t
`¬[O]_¤HlmbBn}lGnz¡Tlm¤H¡TY�]�¯�µ�lm¤OhT]rY��¥jx£mY�[O]_£mt¥¨kY�`acObBnª^_]¢[2^rY�n�^_¡TlGn
ZB¡TY�bTcH`aY�bTcHb{¯



�����������:�?�3��j/)���$�����> j/&-��'*��$�&(' �%@E���������"�~d�� 
������ ���������������������
����0%H &($*$���$!$�&�0U�Y,(�������%�!�"��#%$�&-'*)+&-,(�!���/.E0Y��23�4��'5��R


��������?�����;������������� H
DF$*$���$��?&�0���,(�������

�������'*&(� � ��$�>���� 	:8 
B��@bR � ��$�>���� 	:8 
B��@+R
=�$�&���'5�*KI� W�X[Z*\h]_^�`ha T4Q:GLSUR N�V�J Xh]_X�` OUR M�V
'*��dU=+&���� fU^�X[Z*\h]_^+g�a c�M�SUGLSUR V�Q�J ^Ylh]_o�^ Q:R e�T
'5����������> ^+ghZ*\h]_Whf�a V�MUGLSUR e�MAJ lh]_l�i MUR�P(T
��$���' WY\7Z*\h]_Whf�a TASUGLSUR T�P�J ^U`7]_i�o N�N4R S�Q
�_��=+��$ P�QUGLS:R c�c4J f:\[Z*\[]_^�^+a W�\[]�`bX N�V4R;P-c
#Y&���$*�*K|# c�O�GLS:R c�T:J W�ohZ*\[]_W�W+a lh]_ihf Q:R c�S
#Y&-)Y�����"����' N�c�GLS:R TAVAJ fUXhZ*\[]_W�X+a lh]_^+g N:R T�S
)�$���jk��$*d fUWY\7Z*\h]�`hg�a P�V�SUGLSUR MAN�J ih]_l�l T�R M�Q
@A����&-� `7f4`CZ*\h]�`bX+a TAM�eUGLSUR Q�Q�J WY^h]_l+g c�S:R;P-S
'*������$ O�O�GLS:R M�M4J X�`7Z*\[]_l�^+a P�N4R T4Q fU^h]_i�\
0��;��=+&(��&(' O�c�GLS:R V�e4J o�`7Z*\[]ng�\ba lh]}fUi Q:R M�e
#Y&���$*�*K|, c�M�GLS:R V�e4J ^�ohZ*\[]_lhf�a P�R M�S ^h]_oYi
>��;��'*' fU^�o[Z*\h]_ohf�a P-TASUGLSUR e�OAJ gb]_^Y\ P�R V�V
,($�&�0��"�*KI> c�M�c�GLS:R OANAJ ^+g�\[Z*\[]_l�o+a f�]}fUW P�R S�N
���*��x \h]_ihf SUR Q�M f:^h]ngY^ OUR V�O
 uwv�x�y V V fU^ N

60

65

70

75

80

85

90

95

100

0 20 40 60 80 100 120 140

A
cc

ur
ac

y

Number of training examples

Margins
JS Divergence

AdaBoost

��� � �
	m�Bz:�?�3��j/)Y��$����Y>�j/&-��'*��$�&(' �&@h�����������|d���	:8�
B��@A&m$�>�&-��,-& @:'� ��$�>�����'BA����w��#Y&��I$��;'?0�������'*&m��R

