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Y[Z]\X^�^7_`^ba"c�^7dfeXgXhBikjlY[ZnmoikpqZni
csrbjBpXikt7moivu.ik_o_w^xp=yzpXmo{�ikj}|	mwh	~
� mohBhT|	��gXj�t7\`� �����k�x���k�

�����n���b���x�

� \Xm�|�eRrbeRikjsmop�h�j�^���gRZni,|�_�r,h�hBm�Zni"�Rr7|	i,��_�rbp�txgRr,txi#df^���ik_�|P��r#pXik��_�r,pXtxgqrbtxi�df^��+ik_��
mwpXt'eRrbj}rx�+mwtxd0� � \�i,|	i�df^��+i�_�|�ZP^xpR|$h�j�gqZnhld�gX_wh�m����+mwd iPpR|	mw^xpRr,_R\Xmoikj}rbj}Z]\Xmwi,|�^,a�eqrbj	�
hBmoh�mw^xpR|vrbpR�¡|$ik_oi,ZPh9h�\�ifdf^�|$h9eXjB^xdfm�|	mwpXt=eRrbjBh�mohBmo^7pR|9h�^0t7ikpXikj}rbh�i�h�\Xi=i,|$h�mod¢rbh�i��
�+m�|	hBj�mo��gXh�mw^xpR|P�¤£¥if��m�|�ZPgR|�|$i,�¦r.|$eRi,Znm�§¨Z h$��^H�+mod�ikpR|	mw^xpRr,_�_�rbhBh�m�Zni�rbpR�¦eXjB^xeR^�|$i
h$��^�eXj�mwd=rbjB~la©i,rbhBgXj�i�|�h�^�dfi,r7|	gXjBi�hB\Xi"gR|	iPa©gX_opXi�|�|�^,a�i�rxZT\'pX^��+i�ª�h�\Xi"hBjTrbmwpXmop�tb��|	ikh
\Xm�|	hB^xj�~«Zn^xg�p+h�r,pR�.h�\�i�|	df^�^7h�\Xi,�.i�p+hBj�^xe�~=^basmoh}|leXjBi,�+m�ZPh�mo^7p`�9Y�df^�^7h�\XmwpXt�h�i,ZT\+�
pXm�¬[g�i,|�rbj�izj�i�{+mwik��i,�vrbpR��r�txi�pXikjTr,_omw­,rbhBmo^xp�^ba®h�\Xi�Zn^7p+{�ikp�h�mw^xpRr,_X�Rr7Z]¯�^,°H|	hBjTrbhBiktx~
hB^¦d g�_oh�mweX_oi��+mwdfikpR|$mo^xpq|±m�|±eXjB^xeR^�|$i,��� � j�ik_wmodfmwpRrbjB~²ik³�eRikj�mwdfikp�hTr,_�jBi,|	g�_ohT|�rbj�i
^7�XhTr,mopXi,�.^7p²hB\XifY�£µ´ � cs¶#·l¸ ��¹lº Zn^xjBeXgR|l�"\Xm�Z]\0_wi,rx�=h�^Hr=»+� �¤¼ eRikjBeX_oik³�moh$~
jBi,�+gRZnhBmo^7p¤^,{�ikj½r±�s^xj}�¢hBj�mwtxjTr,d¾df^��+i�_)�

¿XÀ©Á�Â)Ã$Ä$Å�Æ©ÇxÁPÈbÆ©ÁPÀÉÃ$Ê�ËkÌ#Å©Í,Ã�Î�ÏTÅÉÐÑÁPÈ7Ï]Ò�ÓkÃ$Ä$Ô,ÀÉÐÑÅ�Ì�Õ�ÖnÃ$È,Ä$Ì#Ô,È,ÊbÃ$À�×�ÀØÏ]È�Å`Î�Á7Ù`Ú�Û5Õ�ÜPÝ]ÞTß©ÜPà}ß�á�ß
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���������R������� |	eRiki,ZT\
j�i�Zn^xt7pXmohBmo^xp®��|	hTr,h�m�|	h�m�Zkrb_�_�rbpXt7gRrbt7i d�^��+ik_omwpXtX�z_�r,h�h�m�Zni
�Rr7|	i,�=df^��+ik_�|n��|	d�^�^xh�\�mopXt�h�i,ZT\XpXm�¬[g�i,|
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Y�h}rbhBm�|	hBm�Zkr,_�_�rbp�txgRr,txi.d�^��+ik_omwpXt=m�|vZn^xpRZPikj�pXi�� �"mwh�\¦i,|$h�mwd=rbhBmopXt=h�\�ifeXj�^7�Rrb��mo_omwh$~
^,a�{xr,j�mw^xgR|�_wmopXt7gXm�|$h�m�Z�i�{�ikp+h}|n�xgq|	mop�t'_�rbjBtxi�|�r,dfeX_oi�|A^,a�_�r,pXtxgRr,txiv�Xr,hTr+� � |�gR|$i,� mop
r,gXh�^7d=rbhBm�Z#|$e¨i�i,Z]\=jBi,Zn^xt7pXmohBmo^7p`�X|$hTrbhBm�|$h�m�Z�rb_`_�r,pXtxgqrbtxivdf^��+ik_�|�h$~+eXm�Zkrb_w_o~'i,|$h�mwd=rbhBi
243�57698;:=<?> h�\XiåZn^xpq�+mohBmo^xpqrb_��+m�|$h�j�mw�XgXhBmo^xpH^ba�hB\Xi9m��+ikp�h�mwh	~�^bashB\Xi9pXi�³+h"�s^xjT�.mwpHr
|$ikp+hBikpRZni�^xj��+^�ZPgXdfikp�hk��txmo{�i�p¤hB\XivZngXjBj�ikp�h"\Xm�|$h�^7j�~ 5 pRr,dfik_w~ hB\Xi�m��+ikp�h�mwh$~ ^,a�h�\Xi
�s^xjT��| hB\Rrbh"^�ZkZPgXj�jBi,�¤gXe=hB^ hB\Xm�|�eR^xmwp+h < �

� \Xi"df^ |	h�Zn^xd�df^xpv|	h}rbhBm�|	hBm�Zkr,_+_�rbpXt7gRrbt7ild�^��+ik_�m�|�h�\XiA@ �)t7jTr,d0�b�"\�m�ZT\9d=r,¯�i,|
hB\Xiv|	mod�eX_om�a©~+mwpXt�rx|B|	gXd�eXh�mw^xp`ª

� j 57698;:=<ABC � j 5D6?E�8 6GF�H�6JI�H�K0K�KLHM6?EONPF�<'Qµ� j 576?ER8;6?EON�SUTVF�H�K0K�K�H�6?EONWF�<
@ �Øtxj}rbdîd�^��+ik_�|�\qr�{�iv�+^7dfmopqrbh�i��¤|$hTr,h�m�|$h�m�Zkrb_�_�r,pXtxgRr,txi�df^��+ik_wmopXt'i�{�ikjz|	mwpRZni

hB\Xikmojvmop�h�jB^��+gRZnhBmo^xpFmop¦hB\Xi ��X�Y	Z\[ |^] ��_ �¥´)p¡|	e�moh�i�^ba�h�\�ikmojårbeXeRr,j�ikp�h9_wmodfmwhTr,h�mo^7pR|n�
@ �Øtxj}rbd df^��+ik_�| eXjB^,{�i,�.|$modfeX_wi��Xj�^7�XgR|$hk�`r,pR�²|$gXj�e�j�m�|$mopXt7_o~=\Rr,jT�0h�^fmwdfeXj�^,{�i#^7p
5 ] ��_`< �

£�mohB\Xmop=hB\Xi9@ �Øtxj}rbd�eRr,jTrx��motxd«�+d�gRZ]\���^xjB¯=�"rx|z�+^7pXi9^7p0|	d�^�^xh�\�mopXt��X��^xj}�
Zn_wgR|	hBikj�mwpXt0r,pR�¡rx�Xr,eXhTr,h�mw^xp`�F´�p |	df^�^7h�\XmwpXtX��hB\Xi=�+^7dfmopRr,p+hvm��+i�rx|9r,j�i=h�\�^�|	i=^,a
�+m�|�Zn^7gXh�mwpXt 5 ] � �ba _c< �Xr,pR�f�RrxZT¯+mwpXt9^,°0hB^ 5 ] �	_c< �+^xj"_wmopXi�rbj�mop�h�ikjBeR^x_�r,h�mw^xpf�"mwh�\ 5 ] �L_c< �
_w^b�sikj�^7jT�+ikjsdf^��+ik_�|n��´)pfZP_ogR|$h�ikjBmopXt���^7jT�X|P��df^�|$h�r,_ot7^xj�mwh�\Xd¢|�gR|	i�moh�i�jTrbhBmo{�isdfikh�\��
^��X|zh�\Rr,h#txjBiki,�+mw_o~HrbhBh�ikdfe�h"h�^fdfmwpXmod�mo­Pi#_w^�Zkrb_�mop+a©^7j�d=r,h�mw^xp=h�\Xi�^xj�i�h�m�Z�dfi,r7|	gXjBi,|
5 ] »+� Y0_c< �d@ �ØtxjTr,d �qrx|	i��¦rx�Xr,eXhTr,h�mw^xp¡��^7j�¯¥Zn^7pR|	m�|	hT|�eXj�mwd=rbjBmo_w~¤^,a"{7rbjBm�r,h�mo^7pR|�^7p
mwp+hBikj�eR^x_�rbhBmopXt�h�\�i#|$hTrbhBm�Zld�^��+ik_X�"mwh�\�|	d=r,_o_�@ �Øtxj}rbd=|��Xg�mo_oh�a©jB^xd df^xjBi"e¨i�j�h�mwpXikp�h
�Xr,hTr 5 ^7j a©jB^xd¾hB\Xiv�+^�ZngXdfi�p+h [ |�\Xm�|$h�^7j�~��XmØ� i���r Zkr7Z]\�i <J5 ]fe+� X � ��Z � �7�L_c< �

º gXjBmopXt�h�\�i9_�r7|	h��+i,Zkr7�+i��R|$ik{�ikjTr,_�rbhBh�ikdfe�hT|���i�j�i�d=rx��i�hB^ ��j�i,r,¯.rk�½r�~fa©jB^xd
hB\Xi#@ �ØtxjTr,d eRrbj}rx�+mwtxd0� � \Xi�|	i'mopqZn_ogR��i��+i,Znm�|	mo^7p0h�jBiki,|#r,pR� d¢rb³�mod�gXd¾ikp�h�jB^xe�~
df^���ik_�|P�

º i,ZPm�|	mw^xpHh�j�i�i9_�r,pXtxgqrbtxi�df^��+i�_�| 5 ] ����_`< rbjBi'h�\XivgX_ohBmod=r,h�i�mopHeRrbjBh�mohBmo^7p0�Rrx|$i,�
df^���ik_omwpXtX�`�Ri,Zkr,gR|	ifhB\Xik~¥Zkr,p¦mod�eX_oikd�ikp�h�rbjB�XmohBjTrbjB~²eqrbj�hBmohBmo^xpq|n�H·�gXh�h�\Xm�|�j�m�Z]\��
pXi�|�|�m�|�rb_�|$^.hB\Xif|$^xgXj}Znif^,azh�\Xikmwj#d=r,mop¥��i,r,¯+pXi�|�|n�`�"\Xm�Z]\¥m�|#hB\Xi=Zn^7dfeXgXh}rbh�mw^xpRr,_
mwp+hBjTrxZPhTrb��mo_omwh$~ ^,a�§RpR�+mwpXtfhB\Xi�^xeXhBmod=r,_`h�j�i�i�� � \Xm�| _wi,rx�X|"h�^�txj�i�i,�+~H|	i,r,jTZT\Xi,|"r,pR�
^7h�\Xikj½rb_wtx^xjBmohB\Xdfm�Z"r,pR� df^���ik_omwpXtvZn^xdfe�j�^xd�m�|	i�|n�,�"\Xm�ZT\frk°�i,Znh�hB\Xi�¬[gRr,_omwh	~'^,a�h�\Xi
jBi,|	gX_wh�mwpXt'df^��+ik_Ø� � |zr Zn^7pR|	i�¬[gXi�pRZni����+i,Znm�|	mo^7p=h�j�i�i,|�\Rrk{�i�pX^xhz~�ikhz|	gqZkZniki,��i,� mop
|$motxp�m�§�Zkr,p+hB_o~�modfe�j�^,{+mwpXt�^xpHh�\Xi��Rr7|	ik_wmopXi�@ �Øtxj}rbd¾df^���ik_)�

� pX^7h�\Xi�jleXjB^x�X_wikd��"mohB\0�+i,ZPm�|	mw^xpHh�j�i�i,|�m�|#��rbhTr'a©jTrbt7dfikp�hTr,h�mo^7p`�l¸zpRZniår h�jBiki
\Rr7|��Rikikp�Zn^7pR|	hBj�gRZPh�i,���7i,rxZT\'\Xm�|$h�^7j�~#§RhT|�mwp+hB^lik³�rxZPh�_o~�^7pXi"_oi,rkaB�xr,pR�'h�\Xisj�i,|$gX_ohBmopXt
i,|$h�mwd=rbhBmo^xp=m�| �Rr7|	i,�.^7pX_o~=^7p0h�\Xivh�jTr,mopXmwpXt=�Xr,hTr hB\Rrbh��¨i�_o^xp�tf^xp0hB\Xi9eRr,h�\.a©jB^xd
hB\Xi�j�^�^xh�h�^zh�\Rr,h�_oi,rkaB�g@l^lgq|	i�m�|`d=rx��i�^ba�h�j}rbmwpXmopXtz��rbhTrz�"\Xm�ZT\�d=rk~l�Ri�mwp+hBmod=r,h�ik_w~

�



jBik_�r,h�i,�=h�^=h�\XiåZngXjBj�ikp�h#|$mohBgRrbhBmo^xp¥�XgXh��"\Xm�ZT\.\Rr,eXeRikpR|#h�^H�+mw{�ikj�t7i�i,rbjB_o~.^7p0mop�h�^
^7h�\Xikj"eqrbh�\q|l�+g�i�hB^ ^7j�hB\X^xt7^xpRr,_�¬[g�i,|	hBmo^xpq|�\Xmot7\Xikj"gXeHmop=h�\Xi�hBj�iki��

� \Xi�r,�Xmo_wmoh$~=h�^HZn^xd��XmwpXi�ik{+m��+ikpRZPi��qrx|	i�� ^7p¥�+mo{�ikj}|	iårbpR�0eRrbjBh�m�rb_o_w~=^b{�i�j�_�r,e+�
eXmwpXt9a©i,r,h�gXjBi,|��"r7| hB\Xi#d=r,mopfdf^7h�mw{xr,h�mw^xpf�Rik\XmwpR�fh�\Xi�mwp+hBj�^��+gRZPh�mo^7p=^ba�h�\Xi�d=r,³+m��
d�gXd ikp+hBj�^7e+~=eRr,jTrx��motxd h�^f_�rbpXt7gRrbt7i'df^��+ik_wmopXt 5 ] ��� � � aR� �k� � � »+� ��Y	_`< � � |"�"r7|
�+i�df^xpR|$h�j}rbh�i��¢mwp 5 ] ����_c< �+d=r,³+mwd gXd�i�p+hBj�^xe�~�df^��+ik_�|"Zkrbp«|	gRZkZPi,|�|)a©gX_o_w~ mwp+hBiktxj}rbh�i
�+mw{�ikjT|$i�¯+pX^,�"_wi,�+txiå|	^7gXjTZni�|lmop¥r g�pXm�§Ri��.rbpq�0Zn^xpR|$m�|$h�ikp�h�|	h}rbhBm�|	hBm�Zkr,_5a©j}rbdfi���^xjB¯��
r,pR�¦Zkr,p²jBi,|	gX_wh�mopF|	mot7pXm�§¨Zkrbp�h�modfeXjB^,{�ikd i�p�hl^,{�ikj#hB\Xi�ik³+m�|	hBmopXt=|$hTr,h�in�Ø^ba��Øh�\XiP�$r,j�h
@ �Øtxj}rbd��Rr7|	i,�=h�i,ZT\XpXm�¬[gXi�|n��¶l^,��i�{�ikjk��rx|"�"rx|zrb_�|	^=��m�|�ZPgR|�|$i,�fmop 5 ] ����_c< �Xh�j}rbmop�mopXt
d=r,³+mwd g�d�ikp+hBj�^7e+~vdf^��+ik_�|�m�|�Zn^7dfeXgXh}rbhBmo^xpqrb_o_w~�{�ikj�~v�+ikd¢rbpR�+mwpXtX�,�"\Xm�Z]\vj�ikpR��ikjT|
hB\Xikdò^ba�_omwh�hB_oi�gR|	i"�"\�ikp'_�r,j�txizr,df^xg�p+h}|5^,a��Xr,hTr 5 i�� t���rl\�gXpR�+jBi,�9dfmw_o_omw^xpR|R��^7jT�X| <
r,j�ivrk{xr,mo_�rb�X_wi��

� \Xm�|¢jBikeR^xjBh0�+m�|�ZngR|B|	i,|f_�rbh�hBm�ZniH�Rrx|$i,�<_�rbpXt7gRrbt7i¦df^��+ik_�|ih rbp rb_wh�ikjBpRrbhBmo{�i
_�rbpXt7gRrbt7i¤d�^��+ik_omwpXtfeRr,jTr7�+mot7d �"\Xm�Z]\¥��i�\Rrk{�i4j�gR|	hå|	hTr,j�hBi,�²ik³�eX_o^7j�mwpXtX��kRmw¯�i�r
�+i�Znm�|$mo^xp�hBj�iki��7rl_�rbh�hBm�Zni�m�|5�Rr7|	i,�9^7p'r#|$ikh�^ba�eRrbjBh�mwh�mo^7pR|`^ba�h�\Xis\Xm�|$h�^7j�~��7rbpR�9_wmo¯�i�r,p
@ �Øtxj}rbd0�7h�\Xi�|	ikhs^ba®eRrbjBh�mohBmo^7pR|�m�|�|$h�jB^xpXt7_o~�Zn^7pR|	hBjTrbmwpXi,� ��~'��^7jT�'^xj}�+ikj"r,pR�'��^xj}�
^7jT�+mwpRrb_`eR^�|$mohBmo^xp®�"·�gXh"gXpX_wmo¯�i�r ��i,Znm�|$mo^7p¤hBj�iki �+i,|$h�mod¢rbh�i�|�rbjBivZn^xpR|$h�jBgRZnh�i��¢gq|	mop�t
d�gX_ohBmoeX_wi�eRrbjBh�mohBmo^7pR|��"\Xm�ZT\ d¢r�~�^7j�d=rk~�pX^xhs�RiljBin§RpXikd�ikp+h}|5^,a`i,r7Z]\�^xhB\Xikj�� � \Xm�|
r,_o_o^,�z|�d�gX_ohBmoeX_wi��,eRrbjBh�m�r,_o_w~ ^,{�ikjB_�rbe�eXmopXt'¯�pX^,�"_oi��+txi�|$^xgXj}Zni,|�hB^ �Ri�mopRZP^xj�eR^7jTrbhBi,���
r7|9mop�r.d=rb³�mod'g�dîikp�h�jB^xe�~²df^���ik_)�0·�g�h'gXpX_omw¯�i hB\Xif_�rbh�hBikjk��hBjTr,mopXmwpXt¥r._�r,h�h�m�Zni
�Rr7|	i,�=df^��+ik_�m�|�pX^7hzZn^xd�eXgXhTr,h�mw^xpRr,_o_o~��+ikd¢rbpR�+mwpXtX�

l mn*o"'p	.	 ^q

c�_�rx|�|$m�Zkr,_�@ �Øtxj}rbd d�^��+ik_�|��+in§RpXizrzeRrbjBh�m�ZPgX_�r,j�eRrbjBh�mwh�mo^7pXmop�t#^ba®h�\Xi"\Xm�|	hB^xj�~å|	eRr7Zni��
r ^xjzik³�rbdfe�_oi�r � �)t7jTr,dîdf^��+i�_`m�|z�+in§RpXi��.rx| 2s5D6 E 8 :t<4BC 2�576 E 8;6 EONuI 6 EONPF < �"\Xikj�i
r,_o_�\Xm�|	hB^xj�mwi,| : |	\qrbj�mwpXt.hB\Xi�|�rbd�i'_�rx|$h�h	�s^=��^xj}�X|9r,j�i�Zn^xpq|	m���ikj�i,�.hB^.�Ri�i,¬[g�mo{��
r,_oikp�hk� � pX^xhB\Xikj#�½rk~.^baseRr,j�hBmoh�mw^xpXmwpXtfhB\Xi9\Xm�|	hB^xj�~«|	eRr7Zni'j�i�_omoi�| ^7p0��^xj}�0Zn_�r7|�|$i,|n�
r ^xjzik³�rbdfe�_oivrfZn_�rx|�| � �Øtxj}rbd df^���ik_ F ��Zkrbp0�Ri'��in§RpXi,�0r7| 2�576 E 8 v EON\I v EONPF < �"\Xikj�i
hB\Xif\Xm�|	h�^7j�~¦m�|'|	iki�p¡rx|�r0|	i,¬�gXikpqZnif^baõZn_�rx|�|$i,| 5�vwEON\I�v�ExNPF�< �¡Y�modfmw_�r,j�_o~Hh�\Xm�|'Zn_�r7|�|
\Xm�|	hB^xj�~¥Z�rbp¥�¨i�d=r7�+i'df^xjBi�Zn^�r,jT|$i ��~¥Zn_ogq|	h�i�j�mop�tfh�\Xi�^xjBmot7mopRr,_�ZP_�rx|B|	i,|#mwp+hB^=|	g+�
eRikj}Zn_�r7|�|	i�|n� � \�gR|P�+mop�r7�X�+mwh�mo^7p hB^�h�\Xizy9{	|b}�~�{���|b}��]�xhB\Xi��+in§RpXmwh�mw^xp'^ba5ri�W�c}��R�������W�
{����L~������	}���rb_w_o^,�z|5a©^7j�rlpRr,h�gXj}rb_Rik³�h�ikpR|$mo^7p9h�^�@ �)t7jTr,d df^��+i�_�|`mop'�"\Xm�Z]\vh�\Xiz|$eRrxZni
^,a�\Xm�|	hB^xj�mwi,|�Z�rbp=�Ri�eqrbj�hBmohBmo^xp�i,��� � \�m�|�m���i,r9m�|s�+i,|�ZPj�mo�Ri,��mop=|$i,Znh�mw^xp � �"\XikjBi9~����`�
�D���L}��^{��#����������y�y9{	|b}�~��=rbjBi=mop�h�j�^���gRZni,��� � pqrb_o~�|	m�|�^,a#hB\Xm�|'r,eXeXj�^ rxZT\�rx|'gR|	i,�
^7p²hB\Xi¤Y �"mohTZT\��¨^ rbj}�²�Xr,hTr=m�|lt7mo{�ikp0mwp¦|$i,Znh�mw^xp�aX� � \Xi��+in§Rp�moh�mw^xp0^,az_�rbhBh�m�Zni,|l^,a
� ì Ò�ÏTÆ©ÆÉÃ$Æ�ÏTÀÉÃsÐÑÈkÅ©ÀÉÁ�ÊbÔ,Ä$Ã$Ê'Í,Ã	À©Ã"ÁPÈbÒéÌG�wÁnÀ�Ê,Ã7�7È,ÐÑÈ,ÖlæPÏTÀÉÐéÁnÔ,Æ�ÇxÏTÀ©ÅÉÐÑÅ©ÐÑÁPÈ,Æ�Á���Å©Í,Ã�Í,ÐÑÆ©ÅÉÁPÀÉÌ�Æ©Ç7Ï]Ä$ÃPÙ

ã`Í,Ã�À©Ã$ÆÉÔ,ÒÑÅ©ÐÑÈ,Ö�çlÁ�ÊbÃ$Ò�ð7Ð�Ù ÃPÙ!�\�x�=�7� ���O���c���O� �D  ð�Ä$ÁnÈkÅ©ÀØÏ]Æ©ÅÉÆ�ê`ÐÑÅ©Í'Ï"çzÁnÀ©Ã�Å©À)ÏTÊ,ÐÑÅ©ÐÑÁnÈ7ÏTÒ+Ä$Ò�ÏTÆ©Æ�ô�ß�ÖPÀØÏ]çê`Í,Ã$ÀÉÃ�Å©Í,Ã�Ç,ÀÉÃ$Ê,ÐÑÄ$ÅÉÐéÁnÈ�ÐÑÆ�ç#ÏTÊ,Ã�ÐÑÈzÅ�ê�Á"Æ©Å©Ã	Ç,ÆBíb�\�x�=�¡� ���   �b�¢���¡� ���x���£���x� �D  Ù

�



@ �Øtxj}rbd df^���ik_�|zrb_�|	^H|	gXt7txi,|$hT|vrbp¥ik³+hBikpR|$mo^xp0hB^=h�\Xi'�Rr7Z]¯�^,°�|	d�^�^xh�\�mopXt���Z�rb_o_wi,�
�D¤%{��¡|���y1}�¥��0��{�¥P��~%¦�����§w{�¨ �"\Xm�ZT\fm�|"��ikhTr,mo_oi�� mopH|	i�Znh�mw^xp � �

kRmop�i,rbj½Zn^xd��Xmopqrbh�mw^xp�^ba�eXjBi,�+m�Znh�^7jT|�m�|����D���7���#mop�h�\�i�|	ikpq|	i#hB\Rrbh"hB\Xi#mop�h�i�j�eR^x_�r��
hBmo^xp���i�motx\�hT|�j�ikd=r,mop9§R³�i,�'rka©h�ikj�h�\�ikmoj�i,|$h�mod¢rbh�mw^xp`� � �Rr7Z]¯�^,°=df^��+i�_RZkrbp�rb_�|	^v�¨i
Zn^7pR|	m��+ikjBi,�f|	h}rbhBm�Z#|$mopRZnizh�\�i#df^�|$hs|	eRi,Znm�§�ZleXjBi,�+m�ZPh�^xj�m�|�rb_w�"rk~�|�gR|$i,�f�"\Xikp=rk{7rbmw_��
r,�X_oi I �"¶likjBi���i�mop�{�i,|	hBmot rbh�i�_�rbpXt7gRrbt7i'df^��+ik_�|�h�\Rr,h9|��w¥P��y9������~O~��=ZT\X^�^�|$i'rbd�^xpXt
r�~©���c�b}å|	ikhz^baseXjBi,�+m�ZPh�^xj}|n��´)p.^7h�\Xi�j#��^7jT�X|lhB\Xi�Zn^7d �XmwpRrbhBmo^7p¤^,as{xr,j�mw^xgR|le�j�i,�+m�Z]�
hB^xjT|��+ikeRikpR�X|z^xp0h�\�ikmoj"i,|$h�mwd=rbhBi,�=¬[gRr,_omwh	~�mop0r�txmo{�i�p.ZP^xp�h�ik³�hk� � \Xi,|$i9m��+i,rx|�rbj�i
�+i�{�ik_o^7e¨i�� mopH|	i�Znh�mw^xpH»+�

ª «­¬®"g"/.	,Aq &9¯±°�²�³9$'¬i´ ´ &)(^q®p	µ

¶�·�¸ ¹ º¼»�½g¾9»�½�¿sÀ¼Á7ÂPÁ¡ºJÀ
� _�r,h�hBm�Zni#^,a-@ �Øtxj}rbd¾df^���ik_�|�m�|z|	\X^,�"p.mwpf§RtxgXjBi � �s´�p=hB\Xm�|�eRr,j�hBm�ZngX_�rbj"ik³�rbd�eX_oi��
�	Y eXj�i,��m�ZnhB^xjT|'r,j�iHZn^7pR|	m��+ikj�i���� � \Xik~FZn^xjBj�i,|$e¨^7pR� hB^.§R{�ifdf^���ik_�^7jT�+ikj}| 5 a©jB^xd
� �)t7jTrbd ^7p h�\�i¤_wina©h'h�^¥gXpXmwtxj}rbd ^7p h�\�i¤jBmot7\+h < rbpR��r \XmwikjTr,jTZT\+~¥^ba�a©^xgXj�Zn_�r7|�|
_wik{�ik_�| 5 h�\Xiv��^xj}�f_oik{�ik_®rbh"hB\Xi9�R^xhBh�^7dîr,pR�¤hB\XivZn^�r,jT|$i,|	h�Zn_�r7|�|"_oik{�i�_�r,hlhB\Xi�h�^7e < �
� \Xi¢�+m�°�ikjBikp+håZn_�r7|�|�_oik{�ik_�|�Zn^x_w_�rbeq|	ifhB^0^xpXife�j�i,�+m�Znh�^7j9mwp¦h�\Xi=gXp�motxj}rbd Zkrx|$i���mop
�"\Xm�Z]\¢rb_o_`\�m�|	hB^xjBmoi,|"r,j�i�d=rbe�e¨i��¢hB^ ^7pXi�i,¬�gXmo{7rb_wikpRZni�Zn_�rx|�|P�

� \Xi�_�r,h�h�m�Zni�|	hBj�gRZPh�gXjBi jBikeXj�i�|	ikp�hT|�r.|$ikh�^ba½mopRZn_wgR|	mw^xp¥j�ik_�rbhBmo^xpq|n�f´)p¥eRrbjBh�m�Zng+�
_�rbjk��h�\Xi�\XmwikjTr,jTZT\+~H^ba�Zn_�rx|�|$i,|9��in§RpXi,|#hB\Xi a©^x_w_o^,�"mop�t¤mwpRZn_wgR|	mw^xpR|#mop¥h�\�i=|	eRr7Znif^,a
\Xm�|	hB^xj�mwi,|nª

Ã 6?EONPF�Ä9ÅÆv�ExNPF¼ÅÈÇ¼EONPF¼Å±K0K�K
^7j#|$modfmw_�rbjB_o~

Ã 5D6?EON\I�6?EONPF�<RÄ9Å Ã 5£vwEONuI�v�ExNPF�<�ÄzÅ Ã 5¡Ç¼EON\ILÇ¼EONPF�<�ÄzÅ±K�K�K
� \Xiv^xjT��ikjl^,a�h�\�i9df^��+i�_�rb_�|$^f��in§RpXi,|"h�\�iõa©^7_o_w^b�"mwpXt�mopRZn_wgR|	mw^xpR|"mop=hB\Xi'|$eRrxZni

^,a�\Xm�|	hB^xj�mwi,|

Ã 5D6?EON�É�6?EONËÊ�6?EON\I�6?EONPF�<RÄ9Å Ã 576?ExN�Ê�6?EON\I�6?EONWF�<�Ä�ÅÌK�K�KPÅ Ã 6?EONPF�Ä
^7j#|$modfmw_�rbjB_o~

Ã 5£v EONËÉ v EON�Ê v EONuI v EONPF <RÄ9Å Ã 5£v EONËÊ v ExN\I v EONWF <�Ä9ÅÍK�K�KPÅ Ã v EONPF Ä
� ÷XæPÃ	È�Ë7ÏTÄ7ÎnÁ�ÏvçlÁ�ÊbÃ$ÒÑÆ`ê`ÐéÅÉÍ#Ä$Ô,Å©Á�Ï ÆJÐÑáRÑ�ÒRÏTÀÉÃ�Æ©Å)ÏTÅ©ÐÑÄsÏ]Æ�ÒÑÁPÈbÖzÏTÆ`Å©ÍbÃsÄ$ÔbÅ©Á�Ï'æPÏTÒÑÔ,Ã	Æ�ÏTÀ©ÃU�7økÃ$Ê

�wÁPÀ`ÏTÒÑÒ�Í,ÐÑÆÉÅ©ÁPÀÉÐÑÃ$ÆBÙ

�
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r mot7gXj�i � ª�k�r,h�h�m�Zni�^ba�_�r,pXtxgRr,txivdf^��+ik_�|

Ó rxZT\òpX^��+i ^,a=h�\�i _�rbhBh�m�ZPi¦j�ike�j�i,|$ikp+h}|0r eRrbjBh�m�ZngX_�r,j0eXj�i��+m�ZnhB^xj0�"\Xm�Z]\®��a©^xj
r¡txmo{�i�p<\Xm�|	hB^xj�~ : r,pR�
r t7mo{�ikpµeXjBi,�+m�ZPh�i,� �s^xjT� 6 ��m�|=rx|B|	^�Znm�rbhBi,�
�"moh�\µh$��^
Zn^7gXp�hT|1Ô 5D:�H�6�< r,pR�ÕÔ 5D:t< � � d=r,³+mwd'gXdî_wmo¯�ik_wmo\X^�^��²i�|	h�mwd=rbhBi Ê ^,a#hB\Xi=eXj�^7�Rr��
�Xmw_omwh	~ 2�57698;:=< m�|#txmw{�ikp²��~.hB\Xi�jTrbhBmo^H^bazh�\�i,|	i�Zn^xg�p+h}|nª¼Ö 57698;:=< CØ×VÙ�ÚLÛ ÜWÝ×VÙ�Ú�Ý

� � \�gR|
r,eRrbjBhAa©jB^xd h�\XizmodfeR^7j�hTr,p+h�m�|B|	gXi"^,a�|$df^�^xhB\XmopXt�hB\Xi"eXj�^7�Rrb��mo_omwh$~�i�|	h�mwd=rbhBi�m�|�Zn^xd��
eX_wikh�i�_o~��+in§qpXi,�f�"mohB\.h$��^�Zn^7gXp�hT|n�

� \Xi'_�rbh�hBm�Zniv|$h�j�gqZnh�gXjBi9jBiLÞRi,Znh}| hB\Xi'eRr,j�h�m�rb_�^xj}�+ikj�mwpXtf�Rikh$��i�ikp.eXjBi,�+m�Znh�^7jT|"h�^b�
t7ikh�\Xi�jl�"mwh�\.hB\Xi'|$eRi,Znm�§¨Znmoh$~�^basi,rxZT\`�"´)pH^xgXj#i�³Xr,dfeX_oi �+h�\�i � �Øtxj}rbd rbh#hB\Xi���^xj}�
_wik{�ik_�m�|±hB\Xi.d�^�|	h�|	eRi,ZPm�§�ZfeXjBi,�+m�ZPh�^xj��"\Xmw_oi.hB\Xi.g�pXmot7jTrbd m�|±hB\Xi._wi,rx|$hf|$e¨i�Znm�§�Z
^7pXi��¦´)p¦^7h�\Xi�j'��^xj}�X|n��h�\�i¤_�rbhBh�m�ZPifZkr,p�rb_�|$^0�Ri.|$ikikp�rx|'r ºz��ß mwp¡�"\Xm�ZT\¡rbp�~
eRr,h�\¥tx^�i,|#a©j�^7d r¤df^7j�i'|$eRi,Znm�§¨Z±hB^.rf_wi,|�|�|	eRi,ZPm�§�Z9eXjBi,�+m�Znh�^7jk� � \Xi�h�jTr7�+mohBmo^7pRrb_
�Rr7Z]¯�^,°�df^��+ik_��Ri,ZP^xdfi,|�r=eRrbjBh�m�ZPgX_�r,j9Z�rx|	i�mop¦�"\Xm�Z]\¥h�\�i _�rbh�hBm�Zni�m�|#jBi,�+gRZni�� hB^
^7pXiv�+modfi�pR|	mw^xp 5 rx|�|$^�Znm�r,h�i,�=�"mohB\¤hB\Xi�df^��+ik_�^xj}�+ikj < r,pR�¤�qrxZT¯+mwpXt'^b°FZn^7pR|	m�|	h}| ^,a
df^,{�mopXtvh�^,�"r,jT�X|"r'_oi�|�|"|	eRi,ZPm�§�Z#eXjBi,�+m�ZPh�^xj��

£�\Xmw_oizh�\Xi#g�pXmot7jTrbd m�|�h�\Xi�_oi,r7|	h"|$eRi,Znm�§¨Z df^���ik_)��moh�m�|�rb_�|	^'hB\Xi#df^ |	h�j�ik_wm�r,�X_oi��
r7| moh�m�|'i,|	hBmod=r,h�i,�¦�"mwh�\ hB\Xi._�rbjBtxi,|$h=rbdf^7gXp�h'^baå�Xrbh}r+�ò¸lg�jfgX_ohBmod=r,h�ift7^�r,_#m�|
hB^ §RpR�=h�\Xiv�¨i�|	h�Zn^7d ��mopRr,h�mo^7p=^baseXj�i��+m�ZnhB^xj}| hB\Rrbhzh�j}rx�+i,|�|	eRi,Znm�§�Znmoh$~f^,°¡r,t�r,mopR|$h
jBik_om�rb�Xmw_omoh$~��®u.^xj�iõ¬[gRr,_omwhTrbhBmo{�izdfi,r7|	gXjBi,|�jBik_�r,h�i,� hB^9hB\Xi,|	i�|"¬[gXi�|	h�mw^xpR|srbjBi9��in§RpXi,�
mwp.|$i,ZnhBmo^xp � � � �

� ^ |�|	mw�X_oi�ik³�h�ikpq|	mo^7pR|�hB^=h�\Xm�|�df^��+i�_�mopRZP_ogR�+i�df^7j�isÞRik³�mo��_oi 5 r,pR�²p�gXdfikjB^xgR| <
\Xm�|	hB^xj�~FeRrbjBh�mohBmo^7pR|n��mØ� i��0�"\XikjBi=ik{�ikj�~0eR^ |	mohBmo^7p mopFh�\Xi=\Xm�|	h�^7j�~¡Z�rbp�Zn^xd�i±a©jB^xd
à�á È#Å©Í,ÐÑÆ�ÇxÏTÇxÃ$À�Ï]È�ÔbÇ,Ç7Ã	À©ÄBÏ]Æ©Ã¼â²Ê,Ã$È,ÁnÅ©Ã$Æ�Ï�ÅÉÀ©Ô,Ã�ÇbÀ©ÁPËxÏTË,ÐÑÒÑÐÑÅ�ÌzÏTÈ,Ê�Ï"ÒÑÁTê�Ã$À©Ä�ÏTÆ©Ã!�#Ê,Ã$È,ÁnÅ©Ã$Æ�Ï

Ç,À©ÁnË7ÏTËbÐéÒÑÐÑÅ�Ì�Ã$Æ©ÅÉÐéç#ÏTÅÉÃPÙ

a



rH�+m�°�ikjBikp+hvZn_�rx|B|�_oi�{�ik_)�f¸zh�\Xi�j'�+mwdfikpR|$mo^xpq|#Zkrbp rb_�|$^.�Ri=Zn^7pR|	m��+ikjBi,�²|$mopRZPi i,r7Z]\
eXjBi,�+m�Znh�^7jzZkrbp=�Ri�i,|	hBmod=r,h�i,� ^7p0r9\XmwikjTr,jTZT\+~�^baAZn^7j�eR^xj}r ^xjz^xpHr'h�^xe�m�Z#h�jBiki��

¶�·äã åbÀ¼»�½gæs½%À¼»�½%À'ÂçæGè�½g»�Á¡é=ÂWº/è�ê

 
  i-1

C( g    )

  i-1
C( G    )

 
     

  
    

  i-1
C( w    )

 
     

  
    

  i-2    i-1
C( w   w    )

 

 
     

  
    

  i-2    i-1
C( g    g    )

 
     

  
    

  i-2    i-1
C( G   G    )

