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	XlN\Oa�sVznz�p��?\%selnpv_Vr	avmeseonrZpqrZu�s�aqub_bo�pvl�]Zg"z�p�z!l�]Qs�l
ln]Zm%|Nonm��`jZpqonm g s�rX|�]Qs�rG· �>a s�~Qm%aqme· m	ZsegihZavm»z2ln_�aqmes�o�r�sb\%\Ojko^s�l�m%av|È¶ ´ ]Zp z'·Cp�z�z�m%o �
l^s�l�pv_Vr	·Cm%g¿_brQz{lno^selnmez�ln]Qsel�z{jZhQm%onyXp�z{me·iavmeseonrZpqrZu�s�aqub_Vonpvl�]Zg"z l�]Qs�l:jQz{m&s&z{g"s�aqa
rCjZg�~Qm%o�_�d&a s�~Qm%aqme· m
	ks�gihZaqmez�s�rQ·Lg"s�rX|�pvrZm	ChQm%rQz{pvy`m �C�C� �`�O�^�v��� m
	ks�gihkavmez
\%s�r \Oonmeselnm�]ZpvuV]��{sV\%\OjZoÁsb\O|�l�m
	Cl�\)a�sbz�z�p��Qm%o^z)¶�� |�sVznz�jkgipvrZu0ln]Gs�l¿·C_X\OjZgim�rClÁz
s�onm \Oonmeselnme·�~C|�shQseo^segim%lno�p�\ uVm%rZm%oÁs�lnpqy`m!g¿_X·Cm%a>� ��	Xh m»\Ol^selnpv_Vr�� w	s�	Xpvgip��es�l�pv_br
� ��w�� �QrG·Zz aq_X\%s�aQg"s 	Cpqg-jZg s�hQ_`z{lnm%o�pv_bo�p2gi_X·Xm%a�z�s�rG·i\Oa�sVznz{p �Qm%oÁz�d�on_bg s�aqaQln]Zm
·Zs�lÁs��La s�~Qm%aqme·is�rG· jkrZa�se~ m�avme·2¶ ´ ]kmez�m�uVm%rZm%oÁs�l�pvy`m6gi_X·Cm%a z ·C_NrZ_bl6\%sehZlnjkonm7seava
ln]ZmNpvrXlnonp \%sb\)pvmez�_�dtlnm
	Xl��Z]k_�¸tm%y`m%o:_Vr0z�_bg¿m·X_bg"sepvrQz:ln]Zp z l�me\^]ZrZp��`jZm7z{jZ~Qz{l^s�r �
lnp�seavaq| pqgihZon_ey`mez7\Oa sbz�z�p � \%s�l�pv_br3sV\%\OjZoÁsb\O|`�'m»z�hQme\Op s�avaq| ¸:]km%r�a�s�~Qm%aqme·�·Zs�lÁs seonm
z�hQseo^z�mÈ¶

´ ¸t_!hkon_b~kavm%g"z?s�o�p�z�m'd�o�_bgEl�]Zp�z2~QsVz�p \ sehZhZo�_`sb\^]c¶���pvoÁz�l%�%jkrZa�se~ m�avme·7·Zsel^s6\%s�r
]CjZo�l hQm%o{d�_bong s�rQ\Om pvr"·C_Vg"s�pqrQz'¸:]Zm%o�m�ln]Zm7uVm%rZm%oÁs�lnpqy`m!g¿_X·Cm%avpqrZuNsbz�z�jZgihklnpv_VrQz
s�onm ln_`_�z�l�on_VrZubaq|iyCpq_ba s�lnm»·2¶'Â>ril�]Zp�z�\%sVz�m�l�]Zm7sbz�z�jZg¿hZlnpq_brQzt\%s�ri~Qm�g sb·Cm6gi_bo�m
onm%hZo�mez�m�rClÁs�lnpqy`mipvr�l{¸ _	¸,s%|Zz � ~X|+gi_X·Cm�avpvrku	z�jk~��>l�_bhZp \<\Oa sbz�z&z�lno�jQ\Ol�jZonm`�ts�rG·
~C|Lgi_X·Xm%avpqrZu�z�jkh m�o �¥ln_bhkp�\ ]Zpqm%o^seo^\^]Zp�\�s�a \Oa�sVznzionm%a s�l�pv_brGz�]ZpqhQzO¶!� | ·C_bpqrZuLz{_Z�
gi_X·Cm%a'hkon_b~Gs�~Zpqavpvl{| s�rQ·+\)a�sbz�z�p��?\%s�l�pv_Vr+sV\%\OjZoÁsb\O|0\O_VgimpqrCl�_�\O_bo�onmez{h _VrQ·Cm%rG\Om`�
s�avaq_e¸:pvrZu:jZrka�s�~Qm%aqme·7·Zs�lÁs!ln_6pvg¿hZon_ey`mU\Oa sbznz{p �?\�s�lnpq_brNh m�o�d�_bo�g"s�rG\Om`¶ ´ ]Zm,z�me\)_brQ·
hZon_V~Zavm%g p�z�l�]Qs�l�m%y`m�r¸:pvl�]�s�onm%hZo�mez�m�rClÁs�lnpqy`m�gi_X·Cm%a¥�bln]Zm:pqgihZo�_�y`m�g-m)rClÁz2ubpqy`m%r
~C|ijkrZa�se~ m�avme·"·Zsel^s�·C_-rk_bl6z�j��"\Opqm%rXlnav|¿\O_VgihQm%rQznselnm!d�_Vo�shGs�jQ\Opql{|i_�d�a�se~ m�avme·
·Zs�lÁsC¶#"6m%onm`�?avpvg¿pvlnm»· a s�~Qm%aqme·	·Zs�lÁs hZo�_eyCp ·Cm ��w pvrkpvlnp s�aqp��eselnpv_VrQz!l�]Qs�l7avm»sb·<ln_
av_e¸ �>hkon_b~Gs�~Zpqavpvl{|3gi_X·Cm%a zO¶ } m%o{d�_bo�g"s�rQ\)m<\�s�r ~ m0z{pvuVrZp �?\�s�rXlnav|3pvgihkon_ey`me· ~X|
jQz�pqrZu+sV\Olnpqy`miavm»s�onrkpvrZu	l�_0z�m%aqme\Ol]kpvub] �$�`jQs�aqpvl{|0pvrZpqlnp�seavp��es�l�pv_brGzO��s�rG·±~X| jQz{pvrZu
s�avl�m%onrGs�lnpqy`mez l�_ ��w ln]Qsel�s%y`_Vp�·-aq_�¸ �¥hZo�_b~Qse~Zpvaqpvl{|iav_X\�s�acg"s 	Cpqg"sC¶
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w	serC|¿·Cp�¾2m�onm%rXl�h m�_bhZaqm�hkon_eyCp ·Cme·&]Zm%aqhc�Xz�jZhZhQ_Vonl%�?s�rG·-pvrZhkjZl:ln]Qsel ~Zo�_bjZuV]Cl
ln]Zp z-ln]Zm»z�p�zil�_ d�o�jZpvl�pv_Vrc¶AÂåd s�rX|`_brkm	p�z-aq_`_bÀXpvrZu+d�_bo�ser m
	ks�g¿hZavm"_�d s+ub_`_X·
sb·CyXp�z{_bo%�eavm�l2gimUmez�hQme\)p�s�aqav|6onme\)_bgigim�rQ· gipvrkm`� ´ _Vg w<pvlÁ\S]Zm�ava>¶ ´ _bgE]QsVz�seav¸,s»|kz
~ m�m%rEserEm%rXln]XjQz�p sbz{lnp�\	sV·CyXp�z�_Vo%��hZo�_eyCp ·CpvrZu�m%rQ\O_VjZo^seubm%gim�rCl��!pvrGz�pvuV]Cl���serQ· s
ybseavjQse~Zavm&~kpvu��¥hZp \OlnjZo�m&hQm%o^z{h m»\Olnpqy`m`¶ "!m]Gsbz�~Qm%m%r0s"z�]ZpqrZpvrku"\%s�lÁs�aq|Zz{l!d�_bo7ln]kp�z
¸ _bo�À2¶�Â'm
	Xlnm�rQ·-g�|¸:seongim»z�l�ln]QserZÀkz ln_ � rQ·Xonm%¸ ¹7sb\^]Zpqlnmez�w	\�ftseavavjkg	¶ �!y`m�o
ln]Zm0a�sVz�l �Qy`m	|`meseo^z-]Zm0]QsVz ~Qm%m%r s�ubm%rZm�on_bjGz \)_bava s�~Q_boÁs�l�_bo%�7s3z�pqrQ\Om%o�m	s�rG·
ln]Z_VjZub]Xl�d�jZa�gim�rCl�_bo%�÷s�rQ·0s<\Oaq_`z{md�onpvm�rQ·2¶i[`_bg¿m_�d6g�|id�_brQ·Xmez�l7gim%g¿_bonpqm%z:_�d
ubo^sV·CjQselnm"z�\S]Z_`_Va ]Qs%y`m&~Qm%m%r0_bjkolnoÁsb·Cpqlnpq_brQsea ¸,s�aqÀZz�ln_"l�]Zm#�Zme· � 		~Q_ 	0s»d�l�m%o
\O_bgihkavm%l�pvrZu�sihQseh m�oz{jZ~Zgip znz{pv_br÷¶ ¼ _b]Zr�½?s»¾?m%o�l�|	¸,sbz!l�onm%g¿m%rQ·C_VjQz�aq| ]km%avhCd�jka
pvr"hZon_eyXp�·CpqrZu]kp�z g"seln]Zm%g s�lnp \%s�akpvrQz{pvub]Xl:serQ·ionpqub_bo�¶ Â>r"sV·Z·Cpqlnpv_Vrc�Z]Zm7hZo�_�yXp�·Xme·
ubonm»s�l�gi_boÁs�aQz{jZhZhQ_bo�l%¶tÂ�seav¸,s»|kz�aqmOd�l'g�|�g¿m%m%lnpqrZu`zc¸:pvl�] ¼ _b]Zr�d�m%m%avpqrZu6jZhZavp�d�lnme·?�
¸:pvln]Ns:onm%rkm%¸ me· z�m%rQz{m�_�dk_bhZl�pvgip z�g s�rG·\O_Vr��?·Cm%rG\Om`¶UÂ l�]Qs�rZÀ ´ _Vgigip ¼ sbseÀCÀ`_Va�s
d�_bo6hZon_eyXp�·CpqrZu&sd�onmez{]�s�rQ·"m
	Cl�m%onrGs�a2yXpvm�¸:h _VpvrXl _Vr<g�|&onmez{mes�oÁ\S]c¶ ´ _bg¿gipZ]QsV·
ln]Zm:jZrG\%s�rZrX|7ÀCrGsb\^À�_ed÷s�av¸,s%|Zz'sVz�ÀXpvrZu ln]Zm ��jZm»z�lnpq_brQz�Â2]Qsb·&]Z_bhQme·rk_bl'l�_�]Zmeseo%¶
� |�o^sep�z�pqrZu:ln]kmez�mt·Cp �"\Ojkavl2p znz{jZmezO�e]Zm'd�_X\OjQz{me·�g-|6selnl�m%rCl�pv_Vr�_VrCl�_�\)onpvl�p�\%sea`seonmesVzO¶