ýzc�^rY}^_¡B[�^*¦d¡Tlm£sY » K\RJEmCF@k¼_·L@\KJ�F¸{UkRJ@�hBnªlmbT¤0Y�lV^r¡TY�]
`aY,[2±
n_hT]rY�c�e}hk^_lm£mls^ut�n_hT�Bnª^r[Ob9^_lG[�£m£mt�cHhk^_Z�Y�]_e®cO]r`¬n » W{U�ô0����MxR�o
lmbÞ¤OY�bTY�]¢[�£0hBn_lmbT¤«`¬[O]_¤HlmbBn¬ZT]rck¨khBj�Y�n¹¤O]rY�[�^_Y�]�lm`aZT]rc2qOY�±
`aY�b9^rn�¯#pzn_lmbT¤�^_¡BYQ� i«¨TlsqHY�]r¤OY�bBjxY�`aY�[HnªhT]rY�^_Y�bB¨Tnd^rc¥n_Yx±
£mY,jD^=YxwT[O`aZT£mY�n�^_¡\[2^F¦#cOhT£G¨�]_Y,¨khBj�Y
^_¡TY�hTbBjxY�]ª^¢[�lmbTls^ut�cOe9^r¡TY
ZB]_Y,¨klGjD^_Y,¨�j�£G[Onrng`aY�`���Y�]¢n_¡TlmZ¬ZT]rcO�B[O�Tlm£sls^rlsY,nxo9¦d¡TlGj¢¡�¡BY�£mZBn
^rc�lm`aZT]rc2qOYgj�£G[Onrnªlsº\j�[2^_lmcHb�[Oj�jxhT]¢[Oj�t�¯
ñ�bL^r¡TYzcO^_¡TY�]*¡B[�b\¨Jo
h\nªlmbT¤'`¬[O]_¤HlmbBnLe®ckjxhBn_Y�n�`acO]rYà¨klm]rY�jD^r£mt�cOb¶¨kYx^rY�]r`alsbBlsbB¤
^r¡TY�¨kY�j�lmn_lmcOb���cOhTbB¨B[�]rt�¯)v}¡TlGnz`¬[Ùt¹[Oj�j�cOhTb9^�e®cO]�lV^¢nz��Yx^_±
^rY�]0Z�Y�]_e®cO]r`¬[�bBj�Y�¯)µTcO]0`¬[Oí9lmbT¤¬j�cHnª^ª±ÉnªY�bBn_lV^rlmqOY�¨kY,jxlGnªlmcHbBnxo
ls^zlGnzqOY�]rt¹hBnªY�e®hT£�^_c¥¡\[ÙqOY�[Hj�jxhB]r[�^_Y�j�£m[Hn_n�ZT]_cH�B[��Bls£mls^utaY�nª±
^rlm`¬[2^_Y,n�Ú>ik[H[�]_±ßvdn_Y�j¢¡B[ObBn_í9t+ë é*]rc2qOc9nu^�o���òOòB�,ÝD¯¬ÈÉb§n_hBj¢¡
j�[On_Y�n�o*¦gY�jxcHb ,uY�jx^_hT]rY�^_¡B[�^�h\nªlmbT¤ � i�¨klmqOY�]_¤HY�bBj�Y¬jxcOhB£m¨
��Y�[L`acO]rY�Y� �Y,jD^rlsqHY)[�ZTZT]rcH[Hj¢¡{¯

����������
��?�3��j/)���$�����>�&-��'*&-j�=��;&B0���@A&($�'*�"�~d���� ���UK|����'*'?$�&-,(��$�0�'-R
�1��j�=+&($ �&@F6[$����;�����Y>kD��Y��j/)Y��&-'
P�S P�Q N�S N�Q c�S