N

r mot7gXj�i � ª�k�r,h�h�m�Zni�^ba�\Xm�|$h�^7j�~=Zn^7gXp�hT|
� \Xi�i,|	hBmod=r,h�i,|�j�i�eXj�i,|$ikp�h�i,�'mopfhB\Xi#_�rbh�hBm�Zni�pX^��+i,|"r7|"�+i,|�ZPj�mo�Ri,��|	^9aØrbj½rbjBië|b}DìV}�¥b�
|b}�¥\��eXjBi,�+m�ZPh�^xj}|n� r ^7jlmwpR|	h}rbpRZPi���h�\�i'|	i�hl^,a � �)t7jTr,dî\Xm�|	h�^7j�mwi,|lj�i�eXj�i,|$ikp�h�i,�fmopHh�\Xi
_�rbh�hBm�Zniõrbj�iår |$gX�R|$ikhl^,a�h�\�i � �)t7jTr,d \�m�|	hB^xjBmoi,|P��ylpq�+ikjz|	^7dfivZnmoj}ZngXd=|$hTr,pRZni,|P�[mwh"m�|
Zn^7pRZnikmw{7rb�X_wi�h�\qrbh���i"�s^xgX_��9�"rbp�h�hB^�d¢rb¯�is|	h}rbh�m�|	hBm�Zkr,_Xdfi,r7|	gXjBi,|5^7p _�rbhBh�m�ZPi�pX^��+i�|
r7|�m�ashB\Xik~0��i�j�i'pX^7h'�+ikeRikpq�+ikp�h#^xp¦i�rxZT\0^xh�\�ikjk� r ^7j�mopR|$hTrbpqZni��`h�i,|$h�mwpXt=h�\Xi�\+~��
eR^xhB\Xi,|$m�|"h�\Rr,hzrx��jTr7Znikp�h"pX^��+i,| [ �+m�|	hBj�mo��gXh�mw^xpR|"r,j�i�m��+i�p+hBm�Zkr,_���^7gX_��=�+i�d=rbpR��h�\Rr,h
Zn^7dfeRr,j�m�|$^xp¥�Xr,hTr.�s^xgX_�� �Ri��+jTrk�"p²a©jB^xd mopq�+ikeRikpR�+i�p+h���m�|	hBj�mw�XgXh�mw^xpR|P� r ^xj�hB\Xm�|
jBi,rx|$^xp'��iz��ik{�ik_o^7eRi,��hB\Xi�a©^7_o_o^,�"mwpXt#dfikhB\X^��õa©^7j�Zn^7pR|	hBj�gRZnhBmo^7p'^baU��¥P|b}7ì�}�¥P|b}�¥b�¨i�|��
hBmod=r,h�^xj}|�a©j�^xd�hB\Xi��+i�e¨i�pR�+ikp�h�i,|	hBmod=r,h�^xj}|n��£�\Xmo_wilhB\Xm�|�Zn^7pR|	hBj�gRZnhBmo^7pfm�|�pX^xhsgR|	i,�
mwp.r,p+~�^ba�h�\Xi#a©^x_w_o^,�"mop�t'ik³+eRikjBmodfi�p+h}|n�x�si#\Rrk{�i#mopqZn_ogR��i,� moh}|"�+ikjBmo{7rbhBmo^xp=\Xi�j�i#a©^xj
hB\Xiv|�rb¯�i�^,a�Zn^7dfeX_wikh�ikp�i,|�|P�

Ó rxZT\=eXj�i,��m�ZnhB^xj�mwp=h�\Xi�_�r,h�hBm�Znizm�|"ZT\Rrbj}rxZnhBikj�mw­ki,���xa©^7jzr±t7mo{�ikpf\�m�|	hB^xjB~ : r,pR�=r
t7mo{�ikp#e�j�i,�+m�Znh�i��l��^7jT� 6 �,�+~#h$�s^zZn^xgXp�hT|%Ô 5D:�H�6�< rbpR�9Ô 5D:t< �%kRikh�gq|®§Rj}|	h�Zn^7pR|	m��+ikj
hB\Xif\Xm�|	h�^7j�~¥Zn^7gXp�hT|9r,h'i,rxZT\¥pX^��+iHrx|�j�ikeXjBi,|	i�p+hBi,� mwp §qtxgXjBi � �îí �+ikpX^7h�i,|�h�\Xi
hBjTrbmwpXmop�t�|	ikh½|	mo­�i��+mØ� i���h�\Xi#g�pXmot7jTrbdðï�\Xm�|	h�^7j�~Wñ ZP^xgXp�hk��rbpR��Ô 5D6?EON\I�6?EONWF�< �+ikpX^7h�i,|
hB\Xif\Xm�|	h�^7j�~¥Zn^7gXp�h�a©^xjår.eRrbjBh�m�ZngX_�r,j���^xj}� � �Øtxj}rbd0� r ^7j'|$modfeX_wm�Znm�h$~��R��i=r7|�|$gXdfi
\Xi�j�i�h�\Rr,h"h�\Xi��s^xjT�=h�jBmotxj}rbd¾m�|�h�\Xi�df^ |	hz|$e¨i�Znm�§�ZzeXj�i,��m�ZnhB^xj É �

� _w^xpXtHh�\Xi�\X^xjBmo­k^7p+h}rb_s�+mwdfikpR|$mo^xp0�sifZ�rbp¦�Xg�mo_��.mwpR�+ikeRikpq�+ikp�h�e�j�i,�+m�Znh�^7jT|#mop
hB\Xi a©^x_w_o^,�"mop�t.�"rk~�� � \Xif��^7jT�¦�XmwtxjTr,d ZP_oi,r,j�_o~¥��ikeRikpR�X|9^7p¦h�\Xi���^xj}�¦h�j�mwtxj}rbd
|$mopRZni Ã 576?ExN\I�6?EONPF�<RÄ9Å Ã 6?EONWF�Ä �XgXh�^7pXi�Zkr,p=Zn^7dfeXgXhBi#r,pfmopR��ikeRikpR�+ikp�hòï��Xmwtxj}rbdoñ
��~#rz�+m�°�i�j�ikpRZPi�^ba�h$��^z|	i�hT|n� � Zn^7j�j�i�Znh�i,��Zn^xgXp�h�óÔ 5D6?EONPF�< m�|¨^x��hTrbmwpXi,���+~�|	gX��h�jTr7Znh	�
mwpXt'h�\XivZn^7gXp�h�Ô 576?ExN\I�6?EONPF�< a©jB^xd¾hB\Xi�^xj�mwtxmwpRrb_`�Xmwtxj}rbd�\Xm�|$h�^7j�~=Zn^7gXp�h�Ô 576?ExNPF�< ª
ô ã`Í,Ã�Ç,À©ÁnÇ7ÁnÆ©Ã$Ê�ÄBÏTÒÑÄ$Ô,Ò�Ï]Å©ÐÑÁPÈlÄBÏTÈ#ËxÃ�Ã	ø�ÅÉÃ$È,Ê,Ã	ÊvÅÉÀ©ÐÑækÐ Ï]ÒÑÒéÌ�Å©Á�Ò�ÏTÅÉÅ©ÐÑÄ$Ã$Æ`Á��¨Ï]ÈkÌ"ÁPÀ©ÊbÃ$ÀBÙ

�



óÔ 5D6 EONPF < C Ô 576 ExNPF <gõ Ô 5D6 EON\I 6 ExNPF < 5��	<
� \Xi½Zn^xjBj�i,ZnhBi,�#Zn^7gXp�h�Zkrbpv�¨is�"j�mwh�h�i�p#df^xjBisrxZkZng�jTrbhBik_o~�rx|%Ô 5 6?EON\I�6?EONWF�< �"\Xikj�i

6?EONuI �+i�pX^xhBi,|lr,p+~���^xj}�fik³XZPikeXh 6?ExN\I �
� \Xm�|'|	gX�XhBjTr7Znh�mw^xp¦^7e¨i�jTrbhBmo^7p Z�rbp¡�Ri=rbeXe�_omoi��²h�^0^7h�\XikjåZn^xg�p+h}|9mop¦hB\Xi=|�r,dfi

�½r�~ � r ^7j"mopR|$hTr,pRZni��XhB\XivZn^xjBj�i,ZnhBi,� gXp�motxj}rbd�ZP^xgXp�h"�Ri,Zn^xd�i,| óí¥ª

óí C í õ Ô 576?EONuI�6?EONPF�<gõ Ô 576?EONWF�<�ö Ô Ã 5D6?EON\IR6?EONPF�<�÷�576?ExNPF�<�Ä
C í õ Ô 576?EONWF�< 5)��<

´)p �R^7h�\HZkrx|$i,|n��Zn^xg�p+h}|�^ba�mwpR�+ikeRikpq�+ikp�h�i�{�ikp+h}|�Zkr,pf�Ri#^x�Xh}rbmwpXi,� ��~�|	gX��h�jTr7Znh	�
mwpXt0r7��jTrxZni�p+h�Zn^7gXp�hT|�mwp¦h�\�if_�r,h�h�m�Zni�� � \�i=|�r,dfifj�i�|	gX_wh'rbe�eX_omwi,|�hB^.h�\�i¤{�i�j�h�m�Zkrb_
�+mwdfikpR|$mo^7pf|$mopRZni

óÔ 5£vwEON\I�vwEONWFL< C Ô 5£vwEONuI�v�ExNPFL<gõ Ô 576?EONuI�6?EONPF�< 5)��<
r,pR�

óÔ 5�Ç¼EON\ILÇ¼EONPF�< C Ô 5�Ç¼EON\ILÇ¼EONPF�<gõ Ô 5D6?EON\IR6?EONPF�<
õ Ô 5£vwEONuI�v�ExNPFL<�ö Ô Ã 5D6?EON\I�6?ExNPF�<�÷+5�v�ExN\IMvwEONWF�<�Ä

C Ô 5�Ç¼EON\ILÇ¼EONPF�<gõ Ô 5�vwEON\I�vwEONPF�<
5 a <

� |	mwdfmo_�rbjsZn^xd�eXgXhTr,h�mw^xp=Zkr,p.�Ri�eRikj	a©^7j�dfi,�'a©^xj"eXjBi,�+m�ZPh�^xj}|��"\Xm�ZT\=\Rrk{�i#df^7j�i
hB\RrbpH^xpXiveXj�i,��i,Zni,|B|	^xj"mwp=h�\Xi�_�r,h�hBm�Zni�� r ^7_o_o^,�"mwpXt'h�\Xiv|Brbdfi�j�i�rx|	^7pXmop�tfr7| �Rina©^7j�i��
rfZP^xj�jBi,ZnhBi,�=Zn^xgXp�hÌóÔ 5£vwEONWF�< ZkrbpH�Ri'^x�Xh}rbmop�i,�¤a©j�^7d hB\Xi9^7j�mwtxmopqrb_��Xmot7jTrbd \Xm�|$h�^7j�~
vwEONPF �+~«|	gX��h�jTr7Znh�mwpXt=h�\Xi�h$��^=r7��jTrxZPikp+hvZn^7gXp�hT|n�%Ô 576?EONPFR< rbpR�øÔ 5�v�ExN\I�vwEONPF�< ��r,pR�
��~=rx���+mopXt�h�\�i9ZP^xgXp�h"^ba�h�\Xi�moj"mop�h�i�jT|	i�Znh�mw^xpoÔ Ã 576?ExNPF�<�÷+5�v�ExN\IMvwEONWF�<�Ä ª

óÔ 5�v�ExNPFL< C Ô 5£vwEONWF�<gõ Ô 576?ExNPF�<gõ Ô 5£vwEON\I�vwEONPF�<
ö Ô Ã 576?EONWF�<g÷+5£vwEONuI�v�ExNPFL<RÄ

C Ô 5£vwEONWF�<gõ Ô 576?ExNPF�<gõ Ô 5£vwEON\I�vwEONPF�<
ö Ô 5£vwEON\I�6?ExNPF�<

5)��<

¶li�j�i'r,p¦r7�X�+mwh�mo^7pRrb_sZn^7gXp�hk��mØ� i��9Ô 5�v�ExN\I�6?EONPF�< ��d gq|	hz�¨i�Zn^7_o_oi�Znh�i,� a©^7j�i�rxZT\0i,|	hBm��
d=r,h�i	ù

r mwpRrb_w_o~���hB\Xi=|Brbdfi'jBi,rx|$^xpXmwpXt.d=rk~H�¨i�a©^x_o_w^,��i,�.hB^.eXjB^��+gRZni=ZP^xj�jBi,ZnhBi,�9j�^xmwp+h
Zn^7gXp�hT| óÔ 57:�H�6�< �"\�ikj�i¥h�\Xi¥|$gX�XhBjTrxZPh�mo^7p
^xeRikj}rbhBmo^xpq|.rbjBi²eqrbjTr,_o_wik_#h�^¡hB\Xi0^xpXi�|
�+i�|�ZnjBmo�Ri,�0rb�R^,{�i�� � \Xi�eRrbjBh�mwh�mo^7pXmop�t¤^,a"hB\Xi \�m�|	hB^xjB~0|	eqrxZni�Zn^xjBj�i,|$eR^xpR�X|�pX^,� hB^
d�gXh�gqrb_o_w~'ik³�Zn_ogR|$mo{�izmopR|$h�i,r7�f^ba�mwpRZn_ogq|	mo{�i�|	i�hT|n�
ú ã`Í,Ã�Ô,ÈbÐéÖnÀØÏ]ç�Ç,ÀÉÃ$Ê,ÐÑÄ$ÅÉÁPÀ�ÍxÏTÆ�Ï]ÒÑÆ©ÁzçlÁPÀÉÃ�Å©ÍxÏTÈ�ÁnÈ,Ã�Ç,ÀÉÃ$Ê,Ã$Ä$Ã	Æ©Æ©ÁnÀsÐÑÈ#Å©ÍbÃsÒ�ÏTÅÉÅ©ÐÑÄ$ÃPðbË,Ô,Å�ÐéÈ�Å©Í,ÐÑÆ

ÄBÏTÆÉÃ�Å©ÍbÃg�xÈ7ÏTÒ�Ä$ÁnÀ©ÀÉÃ$Ä$Å©Ã	Ê'Ä$ÁPÔ,ÈkÅ`ÐÑÆ`ÖPÐÑænÃ$ÈzËkÌÍûüÕý�þJ�xÿ%�O� �D  Ù
»



¶�·ä¶ � À'Â\è�º-æ�� º��oê�� º¼º/Â��¼½!» »�Á¡êbÂ\è�Á	��
JÂWÁ�ºJÀ
� |�dfikp�h�mo^7pXi,�#mop�|$i,ZnhBmo^xp � ����izrbjBilmwp+hBikj�i�|	h�i���mop'd�i,rx|$gXj�mwpXtl�R^7h�\�h�\Xizj�ik_wm�r,�Xmo_wmoh$~
r,pR�0|	eRi,Znm�§�Znmwh	~=^,a�i�rxZT\.^bashB\Xi'eXj�i��+m�ZnhB^xj}| mwp0h�\Xi'_�rbh�hBm�Zni �l£¥i'Zkr,p¥rx|�|$gXdfivh�\Rr,h
\Xmwtx\=ZP^xgXp�h"\Xm�|$h�^7j�moi�|��"mo_w_R�¨i�j�ik_wm�rb��_o~'i,|$h�mod¢rbh�i�����c�^xpR|$i,¬[g�ikp+hB_o~���i#�"mw_o_RgR|$i#h�\Xi
\Xm�|	hB^xj�~�Zn^7gXp+hJÔ 57:=< mwhT|	i�_�a®rx|�^7gXj�jBik_om�rb�Xmw_omoh$~�dfi,r7|	gXjBi�� � ^'Z�rbeXhBgXj�i#hB\XizpX^xhBmo^xp=^,a
|$e¨i�Znm�§�ZPmoh$~f��i'�s^xgX_�� \qr�{�ivh�^HZn^7pR|	m��+ikj#hB\Xi��+m�|$hTr,pRZni'�Rikh$��iki�p.h�\�i��+m�|$h�j�mw�XgXhBmo^xp
r7|�|	^�ZPm�rbhBi,�f�"mohB\fr�eXj�i,��m�ZnhB^xj"r,pR� hB\XilhBj�gXi �+�XgXhsgXpX¯�pX^,�"p`�X��m�|	hBj�mw�XgXh�mw^xp 2�57698;:=< �
� jBik_�r,h�i,�.pX^7h�mw^xp0m�|#hB\Xi'gR|	iPa©gX_opXi�|�|l^,a"h�\�i'eXj�i,��m�ZnhBmo^xpH�"\Xm�ZT\¥Zkr,p²�Ri'dfi,r7|	gXjBi,�
r7|¢hB\Xi0ikp�h�jB^xe�~ ^,a'hB\Xi.\Xm�|	hB^xj�~
� 57:=< �"hB\Rrbh=m�|�h�\Xi0ikp�h�jB^xe�~¡^ba'hB\Xi0i,|$h�mod¢rbh�i��
�+m�|	hBj�mo��gXh�mw^xp#Ö 5D6i8 :t< h�^'e�j�i,�+m�Znh"r,p+~=�s^xjT� 6 a©j�^7d�r�§R³�i,�f\Xm�|$h�^7j�~ : ª� 5D:=< C õ��

Ü
Ö 57698;:=< _o^7t%Ö 57698;:=< 5 » <

´)p¦txi�pXikjTr,_)��hB\Xifi,|$h�mod¢rbh�i�Ö 5D6i8 :=< d gR|$h��¨iH|$df^�^xhB\Xi,�¦|$mopRZni�a©^xj'd=r,p+~0eXjBin�
�+m�Znh�^7jT|"h�\Xi�j�i9m�|#|	^�_omohBh�_wi9��rbhTr�h�\Rr,h#h�\Xi'i�p+hBj�^xe�~fi,|$h�mwd=rbhBi�m�|l\Xmwtx\X_w~¤g�pXj�ik_wm�r,�X_oi��
¶l^,�sik{�ikjk��|$df^�^xhB\XmopXt0m�|�gR|$gRrb_w_o~¥eRikj	a©^7j�dfi,�¥�+~FZn^xd��XmwpXmopXt¢|	ik{�ikj}rb_seXj�i,��m�ZnhB^xjT|P�
´)p¥h�\Xife�j�^xeR^ |	i,�²a©jTr,dfik�s^xj�¯0hB\Xm�|���^7gX_��¥Zn^xjBj�i,|$eR^xpR�¦h�^¥ZP^xpR|$m��+ikjBmopXt=hB\Xi=|�r,dfi
|$i,¬[g�ikpRZni�^ba�h�^7¯�ikpR|'rx|9d�ikd'�RikjT|l^,a���m�°�ikj�i�p+hv\Xm�|$h�^xjB~²eqrbj�hBmohBmo^xp�Zn_�rx|B|	i,|P� Y gRZ]\
r¥|	df^�^7h�\XmwpXt¥dfi,ZT\RrbpXm�|	d �s^xgX_�� pX^¥_o^7pXtxikj�rb_w_o^,��a©^xj�dfi,rx|$gXj�mwpXt0h�\�i.ikp�h�jB^xe�~
^,a"rfeRr,j�hBm�ZngX_�rbj#\�m�|	hB^xjB~����XgXh�jTrbhB\Xikj#^,azZn^7d ��mopXi,�f\Xm�|	hB^xj�mwi,|n� � |$^x_wgXh�mw^xp0h�^=hB\Xm�|
eXjB^x�X_wikd Zn^xpq|	m�|$hT|�mop�|$df^�^xhB\Xmop�t#�+~årb�R|$^x_wgXh�iz�+m�|�Zn^7gXp�h�mop�t�rbpR�'�Rr7Z]¯�mopXt�^b°=hB^#h�\Xi
gXp�motxj}rbd���m�|	hBj�mw�XgXh�mw^xp#Ö 5D6�< rx|z�+i,|BZnj�mw�Ri,�fmopfi,¬�gRr,h�mo^7p Y �

Ö 57698;:=< C�� ×VÙ�ÚLÛ ÜWÝ N��×VÙ©Ú�Ý
m�a'Ô 5D: HM6�<�� Z� 5D:t< Ö 5D6�< ^7h�\Xi�j��"m�|$i 5�Yw<

�"\Xi�j�i����+ikpX^7h�i,|lhB\Xi'��m�|�ZP^xgXp�h�mwpXt {7r,_ogXi 5 h$~+e�m�Zkr,_o_o~ Z � �u< rbpR� � 57:=< m�|lr�pX^xjBd=rb_��
mw­kmopXt�aØrxZnhB^xj��

� \Xm�|f|	mwdfeX_oiH|$df^�^xhB\XmopXt¡hBi,Z]\�pXm�¬�gXiHZn^xd��XmwpXi,|9^xp�_o~ hB\Xi0^xjBmot7mopRr,_#eXj�i��+m�ZnhB^xj
�"mwh�\9hB\Xi"gXpXmwtxj}rbd mwp'|$gRZ]\v�"rk~9hB\RrbhAZn^xdfeqrbj�m�|	^7p9�"mohB\9^7h�\Xikj�eXj�i,��m�ZnhB^xjT|`m�|�dfi,rbp��
mwpXtba©gX_Ø� � \Xmot7\0ikp�h�j�^7e+~={7rb_wgXi'mopq�+m�Zkr,h�i,|zr1Þ�rbhõ�+m�|$h�j�mw�XgXhBmo^xp.a©^7j#h�\�m�|leRr,j�hBm�ZngX_�rbj
\Xm�|	hB^xj�~��"\Xmo_wi�r±_w^,�<ikp�h�jB^xe�~fmopq�+m�Zkr,h�i,|sr |$\RrbjBe0�+m�|	hBj�mo��gXh�mw^xp`�

� pX^7h�\Xi�j#r7�+{7rbp�hTrbt7i ^,a�h�\�i'eXj�^7e¨^ |	i,�0|$df^�^xhB\Xmop�tfm�|"h�\Xiv_o^,�òZn^ |	h#^,ash�\Xivikp+�
hBj�^xe�~0Z�rb_�ZPgX_�r,h�mo^7p��k�#kRikh�� F ��ikpX^xhBi'h�\Xi�ikp�h�jB^xe�~¤^,a"hB\Xi'gXpXmwtxjTr,d �+m�|$h�jBmo�XgXhBmo^7p`�
mØ� i���� F C õ��

Ü
Ö 576�< _w^xt%Ö 576�< �`�"\Xm�Z]\HpXiki,�X|zh�^f�Ri�Zn^xdfe�gXh�i,�f^7pX_o~H^xpRZni � � \Xi

ikp�h�jB^xe�~�Zkrb_�ZngX_�rbh�mw^xp�Zkrbp�h�\�ikpf�Ri#j�i��"j�mohBh�ikp�r7|�mop�i,¬�gRrbhBmo^xpde+��mopf�"\�m�ZT\�rb_o_®|	gXd��� ã`Í,Ã`Ã$ÈkÅ©ÀÉÁPÇkÌ"ÄBÏ]ÒéÄ	Ô,Ò�ÏTÅ©ÐÑÁnÈ'�wÁnÀRÅ©ÍbÃ�ÐÑÈ,Ê,Ã$ÇxÃ$È,ÊbÃ$ÈkÅ�Ã$ÆÉÅ©ÐÑç�Ï]Å©ÁnÀ©ÆRÊ,Ã	Æ©Ä$ÀÉÐéËxÃ$Ê#ÐÑÈsÆÉÃ$Ä$ÅÉÐéÁnÈ�ôbÙ óAê�ÁnÔ,ÒÑÊ
Ë7Ã�ç"Ô,Ä)Í"çlÁPÀ©Ã�Ä$ÁPÆÉÅ©ÒÑÌ"Å©ÍxÏTÈ#Å©Í7Ï]Å�ÊbÃ$Æ©Ä$ÀÉÐÑË7Ã$Ê�Í,Ã$À©ÃnÙRã`Í,ÐÑÆ`ÐÑÆ�ÅÉÍ,Ã�ç�Ï]ÐéÈ"ÀÉÃBÏTÆÉÁPÈ#Å©ÍxÏTÅ�Å©Í,Ã�ÐÑÈ,Ê,Ã$ÇxÃ$Èkß
Ê,Ã$ÈkÅ`Ã$ÆÉÅ©ÐÑç�Ï]Å©ÁPÀV�wÁnÀ©ç"Ô,Ò�ÏTÅÉÐÑÁPÈ�ê®Ï]Æ`È,ÁPÅ`Ô,ÆÉÃ$Ê#ÐÑÈ�ÅÉÍ,Ã�Ã$økÇ7Ã	À©ÐÑçzÃ$ÈkÅÉÆ`Ê,Ã$Æ©Ä	À©ÐÑË7Ã	ÊvÐÑÈzÅÉÍ,ÐÑÆ`Ç7ÏTÇxÃ$À�Ù

Y



d=r,h�mw^xpR|�r,j�iz^,{�ikj�h�\�i#|$ikh�^ba���^7jT�X| 6 |$gRZ]\�h�\qrbhGÔ 57:�H�6�<�� Z � � \Xm�|�|	i�h�^,a`�s^xjT��|
t7ikpXikj}rb_o_w~ jBikeXjBi,|	ikp�hT|"r9{�i�j�~�|	d=r,_o_¨a©j}rxZnhBmo^7p¤^,a�h�\�i�{�^�Z�rb�XgX_�rbjB~��� 57:=< C õ �

Ü� ×VÙ�ÚLÛ ÜWÝ"!$# Ö 5D6i8 :=< _o^7t'Ö 57698;:=<õ �
Ü� ×VÙ�ÚLÛ ÜWÝ&%'# � 57:=< Ö 576�< _o^7t 5 � 57:=< Ö 576�<�<C õ �
Ü� ×VÙ�ÚLÛ ÜWÝ"!$# Ö 5D6i8 :=< _o^7t'Ö 57698;:=<ö � 57:=< ](� F!ö �

Ü� ×�Ù�ÚLÛ ÜWÝ"!$# Ö 576�< _o^7t%Ö 576�<_o^7t � 57:=<M5�5 �
Ü� ×VÙ©ÚLÛ ÜPÝ)!$# Ö 5D6�<R<%õ���<D_

5 e <

�"\Xi�j�i

� 5D:=< C �
Ü� ×VÙ�ÚLÛ ÜWÝ"!$# �

×VÙ�Ú�Ý
�Jõ �

Ü� ×VÙ©ÚLÛ ÜPÝ)!$# Ö 576�<
¶�·+* ,ÌÁ¡½ è�-%è�é.�¼Á¡é/-'¾ëé�¾0
¼êbÂW½�è�Á�À21
� \XiH�+iP§RpXmohBmo^7p ^,avr._�r,h�hBm�Znif^,a�@ �Øtxj}rbd df^���ik_�|9jBik_omwi,|�^7p hB\XiH�+ik{�ik_w^xeXd�ikp+h�^,a
�s^xjT�¡Zn_�rx|B|	i,|9�"\Xm�Z]\��+i�h�ikjBdfmopXm�|	hBm�ZPrb_o_w~.d=r,e¡r.��^7jT� 6 h�^¥r¥Zn_�r7|�| v 5D6�< � � \Xm�|
d=r,eXeXmwpXtvZkrbpf�Ri�r,gXh�^7d=rbhBm�Zkr,_o_w~'Zn^7pR|	hBj�gRZnhBi,� ��~�r9Zn_wgR|	hBikj�mwpXtvrb_wtx^xjBmohB\Xd¾|$gRZT\fr7|
hB\Xi#^xp�i�e�j�^xeR^ |	i,�=�+~43#pXi,|	i�j"rbpq�)@zik~+] ��X	_ ��´)hT|�^x�\j�i,ZnhBmo{�i"m�|�h�^9§RpR�=r9d=r,eXeXmwpXt
|$gRZ]\'hB\Rrbh½rbp�rx|B|	^�Znm�rbh�i��fZn_�r7|�|��XmwtxjTr,d�df^��+ik_65�\Rr7|�r�_o^�Zkr,_o_w~9dfmwpXmod�rb_�eRikjBeX_oik³�moh$~
^7p¦h�\Xi�h�jTr,mopXmwpXt0��rbhTr�� � \Xm�|vZnj�mwh�ikjBmo^xpFZkr,p¦�Ri.|$\X^,�"p¦h�^0�Rifi�¬[gXmw{7rb_oi�p+h�h�^Hh�\Xi
_w^�Zkrb_`dfmwpXmod�m�­�rbh�mw^xp'^,a�h�\Xi�_w^�|�|"^ba�d�gXh�gRr,_�mwp+a©^xjBd=rbhBmo^xp��¨i�h	�sikikpf�s^xj}�X|n�

@lik~ [ |�rb_ot7^xjBmoh�\�d �+^�i,|=pX^xhHZn^7pR|	hBj�gRZPh.r¦\XmwikjTr,jTZT\Xm�Z�rb_�Zn_ogR|$h�ikjBmopXt |	mopqZni0h�\Xi
p�gXd��¨i�jl^,azZn_�rx|�|$i,|#m�| §q³+i,�¥rfeXj�mw^xjBm&7k��¶l^,�sik{�ikjk��rf\Xmoi�jTrbj}Z]\�~=^ba Zn_�r7|�|	i�|�Z�rbp¥�¨i
^7�XhTr,mopXi,�¦��~0j�ik_�rb�Rik_wmopXtHh�\XifhBjTr,mopXmwpXt¥�Xrbh}r0rxZkZP^xjT��mopXt0hB^.h�\�i¤i�|	h�mwd=rbhBi,�.��^7jT�[�
hB^b��Zn_�r7|�|9d=r,eXeXmop�t.r,pR�²��~²mwh�ikj}rbhBmopXt=h�\�i=Zn_ogq|	h�i�j�mop�t¤�"mwh�\¡rH|	d=r,_o_wikj#p�gXd �Rikj�^,a
Zn_�rx|B|	i,|P� r mwtxgXjBi � |	\�^b�z|sr#h	~�eXm�Zkrb_Xi�³Xr,dfeX_oi�^,a�\Xmoikj}rbj}Z]\Xm�Zkrb_�Zn_wgR|	hBikjT|�ZP^xpR|$h�j�gqZnh�i,�
a©jB^xd¾hB\Xi9Y��"mwhTZT\+�R^�r,jT�=�Xr,hTr+�R�"\XikjBi#h�\�i�p�gXd��Rikj�^baAZn_�r7|�|	i�|�gR|	i,�f�½rx| � » ZwZ � ��ZwZ
r,pR� �wZ �Xj�i�|	eRi,ZnhBmo{�ik_w~��8 ù,ÁnÀ Ï Ä$Ò�ÏTÆ©Æ
Ë,ÐÑÖnÀØÏTç çzÁkÊ,Ã	Ò¥Å©ÍbÃ Ç,ÀÉÁPË7Ï]Ë,ÐÑÒÑÐéÅ�Ì!Á���ÅÉÍ,Ã È,Ã$økÅ
ê�ÁnÀ©ÊîÐéÆ<ÖPÐÑæPÃ	È�ËkÌ
�\�O� � � �Ë�x� �  `  �\�©�Ë�x� �   � ���x� �O� �  c 9 Î�ÁnÅ©ÐÑÄ$Ã#Å©Í7Ï]ÅzÅÉÍ,Ã�ÁPÇbÅ©ÐÑç�Ï]ÒRÈkÔ,ç"Ë7Ã	À"Á���Ä	Ò Ï]Æ©ÆÉÃ$ÆG�wÁPÀzÏ9ÆÉÐéÈbÖPÒÑÃ#Ä$Ò�ÏTÆ©ÆlË,ÐÑÖPÀ)ÏTçòçlÁ�ÊbÃ$Ò`ÄBÏTÈfËxÃ
Ã$Æ©ÅÉÐÑç�ÏTÅÉÃ$ÊzÁnÈ�Ï�Í,Ã	ÒéÊ�ß�ÁnÔ,Å`Æ©Ã$Å�ÁPÀ`ËkÌzÒÑÃBÏ�ækÐÑÈ,Ö]ß�ÁnÈ,Ã)ß�ÁPÔ,Å�Ù
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r mot7gXj�i � ª�¶zmoikj}rbjTZT\Xm�Zkrb_�Zn_wgR|	hBikj�mwpXt9ik³�rbd�eX_oi

: ;�¬®" ¬ <Ø ^¬ip>=�µ%.	µ
*4·�¸ ?�@ ÁäÂWé.���sº�-Uè » »A-%ÂB-
� \XivY��"moh}Z]\��R^�rbj}�f�Xr,hTr9gR|$i,�fmop�h�\Xi#e�j�i,|$ikp+hs��^7j�¯�Zn^xpR|$m�|$hT|�^,a�r,�R^xgXh � � � d�mo_o_wmo^7p
�s^xjT��|�^bazhBjTr,pR|�ZnjBmo�Ri,�¦ZP^xp�{�ikjT|Brbh�mw^xpRr,_s|	eRiki,ZT\ ] ��Z	_ �f£¥ifZT\X^�|$i=r¤{�^�Z�rb�XgX_�rbjB~²^,a
X e Zx� �s^xj}�X|"Zn^xjBj�i,|$eR^xpR�+mwpXt9hB^�r9Zn^,{�ikj}rbt7il^,a X e+� �±¼ � � \Xm�|�{�^�Zkrb��gX_�r,j�~�m�|�Zn_o^ |	i,�
r7|�moh½Zn^xp�hTr,mopR|�h�\Xi�|	eRi,ZPm�rb_RhB^x¯�ikp=y4@A3<h�^v�"\Xm�ZT\�rbp�~ ^7gXh�^,a�{�^�Zkrb�Xg�_�rbjB~ �s^xj}� m�|
d=r,eXeRi,���

r ^xj�h�\Xi«ZngXjBj�ikp�h i�³+eRikjBmodfikp�hT|#hB\Xi0�Xr,hTr²�sikj�iHjTr,pR�+^xd�_o~¡|$eX_omwh mwp+hB^ � |	ikh}|n�
� \Xi'§Rj}|	hv|	ikh#a©^7j�d=|lhB\Xi�h�jTr,mopXmwpXtH�Xrbh}r¢a©jB^xd �"\Xm�Z]\0hB\XifZP^xgXp�hT|�rbjBifZP^xdfeXg�h�i,���
� \Xiå|	i,ZP^xpR�0|$ikh#m�|zr \Xi�_��[�Ø^xgXhõ|	ikhzgR|	i��¤a©^xj�r,pRrb_w~X|$m�|zrbpR�0r7�X�+mohBmo^7pRrb_�eqrbjTr,dfikhBikj
i,|$h�mwd=rbhBmo^xp®� r mwpRrb_w_o~=h�\�i'h�i,|$h9|$ikh#m�|õgq|	i,�¤a©^7j�i�{xr,_ogRr,h�mwpXt=h�\Xi'eRikjBeX_oik³�moh$~=^ba½h�\Xi
eXjB^xeR^�|$i,�fdf^��+ik_�|n� � r,�X_oi � |$gXdfd=r,j�mo­�i,|5hB\Xi#p�gXd��¨i�j�^ba�|$ikp+hBikpRZni�|�r,pR� �s^xjT��h�^b�
¯�ikpq|5mwp9h�\�i,|	i½�Xrbh}r�|$ikhT|P� � \Xmoikj}rbj}Z]\�~#^ba®Zn_�rx|B|	i,|��½rx|�r,_�|$^#�XgXmw_oh`a©j�^xdòhB\Xi"h�j}rbmop�mopXt
�Xr,hTr'�"mohB\¤jBi,|	eRi,ZPh�mo{�i�_o~ � » Z�Z � �wZ�Z r,pR� �wZ Zn_�rx|B|	i,|"r7|l�+i�|�ZnjBmo�Ri,� mwp.|$i,ZnhBmo^xp � �faX�

º rbh}rx|$ikh C |	i�p+hBikpRZni,| C ��^xj}�X|
� j}rbmop�mopXt � a Z � e Z�Y � � � » � � Y a �
¶lik_��[�)^7gXh X � ZwZ�Z �k��� � � a�»
� i,|	h � � � »�e �wX � Xx� »
� rb�X_wi � ª"Y��"moh}Z]\��R^�rbj}�=�Xrbh}r

*4·äã ,ÌÁ¡êbÂPº'è��D-?À¼» æGè�½g»�Á¡é=ÂPÁ¡ºJÀE�¼Á7Â è�-%ÂWÁ¡º?ê
r ^xjzi,r7Z]\=_�r,h�hBm�Zni�pX^��+iårbpR�¤a©^7jli�rxZT\¤�s^xj}�¤h�^��¨iveXj�i��+m�ZnhBi,� mwp.h�\�i�\�ik_��[�Ø^xg�h#|$ikhk�
hB\Xi"h$��^�Zn^7gXp�hT|?Ô 5D:t< rbpR�1Ô 57:�H�6�< Zkrbp��RizZn^xd�eXgXh�i���^xp�h�\�i"h�jTr,mopXmwpXtv�Xrbh}r+� � \Xi
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99 %

34 %

12 %

92 %

30 % 66 %

75 %

98%

100 %

90 %67 %

87 % 100 %

95 %

100 %99 %82 %41 %

10 % 30 % 66 % 94 %

95 % 100% 

100 %

92 %64 %29 %

29 % 63%

2-gram5-gram 4-gram 3-gram 1-gram

C1600

C300

C50

100%

100%

38 %

r mot7gXj�i4aXªs¶lm�|$h�^xjB~=rbpq�¢e�j�i,�+m�Znh�mw^xp=\Xmwh"jTrbhBmo^ |

�W� ���D{��L�9�W�O�¼�����D��{ m�|"h�\Xi9a©j}rxZnhBmo^xpH^bash�\�i'h�mod�i9r�eRrbjBh�m�ZPgX_�r,jl\Xm�|	hB^xj�~ ��^x�R|$ikj�{�i��¤mop
hB\Xi'\Xik_��[�)^7gXhv|	ikh����"r7|�rb_ojBi,rx��~¥|	ikikp0mwp0h�\Xi'hBjTr,mopXmwpXtH|	ikh 5 m)� i��iÔ 57:=<F� Z�< � � \Xi
ì ��}R|����L�7��{�¥9�W�O�%�R���7��{#m�|�h�\�i�a©jTrxZPh�mo^7p ^,a`hB\XilhBmodfish�\Xi"p�ik³+h��s^xjT�'�"r7|�rb_ojBi,rx��~�|	ikikp
rka©h�ikj"hB\RrbhzeRrbjBh�m�ZngX_�r,j"\Xm�|$h�^7j�~fmwp¤hB\Xi�h�j}rbmop�mopXt�|$ikh 5 mØ� i��'Ô 57:�H�6�<��ÕZ�< �

r mwtxgXjBi9a¤t7mo{�i,|zh�\Xi�\Xm�|$h�^7j�~0r,pR�²eXjBi,�+m�Znh�mw^xp.\�moh�jTr,h�mo^ |#^xp¥h�\Xi�\Xik_��[�)^7gXh�|$ikhk�
r ^xj'i�³Xr,dfeX_oi ��rbh�h�\�i � �Ñ» Z�Z Zn_�r7|�|9_oi�{�ik_ 5 c � » Z�Z�< h�\Xioa,�)t7jTrbd \Xm�|	hB^xj�mwi,| : ��i�j�i
r,_oj�i�rx�+~�^x�R|$ikj�{�i��f»x» ¼ ^,a�hB\Xi#hBmodfiz�"\Xmo_wi#h�\�i'j�^xmwp+hsik{�ikp�hT| 57:�H�6�< ��ikjBi�rb_wj�i,r7�+~
^7�R|	ikjB{�i,� ��Zf¼ ^ba�h�\�i�hBmodfi>Gn�

´)p¥rfh	~�eXm�Zkrb_��RrxZT¯�^b°Fdf^��+i�_�rfeXjBi,�+m�ZPh�mo^7p.dfm�|�|"^�ZkZngXj}|l�"\XikpFrf�RrxZT¯�^b°Fh�^¢r
_w^b�sikj�^xj}�+ikj9m�|#j�i,¬�gXmojBi,��� ß mo{�i�p0h�\Rr,h'^xgXjvj�ina©ikjBikpRZni'd�^��+ik_�m�|9r¤�s^xj}� � �Øtxj}rbd0�
mwh#m�|lmwp+hBikj�i�|	h�mwpXt�h�^=|$iki'�"\Xm�ZT\0^bashB\Xi'^xhB\Xikj#eXjBi,�+m�Znh�^7jT|ldfmwtx\�hl�Ri'gR|$i,�.mopq|	h�i�rx���
r mwtxgXjBi � txmw{�i,|�hB\XifeXjBi,�+m�Znh�mw^xp¥\Xmoh'j}rbh�mw^�|9^,a�rb_o_seXj�i��+m�ZnhB^xj}|��"\Xikp¡hB\Xif��^7jT� � �
t7jTrbd df^��+ik_`�s^xgX_��¤�Rr7Z]¯=^,°¡h�^�_o^,��i�jl^7jT�+ikjzeXjBi,�+m�ZPh�^xj}|n��¸lpHh�\Xm�|#�Xr,hTrf|$ikhk�Rh�\Xi
�s^xjT� � �ØtxjTr,d=|"Zn^7gX_�� �Ri#gq|	i,� mwp Y�Y'¼ ^ba�hB\Xi,|$i�Zkrx|$i,|"rbpq�frsab�Øtxj}rbd¾df^���ik_R�"moh�\
�wZ Zn_�r7|�|	i�|'Zn^xgX_��¦rb_�|	^¥�RifgR|	i�� a �²¼ ^ba�h�\�ifh�mwdfi�� � \Xm�|9mwpR�+m�Z�rbh�i�|�h�\qrbh'^xhB\Xikj
eXjBi,�+m�Znh�^7jT|�mwp¡h�\Xif_�rbhBh�m�ZPi=Zn^xg�_��¦^,{�ikjTZn^7dfi�r.eXjBi,�+m�ZPh�mo^7p¦dfm�|�|�^,a#hB\XifjBina©ikj�i�pRZni
df^���ik_)�

H Î�ÁnÅ©ÐÑÄ$Ã�ÅÉÍ7ÏTÅ�Å©ÍbÃ�Þ]ß�ÖnÀØÏ]çFÍbÐéÆÉÅ©ÁnÀ©Ì"Í,ÐÑÅ�ÀØÏTÅÉÐÑÁ�ÐÑÆ�È,ÁnÅ�ÈbÃ$Ä$Ã$ÆÉÆØÏTÀÉÐÑÒéÌlÃ	IkÔ7ÏTÒ�ÅÉÁsÅÉÍ,Ã�ô}ß�ÖnÀØÏ]çFÇbÀ©Ã$Ê,ÐÑÄ)ß
Å©ÐÑÁPÈlÍ,ÐÑÅ`ÀØÏ]Å©ÐÑÁ7Ù+ã`Í,ÐÑÆ`ÐÑÆ`Ê,Ô,Ã�Å©Á"ÆÉÃ$ÈkÅ©Ã$È,Ä	ÃsËxÁPÔ,ÈbÊ7ÏTÀÉÌzÃ7Ï�Ã$Ä$ÅÉÆBÙ
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2-gram5-gram 4-gram 3-gram 1-gram

C1600

C300

C50

32 %2 %

17 %

0 % 1 % 6 %

43 %

9 %

0 %0 % 0 %

94 %72 %

88 %

82 %

77 %

100 %

r mwtxgXjBi � ª � j�i,��m�ZnhBmo^xpH¶lmwh ¹ rbhBmo^��"\Xikp=��^7jT�¤hBj�mwtxjTr,d¾�Rr7Z]¯�|�^b°

� \Xi�r,pRrb_w~X|$m�|"^bash�\Xi'e�j�i,�+m�Znh�mw^xp=\Xmwh#jTr,h�mo^�a©^xjzi,rxZT\0eXj�i��+m�ZnhB^xjzm�|"^bas_omwh�hB_oi�gR|	i
mwp'eXjTr7Znh�m�Znizrx|�h�\�ilpXi�³+h��s^xj}�±d�gR|	h��Ril¯�pX^,�"p�mop�rx��{xr,pRZnizmop�^xj}�+ikj�hB^9��ikh�ikjBdfmop�i
�"\Xi�h�\XikjArõeqrbj�hBm�Zng�_�rbj�eXj�i,��m�ZnhB^xj��s^xgX_��9\Xmoh�^7j�dfm�|B|5mwhk��¶z^b�sik{�ikj�h�\XizZP^xgXp�h�^ba®h�\Xi
\Xm�|	hB^xj�~�m�|�¯+p�^b�"p=�Rina©^7j�i#hB\Xi�eXj�i,��m�ZnhBmo^xp�^�ZkZng�jT|n� r motxg�j�i�»9eXjBi,|	i�p+h}|�h�\�i#j�ik_�rbhBmo^xp
�Rikh$��i�ikp0h�\Xi¢Zn^xgXp�h�^bazhB\Xi \�m�|	hB^xjB~ Ô 57:=< ^ba�rbp�~0^bazhB\Xi � »¤e�j�i,�+m�Znh�^7jT| F # mop¥h�\Xi_�rbh�hBm�Zni�r,pR�²hB\XifeXjBi,�+m�ZPh�mo^7p0\Xmoh�� � \Xi=�Xr,hTr=�"rx|�t�r,h�\XikjBi,�²��~0eR^�^x_omwpXt0h�^7txikhB\Xikj
�Xr,hTr,e¨^7mop�hT|fa©j�^xd rb_w_ � »¦eXjBi,�+m�ZPh�^xj}|=rbeXeX_wmoi,�¡h�^¡h�\�i¦|Brbdfi«Zn^xgXp�hk� � | moh�d=rk~
�Ri'ik³�eRi,Znh�i��¤h�\�i'eXj�i,��m�ZnhBmo^xp0\�mohzmopRZnjBi,rx|$i,|lj}rbeXm��+_o~«rx|lhB\Xi�Zn^xg�p+h#^,a"hB\Xi'\Xm�|$h�^7j�~
mwpRZnj�i�rx|	i�| F¡F �

�KJ ã`Í,Ã�Ô,ÈbÐéÖnÀØÏ]ç�çlÁ�ÊbÃ$Ò�ð,ÏTË,ÆÉÃ$ÈkÅg�oÀ©ÁPç �7ÖnÔ,À©Ã"â,ðbÍ7ÏTÆ�Ï�áBÝnÝML Ç,À©Ã	Ê,ÐÑÄ$Å©ÐÑÁPÈ�Í,ÐÑÅ�ÀØÏ]Å©ÐÑÁ"Æ©ÐÑÈ,Ä	ÃsÅÉÍ,Ã
æPÁkÄBÏ]Ë,Ô,Ò�ÏTÀÉÌ"ÐéÆ`Ä	ÒéÁnÆ©Ã$Ê+Ù�7� Î�ÁnÅ©ÐÑÄ$Ã�Å©Í,Ã�ÒÑÁPÖkÏTÀÉÐéÅÉÍ,çzÐÑÄ`ÆÉÄBÏTÒÑÃ�ÏTÒÑÁPÈbÖsÅÉÍ,Ã�Í,ÁPÀÉÐéè	ÁPÈkÅØÏ]Ò�ÏTøkÐÑÆ`Á��\�xÖPÔ,ÀÉÃAâbÙ
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Prediction Hit Ratio

r mot7gXj�i�»�ª � jBi,�+m�ZPh�mo^7pf\Xmwh"jTrbhBmo^�rx|zr�a©gXpRZnhBmo^7p¤^,a�\Xm�|	h�^7j�~=ZP^xgXp�h

� \Xi"eXjBik{�mo^xgq|�rbpRr,_o~�|	m�|�Zkrbp��Ri"j�in§qpXi,�9r7|�a©^x_o_w^,�z|n��´)p9§Rt7gXj�i Y ��h�\Xi"eXjBi,�+m�Znh�mw^xp
\Xmwhlj}rbhBmo^fm�| eX_w^xhBh�i,�0r7|#r±a©gXpRZPh�mo^7p0^ba�hB\Xi'\Xm�|	h�^7j�~HZn^7gXp+h�Ô 57:=< rbpR�.hB\Xi'ikp�h�jB^xe�~� 57:=< ��´)p�eRrbjBh�m�ZPgX_�r,jk��^,{�ikj�rb_w_ReXj�i,��m�ZnhB^xjT|�|$gRZ]\�h�\qrbhGÔ 57:=< aØrb_w_�|��Rikh$��ikikp ��ZwZ r,pR�
�0Z � ZwZ�Z hB\Xi e�j�i,�+m�Znh�mw^xp0\Xmwh��"mo_o_��¨i�j�i�_�rbhBmo{�ik_w~=\Xmot7\Xikj�m�a½h�\Xi�ikp�h�j�^7e+~Hm�|�|	d¢rb_o_wikjk�
´)p�^xh�\�ikj���^xj}�X|n��r,df^xpXtvr,_o_XeXjBi,�+m�Znh�^7jT|�aØrb_w_omop�t#mop�h�\Xm�|�Zn^xgXp�h�mwp+hBikj�{7rb_Ø�x^xp�i#|$\X^xgX_��
eXjBina©ikj"hB\Xi9df^ |	hz|$e¨i�Znm�§�Z�^xpXi�| > hB\Xi9^7pXi,|"�"mohB\.h�\�i9_o^,�si,|	h"ikp�h�jB^xe�~��"´)hzm�|"mop�h�ikj$�
i,|$h�mwpXt hB^ p�^xh�ivh�\Rr,h XwZ[¼ ^ba�hB\XivZn^xgXp�hT|zrxZPh�gRr,_o_o~faØr,_o_`mopHh�\Xm�|�mop�h�ikjB{7rb_�rx|�ZkrbpH�¨i
Zn^7pRZn_wgR�+i,� a©j�^7d¾h�\�i�\�m�|	hB^xt7jTrbd�^,a�Zn^7gXp�hT|�eXjBi,|	ikp�h�i��¢mwpf§RtxgXjBi�e+�
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8 <= H <= 10

r mwtxgXjBi Y ª � j�i,�+m�Znh�mw^xpf\�moh"jTr,h�mw^fr7|lr�a©gXpqZnh�mw^xp=^ba�\�m�|	hB^xjB~=Zn^xg�p+hzr,pR�¤ikp�h�jB^xe�~

N O�´ &ë&s"�P+.	 ^³ " q®,�P+ +.RQo*^q®µ
� jTr7�+mohBmo^xpqrb_��Rr7Z]¯�^,°¦d�^��+ik_�|"ZP^xd��XmopXiv|$ik{�ikjTr,_�e�j�i,�+m�Znh�^7jT|"h�^f^,{�ikj}Zn^xd�i�hB\Xi9i�{�ikj
eXjBi,|	i�p+h��Xr,hTr#|$eRrbj}|	ikp�i,|�|�e�j�^x��_oikd0��£²isj�ik{�moik�¥mopå|	i,ZPh�mo^7p � � � h�\�i"�+ikh}rbmw_�|`^baR�Rr7Z]¯��
^,°0df^��+i�_�|�rbpR�f�si�|	\X^,�µmop=|$i,ZnhBmo^xp � � � \X^,�<hB\Xi,|$i#h�i,ZT\XpXm�¬[g�i,|�Zkrbpf�Ri�ik³�h�ikpq�+i,�
hB^ _�rbh�hBm�Zni�|�^baU@ �Øtxj}rbd�df^��+ik_�|n�

S�·�¸ TU-'éWV-º�X�êPé.�¼½Y� ½
Ó ¬�gRrbhBmo^xp X �+i,|�ZPj�mo�Ri,|zr eRr,j�hBm�ZngX_�rbjz�RrxZT¯�^b°F|BZ]\�ikdfi#�"\Xi�j�i�� × �+i�pX^xhBi,| hB\Xi��+m�|��Zn^7gXp�h�i,�²{7r,_ogXi=|$gX�XhBjTrxZPh�i,�²a©j�^7d hB\Xi=Zn^7gXp�hT|9^ba�|$ikikp¦i�{�ikp+h}|n� � \�m�|9��m�|�ZP^xgXp�h�i,�
{7rb_wgXi9d¢r�~��+ikeRikpq�.^xp.hB\Xi'ZP^xgXp�h®Ô 57:�H�6�< r7|lmop � gXj�mwpXtb� ß ^�^��¦�+m�|�Zn^7gXp+hBmopXt ] ���L_
^7j d=rk~¥�Ri0Zn^7pR|	h}rbp�hfr7|±mwp h�\�i.Z�rx|	iH^bavr,�R|	^7_ogXhBi0�+m�|�Zn^7gXp�h�mop�t ] �x�	_ � � \Xi.p�^xj	�
d=r,_omw­ki,�=�+m�|BZn^xg�p+hBi,�¤eXjB^x�Rr,�Xmo_wmoh$~=d=rx|B|lm�|��+m�|$h�j�mw�XgXhBi,�¤hB^¤g�pR|	iki�p0ik{�ikp�hT|�mop0e�j�^b�
eR^xjBh�mw^xp=h�^'hB\Xikmoj��Rr7Z]¯�^,°0i,|$h�mwd=rbhBi,| 5 Ö�Z)[]\)^ 5D6i8 :=<�< ��¶zikj�i#hB\Xi#�Rr7Z]¯�^,°«�+m�|$h�j�mw�XgXhBmo^xp
ÖBZ)[0\)^ 5D6i8 :t< m�|l^xpX_w~0gR|	i�� m�a�hB\Xi�\Xmot7\Xikj#^7jT�+ikj�i,|$h�mwd=rbhBi'Zkr,pXpX^xhv�Ri gR|$i,���`h�\qrbh�m�|
�"\Xi�pøÔ 57:�H�6�< C Z ��£²i'�"mw_o_�j�ina©ikj�h�^fhB\Xm�|leqrbj�hBm�Zng�_�rbj��RrxZT¯�^b° |�ZT\Xikdfivr7|z���W��|��
{�¤%��¥w�.|	mwpRZni#hB\Xi�\Xmot7\Xikj"^7jT�+ikj"i�|	h�mwd=rbhBi�|	\qrx�+^,�z|"h�\Xi��Rr7Z]¯�^,°F�+m�|$h�j�mw�XgXhBmo^xp®�

Ö 5D6i8 :=< C � ×VÙ©ÚLÛ ÜPÝ N��0_×�Ù�Ú�Ý
m�a-Ô 5D:�H�6�<`� Z� 57:=< ÖBZ)[0\)^ 5D6i8 :t< ^xhB\XikjB�"m�|	i 57X�<

Ó ¬[gqrbh�mw^xp �0Z ��i,|�ZnjBmo�Ri,|frF�+m�°�ikjBikp+h��Rr7Z]¯�^,°ò|BZ]\Xi�dfi=mop��"\Xm�Z]\�h�\Xi0�Rr7Z]¯�^,°
�+m�|	hBj�mo��gXh�mw^xp¥m�|�gq|	i,�0mop¡r,_o_sZkr7|	i,|vrbpR�²hB\Xi�pX^xjBd=rb_wmo­,r,h�mo^7p aØr7Znh�^7jk��\Xikj�iba 57:=< ��m�|
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r mot7gXj�i�e+ªs¶lm�|$h�^xt7jTr,d¾^ba�\�m�|	hB^xjB~=Zn^xg�p+h}|

�+iP§RpXi,�HrxZkZn^7jT�+mwpXtx_w~��#£¥i9�"mo_w_�jBina©ikjzh�^fhB\Xm�|zeRrbjBh�m�ZPgX_�r,jl�Rr7Z]¯�^,°¡|BZ]\�ikdfi�r7|1¥W{�¥b�
���W��|�{�¤%��¥w� FDI �

Ö 5D6i8 :=< C � ×VÙ©ÚLÛ ÜPÝ N��0_×�Ù�Ú�Ý
ö a 57:=< ÖBZ)[0\)^ 5D6i8 :t< m�a'Ô 57:�H�6�<�� Za 57:=< ÖBZ)[0\)^ 5D6i8 :=< ^xhB\XikjB�"m�|	i 5B��Z�<

´)p¦�R^xhB\ ^,a#hB\Xi,|$i=|�ZT\Xikdfi�|lh�\Xi��RrxZT¯�^b°N�+m�|	h�jBmo�Xg�h�mo^7p¦m�|�txmw{�ikp¦��~²hB\Xif_o^,�sikj
^7jT�+ikj�i,|$h�mwd=rbhBi��x|$gRZT\fr7|�r � �Øtxj}rbd�|$ikj�{�mopXtõrx|��qrxZT¯�^b°fa©^7j"r � �Øtxj}rbd0��3#pXi,|$ikj�r,pR�
@li�~'eXj�^7e¨^ |	i,�Hrbp=r,_ohBikj�pRr,h�mw{�il�Rr7Z]¯�^,°¥�+m�|	hBj�mo��gXh�mw^xp��"\Xm�ZT\feRikj	a©^7j�d=|��RikhBh�ikj�] �x��_ ª

ÖBZ)[0\)^ 5D6i8 :t< C Ô 5�KxH ó:=H�6�<�
Ü�d Ô 5�KxH ó:=H�6Me�< 5B�x�	<

�"\Xi�j�i
Ô 5RKOH ó:�H�6�< C �f  hgf % gÚ�Û ×VÙ f Û ÜPÝ)!$# �

¶likjBi ó: �+ikpX^7h�i,|vr.Zn^ rbjT|$ikj9\�m�|	hB^xjB~0h�\Rr,h9m�|#h$~�eXm�Zkr,_o_w~0r � �)t7jTr,d \Xm�|	hB^xj�~¥m�a :
�+i�pX^xhBi,|#r � �Øtxj}rbd \Xm�|	h�^7j�~��9Ô 5RKOH ó: H�6�< Zn^xjBj�i,|$e¨^7pR�X|#h�^=hB\Xi'p+g�d �Rikj"^,az�+m�°�i�j�ikp�h
Zn^ rbj}|	ikj`\Xm�|	hB^xj�mwi,| ó: �"\�ikj�i�h�\�i���^7jT� 6 \Rrx|`�Rikikp�^x�R|$ikj�{�i��lmot7pX^xjBmopXt"hB\Xi�a©j�i,¬�gXikpRZP~
^,a�hB\Xi,|	i�ik{�i�p+h}|n�

´)pH|	gXdfd¢rbj�~�h�\�ikj�ivrbjBivrbhz_oi,r7|	h"a©^xgXjzeR^�|�|$mo�X_wi�dfikh�\�^��X|�^bas|$df^�^xhB\Xmop�tfrk{7rbmw_��
r,�X_oi���£¥i�ZkrbpF�+i,Znm��+i9�"\�ikh�\Xi�j#^xj�pX^7h9|$\Rrx��^b�"mwpXt=m�|lgq|	i,�¥rbpR�0�"\XikhB\Xikj#^7j#pX^7h
� � Î�Ã$ÌlÃ$Å�ÏTÒ�ÙXÔ,ÆÉÃ$Æ�ÅÉÍ,Ã�Å©Ã$ÀÉçjilkmionqprilsutwvxpyilz{s0v&|lk}nhtmz&prkmi9Ð óPó�Ò©Ù

� a



·"rx|$ik_omwpXi
ö 3ò@
�RrxZT¯�^b°
�+m�|$h�jBmo�XgXhBmo^7pR|

ö p�^xp+��|	\Rr7�+^,�"mopXt
ö �R^xh�\

c ��Z�� t �k� » �k�7� ���uY ���x�
� t �x��Z ��ZwX �7��Y �0Z a

c ��ZwZf� t ��Zx� ��ZwZ �0Zx� X�X
� t e X e Y X�� e �

c � » ZwZf� t X e X » X e X a
� t e � e�a e � Y e

£¥^xj}� � t XuY Xx� X�Y X a
� t e�a e � e	a Y�Y

� r,�X_oi � ª�c�^xd�eRrbjBm�|	^7p=^ba�\Xi�_��[�Ø^xgXh"eRikjBeX_oi�³+mwh�moi�|Aa©^xj"{7r,j�mo^7gR|"�RrxZT¯�^b° |�ZT\Xikdfi,|

hB\Xi~3õp�i,|	ikj$�¡@zik~ 5 3ò@ < �qrxZT¯�^b°µ��m�|	hBj�mw�XgXh�mw^xpR|�rbjBi.gR|$i,��� � r,�X_oi � |$gXdfd=r,j�mw­ki,|
hB\Xi#j�i�|	gX_whT|�^7�XhTr,mopXi�� ^xp=h�\�i9Y��"moh}Z]\��R^�r,jT�f�Xr,hTr9�"mwh�\f{7rbjBmo^7gR|�df^��+ik_R^7jT�+ikj}|�r,pR�
�+m�°�ikj�ikp�h�Zn_�rx|�|�df^��+ik_�|n� � \XiH�Rrx|$ik_omwpXi0ZP^xj�jBi,|	eR^7pR�X| hB^¦h�\XiHgR|	iH^baå|	\qrx�+^,�"mop�t
hB^xtxi�h�\Xikj"�"mwh�\=h�\�i�gq|	i9^,a�_w^,��ikj"^7jT�+ikj"i�|	h�mwd=rbhBi,|�r7|��RrxZT¯�^b°F��m�|	hBj�mw�XgXh�mw^xpR|P�

S�·äã ��@Æº��	»�Á0� ½UÀ¼êWÁ�ºJÀ2-'¾��A-'é�V-º�X
� \Xi"_�rbhBh�m�ZPi"|	hBj�gRZPh�gXjBi 5 |$iki�§Rt7gXj�i �	< |	gXt7txi,|$hT|�rbp�ik³�h�ikpq|	mo^7p9hB^#h�\Xi"^7j�mwtxmopqrb_X�Rr7Z]¯��
^,°�m���i,r+�¥´Éa"a©^xj'ik³�rbd�eX_oi'�si.ZP^xpR|$m��+ikjår � �Øtxj}rbd eXjBi,�+m�Znh�^7j'rbh'hB\Xi=��^7jT�²_wik{�ik_)�
hB\Xikj�i�rbjBi#h$��^vrx�0jTrxZnikp�h�e�j�i,�+m�Znh�^7jT|��"\Xm�ZT\fZ�rbp��¨i�gR|	i,��rx|��Rr7Z]¯�^,°H�+m�|$h�jBmo�XgXhBmo^7pR|n�
pRr,dfik_w~�r � �Øtxj}rbd r,h�h�\Xi"�s^xj}�9_oik{�ik_�r,pR��rbpX^7h�\Xikj � �ØtxjTr,d rbh�hB\Xi"pXik³�h�Zn_�r7|�|�_wik{�ik_)�

c�^xpq|	m���ikj�mwpXt0h$��^.�qrxZT¯�^b°µ��m�|	hBj�mw�XgXh�mw^xpR|��"r7|'rb_ojBi,rx��~²eXjB^xeR^�|$i,� mwp¡r0�+m�°�i�j	�
ikp�h"ZP^xp�h�ik³�h4] � a _ �"\Xi�j�i�r'|$e¨i�rb¯�ikj½|	eRi,Znm�§�Zl_�r,pXtxgqrbtxi�df^���ik_R�"rx|"ZP^xd��XmopXi��9�"moh�\
r0pX^xp��$|$e¨i�Znm�§�Z=_�r,pXtxgRr,txiHdf^��+ik_Ø�¡´�p�h�\Rr,hfZ�rx|	i=\X^,�sik{�ikj�r0\Xmoikj}rbj}Z]\�~²�Rikh$�sikikp
hB\Xi��RrxZT¯�^b°F�+m�|	hBj�mo��gXh�mw^xpR|��½rx|z�+in§RpXi��î�sì ����{��L�o� � ^�h�\XivZn^7p+hBjTrbjB~=mop=h�\Xi�df^���ik_
eXjB^xeR^�|$i,�¦\XikjBi �R^xhB\¡�RrxZT¯�^b°N�+m�|	h�jBmo�Xg�h�mo^7pR|�rbjBi=Zn^xd��XmwpXi,�.��~0_omop�i,rbj�mop�h�i�j�eR^x_�r��
hBmo^xp®� Ó ¬[gqrbh�mw^xpR| ��� rbpR� ��� a©^xj�d¢rb_omw­ki#hB\Xm�|lm��+i,r'mopHh�\Xi�Zkr7|	iv^ba½|	\Rr7�+^,�"mopXtHr,pR�
pX^7p+��|	\Rr7�+^,�"mopXtfjBi,|	eRi,ZPh�mo{�i�_o~��

Ö 5D6i8 :t< C�� ×VÙ�ÚLÛ ÜWÝ N�� _×VÙ©Ú�Ý
m�a-Ô 5D:�H�6�<�� Z� 5D:�Hw��< ] � F Ö Z)[0\)^0� 5D6i8 :=<�ö�� I Ö Z)[]\)^�� 5D6i8 :=<7_ ^xhB\XikjB�"m�|	i 5B�k��<

���



Ö 57698;:=< C�� ×VÙ©ÚLÛ ÜPÝ N�� _×VÙ©Ú�Ý
ö a 5D:t< ] ��F Ö�Z)[]\)^0� 5D6i8 :t<�ö��WI Ö�Z)[0\)^u� 5D6i8 :t<D_ m�a-Ô 5D: HM6�<�� Za 57:=< ] � F Ö Z)[0\)^0� 5D6i8 :=<�ö�� I Ö Z)[]\)^�� 5D6i8 :=<7_ ^xhB\Xikj��"m�|	i

5B�k��<

S�·ä¶ � ¹ ½gêbÂPÁ0��-%ÂPÁ¡º�À º��ëÂ��¼½��A-'é�V?º�X�@Æ½gÁ	1��'ÂWê
£¥is|	\X^,�¥\X^,�²hB^"i,|	hBmod=r,h�i�hB\Xi�mop�h�i�j�eR^x_�rbh�mw^xp���i�motx\�hT| �\E mop�h�\XisZkr7|	i�^baq|	\qrx�+^,�"mop�t
a©jB^xd�|$^xdfi#jBikeXjBi,|	ikp�hTr,h�mw{�i�|	ikh"^,a�p�ik�
��rbhTr��

kRikh � �+ikpX^7h�i,|�h�\XizeRr,moj 5���F�Hw�WIL< �"mohB\fh�\Xi�Zn^7pR|	hBjTrbmwp+h � E �\E C � �'@l^7h�m�ZPi"h�\Rr,h� r,eXeRi,rbj}| mwp¤hB\Xi�pX^xjBd=rb_wmo­,r,h�mw^xp aØr7Znh�^7j � 5D: Hm�V< ^baAi,¬[gqrbh�mw^xp �k� ��£¥i9Z�rbp.�"jBmohBi

� 5D: Hm�V< C � 5D:t<��F}��F�5D:t<�ö��WIw� I�57:=< 5B� a <
�"\Xi�j�i

� 5D:=< C �
Ü� ×VÙ�ÚLÛ ÜWÝ"!$#

� ×Ô 57:=< H

��F�57:=< C �
Ü� ×VÙ�ÚLÛ ÜWÝ&%�# ÖBZ)[0\)^0� 5D6i8 :=< C �¼õ �

Ü� ×VÙ©ÚLÛ ÜPÝ)!$# Ö�Z)[0\)^0� 57698;:=<�H
� I�57:=< C �

Ü� ×VÙ�ÚLÛ ÜWÝ&%�# ÖBZ)[0\)^u� 5D6i8 :=< C �¼õ �
Ü� ×VÙ©ÚLÛ ÜPÝ)!$# Ö�Z)[0\)^u� 57698;:=<�K

kRikh'ÖB� 57698;:=< �+i�pX^xhBi�hB\Xi�mop�h�ikjBeR^x_�r,h�i,�f�Rr7Z]¯�^,°¥�+m�|	hBj�mo��gXh�mw^xp
Ö � 57698;:=< C � F Ö Z)[]\)^�� 57698;:=<�ö�� I Ö Z)[0\)^u� 57698;:=<

� \Xi�j�in�Øi,|$h�mod¢rbh�mw^xp.a©^7j�d�gX_�r�ZkrbpF�¨i��+ikjBmo{�i,�¤a©jB^xd r,p¦r,gX³+mw_om�rbj�~=a©gXpRZnhBmo^7p��
jBikeXj�i�|	ikp�h�mwpXt0h�\Xi¥��m�°�ikj�i�pRZni=mop�h�\Xi¥Zn^7pR�+mwh�mo^7pRrb_zik³�eRi,ZnhTr,h�mw^xp ^,avh�\Xi«Zn^xdfe�_oikhBi
�Xr,hTr _w^xt,�)_wmo¯�ik_wmo\X^�^��X|"txmw{�ikp=h�\Xiv^x�R|$ikj�{�i��¤��rbhTr�� � \Xiv\Xm����+ikp0��rbhTr�m�|"h�\XiårxZnhBgRrb_
|$i,¬[g�ikpRZni�^baz�Rr7Z]¯�^,°N�+m�|$h�j�mw�XgXhBmo^xpq|õgq|	i,�²�"\�mo_oi�eXjBi,�+m�ZPh�mop�t¤hB\XifpXi�� �Xrbh}r+� � \Xi
a©gXpqZnh�mw^xp��òm�|"�+iP§RpXi,�=rx|�a©^x_w_o^,�z|nª

� 5	� e 8���< C �&���Ö 57698;:=< _w^xt � 5	� e H�:=< Ö�� d 5D6i8 :=<� 5�� H�:=< Ö � 5D6i8 :t< 5B�k��<

� »



�"\Xi�j�i�� �+ikpX^7h�i,|zh�\Xi�|$ikh�^bas�RrxZT¯�^b° ik{�ikp�hT|"^xp0h�\�i'pXik����rbhTr=r,pR� �Ö 57:�H�6�< �+in�
pX^7h�i,|zh�\Xi'jBik_�r,h�mo{�i#a©jBi,¬[g�ikpRZn~f^,ash�\Xi'ik{�i�p+h 5D: HM6�< ^7p²hB\Xm�|z|	i�hk�#£¥i�Zkrbp0jBik�"j�mwh�i
i,¬�gRr,h�mo^7p �k� rx|�a©^x_o_w^,�z|� 5�� e 8���< C � � �Ö 57698;:=< _o^7t��m� d Ù¢Ü�� Ú�Ý� � Ù¢Ü�� Ú�Ý õ � � �Ö 5D6i8 :t< _o^xt � d �"� � Ù�Ú�Ý T � d�	� � Ù©Ú�Ý��� � � Ù�Ú�Ý T �}� � � Ù©Ú�Ý

C � � �Ö 57698;:=< _o^7t�] ��� �� &¡u¢{£ � Ù¢Ü�� Ú�Ý� � Ù Ü.� Ú�Ý � d ��¤� ö �}� �� &¡u¢{£ � Ù¢Ü�� Ú�Ý� � Ù Ü.� Ú�Ý � d��}� _�õ� � �Ö 57698;:=< _o^7t � d �K� � Ù�Ú�Ý T � d�]� � Ù�Ú�Ý�¤� � � Ù�Ú�Ý T �¥� � � Ù�Ú�Ý¦ � � �Ö 57698;:=< ] ��� �  {¡u¢&£ � Ù Ü.� Ú�Ý� � Ù¢Ü�� Ú�Ý _w^xt � e F ö �¥� �  {¡u¢&£ � Ù Ü.� Ú�Ý� � Ù¢Ü�� Ú�Ý _o^xt � e I ö Ô _�õ� � �Ö 57698;:=< _o^7t � d � � � Ù�Ú�Ý T � d� � � Ù�Ú�Ý�¤� � � Ù�Ú�Ý T �¥� � � Ù�Ú�Ý¦ � � �Ö 57698;:=< ] ��� �  {¡u¢&£ � Ù Ü.� Ú�Ý� � Ù¢Ü�� Ú�Ý _w^xt � e F ö �¥� �  {¡u¢&£ � Ù Ü.� Ú�Ý� � Ù¢Ü�� Ú�Ý _o^xt � e I ö Ô _=ö
�Jõ§� � �Ö 57698;:=< � d �K� � Ù©Ú�Ý T � d�	� � Ù�Ú�Ý�¤� � � Ù©Ú�Ý T �}� � � Ù�Ú�Ý

�"\Xi�j�i�h�\Xi�§Rj}|	h`mwpXi,¬�gRrb_wmoh$~"m�|`r,p'rbe�eX_om�ZkrbhBmo^xp�^,a�¨xikpq|	ikp [ |�mopXi�¬[gRr,_omwh	~ F`Ê ��Ô¡�+^�i,|`pX^7h
�+i�e¨i�pR�¤^7p � e r,pR�.h�\Xiv|$i,Zn^xpq�¤mop�i,¬[gqrb_omwh$~ jBi,|	gX_whT|�a©j�^7d¾h�\Xi�aØrxZnhzh�\qrbh õ _o^7t�© ¦
�Jõ ©`�
c�^7dfeXgXhBmopXt'hB\Xi�eRrbjBh�m�r,_��+ikjBmo{7rbhBmo{�iz^baM�ò�"mwh�\=j�i,|$eRi,Znh"h�^ � e Fª}«ª � d �JC � � �Ö 5D6i8 :t< ��� �} {¡u¢&£ � Ù Ü.� Ú�Ý� � Ù¢Ü�� Ú�Ý F� d � õ� � �Ö 5D6i8 :t< � � Ù©Ú�Ý��� � � Ù�Ú�Ý T �}� � � Ù©Ú�Ý 5B� » <

r,pR�.|$ikh�hBmopXt ª}«ª � d �JC Z �X��i�t7ikh"h�\Xi�jBin�)i�|	h�mwd=rbhBmo^7p a©^xjBd gX_�r+�

� e F C � � �Ö 5D6i8 :=< �¤� �  &¡u¢{£ � Ù¢Ü�� Ú�Ý� � Ù Ü.� Ú�Ý� � �Ö 57698;:=< � � Ù�Ú�Ý��� � � Ù�Ú�Ý T �¥� � � Ù�Ú�Ý 5B��Yw<

� \Xi0p�gXdfikj}rbhB^xj�^xpµh�\XiHj�mot7\+h�\RrbpR�µ|	m��+i.^,a'i,¬�gRr,h�mo^7p ��Y m�|�rbpqrb_o^7tx^7gR|¤hB^
hB\Rrbh9a©^7gXpR� mwp¦h�\�i.ZP_�rx|B|	m�Zkrb_sj�in�Øi,|	hBmod=r,h�mw^xp²a©^7j�d�gX_�rfh�^FZn^7dfeXgXhBi mwp+hBikj�eR^x_�rbhBmo^xp
�sikmot7\+h}|��Rikh$��iki�p¦{7rbj�mw^xgR|'_�r,pXtxgqrbtxiHdf^��+ik_�|n� � \XiH�+m�°�ikjBikpRZni�\XikjBi¤m�|9h�\Rr,h'h�\Xi
|$gXd¾m�|�^,{�ikjsh�\Xiõ|	ikhA�����"\Xm�ZT\=m�|�hB\Xiv|	ikh"^,a�i�{�ikp+h}|�mwpf�"\Xm�ZT\Hr9�RrxZT¯�^b°«^�ZkZngXjBj�i,�
�"\Xmw_oi#e�j�i,�+m�Znh�mwpXt'h�\�i�p�ik�
��rbhTr�� � \�i9d=r,mop=�+m�°�ikj�ikpqZni#mop=hB\Xm�|�df^���ik_�_wmoi,|�mop=h�\Xi
�+i�pX^xdfmwpRrbhB^xj��Xrx|"h�\�i�p�^xj�d¢rb_omw­,rbhBmo^7p aØrxZnhB^xj � 5�� H�:=< m�|"r9a©gXpRZnhBmo^xp=^,a � �

´)pfh�\�i�Zkrx|$i#^ba�p�^xp+��|	\Rr7�+^,�"mopXt�h�\�i��+ikjBmo{7rbhBmo^xp�m�|s|	^7dfik�"\Rr,h"|	mwdfeX_wikj�r,pR�fh�\Xi
jBin�)i�|	h�mwd=rbhBmo^7p a©^xjBd gX_�r#m�|�txmw{�ikp=�+~�i,¬[gqrbh�mw^xp � e
��à�á �W¬�ÐÑÆ®Ï�Ä$ÁnÈkæPÃ$ø��wÔ,È,Ä$ÅÉÐÑÁPÈ�ÏTÈ,Ê®­òÏ�ÀØÏTÈbÊ,ÁPç¡æPÏ]À©Ð�ÏTËbÒéÃnðPÅÉÍ,Ã$È¯¬bÐ±°J�r­   Ò�²³°JÐ±¬\�y­   Ò©Ù

�	Y



u.^��+ik_ ���
£¥^xjT� � t e	a
k�rbhBh�m�Zni e �
k�rbhBh�m�Zni ö _omwpXi,rbjsmop�h�ikjBeR^x_�r,h�mw^xp Y�X
kRmop�i,rbj"mwp+hBikj�eR^x_�rbhBmo^xp Y�X

� r,�X_oi � ª � i,|	h�|	ikh"eRikjBeX_oi�³+mwh	~'�"mwh�\H|	\qrx�+^,�"mop�t

� e F C F
×
5´� � �Ö 57698;:=< ��� �  {¡u¢&£ � Ù Ü.� Ú�Ý� � Ù¢Ü�� Ú�Ý ö� � �Ö 57698;:=< µ Ù©Ú�Ý �¤� � � Ù©Ú�Ý�0¶ Ù¢Ü�� Ú�Ý T µ Ù©Ú�Ý£Ù �¤� �� &¡·¢&£ � Ù¢Ü�� Ú�Ý T �¥� �� {¡u¢&£ � Ù Ü.� Ú�ÝxÝ < 5B� e <

�"\Xi�j�i1Ô m�|zr pX^7j�d=r,_omw­,rbhBmo^xp«Zn^xpq|	hTr,p+h�h�\Rr,h#|Brbh�m�|�§Ri�|lh�\Xi�ZP^xpR|$h�jTr,mop�h � E �\E C � ���m�|lh�\�i'|	i�h#^basik{�ikp�hT| 5D:�H�6�< ^xp0h�\�i'pXik�ò�Xr,hTr=|	gqZ]\Hh�\Rr,hiÔ 57:�H�6�< C Z ^7p0h�\Xi
hBjTrbmwpXmop�t��Xrbh}r+� � m�|�h�\XivZn^7dfeX_oi�d ikp�h�^,aM���Xr,pR�1Ö # 57698;:=< C ×VÙ�ÚLÛ ÜWÝ N�� _×VÙ�Ú�Ý

�
ß ikpXikj}rb_wmo­,r,h�mo^7p ^,a�h�\XizeXjB^xeR^�|$i,�=rbeXeXjB^�r7Z]\fhB^9df^7j�i"hB\Rrbpfh$�s^9�Rr7Z]¯�^,°H�+m�|$h�jBm��

�Xg�h�mo^7pR|lm�|lh�jBmo{�m�rb_�rbpq� �"mw_o_�pX^xh��Ri��+ikh}rbmo_wi,�¤\�ikj�i��vu.^xjBik^,{�ikjzh�\Xm�|ldf^��+ik_`m�|lpX^7h
jBi,|	hBj�m�ZPh�i,�9hB^�_�rbhBh�m�ZPi,|�^ba @"�)t7jTrbd¢|A��gXhsZkrbp��Ri#r,eXeX_omwi,�'h�^9^7h�\Xi�j�Z�rx|	i�|A�"\�ikj�i�|	ik{��
ikj}rb_R�Rr7Z]¯�^,°H�+m�|$h�jBmo�XgXhBmo^7pR|�rbj�izj�i�_oik{7rbp�hk� r mopqrb_o_w~��x^7pXi#|$\X^xg�_��f|$h�j�i�|�|�h�\Rr,h��Rr7Z]¯�^,°
df^���ik_�|zrbjBi9gR|$gRrb_w_o~0r,eXeX_wmoi,�=j�i,Zng�jT|	mw{�ik_o~�h�^=|$ik{�ikjTr,_`eXj�i��+m�ZnhB^xj}|9� � \Xi'eXjB^xeR^�|$i,�
jBin�)i�|	h�mwd=rbhBmo^7p¦|$\X^xgX_��¦h�\XikpF�¨iHr,eXeX_omwi,� §Rj}|	h'�"mwh�\¦_wi,|�|v|	eRi,Znm�§�Z eXjBi,�+m�ZPh�^xj}|9r,pR�
hB\Xikp¥moh�i�jTrbhBi,�.�"mohB\²d�^xj�i�|$eRi,Znm�§¨Z±^7pXi,|n� � \XikjBi m�|õp�^.txgqrbjTr,p+hBiki�\X^,��ik{�ikj�h�\Rr,h
|$gRZ]\ rbp¡mohBikjTr,h�i,�²jBin�Øi,|	hBmod=r,h�mo^7p0�"mo_w_�tx_w^x�Rr,_o_w~²d=r,³+mwdfm�­ki9hB\Xif_wmo¯�ik_wmo\X^�^��0^ba�h�\Xi
df^ |	h½|	eRi,Znm�§�Z#df^��+ik_Ø�

S�·+* ¸+è�½!¾¡Á0� ÁMÀ�-UèB� è�½gê�
¼¾7ÂWê
£¥i#��i,|�ZnjBmo�Rizmop�h�\Xm�|�|	i�Znh�mw^xp�|	^xd�ileXjBik_omwdfmopqrbj�~�jBi,|	gX_whT|�^x��hTrbmwpXi,� ^7pfh�\�i�Y��"mwhTZT\+�
�R^�r,jT�¥�Xrbh}rf�"moh�\0_�rbhBh�m�ZPi,| ^,aA@ �)t7jTr,dîdf^��+i�_�|z|	df^�^7h�\Xi,�.�"mwh�\Hh	�s^b���+mod�ikpR|	mw^xpRr,_
�Rr7Z]¯�^,°�� ´)p¡h�\Xi�|	i=ik³�e¨i�j�mod�ikp+h}|#��i=j�i,|$h�jBm�ZnhBi,�²h�\�i¤_�rbhBh�m�ZPi,|9h�^ � �)t7jTrbd df^��+ik_�|
�"mwh�\+a=Zn_�rx|B|l_oik{�i�_�|n� r mwtxgXjBi X |	\�^b�z|#hB\Xi9mwp+hBikj�eR^x_�rbhBmo^xp0�sikmot7\+h}| 5 eX_�r,mop¥r,j�j�^,�z| <
i,|$h�mwd=rbhBi,�¤^7p²\Xi�_��[�Ø^xgXhv�Xr,hTr�� r ^7j�i�³Xr,dfeX_oi �+a©j�^xd r � �)t7jTrbd rbh�hB\Xi'��^7jT�0_oik{�ik_
hB\Xi.�Rr7Z]¯�^,°
�sikmot7\+h'^,avh�\XiH��^xj}� � �Øtxj}rbd m�| Z � � e²�"\�mo_oi=mwh �s^xgX_�� �¨i � � Z mopNr
hBjTrx��moh�mw^xpRr,_�^7pXin���+mod�ikpR|	mw^xpRr,_��Rr7Z]¯�^,°F|�ZT\Xikdfi � � ZP^xp�{�ikp+hBmo^7pRrb_�mop�h�ikjBe¨^7_�r,h�mo^7p.^,a
hB\XiJa#\Xmwtx\Xikj�^xjT��ikj�eXj�i,��m�ZnhB^xjT|�Zkr,p �Ri"eRikj	a©^7j�dfi���^xp'hB^xe�^ba®h�\Xish	�s^b���+mod�ikpR|	mw^xpRr,_
�Rr7Z]¯�^,°�� � \Xiz|$^b��Zkrb_w_oi,�9t7_o^x�qrb_Rmop�h�ikjBeR^x_�r,h�mw^xp'��i�motx\�hT|�rbjBiljBikeXjBi,|	ikp�h�i�����~9��rx|	\�i,�
r,j�j�^,�z|"mopf§Rt7gXj�i X �

� rb�X_wi � eXjBi,|	ikp�hT|�h�\Xizh�i,|$hs|	ikh�eRikj�e�_oik³�moh$~#^7�XhTr,mopXi,���"moh�\'hB\Xi,|$ildf^���ik_�|�mwp'h�\Xi
Zkr7|	i�^baA|	\qrx�+^,�"mop�tX� � \Xi#§Rj}|	h"_wmopXi�ZP^xj�jBi,|	eR^7pR�X|"h�^�h�\Xi�j�iPa©ikj�ikpqZnild�^��+ik_)��h�\Rr,h"m�|

� e



3-gram 2-gram 1-gram

0.18

0.26

0.22

0.34

1.0

1.0

0.84
0.45

0.29

0.42

0.16

0.35

0.37

0.58

0.65

0.55

0.71

0.63

 

 

 

          
  

    

   
C50

Word

C1600

C300

r motxg�j�i X ª � � º �RrxZT¯�^b°«mop�h�ikjBe¨^7_�r,h�mo^7p=��ikmwtx\�hT| 5 |$\Rrx��^b�"mwpXt <
u.^��+ik_ ���
£¥^xjT� � t YwY
k�rbhBh�m�Zni YwY
k�rbhBh�m�Zni ö _omwpXi,rbjsmop�h�ikjBeR^x_�r,h�mw^xp Y a
kRmop�i,rbj"mwp+hBikj�eR^x_�rbhBmo^xp Y a

� rb��_oiòaXª � i,|	h�|	i�h"e¨i�j�eX_wik³+mwh$~'�"moh�\=pX^7p+��|	\Rr7�+^,�"mopXtHrbpq�¹3ò@ò�+m�|	h�jBmo�Xg�h�mo^7pR|

r=��^xj}� � �Øtxj}rbd df^��+ik_Ø� � \Xi¢|	i,Zn^7pR�²_wmopXi't7mo{�i,|#h�\�ifh�i,|$hv|	ikhve¨i�j�eX_wik³+mwh$~¤^,azh�\Xi
df^���ik_+^7�XhTr,mopXi��'r�a©h�i�j�i,|	hBmod=r,h�mw^xp�^ba®h�\Xi"�Rr7Z]¯�^,°f�sikmot7\+h}|5^7p \�ik_��[�Ø^xg�h��Xrbh}r+� � \Xi
hB\Xmoj}�±_wmopXi�|	\X^,�z|�h�\Xi�r7�X�+mwh�mo^7pRrb_�modfe�j�^,{�ikd�inp�h��"\�m�ZT\fZkr,pf�Ri#^x��hTrbmwpXi,� �"mwh�\�h�\Xi
t7_o^x�qrb_X�sikmot7\+h}|n� � \Xm�|�_�rx|$h�jBi,|	g�_oh�j�ikeXjBi,|	i�p+h}|�rz» ¼ eRikj�eX_wik³�moh$~#j�i��+gRZnhBmo^xpv^,{�ikj`h�\Xi
jBina©ikj�i�pRZni�df^��+ik_Ø��¶l^,��ik{�ikj��bhB\Xiz|�r,dfi�jBi,�+gRZPi,��eRikjBeX_oik³�moh$~�Z�rbp'�Ril^7�XhTr,mopXi��9�"moh�\
t7_o^x�qrb_`mop�h�i�j�eR^x_�rbh�mw^xpf^7pX_o~ F`É � � |	mwdfmo_�rbj�ZP^xpRZn_wgR|	mw^xpHZkr,p¤�Riv�+j}r��"pfa©jB^xd hTrb��_oiòaX�
mwp²�"\Xm�Z]\0p�^xp+��|	\Rr7�+^,�"mopXt0m�|#gR|	i,�FrbpR�²hB\Xi��Xmot7jTrbd e�j�i,�+m�Znh�^7jT|�rbjBi jBikeX_�rxZni,�.��~
hB\XikmojzZP^xj�jBi,|	eR^7pR�+mop�t�3ò@ò�+m�|$h�jBmo�XgXhBmo^7pR|n� � |�eR^xmwp+hBi,�¤^7gXhlmwpH|	i,ZnhBmo^7p � � � h�\Xi�j�i�m�|
pX^�txgRr,jTrbp�h�i�i"h�\Rr,h�h�\XismohBikjTr,h�i,��j�iki,|$h�mwd=rbhBmo^xp�t7_o^x�qrb_o_w~�d=rb³�modfm�­ki�|¨h�\�i�_omw¯�ik_omw\X^�^��
^,azh�\Xi�df^�|$hv|	eRi,Znm�§�Z9df^��+ik_Ø� £¥i ^7�R|	i�j�{�i�\Xikj�i�r¤e�jTrxZPh�m�Z�rb_�Zkr7|	if�"\�ikj�i�_�r,h�h�m�Zni
�Rr7|	i,�=_�r,pXtxgRr,txivdf^��+ik_�|��+^�pX^xhz^xg�h�eRikj	a©^7j�d¾_wmopXi�rbj�_w~ mwp+hBikj�eR^7_�rbhBi,�fdf^��+ik_�|n�

� \Xm�|�j�i�|	gX_wh�m�|�|	^xd�ik�"\Rrbhs|$gXj�eXjBm�|$mopXt��+r7|�h�\Xizh$��^,�$�+mwdfikpR|$mo^7pRrb_X�qrxZT¯�^b°=df^���ik_
Zn^7p+h}rbmwpR|�df^7j�i�a©jBikileqrbjTr,dfikhBikjT|P� � �X�+mohBmo^7pRrb_Rik³�eRikj�mwdfikp�hT|�|	\X^7gX_�� �Ri#eRikj$a©^xjBdfi,�
hB^¥Zn^xp+§qj�d h�\Xi=|$^xgXj}Znif^,a#hB\Xm�|�j�i,|$gX_oh��0´)p¦eRrbjBh�m�ZngX_�r,jk��_�rbj�t7ikj9_�rbhBh�m�ZPi,|9Zn^7gX_��¥�¨i
gR|$i,��rbpq� h$��^,�$��modfikpq|	mo^7pRrb_"�qrxZT¯�^b° Zn^xgX_�� �Ri0txikpXi�jTrb_wmo­ki�� hB^¡df^xjBi¤hB\Rrbpµh$��^
eXjBi,�+m�Znh�^7jT|n� � pX^7h�\Xi�jfmop�h�ikjBi,|	hBmopXtFik³+hBikpR|$mo^xp��s^xgX_�� j�ik_w~¡^xpµh�\XiF�+in§Rp�moh�mw^xp�^,a
�Rr7Z]¯�^,°f�sikmot7\+h}|��+ikeRikpq�+mopXt�^7p hB\Xi"\Xm�|$h�^7j�~ : ��´)p�|	gqZ]\�r�Zkr7|	i���h�\�i"��ikmwtx\�hT|�Zn^7gX_��
��ô�á ÈfÅ©Í,ÐÑÆzÄ�ÏTÆ©Ã9Å©ÍbÃ�Ë7ÏTÄ7ÎnÁ�Ï0ê�Ã$ÐÑÖnÍ�ÅÉÆ�Ï]À©Ã��7økÃ$Ê¤Å©Á�ÝbÙ Ý9ÐéÈfÅÉÍ,ÃvænÃ$À©ÅÉÐÑÄBÏTÒ�Ê,ÐÑÀ©Ã$Ä$ÅÉÐÑÁPÈ�ð�Ï]È,Ê¥ánÙ Ý

ÁPÅÉÍ,Ã$À©ê`ÐÑÆÉÃPÙ

�0X



�Ri9^7eXh�mwdfmo­�i,�±a©^xj�i,rxZT\=\Xm�|$h�^xjB~=mopR|$h�i,r7�.^ba�t7_o^x�qrb_o_w~=�"moh�\H^xpX_w~Hr±a©ik�òr7�X�+mohBmo^7pRrb_
a©jBiki#eRr,jTrbd�ikh�ikj}| 5 »9mwp¤hB\Xi�eXj�i�{+mw^xgR|�ik³�rbd�eX_oi < �

º ;�=� ^¬i´ .	,�,A&1´ »î.	 ^¬®"'.0&1 &9¯
¼+$'q®(+.	,-"%&9$?µ
½�·�¸ ¸+è�½!»4Á�é=ÂWº/èÍé�º��¾��Á�À2-%ÂPÁ¡ºJÀ
� p�^xh�\�ikj �½rk~ ^,a�_o^�^7¯+mwpXt¡r,h hB\Xi._�rbh�hBm�Zni=eXjBi,|	i�p+hBi,�¦mop §qtxgXjBi � m�|±hB^¦Zn^7pR|	m��+ikj
i,r7Z]\�pX^��+ivr7|�h�\Xi�|	h}rbj�hBmopXt'eR^7mop�h�a©^xj½r9j�i,ZPgXjT|$mo{�i"�Rr7Z]¯�^,°0|BZ]\�ikdfi"h�\qrbh�m�|�_wmodfmwh�i,�
hB^¦eXj�^7txjBi,|�|$mopXt¦mwp ^7pXin���+modfi�pR|	mw^xp > h�\�i.\X^7j�mo­�^xp�hTrb_z^xp�i�� r mwtxgXjBi �0Z eXj�i�|	ikp�hT|
hB\Xi�e¨i�j�eX_wik³+mwh$~'^x�Xh}rbmop�i,�fgR|	mwpXt'h�\Xm�|"|�ZT\Xikdfi"^7p.hB\Xi�\Xik_����)^7gXhz|	ikh�a©j�^7d¾i,rxZT\=_�r,h	�
hBm�Zni�pX^��+i��¥´)p¦hB\Xm�|'Zkr7|	i���3ò@ �+m�|$h�jBmo�XgXhBmo^7pR|'rbjBifgR|	i�� r7|9�RrxZT¯�^b°N�+m�|	hBj�mo��gXh�mw^xpR|
Zn^7d ��mopXi,�9�"mwh�\fp�^xp+��|	\Rr7�+^,�"mopXt�� � \Xi#jBina©ikjBikpRZni"�s^xjT� � �)t7jTrbd df^��+ik_R\Rr7|"r�eRikj	�
eX_wik³�moh$~.^,a YwY �"\Xm�ZT\¦m�|�^xpX_w~¡|	_wmot7\+hB_o~0^xg�h�eRikj	a©^7j�dfi��²�+~¥h�\�if��^7jT�øab�Øtxj}rbd r,pR�
� �)t7jTrbd df^���ik_�|P� � \Xi«�+~+pqrbdfm�Z Zn^7d ��mopRr,h�mo^7p¦^baõeXj�i,��m�ZnhB^xjT|vZkrbp�h�\Xi�p �Ri=eRikj	�
Zni�mo{�i,��rx|#r9�½rk~¤hB^�Zn^xd��XmwpXi#h�\�i,|	i ��Y eXjBi,�+m�ZPh�^xj}|�mop=^xj}�+ikjzh�^�modfe�j�^,{�il^,{�ikjsh�\Xi
jBina©ikj�i�pRZnizdf^��+ik_Ø�

Word
 

 

 

                
  

 

   

2-gram5-gram 4-gram 3-gram 1-gram

C1600

C300

C50

8282

110

77 77

76

312

94

94

99

123105

78

7776

82

106

r mwtxgXjBi �0Z ªs¶lik_��[�)^7gXh�eRikjBeX_oi�³+mwh	~v�"mohB\³3ò@<�+m�|	hBj�mo��gXh�mw^xpR|P� Ó r7Z]\�pX^��+i�j�ike�j�i,|$ikp+h}|
r'eXj�i��+m�ZnhB^xjs�"\Xm�ZT\H|	hTr,j�h}|lr,h"h�\Rr,hlpX^���i'rbpq�¤�Rr7Z]¯�|�^b°¥\X^7j�mw­k^xp�hTr,_o_o~ �

�wZ



½�·äã ¸+è�½!»4Á�é=ÂWÁ�À21 Â���½À¿Æè�-'é�¾�½Ì»�½gé�Á¡êPÁ¡º�À¼ê

Combine

P  (_|h)
17

1

P(w|h)

w

P (_|h)

H(h) C(h) Class Order

r mot7gXj�i �7� ªsy#|	i�^ba�eXjBi,�+m�ZPh�^xj"{7r,j�m�r,�X_oi�|�h�^�Z]\X^�^ |	i�h�\�i�^7eXh�mwd=rb_®Zn^xd��XmwpRrbhBmo^xp
Y�g�eXeR^�|	i=�si \Rr7�¦rbpF^xjTr7Zn_oi�h�\qrbh9¯�pXik���"\�m�ZT\²^,azh�\Xi ��Y eXj�i,��m�ZnhB^xjT|v|	\X^7gX_��¥�¨i
gR|$i,�²mwp¦r,p+~¥txmw{�ikp¦ZP^xp�h�ik³�h�h�^.e�j�i,�+m�Znh#hB\XifpXik³�h���^7jT��� � {�ikjB~.��i�_o_�mwp+a©^xjBdfi,�
^7jTrxZP_oi=Zn^7gX_��¦_w^�^x¯¡r,h'h�\Xi=��^7jT�¦h�^0�Ri=eXjBi,�+m�ZPh�i,�¦r,pR�¦eXm�ZT¯¥h�\Xif�Ri,|$h'eXj�i��+m�ZnhB^xj
r7ZkZn^xj}�+mop�tx_o~ � � \Xi�e¨i�j�eX_wik³+mwh$~'^xp.hB\Xi�\Xik_��[�)^7gXhz|	i�h"��^xg�_��¤hB\XikpH�+jB^xe.hB^ � e��

� df^xjBi9j�i�rb_om�|	hBm�Z�a©jTr,dfik�s^xj�¯=m�|õhB^0Zn^7d ��mopXi�h�\�i eXjBi,�+m�Znh�^7jT|#_omwpXi,rbjB_o~=�XgXh�hB^
r7�XrbeXhv�+~�pRr,dfm�Zkr,_o_w~ hB\Xi9mwp+hBikj�eR^x_�rbhBmo^xp0�sikmot7\+h}| �Rikh$�sikikp.hB\Xi'eXjBi,�+m�ZPh�^xj}|n� � ^=��^
hB\Xm�|P����i¢Zkrbp¦jBik_o~0^7p²a©^xg�j'eXj�i,��m�ZnhB^xj�{7rbj�m�rb�X_wi,|nª'hB\Xi i�p+hBj�^xe�~Á� 5D:=< ��h�\�i=Zn^xg�p+h
Ô 57:=< ��h�\Xi�p�gXd �Rikjs^baAZn_�r7|�|$i,|"rbpR�=h�\Xi�df^���ik_�^7jT�+ikj 5 |$ikil§Rt7gXj�i �x�	< �

y#|$mopXt#hB\Xi,|$i�eXjBi,�+m�ZPh�^xj�{7rbjBm�rb��_oi,|P��r��+i,Znm�|	mo^7p9hBj�iki½Zkrbp'�Ri"�XgXmw_oh`a©j�^7d h�\�i�\Xik_��[�
^7gXhv|	ikh�h�^=eXjBi,�+m�ZnhlhB\Xi�eXj�^7�Rrb�Xmw_omwh	~Hh�\Rr,hvrbp�~.eXjBi,�+m�ZPh�^xj���^xg�_��0^xgXhBe¨i�j	a©^xjBd h�\Xi
jBina©ikj�i�pRZni'df^��+i�_��+~¥|$^xdfi9aØr7Znh�^7j 5 h	~�eXm�Zkrb_w_o~H|	ikhvh�^ � � ��< �.Y�gqZ]\Fr.�+i�Znm�|$mo^xp¥h�jBiki
m�|�eXjBi,|	ikp�h�i��²mop¦§Rt7gXj�i �k� �"\�ikj�i=_oiPa©h9�Xj}rbpRZT\Xi,|vZn^xjBj�i,|$e¨^7pR� hB^ ï�~�i,|Rñ0rbpR|$��ikj}|n�
r ^xj'i�³Xr,dfeX_oi�h�\�i¤e�j�^x�qrb�Xmw_omoh$~¦hB\Rrbh�r,p+~FjTrbpq�+^xdf_w~¡|	i�_oi,ZnhBi,�0eXj�i,��m�ZnhB^xj 5 i�³XZni�eXh
hB\Xi'��^7jT� � �)t7jTrbd mwhT|$ik_�a < ��^7gX_��0|$motxp�m�§�Zkr,p+hB_o~H^xgXhBe¨i�j	a©^xjBd h�\Xi�j�iPa©ikj�ikpqZni9df^���ik_
m�| Z � � e�mopft7ikpXikj}rb_)� � \Xm�|�eXj�^7�Rrb��mo_omwh$~��+j�^7eR|�h�^ Z � Z�� �"\XikpfhB\Xizp+gXd��Rikj�^ba�Zn_�rx|B|	i,|
m�|��¨i�_o^,� X7��Z r,pR�fh�\XivZn^7gXp�hl^,a�hB\Xi�\Xm�|$h�^xjB~fm�|"r,�R^b{�i �k� »+� �wZ a��

� \XiHj�ik_�rbh�mw{�i=��ikmwtx\�h ^,avrbp�~ eXjBi,�+m�Znh�^7j�Zkrbp��Ri0d=r7�+i=eXj�^7e¨^7j�hBmo^xpqrb_#hB^¦h�\Xi
eXjB^x�Rr,�Xmo_wmoh$~=r,h�hTr7Z]\�i,�¤hB^ hB\Xi9_wi,r�a�mop�h�^��"\Xm�ZT\=moh�aØr,_o_�|P�J@l^7h�m�ZPi�hB\Rrbhzik{�ikp=hB\X^xgXt7\
hB\Xiv�+i,Znm�|	mo^7pfh�jBiki�m�|�§R³�i,����h�\Xi��sikmot7\+h½rbeXeX_wmoi,�fhB^fr9eXjBi,�+m�Znh�^7jzZ]\Rr,pXtxi�|"�+~+pqrbdfm��
Zkr,_o_w~��Xr7|®� 57:=< rbpR�+Ô 5D:t< ��ikeRikpR�f^xpHh�\Xi�^x�q|	ikjB{�i,� \Xm�|	h�^7j�~��

� rb�X_wi � eXjBi,|	ikp�hT|�hBi,|	h�|	i�h"e¨i�j�eX_wik³+mwh�mwi,|�h�\Rr,hljBi,|	gX_wh�a©j�^7d i�³+eRikjBmodfikp�hT|��Rrx|$i,�
^7p¤hB\Xm�|srbeXe�j�^�r7Z]\ F ù,� � \Xi#eRikjBeX_oi�³+mwh	~'^,a�hB\Xi#�Ri,|$h"j�ina©ikjBikpRZnizdf^��+i�_ 5 ��^7jT� � t7jTrbd
�"mwh�\�pX^xp+��|	\qrx�+^,�"mop�t�rbpR��3ò@µ�+m�|$h�jBmo�XgXhBmo^7pR| < m�| YwY � � |$hTrbhBm�Z"mop�h�ikjBeR^x_�r,h�mw^xp��"moh�\
�`ú ã`Í,Ã�ÊbÃ$Ä$ÐÑÆ©ÐÑÁPÈ#ÅÉÀ©Ã$Ã�Ô,ÆÉÃ$Ê#ÐéÈlÇ,ÀØÏ]Ä$Å©ÐÑÄ$Ã�ê®Ï]Æ�çlÁPÀ©Ã`ÊbÃ$ÅØÏ]ÐéÒÑÃ$ÊlÅ©Í7Ï]ÈzÅÉÍ,Ã�ÁPÈ,Ã�Æ©ÍbÁTê`ÈzÐÑÈJ�7ÖnÔ,À©Ã"á�ó,Ù
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Prob = 0.18

Prob = 0.11

Prob = 0.21

Prob = 0.22

Prob [  P(_|h) > P  (_|h) * 1.5]

Prob=0.18

CLASS < 950

Prob = 0.21

C(h) < 126204

Prob = 0.16

H(h) < 5.98

Prob = 0.21

Order < 2.5

Order < 3.5

Prob = 0.16

Prob = 0.03

Prob = 0.11Prob = 0.19

H(h) < 5.18

Prob = 0.01

3

r motxg�j�i �k� ª º i�Znm�|$mo^xp=hBj�iki
u.^���ik_ ���
£¥^xj}� � t YwY
k�r,h�hBm�Zni ö ´)p+hBikj�eR^7_�rbhBmo^7p Y a
k�r,h�hBm�Zni ö º i,ZPm�|	mw^xp � j�i�i,| Y��
� r,�X_oi � ª � i,|$h#|$ikh"eRikj�e�_oik³�mohBmoi,|

t7_o^x�qrb_o_w~f^xe�h�mod�mo­ki,�'�XgXh"§R³�i,�f��ikmwtx\�hT|�~+mwik_��X|"r'eRikj�e�_oik³�moh$~'^ba Y aX� � \Xiå�+~+pqrbdfm�Z
Zn^7d ��mopRr,h�mo^7pf^ba�h�\�i�_�rbhBh�m�ZPi#eXj�i��+m�ZnhB^xj}|�txmo{�i�|"r9e¨i�j�eX_wik³+mwh$~ ^,a Y�� �
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´)pfhB\Xm�|�j�ikeR^xjBh��si#mop�h�jB^��+gRZni,�'_�r,h�hBm�Zniz�Rrx|$i,�f_�r,pXtxgRr,txi�df^��+i�_�|!h r,p=rb_wh�ikjBpRrbhBmo{�i
_�rbpXt7gRrbt7i df^���ik_omwpXt eqrbjTr7�+mot7d �"\Xm�ZT\.�si'\Rrk{�i¼j�gR|	hõ|	hTr,j�hBi,� i�³+eX_w^xjBmopXt��sk�rbh�hBm�Zni
�Rr7|	i,�fdf^���ik_�|sZn^xpR|$h�jBgRZnh"d�gX_ohBm����+mod�ikpR|$mo^xpqrb_X\XmwikjTr,jTZT\Xmoi�|A^,a�eqrbj�hBmohBmo^xpq|lr,pR�fh�\Xikp
|$ik_oi,ZPhlhB\Xi'df^�|$h#eXjB^xdfm�|	mop�tfeRrbjBh�mwh�mo^7pR| 5 pX^��+i,| < h�^�txikpXi�jTrbhBi hB\Xi'i,|$h�mod¢rbh�i��.�+m�|��
hBj�mo��gXh�mw^xpR|P�

£¥i#�+m�|�Zngq|�|	i��'r9|	eRi,ZPm�§�Z�h$��^v�+mwdfikpR|$mo^7pRrb_�_�r,h�h�m�Zni��,�"\XikjBilhB\Xi�§RjT|$hs�+modfi�pR|	mw^xp
m�|�h�\Xi"_wikpXt7h�\�^ba�h�\Xiz\Xm�|	h�^7j�~vi,¬[g�mo{7rb_wikpRZni½Zn_�r7|�|n� rbpR�'h�\Xiz|$i,Zn^7pR� ��modfikpq|	mo^7p9m�|�h�\Xi
eR^�|$mohBmo^xp¥mop«rf��^xj}�0Zn_�r7|�|#\XmwikjTr,jTZT\+~�� � |l^7j�mot7mopRr,_o_w~.��in§RpXi,�0|$gRZT\¥r _�r,h�h�m�Zni9m�|lmop
aØr7Znhvr ºz��ß �®|	mopqZnif|$gX�R|$gXdfeXhBmo^xp0jBik_�r,h�mw^xpR|#ik³�m�|$h9r,df^xp�t¤p�ikmot7\+�R^xjBmopXt={�ikjBh�m�Zni,|n�
Y�mwdfeX_wi#|$ikhz|	gX��h�jTr7Znh�mw^xpH^xeRikjTr,h�mw^xpR|zZkrbp=jBikdf^,{�ilhB\Xi,|$i9��rbhTr��+ikeRikpq�+ikpRZnmwi,|n�

@lik³�hk�X�si'Zn^7pR|	m��+ikjBi,�¤�"\Xm�Z]\fa©i,r,h�gXjBi,|"^bash�\Xiv_�r,h�h�m�Zni�pX^��+i,|�rbj�ivmopR��m�Zkr,h�mo{�i�^,a
hB\XikmojvgR|	iPa©gX_opXi�|�|n�srbpq� eXjB^xeR^�|$i,� h�\Xi=gR|$i=^ba�h$��^0e�j�mod¢rbj�~¥^xp�i,|nª=h�\Xi=hBjTrbmwpXmop�tb�
|$ikhl\�m�|	hB^xjB~=Zn^xg�p+hz^ba�hB\Xi9p�^��+i���rbpR�=h�\Xi 5 |	d�^�^xh�\�i,� < ikp�h�jB^xe�~¤^,a�moh}|�eXj�i��+m�ZnhBmo^7p`�
y#|$mopXt=hB\Xi.Y�£µ´ � cs¶#·l¸ ��¹lº Zn^7j�eXgq|n����i�Zn^7pR|	hBj�gRZnhBi,�¥r¤h$��^«�+modfi�pR|	mw^xpRr,_)� �	Y
pX^���i#_�r,h�h�m�Zni���r,pR�=Zkrb_�ZngX_�rbh�i��9\Xm�|$h�^xjB~fr,pR� eXjBi,�+m�Znh�mw^xp�\Xmoh�jTr,h�mw^�|Aa©^7j"r,_o_�mwhT|�pX^��+i�|
gR|$mopXt¥\Xik_�� ^7gXhf��rbhTr��<£¥i=h�\XikpN�+ikdf^7pR|	hBjTr,h�i,�¡\X^,�¾h�\XiHeXj�i��+m�ZnhBmo^7p \�moh�jTrbhBmo^
�+i�e¨i�pR�X|=|	hBj�^xp�tx_o~µ^xpµ�R^xhB\
h�\XiFZn^7gXp+h=^,a�h�\Xi0\Xm�|	hB^xj�~µr,pR�<mwhT|fikp�h�j�^7e+~ �lh�\�gR|
j�gR|$h�m�a©~+mwpXt'^xgXj"^7j�mwtxmopqrb_�ZT\X^xm�Zni��

� a©hBikjv�+m�|BZngR|�|$mopXt0{7r,j�mo^7gR|'|	d�^�^xh�\�mopXtHh�i,ZT\XpXm�¬[gXi�|n�`��ife�j�^xeR^ |	i,��r.|	hBjTr,motx\�h	�
a©^7j��"r,jT�¡txikpXi�jTrb_wmo­,r,h�mw^xp¡^ba�h�\XiHZn^7p+{�i�p+hBmo^xpqrb_��qrxZT¯�^b°µ|$h�j}rbh�i�tx~¡h�^¥d g�_oh�mweX_oi���m��
dfi�pR|	mw^xpR|P�RrbpR�0�+i�j�mo{�i��¢hB\Xi�a©^7j�d�gX_�r�a©^7j#Z�rb_�ZPgX_�r,h�mop�t hB\Xi9^7eXh�mwd=rb_`mwp+hBikj�eR^x_�rbhBmo^xp
�sikmot7\+h}|n��gR|$mopXt0hB\Xi Ó |	hBmod=r,h�mo^7p+��u0rb³�modfmw­kr,h�mo^7p 5DÓ u < rb_wtx^7j�mohB\Xd0� � \�m�|'|	mwdfeX_wi
df^���ik_�e�j�^,{+m��+i,�0r=df^��+i,|$h#modfe�j�^,{�ikd�inp�h"^,{�ikj#h�\�i'�Rrx|$ik_omwpXi'h�jBmotxj}rbd0� � pX^xhB\Xikj
mwp+hBikj�eR^x_�rbhBmo^xpF|�ZT\Xikd�i��XgR|	mwpXt.hB\Xi�|�r,dfi'eXjBi,�+m�ZPh�^xjv|$ikhk��rxZT\Xmwik{�i,�¤hB\Xi�|�rbd�i9eRikj	�
a©^7j�d=r,pRZni��

� \Xi�h�jBgXi'|$h�jBikpXtxhB\=^ba�_�rbh�hBm�Zni�df^��+ik_�|n�+�si��¨i�_omoi�{�i���_omoi�|�mopH�+~�pRr,dfm�Z#|$ik_oi�Znh�mw^xp
^,a�r'|	d=r,_o_R|$gX�R|	i�h�^ba�eXjBi,�+m�ZPh�^xj�pX^���i,|n�s¶l^,��h�^å|	ik_wi,Znhs|	gRZT\=rv|	ikhsm�|�r,p=^xeRikp=r,pR�
mwp+hBikj�i,|$h�mwpXtfj�i�|	i,r,jTZT\²eXjB^x�X_wikd0���"\�m�ZT\0��i�\Rrk{�i¼j�gR|	hv�¨i�txgXp¦hB^=_o^�^x¯Frbh��.¸zjTrxZP_oi
ik³�eRikj�mwdfikp�hT|�|	g�txtxi�|	h#hB\Rrbh�|	mwtxpXm�§�Zkrbp�hzmodfeXjB^,{�ikd i�p�hT|�r,j�i�eR^�|B|	mo��_oi'm�a���ivZT\X^�^�|$i
hB\Xi"eXj�i��+m�ZnhB^xj�|$ikh�Zn^7j�jBi,Znh�_w~�� � pq�9mopR�+i�i,����r,p mwpXmohBm�rb_�rbhBh�ikd�eXh�r,h�gR|$mopXtvr��+i,Znm�|	mw^xp
hBj�iki�h�^"d¢rb¯�i�hB\Rrbh�|$ik_oi,ZPh�mo^7p�~+mwik_��+i��l|$^xdfi�mod�eXj�^,{�ikd�inp�hk�R£¥i��Rik_wmoik{�i�d�gRZ]\zdf^7j�i
mwdfeXj�^,{�ikd�ikp�h"m�|leR^�|�|$mo�X_wi���rbpR�¥rbjBi'\X^xe�mopXt=h�^=ik³�eX_w^xj�i'hB\Xm�|zeXj�^7�X_oikd mop0t7j�i,r,h�ikj
�+i�hTrbmw_�mwp¤hB\Xi#a©gXh�g�j�i��
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� \Rr,pX¯�|¢hB^§¨x^x\�p k�rk°�i�j�h$~ a©^xjf\�m�|fZn^7p+hBj�mw�XgXh�mw^xp�hB^ hB\Xi¥�+ikjBmo{7rbhBmo^7p ^baåh�\Xi0jBin�
i,|$h�mwd=rbhBmo^xp�^baåh�\Xi0�Rr7Z]¯�^,°ò��i�motx\�hT|P�zrbpR��h�^ kRmopòc�\Rr7|	i0a©^xj=\Xikj=ZP^xp�h�j�mw�XgXhBmo^xp
hB^.h�\�i=�+i,|$motxpF^bazh�\�if�+i�Znm�|$mo^xpFh�j�i�i df^���ik_�rbpq�Fa©^7j9\Xi�j9Z�rbj�iPa©gX_�i,��moh�mwpXt=^bazhB\Xm�|
�+^�ZPgXdfikp�hk�

Ç q�¯�q4$/qò +,Jq®µ

] �L_�r ��¨xik_wmopXik¯ rbpR� ¹ �su.ikj}Znikjk�µ´)p�h�ikjBe¨^7_�r,h�i,�¡i,|	hBmod=r,h�mo^7p¡^bavd=rbjB¯�^,{¡|	^7gXjTZni
eRr,jTr,dfikh�i�jT|9a©j�^xd |	eRr,jT|$i¦�Xr,hTr���´)p Ó � ß i�_�|	i�d=r²r,pR�Èk��23�rbpRr,_)�"i,�+mwh�^xj}|n�È ���`��}���¥ÊÉ4}R��{���¥P�O�D��{�¥Õ��¥ È �R���L�7���L}}��eRrbt7i,| � e ��>���X�Y �J@z^xj�hB\+��¶l^x_w_�rbpq��� � d=|)�
hBikjT�Xr,d0� �0X e Z �

] ��_�r ��¨xi�_omop�ik¯���ylefa©j�^7d¾h�jBmotxj}rbd=|P�+hB\Xiv|	h�jBgXtxt7_oi#a©^xjzmod�eXj�^,{�i,�'_�r,pXtxgRr,txivdf^��[�
ik_�|n�`´)p³ËÍÌ'ÎR{LìV}R�$Ï³Ð�Ñ$Ï¥ÒlÓmÎ}ÓmÏ�ÔwÓFÑ$ÏÖÕ�ì�Ó}Ó]Ô¥×ØÐ�Ñ$Ù�Ù�Ì'Ï�Ú)Ô��ÜÛ·Ú)Ñ$Ïo�$Ï�Ý�Þ�Ó]Ô¥×BÏBÑÜßrÑ}à$áRâã�älåÜælç�è¤éëê�ìmí�è¤élî$é â/ï æ>ð0ñ&ò{ó â è>ôÜôëê'õö êR÷¯ø}õhù�õrú2û$û�ü.õbý�þ�æÖã�ûëã�ÿ�ñ)ä��0ò{ûÜó��Kð]æ���ÿBæ¤ó��wò{ælç�û��2ç	ã�æ��wò&ælçFäRó�ü��]þ�æ�ælç��0ò
	 ä��0ò{ûÜó�û��ã�ûÜãBÿ�ñ)ä��0ò&ûëó ã�älð}ä�	�æ��0æ>ð}çwõ�
 Ú)Ñ$ÙÖÓ}Û·ÎwÚ��w�Üâ î é����Üê�ìmí����Rî â è>ô��Üê�õö îÜ÷���õ��®æ�� â � õ"!�ç0ç	æ¤ó â äRóWü�#�õ"$Aó�ælç	æ¤ð¤õ&%2ó ç��0ð0ÿ'�(�0ÿ�ð]ò&ó�å³ã�ð]û�)�ä�)�ò&ñ{ò)ç��0ò*��ü�æ¤ã�æ¤ó�+ü'æ>ó��wælç�ò&ó ç,�0û��}þ�äëç,�0ò-� ñ)äló�åÜÿ�älåÜæ.	�û�ü'æ¤ñ{ñ&ò{ó�å�õ Ð�Ñ$Ù0/�Ì$Û	ÓmÎ Õ1/�Ó}Ó]Ô¥× �$Ï�Ý�2g�$Ï�3à$Ì\�¤à'Ó}â 4 �{è¥í�ê 4'â è¤ôÜôlî�õö �R÷65�õ�7Áõ8$�ä��:9 õ;!�ç,�0ò<	³ä��]ò&ûëó�û���ã�ð]û�)�ä�)�ò&ñ{ò
�0ò{ælç=�Kð0û�	 ç�ã�älð}ç�æØü�ä���ä>�KûÜð?�0þBæ ñ)äló�+åëÿ�äRåëæ6	�û�ü'æ¤ñ@�wû�	�ã�ûÜó�æ>ó��Mû���ä�ç�ã�æ¤æ��¥þ³ð0æ��wûÜåëó�ò
9¤æ>ð¤õ0A Ë�Ë�Ë Þ�ÎR�$ÏCB0�$ÔwÛ·Ú)Ñ$ÏCBbÑ$Ï
D�Ô}Ñ$ÌEBmÛ·Ú)ÔGF�Õ1/�Ó}Ó]Ô¥×^�$Ï�ÝÖÕ�Úhà ÏP�ÜßIHÍÎ]ÑRÔwÓJBKB>Ú)ÏÜàÜâ ê���L·êCMK� î$éëé�í$î é'è â è>ô 4 ì$õö �R÷�N õ ï ð0û�OMó â"P õ Q®æ¤ñ{ñ)äRNYò&æS�0ð}ä â N õ ü'æT5 ûÜÿU9lä â ù�õWV�äRò â äló�ü.#�õ"7 æ>ðK�wæ¤ð>õYX�ñ)äëç0çZ+
)�äëç�ælü.�[+·åÜð�ä�	\	�û�ü'æ>ñ)çMû��MóWä��0ÿBð}äRñ�ñ6äRó�åëÿ�äRåëæ$õ Ð�Ñ$Ù0/�Ì$Û7�ÜÛ·Ú)Ñ$ÏP�ÜßW2`Ú)ÏÜà$Ì�Ú�BmÛuÚ)ÔKBmâè 4 L+î�MK� î1��ìmí$î�ìlô â è>ôÜô���õö ì¤÷�#�õ]$Aó�ælç	æ¤ð�äló�ü^��õ@�®æ��$õ`_�ûÜðJ	�ò&ó�åaO�ûÜð}ü^�wñ6äÜç]ç�ælçb)��Uç,��ä��0ò6ç,�]ò*�¤älñc�wñ{ÿ�ç,�]æ¤ð0ò{ó�å
�Kûëð�ç��}ä��0ò)ç��0ò-�¤äRñ ñ)äló�åÜÿ�älåÜæ?	�û�ü'æ¤ñ{ò&ó�åBõ�øuó HMÎ]ÑlÔwÓ}Ó]Ý$Ú)ÏÜà�B Ñ�Ò�Û)×�Ó&d�BmÛbe�fIDg2 A ÐchÐ�Ñ$Ï¥ÒlÓ¥Î¥ÓmÏ�ÔwÓ�â ý/ð0ò{æ¤ð â ú®æ>ð:	³äló�� â 5$æ>ãU�0æ�	?)�æ¤ð2è¤ôëô'èÜõö 4 ÷�#�õU$Aÿ�þ�ó õ�5$ã�æ¤æ��}þ�ð0æ��mûÜåÜóBò
�0ò{ûÜó~äRóWüT�0þBæ0�Kð0æ��$ÿ�æ¤ó'�(�Öû��Yð]æ��wæ¤ó��0ñ<��ÿ�ç�æ�üiO�ûÜð�ü�ç(�j 	�û�ü'òlk�ælüm	³älð:n$û�oa	�û�ü'æ¤ñW�Kûëð�ó�ä��]ÿ�ð}älñ�ñ)äló�åÜÿWäRåÜæ õ�øuó Ðch82 AJp6qsr1r F�d�t$Û)×
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