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�Te j h j�_gk r knz � ^ uUh�e } _ h x h qUs k dfs ]Uz hpsthp� jlknmpon^ u h~qUs s ^ u h zf^ uUh~hpe } knz�^ � k sthp� j�^
]�k{_�k k z df� � q kn� h�s u h ]U_g^n�`_�k s knmpon^ �+1)�� � � �
e jlk z df� � q kn� hps | uUh�eghp� xn^`z�x dfu k � ^ �"�Ue j d 2
j q j�^ uUh �"� � ^`_ s-F j d } k u k ����	b��� |D]D^ egegd�rUd z d j�k ��qUh~qUs k kn] z d } knmyo{^ ^`_ d�hp� jlk u k k ^ r:9ih j�^ e
eih 9 k uUd�e j�_ dfrUq 4fu k hp� j�_ h x F _ d ^ e ]U_i^ } hpeie k u ^n_ hpe k j�_�kyx Bpe~uUh ^ r:9ih jg^ e uUd�e j�_ dfrUq 4fu ^ e � &(qUd j�^
s k dfeQ��qUh�qUs k eidfs ]Uz h�e*rUd�r z d ^nj h } k u h } ^ s q �Ud } knmyon^ | ^ �+1)�� � j�^n_ � kwk j�_i^ } k uUh�s h���2
e kn� hp� e j�^nj�knz sthp� j h j�_gk �Ue ]�kn_ h�� j h kn^ e ^ r:9ih j�^ e � �/df� j h �`_gknmyon^ u ^ �+1)�� � } ^ s ^ ��Q) �~|
j�k s rABps hps u hpegh�� x`^`z x d�s h�� j�^U| jg_�kn_ F �`_�k � uUhpe�d�� ^ xnk{mXw hpe kn^ �+Q)�� � |c]U_ d�� } d ]�knz s h�� j h
] h z�^ q e ^ uUh � ����� �5��� � � hpe } knz�^ � k u ^n_,] _g^`] ^ e jg^(]Ukn_�k hpe j h s ^ u h zf^ q j d z d?> k hpe j hpe _ h } q _ 2
e ^ e ]�k{_�k d�s ]Uzfk � jlkn_�^ e } � k s k u ^ e ]U_g^ } h�ege ^ e�hpe ] d w hpe | ��qUh s ^ �Ud j�^`_gk s k } kn_g�`k uUh q s k
s-Fn��qUdf� k | h�� x d k �Uu ^ egh�qUe _ hpeiq z�j�k u ^ e kn^ h�e } k{zf^ � k u ^`_p�

� hpe } knzf^ � k u ^`_ dfs ]Uz hpsthp� jlk u ^-] ^ eiegqUd | uUh�e j�k(� ^`_ s k | u ^ d�e�s .LuUq zf^ e % ^ r:9ih jg^ e h�e�2
] d w h�eTdfs ]Uz h�s h�� jlk u ^ e } ^ s ^ qUs�eih _ix d mp^ u ^ ��1) � h ^ hpe } knz�^ � k u ^n_1] _g^`]U_ d k sthp� j h�uUd jg^U|
d�� } z q54fu ^ � ^ ^ r:9ih jg^ �d _ h j . _ d ^U|�]�kn_�j h�df� j h �`_�k � j h�u ^ �+1)��
� �
�m9�@#9�rM`b9B)��Q7{Z69�r1-�� �
e } knz�^ � k sthp� jg^U| + _i^ } hpeie k sthp� j�^ �dfe j�_ dfrUq54�u ^U| �+1)�� � | ��r:9ih j�^ e
�d�e jg_ dfr q54fu ^ e �
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!�� dfe � ^`_ � uUh�e } _ dfr hpe j �Uhbd�s ]Uz hpsthp� jlk j d ^ � ^{� k e } �Uh�uUq z df� � s ^ uUh z�� ^`_8j �Uh��+1)�� �
]U_i^`�`_gk s stdf� � z k � � q kn� h � !��Ud�e z k � � q kn� h | uUh x h z�^`] hpu k{j j � h��"� � ^n_ s k{j d } e �"�Ue j d j q j h
^n� ��� 	���� |
knzfz�^ � e k � ^ r:9ih } j 2 ^`_ dfhp� j hpu kn]U]Uz d } k j d ^ � j�^ rDhJuUd�e j�_ dfrUq j hpu k } _g^ eie eih x h _�knz
� ^ uUh�e�r��Jsth k � e ^{� uUd�e j�_ dfrUq j hpu ^ r 9ih } j e � & ^`_ h j � k � k eidfs ]Uz h } ^ sts qU�Ud } k{j d ^ � z dfr _gkn_ � |
�+1)�� � ] _g^ x dfuUh�e } ^ s ]Uz h j h z � jg_�k � e ]�kn_ hp� j sthpege kn� h 2 ]�k eiegd�� � rDh j � h�hp� j �Uh ^ r:9ih } j e ^{�
k � kn]U]Uz d } k j d ^ � � !��Uh d�� j h �n_�k{j d ^ � ^n� �+1)�� � � d j �Y��1) �w|�knz e ^ qU�Uu h _ u h x h zf^`] s h�� j
k{j ����	��,� |Mknzfz�^ � e � ^`_ df� � ^ xnk j d ^ �Ue�df� �+Q)�� � | s k df� z � � ^`_�j �Uh~q egh ^n�
j � _ h k u e � !��Uh
e } �UhpuUq z h _�]U_g^n]D^ eihpu � ^n_�j �Udfe�s ^ uUh z s k � hpe�qUegh ^n� egq } � _ hpe ^ q _ } hpe � ^`_ } kn_g_ �Ldf� �t^ q j�j �Uh
e ^ 2 } knzfz hpute ] � ^ r:9ih } j e | � �Ud } � s ^ �Ud j�^`_Tj �Uh�e j�k{j q e ^n�%k s k } � df�Uh k �Uu eihp�Uu j �Uhpeih�u k{j�k,j�^
j �Uh�e } �Uh�uUq z h _p�

!�� h dfs ]Uz h�s h�� j hpu e } �Uh�uUq z h _ dfe | j ��qUe | } ^ s ] ^ egh�u ^n��j � ^ s ^ uUq z h�e %~e ] � ^ r:9ih } j e
d�s ]Uz hpsthp� j h�u k e k ��1) � egh _ix d } h |�k �Uu j �Uh-e } � hpuUq z h _ d j eih z ��| � � ^ eih � qU� } j d ^ � knz d j � dfe
d�� } z qUuUhpuJd��(�+Q)�� ��� e��d _ h } j�^n_ � ^ r:9ih } jy�
�~-��	��(t`{+5) � � } �Uhpu q z d�� �U| �d�e j�_ dfrUq j hpu-+ _g^ } h�egeidf� �U| �+Q)�� � | �dfe j�_ dfrUq j hpu(��r:9ih } e �
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� rUq e } k(]D^`_ uUh�egh�s ] hp�U� ^ hps eidfe j hps k e } ^ s ] q j�k } d ^ � k d�e j h�s egdfu ^7knz x`^ uUhtdf����2
sth _gk e ] hpeg��qUd�e k e�uUh�eguUh ^ e ] _ dfs . _ uUd ^ e1u k } ^ s ] q jlknmpon^U� ��s k u k e � ^`_ s k ebu h�egh k{j df� � d _
h�e j h k qUsthp� jg^ uUh�uUh�eghps ] hp�U� ^ B k j�_�kyx Bpe1u ^ eidfs ]Uz h�e k qUsthp� j�^ u ^,]D^ uUh _ } ^ s ] q jlk } d ^ � knz
u ^ e ]U_g^ } h�ege k u ^`_ h�e�hp� x`^`z x dfu ^ e | egh 9 kwk{j�_gk x Bpe�uUh�eiq k x h z�^ } dfu k uUh |�]D^ eiegd�rUd z d jlk �Uu ^ _ h knz d?> kn_
qUs s k d ^`_ ���Us h _g^ uUh j�kn_ h � k e ] ^`_ qU�Ud�u k uUhtuUh j hps ]D^-^ q df� } ^`_g] ^`_�k �Uu ^Jj B } �Ud } k e ��qUh
jg^`_ � k s s k dfe _ F ] dfu k e jlkn_ h � k e~��qUh ^ � h _�kyx{k s ^ ] _g^ } hpeie k u ^`_p� ��e ] _g^ } hpeie k u ^`_ h�e%� } k 2
_gk s � on^7kn] hp� k e,s k dfe _ F ] dfu ^ e | h���h } q jlk �Uu ^ s k dfe�d��Ue jg_ q mzw h�e ] ^`_ qU�Ud�u k uUhwuUh j hps ] ^U|
} ^ s ^tjlk s r B�s s k dfe�h�� } dfh�� j hpe |O�`_�k{myk e v j B } �Ud } k e } ^ s ^ % ��%��
� uUh df�Ue j�_ q mXw hpe | egdfe j h�s k
uUh ]U_ B�2�rUqUe } k | � '?�
�\[?' � � | h�� jg_ h ^ q jg_�k e �

� ^ s h�egs ^ j h�s ] ^ hps ��qUh ^ ] ^ u h _ d��UuUd x d�uUq knz uUh } k u k ] _g^ } hpeie k u ^`_�k qUsthp� jg^ q |
qUs k ^ q jg_�k~� ^`_ s k uUh } ^ �Uegh � qUd _ s k d ^n_ uUh�eghps ] hp�U� ^t� ^ d ^ r j dfu ^wk{j�_gk x Bpe�u k df� j h _gz d �3knmpon^
uUh x F _ d ^ e ]U_i^ } hpeie k u ^n_ hpe | uUh � ^`_ s k ��qUhbh z hpe } ^�^n] h _ hps ]�kn_gk�k�_ h knz d?> k{myon^ uUhbqUs k�j�kn_ h � k �� s h�uUdfu k ��qUh ^�k q s h�� jg^ uUh ]D^ uUh _ df�Uu d x dfuUq knz uUh } k u k�]U_i^ } hpeie k u ^n_�]�k eie ^ q k hp� � _ hp� jlkn_
z dfstd jlk{mXw hpe � 4fegd } k e�� � �"! � E
	 | k dfu5B�d k u h � k r _ d } kn_ q s k s-Fn��qUdf� k } ^ s x F _ d ^ e ] _g^ } hpeie k u ^`_ h�e
jg^`_ � ^ q�2"eih�qUs kwknz j h _ � k{j d x{k�x{k � jlk 9 ^ e k �

) ^ s k h���dfe j �p� } d k u h x F _ d k e q �Udfu k uUhpe ] _g^ } hpeie k u ^`_�k e hps qUs k �U�Ud } k s-Fn��qUdf� k |
knz�� qU�Ue ]U_i^ r z h�s k e ]U_ h } dfe kyx{k s egh _b_ h�e ^`z x dfu ^ e | } ^ s ^�� ^`_ �Uh } h _ } ^ s qU�Ud } knmpon^ h�� j�_ h�h z hpebh
uUd x dfuUd _ u k s h z � ^n_*� ^`_ s k ] ^ ege 4 x h zck e jlkn_ h � k e�h ��dfe j hp� j h�e �

! ^`_ � ^ q�2�egh � qU�Uu k s h�� j�knzT^ qUe ^ uUh � h _i_�k sthp� jlk e,��qUhtuUd x d�uUdfeiegh�s k } kn_i�3k } ^ s ] q�2
j�k } d ^ � knz u h � ^n_ s k h � } d�hp� j h,hp� jg_ h k e x F _ d k e�qU�Udfu k uUhpe ]U_i^ } hpege k u ^`_gk e�h���dfe j hp� j hpe � �
e jlk e
� h _g_�k s h�� j�k e�e o{^ } ^ �U�Uh } dfu k e } ^ s ^ hpe } knzf^ � k u ^`_ hpe �

��s�h�e } k{zf^ � k u ^`_ B�qUs knzf�`^n_ d j s ^ ��qUh�uUh } dfuUh���q knzUj�kn_ h � k egh _ F�h���h } q jlk u k h�s���q knz
]U_i^ } hpeie k u ^n_ hw��q k �Uu ^U� &(h�egs ^ } ^ s k h���dfe j �p� } d k uUhtqUs �U� d } ^-]U_i^ } hpege k u ^`_�| h�s qUs
eidfe j hps k uUh } ^ s ]�k{_ij d z � k s h�� jg^ uUh j hps ]D^ | qUs h�e } k{zf^ � k u ^`_O] ^ uUh _ FbuUh } d�uUd _ ��q k{z`]U_g^ } h�ege ^
_ h } h�rDh _ F k )b+
��hps uUh j h _ stdf� k u k qU�Ud�u k uUh uUh j h�s ] ^U� �T� jg_ h jlk � j�^ | } ^ s k h���dfe j �p� } d k
uUh x F _ d ^ e ] _g^ } hpeie k u ^`_ h�e | qUs�h�e } k{zf^ � k u ^`_ h�� } dfhp� j h ]D^ uUh j�^`_ � kn_ 2�egh � qU�Uu k sthp� j�knzc]�kn_�k
^ u hpegh�s ] hp� � ^U� @ F ��qUh k df� j h _gz d �3knmpon^ u h x F _ d ^ e ] _g^ } hpeie k u ^`_ h�e j�_gk >�qUs } h _ijg^ } qUe j�^ uUh
} ^ s qU�Ud } knmpon^U| eidf� } _g^ � d?> k{myon^ h } ^ s ]�kn_�j d z � k sthp� j�^ uUh _ h } q _ e ^ e } ^ s qU�Ue * uUhp� ^ s d�� k u ^
	)=���� �
� �5� ,�| qUs k s-Fn��qUd�� k } ^ s x F _ d ^ e ]U_g^ } h�ege k u ^`_ hpe � h _ hp� } d k u ^ eTuUh � ^`_ s k hp��qUd x`^ } k u k
] ^ u h k j B
s h�egs ^�kn]U_ h�egh�� j�kn_ qUs uUhpeihps ] h��U� ^ df� � h _ d ^n_Ov ��qUh zfk u hQqUs �U�Ud } ^�] _g^ } hpeie k u ^`_p�

��hpe jlk rUqUe } k uUh sth z � ^`_ uUhpeihps ] h��U� ^U|Tx F _ d k e � ^`_ s k e u h egh d�� j h _iz d �`kn_ q �Udfu k uUhpe
]U_i^ } hpeie k u ^n_�k e � ^`_gk s ] h�eg��qUdfe k u k e h u hpegh�� x`^`z x d�u k e � � ]U_ dfsthpd _gk � ^`_ s k ^`_ d � df� ^ q k e
} � k s k u k e*s-Fn��qUdf� k e ]�k{_�knz h z k e | } qD9 k ] _ df� } d ]Uknz } kn_�k } j h _ 4�e j d } k B k } ^ s qU�Ud } knmyo{^~k{j�_gkyx Bpe
u k sthps . _ d k ��� qUs k e ^`z q mpon^ } kn_gk |�]D^ dfe _ h��Lq h _ u dfe ] ^ eid j d x`^ e�u h } ^ s ]Ukn_ij d z � k s h�� j�^ uUh
sthps . _ d k e ^ ��e j d } k u ^ e�h ^ q e ^ uUh�qUs r kn_i_�k sthp� jg^~^ q �'� ' ��%�� h�qUs k s h�s-. _ d k _ F ] d�u k �

��s k e ^`z q myon^ s k d�e h } ^ �'&`std } k |�� ^ dQdf� j h _gz d � F 2 zf^ e k{jg_�kyx B�e~uUh qUs k _ hpu h uUh } ^ s~2
] q jlk u ^n_ hpe } ^ s k } ^ s qU�Ud } knmpon^ eihp�Uu ^ � h�d j�k k{j�_gkyx Bpe uUh j�_i^ } k uUh sthp� e kn� h��Ue � � F _ d k e
s-Fn��qUdf� k ebs ^ � ^`]U_i^ } hpeie k u k e | } ^ s qUs k ]Uzfk } k uUh _ hpuUh |�]D^ uUh�s ]�kn_�j d } d ]Ukn_ uUh�q s k s-F 2
��qUd�� k�x d _ij q knz } ^ s x F _ d ^ e ]U_i^ } hpeie k u ^n_ hpe � ��hpe j h } k e ^U|Lk�]�kn_�k{z h z d?> knmyon^ uUh jlkn_ h � k e/B � hpd jlk
k{jg_�kyx B�e uUh knz�� qUs �4	��=������� � ��qUh ]U_g^ } q _�k hpe } ^ �UuUh _~k j�^`] ^`zf^n� d k _ h knz | eih kn] _g^ ��dfs k �Uu ^
uUh�qUs k s-Fn��qUdf� k~]�k{_�knz h z k�_ h k{z �

��hpe j h } ^ � j h � jg^ B1��qUh k�z df� � q kn� h�sH�+1)�� � * � '(���6�='6;)!#��� �6� ��	 3��-��� � ' ��3 ' �!��#�# ,
� )*�%� �&7 	 � ^ dcuUhpeihp� x`^`z x dfu k � ^ �"�Ue j d j q jg^ uUh,�"� � ^`_ sHF j d } k u k ��� 	���� | } ^ s ^ q s k e ^`z q�2
mpon^ ]Ukn_�k~j�^`_ � kn_ hpe jlk } ^ s q �Ud } knmyon^wj�_gk �Ue ]�kn_ h�� j h | } ^ s qUs k h�� ]U_ hpeie on^ u h ]�k{_�knz h z d�egs ^
eidfs ]Uz h�e | r k egh k u k � kt^n_ dfh�� jlknmpon^wkt^ r:9ih jg^ e �
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� �+1)�� � ]D^ eiegd�rUd z d jlk7k d�s ] z hpsthp� j�knmyon^ u h ^ r:9ih jg^ e ��qUh ] ^ u hps eih _ h���h } q jlk 2
u ^ e _ h�s ^nj�k sthp� j h�hps ^ q j�_gk ebs-Fn��qUdf� k e*uUh�qUs k�_ hpu h | d�� j h _gkn� df� u ^ k{jg_�kyx B�e�uUh jg_g^ } k uUh
sthp�Ue kn� h��Ue � �Te j�k e jg_g^ } k e�u htsthp� e kn� h��Ue�egh _ix h�s ]�kn_�k d�s ]Uz hpsthp� jlk{_p| uUh � ^`_ s k _ hps ^ 2
j�k |8^ hp� x d ^ uUh ]�kn_ l{s h j�_g^ e,� h } h�egeCF _ d ^ e ]Ukn_�k-k h � h } q mpon^ uUhts B j�^ u ^ e |8^-_ h } h�rUdfsthp� j�^
u ^ e _ hpeiq z�j�k u ^ e�h j�k s rABps sthp� e kn� h��Ue�uUh } ^ � jg_g^`z h ]�kn_�k } _ d kn_�^ q uUhpe j�_ qUd _ qUs ^ r:9ih jg^U�
�Te j hpe ^ r:9ih j�^ e | � ^ �+1)�� � | e on^ dfs ]Uz hpsthp� jlk u ^ e } ^ s ^ ]U_g^ } h�ege ^ e,��qUhwe on^ uUdfe ]�kn_gk u ^ e
uUh � ^`_ s k _ h�s ^{jlk � k sHFn��qUd�� k hpe ] h } d�� } k u k�� ) ^ s dfe j�^Jj h�sw2�eghwqUs k-]U_i^`�`_gk s k{myon^ uUh
�`_gk ��q zf^ egdfu k uUh�r k e jlk � j h k{z�jlk�| h�qUs r k d � ^ 	)=���� �
� �5� } ^ s } ^ s qU�Ud } knmpon^U�

&-qUd j�k ecs qUu k � myk e j h } � ^`z . � d } k e ^ } ^`_i_ h _gk sHuUh�eguUh k } ^ � } h ] myon^ u ^ �+1)�� � | } ^ s ^
^�k qUsthp� jg^ eid � � d�� } k{j d x`^ u k�z kn_i� q _gk uUh
r k �Uu k uUd�e ] ^ �54 x h z � k e ]Uz k } k ecuUh _ h�uUh � ) ^ s _ h�uUhpe
s k dfe _ F ] dfu k e*h�h�� } dfhp� j hpe | � ^ x{k e ] ^ eiegdfr d z d�u k uUh�e jg^`_ � kn_�k s~2"eih�h } ^ � ^ std } k sthp� j h x d?F x hpd�e �

! ^`_ � ^ q�2�egh*q s k�] _ F j d } k } ^ s qUs k uU��qUd _ d _ hp��qUd ]�k sthp� j�^ e8hpe ] h } d k{z sthp� j hQs ^ � j�k u ^ e
h } ^ � � � q _�k u ^ e ]Ukn_�k egh _ hps qUe k u ^ e h�s } ^ �D9iqU� j�^ | uUh � ^n_ s k(kn�n_ h �`k u k � �hpe jlk(� ^n_ s k |
] ^`] q zfkn_ d > ^ qL2"egh ^ qUe ^ u ^ e } � k s k u ^ e %\[?! ������� � | uUhpeiuUh ^ df� 4 } d ^ } ^ � } hpr dfu ^ e ]�k{_�k j�_�k r k 2
z � kn_ h�s h�s } ^ � 9iqU� j�^U�

��s %\[?!5������� ] ^ egeiqUd ]Uzfk } k e uUh _ hpuUh } ^ s zfkn_g� q _�k uUh r k � u k h z h x{k u k h q �Udfu k uUhpe
]U_i^ } hpeie k u ^n_�k e j�^{jlknz s h�� j h�� ^ s ^`� ���Uh k e�h,eidfs B jg_ d } k e * s h�egs ^ ����� ������� � h,sthpeis k } ^ ��2
� � q _�knmpon^ , � ) ^ s#qUs k } ^ s qU�Ud } knmyo{^ s k d�e _ F ] d�u k h ^ qUe ^ h � } z q egd xn^ ]�k{_�k�k u dfe jg_ d�rUqUd mpon^
uUh j�kn_ h � k e |�k~] ^ egeidfrUd z d�u k uUh�uUh�uUdfstdf��qUd _bk~�`_�k �Lq zf^ eidfu k u h�u k e jlk{_ h � k e jg^`_ � ^ q�2"eih x d F x h z |
r hps } ^ s ^ egd�s q zfkn_*^ } ^ s ]Ukn_ij d z � k s h�� j�^ u h�s h�s-. _ d k�k{j�_gk x Bpe�uUh jg_g^ } k uUh�sthp�Ue kn� h��Ue �

!%hp� u ^ hps x dfe j�k�^ e _ hpegq z�jlk u ^ e u hpegh 9 k u ^ e u ^ �+1)��
� h egh�q kn] h _i� h�d m�^3k sthp� j�^
} ^ s df� } z qUe on^ uUh � ^ xn^ e _ h } q _ e ^ e | k �Uh } hpeiegdfu k uUh u h qUs sth } k �Udfeis ^ uUh,hpe } knz�^ � k sthp� j�^
jg^`_ � ^ q�2"eih-d��UuUd�e ] hp�UeCF x h z � � ^ r:9ih j d xn^ uUh�e j h j�_gk r knz � ^ B � ^n_ �Uh } h _ hpe j h(uUdfe ]D^ eid j d x`^ uUh
h�e } k{zf^ � k s h�� jg^w]�kn_�k~^ �+1)�� � �

�"� d } d knz sthp� j h | � ^ ) kn] 4 j q z�^ � |Ok e x F _ d k e � ^`_ s k e�uUh } ^ s qU�Ud } knmyo{^ h���dfe j h�� j hpe |c� h _ 2
_gk s h�� jlk e�q j d z d?> k u k ebh k e j h } � ^`zf^`� d k ebu h _ hpuUh,h���d�e j h�� j hpe�� ^ s h _ } k u ^ e on^ h�e j q u k e � � ^
) kn] 4 j q zf^ 6 e on^ uUh�e } _ d j�k e j B } �Ud } k e } z Fneiegd } k e,h s ^ uUh _ � k e,uUh h�e } k{zf^ � k s h�� jg^U| rDh�s } ^ 2
s ^ k j h ^n_ d k h���dfe j hp� j h |Qj d ] ^ e uUhJh�e } k{zf^ � k u ^`_ h�e |
� ^`_ s k uUhJeih kyx{knz d kn_ k } kn_i�3k uUhJqUs
]U_i^ } hpeie k u ^n_ h�h�e j q u ^ e�uUh } k e ^ e �

� uUh�e } _ d mpon^ u kJz d�� � q k{� hps �+Q)�� � |�kJ� ^`_ s k } ^ s ^ B d�s ]Uz hpsthp� jlk u k h ^ e j�_gk 2
r k{z � ^ e 9CF _ h k{z d?> k u ^ e �Uhpe j h ]U_i^ 9ih jg^ e on^ hpe j qUu k u ^ eJ� ^ ) kn] 4 j q z�^ 7U| rDh�s } ^ s ^ q s k
d�� jg_g^ uUq mpon^wkn^tk s rUd�hp� j h,��1) �~�

� ] .ne k�kyx{knz d knmyon^ h
h�e j q u ^ u k e j B } � d } k e%h ��dfe j hp� j h�e | q s s ^ uUh z�^ uUh
hpe } knz�^ � k sthp� j�^
]�k{_�kJ^ �+1)�� � B uUh�e } _ d jg^ � ^ ) kn] 4 j q z�^ ( � � ) kn] 4 j q zf^ E uUhpe } _ h x h kJ� ^`_ s k } ^ s ^(^
s ^ u h zf^t� ^ d�d�s ]Uz hpsthp� jlk u ^U| h~uUh~��qUh � ^`_ s k ^ s ^ uUh zf^ u h~hpe } knzf^ � k sthp� j�^ eih _ h zfk } d ^ � k
} ^ s ^ ��1) �~� ��s kJkyx{knz d knmyo{^ u ^ s ^ uUh z�^ hp� } ^ � j�_gk 2"eih � ^ ) kn] 4 j q zf^~��| h ]D^n_ ��s | � ^
) kn] 4 j q zf^ ' } ^ � } z q e w hpe�e on^ uUh�e } _ d j�k e �
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� �  � ��	�� ����� � ��� � 	�� ��� 	��  � � �  �~����� ���

&-qUd jg^ eih j h�s r qUe } k u ^�k q s h�� j�kn_%^ uUhpeihps ] h��U� ^�k j�_�kyx Bpe�u ^ qUe ^ uUh x F _ d ^ e ]U_g^ } h�e�2
e k u ^`_ hpe � �"�Ud } d knz s h�� j hQr qUe } k x{k 2�egh�qU�54 2 z�^ e8h�s�qUs k �U�Ud } k s-Fn��qUdf� k |n]�k{_�k ��qUh } ^ s ]�k{_ij d 2
z � k egeihps k sthpeis k sthps . _ d k h jg_�k r k{z � k eiegh�s�hps } ^ �D9iq � jg^ � k h ��h } q myon^ uUh�uUh j h _ s d�� k u k
j�kn_ h � k ��� q k �Uu ^~x F _ d ^ e ] _g^ } hpeie k u ^`_ h�e } ^L^`] h _gk s ]�k{_�kwk~_ hpe ^`z q myon^ uUh�qUs sthpeis ^w]U_i^ 2
r z hps k | e ^`z q mzw h�e ]U_ h } d�e k s eih _ hp� } ^ � j�_gk u k e ]�kn_gk _ hpe ^`z�x h _�]U_i^ r z h�s k e�uUh } ^ � } ^`_i_ �p� } d k
k qUs s h�egs ^ _ h } q _ e ^ uUh �����-��������� h ]Ukn_�k uUh j h _ stdf� kn_*k s h z � ^`_ s k �Uh�d _�k uUh�s k � j ��2 z�^ e
^ } q ]Uk u ^ e ^ s k d ^`_1j hps ] ^t] ^ eieC4 x h z �

� ^tk � knz d > kn_Q^ uUhpeihps ] h��U� ^ uUhpe j hpe ]U_i^ } hpege k u ^`_ hpe�df� j h _gz d �3k u ^ e |L] h _ } hpr h�2"eih��Lq h ^
uUh�egh�s ] hp�U� ^ uUh�qUs k s-Fn��qUdf� k � on^ } _ h�e } h ]U_g^n]D^`_ } d ^ � knz s h�� j h kn^ � � s h _g^ uUh ] _g^ } hpeie k 2
u ^n_ hpe�uUdfe ]D^ �54 x hpdfe � � } ^`_g_ h | d�� } z qUegd x h | qUs�uUh } z 4f�Ud ^ u ^ uUhpeihps ] h��U� ^ ��q k �Uu ^ ^ ���Usth _g^
uUh ]U_g^ } h�ege k u ^`_ hpe k{j df� � h1qUs uUh j h _ s d�� k u ^�x{knzf^`_�� �
e j hbu h } z 4f�Ud ^ eihbuUh x h k�x F _ d ^ e � k{jg^`_ h�e |
} ^ s ^ ] ^`_ h ��hps ]Uzf^J^ e } qUe jg^ e � h _gk u ^ e ] h zfk } ^ s q �Ud } knmyon^ �Uh } h�ege F _ d k ]�k{_�k egd�� } _i^ �Ud?> kn_
^ e ]U_i^ } hpeie k u ^n_ hpe ^ q ]�kn_�k�jg_g^ } kn_ u k u ^ e
qU�Ue } ^ s ^ e ^ q j�_i^ e * uUh�� ^ stdf� k u ^ 	)=���� �
� �5� , ^ q
] h zfk uUd�� } q z u k uUh�uUh�s k � j h _�jg^ u ^ e ^ e ]U_g^ } h�ege k u ^`_ h�e ^ } q ]�k u ^ e �

�
	 � ��� R ?1I E�F.X ?1: A�Nv��KM<
BDC1?

� � ^`_ s k } ^ s ^ h�e j hpe ]U_i^ } hpeie k u ^n_ hpe*egh } ^ s qU� d } k s ]D^ uUh�egh _�| r k egd } k sthp� j h | uUq k e %

�$k j�_�kyx Bpe�u k s h�s-. _ d k�
�$k j�_�kyx Bpe�uUh j�_i^ } k u h,sthp� e kn� h��Ue �
+ kn_�k ��qUh ^ e ]U_i^ } hpege k u ^`_ hpe ]D^ ege k s } ^ s qU�Ud } kn_ 2�egh k{jg_�kyx B�e�u k sthps . _ d k | B��Uh } hpe�2

eCF _ d ^ ��qUh�h���dfe jlk qUs k F _ h k uUh�s h�s-. _ d k } ^ s qUs ktjg^ u ^ e ^ e ]U_i^ } hpege k u ^`_ hpe � &�Fn��qUd�� k e
��qUh�uUdfe ] &Lhps uUh�e j h�e _ h } q _ e ^ e*e on^ } ^ �U�Uh } d�u k e } ^ s ^ # & Fn��qUdf� k e } ^ s s h�s-. _ d k } ^ s ]�k{_ 2
j d z � k u k $ �

@ F ^ qUe ^ uUh j�_i^ } k uUh s h��Ue kn� hp�Ue-� on^ �Uh } hpeiegd jlk ��qUh j�^ u ^ e ^ e ] _g^ } hpeie k u ^`_ h�e
j hp�U� k s k } hpege ^7k qUs k �U�Ud } k sthps . _ d k � &�Fn��qUdf� k e�egh�s qUs k s h�s-. _ d k �nzf^ r k{z e on^ } ^ 2
�U� h } d�u k e } ^ s ^ # &�Fn��qUdf� k e } ^ s�&-hps . _ d k �dfe j�_ d�rUq54�u k $ �

0*k egd } k sthp� j h | e o{^ �Lq k{j�_i^ ^ e s ^ uUh zf^ e,uUh sthps . _ d k h ��dfe j hp� j h�e % ��&(� | ����&(� |
)���&(� h,����	�&(� � ��
	 �n�n�3� 	 %

� ��&(� * � �
' � 	��=� % ����	��>&�, %�%������ ,�� ��hpe j h~s ^ uUh zf^U|Dk s h�s-. _ d k~� 4feid } k B } ^ s ]�k{_ 2
j d z � k u k qU�Ud � ^`_ sthpsthp� j h�hp� j�_ h ^ e ] _g^ } hpeie k u ^`_ h�e � ! ^ u ^ ebh z h�e j h�s j hps ]D^ d � q knz uUh
k } hpeie ^ k j�^ u k e k e ]�knzfk xL_gk e�uUh�s h�s-. _ d k��

� ����&(� * 7 	�� � �
' � 	��=� % ����	��'&@, %�%������ ,�� ��hpe j h s ^ uUh z�^U|8^(j hps ] ^ uUh k } h�ege ^ v
sthps . _ d k,x{kn_ d k u h k } ^`_ u ^ } ^ s k zf^ } k{z d?> knmyo{^ u k ]�k{z kyxL_�k * z�^ } knz ^ q _ hps ^nj�k),�� ��s
h ��hps ]Uzf^ egh _ d k qUs k sHF{�Lq df� k } ^ s ] ^ e j�k uUh x F _ d ^ e ]U_i^ } hpeie k u ^n_ hpe ^ �UuUh } k u k qUs
] ^ eiegqUd q s k sthps . _ d k�z�^ } knz �Lq h B } ^ s ]�kn_�j d z � k u k } ^ s ^ e�u hps k dfe * ^ } ^ �D9iqU� j�^ uUh
sthps . _ d k e zf^ } k d�e � ^`_ s k s qUs hpe ]�knm�^ uUh�h��UuUh _ h mpk s h�� j�^ �nzf^ r k{z ,�� ��hpe j h } k e ^U|�^ e
] _g^ } hpeie k u ^`_ h�e k } hpeie k s k s h�s-. _ d k z�^ } knz s k dfe _gkn] d�u k sthp� j h�u ^ ��qUh ^ h�e ]�knm�^ uUh
h��UuUh _ h mpk sthp� j�^t�`zf^ r knz �

� )���&(� * � ��%��
����� �B[ &1% ����	��>&6, � %���' ����%��6!#� � ,�� � qUs j d ] ^ hpe ] h } d knz uUh�uUh�����&(� |
^ �UuUh k e*sthps . _ d k e �`zf^ r k dfe1uUdfe j�_ dfrUq54�u k e
e o{^ egqUr e j d j q54�u k e ]D^`_ % ��%��
��� � � o{^ h���d�e j h



3 (

q s k �Udfh _�kn_ �Lq d k u h sthps . _ d k h�s } k u k7]U_i^ } hpeie k u ^n_p� ! ^ u k e k e % ��%��
��� � ^`_ s k s
q s h�e ]�k{mp^ uUh�hp�Uu h _ h myk sthp� jg^ �`zf^ r knz � ��s�e ^ ��e j d } k u ^ s h } k � dfegs ^ uUh } ^ h _ �p� } d k
u h % ��%��
� hps �����-��������� egh � k > � h } h�egeCF _ d ^U|�^ ��qUhH9iqUe j d�� } k�^ knz�jg^ } q e j�^ uUh�e j�k
j h } � ^`zf^n� d k �

� ����	�&(� * 7 � F ����	�����% ����	��>&5, %�%������ ,�� ��hpe j h�s ^ uUh z�^U| � o{^ h ��dfe j h�qUs hpe ]�knm�^
u h�h��UuUh _ h mpk s h�� j�^ �`z�^ r knz � ) k u k ]U_i^ } hpege k u ^`_�j h�s eiq k sthps . _ d k~zf^ } knz h ktjg_g^ } k
u h,u k u ^ e�B _ h knz d > k u k~k{j�_gk x Bpe�uUh j�_i^ } k u h,sthp� e kn� h��Ue �

� ]U_i^`�`_gk s k{myon^ ] ^`_ s h�s-. _ d k } ^ s ]�kn_ij d z � k u k |�j d ] d } k sthp� j h sHFn��qUd�� k et��&-� h
����&(� | B,r k e jlk � j h df� j qUd j d x{k h�eidfs ]Uz h�e |�] ^ dfe�h�e j�_ q j q _�k e�df� j h�d _gk e�uUh�u k u ^ e ]D^ uUh�s egh _
jg_g^ } k u k e hp� j�_ h ^ e x F _ d ^ e ]U_g^ } h�ege k u ^`_ hpe ��0*k e j�k ��qUh ^ e u k u ^ e eih 9 k s } ^`zf^ } k u ^ e � k
sthps . _ d k h jg^ u ^ e ^ e ] _g^ } hpeie k u ^`_ h�e j h _gon^ k } hpege ^U� ! ^`_ � k 2"eih x d F x h z�^ ]�kn_gknz h z d�egs ^ } ^ s
�`_gk ��q zf^ egdfu k uUh�r k e jlk � j h��U� k | } ^ s ^ � ��� � �5��� | � qU� mzw h�e ^ q(sthpeis ^ d��Ue jg_ q mzw h�e �

&-hpegs ^ } ^ s k � k } d z dfu k uUh,hps j h _ s ^ e�u h ] _g^`�`_gk s knmyon^ |M^ } ^ s ]�k{_ij d z � k s h�� jg^ uUh
sthps . _ d k�k } k r k d�� x d k rUd z d?> k �Uu ^ 2"egh v sthpuUd�u k ��qUh ^ ���Usth _g^ u h ]U_g^ } h�ege k u ^`_ hpe k qUsthp� jlk
} ^ �Uegd�uUh _gkyx h z s h�� j h | egh 9 k ]D^n_*z d�s d jlknmzw h�e j B } �Ud } k e ]�kn_�k,�3kn_gk � j d _1^ k } hpeie ^ eihps } ^ � � d j�^ e |
^ q ] ^`_ ��qUhpe jQw hpe�h } ^ �'&`std } k e �

@ F k uUd�e j�_ dfrUq d myo{^ uUh s h�s-. _ d k�* ����	�&(� , B�s k d�e x d?F x h z h } ^ � ^ std } k s h�� j h | ]D^ dfe
uUd�e ] hp�Ue k s k d ^n_ hpe%uUd�e ] ^ egd j d xn^ ecuUh � h _ ��� } d k uUhQs h�s-. _ d k�| ] _g^ x h��Uu ^�k } ^ s qU� d } k{myon^�k{j�_gk 2
x Bpe�uUh j�_g^ } k uUh�sthp�Ue kn� h��Ue �

� k � d � q _gk � � 3 ^ rUegh _ix{k 2"eih���qUh ]�k{_�k q s ] _g^ } hpeie k u ^`_Qjg_g^ } kn_ df� � ^n_ s knmXw hpe } ^ s knz 2
� q s ^ q jg_g^U|3� k > 2"egh��Uh } h�ege F _ d ^ q j d z d > kn_Tk{zf� qUs.s h } k � dfegs ^ ��qUh ^ eQd�� j h _iz d � qUh |`] h _ s d j d��Uu ^
^ hp� x d ^ uUh�sthp�Ue kn� hp� e � � �"! � ( 	 | } ^ s ^ q s k~_ h�uUh |�] ^`_ h � h�s ] zf^U�

Processador

Memória

Processador

Memória

Processador

Memória

Comunicação em rede

�8���,��	�� � � 3 2 &(hps . _ d k �dfe j�_ dfrUq54�u k

��e�uUhpe xnk � j�kn� h��Ue�u k u dfe jg_ d�rUqUd mpon^ uUh�sthps . _ d k e on^ r k egd } k sthp� j h�uUq k e %

�$k~]U_i^`�`_gk s k{myon^ B�s k dfe } ^ s ]Uz d } k u k h ^w]�k{_�knz h z d�egs ^ � o{^ B j�on^ df� j qUd j d x`^ �
�$k{^ eghTh���d � d _ q s k } ^ s qU�Ud } knmpon^ s k dfeDdf� j h��Ue k | ^ uUh�eghps ] hp�U� ^�k } k r k } ^ s ]U_i^ sth j d�u ^
] h z�^wknz�jg^ } qUe j�^ hp� x`^nz�x dfu ^ � k j�_i^ } k uUh�s h��Ue kn� hp�Ue �

� ]U_g^`�n_�k s knmyo{^ B } ^ s ]Uz d } k u k ] ^`_ ��qUh k e jlkn_ h � k e�uUh x h�s hp� x d kn_ h _ h } hpr h _ s h���2
e kn� hp� e�u h � ^n_ s k h�� ]Uz 4 } d jlk h�dfe j�^ uUh x h�eih _ h�� ]U_ hpeie ^ ] h z�^~]U_g^`�n_�k s k u ^`_��

+ kn_�k�� k } d z d jlkn_Mk�] _g^`�`_gk s knmyon^ h�s sHF{�Lq df� k e } ^ s sthps . _ d k uUdfe j�_ dfrUq54�u k | rUqUe } ^ qL2"egh
z d xL_�kn_8^�]U_g^`�n_�k s k u ^`_�kn^ sHF ��d�s ^ u ^ e
uUh j�knz �Uh�eTu k } ^ s q �Ud } knmyon^�k j�_�kyx Bpe1uUh�rUdfr z d ^nj h } k e
uUh } ^ s qU�Ud } knmpon^U�



3CE

�
	 � �V��	�@���?TP�FOKD<1I�E�F X ?Q: A�Nv��KM<
BMC
?