B&-,-��$�����&�@:'?2���>�>����Y> P(T�K�P P(T�K�P P(T�K�P P�c�K~N P�c�K~N

B&-,-��$�����&�@:'?.10Y��23�4��'5� P�Q�K|S P(T�K�P P(T�K�P P-T�K�P P-T�K�P

� ���{����� ��143���8>1��¹<®:�19/ �,< 1¢�
°#t©Y�w4ZB£scHls^_lmbT¤�[�]_^_lsº\j�lG[�£�Y�wT[�`aZT£mY�n�o$^_¡TY+·L@\KJ�=¸{UkRJ@²[�£s±
¤HcO]rls^_¡T`üe®cO]¢jxY,ng^_¡TY�j�cObBnª^_]rhBjD^rlmcOb¬cOe�[+Ò2Ö('2Ñxã¢Ð�Ñ�nªY�^dc�e�¡4t9±
Z�c�^r¡TY�n_Y�n¬^_¡B[�^�[�]rY�jxcHbBn_lmnª^_Y�b9^�¦dls^r¡²^_¡TY+^r]r[OlmbTlmbT¤©¨T[2^¢[k¯
)§Y¬��Y�£mlmY�qHY�^r¡B[2^)^r¡TlGn0Y�bBn_Y�`L�T£mYL¨TlsqHY�]¢nªls^ut�lGn�^_¡TY¥íOY�t�^_c
^r¡TY0nªhBj�jxY,n_ngc�e » KBRJEmCF@T¼_·L@\KJ�=¸{UkRJ@J¯ )§Y�]¢[�b�[O¨T¨kls^rlscHbB[�£
Y�wkZ\Y�]_lm`aY�b9^¢n�^_c�qHY�]rlVe®t�^_¡B[�^�·L@\KJ�=¸{UkRJ@�¨kc4Y,n=lmbB¨kY�Y�¨�ZT]rc�±
¨ThBjxY�`acO]rY�¨klmqOY�]¢n_Y�jxcO`a`als^_^_Y�Y,ng^_¡B[Obà°}[�¤O¤HlmbT¤�cO] » W{U{¼
ô)����M�R�¯}y�n�lmb©Ú;ì+Y�£mq9lm£m£mY�ë ì+c4cObBY�t�oJ��òOòOÜ9ÝDoB¦gY)h\nªY)^r¡TY
¨Tlmnr[�¤H]_Y�Y�`aY�bH^Lc�e)Y�b\nªY�`��T£mY�`aY�`L��Y�]¢n�¦dlV^r¡�^_¡TY�Y�bBn_Y�`�±
�B£sY v n0ZB]_Y,¨klGjD^_lmcHb­[On�[�`aY�[On_hT]rY�c�ed¨klmqOY�]¢n_lV^utO¯¬ì+cO]rYaZT]rYx±
j�lGnªY�£stOo
lVe I � Úo_\Ý�lGn�^r¡TY¹ZT]_Y,¨klGjD^rlscHb'c�ez^_¡TYQe¾±>^r¡«j�£m[Hn_n_lsºBY�]
e®cH]�^r¡TY0£G[���Y�£�c�eO_`� IKJ Úo_\ÝglGn*^r¡TY�ZB]_Y,¨klGjD^_lmcHbLcOe=^_¡BY�Y�b9^_lm]_Y
Y�bBn_Y�`L�T£mY�o*^r¡TY�b�^_¡BY�¨klmqOY�]¢n_lV^ut§cOez^_¡BY e¾±>^r¡�j�£m[Hn_n_lsºBY�]�cOb
Y�wT[�`aZT£mY$_�lGn}¤HlsqHY�b��9t��

[ � Úo_\Ý L�� ò �¹lse I � Ú0_�Ý LsIKJ Úo_\Ý

- � �Tc�^r¡TY�]r¦dlGnªY

)´¡BY�]rY - �#lGn�^r¡TY�qHc�^rY�¦#Y�lm¤O¡9^�cOe*^_¡BY�e¾±¾^_¡­j�£G[OnrnªlsºBY�]�¯�v�c
j�cO`aZThT^_Y�^_¡BY¬¨klmqOY�]¢n_lV^ut+cOe}[Ob§Y�bBn_Y�`L�T£mY�c�ednªlmè�Y D$o$cOb©[
n_Yx^�cOe�Y�wk[O`aZT£mY�ngc�e
nªlmè�Y F oB¦#Y0[ÙqHY�]¢[�¤HYd^_¡TY�[O�\c2qHY�^_Y�]r`��
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v}¡BlmnF`aY�[HnªhT]rY*Y,nu^rls`¬[�^_Y,nJ^_¡TYgZT]rcO�B[O�Tlm£sls^utd^r¡B[2^$[zj�£m[Hn_n_lsºBY�]
lmb¬[Ob¬Y�bBn_Y�`L�T£mY}¦dlm£s£\¨klGn_[O¤O]rY�Y}¦dls^_¡�^_¡BY�ZT]rY�¨Tlmjx^_lmcObLc�e{^r¡TY
Y�bBn_Y�`L�T£mY�[Ond[L¦d¡TcH£mY�¯
v}¡BY�¨klmqOY�]¢n_lV^ut�cOe�Y�[Hj¢¡�Y�bBn_Y�`L�T£mYz`aY�^_¡Tck¨¹¦#[Hn#Y�q2[�£mhB[�^_Y�¨
h\nªlmbT¤«��ò2±¾e®cO£G¨©j�]_c9n_nª±¾q2[O£slG¨T[�^_lmcOb­cOb�[�£m£z�B�à¨T[�^r[HnªY�^rn�¯©v�c
^rY�nª^+Z\Y�]ªe®cH]_`¬[ObBjxY�cHb¶q2[O]_t4lmbT¤�[O`acOhTb9^rn�c�eL¨T[2^¢[ko0Y�[Oj¢¡
n_tknu^rY�`�¦#[HngY�q2[�£mhB[2^rY�¨�cOb�^_¡TY0^rY�nª^_lmbT¤a¨T[�^r[koB[�eG^_Y�]d^_]¢[�lmbk±
lmbT¤«cOb´lmbBj�]_Y,[On_lmbT¤'nªhB�BnªY�^rn�c�e�^r¡TY­^_]¢[�lmbTlmbT¤'¨T[�^r[k¯ )§Y
e®ckj�hBnªY,¨§cOb§Z�cOlmb9^rn)Y,[�]r£st+cHb§^_¡TY¥£sY,[�]rbTlmbT¤�j�hT]rqOY�o$¦d¡TY�]_Y
¦#YdYxwkZ�Y�jx^g[Ojx^_lmqOY}£mY�[O]_bTlmbT¤�^_c��\Y�`ac9nu^*Y� �Y,jD^rlsqHY�¯$v}¡TY�]rYx±
n_hT£s^rn)Ú>v�[O�T£mYK�OÝ}[�]rY)nªhB`a`¬[�]rlsè�Y�¨�lmb�^_Y�]r`¬n}c�e
n_ls¤HbTlsº\j�[Ob9^
¦dlmb��2£mcHnrnd]_Y,jxcH]r¨Tn
�=¦d¡TY�]_Y�[¥¦dlmb­cO]�£sc9n_n�lGnzcHbT£mt+jxcOhBbH^rY�¨
lse�^r¡TY�¨kls �Y�]_Y�bBjxY¹lmb¶Ò2Ö('2Ñxã¢ÐDÖ®Õ>ä´Ú®bTcO^¬[Oj�j�hT]¢[OjxtTÝ0lGn�¨kY�^_Y�]_±
`almbTY,¨­^_cà��Y�n_lm¤ObTlsº\j�[�b9^�[2^�^_¡TY¹òk¯ òt��£mY�qHY�£*�4t§[�ZB[Olm]_Y,¨