Â:]Qs%y`m~Qm%m�r<d�_bonl�jZrQselnm¿s�rQ·<hZo�pvyXpvaqm%ubme·"ln_i¸t_bo�À<¸:pvl�]	g"s�rX|�·Cp ¾?m%o�m%rXl!o�m �
z�meseo^\^]Zm%o^z pqr<l�]Zm �Qm%a�·?¶ ´ ]Zm�| ]Gs»y`m7hZo�_eyCp ·Cme·igim�¸:pqln]<pqrCyVseavjQse~Zavm�ÀXrZ_e¸:avm»·Cubm
s�rQ·L]Qs%y`m�z�]Z_e¸:r gim"¸:]Qs�lipqligimeserQz&ln_+hQm%o{d�_bong \%s�o�mOd�jZa s�rQ· o�mez�hQ_VrQz�pq~Zavm
onmez{mes�oÁ\S]c¶0Â�ln]Gs�rZÀ+g�|0\O_Vava�se~Q_bo^seln_Vo^z�s�rQ·�\O_ �{sejZln]Z_Vo^z ���!_VjZu �:s�À`m%o��'w	s�o�À
f�o^s%y`m%rc��� s�r��!p } sbz ��jk_Z����s%|Crkm#�Zonm�pvl^seuZ���6s%|Cp ·��6]Qs�rZp¥��� _Èz�pvm ¼ _brkmezO� ¼ _b]kr
½?s»¾?m%onl{|`� � rQ·Xonm%¸�w	\�fts�aqavjZg � ´ _bg w<pql^\^]Zm%ava¥���!jkr��^s!w<a sb·Cm�rZp�\b�e[Xsbz{]Qs } _VhQmez �
\OjZa>�Qf�]Z_`_br��6jZm%À?� ¼ sbz{_br�� m%rkrZpvm`� �'avavm�r � pqav_e¾'�k¹�onp�z{lnpqm[`m%|Xgi_bo�m`�C[`m»s�r [Èa�s�l �
lnm%o�|`�C[`m%~Gsbz�l�p�ser ´ ]Zonjkrc�Xs�rQ· ½Q|Xavm6x6rZu`seo%¶�w<|_��"\)m%g"s�l�mez�l�]Zon_VjZub]il�]Zm:|`meseo^z
]Qs%y`m<hZo�_�yXp�·Xme·±aqm%yCpql{|+serQ·Ls ¸:pvaqavpqrZu	mes�o¿_brLg"serC|+_X\�\%sbz{pv_brGz � � avm	!�6o^s%|`�
� on|Xs�r0½Q_e|Xs�ava¥�"�6pvgipqlnonp z w	seonu`seonpqlnp�z)�cw<p�\^]Qsem%aUw	s�l�mesbz)���'onp�\ ´ pvaqln_br÷� � rG·Conm%¸
´ _VgiÀCpqrQzO¶

´ ]kp�z'ln]Zm»z�p�z'¸t_bjZa · rZ_Vl�]Qs%y`m:~ m�m%r-hQ_Èznz�pq~Zavm6¸:pvl�]Z_bjkl l�]Zm6av_ey`m:serQ·iz�jkhZhQ_bonl
_�d7g�|	hQs�o�m%rXl^z�s�rQ·�g-|0z{p�z�l�m%o%�#�:m%ÀC]GsC¶ ´ ]Zm%|+¸tm%onmig�| �Qo^z{l-l�mesb\^]Zm%oÁzs�rG·
pvrQz{hZpvo�me·<pvr�gim&siav_ey`m7_�d,avmeseonrZpqrZu"serQ· s�rQs�l�jZo^sea \)jZonpq_`z�pql{|`¶½?sbz{lserQ·	gi_`z{l
pvgihQ_bo�l^serCl�av|`�kÂ av_eyXpvrZuVav|�ln]QserZÀ"g-|&¸:p�d�m`�Qw<pvaqm%rQsX¶ [`]Zm7hZon_eyXp�·Cm»z gim�¸:pvl�]"ln]Zm
d¥s�pvl�]�s�rQ·�\O_br�� ·Cm%rQ\Om7l�_-m%rG·CjZonm s�rQ·"m%r��n_e|ipvl6seava¥¶
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� ¶ � � �6m%rZm�o^s�l�pvy`m7w<_X·Xm%a2d�_bo ´ m	Cl:¶N¶7¶¶7¶7¶¶7¶¶7¶¶7¶N¶�¶N¶7¶�¶N¶7¶¶7¶¶7¶ �V�
� ¶ � w<_X·Cm%a } o�_b~Qse~Zpvaqpvl{|isVz!ser��6hZl�pvgip��es�l�pv_br"f�onpqlnm%o�p�s ¶7¶N¶�¶N¶7¶�¶N¶7¶¶7¶¶7¶ ���
� ¶/� 0�sepvy`m �:s»|`m»z ´ m
	Xl!f�a sbz�z�p � \%s�l�pv_br ¶¶7¶7¶¶7¶¶7¶¶7¶N¶�¶N¶7¶�¶N¶7¶¶7¶¶7¶ � �

� ¶1�Z¶ � ´ oÁs�pvrkpvrZu�s20�s�pqy`m �:s%|`mez f�a sbz�z�p �Gm%o:¸:pvl�] ½?se~Qm%avme· ��s�lÁs ¶¶7¶¶7¶ ���
� ¶1�Z¶ � f�a�sbz�z�p�d�|CpqrZu20!m%¸ �!_X\)jZgim%rXl^z ¸:pqln]30�s�pqy`m �:s%|`mez ¶7¶�¶N¶7¶¶7¶¶7¶ � �

� ¶ � ½QmeseonrZpqrZu�s40 s�pvy`m �:s»|`m»z w<_X·Cm%a2d�o�_bg ½?se~Qm%avme·�s�rQ·�x!rZa s�~Qm%avm»· ��s�lÁs ¶7¶ ��5
� ¶ � ¶ � � 	XhQme\OlÁs�lnpq_br�� w	s�	Xpvg¿p��eselnpv_Vr ¶7¶7¶¶7¶¶7¶¶7¶N¶�¶N¶7¶�¶N¶7¶¶7¶¶7¶ �76
� ¶ � ¶ � �!p�z�\OjQznz{pv_Vr ¶¶7¶¶7¶N¶�¶N¶7¶¶7¶7¶¶7¶¶7¶¶7¶N¶�¶N¶7¶�¶N¶7¶¶7¶¶7¶ �X�
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z�|XrXl^s�	?�c\O_VrCl�m
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�
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·ks�l^s&pvrXln_�z{jZhQm%onyXp�z{me·iavmeseonrZpqrZu�·Cme\)onmesVz�mez�h m�o�d�_bo�g"s�rG\Om�_�d�ln]Zmez{mNz�|kz�lnm�g"zO¶�"!_e¸ m%y`m%o��blnm	Cl
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f�]Qs�hklnm%o � m	ChZaq_bo�mez ]Z_e¸Eln_¿\^]Qs�rZuVml�]Zm7gi_X·Cm%aqpvrZu�sVznz�jkgihZlnpq_brQz pqr<o�mez�hQ_brGz�ml�_-hQ_`_Vo
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onm�a�s�l�pv_VrQz�]ZpqhQzO�Qln]km�z�jZhQm%o �>l�_bhZp \&z�lno�jQ\Ol�jZonm \%s�r�~ m&g¿_bonmNsV\%\OjZoÁs�lnm�av|"gi_X·Cm%aqme·i~C|"o�m%a�s 	CpqrZu
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Âådtln]km-lÁsbz�À	p z�ln_�\Oa�sVznz{p d�|	sil�mez�lN·C_X\Ojkgim%rXl � � pvrXln_�s"z�pqrZubaqm�\Oa�sVznz)��ln]km%r	ln]Zm¿\Oa sbznz�¸:pqln]
ln]km�]kpvub]kmez�l:hQ_`z{lnm%o�pv_Vo!hZo�_b~Qse~Zpvaqpvl{|`�ks�onutg"s�	7� } � $ � � ��� ��� � � "� �Á�Zp�z:z{m%avme\)lnme·2¶
0!_bl�m&ln]Qsel&seava'l�]Zm�sbz�z�jZgihklnpv_VrQz7s�~Q_bjklln]km&ubm%rZm�o^s�l�pv_Vr _ed:lnm	Cl7·X_X\OjZgim%rXl^z � gip�	Cl�jZonm

gi_X·Cm�a>� _VrZm �¥ln_��¥_brkm+\O_Vono�mez�hQ_brG·Cm%rQ\Om	~Qm%l{¸tm%m%r g¿p�	XlnjZo�m"\O_bg¿h _VrZm%rXl^ziserQ·L\Oa sbznz{mezO�:¸t_bo^·
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pqrQ·Cm%hQm%rG·Cm%rQ\OmÈ�bserQ·-·X_X\OjZgim%rXlUavm%rZuVln]�·Cp z�l�onpv~kjZlnpq_br�Useonm:yXpv_Va�s�l�me·�pqr&onmesea �¥¸ _Vona�·l�m
	Xl'·Zsel^sX¶
�6_X\OjZgim%rXl^z:seonm&_ed�lnm%r�gip�	XlnjZo�mez _ed�g�jZavl�pvhZaqm!l�_bhZp \%zO¶��0_bo^·kz!¸:pvl�]Zpvr s-·C_X\)jZgim%rXl6s�o�mrZ_Vl
pqrQ·Cm%hQm%rG·Cm%rXl:_�d�mesb\^]"_bln]km%o � ubo^segig"seo serQ· l�_bhZp \%s�aqpvl{|�g"s�À`m6ln]Zp z!z{_Z¶
�!m»z�hZpqlnm"ln]Zm»z�miyXpv_Va�s�l�pv_VrQzO�'m%g¿hZpvo�p�\%seavav|"l�]Zm30�s�pqy`m#�:s%|`mezN\Oa�sVznz�p��Qm%o ·C_`mez�s<ub_`_X·��n_V~