V¾±¾^_Y,nu^�¯}v}¡BY�n_Y)]_Y,nªhT£s^¢ndjxcObTºB]_` ^_¡B[�^zlmb�`acHnª^dj�[On_Y�n�·L@\KB¼
�F¸{UkRJ@�¨Tc9Y,n#lsb\¨kY�Y,¨¬ZT]rck¨khBjxY0n_ls¤HbTlsº\j�[Ob9^_£mt�`acH]_Yz¨TlsqHY�]¢nªY
Y�bBn_Y�`L�T£mY�n�^_¡B[Ob�°}[O¤O¤OlmbT¤�cO] » W{UFô)����MxR�¯
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yz£m£O^r¡TY#[HjD^rlsqHY*£mY�[O]_bTlmbT¤d`aY�^_¡Tck¨TnF^_¡\[2^$¦gYg¡B[ÙqOY�¨TY�nrjx]rls��Y�¨
h\nªYçjxcO`a`als^_^_Y�Y,n�^_c«¨TYx^_Y�]_`almbTY+¦d¡Blmj¢¡²Y�wk[O`aZT£mY�nL^rc«n_Yx±
£mY,jD^�¯�°#hk^)lmb­[H¨T¨kls^_lmcHb�^_c¹hBnªlmbT¤¹jxcH`a`alV^_^_Y�Y�nde®cH]�nr[�`aZB£sY
n_Y�£mY,jD^_lmcHb{oF^r¡TY�n_Y¥`aY�^_¡Tck¨Tn�[�£Gnªc�hBn_Y¬^r¡TY�j�cO`a`als^ª^rY�Y,n�e®cO]
ZB]_Y,¨klGjD^_lmcHb{¯�i4c§¦#Y�[O]_Yç×�ËOÕ�Y�q2[�£mhB[2^rlmbT¤�¦d¡TlGj¢¡�`aYx^_¡Bc4¨
n_Y�£mY,jD^rn*^_¡TY��\Y,nu^}Ç9hTY�]rlmY�n$e®cH]�^r¡TYLÎ¢ÏÙÐ�Ñ0ÌsÑrÏ�ãD×�Ñ�ã¢ok�Thk^g¦d¡Blmj¢¡
j�cO`L�TlmbB[2^rlmcOb�cOe{nr[�`aZB£sYdn_Y�£mY�jx^_lmcOb�[�b\¨�Y�bBn_Y�`L�T£mY}`aYx^_¡Bc4¨
¦#cO]ríknJ^_¡BY���Y�nª^�¯�v}¡BY*e;[Ojx^=^_¡\[2^ » KBRJEmCF@T¼_·L@\KJ�=¸{UkRJ@)Z�Y�]_±
e®cH]_`¬n��\Y�^ª^rY�]�`¬[Ùt6,uh\nu^��\Y¥^_Y,nu^¢[�`aY�b9^�^_c�^r¡TY�e;[OjD^L^_¡\[2^
·L@\KJ�F¸{UkRJ@'Z�Y�]_e®cO]r`¬n)�\Y�^ª^rY�]L^_¡B[Ob » W{UFô)����MxR�¯���c2¦}±
Y�qOY�]�o)¦#Y'jx£G[�lm` ^_¡B[�^àbTcO^�cObT£mt³¨kc4Y,n�·�@�K��F¸{UkRJ@�ZT]rc�±
¨ThBjxY§[Oj�jxhT]¢[2^rYàjxcH`a`alV^_^_Y�Y�n�o}�Bhk^�^r¡TY§jxcO`a`als^_^_Y�Y,n�ZT]rc�±
¨ThBjxY,¨­[O]_YL[�£Gnªc�`acO]rY�Yx JY�jx^_lmqOYLlmbànr[�`aZT£mY�n_Y�£mY�jx^_lmcOb=¯)v�c
qHY�]rlse®t«^r¡TlGnxo)¦#Y­lm`aZT£mY�`aY�b9^_Y,¨æ[�b�[�£s^_Y�]_bB[�^_Y­qOY�]¢n_lscHb´c�e
» KBRJEmCF@T¼_·L@\KJ�=¸{UkRJ@Jod¦d¡TY�]_Y�[�^¬Y�[Oj¢¡�ls^_Y�]r[�^_lmcOb�[©j�cO`�±
`als^_^_Y�Y�j�cObBnª^_]rhBjx^_Y�¨��4t²°#[O¤O¤HlsbB¤­lGn�hBn_Y�¨�^rc�nªY�£mY�jD^a^r¡TY
Y�wT[�`aZT£mY�n�¤OlmqOY�b§^_c'·L@\KJ�=¸{UkRJ@J¯�ÈÉb'^r¡TlGn�¦}[Ùt�og¦gY�nªY�Zk±
[O]r[�^_Y�^r¡TY�Y�q2[O£sh\[2^_lmcHb�c�e0^r¡TY�`aYx^r¡Tck¨�hBnªY,¨�e®cO]¥nr[�`aZB£sY
n_Y�£mY,jD^_lmcHb+e®]_cH`Ø^_¡BYL`aY�^_¡Tck¨­hBn_Y�¨àe®cO])ZT]rY�¨klGjx^_lmcOb{¯�i4lm`alV±
£G[O]_£mt�o,¦gYglm`aZT£mY�`aY�b9^rY�¨�[�qOY�]rn_lmcOb0c�e » KBRJEmCF@T¼_·L@\KJ�=¸{UkRJ@
h\nªlmbT¤ » W{U�ô0����MxR�^rc�Z\Y�]ªe®cH]_` ^_¡TY�nr[�`aZT£mY�nªY�£sY,jD^rlscHb{¯
)§Y�j�cO`aZB[O]_Y,¨�^r¡TY
^_¡B]_Y�Y*`aYx^r¡Tck¨Tn{c�eTnr[�`aZT£mY$nªY�£mY�jD^rlmcOb�e®cO]
·L@\KJ�F¸{UkRJ@�cHb�^r¡T]rY�Y}c�e\^_¡TYd¨T[�^r[On_Yx^¢n�cObL¦d¡TlGj¢¡ » K\RJEmCF@k¼
·L@\KJ�F¸{UkRJ@²Yxwk¡Tlm�Tls^_Y,¨«¤Hc4c4¨«Z�Y�]_e®cO]r`¬[�bBj�Y�¯ )§Y�¤OY�bTY�]_±
[�^_Y,¨¶£mY,[�]rbTlmbT¤«j�hT]_qHY�n+[Hn�lsb�¨kY,n_j�]_lm��Y�¨¶lsb�n_Y�jD^rlmcObÞÜT¯m��¯
�zc2¦gY�qOY�]�oT¦#Y�¨klG¨¹bTc�^�]_hTb¹^r¡TY�£mY�[O]_bTlmbT¤�jxhB]_qHY0^_]rlm[O£GnghBbk±
^rlm£J[O£m£\^r¡TY)[Ùq2[�lm£G[��T£mY#^_]¢[�lmbTlmbT¤�¨B[2^r[�¦}[On#Yxwk¡B[OhBnu^rY�¨JoTn_lmbBjxY
^r¡TY�[Ojx^_lmqOY¹£mY�[O]_bTlmbT¤­`aYx^r¡Tck¨Tn�bTY�Y,¨«e®Y�¦#Y�]aYxwT[O`aZT£mY�n�^_c
[Hj¢¡TlmY�qHY�^_¡BY0^r[�]r¤OY�^dY�]r]_cH]#]¢[2^rY�n�¯
v}¡BY�Y�]_]rcO]�]_Y,¨khBjD^rlmcObBn�c2qOY�] » W{U�ô0����MxR�e®cH]�^r¡TY¹¨TlV JY�]_±
Y�b9^$nr[�`aZT£mY�n_Y�£mY,jD^_lmcHb)`aYx^_¡Bc4¨Bn�lGn�ZT]rY�n_Y�b9^_Y,¨�[�]rYgv�[��B£sY j ¯ #
v}¡BY}^r[��B£sY}[�£Gn_c�lmbBj�£mhB¨kY�nF^_¡BYd`¬[2wklm`�hT`Þ^r]r[OlsbBlsbB¤�n_Yx^*nªlmè�Y�o