_ed \Oa�sVznz{p d�|XpvrZu�lnm
	XlN·C_X\OjZgim�rClÁz � ½Qm%¸:p�z � � pqrZubjZm�lnlnmÈ� � . .�� �!f�o^s%y`m%r0m%l&sea>¶q� � � � ��� �ts�rku
� } me·Cm%oÁz�m%r÷� � . . 5 � ¼ _`sV\S]kpvg"z)� � . . 5 �-w	\efts�avaqjZg m�l<sea>¶q� � . . 6 �Á¶ ´ ]Zp�z"_b~Qz{m%onyVs�l�pv_VrEp�z
m	ChZa s�pqrZme·<pvr	hGs�onl7~X|<l�]Zmd¥sb\Ol7l�]Qs�lN\Oa sbznz{p �?\�s�lnpq_br	mez{lnpqg"s�l�pv_br�p�z�_brkav|	s-d�jZrG\Olnpq_br	_�d,ln]Zm
z{pvuVr � pvri~kpvrQseon|"\Oa sbz�z�p � \%s�l�pv_br �'_�d�ln]km!d�jZrQ\Ol�pv_Vr m»z�lnpqg"s�l�pv_Vr � �!_bgipqrZub_Èz � } s��
�»s�rZp¥� � . . 5 �
�Zo�pvme·Cg s�rc� � . . 5 �Á¶ ´ ]km	¸ _boÁ· pvrQ·Xm%hQm%rQ·Cm%rG\Om�sbznz{jZgihZl�pv_Vr \%s�jQz{mez-rQsepvy`m �:s%|`mez&ln_+uVpvy`m
m	Cl�onm%gim � s�aqgi_`z{l �<_bo � �N\)a�sbz�zhZon_V~Qs�~kpvavpql{|	mez�l�pvg"selnmez)¶ "!_e¸ m%y`m�o%��l�]Zmez{m m»z�lnpqg"s�l�mez7\%s�r
z{lnpqava2~QmNh _`_Vo�¸:]Zpqavm7\Oa sbz�z�p � \%s�l�pv_br�sV\%\OjZoÁsb\O|io�m%g"sepvrQz�]ZpvuV]c¶
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Â>r ln]Zm0hZo�m%yCpq_bjQz�z�me\)lnpv_Vr ¸tm0z�]Z_e¸tme· ]Z_e¸ ln_ �QrG· g"s�	Xpvg�jZg s+hQ_`z{lnm%o�pv_VonphGs�o^segim%l�m%o
m»z�lnpqg"s�l�mez�uVpvy`m%r�s7z�m�l _edca s�~Qm%avm»·-·Zsel^sX¶ �Lpvln]�a�se~Qm%avme·&serQ·-jZrka�s�~Qm%aqme·&·Zsel^sC�X¸ m6¸ _VjZa�·&avpqÀ`m
l�_7z�pqgipva s�o�av| �QrQ·�w ��} hQs�oÁs�gim�lnm%oÁzO¶ � me\%sejQz�mtln]Zm%o�m:seonm:rZ_7a�se~Qm%a�z2d�_bo'l�]Zm:jZrZa s�~Qm%aqme··Zsel^sX�
l�]Zmt\Oav_Èz�me·��åd�_Vong m���jGs�lnpq_brQz2d�on_Vg l�]Zm�hZonm�yCpq_bjQzcz{me\Olnpq_br7seonm�rZ_VlUs�hZhZaqp�\%se~ZavmÈ¶ "6_�¸tm%y`m%o��SjGz�pvrku
l�]Zm ��	XhQme\Ol^selnpq_br�� w	s�	Xpvgip��es�l�pv_Vr � ��w��Nlnme\^]ZrZp ��jZm�d�on_bg z{l^s�l�p�z{lnp�\�zO� ¸tm<\�s�r �GrQ· av_X\%seavaq|
w � } hQseo^s�g¿m%lnm%otmez�l�pvg"selnmez'd�_bo:l�]ZmNzns�g¿m�ubm%rkm%o^selnpvy`m gi_X·Cm%a¥¶

´ ]Zm ��w l�me\S]krZp��`jZm:sVz�s�hZhZaqpvme·&ln_7l�]Zm6\%sbz{m!_edca s�~Qm%avm»·-serQ· jkrZa�se~ m�avme·&·Zsel^s7¸:pvln]�rQsepvy`m
�:s%|`mez7|Cpqm%a�·kz�s	z{lnoÁs�pvuV]Cl{d�_bo�¸:s�oÁ·�s�rQ·�s�hkh m»s�avpqrZu0s�aqub_Vonpvl�]Zg	¶ � zn\^]Zm%g"selnp�\_ed�l�]Zp�zNs�aqub_��
o�pvl�]Zg p z!z{]Z_e¸:r pqr ��pvuVjZonm � ¶ � ¶ ��pqo^z�l��2sirQsepvy`m �:s»|`m»z!\Oa sbz�z�p �Gm%o�p�z6~ZjZpvaql!pqr	ln]Zm�z{l^serQ·Zs�oÁ·
z{jZhQm%onyXp�z{me· d¥sbz{]Zpv_Vr<d�on_Vg l�]Zm&avpqgipvl�me·�s�gi_VjZrCl6_�dta s�~Qm%avm»· lnoÁs�pqrZpvrZu ·Zs�lÁsC¶ ´ ]Zm%r÷� ¸tmhQm%o �
d�_VongÑ\Oa sbz�z�p � \%s�l�pv_br0_�d,ln]Zm�jZrZa s�~Qm%aqme· ·ks�l^s"¸:pvl�]	ln]Zm�rQs�pqy`m �:s%|`mez!gi_X·Cm�a>¶ �0m-rk_blnm�rZ_Vl
�njGz�l�l�]Zm&gi_`z{l!aqpvÀ`m%aq|i\)a�sbz�z!~ZjZl ln]ZmNhZon_V~Qs�~Zpqavpqlnpvm»z!sVznz�_X\)p�s�l�me·	¸:pvln]�mesb\^]0\Oa sbznz)¶ ´ ]Zm�rc�2¸ m
o�m%~ZjZpqa�·�s�rZm�¸LrQs�pqy`m��:s%|`mez�\Oa sbznz{p �Qm�o jGz�pvrku&s�aqaQln]Zm7·ks�l^s��La s�~Qm%avm»·is�rQ·�jZrZa�se~Qm%avme· �LjQz{pvrZu
l�]Zmm»z�lnpqg"s�l�me·"\Oa�sVznz:hZon_V~Qs�~kpvavpqlnpqmez:sbz!l�onjZm \Oa�sVznz:a�se~ m�a�zO¶ ´ ]Zp z g¿mes�rQz:ln]Gs�l6ln]ZmNjZrZa�se~Qm%avme·
·X_X\OjZgim%rXl^z:seonmNlnonm»s�lnm»·<sbz z�m%y`m%oÁs�a2d�oÁsb\Ol�pv_brGs�a�·C_X\OjZgim�rClÁz:sb\%\O_Vo^·CpqrZuil�_-l�]Zm&\Oa sbz�z!hZon_V~Qs �
~kpvavpqlnpqmezO¶ � mNpvlnm�o^s�l�m&ln]Zp z hkon_X\Omez�z�_�d,\Oa�sVznz{p d�|XpvrZu�ln]Zm&jkrZa�se~ m�avme·	·Zsel^siserQ·	onm%~Zjkpva�·XpvrZu�ln]Zm
rGs�pvy`m �:s»|`m»z g¿_X·Cm%a jkrCl�pva�pvl \O_brXy`m%onuVmez�l�_0s	z�lÁs�~Zaqm"\Oa�sVznz{p �Qm%o s�rQ·�z{m%l&_�d a�se~ m�a�z d�_Vo&ln]Zm
·ks�l^sX¶ ´ ]km&z�lÁs�l�p�z�l�p�\%sea d�_VjZrQ·Zselnpv_Vr<d�_bo:l�]Zp�z:seavub_Vonpqln]Zg$p z:·Cmez�\Oonpq~ m»· pqr"ln]Zm7rZm
	Xl6z�m»\Olnpq_brc¶
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�0miseonmiuVpvy`m%r�s<z{m%l_ed6lno^sepvrZpqrZu�·C_X\OjZg¿m%rClÁz � s�rG· l�]Zm�l^sbz{À p z�l�_<~ZjZpqa�·0s<\Oa sbz�z�p �Gm%o7pvr
ln]km!d�_bo�g _ed'l�]Zm�hZo�m%yCpq_bjQztz�me\)lnpv_Vrc¶ "6_�¸tm%y`m%o���jkrZavpqÀ`m:hZonm%yXpv_VjQz�aq|`�`_brZaq|iz{_bgim z�jZ~Qz{m%l _ed'l�]Zm
·C_X\Ojkgim%rXl^z � � � ���'\O_Vgim7¸:pvl�]0\Oa�sVznz!a s�~Qm%a�z $ � � ���cs�rG·<ln]Zm&o�mez�l�_edtln]Zm ·C_X\OjZgim�rClÁzO�Qpvr
z�jk~Qz�m%l ���X�X\O_bg¿m:¸:pvln]k_bjZlt\Oa sbznz�a�se~ m�a�zO¶ ´ ]CjGz ¸ m:]Gs»y`m s7·Cp�z �n_bpqrCl�hQseonlnpqlnpq_brZpqrZu7_�d �i�kz�jQ\^]
ln]Gs�l � � ����� ���Z¶

� z:pvr [Ème\Olnpq_br � ¶1�Z¶ � �QavmeseonrZpqrZuis�\Oa sbznz{p �Qm�o!p z:s�hZhZo�_`sV\S]Zm»·	sbz�\%sea�\Ojka�s�l�pvrZu�s&g"s 	Cpqg-jZg
s<hQ_`z{lnm%o�pv_bo�p!m»z�lnpqg"s�l�m-_ed �X���å¨���¨�s�o�u g s�	%$ } � � � } � � � � �Á¶ f�_VrQz�p ·Cm%o&ln]km<z{me\O_VrQ·+lnm%o�g _ed
ln]km<g"s 	Cpqgip��es�l�pv_br÷�'ln]Zm�hZon_V~Qs�~Zpqavpql�|�_�dNseava6ln]Zm�lno^sepvrZpqrZu�·Zs�lÁsC� �i¶ ´ ]Zm<hZo�_b~Qse~Zpvaqpvl{|+_ed
s�aqa!l�]Zm	·ks�l^s0p�z�z�pvg¿hZav|0ln]Zm�hZon_X·XjQ\Oli_edl�]Zm<hkon_b~Gs�~Zpqavpvl�pvmez_edNmesb\^]3·C_X\OjZgim�rCl�� ~Qme\%sejQz�m
·C_X\Ojkgim%rXl^z:s�o�m&pvrQ·Xm%hQm%rQ·Cm%rXl6_�d�mesV\S]�_bl�]Zm%o%�?ubpvy`m�r l�]Zm&gi_X·Cm�a>¶ �Z_bo ln]ZmNjZrZa�se~Qm%avme·�·Zs�lÁsC�
ln]km-hZo�_b~Qse~Zpvaqpvl{|<_ed6ser pqrQ·CpvyXp�·XjQs�a�·X_X\OjZgim%rXl6p�z7s"z�jZg _ed:ln_Vl^sea hZo�_b~Qse~Zpvaqpvl{|"_�y`m�o7s�aqa l�]Zm
\Oa sbznz{mezO�XsVz�pqr ����jQselnpq_br � ¶ � ¶��Z_bo�ln]Zm:a s�~Qm%aqme·&·Zs�lÁsC�Xln]Zm:uVm%rZm%oÁs�lnpqrZuN\O_bg¿h _VrZm%rXl�p z�s�avo�mesb·X|
ubpqy`m%r	~X| a s�~Qm%a z $7��s�rG· ¸tm�·C_"rZ_bl7rZm%m»·<ln_"onmOd�m�o!l�_<seava'g¿p�	XlnjZo�m\)_bgihQ_brkm%rClÁz � �njQz�l�l�]Zm
_brkm\)_bono�mez�hQ_VrQ·Cpvrkuiln_&l�]ZmN\Oa�sVznzO¶ ´ ]XjQzO�Zl�]Zm7hZon_V~Qs�~Zpqavpql�|�_�d s�ava?ln]ZmN·Zsel^s&p�z �
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� �  ���c²e¬b³ f�_Vavavm»\Olnpq_brQz
���2_�d�a�s�~Qm%aqme·i·C_X\)jZgim%rXl^z:serQ· ���&_�d�jZrZa s�~Qm%aqme·"·C_X\OjZgim�rClÁzO¶

� � jZpva · ser pqrZpvl�p�sea rQsepvy`m!�:s»|`m»zA\Oa sbznz{p �Qm�o%� "�C�Ld�on_bg ln]km$a�se~ m�avme· ·X_X\OjZgim%rXl^z)�
���å��_brZaq|`¶ x z�m g"s�	Xpvg�jZg s h _Èz�l�m%onpq_bonp�hQs�oÁs�gim�lnm%o�mez{lnpvg s�lnpq_br l�_ �QrQ· "� �
s�onutg"s�	 $ } � � � � � } � � � � z�m%m ����jGs�lnpq_brQz � ¶9�&s�rQ· � ¶ 5 �^¶

� ½Q_`_bh ¸:]Zpqavm \Oa sbz�z�p �Gm%o hQseo^segim%lnm�o^z±pqgihZo�_�y`mÈ�<sVz gimesbz{jZonm»· ~C| ln]Zm \^]QserZubm pvr
�
�
� � � �#����� � ln]Zm \O_bgihkavm%l�m�av_Vu-hZo�_b~Qse~Zpvaqpvl{|i_ed�ln]ZmNa�se~ m�avme·"s�rG· jZrZa s�~Qm%aqme·<·Zsel^sX�2serQ·

ln]Zm7hZo�pv_bo � � z{m%m � �`jQselnpv_Vr � ¶ �b� � �

��� � 	Á¬O²e« ��� x�z�m:l�]Zm7\Ojkononm�rCl�\)a�sbz�z�p��Qm%o%� "�X��l�_mez{lnpqg"s�l�m6\O_bgihQ_VrZm%rXl'gim%g�~Qm%o^z{]Zpvh
_�d?mesV\S]NjZrZa�se~Qm%avme·N·C_X\OjZg¿m%rCl��X�å¨��%¨��bl�]Zm:hZon_V~Qs�~kpvavpql{|�ln]Qsel'mesV\S]Ngip�	XlnjZo�m�\O_VgihQ_��
rZm%rXl � serQ·<\Oa sbz�z ��ubm�rZm%o^selnme·"mesb\^]"·C_X\)jZgim%rXl%� } � ��� � � � � "� � � z�m%m ���`jQs�l�pv_Vr � ¶ 6 �Á¶

��� , 	^¬O²»« ��� �:m �¥mez�l�pvg"selnm"ln]Zm0\)a�sbz�z�p��Qm%o%� "�X� uVpvy`m%r3ln]Zm	m»z�lnpqg"s�l�me·�\O_bg¿h _VrZm%rXl
gim%g�~Qm%o^z{]Zpvhi_edtmesb\^]0·C_X\OjZg¿m%rCl�¶�x�z{mg"s 	Cpqg-jkg s hQ_Èz�lnm�onpv_Vonp'hGs�o^segim%l�m%o!m»z �
lnpqg"s�l�pv_br¿ln_ �QrQ· "�R� s�o�u g"s 	%$ } � � � � � } � � � � z�m%m ���`jQs�l�pv_brGz � ¶8��s�rG· � ¶ 5 �Á¶

�
	 � ² ���c²`³:� \Oa�sVznz{p �Qm%o�� "�Z��l�]Qs�l:lÁs�À`mez�ser jkrZa�se~ m�avme·�·C_X\OjZg¿m%rCltserQ·-hZo�me·Cp�\)l^z�s&\Oa�sVznz
a�s�~Qm%a¥¶
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Â>rQz{lnmesV· _�d�lnon|Xpvrku&ln_&g"s 	Cpqgip��%m } � � � � �:·Xpvonm»\Olnaq|-¸tm�¸ _VonÀ"¸:pvl�] aq_bu � } � � � � � �tpvrGz�lnm»sb·�
s&g"s 	Cpqg&jZgApqr _VrZmp z:sg"s�	Xpvg�jZg pvr"ln]Zm7_Vln]Zm%o�¶�x�z�pqrZu ����jGs�lnpq_br � ¶8.X�Z¸ m7¸:onpqlnm �

av_bu } � � � � � � aq_bu � } � � � � / �-5/�� !  av_Vu
� ���
�� �! } � ��� ��� � } � � � �I����� � �
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-5/�� !�� av_bu � } � $��(�)� � ��� � } � ��� � $��(�)� � � � � � � � � ¶ � � �

� .



�0m\�s�ava?ln]Zp z ln]Zm��������	��
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·Cp \%s�l�_bo^z 1 � � �!l�]Zm%r+¸tmi\)_bjZa · m
	XhZo�meznz�ln]km�������
 �	�� �7aq_bu"hZon_V~Qs�~kpvavpql{|	_�d6ln]km-hQseo^segim%lnm�o^zO�
av_Vu }

�
� � � � � ���^�X¸:pvl�]Z_bjZl,sav_Vu_�d�z�jkg"zO�`~Qme\%sejQz�m�_VrZav|�_brkm�lnm%o�g pvrQz{p�·Cm ln]Zm z�jZg ¸ _VjZa�·�~ m

rZ_Vr�� ��m%on_k¶

av_Vu }
�
� � � � � �����Lav_Vu � } � � � � / �-5/ � !

� ���
��5�! 1 � �kav_bu � } � ��� ��� � } � � � � ��� � � � � � � ¶ �V� �

Âåd ¸tmo�m%hZa�sV\Om 1 � � d�_bo ln]Zm&jZrka�s�~Qm%aqme·<·X_X\OjZgim%rXl^z:~X|<pvlÁz m	ChQme\Ol�me· yVseavjZm�sV\%\O_boÁ·Cpvrkuiln_
ln]km6\OjZono�m%rXl�gi_X·Xm%a � } � ��� � � � � "� � �Á�bln]Zm�r � �`jQselnpv_Vr � ¶ �b� ~Q_bjZrQ·kz�d�o�_bg ~ m�av_e¸�ln]ZmtpvrQ\O_VgihZaqm%lnm
av_Vu&hZon_V~Qs�~kpvavpql{| d�o�_bg � �`jQselnpv_Vr � ¶ � �C¶ ´ ]Zp�z:\�s�r"~Qmz{]Z_e¸:r"~C|¿s�r s�hZhZaqp�\%selnpq_bri_ed ¼ m%rGz�m%r � z
pvrkm���jGs�avpql{| � ��¨ ¢C¨���� av_Vu ��� ����� aq_bu � ��� � � � �Á¶ � z�s�o�mez�jZaql�_brZm7\�s�r �QrG·is�aq_X\%s�aqav|&g"s 	Cpqg-jZg
"��~X|¿s]Zpvaqa2\)avpvg�~ZpqrZu!hkon_X\Ome·XjZonm`¶ ´ ]kp�z ¸:sVz�d�_Vong"seavp���me·&sbz l�]Zm�� �^�Q��¤O�¥�b�>���`��� �0� �V���&�"!��b�¥���`�
� ��w���l�me\S]krZp��`jZm7serQ·ihZon_ey`m%r"~X| �!m%gihGz�lnm�o m�l6s�a>¶ � � . 5 5 �^¶

´ ]Zmipqlnm%oÁs�lnpqy`m]Zpqavat\Oaqpvg�~Zp�rZu-hkon_X\Ome·XjZonm"seavl�m%onrQselnm%aq|<o�me\O_bg¿hZjZlnm»z!ln]Zm�m
	XhQme\Olnm»· yVs�aqjZm
_�d �"s�rG· l�]Zm&g"s�	Xpvg&jkg$sihQ_`z{lnm%o�pv_bo�p'hQseo^s�g¿m%lnm%oÁz uVpvy`m%r�ln]Zm&m	ChQme\Ol�me· yVseavjZm&_ed �Z¶ 0!_Vlnm
ln]Gs�l:d�_bo6ln]Zm7a�se~Qm%avme·¿·C_X\OjZgim�rClÁz 1 � �:p�z:seavo�mesb·C|"ÀXrZ_e¸:rc¶tÂ ltg-jGz�l%�X]Z_e¸ m%y`m�o%�C~Qm7mez{lnpvg s�lnm»·
d�_bo7l�]Zm-jkrZa�se~ m�avme·0·C_X\OjZg¿m%rClÁzO¶-½Qm�l "�$# N&% serQ· "� # N&% ·Cm�rZ_bl�m-l�]Zm-m»z�lnpqg"s�l�mez d�_bo �<serQ· �"s�l
pvl�m%o^selnpq_br ?2¶ ´ ]Zm%r÷�'ln]Zm"seavuV_bonpqln]Zg �QrQ·kzs<av_X\�s�a g s�	Xpvg&jZg _�d � � � � � �7~C|	pqlnm%oÁs�lnpqrZu<l�]Zm
d�_baqav_e¸:pvrku&l�¸t_�z�l�m%hQz �

� � � z�lnm�h � [Èm%l "� # N&'  % �(��� � � �#� "� # N)% �>¶
� w � z�l�m%h � [`m%l "� # N)'  % � s�o�u g s�	%$ } � � � �#� "�*# N)'  % �^¶

Â>r+hZo^sV\Olnp \Om`�cln]km � �{z{lnm%h�\)_bono�mez�hQ_VrQ·Zzln_ \%s�a \OjZa s�lnpqrZu"hZon_V~Qs�~kpvavp z�l�p�\&a�s�~Qm%a z } � ��� ��� � � "� �
d�_bo:l�]Zm7jZrZa s�~Qm%avm»·i·C_X\OjZg¿m%rClÁz ~X|ijQz{pvrZu&l�]ZmN\OjZono�m%rXl mez{lnpvg s�lnm6_�d�ln]km�hGs�o^segim%l�m%o^z)�0"�X�Qs�rQ·
����jGs�lnpq_br � ¶ 6 ¶ ´ ]km�w � z�l�m%hc�bg"s 	Cpqgip���p rku:ln]Zm6\O_VgihZaqm%lnmtavpvÀ`m�avpv]k_`_X·�m��`jQs�l�pv_Vrc�`\O_Vononm»z�hQ_brQ·kz
ln_¿\%sea�\OjZa s�l�pvrZu s rZm�¸ g"s 	Cpqg&jZg s&hQ_`z{lnm%o�pv_bo�pcmez�l�pvg"selnm:d�_bo6ln]Zm7hQseo^segim%lnm�o^zO� "�Z�XjQz�pqrZu-l�]Zm
\OjZo�onm%rXl m»z�lnpqg"s�l�mez�d�_Vo } � ��� ��� � � "� �Á�Qs�rQ· ����jQselnpq_brQz � ¶9�&s�rQ· � ¶ 5 ¶

� rX|!pqrZpvl�p�s�aqp��eselnpq_br6_�dQl�]Zm'hQseo^s�g¿m%lnm%oÁz ¸:pqavabaqmesb·�l�_6z�_bg¿m'av_X\%sea`g"s�	Xpvg s�¸:pvl�]���w+¶�w	s�rX|
pvrGz�l^serCl�p�selnpv_VrQz _�d ��w ~Qm%ubpqr ~X|¿\S]Z_`_Èz�pqrZuis&z{l^seonlnpqrZu&gi_X·Cm�a hGs�o^segim%l�m%onp��es�l�pv_br�o^serQ·C_Vgiav|`¶

� �



Â>r3_bjZo¿\%sbz{m`� ¸tm	\%ser ~Qm<gi_Vonm�z�m�avme\Ol�pvy`m¿s�~Q_bjkl l�]Zm	z{l^seonlnpqrZu0h _VpvrXliz{pvrQ\)m<¸ m"]Qs%y`m"rZ_Vl
_VrZav|"jZrka�s�~Qm%aqme·	·Zsel^sC�?~ZjZl s�a�z{_"z�_Vgima s�~Qm%aqme·<·Zsel^sX¶ �6jZo�pqlnm%oÁs�lnpq_br�hZon_X\Om»znz!p z pqrZpvl�p�s�aqp��%m»·
¸:pqln]"s7hZonpqgipvrku�w � z�l�m%hc�Cpqr-¸:]kp�\^]-_VrZav|&l�]Zm�a�se~Qm%avme·�·C_X\Ojkgim%rXl^z'seonm�jQz{me·&ln_m»z�lnpqg"s�l�m:ln]Zm
\)a�sbz�z�p��Qm%o6hQs�oÁs�gim%l�m%o^z)� "�X�csbz6pvr ���`jQs�l�pv_VrQz � ¶9�is�rG· � ¶ 5 ¶ ´ ]km%r<l�]Zm�\O|k\Oavm7~Qm%ubpqrQz!¸:pqln]	ser
� � z�l�m%h	ln]Qsel!jGz�mez:ln]Zp z!\)a�sbz�z�p��Qm%o:ln_¿hZon_V~Qs�~Zpqavp z�lnp \%s�aqav|�a�se~ m�acln]ZmNjZrZa�se~Qm%avme·�·C_X\OjZg¿m%rClÁz d�_bo
l�]Zm �Qo^z{l!l�pvgimÈ¶

´ ]ZmNseavub_Vonpqln]Zg pvl�m%o^selnmez'jZrXlnpqa pql:\O_VrCy`m�onubm»z�l�_�s�hQ_bpqrClt¸:]Zm%o�m "�·C_`m»z rZ_bl6\^]Qs�rkubm!d�o�_bg
_VrZm"pvl�m%o^selnpv_Vr�ln_	ln]kmirZm
	Xl%¶ � avuV_bonpqln]Zg¿p�\%seava�|`�c¸ m"·Xm%lnm%o�gipvrkm&ln]Qsel�\O_brXy`m%onuVm%rQ\Om¿]Qsbz_X\ �
\)jZono�me·~C|7_V~Qz�m%o�yCpqrZuNs!~Qm%av_e¸ �¥ln]Zo�mez�]k_ba�·&\^]QserZubm:pqr&ln]Zm:aq_bu��¥hZo�_b~Qse~Zpvaqpvl{|_ed2l�]Zm:hQseo^s�g¿m%lnm%oÁz
� ����jQselnpq_br � ¶ �V� �^�Z¸:]kp�\^] p z ln]Zm7]Zm�pvub]Xl:_�d�ln]kmz{jZo�d¥sV\Om7_br�¸:]Zp�\^] � w p�z ]kpvava��{\)avpvg&~kpvrZuk¶

´ s�~Zaqm � ¶ � ubpqy`mez:s�r"_VjZlnaqpvrZm7_�d�ln]km�~Gsbz�p \���wÑs�avuV_bo�pvln]kg d�on_Vg$ln]Zp z:z�me\)lnpv_Vrc¶

��� ����� � 	$� ��� � � 	�� �

Â>r z�jZgig s�on|È� ��w �QrG·Zzis "� l�]Qs�l¿av_X\%seavav|�g"s 	Cpqgip��%m�z�ln]km<hQ_`z{lnm%o�pv_bo"hZo�_b~Qse~Zpvaqpvl{|+_edpql^z
hGs�o^segim%l�m%o^zuVpvy`m%r � � �:l�]Zm�·Zs�lÁs��L~Q_Vln]Lln]km a s�~Qm%aqme·�s�rQ·�ln]Zm"jZrZa s�~Qm%aqme·2¶3Â l&hkon_eyCp ·CmezNs
g¿m%ln]Z_X·�¸:]Zm%onm�~C|�jZrZa s�~Qm%avm»· ·ks�l^s&\�s�r�s�jZuVgim%rXl aqpvgipqlnme·a s�~Qm%avm»·i·Zs�lÁs-serQ·"\O_brXlno�pv~Zjklnm�l�_
hGs�o^segim%l�m%o�mez�l�pvg"selnpv_Vrc¶ � ripqrCl�m%onmez{lnpqrZu7m%gihZpqonp�\�s�a ��jZm»z�lnpq_brip z ¸:]Zm�ln]Zm%otln]Zm»z�m6gi_bo�m!hZo�_b~��
se~Zavm hQs�oÁs�gim%l�m%o'mez{lnpqg"s�l�mez'¸:pvavakpvgihZo�_ey`m6\Oa�sVznz�p��?\%selnpv_VrisV\%\OjZoÁsb\O|È¶ [`me\)lnpv_Vr � ¶1�Z¶ � ·Cp zn\OjQz�z�me·
l�]Zm�d¥sb\Ol6ln]Gs�l:rQsepvy`m �:s%|`mez jQz{jQs�aqav|ihQm%o{d�_bo�g"z \Oa sbz�z�p � \%s�l�pv_br�¸ m%aqac·Cm»z�hZpqlnm�yXpv_Va�s�l�pv_VrQz _�d�pql^z
sVznz{jZgihZl�pv_brGzO¶ �Lpvaqa2l�]Zp�z6z�l�pvava?]Z_ba ·ilnonjkm�¸:]km%r"jQz�pqrZu-jkrZa�se~ m�avme·"·Zsel^s��
0!_Vlnm�ln]Qsel7ln]Zm��njQz{lnp��?\%s�l�pv_VrQz!d�_bo7ln]Zp z�s�hkhZon_Èsb\^]�·Cm%hQm%rQ·<_Vr l�]Zm¿sbznz{jZgihZl�pv_VrQz�z�lÁs�l�me·

pqrL[`me\Ol�pv_br � ¶ � ��rQsegim%av|È��ln]Gs�l�ln]Zm�·Zsel^s0s�onm�hZon_X·XjQ\Ome·+~X|�s g¿p�	XlnjZo�m-gi_X·Xm%a>��serQ·+ln]Qsel
l�]Zm%o�m!p z s�_VrZm �¥ln_ �>_VrZm7\O_Vononm»z�hQ_brQ·Xm%rQ\Om�~Qm%l{¸tm%m%r�gip�	XlnjZo�m:\O_VgihQ_brZm�rClÁz serQ·i\Oa sbz�z�mez)¶�Â¥d÷ln]Zm
uVm%rZm%oÁs�l�pvy`migi_X·Xm%avpqrZu	sVznz�jkgihZlnpq_brQz&¸ m�onm"\O_Vono�me\Ol%��ln]km%r�g"s�	Xpvgip��OpqrZu"gi_X·Cm%athZon_V~Qs�~kpvavpql{|
¸t_bjZa ·±~Qm0s	ub_`_X· \Oonpqlnm%o�p�s<pvrG·Cm%me·2¶ ´ ]Zm �:s%|`mez_bhZl�pvg"sea6\Oa�sVznz{p �Qm%o�\)_bono�mez�hQ_VrQ·Zziln_0ln]Zm
w � } hQs�oÁs�gim%l�m%o&mez{lnpvg s�lnm»z_�dNln]Zm�gi_X·Cm%a¥¶��L]Zm%rLl�]Zmez{m	sbz�z�jZg¿hZlnpq_brQz�·C_+rZ_Vli]Z_Va�· �
sVzi\Om%o�l^sepvrZaq|+p�z&ln]Zm \%sbz{m<pqr onm»s�a �¥¸ _Vona ·±lnm	Cl�jQs�a ·Zs�lÁs�� ln]Zm�~ m�rZm �QlÁz-_�d7jkrZa�se~ m�avme·3·Zs�lÁs
seonmiaqmeznz7\Oaqmes�o�¶ ´ ]ZmirZm	ClNz�m»\Olnpq_br+¸:pqava�z{]Z_e¸ m%g¿hZpvo�p�\%seava�|"ln]Qselln]kp�z�g¿m%ln]Z_X·0\%ser+pvrQ·Xm%me·
·Xo^s�g s�lnp \%s�aqav|NpvgihZo�_ey`m l�]Zm sb\%\Ojko^sb\)|&_�d�s·X_X\OjZgim%rXl�\Oa sbz�z�p �Gm%o%�`mez{h m»\Op�seavav|7¸:]Zm�riln]Zm�onm s�onm
_VrZav| s d�m%¸ a�se~Qm%avme·"·C_X\)jZgim%rXl^z)¶