¦d¡Blmj¢¡æj�cO]r]_Y,nªZ�cObB¨BnL^_c§^_¡BY�£G[Onª^¬Z\cHlsb9^¬cHb«^r¡TY�£mY�[O]_bBlsbB¤
j�hT]rqOY�¯
v}¡TY�]_Y,nªhB£V^¢ngn_¡Tc2¦²^r¡B[2^�o4cHb¬^r¡TY�n_Y�¨B[2^r[HnªY�^rn�o9h\nªlmbT¤
[Ob4t¬c�e�^_¡TY�Y�bBn_Y�`L�T£mY�nr[�`aZB£sY�nªY�£mY�jD^rlmcOb¥`aY�^_¡Tck¨Tn}lmb+jxcHbk±
,uhBbBjD^rlscHb�¦dlV^r¡¬·�@�K��F¸{UkRJ@�ZT]rc4¨ThBjxY,n$�\Y�^ª^_Y�]�]rY�n_hT£s^rn�^r¡B[�b
» W{UFô)����M�R�¯$µBhT]ª^r¡TY�]r`acO]rY�o4·�@�K��F¸{UkRJ@¬jxcH`a`als^ª^_Y�Y�n$n_Yx±
£mY,jD^�`acO]rY§lmbke®cO]r`¬[2^rlsqHYàY�wk[O`aZT£mY�n�e®cO]à^_]¢[�lmbTlmbT¤æ·L@\KJ�{¼
¸{UkRJ@�^_¡B[Ob)^_¡TYgc�^r¡TY�]�jxcO`a`als^_^_Y�Y
nr[�`aZT£mY
n_Y�£mY�jx^_lmcOb0`aYx^r¡k±
ck¨Tn�¯�v}¡BY�n_Y$^_]rY�bB¨Tn�[�]rY*jx£mY�[O]_£mtdn_Y�Y�b)lmb)µ�lm¤OhT]rY
ók¯FÈß^�¦gcHhT£G¨
��Y�lmb9^_Y�]_Y,nu^rlmbT¤}^_c�]_hTb�nªlm`alm£G[�]�YxwkZ\Y�]_lm`aY�bH^¢nxo,hBn_lsbB¤�·L@\KJ�{¼
¸{UkRJ@�Y�bBn_Y�`L�T£mY�n{^_c�ZTlGj¢í�Y�wk[O`aZT£mY�nJe®cH]�^_]¢[�lmbTlmbT¤�°}[�¤H¤OlmbT¤To
» W{UFô)����M�R�oTcO] �OÜH�k¯
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lGn�^r¡TY¬Y�b9^r]_cHZ9tàc�e#^_¡TY¬j�£m[Hn_n0¨klGnª^_]rlm�Thk^_lmcHb{o=�B[On_Y�¨çcHb­^r¡TY
`¬[�,ucO]rls^ut©qOc�^rY�n¥c�e)Y�[Hj¢¡´jxcO`a`als^_^_Y�Y¹`aY�`L��Y�]�¯þìàj,f#[�£s±
£mhT`ù[ObB¨¹ý�lm¤H[O`ðÚª��ÛHÛO�HÝgn_¡Tc2¦gY,¨�^_¡\[2^c'ÙËOÕ¾ÑLÑ�×\Õ>ã_ËrÊJä�¨Tc9Y,n
bBc�^�Z�Y�]_e®cO]r`�[On�¦#Y�£m£#[OnQ� iþ¨TlsqHY�]r¤OY�bBjxYLe®cO]�Z\c4cH£V±ß�B[HnªY,¨
nr[�`aZB£sYdn_Y�£mY�jx^_lmcOb=¯�y�bTcO^_¡TY�]g]rY�j�Y�b9^_£mt�¨TY�qOY�£mcOZ�Y�¨LYx JY�jx^_lmqOY
j�cO`a`als^ª^rY�Y�±¾�B[HnªY,¨a[Ojx^_lmqOY�£mY�[�]rbTY�]#lGnzfgcO±ßv�Y�nª^_lmbT¤¹Ú;ì+hBn_£mY�[
Y�^#[O£>¯soT��òOòHòHÝl�H¡Tc2¦#Y�qHY�]�oHls^�]rY�Ç9hTlm]_Y,n$^u¦#c�]_Y,¨khTbB¨B[�b9^$',Ö;Ñ��$Ð