��	Xh m»\Ol^selnpv_Vr�� w	s�	Xpvgip��es�l�pv_br�p�z�si¸tm%ava��>ÀXrZ_e¸:r<d¥s�gipqav|i_ed6seavub_Vonpqln]Zg"z:¸:pvl�]+siaq_brZu"]Zp z �
l�_bo�|serQ·g"serC| s�hZhkavp�\�s�lnpq_brQz)¶'Â>l^zcsehZhZaqp�\%selnpv_Vrl�_�\Oa sbz�z�p � \%s�l�pv_brNp�zcrZ_blUrZm%¸�pvr7ln]Zm,z�lÁs�lnp z�l�p�\%z
aqpvl�m%o^selnjZo�m`¶ ´ ]Zm-p ·Cmes-_ed6jQz�pqrZu�s�r ��w �¥avpqÀ`mhZo�_X\Ome·CjZo�m-l�_"pvgihZo�_ey`m&s"\Oa�sVznz{p �Qm%o ¸:pvln]0jZr��

�C�



a�se~Qm%avme·�·Zs�lÁsihZonme·ks�lnm»z l�]Zmd�_bo�g-jZa s�l�pv_br"_ed ��w � m`¶ uk¶v� ´ pvl�lnm%o�pvrZuVln_br÷� � . 5 � �^¶ � z�jZo�y`m%|i_ed
ln]kp�z:onm%a s�lnm»· ¸t_bo�À p z ubpqy`m%r"pvr	[`me\Ol�pv_Vr � ¶ � ¶ � ¶ �6jZo s�hZhkavp�\�s�lnpq_br"_�d � wÑ¸:pvln] s g¿p�	XlnjZo�m!_ed
g�jZavl�pvrZ_Vgipqs�a�z'p z ln]Zm �QoÁz�l6s�hkhZavp \%s�l�pv_br"_ed�ln]Zp z:s�hZhkon_`sV\S]�ln_&l�m
	Cl6\)a�sbz�z�p��?\%s�l�pv_Vrc¶

� ��� �  ��+��� �e� ������
 � � ��� � �)���

Â>r<l�]Zp�z6z�me\)lnpv_Vrc�Z¸ mNhZon_eyXp�·Cm7m%g¿hZpvo�p�\%sea2m%yXp�·Cm�rQ\Om�l�]Qs�l \O_bg�~ZpqrZpvrZu&a s�~Qm%aqme·"s�rQ·<jZrka�s�~Qm%aqme·
lnoÁs�pqrZpvrZu�·C_X\)jZgim%rXl^z!jGz�pvrku ��w _bjZl�h m�o�d�_bo�g"z!l�o^sb·Xpvlnpq_brQsea�rQs�pqy`m �:s»|`m»zO�2¸:]Zp \S]	l�o^sepvrQz�_br
a�se~Qm%avme·	·X_X\OjZgim%rXl^z s�av_VrZm`¶ �0m-hZo�mez�m�rCl�m	ChQm%o�pvgim%rXl^seaconmez{jZavlÁz!¸:pvl�] l�]Zonm�m�·Cp ¾?m%o�m%rCl lnm
	Xl
\O_VonhQ_boÁs��	x�z{m�0!m%lNrZm%¸6z{ubon_VjZhQz ������� (
	���. * �!$/"� �^��¸ m%~�hQseubmez ��� (������ �^�'serQ·±rkm%¸6z�¸:pqonm
s�o�lnp \Oavmez ��� (+$'&)(+*�� �^¶�� �:mez�jZaql^z&z{]Z_e¸$ln]Qsel-pqgihZo�_�y`m�g-m)rClÁz�pvr3sb\%\)jZo^sV\O|�·CjZm"l�_ jZrka�s�~Qm%aqme·
·Zsel^s"s�o�m-_ed�lnm%r0·CoÁs�g"selnp \b� m»z�hQme\Op s�avaq|"¸:]Zm%r	ln]km&rCjZg�~Qm%o6_�d:a s�~Qm%aqme· l�o^s�pqrZpvrku<·X_X\OjZgim%rXl^z
p�z�av_e¸7¶��Z_bo:m
	ks�g¿hZavm`�V_br"ln]Zm ����� (
	���. * �!$/"�,·Zs�lÁs-z{m%l%�k\Oa�sVznz{p �?\%selnpq_brim%o�on_Vo:p�z o�me·CjQ\)me·-~X|
� � � ¸:]Zm%r"lnoÁs�pvrkme·i¸:pvln] � � �-a s�~Qm%avm»·is�rQ· � � � � ��jZrZa�se~Qm%avme·"·C_X\)jZgim%rXl^z)¶

� ��� � � � 	 � 	 � 
 � � 	 � ��� � ����� ��� �

´ ]Zm ��� � (
	���.!*-�!$/"�:·ks�l^s&z{m%l � w<pql^\^]Zm%ava¥� � . . 5 � ¼ _`sb\^]Zpqg"zO� � . . 5 �Qw	\�ftseavavjkg m%lts�a>¶q� � . . 6 �^�
\O_Vavavm»\Olnme·0~C|�¹�m%r ½?s�rZuk�6\O_brQz{p�z{l^z&_�d � � � ��5 s�o�lnp \Oavmez&·XpvyXp�·Cme·�s�avg¿_`z�l&m�y`m%rZav|�s�g¿_brZu � �
·Cp�¾2m�onm%rXl�x�z�m 0!m%l&·Xp�zn\)jQznz{pv_br�uVon_bjkhQzO¶ ´ ]Zm"l^sVz�À�p�zl�_+\)a�sbz�z�p�d�|�s�r s�onl�p�\OaqmipvrXln_	l�]Zm"_brZm
rZm%¸6z{ubo�_bjZh � _ed�l{¸ m%rXl{| ��l�_i¸:]Zp�\^]<pql:¸:sVz!hQ_`z�l�me·2¶7w	serC|"_�dtl�]Zm&\%selnm%uV_bo�pvmez d¥s�aqa�pqrCl�_i\O_Vr��
d�jQz�s�~Zaqm"\OavjGz�lnm�o^z �cd�_boNm
	ZsegihZaqm`� �Qy`m�_�d6l�]Zm%gÑs�o�m"!$#%'&)(+* ·Cp�z�\OjQz�z�pv_Vr+ubo�_bjZhGzO��s�rG· ln]Zo�m%m
_�d ln]Zm%g�·Cp zn\OjQz�z o�m%avpqubpq_brc¶ �L]Zm%r ¸t_boÁ·Zz d�o�_bg s0z�l�_bhZaqp�z{l&_�d \O_bgig¿_br�z{]Z_bo�l-¸t_bo^·kz-seonm
onm�gi_ey`me·2�`ln]Zm�onmNs�o�m � �V�b� 6 jZrZp ��jZm7¸t_bo^·kz l�]Qs�l�_X\�\OjZo:gi_Vonm7ln]Qser<_VrQ\Om �Z_Vln]Zm%o:d�meselnjZo�mz{m �
avm»\Olnpq_brip z rZ_bl6jQz�m»·2¶ �L]Zm%r"ln_VÀ`m%rZp��%pvrZuNln]Zp z:·Zs�lÁsC�Q¸ mNz�ÀXpvh"l�]Zm7x�z{m�0!m%lt]Zmesb·Xm%o^z � l�]Zm%onm�~C|
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g s�rX| _edtln]Zm&hZo�_bhQm%o�lnpvm»z�\)_brXl^s�pqrZme·"pvr	ln]km&lnm
	Xl%¶ �6jZo ��� � (
	���.!*-�!$/"��o�mez�jZaql^z�z{]Z_e¸ ln]Qsel
¸tm�·X_&rZ_bltrZm%me·�s�hQm%o{d�me\Ol�gi_X·Cm%aXd�_bo ��w l�_]Zm%aqh-l�m
	Xl \)a�sbz�z�p��?\%s�l�pv_Vrc¶ �6m%rZm%oÁs�lnpqy`m:gi_X·Cm%a z
seonm&o�m%hZonm»z�m%rXl^selnpvy`m m%rZ_bjkub]<d�_bo ln]ZmNhZjZonhQ_Èz�mez�_�dtl�m
	Cl6\)a�sbz�z�p��?\%s�l�pv_Vr	p d�gi_X·Xm%achZon_V~Qs�~kpvavpql{|
serQ·<sV\%\OjZoÁsb\O| s�onmN\O_Vono�m%a�selnme·2�ks�aqav_e¸:pvrZu ��w l�_&pvrQ·Xpvonm»\Olnaq|&_bhZl�pvgip��%m�sV\%\OjZoÁsb\O|È¶

´ _+pvaqavjQz{lnoÁs�lnm"l�]Zp�zgi_Vonm�·Cm �GrZpvl�pvy`m%aq|`��aqm%l&jQz&av_`_bÀ3seu`s�pqr s�l�ln]Zm ��� � (
	�� .!* � $/"�-m
	��
hQm%o�pvgim�rClÁzO�ts�rQ· m%g¿hZpvo�p�\%seavav|	g¿mesbz{jZonm"ln]kp�zi\O_Vono�m%a�selnpv_Vrc¶ ��pvuVjZonm � ¶ � ·Cm%gi_VrQz�l�o^selnmez&ln]Zm
\)_bono�m%a�selnpq_br�� mesb\^]	hQ_bpvrXl7pvr	l�]Zmiz�\%s�l�lnm%o�hZav_Vl7p�z!_VrZm-_ed:l�]Zm-a s�~Qm%aqme·	s�rQ·0jZrZa�se~Qm%avme·	z{hZavpql^z
d�o�_bg ��pqubjZo�m � ¶ � ¶ ´ ]Zm!a s�~Qm%aqme·&·Zs�lÁs�]Zm�onm6s�o�m�jQz{me· _VrZav|d�_Votz�m%l�lnpvrku�l�]Zm � w pvrZpqlnp s�avp��es�l�pv_Vr
serQ·0s�onm&rk_bl�jQz{me·0·CjZonpqrZuipqlnm%oÁs�lnpq_brQz)¶ � � m&hkav_bl \Oa�sVznz�p��?\%selnpv_Vr	hQm%o�d�_Vong"serQ\OmNsbz7sb\�\OjZo^sV\O|

� î%à{â{ëåÝ æOç6þbô û�Þ�Üeæ^ãcÞ2ë�ÜVáSë?ð�Þ�ÝËçeó ë�Üeà'í�á^ébà{íËà{è6èbá^ë¥á�
>ðeÞ�ë��qæOß?Þåà{ë�ëåÝ ç�ótëåÜeà'Þ�ë¥áSß�ëåÝ ç�ótäbæ)ÝËç%ëQó)Ý �Oà{Þ?à�Þ�Þ�à�ç�ëåÝ�á^íËíËê
ë�Üeà�Þ>á��!à�äbà{ß �qæ)ß � á^ç�â{à'ãcÜeà{ç7ã2à�á^íËÞ�æ:ðeÞåà�ÝËëcÝËç ëåÜeà � � Ý ëåà{ß¥áSë�ÝËæ)ç�Þ�ô T à'à�"%â{íËðeè�à�ë�Üeà í áSéVà�í à�è èbá^ë¥á%�vß�æ��
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Number of Unlabeled Documents

3000 labeled documents
600 labeled documents
300 labeled documents
140 labeled documents
40 labeled documents

ïCÝËó)ðeßåà�û�ô þ ���2í áSÞ�ÞåÝ �bâ�á^ëåÝ æOç áSâ{â{ðeß>á^â{ê�ãcÜeÝËíËà��)á^ß�ê%ÝËçeó ë�Üeà'ç%ð��:ébà{ß2æ��Qðeçeí�á^ébà{íËà{è�èeæ%â{ð��!à{ç%ë�ÞnôZÛcÜeà'àHfÈà�â{ë'Ý Þ
Þ�Ü�æ^ãcçNæOç&ë�Üeà � � � � ��
 � � � � ��
 èVá^ë>á6Þåà{ë�ÿCãcÝËë�Ü �!èeÝ fÈà{ßåà{ç%ë,á!�6æOðeç%ë�ÞUæ!�÷í�áSéVà{íËà{èèeæ%â{ð��!à{ç%ë�ÞnÿXé%ê �)áSß�ê%ÝËçeó
ë�Ü�àtá��!æ)ðeç%ë2æ��Qðeçeí�á^ébà{íËà{è7èbá^ë¥á æ)ç�ë�Ü�à�Üeæ)ßåÝ2e{æ)ç%ë¥áSíká!"�ÝËÞnô��'á��%Ý ç�ó �6æ)ßåà'ðeçeí�á^ébà{íËà{è�èVá^ë>á:Üeà�í ä�Þ�ôcì�æ)ë�à ë�Üeà
èeÝËä6ÝËç6áSâ{â{ðeß>á^â{ê�ãcÜeà{ç�á�Þ � áSí íbá��6æOðeç%ëZæ��kð�çeí�á^ébà{íËà{è6èVáSë¥á ÝËÞ÷áSèeèeà{è�ë�æ:á'Þ � á^íËíVá!�6æOðeç%ëQæ��Xí�á^ébà{íËà{è!èVá^ë>áeô
T àUÜ%ê%äbæ)ë�Ü�à{Þ�Ý2e{à�ëåÜVá^ë2ë�Ü�Ý Þ2ÝËÞcâ�á^ð�Þ�à{è�é%ê:à�"%ë�ßåà��6à)ÿeáSí �6æ)Þåë?ü æ)ß��)ÿ%à{Þåë�Ý � áSë�à{Þ2æ��Zâ{æ��!äVæOçeà{ç%ë �!à��:ébà{ß�ÞåÜeÝËäXÿ
�cñ�� _ [ � Z����	 ò�ÿ��væ)ßZë�Üeàcð�çeí�á^ébà{íËà{è:èeæ%â{ð��!à{ç%ë�ÞcñqáSÞQâ�á^ð�Þ�à{è!é�ê çVá^Ý �)à2õcánê)à{Þ�
)ã2æ)ßåètÝËçeèeà�äVà{ç�èeà{çeâ{à�áSÞ�Þ�ð&�6äeëåÝ æOçVò{ô

_br�ln]Zm7l�mez�l6·Zsel^s�s�rQ·�z�]Z_e¸El�]Zm7hQ_`z�l�m%onpq_bo6gi_X·Cm%aQhZo�_b~Qse~Zpvaqpvl{|`¶
�Z_bo&ln]kp�z·ks�l^sVz�m%l�� \)a�sbz�z�p��?\%s�l�pv_Vr�sb\%\)jZo^sV\O|+serQ·+gi_X·Cm%a�hZo�_b~Qse~Zpvaqpvl{|0s�o�m"pvr+uV_`_X· \O_Vo �

onm»z�hQ_brQ·Xm%rQ\Om`¶ ´ ]Zm�\O_bo�onm%a s�l�pv_br0\)_`m �"\)pvm%rXl!~Qm%l{¸tm%m%r	sV\%\OjZoÁsb\O| s�rQ·	gi_X·Cm�a�hZo�_b~Qse~Zpvaqpvl{|<p z
� �9. 5 . 6 �6s	y`m%on|�z�l�on_VrZu�\O_Vononm�a�s�l�pv_Vr±pqrQ·Cm%m»·2¶�� m \%s�r3l^seÀ`m l�]Zp�z&sVz-s	hQ_`z{l �¥]Z_X\ y`m�onp � \%s �
lnpq_br�ln]Gs�l�ln]Zp z·Zsel^sbz{m%l�p�z&s�g¿m%rQs�~kavmil�_	jQz�pqrZu	jZrZa s�~Qm%avm»·±·ks�l^s	yXp�s	s<ubm�rZm%o^selnpqy`migi_X·Cm%a
s�hkhZon_Èsb\^]c¶ ´ ]km&_bhZl�pvgip��es�l�pv_br�\Oo�pvl�m%onp s _ed g¿_X·Cm%aUhZon_V~Qs�~Zpqavpql�|"p z�s�hZhkavp�\�s�~Zaqm]Zm%o�m~Qme\%sejQz�m
pvl:p z pvr"l^serQ·Cm%g ¸:pvln]�sV\%\OjZoÁsb\O|`¶

� m¿]Qs%y`miz{]Z_e¸:r±l�]Qs�l sbzl�]Zm"s�g¿_bjZrXl7_�d6a�se~Qm%avme·�·Zs�lÁs pvrG\OonmesVz�mez)�'sV\%\OjZoÁsb\O|�s�a z�_	pvr �
\Oo�mesbz{mezO¶�Â>r ��pvuVjZonm � ¶1�¸ m \O_VrQz�p ·Cm%o�ln]Zm6mO¾?me\Ol�_edUybseon|XpvrZu7l�]Zm7s�g¿_bjZrXl'_�dUjkrZa�se~ m�avme·�·Zs�lÁsC¶
�Z_bo��Qy`m ·Cp ¾?m%o�m%rXl���jGs�rXlnpvl�pvmezU_�dca s�~Qm%aqme·-·X_X\OjZgim%rXl^z)�b¸ m:]k_ba�·�ln]Zm6rCjkg-~Qm%oU_�d÷a�s�~Qm%aqme·�·C_X\ �
jZgim�rClÁz�\O_VrQz�lÁs�rXl%�Xs�rG·-yVs�on|Nln]Zm6rXjZg-~Qm%oU_�d÷jZrZa s�~Qm%avm»·&·C_X\OjZgim�rClÁz�pvr&l�]Zm!]k_bonp��%_brXl^seaQs�	Xp�z)¶
0�selnjZoÁs�avaq|`��]Gs»yXpvrku	gi_bo�m-jZrka�s�~Qm%aqme·+·Zsel^s	]Zm%aqhQzO��s�rQ·+pvl&]km%avhQz7gi_bo�m-¸:]km%r�ln]Zm%o�mip�z7avmez�z
a�se~Qm%avme·"·Zsel^sX¶
0!_bl�p�\Om:l�]Qs�ltsV·Z·CpvrkusNz�g"seavaks�gi_VjZrXl'_�d÷jZrZa�se~Qm%avme·&·ks�l^s7ln_Ns7z�g"seavaks�gi_VjZrXl'_�d÷a�s�~Qm%aqme·

·Zsel^sisV\OlnjQseavaq| ]XjZo�l^z:h m�o�d�_bo�g"s�rG\Om`¶ �0m7]C|XhQ_bln]kmez�p��%ml�]Qs�l6ln]Zp z _X\�\OjZo^z6~ m»\%s�jQz{ml�]Zm¸t_bo^·
ë�Ü�à�ÝËëåà{ß¥áSë�ÝËæ)çeÞcëåæ6á^íËíËæ^ã �6æ%èeà{í`äeßåæ)éVáSéeÝËíËÝ ë�ê ç%ð��:ébà{ß�Þcëåætébà�â{æ �6äVáSß¥á^é�í àUáSâ{ß�æOÞ�Þ�ë�ß�Ý�áSí Þnô
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g�ëåà{ß¥áSë�ÝËæ)ç7ü g�ëåà{ß¥áSë�ÝËæ)ç � g�ë�à{ß>á^ë�ÝËæOç û
ÝËç%ë�à{íËíËÝËó)à{ç�â{à ��� �

��� � ���

á^ß�ëåÝ��Vâ{Ý�á^í íËà{â�ë�ðeßåà í à�â{ë�ðeßåà
ðeçeè�à{ß�Þåë¥á^ç�èeÝËçeó â{â â{â

���cã ��� ���������

è�Ý Þåë ��������� èeð�à
ÝËèeà{ç%ëåÝ âná^í ÜVá^ç�èeæ)ðeë ���

ßåðeÞ èeðeà Üeæ �6à{ã2æ)ß a
áSß�ß>á^çeóOà äeßåæ)éeíËà�� á^ÞåÞ�ÝËó)ç&�6à{ç%ë
ó�á��!à{Þ Þåà{ë ÜVáSçeèeæ)ð�ë