cOeT^_¡BY}¨B[2^r[�[On�lmb�fgcO±ßv�]r[OlmbTlmbT¤)Ú;°#£mhT`�ë´ì+ls^rj¢¡BY�£m£¾o9�,ÛOÛO�9Ý¢¯
iklsb\jxY#`acHnª^�¨T[�^r[0nªY�^rn$¨kc0bTcO^�¡B[ÙqHYg]rY�¨ThTbB¨T[ObH^$q4lmY�¦�n�o9fgc�±
v�Y�nª^_lmbT¤L¡B[Hn}]r[�^_¡TY�]d£slm`als^_Y,¨a[�ZTZB£slGj�[��Tlm£mls^ut�¯=y�bTcO^_¡TY�]�¤OY�bk±
Y�]r[O£�[OZTZT]rcH[Oj¢¡�^rc�nr[�`aZT£mY�n_Y�£mY�jx^_lmcOb�lGn�âk×JÔ¢ÑxãxÕßÏ2ÖG×�Õ;ä¥ÐxÏ�Ó�Í
ÊJÌ ÖG×�	¥Ú0�FY�¦dlGn}ëüf#[2^r£mYx^ª^�o=��ÛHÛ�Ü9Ýl�T¡Tc2¦#Y�qOY�]�o9^_¡Blmnd[OZTZT]rcH[Hj¢¡
]rY�Ç9hTlm]rY�n
[)£mY,[�]rbTY�]$^r¡B[2^}[Oj�j�hT]¢[2^_Y�£mt�Y�nª^_lm`¬[2^rY�n�^r¡TYzhTb\jxY�]_±
^¢[�lmb9^ut§c�ezls^rn�¨kY,jxlGn_lscHbBn�o
[ObB¨©^rY�bB¨BnL^_cçc2qOY�]_±Én_[O`aZT£mY�^r¡TY
��cOhBbB¨T[�]rlmY�n�c�eJls^rn*j�hT]r]_Y�bH^
lmbBj�cO`aZT£mYx^rY�¡4t4Z\cO^_¡TY,nªlGndÚßfgcO¡Tb
Y�^�[�£¾¯so9�,ÛOÛOÜ9Ý¢¯�µ�lmbB[O£m£stOoHÑ��xÊBÑ¢Ô�ÕßÑ¢Ò2ÍªÑ�ãDã_Ë2ã#ã_Ñ¢Ò2âBÔ�Õ;Ö;Ë�×�`aYx^r¡Tck¨Tn
e®cH]�[HjD^rlsqHY�£mY�[O]_bTlmbT¤�ÚßfgcO¡TbàYx^)[�£¾¯Vo$��ÛHÛ j �`G�c2t�ëîìàj,f#[�£s±
£mhT`�oO�OòOòT� ����¡4h�Y�^*[�£¾¯VoO�OòOòOó9ÝF[�^ª^rY�`aZk^�^_c)nª^r[2^rlGnu^rlmj�[�£m£mtzn_Yx±
£mY,jD^�^_]¢[�lmbTlmbT¤¬Y�wk[O`aZT£mY�n�^_¡B[�^)[O]_Y�YxwkZ�Y�jD^rY�¨à^_c�`almbTlm`almè�Y
Y�]_]rcO]�cOb©^r¡TY�[OjD^rhB[�£g^_Y,nu^a¨klGnª^_]rls�Bhk^_lmcOb=¯­v}¡TlGn�[OZTZT]rcH[Hj¢¡
¡\[On#^_¡BY�[O¨kq2[�b9^¢[�¤OY�c�e$[ÙqOcHlm¨TlsbB¤)^_¡TY�n_Y�£mY,jD^_lmcHb¬c�e$cOhk^r£mlsY�]rn
¦d¡BcHn_Y¹£G[O�\Y�£slmbT¤à¦dls£m£}bTcO^�lm`aZT]rc2qOY¹[Oj�jxhT]¢[Oj�tçcHb�^ut9ZBlmj�[�£
Y�wT[�`aZT£mY�n�¯ ��c2¦#Y�qHY�]�o
^_¡TlGnL`aYx^r¡Tck¨'lGn�jxcH`aZThk^r[�^_lmcOb\[�£m£mt
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