èVá^ßåë �!æ)ðeëåÜ ë>ánê Þ�à�ë
çVá^ëåðeß¥áSí ���Uá�� Ü�ã
â{æ)óOçeÝËë�Ý �)à ê%ðeß�ëåë¥á^Þ à�"eá��
íËæ)óOÝËâ Üeæ �6à{ã2æ)ß a ä�ß�æ)é�í à �
ä�ß�æ��%ÝËçeó a��væ)ðeßåê ���Uá!�
äeßåæ)íËæ)ó Þ�à�â äbæ)Þ�ëåÞ�â{ßåÝËäeë

a%çeæ^ãcíËà{è�ó)à äVæOÞ�ëåÞ�â{ßåÝ ä�ë Þ�æ)íËðeëåÝËæ)ç
Ü%ð���á^ç à�"eá�� �%ðeÝ2e

ßåà{äeßåà{Þ�à{ç%ë>á^ë�ÝËæOç Þ�æOíËðeë�ÝËæ)ç â>ÜVáSäeë�à{ß
�bà{íËè áSÞ�Þ¥á � áSÞ�â{ÝËÝ

ÛGáSéeíËà6ûeô û ��	�ÝËÞ�ë�Þ æ��UëåÜeà:ã2æ)ß�è�Þ �!æ)Þ�ë'äeßåà{èeÝËâ{ëåÝ#�Oà6æ!�÷ëåÜeà�
 ����� 
��â{í�á^ÞåÞ�ÝËç&ë�Üeà� ������� èVá^ë>á6Þåà{ë�ÿ2á^Þ�ëåÜeà{ê
â¥Übá^çeóOà6æ��)à�ßtÝËë�à�ß¥á^ëåÝËæ)çeÞ æ���� � �qæ)ß:á�ÞåäVà{â�Ý �bâ7ë�ßåÝ áSí�ô7õ2ê&ë�Üeà!Þ�à{â{æOçeèiÝËë�à{ß>á^ë�ÝËæOç�æ���� �&ÿ�� áSç�ê�â{æ�� �6æ)ç

 � � ��
 �>ø ßåà{í�á^ëåà{èNã2æ)ßåèeÞUá^ä�äVà�áSß�ôZÛcÜeà Þ�ê �:éVæOí��<ÝËçeè�Ý âná^ë�à�ÞUá^ç7á^ßåéeÝËë�ß¥áSß�ê!èeÝËó)ÝËë�ô

pqrQ·Cm%hQm%rG·Cm%rQ\OmtsVznz�jkgihZlnpq_br7_�dGrQs�pqy`m �:s%|`mez2aqmesb·kz l�_!_ey`m%o�av|��{\O_Vr��?·Cm�rCl } � ��� � � � � "� �Qmez{lnpqg"s�l�mez
pqr	ln]Zm � � z�l�m%hc�2¸:]Zp \S] \%s�jGz�m&mesV\S]	jZrka�s�~Qm%aqme·<·X_X\OjZgim%rXl6ln_i~Qm&]Zmes%yXpvaq| ¸tm%pvuV]Cl�me· l�_i_brkav|
_VrZm6\Oa sbznzUm%y`m%r¸:pqln]Z_VjZl�z{lnon_VrZu7m%yXp�·Cm%rG\Om'd�_bo'l�]Zp�z)¶ � �Lpqln]Z_VjZl'l�]Zp�z�~kp�sbzUpvrrGs�pvy`m �:s%|`mezO�eln]Zm
� � z�l�m%h ¸t_bjZa · z{hZonm»sb·	ln]Zm&jZrka�s�~Qm%aqme·	·Zsel^s g¿_bonmNm%y`m%rZaq|�sb\Oo�_`znz�l�]Zm�\Oa�sVznz{mezO¶ � �L]Zm%r0ln]Zm
rXjZg�~Qm%o�_�d,jZrZa s�~Qm%avm»· ·C_X\)jZgim%rXl^z!p z�a�s�o�ubm`�U]Z_e¸ m%y`m�o%�2l�]Zp�z�hZo�_b~Zaqm%gÑ·Cp�z�s�hZhQmeseo^z~Qme\%sejQz�m
l�]Zm jkrZa�se~ m�avme·&z{m%l�hkon_eyCp ·CmezUs!a�seonuVm m%rZ_VjZub]¿znsegihZaqm l�_7z�g¿_`_bln]N_bjZl�ln]Zm,z�]Qseonh¿·Cp�z�\Oonm%l�m%rZmez�z
_ed�rQsepvy`m �:s%|`mez �C_ey`m%onaq| � \O_Vr��?·Cm%rXlt\Oa�sVznz{p �?\%selnpq_brc¶

´ _7hZon_eyXp�·Cm6z{_bgimtpvrXlnjZpqlnpv_Vr�s�~Q_bjkl ¸:]X| ��w$¸ _bo�ÀZz)�`¸ m:hZo�mez�m%rXl�s7·Cm%lÁs�pqavme·7lno^sV\Om:_�d÷ln]Zm
m�y`_bavjklnpv_Vr	_�d,ln]Zm�\Oa sbz�z�p �Gm%o�_ey`m%o�l�]Zm�\O_bjko^z�m�_�d z�m%y`m�o^s�a ��w pqlnm%oÁs�lnpq_brQz)¶ ´ s�~Zaqm � ¶ � z{]Z_e¸6z
l�]Zm \S]QserZubpqrZu&·Xm �QrZpqlnpv_Vr-_edUln]Zm ��� $+*���( \Oa�sVznz'pvr�ln]km � (������i·ks�l^sVz�m%l�¶ ��sV\S]¿\O_baqjZgir�z{]Z_e¸6z
l�]Zm�_bo^·Xm%onme·<aqp�z{l�_�d,¸ _boÁ·Zz�ln]Qsel7ln]Zm&gi_X·Xm%a'pvrG·Cp�\%selnmez s�onm&g¿_`z�l hZonme·Xp�\Ol�pvy`m7_�d,ln]Zm ���!$+* ��(
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Number of Labeled Documents

2500 unlabeled documents
No unlabeled documents

ïCÝËó)ðeßåàtûeô � � �2í�á^Þ�ÞåÝ��Vâ�á^ëåÝËæ)ç7á^â{â�ðeß¥áSâ{ê7æ)ç�ëåÜeà � ��� � �&èVáSë¥á:Þåà{ë�ÿbébæ)ëåÜ7ãcÝËë�ÜNáSçeè�ãcÝ ëåÜeæ)ð�ë�û��Oü)ü ðeçeí�á^ébà{íËà{è
èeæ%â{ð��!à{ç%ë�Þnô T Ü�à{ç&ë�Üeà�ß�à7á^ßåà:Þ � áSíËíkç%ð��:ébà{ßåÞ�æ!�Uí�á^ébà{íËà{è&èeæ%â{ð��!à{ç%ë�Þ�ÿ�� �AÝ �6ä�ß�æ��)à�Þ�á^â�â{ðeß¥áSâ{ê%ô T Üeà{ç
ë�Ü�à{ß�à�á^ßåà���á^ç%ê�í�á^ébà{íËà{è6è�æ�â�ð��6à{ç%ëåÞ�ÿ%Üeæ^ã2à��)à�ß�ÿ�� � èeà{ó)ß>á^èeà�ÞcäVà{ß �qæ)ß � áSçeâ{àcÞ�íËÝËó)Ü%ëåí ê � ÝËçeèeÝËâ�áSë�ÝËçeó�á%�6ÝËÞ �Vë
ébà{ë�ã?à�à{ç7ë�Ü�à�èVá^ë>átáSçeè�ë�Üeà á^Þ�Þåð��6à�è6ó)à�çeà{ß¥áSë�Ý �)à��!æ�è�à{í�ô

\Oa sbznz)¶�� _Vo^·Zz�seonm �njQ·Cubm»· ln_¿~ mNhZonm»·Cp�\Ol�pvy`m6jQz�pqrZu"s&¸ m%pqub]Xlnme·iaq_buiaqpvÀ`m%aqpv]Z_`_X·io^selnpq_Z¶ � ´ ]Zm
z�|Xg�~ _Va'£ pvrQ·Xp�\%selnmez6s�r0seon~Zpqlno^seon| ·CpvuVpvl%¶ � l6Â>l�m%o^selnpv_Vr �C�2l�]ZmhGs�o^segim%l�m%o^z6s�o�mmez{lnpvg s�lnm»·
d�on_Vg s<oÁs�rQ·X_bgiaq| � \S]k_`z�m�r�z�pqrZubaqmia�se~ m�avme·0·C_X\OjZg¿m%rClNhQm%o&\Oa sbz�zO¶ 0!_bl�p�\Om�ln]Gs�l&ln]km � �!$+*�� (
·C_X\Ojkgim%rXlz{m%m%g"z6ln_<~Qm"se~Q_bjZl�s	z{h m»\Op �?\ � o�lnp � \Op�sea�Â>rCl�m%avaqpvubm�rQ\Om&\)_bjZoÁz�m"sel ��seonlng¿_bjZl�]c¶
� d�l�m%o�l{¸t_ ��w$pvl�m%o^selnpv_VrQzc¸:pvln] �V� � � jkrZa�se~ m�avme·&·C_X\)jZgim%rXl^z)�%¸ m6z�m�m ln]Gs�l ��w$]QsbzUjQz�me·l�]Zm
jZrZa s�~Qm%aqme·"·Zs�lÁsln_ �QrQ·i¸ _Vo^·Zz l�]Qs�l s�o�m�g¿_bonm6ubm�rZm%o^seavaq|-pqrQ·Cp�\�s�lnpqy`m!_ed�\)_bjZoÁz�mez)¶ ´ ]Zm \Oa�sVz �
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EM: One Regular Starting Point
EM: Many Random Restarts, Perfect Class Assignment

EM: Many Random Restarts, Empirical Class Assignment
Naive Bayes with No Unlabeled Data
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Deterministic Annealing: Perfect Class Assignment
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Deterministic Annealing: Default Class Assignment
EM with Unlabeled Data

Naive Bayes with No Unlabeled Data
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log Probability of Model

EM: One Regular Starting Point
Deterministic Annealing
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