��e } � k s k u k e�rUd�r z d ^nj h } k ebu h } ^ s qU� d } k{myon^~� ^`_gk s uUh�egh�� xn^`z�x d�u k e ]�kn_�kw]U_i^ x h _�� k 2
} d z d�u k uUh�e�� k } ^ s qU�Ud } knmpon^ h�� j�_ h ]U_g^ } h�ege ^ e�h���h } q j�k �Uu ^ h�s s-Fn��qUd�� k e�uUd � h _ h�� j hpe |M] ^ e�2
eidfrUd z d j�k �Uu ^ k egeidfs k~]U_i^`�`_gk s k{myon^~] ^`_bj�_i^ } k uUh�s h��Ue kn� hp�Ue �

� eih � q d _ egh _�on^ uUd�e } q j dfu k e knzf� qUs k ebuUhpe jlk e�rUd�r z d ^nj h } k e �

 �!= �!8" �>$#?5@#$#(BAC-D7:9 �BA~�
� rUd�r z d ^nj h } k +���& * � ���-�O[T[(�\[�C ' �=�9!��O[ % ��%���' � � , � �,�T� �&7 	 B q s k u k e�s k dfe�q j d z d 2

> k u k e�� k~]U_i^`�`_�k s knmpon^ uUd�e j�_ dfrUq 4fu k k df�Uu k � ^ e�uUd k e�u h,� ^ 9ih ��� qUs k rUdfr z d ^{j h } k df� d } d knz 2
sthp� j h�r k egh k u k hps �4	4% !5��� � * ]U_g^njg^ } ^`zf^ ��+ , � + ^ egegq dOs qUd jg^ e _ h } q _ e ^ e�u h � h _ hp� } d k sthp� j�^
_ hps ^nj�^ uUh j�kn_ h � k e | � o{^ eih z d�s d jlk �Uu ^�kn] hp� k e k�] _g^ x h _ } ^ s qU�Ud } knmpon^ hp� jg_ h ^ e ]U_i^ } hpege ^ e �
� � d � q _gk � � � d z qUe j�_�k ^ qUe ^ u ^ +���& hps qUs k~_ hpuUh �

pvmd
processos

console
processos
pvmd pvmd

processos

máquina A máquina B máquina C

máquina virtual

Rede

� ������	�� � � �
2 ��d�e on^ uUh�qUs k &�Fn��qUd�� k ��d _�j q k{z � ^ +���&

� +���& ]D^ uUh�egh _ u d x dfuUd�u ^ h�s j�_ ��e ]�kn_ij hpe�%

� q s } ^ � e ^`z h uUh } ^ � � � q _gknmyo{^ % �>+T��& j h�s } ^ s ^J^ r:9ih j d xn^7� h _ h�� } d kn_ qUs k s-F 2
��qUd�� k�]�kn_gknz h z k } ^ s ^ egh h zfkY� ^ egeih _ h k{z � + kn_gk d�ege ^U| h � d�e j h qUs kn] z d } k{j d x`^ ��qUh
u h x h�egh _ df� d } d k u ^ h�s ��q k{z ��qUh _ qUs k u k e�s-Fn��qUdf� k e ^ �UuUh,uUhpeih 9 k 2�egh s ^ � jlk{_ q s k
s-Fn��qUd�� k x d _�j q knz � � ]�kn_�j d _ uUhpe j h ] ^ � j�^U|O] ^ u h�2"eih # } � k s kn_ $ ^ q j�_�k e�sHFn��qUd�� k e k
]Ukn_ij d } d ]�kn_ hps u k s-Fn��qUdf� k-x d _�j q knz � �h ��q k{z ��qUh _ sHFn��qUd�� k7]�k{_ij d } d ]�k � j h B ] ^ e�2
e 4 x h z�_ h�s ^ x h _ ^ q df� d } d kn_~]U_i^ } hpege ^ e |�_ hps ^ x h _t^ q�df�Ueih _ d _ sHFn��qUd�� k e | r hps } ^ s ^
s ^ �Ud j�^`_gkn_*^tk � u k sthp� j�^ u k h���h } q myo{^ u k e j�kn_ h � k e �

� r dfr z d ^nj h } k uUh � qU� mzw h�e %���s k rUd�r z d ^nj h } k B � ^`_ �Uh } dfu k ^ �UuUhwhpe jlon^ dfs ]Uz hpsthp� jlk u k e
x F _ d k e � qU� mXw hpe � j hpd�e v } ^ s qU� d } k{myon^ h � h _ hp� } d k s h�� jg^ uUh ]U_g^ } h�ege ^ e � �Te j�k rUd�r z d 2
^{j h } k uUh x h�eih _ df�Ueih _ d�u k 9iqU� j�^ } ^ s kwkn]Uz d } knmpon^ ��qUh � kn_ F~qUe ^ u hpe j�k e � qU� mzw h�e �

� q s �5������	�� % } k u k x h > ��qUh-qUs k s-Fn��qUdf� k B-df�Ueih _ dfu k � ^ +T��& | qUs ]U_g^ } h�ege ^
B�df�Ud } d k u ^ � k sHF{�Lq df� k uUh � ^`_ s kt_ hps ^nj�k |D]Ukn_�k ] ^ egeidfrUd z d jlkn_ eihpq � h _ hp� } d k s h�� jg^U�
�Te j h ]U_g^ } h�ege ^ � } k,_ hpe ]D^ �Ue F x h zM] h zfk s-Fn��qUdf� k � k ��q knz egh�hp� } ^ � j�_gk � �h ] h��UuUhp� u ^
u ^�j d ] ^ uUh j�_i^ } k u h�sthp� e kn� h��Ue
q j d z d > k u ^ |n^ �5������	�� B _ h�e ] ^ �Ue F x h z jlk s rABps ] h z k
h�� j�_ h �3kwzf^ } knz u k e�s h��Ue k{� hp�Ue kn^ e ] _g^ } hpeie ^ e �

� q k � jg^,k } ^ s qU�Ud } knmpon^�^ +T��& d�s ]Uz hpsthp� jlk�k e ]U_ d�s d j d x{k e � =4� � �4��� � 7 > |`_ h�e ] ^ ��2
eCF x h zb] h z�^ hp� x d ^ u h s h��Ue k{� hp�Ue k qUs ] _g^ } hpeie ^U| h � =4� � ����%���'3=�� 7 > ]�kn_gk7_ h } hpr h _ q s k
sthp�Ue kn� h�s uUh~q s ]U_i^ } hpeie ^U� � _ h } h�rUdfsthp� jg^ uUh~s h��Ue k{� hps B~u ^ j d ]D^ r zf^ ��qUh k � j h | ^ q



3 �

eih 9 k |3^�]U_i^ } hpeie ^ � } k r z�^ ��qUh k u ^�k{j Bb��qUh k s h��Ue k{� hps.uUhpeih 9 k u k h�e j h 9 k uUdfe ]D^ � 4 x h z � � � d�e�2
j hps s qUd j�k e � ^`_ s k eOu hThp� x d kn_ sthp�Ue kn� h��Uec� ^ +���& | } ^ s ^�k�]D^ egegd�rUd z dfu k uUh uUhTh�e j�k rDh z h } h _
qUs j h�s ] ^ sHF ��d�s ^ uUh�hpe ] h _gk u h�qUs k sthp�Ue kn� h�s | uUh ]D^ uUh _ d��UuUd } kn_ u h��Lq knzO]U_g^ } h�ege ^
uUh�egh 9 k 2"eih _ h } hpr h _ q s k u h j h _ stdf� k u k sthp�Ue kn� hps | ^ q k df� u k ^ hp� x d ^ u h�s h��Ue k{� hp�Ue ]�kn_�k
x F _ d ^ e ] _g^ } hpeie ^ e | k{j�_gk x Bpe�uUh } ^ s qU�Ud } knmyo{^ h�s �`_ q ]D^ �

� q k � jg^~kn^ � h _ h�� } d k sthp� j�^U| uUh�e jlk } k s~2"eih k e � q � mXw hpeb��qUh ]D^ eiegd�rUd z d jlk s�df�Ud } d kn_ qUs
uUh j h _ stdf� k u ^ ]U_i^ } hpege ^ h k e � q � mXw hpe���qUh ] h _ std j h�s��Lq h ��q knz ��qUh _�]U_i^ } hpege ^ ^ r j hp�U� k ^
d�uUhp� j d � } k u ^`_ uUh ^ q jg_g^U� �Te j h d�uUhp� j d � } k u ^`_ B �Uh } hpegeCF _ d ^ ]�kn_gk �Lq h k } ^ s qU�Ud } knmpon^ egh
jg^`_ �Uh ] ^ eieC4 x h z �

� k � d � q _�k � � 6 | qUs h���h�s ]Uz�^ uUh } .LuUd �`^ } _ d k �Uu ^~]U_g^ } h�ege ^ e�� ^ +���& B�s ^ e jg_�k u ^U�
��hpe j h�h���hps ]Uzf^ | qUs } ^ �Ue ^`z h�uUh x h j h _ egd�u ^w]U_ h x d k sthp� j h } ^ �Ue jg_ q54�u ^w] h zf^w]U_i^`�`_�k s k u ^`_
k � j hpe-uUh q e F 2 zf^U� � � qU� myo{^ � =4� � � ����� � j hp� jlk } _ d kn_ uUh�> ] _g^ } hpeie ^ e(uUh � ^ sth # �Uh z 2
z�^�� � ^`_ u $ hps ��q k dfeg��qUh _ � ^ u ^ e~h���dfe j h�� j hpe � � ^n�`^ kn] .`e | hpe ] h _�k 2�eghJ��qUh } k u k q s u ^ e
]U_i^ } hpeie ^ e } _ d k u ^ e~hp� x dfhJqUs k s h��Ue kn� hps kn^ ]U_i^ } hpeie ^ ��qUh ^ e } _ d ^ q | uUhp� ^ s d�� k u ^ uUh
# ]U_g^ } h�ege ^t]�k d $ �

�������
	�������
�

�������
����������������� �"!�#%$��'&
(�) 	+*�,-#�.'�0/�1���&

(-(3254-6 �87�9 4 	+:��;�< ) $-=�=->-7�>+� ) $+*�<?�@ (�) 	+*
A-A���1B�C1;�D<�<?�DE�1;�GF-�
�H�
� &
I
JCKMLON�P+QSR-TVU�WYXSLZT[K]\_^]^MT+^`R-\aQST+bc\edgf�\_hihjT[klTnmif%\_L�d�Q?PH^obpP-qMr�NiQSPH^

X�P+LMmsNsK�NtX�PnQ
mg\O^uR�PabvP�q�r�NiQSPxw[NiL_msr%P+h�JMI

��.y (-(32-2 E�1
� � I
JzwH\_L_N {�K|P}^�\~KMLON�T+r�m�T[R�TH^vJMI
.�>+*�M� 2 1B&_�+�
E�1B&_�����
� �

(-(3254-6 �
7+*%$ (�6 ���E�����E�� & I
J�L|\ZK]\��|\lr�bvPcbc\_Q8^MP[�-\MbyJMI
4-6 �
7+,�#�.8����.�>� (�( �aF-�%	��'�@����-�
A��H1B�GF�!-#�$�����&

I
J����Mmg\_buN�Q��MT+L_bvP�K|T�\_^�R�P�bv\MQ%^MP[��\_byJMI
4-6 �
7+# 4-� 9H�-*;�,-#�.
� & I
J"R-\O^[\_b�X�P�K|T�m�P"Pvbc\_Q8^MP[�-\Mb�\_b��_rO��JMI
4 *
���-��.��<���$ ( $+,%$+#��-�%9n����$-�������+��<?�G,-#�.;�"!�#%$�����&

�
� $�=�9�$ �

. 4 *
���-��.�_9H����$+*-*��Y<���*�*�>-��	->-� ( *
�+	n*�� 4 *�> ( $�9-9n>�9%<��H�S� &
$n�
���;|1
��&

�
4-6 �87�$+�
���B[��&

�

�8���,��	�� � � 6 2 ) _ d k{myon^ uUh,+ _g^ } h�ege ^ e�� ^ +���&

@ Fw� k � d � q _�k � � 7tj hps~2"eih ^ } .LuUd �n^t_ hpe ]D^ � e F x h z ] h zf^ hp� x d ^ uUh�e jlk e�sthp�Ue kn� hp� e kn^
]U_i^ } hpeie ^ ]Uk d � ��r egh _�x{k 2"eih |L]U_ d�� } d ]�knz sthp� j h |3k �Uh } hpeiegdfu k uUh�u h�h�s ]Uk } ^nj�kn_1k e
s h��Ue k{� hp�Ue
k � j hpe�uUh hp� x d kn_ h�uUh uUh�egh�s ]�k } ^nj�kn_�kn^ _ h } hpr h _p� �"e j�^ B � h } h�egeCF _ d ^ ] h zf^ � k{jg^ u ^ +���&
] ^ u h _ } ^ �Uh } j�kn_ s-Fn��qUdf� k eQ� h j h _g^`� �p�Uh k ebuUh kn_ ��qUd j h j q _�k eQuUd � h _ hp� j h�e | } ^ s ^ �"� j h z h���qU� |
] ^`_ h���h�s ]Uz�^U� � h�s ]Uk } ^nj�k sthp� j�^ } ^ � x h _�j h ^ e�u k u ^ e ]�k{_�k qUs ]�k u _�on^ +���& �



3�'

�������
	�������
�

����� 4 	���� $+#�&
(�) 	+*�,-#�.'�0/�1���&

4 	%� 2@4�6 �
7 4 	n*�$n�-�B[��& I
JCT-�Mmg\_b�T N�R-\_Q
msN {'K|P�R-T+L R-\GqMr8\_bzK�LON�T+rGJMI
$+# 254-6 �
7�� � �
�H��[��& I
JCT-�Mmg\_b�Tp^[\_r N�R-\_Q
msN {'K|P-R�T+L�JMI
9 4 *
���-��.B�,�#�.;�[<���=-	��-��$-���-��<?�C$+#?��& I
J�� LZ\gX%P+L�PCbc\_Q%^�P[�-\_b�JMI
4-6 �87 4-� 9H�-*;�,-#�.
� & I
J \_b�X�P�K|Tnm�PGP�bc\_Q%^�P[�-\_byJMI
4-6 �87�9n$+���� 4 	����DE���& I
Je\_Q8w�NsP bc\_Q8^MP[�-\Mb X�P+LZPaqMr8\_bzTaKML_NsTnrGJMI
4-6 �87�$+�
���B[��& I
JV\MQSK]\_L_L�P \ ^MP+NGR�T�X?w[b JMI

�

� ������	�� � � 7 2 �T� x d ^ uUh�s h��Ue kn� hp�Ue�� ^ +���&

�\+T��& � on^ uUh�d � k,jg_�k �Ue ]�kn_ hp� j h ^�� h _ h�� } d k s h�� j�^ uUh�� ^ u ^ e
h k�jg_g^ } k uUh�sthp� e k 2
� h��Ue�hp� j�_ h ^ e ]U_i^ } hpege ^ e�u k s-Fn��qUdf� k~x d _ij q knz ���/^t]U_g^`�n_�k s k u ^`_ ��qUh�s�uUh } dfuUh���q k �Uu ^
qUs ] _g^ } hpeie ^ uUh x h�egh _ } _ d k u ^U� � jg_g^ } k uUh�s h��Ue kn� hp�Ue jlk s rABps B�h � ] z 4 } d j�k h�s q d jlk e x h�2
>�hpe
rUq _i^ } _ F j d } k�|`]D^n_ ��qUh ^�]U_g^`�n_�k s k u ^`_ ]U_ h } dfe k hpe } ^`z � h _1k�� ^`_ s k uUh�hp� x d ^ | h�s ]Uk } ^nj�kn_
jg^ u ^ e ^ e�egh�qUe�u k u ^ e�h�hp� x d F 2 zf^ e�h�e ] h } d � } k �Uu ^ ^ uUhpe j df� ^8* k{jg_�kyx B�e�u ^ dfuUh�� j d�� } k u ^n_ u ^
]U_i^ } hpeie ^ , �

��q jg_g^ ]D^ � jg^ �Uh �3k{j d x`^ u ^ +���& B k �Uh } hpeiegd�u k uUh u k } ^ �Ue jg_ q mpon^ uUh-qUs k s-F 2
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� o{^ ] h _ std j h�h�e j h j d ] ^ u h } _ d knmpon^U| ]D^ dfe�eiq k hpe j�_ q j q _gk egh � qUh ^ ]Uk u _�o{^ � +1&7 * � ' ��3O[(�
� � 	4%�������5% !k[?�6'?�1[(� � ����� , |b^ �UuUh(qUs s h�egs ^ } . � dfu ^ rUd�� F _ d ^ hpe j�kn_ F hps h���h } q myo{^ hps
jg^ u ^ e ^ e�� ^ u ^ e �

� &7+T��� on^ ] ^ egeiqUd ^ } ^ � } h�d j�^ u h sHF{�Lq df� k x d _ij q knz |D^ �UuUh s-Fn��qUd�� k e ] ^ u hps egh _
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} .�uUd �`^U�
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���Uh } hpegeidfu k uUhwuUh j B } �Ud } k e�uUh�e j h j d ] ^ uUh x h 2"egh v � knz jlk u h ]D^`_�jlk r d z d�u k uUh,uUh ]U_i^ 2
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��s k dfe�d�� j h _ hpege k � j h B���qUh ^ � ] h�� &7+�� on^ h � d � h���qUh ^ qUeiq F _ d ^ egh ]U_ h ^ } q ] h } ^ s
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� 3

E �@�-*%$ (�) >@��$ ( >��8�$��> 4 	+*%	 ( 	-= ( #%=-	+* > ���
(
� ��� �H�*� �-�-���"!�!���! # � �-�������-��� ��?��� ��+-������#;0:��
� ��� �H�*�@����#��*�n� � �
	y|���|9�#n���
/ ��> � 2 E��G�
 � 2 : A M�`�31��/+��1
�
� 9�#n� 2 9�#�� �5.B��
�
� $n���-��>
� � ��>n�-�
���-#%	 ( 	�>@��> ( >��8�$��>

�8���,��	�� � � E 2 ����h�s ]Uz�^ � ] hp��&7+

� ]U_g^n�`_�k s k u ^n_p| eih��Lq dfegh _p|�] ^ u h � h _ h�� } d kn_�knz�� qU�Ue�uUh jlknz �Uhpe�uUh ]�k{_�knz h z d > knmpon^ %
� h�e ] h } d�� } kn_�^ ���Usth _i^ sHF ��d�s ^ uUh � ��� � �5��� � h _gk u k e �
� } ^`zf^ } k{_ egd�� } _i^ �Ud?> knmyo{^ h�� ]Uz 4 } d jlk | } ^ s ^ r kn_g_ hpd _�k e �
� u h j h _ stdf� k{_b^~j d ] ^ uUh�hpe } knz�^ � k sthp� jg^ qUe k u ^ �
� q e kn_ uUd _ h j d x{k e ]Ukn_�kwkyx{knz d kn_*^ uUh�eghps ] hp�U� ^ | h�� j�_ h ^ q jg_g^ e �
� q k � jg^ k{^ hpe } knz�^ � k sthp� jg^U|�^ � ] hp� &7+ ^n� h _ h } h�r k egd } k sthp� j h jg_ �pe ]D^ egegd�rUd z dfu k uUhpe�%

� �Te j F j d } ^ %T� � ] h�� &7+ uUd x dfu d _ F�qUs k eihpege on^ hps�� jlkn_ h � k eQh�qUe k{_ F�� � ��� � �5��� ]�kn_�k
h ��h } q j F 2 z k e �

� �df�Blnstd } ^ % � � ] hp� &(+ } _ d k{_ F�� � ��� � �5��� ]�kn_�k h���h } q jlk{_�k e j�kn_ h � k e � ��h ^ ���Usth _g^
u h jlkn_ h � k e � ^n_ s k d ^`_ ��qUh ^ uUh � ��� � �5��� u dfe ] ^ �54 x h�dfe | q s k � ��� � �5� |
kn^ j h _ stdf� kn_�|
�`k �U� kn_ F s k dfebqUs k~]D^n_gmyo{^t]Ukn_�k } k{z } q z kn_��

� F !#�
�6' ��� %1� j d ]D^ uUh�h�e } k{zf^ � k s h�� jg^ egh _ Fth�e } ^`z �Ud�u ^ hps j hps ]D^ uUh�h � h } q mpon^U�
��q jg_g^ e _ h } q _ e ^ e�hpe jlon^ u dfe ] ^ �54 x h�dfe kn^ ] _g^`�`_gk s k u ^`_�| } ^ s ^ k s k �Ud ] q z knmpon^ s k dfe

uUh jlknz � k u k u k e � ��� � �5��� h���d�e j h�� j hpe |*k uUh���� d myo{^ uUh F _ h k e�eghp��qUh�� } d k dfe | qUe ^ uUh � qU� mXw hpe
k{j &`std } k e | F _ h k e�uUh�h�� } z qUe on^ s � j q k | h�� jg_ h ^ q jg_�k e �

+ kn_ij d } q z kn_ s h�� j h | � ] h�� &7+$h,&(+
� ]D^ egegq hps } kn_�k } j h _ 4fe j d } k eb��qUh ^ e jg^`_ � k s>r k e�2
j�k � j h k{j�_gk hp� j hpe�� ^ q e ^ uUh�s-Fn��qUd�� k e�uUh knz�jg^ uUhpeihps ] h��U� ^U� ) ^ s _ h�uUhpe } k u kwx h >,s k dfe
_ F ] dfu k e k q s } qUe jg^ e k{j dfe � k j . _ d ^U| j�^`_ � ^ q�2�egh ] _ F j d } k } ^ s q s k } ^ �Ue j�_ q myon^ uUh kn�`_ h �3k u ^ e |
} ^ �U�Uh } dfu ^ e } ^ s ^ %\[?! ������� � uUh knz�jg^ uUhpeihps ] h��U� ^U�

�
	#f ������������� E�F��/@�P�?#V�FOI�Fc: R FON! �?

��s %\[?! ������� j h�s } kn_�k } j h _ 4�e j d } k e1s k dfe } ^ s ]Uz h�� k e1��qUh k eQsHF{�Lq df� k e ]�k{_�knz h z k e x d _ 2
j q k dfe�d�s ]Uz hpsthp� jlk u k~] h zf^ +T��& ^ q ]D^n_ rUd�r z d ^nj h } k e�u h } ^ s qU�Ud } knmpon^U� �T�U��q k � jg^ hpe jlk e
rUd�r z d ^nj h } k e ] ^ egeidfrUd z d j�k s k d�� j h _iz d �3knmyo{^ uUh�sHFn��qUd�� k e } ^ s q �Ue | } ^ �Ue j�_ q dfu k e ]�kn_�k eih _ hps
} ^ �Ue ^nz hpe | df� j h _gz d �3k u k e ] ^`_ qUs k~_ hpu h k r _�k � � hp�Uu ^tx F _ d k e�e knz k e ^ q ] _ Bpu d ^ e | qUs %\[?!5������� |
j�k s rABps } � k s k u ^ u h # kn�n_ h �`k u ^ $ |8� ^ d } ^ � } hpr dfu ^ u hpegu h ^ df�54 } d ^ } ^ s k ��� knz dfu k u h uUh
^ r j h _
k{z�j�^ uUh�egh�s ] hp�U� ^ � k uUd�e j�_ dfrUq d myo{^ uUh jlkn_ h � k e � � on^ e on^ s-Fn��qUd�� k eThpe ]�knz � k u k e ] ^`_
qUs k e knzfk�^ q ]U_ BpuUd ^U| s k e } ^ s ] q jlk u ^n_ hpecd�� j h _iz d �`k u ^ e } ^ s qUs k�_ hpuUh1uUh knz�j�k�x h z�^ } dfu k u h |
} ^ s ^ s-4��Udfs ^ u h,eih _�x d mp^ e �



�`�

� on^ egh j�_gk{jlk�| hp� jlo{^U| uUh�egd�s ]Uz hpeis h�� j h ] h �3kn_ q s k~] ^`_gmpon^ uUh�sHFn��qUd�� k e ^ } d ^ e k e |
} ^`zf^ } kn_1knz�� qUs k } k s k u k u h �4	��=�8����� � ]�kn_gk ]D^ egegd�rUd z d j�kn_Tk } ^ s qU�Ud } knmpon^ h�� j�_ h ] _g^ } hpeie ^ e
h�qUeCF 2 zfk e } ^ s ^ qUs k s-Fn��qUd�� k�]�kn_�k{z h zfk | } ^ s ^ B k�]U_g^n]D^ e jlk u k e
rUd�r z d ^nj h } k e�u h } ^ s qU� d 2
} knmyon^ � ��s %\[?! ������� B j h } � d } k s h�� j h } ^ �Ue jg_ q54�u ^U| d�� j h _iz d �3k u ^U| h � } z qUeid x{k sthp� j h ]Ukn_�k h�e j�k
��� knz d�u k uUh | sthpegs ^ ��qUh } k u k � ^ u ^ egh 9 k h � h j d x{k s h�� j h�qUs k sHFn��qUd�� k df� uUh ] hp�Uu hp� j h �

� ^ r:9ih j d xn^ u k } ^ � e j�_ q myo{^ uUh���q knz ��qUh _*k{�`_ h �3k u ^ B ^ uUh kn]U_i^ ��d�s kn_ 2"eih�u ^ uUh�egh�sw2
] hp�U� ^ uUhQqUs k s-Fn��qUdf� k�x h _ u k uUhpd _�k sthp� j h ]�kn_gknz h z k | uUd�s d��Lq df�Uu ^�^ e } q e j�^ e ]U_g^ x hp�Ud�hp� j h�e
u k } ^ s qU�Ud } knmpon^U| egd�� } _i^ �Udfeis ^ h � h _ hp� } d k sthp� j�^ � ��q j�_gk } kn_�k } j h _ 4�e j d } k uUh�egh 9CF x h z � hpe�2
j hpe�hp��qUd ]�k sthp� j�^ e B k eiq k h�e } knz k r d z d�u k uUh |M^ q eih 9 k |%k ]D^ egegd�rUd z dfu k uUh�u h k qUs h�� jlkn_ 2"egh ^
���Usth _i^ uUh�s-Fn��qUdf� k e ]Ukn_ij d } d ]�k � j h�e
eghps#��qUh�dfe j�^ } ^`_i_ hpe ]D^ �Uu k k qUs#uUh } z 4f�Ud ^ eid � � d�� } k 2
j d x`^ uUh�uUh�eghps ] hp�U� ^ � &�Fn��qUdf� k e ] q _�k sthp� j h ]�k{_�knz h z k e | q j d z d?> k �Uu ^ qUs k � �Ud } k sthps . _ d k
jg^`_ � k sw2�eghJs qUd j�^ } kn_gk eth } ^ s ] z h�� k ew��q k � u ^ q j d z d > k u k e } ^ s s qUd jg^ e ]U_g^ } h�ege k u ^`_ hpe |
� o{^ eihp�Uu ^ h�e } k{z F x h�dfe �

��s u ^ e � k{jg^`_ h�e z dfstd jlk � j hpe v } z qUe j h _ d?> knmyo{^ h _gk k7z k{_g� q _gk u h r k �Uu k uUdfe ]D^ �54 x h z
u k e ]Uzfk } k e�uUh _ h�uUh � ��h k zfkn_g� q _�k uUh,r k �Uu k B���� k h ^ s h�d ^ B } ^ s ]Ukn_ij d z � k u ^U| } ^ s ^ B
� ^ } k e ^ u h _ h�uUhpe�q j d z d > k � u ^�^~]Uk u _�o{^ � � �
���=� ��� |�k qUsthp� jlk{_*^ ���Usth _g^ u h ]�kn_�j d } d ]�k � j hpe
d�s ]Uz d } k h�s k q s h�� j�kn_Tk } ^ � } ^n_g_ ��� } d k�kn^ sthpd ^ uUh } ^ s qU�Ud } knmpon^U� ��hpe j h�eihp� j d�u ^ rUqUe } ^ q�2
eih | � on^�k{] h�� k e ^ uUh�eghp� xn^`z�x dfsthp� jg^ uUh _ hpu hpe } ^ s z k{_g� q _gk uUhQr k �Uu k s k d ^`_p| s k e jlk s r B�s
knz j h _ � k{j d x{k e�uUh�df� j h _gz d �3knmpon^U| } ^ s ^ ^ qUe ^ uUh �'� ' ��%��
��� | ]D^n_ h���h�s ]Uz�^U� ��qUe ^ u h x F _ d k e
]Uzfk } k e uUh _ hpu h h x F _ d k e � ^`_ s k e uUh df� j h _gz d �3kn_ hpe j�k e ]Uz k } k e j�k s rABps B k s ]Uz k s h�� j h
q j d z d?> k u ^U�

	�hpu hpe,uUh knz�j 4fegeidfs ^ uUh�eghps ] hp�U� ^ | h�e ] h } d knz sthp� j h ]Ukn_�k qUe ^ hps kn�`_ h �3k u ^ e |Ojlk s~2
rABps h�e j�on^ h�s uUhpeihp� x`^nz�x dfsthp� j�^ � ��s k uUhpe jlk e _ h�uUhpe
B k-_ hpuUh % &��=' � ��� | uUh�eghp� xn^`z�x dfu k
] h zfk %$& �='�%�	�� | �Lq h ]D^ egegq d | h�s egq k7] _ dfsthpd _�k x h _ e on^U| qUs kJz kn_i� q _�k uUh r k �Uu k uUh 3 | � '
��rE!{e � �Te j�k z kn_i� q _gk uUh~r k � u k B s k d ^`_�| d�� } z qUegd x h | �Lq h k u h knzf� q �Ue�r kn_i_�k sthp� jg^ e�uUd�e�2
] ^ �54 x hpd�e � ��! k r h z k � � 3 jg_�k > qUs k _ h zfknmyo{^ hp� j�_ h k e _ h�uUhpe k j q knz s h�� j h u dfe ] ^ �54 x h�dfe�h ^
r k{_g_�k s h�� jg^ h���dfe j hp� j h,h�s qUs k~kn_ ��qUd j h j q _�k �"� j h zOj 4 ] d } k��

!%� 0 �
�O�.� � 3 2 ) ^ s ]�kn_gknmyon^ uUh ]Uzfk } k e�uUh _ hpu h

� ^ s h &(h�d ^~� 4feid } ^ �
h zf^ } dfu k uUh
� � �
���=� ��� ) ^ s ]�kn_ij d z � k u ^ ] ^ � j�^tkw]D^ � jg^ 3 �t&(rUd j e ! e

9 �����
� � �
���=� ��� ) ^ s ]�k{_ij d z � k u ^ ] ^ � j�^tk~]D^ � jg^ ^ qJe � d j } � 3 �`�w&(rUd j e !{e
%$& �=' � ��� �:� ' ��%�� * h�e jg_ h zfk), 3 | � ' � 3 | � ' ��rUd j e ! e
� )*� ���Uh z * } ^ s ^ qJegh�s e � d j } � , 7 ��rUd j e ! e

0*kn_g_gk s h�� j�^ +1)*� 3�6&6 &-�5>�! 3_E rUd j e } ^ s ]Ukn_ij d z � k u ^ � | �`�w��rUd j e !{e

� } ^ s q �Ud } knmyon^ hp� j�_ h } k u k ]U_i^ } hpeie ^ hpe j F |cknz�� qUs k e x h >�hpe |8knz Bps u k } kn]Uk } d�u k uUh
u ^ r kn_g_gk s h�� j�^U|T^ ��qUh jg^`_ � k d�s ] ^ eieC4 x h z q j d z d > kn_�j�^ u ^ e ^ e _ h } q _ e ^ e~uUd�e ] ^ �54 x hpd�e ] h z k
j h } � ^`zf^`� d k � ��s k{�`_�kyx{k � j h�B ^ � k{jg^ u kJ] z k } k uUh _ hpu htq j d z d?> kn_�^ sthpeis ^ r kn_i_�k sthp� jg^U|
��qUh B7uUd�e ] q j�k u ^ ] h zf^ etuUhps k d�e ] h _ d � B _ d } ^ ewh���dfe j hp� j hpe hps qUs k s-Fn��qUd�� k � ) ^ s jlk dfe
} kn_�k } j h _ 4fe j d } k e |c� h _g_gk s h�� jlk e,uUh � h _ hp� } d k sthp� j�^ uUh kn�`_ h �3k u ^ e,h knz j h _ � k{j d x{k e ]�kn_gk u d 2
stdf��qUd _ ^ qUe ^ u ^ r kn_i_�k sthp� j�^ e on^ } ^ �Ue jlk � j h�s h�� j h�q j d z d?> k u k e | egh��Uu ^ s qUd jlk e x h >ph�e � k{jg^`_
uUh } d�egd xn^ � ^ u hpegh�s ] hp� � ^U�

) ^ � � � q _gknmXw hpe ^ �UuUh k e s-Fn��qUd�� k e%� on^�_i^ u k s ��q k dfei��qUh _ eih _�x d mp^ e8uUh k q j h�� j d } knmyon^
uUh�qUeiq F _ d ^ e * ����� |�] ^`_ h���hps ]Uz�^ ,
^ q uUh } ^ s ]�kn_�j d z � k sthp� j�^ u h kn_ ��qUd xn^ e * } ^ s ^�^ ���T� ,�|
e on^ uUhpeih 9CF x h�dfe |Dk{z Bps u ^ qUe ^ uUh � h _i_�k sthp� jlk e�uUh � h _ hp� } d k sthp� jg^U� ) ^ s q s } ^ �D9iqU� j�^ uUh



� 6

s-Fn��qUdf� k e B��Uh } hpeie F _ d ^�j h _ uUd�e ] ^ egd j d x`^ e���qUh ] h _ std j�k s k{j q k{z d?> knmXw hpe _ hps ^nj�k eTh�s ^ �Ud jg^ 2
_gk s h�� j�^U| df� } z q egd x h } ^ s k�] ^ egeidfrUd z dfu k uUh�uUh�u h j h } j�kn_ s-Fn��qUdf� k e } ^ s uUh � h�d jg^ e | h x d j�k �Uu ^
��qUh�h zfk } ^ s ]U_g^ s h jlk~knz�� qUs k kn]Uz d } k{myon^U�

 �!=F�!8" �m9B+.`b<�( �1���
��s k u k eTd�u5Bpd k e8s k d�e df� j h _ h�ege k � j hpe/B k egdfs q z knmpon^ u hbqUs k s h�s-. _ d k } ^ s ]�k{_ij d z � k 2

u k hps q s k sthps . _ d k ��egd } k sthp� j h uUdfe j�_ d�rUq54�u k � �"eie ^ ] h _ std j h ��qUh k ]U_i^`�`_gk s k{myon^ egh 9 k
� h�d jlk qUe k �Uu ^ ^ ]�k{_�k uUd � s k uUh } ^ s ]�kn_ij d z � k sthp� j�^ uUh sthps . _ d k | knz d k u ^ kn^ r k d � ^ } qUe jg^
u ^ e %\[?!5��������� �

�Te jlk eidfs q z knmpon^(] ^ uUh eih _,� hpd j�k-] ^`_ qUs k } k s k u k u ^ ��dfe j h�s k � ] h _gk } d ^ � knz ��qUh
k d�s ] z hpsthp� j�kn_ d k | uUh � ^n_ s kwjg_�k �Ue ]�kn_ hp� j h |Ok{j�_gkyx Bpe�u h j�_i^ } k uUh sthp� e kn� h��Ue � ��&�� � E
	 �
� o{^ k e } ^ �U�Uh } dfu k eQs-Fn��qUdf� k e1��U& * � '(���9�='6;)!���� � � ����� � � % ����	��>& ,�� ) ^ s ^,k egdfs q z knmpon^
h�s �4	��=�8����� � jg_�k > k uUhpe xnk � j�kn� h�s u ^Yknz j�^ } q e j�^ hp� x`^nz�x dfu ^ � k j�_i^ } k u h(sthp�Ue kn� h��Ue |
rUq e } ^ q�2"eih k eiq k egd�s q z k{myon^ hps �����-������� � � � j q knz s h�� j h h � d�e j hps ]Uzfk } k e�hpe ] h } 4�� } k e�uUh
_ hpuUh��Lq h � k >ph�s�hpe j�k egd�s q zfknmyon^ |�^n� h _ h } h��Uu ^ v e kn]Uz d } knmXw hpe�uUdfe j�_ dfrUq54�u k e�qUs k sthps . _ d k
} ^ s ]Ukn_ij d z � k u k | } ^ s ^ B ^ } k e ^ u k~j h } � ^nzf^`� d k �U)*� �

� j h } � ^nzf^`� d k � )*� | h�e ] h } d � } k u k � k � ^`_ s k ���
�
� 3�( � E � ���
� � � 	 |D]D^ eiegd�rUd z d jlk ��qUh
qUs ] _g^ } hpeie ^ s kn] hpd�h�hps#eihpq h�e ]�knm�^ uUh�hp� uUh _ h myk s h�� jg^ qUs#eih � sthp� jg^ uUh�s h�s-. _ d k ��qUh
h�e j F ��egd } k sthp� j h zf^ } knz d?> k u ^ hps ^ q j�_gk s-Fn��qUdf� k�| egd�s q z k �Uu ^U| u hpe j�kY� ^`_ s k | sthps . _ d k
} ^ s ]Ukn_ij d z � k u k �

� ]�k u _gon^ � )*� * ��% �O[ �5;X[(� � 	4�
��� ���
�����
�����	�<��%�� , � on^ egq _i� dfq } ^ s ^�]U_i^`] .`egd j�^ uUh�egh _
q j d z d?> k u ^ } ^ s ^ qUs k�_ h�uUhbuUh } ^ s q �Ud } knmyon^ � ��h�q ^ r:9ih j d xn^ Bbegh _ q j d z d > k u ^�]�k{_�k df� j h _gz d �3k{_
��q k d�eg��qUh _ uUd�e ] ^ egd j d x`^ e | � on^�kn] h�� k e
s-Fn��qUdf� k e � ���
� � � 	 � �Te j hpeQuUdfe ]D^ eid j d x`^ e ]D^ uUhps�egh _
] h _ d � B _ d } ^ e | r k � } ^ e�uUh�sthps . _ d k |L]U_g^ } h�ege k u ^`_ hpe | h j } �

��s k dfs ]Uz h�s h�� jlknmpon^ uUhpe j h ]�k u _�on^ B � ^`_ �Uh } dfu ^ ] h z k h�s ] _ hpe k  ^`z�] �Udf� | u k � z h�2
s k �U� k�� �Te jlk d�s ]Uz hpsthp� jlk{myon^ df�Ud } d knz sthp� j h ] ^ eiegqUd�qUs k z k{_g� q _gk u h r k �Uu k � ^ stdf� k{z
uUh 7 ��r d j e !{e � �Te j�k(z k{_g� q _gk uUhtr k �Uu k q z j�_�k{]�k ege k(k x h zf^ } d�u k uUh ^n� h _ h } dfu k-] ^`_,knzf� qU�Ue
r k{_g_�k s h�� jg^ e�h���d�e j h�� j hpe �

� � ^`_ s k uUh z d �`knmyon^ u h�qUs k,_ hpuUh��U)*� B _ h k{z d?> k u k�j d ] d } k sthp� j h�hps k �Uh z ^ q jg^`_ q e |
uUh � ^n_ s k �Lq htq s sthpd ^ � 4�egd } ^ hpe j F egh�s ] _ hwuUdfe ]D^ �54 x h z h�� jg_ hwqUs ]D^ � jg^ h ^ q j�_g^ | s h�e�2
s ^ ��qUh knzf� qU�Ue�� ^ u ^ e ]U_ h } dfeihps ] h _ } ^`_g_ h _ qUs k uUd�e j l{� } d k s k d ^`_�]�kn_gk knz } k � mpkn_�^ q jg_g^ e
]U_i^ } hpeie k u ^n_ hpe �

 �!=F�!  ovuM-D0Y&5@#(1)>+.-�� HKJMLONQPOROL
) ^ s k�]D^n] q z k{_ d?> knmyo{^ u k e _ hpuUh�e } ^ s zfkn_g� q _�k uUh�r k �Uu k h z h x{k u k e | s qUd j�^ e k{�`_ h �3k 2

u ^ e j hps�eidfu ^ } ^ �Ue jg_ q54�u ^ e1h�s qUd j�k�] h�eg��qUd�e k e ^ r _ h k sth z � ^`_ � ^`_ s k uUh�d�� j h _iz d � F 2 z�^ e x hps
eihp�Uu ^ _ h knz d?> k u k � � ��dfe j h | d�� } z qUegd x h | qUs k(z dfe j�k u ^ e s k dfe ]D^ uUh _g^ e ^ e | } ^ �U�Uh } d�u k } ^ s ^
!���+ ( �n� | ��qUh ]D^ uUh�egh _ } ^ � � h _ d�u k hps � )b�c�.�{�`� 3 	 �

� on^ ] ^ q } ^ e |Mk df�Uu k |D^ e _ h ]U_ h�egh�� j�k � j h�e � )*��� ^ e -�� ����	�	 | s k e�dfe j�^ ]D^ uUh s qUu kn_
_gkn] dfu k s h�� j h |O] ^ d�e k j h } � ^`zf^n� d k �U)*� k df� u k B _ h } hp� j hthwhpe j F(h�s ]U_g^ } h�ege ^ uUh ] ^`] q zfk 2
_ d?> k{myon^U� � j q knz sthp� j h�h � d�e j hps kn] hp� k e���q k{jg_g^t_ h ]U_ h�eghp� j�k � j hpe,� )*� | eihp�Uu ^ k e ]U_ d�s h�d _gk e
] ^ egd mXw hpe ^ } q ]�k u k e ] ^`_�_ h ]U_ h�egh�� j�k � j h�e % &��=' � ��� � � s k d ^`_ d k u k e } ^ � � � q _gknmXw hpe�q j d z d > k
j h } � ^`zf^`� d k e�s k dfe k � j d �3k e | } ^ s ^(_ h�uUhpe 9 ����� � � �
���=� ��� | ^ �UuUh egh u hpe j�k } k s k e j B } �Ud } k e
qUe k u k e ]Ukn_�k z d �3k{_ h�e j h�e�� ^ u ^ e | rDh�s } ^ s ^ ^ ���Usth _i^ uUh ]U_i^ } hpege k u ^`_ hpe�h���d�e j h�� j hpe * u k 2
u ^ e�u h @ q �U� ^ uUh��n�`� 3 , �

��s _ h ]U_ hpegh�� jlk � j h uUh�e jlk z dfe j�k B ^ � �
%\[?' � � u k qU� d x h _ eidfu k u h uUh + k uUh _ 2
r ^`_ � � + ����{�`� 3 	 | } ^ s ] ^ e jg^ uUh � E � ^ u ^ e | } qD9 k e } kn_�k } j h _ 4�e j d } k e e on^ s ^ e j�_�k u k e � k



� 7

! k r h z k � � � �

!%� 0 �
�O��� � �
2 ) kn_�k } j h _ 4�e j d } k e�u ^ %\[?!5������� � ] } z d��Uh * 9iqU� � ^ uUh��n�`� 3 ,
���Usth _i^ u h,� ^ u ^ e � E | } k u k qUs } ^ s�� ]U_i^ } hpege k u ^`_ hpe

+ _g^ } hpeie k u ^`_ +%hp� j d�qUs �g�i� ')( � &-�5>
&(hps . _ d k ! ] _g^ } � ($3 �t&-r�� j hpe
�dfe } ^t_ 4 � dfu ^ 7 ��r�� j h�e��U)��L�
!�d ]D^ uUh _ hpuUh  ^nzf] �Ud��(�U)*� ( �n� &-r�� j hpe ! e�h 9 �����
� � �
����� ���
) ^ �Uh�� on^ ! ^`_ qUe�rUdfu dfsthp�Ueidf� knz * } ^ s �'� ' ��%�� ,
��d�e j h�s k �Odf��q��-	�hpu(a k{j E � �

�hpeihps ] h��U� ^ 3CE&6 | �w��� zf^n] e !{e

�[egd�e j hps k*j�^ u ^b� ^ d`s ^ � jlk u ^ q j d z d > k �Uu ^ 2"eih 7 ' �3k rUdf�Uh j h�e | egh��Uu ^ �Lq h } k u kb�3k rUdf�Uh j h
} ^ � j Bps u q k e ]Uz k } k ewh } k u k ]Uzfk } k ] ^ egeiqUd�u ^ d�e ]U_g^ } h�ege k u ^`_ h�e � � d�� j h _iz d �3knmyo{^ ��	��=!5�
rUd�uUdfsthp� egd ^ � knzM] h _ s d j h���qUh } k u k � ^ u ^t] h _ij hp� mpk k u ^ dfe k � Bpdfe | u kt� ^n_ s k _ h ] _ hpeihp� jlk u k
� k � d � q _gk � � �L�

P4,1 P4,3P4,2 P4,4

P3,1 P3,3P3,2 P3,4

P2,1 P2,3P2,2 P2,4

P1,1 P1,2 P1,4P1,3

� ���,��	�� � � � 2 ! ^`] ^`z�^`� d k ��	��=!5� r dfuUd�s h��Uegd ^ � knz

��s k�� h _i_�k sthp� j�k uUh � h _ hp� } d k s h�� jg^ uUh�e j hpe � ^ u ^ e � ^ d�uUh�egh�� xn^`z�x d�u k |`k )�)�� * � 	�� �
� !��9' ��3+� ���
����� ��	��=������� � , � +D��.�n�`� 3 k 	 | ��qUh j hps k�_ h�e ] ^ �Ue k rUd z dfu k uUh
uUh � h _ h�� } d kn_Oj�^ u ^ e
^ e�� ^ u ^ e���qUh ]�kn_�j d } d ]Uk s u ^ %\[?!5������� � �"e jg^ eih jg^`_ � k � h } h�egeCF _ d ^ ] h z k uUd � } q z u k u h�uUh � h�2
_ hp� } d kn_ d��UuUd x d�uUq knz s h�� j h x F _ d k e�s-Fn��qUdf� k e � �Te jlk~� h _g_gk sthp� jlk B _ h�e ] ^ �Ue F x h z%]D^`_ %

�$k } hpeie ^ kn^ %\[?! ������� k{jg_�kyx B�e�u h,q s k �U�Ud } k s-Fn��qUdf� k * } ^ � e ^`z h , �
��� h _ h�� } d k sthp� j�^ h kn� h��Uu k sthp� jg^ uUh�� 	�;�� �
� u h����Ud myon^ uUh k q j�^`_ d?> k{myon^ uUh k } hpeie ^ k{^ %\[?!5������� �

� �Lq hps ] ^ uUh�q j d z d?> kn_ ��q k d�e _ h } q _ e ^ e �
� � ^`_ F _ d ^ e��Lq h,q s qUegq5F _ d ^t] ^ uUh�qUe k{_ �
� z dfstd j h�u h _ h } q _ e ^ e ]Ukn_�k } k u k q egq F _ d ^ �

��^n] h _�knmzw h�e k uUstdf�Ud�e j�_gk{j d x{k e*� ^ e�� ^ u ^ e �



� (

� h�e } knzf^ � k s h�� j�^ u ^ e ] hpuUd�u ^ e�u ^ e�qUeiq F _ d ^ e �

� qUs qUeiq F _ d ^w]D^ uUh�qUe kn_ s h�� ^ e�� ^ u ^ e���qUh ^wjg^njlk{z h���dfe j h�� j h �
� uUh } dfuUh���q k d�e�� ^ u ^ e�h z h�q e kn_ F �

� jg^`z h _ ln� } d k kw� knz � k e�% } ^ � jg_g^`zfk � ^ u ^ e � knz � ^ e�h,� ^nj d � } k~ktk uUstdf�Ud�e jg_�knmpon^U�

� ]Uzfk } k uUh _ h�uUh 9 �����H� � �
����� ��� B } ^ �Uh } jlk u k uUh � ^`_ s k,jg_�k uUd } d ^ � knz | } ^ s ^ q e ^ uUh
qUs �'� ' ��%�� | h B�qUe k u k r k eid } k s h�� j h ]�kn_�kwk s k ��q j h�� myon^ h � h _ hp� } d k sthp� jg^ u ^ e�� ^ u ^ e �

�hp� j�_ h k e � h _i_�k sthp� j�k e uUh u hpegh�� x`^`z x d�s h�� j�^ uUdfe ]D^ �54 x hpdfe ]�kn_gk6^ � �
%\[?' � � |
h�� } ^ � jg_�k s~2"eih(uUd�e ] ^ �54 x hpd�e ^ +���& h &7+T� ]Ukn_�k !�)b+ !{��+ * qUe k �Uu ^�k 9 ������� � �
���=� ��� ,
h�uUq k e x h _ e w hpe�uUh�&7+T�*hpe ] h } 4 � } k e ]�kn_gk �U)*� %D� } k &(+
�Qh�&7+T��)ba �

� d�s ] ^`_�jlk � j h } ^ �UeidfuUh _�kn_ ��qUh k-z kn_i� q _�k uUh r k �Uu k uUh�e jlk e ]Uzfk } k e
Bts qUd jg^-knz�j�k |
eiq ] h _ d ^`_p| s qUd jlk e x h�>ph�e |Tv u ^7]U_ . ]U_ d ^ r kn_g_gk sthp� j�^ uUhtu k u ^ e,u k sHFn��qUd�� k � ��hpe j h } k 2
e ^ qUs k-^{j dfstd?> knmyo{^ u ^(j�_ F � h �n^(� h _�k u ^7] h zf^-� h _ hp� } d k s h�� jg^ B ]D^ � jg^(� qU� u k sthp� jlknz � ^
uUh�egh�s ] hp�U� ^U� � � �
%\[?' � � h x d jlk q j d z d?> kn_ egh _ix d m�^ e~u ^7j d ] ^ �����Yh ���T� ]Ukn_�k � on^ � h _�kn_
} ^ s qU�Ud } knmpon^ uUh�eg�Uh } hpeie F _ d k �

��s ^ q jg_g^ %\[?! ������� ��qUh�egh�uUhpe jlk } k B ^ u k ��� d x h _ eidfu k u h�uUh��h z k � kn_ h � ��1� �{�`� 3 	 |
^ � , % �4	�� ��0bk egh k u ^ hps ]U_i^ } hpege k u ^`_ hpe���&( | j d ] d } k sthp� j h�s k dfe*r kn_�k{jg^ eb��qUh ^ e*�"� j h z
h�qUe k �Uu ^,kn] hp� k eTqUs ] _g^ } hpeie k u ^`_T]D^n_ � ^ u ^U| h z h ^ } q ] ^ q k�] ^ egd myon^ �`��� k�z dfe jlk u ^ eTs k dfe
_ F ] dfu ^ e � ��r j h x h�qUs qUs uUh�eghps ] hp�U� ^ uUh 3�6 �w� � ^`] e !{e * u k u ^ e�uUh @ qU�U� ^ uUh��n�`� 3 ,��

� � ,1% �4	�� ] ^ egeiqUd 3�6 �7� ^ u ^ e } ^ �Uh } jlk u ^ e ]D^`_ q s k _ h�uUh(�U)*� | } k u k q s uUh z hpe
} ^ s qUs ]U_i^ } hpege k u ^`_ ��&7 , � �D[(	�� uUh 3 ���5>th ($3 �(&(r�� j h�e uUhts h�s-. _ d k�� �h�e j�k } k 2
eih ] h z k e � h _g_�k s h�� j�k e u h � h _ hp� } d k s h�� jg^ h�s ]U_ h �3k u k e h ] h z kJ� ^`_ s k u h } ^ �Uh�� on^U� � j B
uUh jlknz �Uhpe } ^ s ^�k�]�k u _g^ � d?> k{myon^ u ^ } ^ s ]U_ dfsthp� j�^ u ^ e } k r ^ e � ^`_�k s } ^ �Uegd�uUh _gk u ^ e
� k egq k
} ^ �Ue jg_ q mpon^U�

	�hpeiq z�j�k u ^ e � k xn^`_ F x hpdfe j�k s rABps e on^-k{j d�� � d�u ^ e } ^ s k e _ hpu hpe j�_gk uUd } d ^ � k dfe | } ^ s ^
� ^ } k e ^ u ^ %\[?! ������� � �O�T!�� *  ���
�9!
% !)&+* ' �
! ��, � �D[(	��.- ������;�� �0/ , �

� � �O�T!�� | u k ���Ud x h _ egd�u k uUh u h � hp� j q }�� � | � k } d�u k uUh(uUh �Oh���d�� �nj�^ � | ����� | B
r k egh k u ^ hps h�e jlk{mXw hpe���&7 , � �D[(	�� | } ^ s ]D^ e j�^ u h E 7 � ^ u ^ e�h~u ^ dfe ^ q j�_i^ e�h�� } z qUegd x`^ e
]�k{_�k � h _ hp� } d k sthp� jg^U� ) k u k qUs u ^ e�� ^ u ^ e ]D^ eiegqUdTq s ]U_g^ } h�ege k u ^`_ uUh � �`�-&(� > } ^ s
3 � ' &(r�� j hpe�uUh�s h�s-. _ d k �

& k e � on^ B7� k ��q k � j d�u k uUh u h � ^ u ^ e ^ q x h z�^ } dfu k u h7uUh ]U_i^ } hpeie k sthp� j�^ ��qUh ^
� �O�T!�� eihYuUh�e jlk } k | s k e(eidfs � k � ^`_ s k u h } ^ �Uh�� on^ h ��dfe j hp� j h � 0*k egh k u ^ h�s _ hpuUh
9 �����H� � �
���=� ��� |U^ eb� ^ u ^ e � ^`_�k s>d�� j h _iz d �`k u ^ e k{jg_�kyx B�e�u h�qUs k�j B } �Ud } k } � k s k u k u h 9 [ ���
7 ��' 3���;�	�� �
	4	)��7 ����� 	�� ! |�^ �UuUh,��q knz �Lq h _ � ^ u ^ ] ^ uUh�egh } ^ s q �Ud } kn_ } ^ s ��q k{z ��qUh _�^ q j�_g^
]�k ege k �Uu ^-]D^`_�k{] h�� k e�qUs �'� ' ��%�� � �h ] h��UuUhp� u ^ u ^ ���Usth _i^ uUhw� ^ u ^ e�h ��dfe j hp� j h�e | qUs
���Usth _i^ s k d ^`_ uUh ] z k } k e�uUh _ h�uUh egh � k > �Uh } hpeie F _ d ^ h�s } k u k � ^ u ^ h�qUs k ��q k � j d�u k uUh
s k d ^n_ uUh �'� ' ��%��
��� � � ^ } k e ^ u ^ � �O�T!�� | } k u k � ^ u ^J] ^ egeiqUd
�Lq k{j�_i^(]Uzfk } k e�uUh _ hpu h h
qUs j�^nj�knz uUh 3 � �'� ' ��%��
��� � ^`_�k s>hps ]U_ h �3k u ^ e �

+ ^`_ q j d z d > kn_ qUs �����-������� � s k dfe r kn_�k{jg^ �Lq h ^ e%u hps k dfe %\[?!5��������� ^ � �O�T!���eihQu h����Uh
} ^ s ^~^ 8 ' 35��9�[(	 � s k dfebr kn_�k{jg^ u ^ s h _ } k u ^U| � } k �Uu ^ ] h _�j�^ uUh�egh�dfe } hp� j�^ e�u5. z kn_ hpe * hps
@ qU� � ^ u h �{�`� 3 , �

 �!=F�! F �%@826)zAC-a`{),+6( �X46)zAb$TAb2MAC(Y+.- �z4�� (1`{0 �kAb$87:93+.9 �~d �����
� ���Ud x h _ eidfu k uUh*��h�uUh _gknz u ^ 	�d ^ � _�k �Uu hQu ^ ��q z |nk j�_�kyx Bpe u ^ egh�q~� _ q ] ^ uUhb+ _g^ } h�e�2

e k s h�� j�^ + kn_gknz h zf^ h��d�e j�_ dfrUq 4fu ^ * �,+
+
 , |`� ^ dUqUs k u k e ] d ^ �Uhpd _�k e�� ^�0Q_�k eid z�k�] hpeg��qUd�e kn_



� E

� k F _ h k uUh %\[?!5������� |�]D^ eiegqUd��Uu ^ k{j q knz sthp� j h u ^ d�e %\[?! ������� � uUh knz�jg^ uUhpeihps ] h��U� ^U| qUs
h�s ]U_ h �3k �Uu ^w_ h�uUh % &��=' � ��� h ^ q j�_i^ � )*� �

� ]U_ d�s h�d _i^ } z q e j h _�x hps�eihp�Uu ^ s ^ � j�k u ^ uUh�eguUh 3 �:���L|Uj hp� u ^ eidfu ^ } ^ � } z qUdfu ^ } ^ s
k k ��qUdfeid myo{^ uUh�qUs kw_ h�uUh %$& �=' � ��� � 0 �� � ( 	 h�s � ^ x hps r _g^ uUh 3 �:� ' � � j q knz s h�� j h�h z h
eih hp� } ^ � j�_gk df�Ue jlknzfk u ^ h ^`] h _�k �Uu ^ eih � qU� u ^-k j�^`] ^`z�^`� d k s ^ e jg_�k u k � k � d � q _gk � � ' * hps
@ qU� � ^ u h �{�`� 3 , �

terminais

hub ethernet

servidor

in
te

rn
et

10
0 

M
bp

s

Switch Myrinet

cluster

Switch fast Ethernet

10 Mbps

1.28 + 1.28 Gbps (full duplex)

������������
����������

���������������
���������������

������������
	�	�	
�


���������������
������
���

��������
����������

���������������
������
���

������������
����������

���������������
������
���

��
��
��
��
��

��
��
��
��
��

��
��
��
��
�

��
��
��
��
��

��
��
��
��
�

��
��
��
��
��

��
��
��
��
�

  
  
  
  
  

!!
!!
!!
!!
!

GPPD ElgioGPPD Elgio

Hub

"�"#�#

GPPD ElgioGPPD Elgio

� ������	�� � � ' 2 � _g�`k �Ud?> knmyo{^ u ^ %\[?! �������1% &��=' � ��� u ^ �,+
+


� _ hpu h %$&���' � ��� hpe j F�dfe ^`z k u k ��egd } k sthp� j h | hpe jlk � u ^ uUdfe ]D^ � 4 x h z uUh � ^`_ s k h�� } z qUegd xnk
]�k{_�k } ^ s qU� d } k{myon^t_ h�s ^nj�k h�� jg_ h k e j�kn_ h � k e � � k } hpege ^ h�� j h _ � ^ B _ h knz d > k u ^ k{jg_�kyx B�e�uUh
qUs k[_ h�uUh 9 �����5� � �
���=� ��� | egh��Uu ^ hpe j�k q j d z d?> k u k jlk s r B�s ]�kn_gk eih _�x d mp^ e-u ^ ��dfe j h�s k
� ] h _�k } d ^ � knz �

��eQ� ^ u ^ e ] h _�j hp� } hp� j hpe kn^ %\[?!5������� e on^ } ^ s ] ^ e jg^ e1uUh���q k{jg_g^ s-Fn��qUdf� k e*+%hp� j d�qUs
+
	�� } ^ s k e } kn_�k } j h _ 4�e j d } k e�s ^ e j�_�k u k e�� k ! k rDh z k � � 6 %

!%� 0 �1�O�.� � 6 2-) kn_gk } j h _ 4fe j d } k e�u ^ } z qUe j h _ % &��=' � ���
� ^ u ^ e 7

+ _g^ } h�ege k u ^`_ �t+%hp� j d�qUs +
	����{�`�t&(�5>
&(hps . _ d k 3 � ' &(r

�"� j h _ } ^ �Uh � on^ 9 �����(� � �
���=� ��� h % &��=' � ���
��d�e j hps k �Od��LqL�J�h�rUd k �7� � �w�U&7+
�dfe } ^ �U)��L���`��r

�"� d } d knz sthp� j h�df�Ue jlknz�^ q�2�egh ^ ] _g^njg^ } ^`zf^ !�)b+ !{��+ � kw_ hpu h %$& �=' � ��� u ^ %\[?! ������� � � ^ 2
_gk s � h�d jg^ e j h�e j h�e�uUh z kn_i� q _gk uUh�r k �Uu k q j d z d?> k �Uu ^ +T��& h,&(+
� | u h � ^`_ s k k } ^ s ]�kn_gkn_
k~_ h�uUh 9 �����
� � �
����� ��� } ^ s k %$& �=' � ��� �



� �

+%h z�^ e _ hpegq z�jlk u ^ e*s ^ e j�_�k u ^ e*� k � d � q _�k � � ��|�] ^ u h�2"eih x h _ d � } k{_ ��qUh ^ uUh�egh�s ] hp�U� ^
e ^ r _ h,!�)b+/� on^w� ^ d ^ hpe ] h _�k u ^ � �T�U��q k � j�^ ��qUh � k 9 �����(� � �
���=� ��� } �Uh �`^ q�2"eih k~xnk{zf^`_ hpe
]U_ .y� d�s ^ e~uUh � &(r�� j h�e !{e | � k %$&���' � ��� ^ sHF � d�s ^ � ^ d 3 7 &(r�� j hpe !{e | ��q k eih 3 � x h�>ph�e
sthp� ^ e��Lq h ^ hpe ] h _�k u ^U�

0

2

4

6

8

10

12

14

0 5000 10000 15000 20000 25000 30000 35000

M
by

te
s/

s

Bytes enviados

Largura de Banda

PVM Fast
PVM Myri

0

2

4

6

8

10

12

14

0 5000 10000 15000 20000 25000 30000 35000

M
by

te
s/

s

Bytes enviados

Largura de Banda

PVM Fast
PVM Myri

� ������	�� � � � 2J�h�egh�s ] hp�U� ^ !�)b+/� ^ } z qUe j h _ %$& �=' � ���

� knz�jg^ 	)=���� �
� �5� d�s ] ^ e j�^�] h z k } k s k u k !�)b+[u ^ ��� } z h ^ u ^ �Od��LqL� d�s ] ^ eiegdfr d z d j�^ q
qUs k z k{_g� q _gk uUh r k � u k s k d ^`_p� � z k{j �p� } d k |
^ e } qUe jg^ e } ^ s k ] d z � k u ^ egdfe j h�s k h k e
} � k s k u k e uUh�eidfe j hps k u ^ �cd���q�� k } k r k{_�k s } ^ s ]U_i^ s h j h��Uu ^ eih _ d k sthp� j h ^ uUhpeihps ] h��U� ^U�

� k � d � q _�k � � 3 � j hps~2"eih�qUs k egh � qU�Uu kwkyx{knz d knmyo{^ uUh�uUh�egh�s ] hp�U� ^ q j d z d?> k �Uu ^ q s k
rUd�r z d ^nj h } k h � } z q egd x{k ]�kn_gk k % &��=' � ��� � � knz�^`_ h�e ]U_ .y��dfs ^ e�u h 3 �`�J&(r�� j hpe !{e � ^n_�k s ^ r�2
j dfu ^ e � 0 ��	 �n�n�`� 	 �Uhpe j h } k e ^U| eihp�Uu ^-^ j hpe j h _ h knz d?> k u ^ } ^ s uUq k e�dfs ]Uz hpsthp� jlknmzw h�e�u d 2
� h _ hp� j hpe�u ^J]�k u _gon^ &7+T��h~qUs k dfs ]Uz hpsthp� jlknmpon^ u ^ ��1) ��* uUhpe } _ d j�^ � k �Lhpege on^�7U� ( ,�|
jg^ u k e�q j d z d?> k �Uu ^ k r dfr z d ^nj h } k�0 ��+ * �+���4�����
�����	�<��%���� 	��1� ���-�O[T[(�\[?'�)' ��3 , �
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� ������	�� � � 3 ��2 �hpegh�s ] hp� � ^ u ^ %\[?!5�������1%$& �=' � ��� } ^ s 0 ��+

� %\[?!5������� �U)*�(u ^ d��Ue j d j q j�^ } ^ � jlk } ^ s ��q k{jg_g^ s-Fn��qUdf� k e uUq k{z +8h�� j dfqUs �g�i�
( �n�3&(�5> | ^`_g�`k �Ud?> k u k e } ^ � � ^`_ sth s ^ e jg_�k k �8d � q _gk � � 3 3 � ��e } ^ �Ue ^`z h�e�h ^ egh _ix dfu ^n_ e on^
^ e�sthpeis ^ e�q j d z d > k u ^ e ] h zf^ %\[?!5�������5% &��=' � ��� � ��e } kn_gk } j h _ 4�e j d } k e � 4fegd } k e�uUh } k u k � ^ u ^
] ^ u hps eih _�x dfe j�k e�� k ! k rDh z k � � 7U�
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� ������	�� � � 3 3 2J� _i�3k �Ud > knmpon^ u ^ %\[?! �������"� � � u ^ �,+
+


!8� 0 �
�O��� � 7 2 ) kn_�k } j h _ 4fe j d } k e�u ^ } z qUe j h _ �U)*�
� ^ u ^ e 7

+ _g^ } h�ege k u ^`_ �������+8h�� j dfq s �g�g� ( �`�`&(�5>
&(hps . _ d k � (OE &(r

�"� j h _ } ^ �Uh � on^ 9 �����
� � �
���=� ��� h��U)*�
��d�e j hps k �Od��LqL�J�h�rUd k �7� � �w�U&7+
�dfe } ^ �U)��L���`��r

��s k uUh�e } _ d mpon^ s k d�e�uUh j�knz � k u k | r hps } ^ s ^(kyx{knz d knmXw hpe�u h uUh�egh�s ] hp�U� ^7] ^ uUh�s
eih _ hp� } ^ � j�_gk u k e�hps � '���� �:� 	 �

�
	 y X ?
N�Ik��E�F S <
B �FOI|� ��N�< ��I

0 qUe } kn_�k qUsthp� j�^ uUh�uUhpeihps ] h��U� ^ ] h zf^ qUe ^ uUh x F _ d ^ e ]U_i^ } hpege k u ^`_ hpe�df� j h _gz d �3k u ^ e
h } ^L^`] h _�k �Uu ^ u h � ^`_ s k ^`_i�3k �Ud > k u k B | � k x h _ u k uUh | q s k dfu5B�d k r k e jlk � j h k � j d �3k � �
s k �Uh�d _�k s k dfe�� k{j q _�k{z u h � k >�h _ d�e jg^ B,uUdfe ] &{2 zf^ e�h�s q s k s h�s-. _ d k } ^ s ]�k{_ij d z � k u k | uUh
� ^`_ s k ��qUh ^ e�u k u ^ e�hp� j�_ h�h z h�e ]D^ eie k s egh _�� k } d z s h�� j h } ^ s ]�k{_ij d z � k u ^ e �

��e rUd�r z d ^nj h } k etuUh } ^ s qU�Ud } knmpon^ egh _ix d _gk s s qUd jg^ r hps k hpe jlk �Uh } hpeiegdfu k uUh |�� k 2
} d z d jlk � u ^Jk } ^ s qU� d } k{myon^ hp� jg_ h ] _g^ } hpeie k u ^`_ h�e df� j h _ } ^ �Uh } jlk u ^ e k j�_�kyx Bpe,uUh q s kJ_ h�uUh �
+%h _ u hpq�2�egh |L] ^`_ B�s |3k�� k } d z dfu k uUhQu h ] _g^`�`_gk s knmyon^ |n] ^ dfe k�jg_g^ } k uUh�d�� � ^`_ s knmzw h�e ]U_ h } d�e ^ q
eih _ h�� ]Uz d } d jlk u k k{j�_gk x Bpe�u ^ qUe ^ uUh � qU� mzw h�e ]�kn_�k h�� x d kn_ h _ h } hpr h _ s h��Ue k{� hp�Ue � ��q j�_g^
z dfstd j h1h _gk�� ^ d ^ } qUe j�^ hp� x`^`z x dfu ^ � k } ^ s qU�Ud } knmpon^U� ) ^ s ^ hpe jlk } ^ s qU�Ud } knmpon^ B _ h knz d?> k u k
j d ] d } k sthp� j h k{jg_�kyx B�e�uUh qUs k _ hpuUh } ^ s q s | uUh r k d � k zfkn_g� q _�k u h r k �Uu k | k e kn]Uz d } k{mXw hpe
]U_ h } dfe k s#egh _ uUd x d�uUdfu k e1h�s ]�kn_�j hpeQs k d ^`_ hpe | } kn_�k } j h _ d > k �Uu ^ qUs ]U_i^ } hpege k sthp� j�^ uUh �`_gk 2



� �

��q z�^ egd�u k uUh �`_i^ ege k �
� z k{_g� q _gk uUh�r k �Uu k u k e _ hpu hpe x hps eghp� u ^ } ^ � e jlk � j hpsthp� j h�s h z � ^`_gk u k | h�� ^ 9ih�9CF

j hps ^ e k u dfe ] ^ eid myo{^ hp��qUd ]�k sthp� j�^ e���qUh�egq ] h _gk s k{j B ^�]U_ . ] _ d ^ r kn_i_�k sthp� j�^ uUhbu k u ^ e uUh
qUs +1) } ^ s qUs � �"e j�^~] ^ egeidfrUd z d jg^ q xn^`z�j�kn_�k jg_�k r k{z � kn_ } ^ s kn]Uz d } knmzw h�ebuUh �`_gk ��q zf^ egdfu k uUh
s k dfe ��� k h k j Bts h�egs ^ dfs ]Uz hpsthp� jlkn_ } k s k u k e,hps �4	��=��������� ]�k{_�k eidfs q z kn_�| uUh � ^`_ s k
jg_�k �Ue ]�kn_ hp� j h v kn] z d } knmyo{^U| qUs k sthps . _ d k �`z�^ r knz � � k e } h _�k s k e�sHF{�Lq df� k e } ^ � �Uh } dfu k e
} ^ s ^ ��U& � �"� } z qUd _ hpe j�k egdfs q z knmpon^ � ^�]U_ . ]U_ d ^ �����-��������� u k�]Uz k } k uUh _ h�uUh � ^ d ^�]U_ . ��d�s ^
]�k ege ^ | } ^ s ^ B ^ } k e ^ u ^w]�k u _gon^ �U)*� �

) ^ s ^ �����-������� � uUh s-Fn��qUd�� k e ����� !���	 � } k u k x h�>Ys k dfe r k{_�k{jg^U| h h�e j�k e } ^ s
]U_i^ } hpeie k u ^n_ hpe } k u k x h�>,s k d�e ] ^ uUh _g^ e ^ e |Uk dfu5B�d k uUh 9iqU� j�kn_*x F _ d k ebs-Fn��qUdf� k ebh�egd�s q zfkn_
qUs k s-Fn��qUdf� k~]�k{_�knz h z k,j hps �3k �U� k u ^ } k u k~x h�>�s k d�e kwk{j h�� myon^ uUh ] hpeg��qUd�e k u ^`_ h�e �

�Ldfe j hps k e1uUh knz j�^ uUhpeihps ] h��U� ^ 9CF,e on^ � ^ 9ih�q s k�_ h knz d�u k uUh�uUdfe ]D^ �54 x h z k qUs } qUe jg^
r k d � ^U� � ^`_ s k eOs k dfe h � } d�hp� j h�e8u hQd�� j h _ } ^ �Uh � on^U| qUe ^ uUh
s k dfeOuUh
qUs ] _g^njg^ } ^`zf^ uUh } ^ s q�2
�Ud } knmpon^U| q j d z d > knmpon^ s-4��Udfs k u ^ e8egh _�x d mp^ e�uUh _ hpuUhQh ]U_ df� } d ]�k{z sthp� j hTqUe ^ u k } ^ s qU� d } k{myon^
h knz�^ } knmyo{^ uUh jlkn_ h � k e�uUh � ^`_ s k h � } d�hp� j h�e on^~� k{j�^`_ hpe } k u k x h >,s k dfeQuUh j h _ stdf� k � j hpe�u ^
uUh�egh�s ] hp�U� ^ uUh�e j hpe kn�`_ h �3k u ^ e �

� on^ r k e jlk kn] h�� k e j h _�x F _ d ^ e ]U_i^ } hpege k u ^`_ hpe z d �3k u ^ e�u h qUs k � ^`_ s k h � } d�hp� j h | egh
knz�� qU�Ue�� } kn_ h�s e ^ r _ h } kn_g_ h �3k u ^ e h ^ q jg_g^ e ^ } d ^ e ^ e � ��d�e j h�s k et��qUh � h _ hp� } dfh�s uUh � ^n_ 2
s k } ^n_g_ h jlk h�e j h�e _ h } q _ e ^ e e o{^ �Uh } hpegeCF _ d ^ e ]�kn_gk�]U_g^ x h _ qUs k uUdfe j�_ dfrUqUd myon^ uUh } kn_g�3k
e k{j d�e � k{j . _ d k � � h � jg_ h�s k sthp� j h �Uh } hpeie F _ d ^[] hp�Ue kn_ } ^ s eih _ dfhpu k uUh h�s knz��`^`_ d j s ^ e~uUh
h�e } k{zf^ � k s h�� jg^w]�kn_�k h�e j h�e�eidfe j hps k e �
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� � ��� � � ��� ��� 	��%��� �
	 � � � 	�� ���

��s hpe } knz�^ � k u ^n_ BQqUs knzf�n^`_ d j s ^ } ^ s k�� q � myon^ uUh*u h } d�uUd _ ��q knz�jlk{_ h � k egh _ F�h � h } q�2
j�k u k hps#��q knz ]U_i^ } hpeie k u ^n_p� � k h���d�e j ��� } d k u h x F _ d ^ e ]U_i^ } hpeie k u ^n_ hpeQhps#qUs %\[?! ������� |L] ^`_
h � h�s ] zf^U| q s hpe } knz�^ � k u ^n_ h�� } dfhp� j h ] ^ uUh j�^`_ � kn_ 2�egh � qU� u k sthp� jlknzO]Ukn_�k~^ uUhpeihps ] h��U� ^U�

) k e kyx{k � j � )*��� ' '
	 uUh�e } _ h x hpq ^,]U_g^ r z hps k u ^ hpe } knzf^ � k sthp� j�^ } ^ s ^ qUs k,_ h z k{myon^
h�� jg_ h } ^ �UegqUstdfu ^`_ h�e |�_ h } q _ e ^ e�h k~]D^`z 4 j d } k uUh knzf^ } k{myon^ uUh�e j hpe _ h } q _ e ^ e �

��s k-j B } �Ud } k hpe ] h } d knz uUh h�e } knzf^ � k s h�� j�^U| } ^ �U�Uh } dfu k } ^ s ^ # r knz k � } h k s h�� jg^ uUh
} kn_g�3k $ � a���) � � |5= ��� � 6 	 |�_ h � h _ h�2�egh k~� ^n_ s k u h,r knz k � } h k{_ qUs k } kn_g�3k�* jlkn_ h � k e , h�� j�_ h
^ e x F _ d ^ e ]U_g^ } h�ege k u ^`_ hpe�h���dfe j hp� j hpe � 0bknzfk � } h k sthp� j�^ u h } kn_i�3k j h�s ]U_ h ^ } q ]�knmzw h�e�s k dfe
} ^ s ] z h�� k e�u ^ ��qUh kn] hp� k e�uUdfe j�_ d�rUqUd _�k e jlkn_ h � k e�h�� j�_ h ^ e x F _ d ^ e � 	)��	4� h ��dfe j hp� j h�e | ]D^ dfe
]U_i^ } q _�kY� k >p��2 zf^ u h � ^n_ s k ��qUh k } kn_i�3k ����qUh ] h _ s k �Uh�� j hpsthp� j h h��Lq d z d�r _�k u k � ) k e ^
knz�� qUs � ^ u ^ h�e j h 9 k } ^ s } k{_g�3k sthp� ^`_�^ q s k d ^`_ �Lq h k u ^ e�u hps k dfe |M^ knz��`^`_ d j s ^w]D^ uUh
]U_i^ } hpuUh _�k q s k s d �`_�knmpon^ uUh j�kn_ h � k e | _ h j d _gk �Uu ^ qUs ktjlk{_ h � k u ^ � ^ u ^ e ^ r _ h } k{_g_ h �3k u ^
h } ^`z�^ } k �Uu ^ 2 k h�s ^ q j�_i^U| d�e jg^ hps ]Uz hp� k h ��h } q myon^U|M^ ��qUh hp� xn^`z�x h~qUs knz�jg^ } q e j�^ ]�kn_�k
_ hpe j�k q _gkn_ � ^ � ^ u ^ uUh�e j d�� ^ k~jlk{_ h � k~jlk{z } ^ s ^ h z k hpe jlkyx{k ��q k � u ^ � ^ d _ h j d _�k u k u ^ � ^ u ^
uUh ^`_ d � h�s �

f 	 � X @�<
ILIk� ��KD<
BMC
? E�?
I[FOI�KD<
@�?
N�<1E�?TSUFOI

� k � d � q _�k 6 � 3 B ] ^ eieC4 x h z x h _�k~� ^n_ s k } ^ s ^ e on^ uUd x d�uUdfu ^ e ^ e j d ]D^ e�uUh�hpe } knzf^ � k 2
u ^n_ hpe�h � d�e j hp� j h�e �

dinâmico estático

globallocal

Escalonadores

distribuido centralizado

fatia de tempo (time sharing)

um único processador toma as decisõestodos os nodos participam

� ������	�� 6 � 3 2J) zfk egeid�� } knmyo{^ u ^ e�hpe } knzf^ � k u ^`_ hpe

��s hpe } knz�^ � k u ^`_�]D^ uUh�egh _ } z k eiegd�� } k u ^ | df�Ud } d k{z sthp� j h | } ^ s ^wzf^ } k{z ^ q �`zf^ r knz � �Te�2
} knzf^ � k u ^`_�zf^ } k{z B k ��qUh z h h � d�e j hp� j h � ^ e~��d�e j hps k e � ] h _gk } d ^ � k d�e ]�k{_�k u d x dfuUd _�]D^`_imXw hpe
uUh j hps ]D^ uUh()b+
� hp� j�_ h ^ e ]U_i^ } hpeie ^ et��qUh(h�e j�on^ � k sthps . _ d k � � q hpe j w h�e ��q k � jg^Yk
]U_ d ^`_ dfu k uUh7uUh7uUh j h _ stdf� k u ^ e ] _g^ } hpeie ^ eJh�s _ h z knmpon^ kn^ e uUhps k dfe uUh x hps eih _ } ^ �Uegd�uUh�2
_gk u ^ e � hpe j h j d ]D^ u h hpe } knz�^ � k sthp� j�^ � ��h�e } k{zf^ � k s h�� jg^ zf^ } knz |8] ^`_�jlk � j�^ |T� h _ hp� } d k ^ e
_ h } q _ e ^ e�uUh�qUs k �U�Ud } k qU� dfu k u h } ^ s ] q j�k } d ^ � knz � ) ^ s ^ h � h�s ] zf^U|�]D^ uUhps ^ e } d j�kn_*^ h�e�2
} knzf^ � k s h�� j�^ u h ]U_g^ } h�ege ^ e�hps ]U_ h �3k u ^ e*� ^ ���Ud � �Lq h�q j d z d?> k q s k z dfe j�k } d _ } q z k{_ F 	�!�� �
F 	�;)' � � !8��� � � 	 �
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�Te } knz�^ � k u ^n_ hpe �`zf^ r k dfe |�]D^n_ eiq k x h�> | ] _g^ } q _gk s knzf^ } kn_�j�kn_ h � k e�h�� j�_ h x F _ d ^ e ]U_i^ 2
} hpege k u ^`_ hpe � �Ts6eidfe j hps k e�uUdfe j�_ d�rUq54�u ^ e | ^ hpe } knzf^ � k u ^`_��`zf^ r knzTj h�s6qUs k dfs ] ^`_ij ln� } d k
� qU� u k sthp� jlknz �

� hpe } knz�^ � k u ^n_ �`zf^ r knz�] ^ u h egh _ uUd x d�uUdfu ^ hps } hp� j�_gknz d > k u ^ h uUd�e jg_ dfr q54fu ^ � � ^
} hp� j�_gknz d > k u ^ |8k uUh } dfe on^ e ^ r _ ht��q knz1]U_g^ } h�ege k u ^`_,_ h } hpr h _ F7qUs k u h j h _ stdf� k u kJj�kn_ h � k B
jg^ s k u k hps qUs �U�Ud } ^ � ^ u ^ hwhpe j h�� } kJ_ h�e ] ^ �UeCF x h z
] ^`_ s k � j h _ qUs } ^`_i_ h j�^J� h _ hp� } d 2
k sthp� jg^ u h jg^ u ^ e ^ e ]U_g^ } h�ege k u ^`_ h�e �H@ F ^ h�e } k{zf^ � k u ^`_ uUd�e j�_ dfrUq 4fu ^ uUd x dfuUh~h�e jlk jlk{_ h � k
h�� jg_ h j�^ u ^ e �

��s h�e } k{zf^ � k u ^`_�]U_ h } d�e k } ^ �U�Uh } h _ u k � ^`_ s k s k dfebh � } d�hp� j h ] ^ ege 4 x h zO^ hpe jlk u ^ uUh
} k u k ]U_i^ } hpege k u ^`_�| dfe j�^ B | �Lq k � j�^ k ��qUh z h�� ^ u ^ hpe ] h } 4�� } ^ B } kn]�k >,u h�egq ] ^`_ij�kn_p� !%hps ^ e
h�� j�on^U| qUs k ^ q jg_�k } z k egegd � } k{myon^ uUh k{zf�`^`_ d j s ^ e | uUh ���Udfu k ] h z k~� ^`_ s k } ^ s ^ ^ hpe } knzf^ � k 2
u ^n_ rUqUe } k h�! ^ q s k � j Bps df� � ^`_ s knmXw hpe�e ^ r _ h ^ e _ h } q _ e ^ e���qUh � h _ h�� } d k %�hpe } knzf^ � k u ^`_ hpe
h�e j F j d } ^ e ^ q-uUdf��lns d } ^ e �

F�!#"B!8" oq)_7:9B@'(1469�0Y-D4*AC(Yom)zA � Ab$#7:(
��hpe j h h�e } k{zf^ � k s h�� jg^U|Tk e _ h �`_�k e q j d z d?> k u k e�e on^ ]U_ h x d k sthp� j h } ^ � �Uh } dfu k e h � on^

e on^~knz j h _gk u k e � ��eQdf� � ^n_ s knmXw hpe1e ^ r _ h ^ e ]U_g^ } h�ege k u ^`_ hpebh�� xn^`z�x d�u ^ ebe on^ � ^`_ �Uh } dfu k e ] h zf^
]U_i^`�`_gk s k u ^`_�^ q ] hpei��qUdfe k u k e ] h zf^ k{zf�`^`_ d j s ^ qUs k �U�Ud } k-x h > ��0bk eid } k s h�� j h |8^ hpe } k 2
z�^ � k u ^n_�k{] h�� k e } ^ �U�Uh } h k } kn]�k } dfu k uUh } ^ s ] q jlk } d ^ � knz uUh } k u k � ^ u ^ |D^ ��qUh ]D^ uUh�egh _
h � ] _ hpeie ^[] ^`_ egq k e } k{_�k } j h _ 4fe j d } k ewuUh ����� ������� � � � on^ h���dfe j h k ]D^ egegd�rUd z dfu k uUh uUh(qUs
� ^ u ^ df� � ^`_ s kn_�kn^ hpe } knz�^ � k u ^`_ �Lq h h�� } ^ � jg_�k 2�eghthps qUs k egd j q knmpon^ u hte ^ r _ h } k{_g�3k � �
h�e } k{zf^ � k u ^`_�j hps k df� � ^n_ s knmyon^ uUh ��qUh ^ � 	)��	�� j h�s s k dfe ] ^ uUh _ uUh ] _g^ } hpeie k sthp� jg^
��qUh ^ � 	)��	�� |Lz�^`�`^ hpe j F k{] j�^�k�_ h } h�rDh _bk e jlk{_ h � k eQs k dfe ] hpe k u k e ^ q q s#s k d ^`_ ���Usth _g^
uUh z k e �

��s knz��`^`_ d j s ^ r k e jlk � j h�eidfs ]Uz h�eTh _ qUuUd�s h�� j�kn_T] ^ uUh�eih _Qk u dfe jg_ d�rUqUd mpon^ � k�^`_ u hps
uUh qUs k7z d�e jlk } d _ } q z kn_�| qUe k �Uu ^ } ^ s ^ �U�Ud } ^ } _ d j B _ d ^ uUdfe j�_ d�rUqUd _ k e � jlk{_ h � k e hp� jg_ h ^ e
� ]U_g^ } h�ege k u ^`_ h�e | egh�s ]U_ h ^ } q ]�kn_ 2"egh } ^ s k } k{_g�3k uUh } k u k jlkn_ h � k ^ q } ^ s ^ ] ^ uUh _
} ^ s ] q jlk } d ^ � knz u h } k u k�] _g^ } hpeie k u ^`_p� + ^ uUh ]�kn_ h } h _ df�Uh � } d�hp� j h | s k e r k e j�k � j h � j d z
]�k{_�k hpe } knz�^ � kn_Tjlk{_ h � k e1u h �n_�k ��q z�^ egd�u k uUh ��� k � ��h�qUs#h�e } k{zf^ � k u ^`_p|3] ^`_ h���h�s ]Uz�^U|`j�^ s k
qUs k uUh } dfe o{^�kn] .`e } ^ �UeiqUs d _ 3 �`��q �Udfu k uUhpe8uUh j hps ]D^U| hpe } ^`z �Uhp� u ^�^ sth z � ^`_c]U_i^ } hpege k u ^`_
]�k{_�k�_ h } hpr h _ qUs k�j�kn_ h � k ��qUh1h���h } q jlk�jlk s rABps hps 3 �`��qU� dfu k u hpe%uUh j hps ]D^ | ^�knzf�n^`_ d j s ^
jg^`_ � ^ q�2"eihbqUs �`_�k � uUh } ^ � egqUstdfu ^n_ uUh _ h } q _ e ^ e � ��h _ d k s k d�e h � } d�hp� j h } ^`zf^ } kn_ hpe jlk�jlk{_ h � k
k{j B�sthpegs ^ h�s qUs ]U_g^ } h�ege k u ^`_ � on^ j�on^~k u hp��q k u ^ | s k e j�^ s kn_ hpe j�k uUh } dfe o{^ uUh � ^`_ s k
_ F ] dfu k �

� j q knz s h�� j h |
] ^`_ B�s |�j�k dfe~s B jg^ u ^ e s ^ e j�_gk s~2"egh df� kn] _g^`]U_ d k u ^ e � k s k d ^n_ d k u ^ e
} k e ^ e |�]D^ dfe %

� h�s#egd�e j h�s k e kn�n_ h �`k u ^ e |�jg^ u ^ e ^ e � 	)��	4� hp� xn^`z�x dfu ^ e j hps } kn_�k } j h _ 4fe j d } k e
uUh ����� ���
����� � d � q k d�e | eihp�Uu ^ ��qUh } k u k � 	)��	 ^{� h _ h } h ^ e�s h�egs ^ e _ h } q _ e ^ e } ^ s ] q j�k } d ^ � k d�e
k{^ h�e } knzf^ � k u ^`_��

� h ��dfe j hps s qUd j�k e x{kn_ d knmXw hpe�� k } kn_i�3k uUh } k u k j�kn_ h � k h~u dfe jg_ d�rUq54 2 z k e�uUh � ^`_ s k eid 2
s B jg_ d } k hp� j�_ h ^ e�� ^ u ^ e�� o{^ egd � �Ud � } k | �Uh } h�ege k{_ d k s h�� j h |D^ r j h _�^ s h z � ^`_ uUh�egh�sw2
] hp� � ^ �

� q s k s-Fn��qUdf� k�]D^ uUh � o{^ h�e j�kn_-k uUdfe ]D^ eid mpon^ uUh qUs k �U�Ud } k kn]Uz d } knmpon^U| hp� j�on^U|
j�kn_ h � k e knz�^ } k u k e ] ^`_�^ q j�_�k e kn]Uz d } knmzw h�e |U^ q-sthpeis ^~] ^`_�^ q j�_g^ e�q egq F _ d ^ e |U] ^ uUh�s
d�� j h _�� h _ d _ � ^ uUhpeihps ] h��U� ^ u k�kn]Uz d } knmyon^ h ^�k{zf�`^`_ d j s ^ � on^�j h _ d k s h�d ^ eOuUh1uUh j h } jlkn_
d�ege ^U�
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�Ts knz�� qUs k e�eid j q knmXw hpe | B�s k dfeTuUh�egh 9CF x h z ��qUh ^ h�e } knzf^ � k u ^`_ hpe j h 9 k } ^ s#df� � ^`_ s k 2
mzw h�e k{j q knz d > k u k e�e ^ r _ h ^ e � 	)��	4� � � q k �Uu ^ d�e jg^ k } ^ � j h } h |Mj hps~2"eih ^ } � k s k u ^ # �
e } knz�^ 2
� k s h�� jg^ �df�Bl{s d } ^ $ �

F�!#"B!  oq)_7:9B@'(1469�0Y-D4*AC(�UW$#46��0�$87:(
��hpe j h j d ]D^ uUh�hpe } knz�^ � k sthp� j�^ �5Fwq s k } ^ �Ue j�k � j h k �5F z d�egh�u k e } kn_gk } j h _ 4�e j d } k ebu ^ e

� ^ u ^ e | ^ q egh 9 k |O^ hpe } knz�^ � k u ^`_�j h�s k ] ^ egeidfrUd z d�u k uUh,uUh # e k r h _ $ k } k{]�k } d�u k uUh~u h } k u k
� ^ u ^ hps��Lq knz ��qUh _ s ^ sthp� j�^ |`]D^ uUh��Uu ^ uUh } dfuUd _ e ^ r _ h���q knz uUh z hpe
h�e j F�s k dfe k{] j�^,k�_ h } h�2
r h _ q s k�j�kn_ h � k � + kn_�k qUs>hpe } knz�^ � k u ^n_ uUd��Blnstd } ^ k ��q k � j d�u k uUh�u h jlkn_ h � k eQh���h } q jlk � u ^
� ^ � ^ u ^ | s h�egs ^�jlkn_ h � k eTu h ^ q j�_gk e kn] z d } knmXw hpe | h k } k{_g�3k uUh } k u k qUs k e o{^ d�� � ^`_ s knmzw h�e
_ h z h x{k � j hpe � �Te } k{zf^ � k u ^`_ h�e�u hpe j h j d ]D^ | kn^ } ^ � j�_ F _ d ^ u ^ e�h�e j F j d } ^ e | ] ^ egeiqUhps�qUs } qUe jg^
s k d ^n_p|�] ^ dfe�h z hpe ] ^ eiegqUh�s s k dfe } ^ s qU�Ud } knmpon^U� �T� j�_ h jlk � jg^U|M] ^ egeiqUhps k } kn]�k } dfu k u h�uUh
jg^ s k{_ uUh } dfe w h�e�s k d�e ]U_ h } d�e k e �

+ kn_�k dfs ]Uz h�s h�� j�kn_ hpe j h knzf�n^`_ d j s ^ B �Uh } hpegeCF _ d ^ ^ r j h _ d�� � ^`_ s knmzw h�e k{j q knz d > k u k e
e ^ r _ h } k u k � ^ u ^ } ^ s q s k } h _ij�kw� _ hp��
U�p� } d k�� ��s k � ^n_ s k B ] hpei��qUdfe kn_�j�^ u ^ e ^ e�� ^ u ^ e
h � d�e j hp� j h�e�� ^ egd�e j hps k eghps ]U_ h���qUh�qUs k � ^ xnkwknz�^ } knmyo{^ egh � >ph _ � h } h�egeCF _ d k � �"e j�^ hp� xn^`z 2
x h _ d k } ^ �Ueiq z�j�kn_ } k u k � 	)��	 h�s egh ]�kn_�k u ^U|c] h�uUdf� u ^ ��qUhwhpe j h z �Uhpe _ hpsth j�k d�� � ^`_ s knmzw h�e
e ^ r _ h�eihpq-hpe j�k u ^ uUh } kn_i�3k �

��s k�� ^`_ s k egh � k >�h _ d�ege ^ B } ^ s k h � d�e j �p� } d k uUh ] hp��qUhp� ^ e ] _g^ } hpeie ^ e
h�s�h���h } q mpon^
h�s } k u k sHF{�Lq df� k | } ^ s ^ � �Ud } ^ ]U_i^`] .`egd j�^ uUh # hpe ] d ^ � kn_ $ |�_ hpsth j hp�Uu ^ egq k e } ^ � } z qUe w hpe
kn^�knzf�`^n_ d j s ^ u h hpe } knz�^ � k sthp� j�^ � �Te j h�e ]U_g^ } h�ege ^ e e on^ } � k s k u ^ e uUh # ] _g^ } hpeie ^ e h�e�2
] d w h�e $ � �
�c	 �&7 	 �

) ^ s ^[k e df� � ^n_ s knmXw hpe uUh } k u k � ^ u ^ uUh x h egh _ u ^ } ^ � �Uh } dfsthp� j�^ uUh jg^ u ^ e ^ e
^ q j�_g^ e | dfe j�^ ] ^ uUh � h _�k{_ qUs �n_�k �Uu h } q e j�^ } ^ s � ^ u ^ e�hp� x d k �Uu ^ sthp�Ue kn� h��Ue�uUh�hpe jlk u ^
]�k{_�k j�^ u ^ e ^ e ^ q jg_g^ e�uUh � ^`_ s k � hp� h _�k{z d?> k u k � ��s k e ^`z q myo{^-]Ukn_�k hpe j h ] _g^ r z hps k B k
} z k eiegd�� } knmpon^ u ^ e�� ^ u ^ e�h�� x`^`z x d�u ^ e�hps _ h } h ] j�^`_ hpe�h � ^`_ �Uh } hpu ^n_ hpe � = ��� � 6 | � 	b� �&7 	 �
��hpe j h } k e ^U| � on^ � F k �Uh } hpegeidfu k uUh�u h } k u k � ^ u ^ } ^ � �Uh } h _1^ h�e j�k u ^ uUh j�^ u ^ e ^ e
uUh�s k dfe
h k e�sthp�Ue kn� h��Ue jg_g^ } k u k e�e on^tk e�s 4f�Ud�s k e �

� ^ r:9ih j d xn^ uUhpe jlk e ^`z q myon^ B(u dfe ] ^`_ uUh ]�kn_ l{s h j�_g^ etu h } k{_g�3k �Lq h ] h _ std j�k s k
qUs uUh j h _ stdf� k u ^ � ^ u ^ eghwhp�U��q k u _�kn_ } ^ s ^J_ h } h ] j�^`_�^ q u ^3k u ^`_ uUh } k{_g�3k � ��hwh z h � ^`_
_ h } h ] j�^n_p| ]D^ uUh k ��qU� } d kn_ egh�q hpe jlk u ^ kn^ e�uUh�s k dfe |�] ^ eiegdfr d z d jlk � u ^ ��qUh jg^ u ^ e�e k d�r k s uUh
eiq k } ^ � uUd mpon^ uUh ^ } d ^ egdfu k uUh � ��h~h z h � ^n_ u ^3k u ^`_p| ] ^ uUh | u k sthpeis kt� ^`_ s k | u d x q zf�`kn_ 2�egh
} ^ s ^wjlk{z | h�� } z qUd��Uu ^ 2�egh,u ^ ] _g^ } hpeie ^ u h hpe } knz�^ � k sthp� jg^U� ��h ^ eidfe j hps kt] _g^ x ��s d �`_�knmpon^
uUh ] _g^ } hpeie ^ e | k df� j h _�knmpon^ hp� j�_ h _ h } h ] jg^`_ h�e�h�u ^3k u ^`_ hpe ] ^ u h�egh _ s qUd jg^~]U_g^ uUq j d x{k �  k
sthpeis k � ^`_ s k | egh ^ � ^ u ^ � on^ eghthp� } k d � kn_ hps �Uh��U��qUs } k e ^U| ] ^ u h ] h _ s k � h } h _ } ^ s
eiq k e j�kn_ h � k e�eihps dfs ]D^n_ijlk{_ 2"eih } ^ s ^ h�e j�k u ^ u ^ e�uUh�s k d�e |Dkn] hp� k e�df� � ^n_ s k �Uu ^ ��q k �Uu ^
jg_g^ } kn_ uUh�h�e jlk u ^U� � � d � q _�k 6 � � h���hps ]Uz d�� } k h�e j�k e�egd j q knmzw h�e �

�Te jlk j B } �Ud } k B k ]U_ d�� } d ]�knz r k egh ]Ukn_�k ^ e�s k d�e�s ^ uUh _ � ^ e�egdfe j h�s k e�uUhwhpe } knzf^ � k 2
sthp� j�^ uUdfe j�_ d�rUq54�u ^ } ^ s s d �`_�knmpon^ uUh ]U_i^ } hpeie ^ e � � zf� qU�Ue h�e j qUu ^ eTeiq � h _ hps ��qUh k sth z � ^`_
� ^`_ s k B k u ^ hpe } knzf^ � k sthp� j�^ df�Ud } d k u ^(] h z�^ �4��� ����� | ^ q[eih 9 k | ^ �UuUh ] _g^ } hpeie k u ^`_ h�e~e ^ 2
r _ h } kn_g_ h �3k u ^ eweghJhp� } kn_g_ h �3k s uUh ]U_g^ } q _�kn_~]U_i^ } hpeie k u ^n_ hpe } ^ s ]D^ q } k } k{_g�3k � ��q j�_�k
] ^ egeidfrUd z d�u k uUh B ^ df�Ud } d k u ^ ] h zf^ � ��%���'3=���� |
^ �UuUh � ^ u ^ e } ^ s ] ^ q } k } kn_i�3k ^n� h _ h } h�sw2�egh
]�k{_�k _ h } hpr h _ � ^ x{k e jlk{_ h � k e � � z�� qU�Ue knz��`^`_ d j s ^ e � qU� } d ^ � k s uUh � ^`_ s k ]�kn_ h } dfu k } ^ s ^
h�s qUs z hpd zfon^U|�^ �Uu h,��qUh�s j h�s k sth z � ^`_b^{� h _ij�k~�3k �U� k��

��s } qUd�u k u ^ } ^ s h�e j h�e knz��`^`_ d j s ^ e u h x h7egh _tj�^ s k u ^ � ^ eghp� j dfu ^ u h7��qUh7q s k
j�kn_ h � k � on^ ����qUh # ] q z k �Uu ^ $ uUh � ^ u ^ ]�kn_�k � ^ u ^ | } k e ^ h�e jlk j�kn_ h � k j hp�U� k } kn_g�`k knz�j�k �
��s k j�kn_ h � k uUh�e j h j d ] ^Yj h�s k } kn]�k } dfu k uUh uUh jg_�k �Ue � ^`_ s kn_ ��q knz ��qUh _ � ^ u ^�_ h } h ] j�^`_
h�s qUs � ^ u ^ u ^`k u ^`_�|Q� k >�hp�Uu ^ } ^ s ��qUh(hpe j h j hp� j h z d x�_gkn_ 2�eghJu k } kn_i�3k h � } hpu hp� j h | h
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k eiegd�s�egq } hpeiegd x{k sthp� j h | } k qUe k �Uu ^ k } � k s k u k # ] ^ e j h _i�3knmpon^ d��UuUh ���Udfu k $ � ��s k u h����Ud myon^
} ^`_g_ h jlk u k e ]D^`z 4 j d } k e8uUh�h�e } k{zf^ � k s h�� jg^�]D^ uUh � k } d z s h�� j h*h x d jlkn_ hpe j h j d ] ^ uUh ]U_i^ r z hps k �

�Te } knz�^ � k u ^n_ hpe�u df�Blnstd } ^ e ] ^ egeiqUhps q s } qUe j�^ h�� j�_gk |�] h z k � h } h�egeidfu k u h uUh } ^ s q�2
�Ud } knmpon^U� ) k e ^-^Jknz��`^`_ d j s ^ eih 9 k } h�� jg_�knz d?> k u ^U| � k x h _ F k ] ^ egeidfrUd z d�u k uUh,uUhwqUs �`kn_g�3k{zf^
uUh } ^ s qU� d } k{myon^ } ^ s j�^ u ^ e ^ e�� ^ u ^ e�hp� x d k � u ^ s h��Ue kn� hp�Ue ]�k{_�k~^ �U�Ud } ^ hpe } knz�^ � k u ^n_p�
) k e ^ eih 9 k uUd�e jg_ dfr q54fu ^ | � kyx h _ F qUs k d�� j hp�Ue k } ^ s qU�Ud } knmpon^ u h j�^ u ^ e } ^ s jg^ u ^ e � � } ^ 2
s q �Ud } knmyon^ df� j h��Ue k B�qUs ]U_g^ r z hps k ��qUh ] ^ u h j�^`_ � kn_ 2"egh _ h z h x{k � j h�� ^ } k e ^ u h j�^ u ^ e ^ e
� ^ u ^ e�h�e j�kn_ h�s e ^ r _ h } kn_g_ h �3k u ^ e �

F�!#"B! F oq)_7:9B@'(1469�0Y-D4*AC( ��+.9�&6A_9 Ab$Tr*(
� h�e } k{zf^ � k s h�� jg^[k u k{] jlk{j d xn^ B qUs k x{kn_ d knmyo{^ u ^ uUd��Blnstd } ^U� 0bk egd } k sthp� j h |�^

h�e } k{zf^ � k u ^`_ uUhpe j h j d ]D^ B } kn]�k > uUh egh k q j�^7kyxnk{z d k{_p| } knz } q zfk �Uu ^ egq k d�� j h _�� h _ �p� } d k � ^
eidfe j hps k�kn^ ��q k{z eih ] _g^`]1w h � h _ h�� } d kn_p� ��h } ^ �UeidfuUh _�kn_ ��qUh�h�e j F } ^ �UegqUstdf� u ^ s qUd j�k )b+1�
]�k{_�k hpe j h jg_�k r knz � ^ |`]D^ uUh _ h�uUq5>�d _1k,_ d �`^n_g^ eidfu k u hbu ^ e j h�e j h�e ^ q } k{_�k } j h _ 4fe j d } k e } ^ �Uegd�uUh�2
_gk u k eTh�s } k u k � ^ u ^ � + ^n_ h ��hps ]Uzf^U|3] ^ uUh ]�k eie kn_1k } ^ � egdfu h _�k{_
kn] h�� k e k ��q k � j d�u k uUh�uUh
j�kn_ h � k e�h���dfe j hp� j hpe�h�s } k u k � ^ u ^ } ^ s ^t� k{jg^`_ uUh,uUh } dfe o{^U� ��h | uUh ^ q jg_g^tz k u ^U| } �Uh �`kn_�k
} ^ � } z qUe o{^ ��qUh jg^ s ^ q~uUh } dfe w hpe
h _g_�k u k e |�] ^ u h k qUsthp� jlkn_
k�_ d �`^`_i^ egd�u k uUh } ^ s��Lq h kyx{knz d k
k } k{_g�3k u ^ e�� ^ u ^ e �

��s egd�e j hps k k u kn] j�k{j d x`^U|�]D^`_�jlk � jg^U| B k ��qUh z h ��qUh ] ^ eiegqUd k } kn]Uk } d�u k uUh uUh egh
k u kn] jlk{_8v e } kn_g�3k e u k e jlk{_ h � k e8��qUh � h _ hp� } d k |{]U_g^ } q _gk �Uu ^ qUe k{_8^ s h z � ^`_ u h } k u k�j B } � d } k
} ^ �U�Uh } dfu k h � ^ s ^ s h�� j�^ } h _�j�^U� + ^ uUh } ^ sth mpkn_ eghp� u ^ u ^-j d ] ^ df�Ud } d k u ^J] h zf^ �4��� �����
h u h ] ^ dfe jg^`_ � k{_ 2"eih df� d } d k u ^ ] h zf^ � ��%���'3=���� � + ^ u h egh _ ^n_ d � df� knz s h�� j h-uUdf�Bl{s d } ^U| s k e
uUh ]D^ dfe | hps } k e ^ uUh*h � j�_ h�s k e ^ r _ h } kn_g�`k | u hpd � kn_ uUh } ^`z h j�kn_ df� � ^`_ s k{mXw hpeOe ^ r _ h ^ e8� ^ u ^ e |
jg^`_ � k �Uu ^ 2�egh�hpe j F j d } ^U| h k egeidfs ] ^`_ uUd k � j h �

f 	 � WJ?
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@�?
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�Ts � ����� �&7 	 h�� } ^ � jg_�k 2�egh k u h����Ud myon^ uUh�hpe } knz�^ � k u ^`_ uUdf�Bl{s d } ^ } ^ s ^ egh��Uu ^ qUs
eidfe j hps k ��qUh ]D^ egegq d8qUs } ^ �D9iqU� j�^ uUh ] ^`z 4 j d } k e���qUh _ h � hps ^ eihpq } ^ s ]D^`_�jlk sthp� jg^U� � on^
kn^�j�^ u ^ ��q k j�_g^�]D^nz 4 j d } k e % u h j�_gk �Ue � h _ ��� } d k | u h*egh z h myon^U| uUh z�^ } knz d > knmpon^ h*uUhQdf� � ^n_ s knmyon^ |
} ^ � � ^`_ s h ] ^ u h�egh _�x dfeiq knz d?> k u ^ � k jlk r h zfk 6 � 3 �

� ] ^`z 4 j d } k uUh j�_gk �Ue � h _ ��� } d k uUh j h _ s d�� k egh�q s ]U_g^ } h�ege k u ^`_ hpe j F ^ qt� on^ e ^ r _ h } kn_ 2
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_ h �3k u ^U� ) k e ^(k } kn_i�3k u ^ � ^ u ^ q z�jg_�kn]�k ege k{_ qUs z d�s d j h | h z h ]D^ uUh } ^ �Uegd�uUh _gkn_ 2�egh } ^ s ^
e ^ r _ h } kn_i_ h �3k u ^U|8]D^ uUh��Uu ^ _ hp��qUdfeid j�kn_ k 9iqUu k7k{^ e uUh�s k dfe�� ^ u ^ e | } k e ^ h���dfe jlk s d �`_�knmpon^
uUh } kn_g�3k�� �hwd � q knz8� ^`_ s k�| hpe j�k �Uu ^ h z h k r k d � ^ uUhwegq k } kn]Uk } d�u k uUh |O]D^ uUh } ^ �Uegd�uUh _gkn_ 2
eih kn]�j�^ k _ h } h�rDh _tj�kn_ h � k e |Q^n� h _�jlk � u ^ ] _g^ } hpeie k sthp� jg^�kn^ ewuUh�s k dfe | uUh k } ^`_ u ^ } ^ s ^
knz��`^`_ d j s ^ h�s h���h } q mpon^U�

�Te jlk ] ^`z 4 j d } k u h x h�eih _ r hps uUh���� dfu k | ]�kn_�k h x d j�kn_p|�]D^`_ h���hps ]Uzf^ | ��qUh�qUs k�jlk{_ h � k
} ^ s } kn_g�`k egq � } dfh�� j hpsthp� j h knz�j�k ����qUh # ] q z k �Uu ^ $�uUh�� ^ u ^ hps � ^ u ^ egh�s eih _ h���h } q j�k u k �
� zf� qUs k e j B } �Ud } k e ]D^ uUhps>egh _ q j d z d?> k u k e ]Ukn_�k h x d jlkn_ h�e j h ]U_i^ r z h�s k %

� ) ^ �Uegd�uUh _gkn_ jg_ �pe } k e ^ e ] ^ ege 4 x h�dfe�% ]U_i^ } hpeie k u ^n_ hpe } ^ s } kn_i�3k dfu h knz | } ^ s ] ^ q } k
} kn_g�`k h } ^ s s q d jlk } k{_g�3k � � 	b� �&7 	 | } ^ s ^ 9CF h���h�s ]Uz d�� } k u ^ � k �8d � q _gk 6 � � � ��e
] _g^ } hpeie k u ^`_ h�e } ^ s } kn_g�3k dfuUh knz � on^ h�e jlo{^ kn] jg^ e��Uh�s k ^n� h _�jlkn_�jlkn_ h � k e�h �Uh�s k
_ h } hpr ��2 zfk e � � ^ hp� x d kn_ qUs k�jlkn_ h � k�k qUs.� ^ u ^ } ^ s ] ^ q } k } kn_i�3k |3] ^ uUh 2"eih�hpe j dfs kn_
eihpq-dfs ]�k } j�^wk � j h�e | � o{^ h�� x d k �Uu ^ } k e ^t^ ]U_i^ } hpeie k u ^n_�jg^`_ � h�2"eih�e ^ r _ h } kn_g_ h �3k u ^U�

� ��s } ^ � j�k u ^`_ ��qUh df�UuUd } k ��q k � j�k e x h >ph�e qUs k jlkn_ h � k s d �`_g^ q |O^ r _ d �3k � u ^J^(]U_i^ 2
} hpeie k u ^n_ �Lq h ^[_ h } hpr h _ } ^ s ^ } ^ � j�k u ^`_ � ^[z dfstd j h k h���h } q j F 2 z k uUh ��q knz ��qUh _
s k �Uh�d _gk �
) k e ^ qUs ]U_i^ } hpeie k u ^n_ h�e j h 9 k e ^ r _ h } kn_g_ h �3k u ^U| uUh���� dfu ^ ] h z k ] ^`z 4 j d } k u h j�_�k �Ue�2

� h _ �p� } d k�|
k ]D^`z 4 j d } k uUh eih z h myo{^ u h } d�uUh ��q knz egh _ F k7jlkn_ h � k h�e } ^nz �Ud�u k7]�kn_gk s d �`_�k{_p� �
h�e } ^nz � k�] ^ uUh�eih _Tjlk � jg^ uUh�qUs k�jlkn_ h � k ��qUh k df�Uu k � on^�j h x h�eiq k h ��h } q myon^ df�Ud } d k u k�* } k ��2
uUd�u k{j�k s k d�e � kyx`^`_ F x h z |n] h z k d��Uh���dfe j ��� } d k u h } ^ � j h�� jg^ uUh
h���h } q mpon^ , } ^ s ^ u h1q s kbjlk{_ h � k
h�s ]Uz hp� k h � h } q mpon^ * knz j h _ � k{j d x{k s k dfe } ^ s ]Uz h�� k h~uUh } q e j�^ s k d ^n_ ,�� � ] ^`z 4 j d } kw]D^ uUh
uUh j h _ stdf� kn_ ��qUh k-jlkn_ h � k d��Ud } d k u k-k s h�� ^ e j hps ]D^ |8^ qYegh 9 k�|Tk ��qUh zfk ��qUh h�e j F kn] h�� k e
kJknz�� qU�Ue } d } z�^ e�hps h���h } q myon^ | egh 9 k(k h�e } ^nz �Ud�u k |%kn] ^ e j�k �Uu ^ j h _ qUs } q e j�^ sthp� ^`_ } ^ s
std �`_gknmyo{^ uUh } ^ � j h�� j�^�* ] ^ q } k e } ^ s q �Ud } knmXw hpe�h�e jlk rDh z h } dfu k e |U] ^ q } ^ e kn_ ��qUd x`^ e k r h _�j�^ e
h,s k �Ud ] q z k u ^ e | h j } , � ��q j�_gkwj B } � d } k B�h�e } ^`z �Uh _�kwjlkn_ h � k ��qUh } k qUe ^ q k e ^ r _ h } k{_g�3k | � ^
} k e ^U|`k � z�j dfs k�_ h } h�rUdfu k � �Te j�k�j B } �Ud } k�j h�s.s q d jlk e x{k � jlkn� hp�Ue | egh 9 k�] h z�^�� k{j�^ uUhb� on^�j h _
d��Ud } d k u ^ eiq k h���h } q mpon^ ^ q ] h zfk ] ^ q } k ] ^ egeidfrUd z dfu k uUh�uUh ^ q j�_gk e j�kn_ h � k e�u ^ � ^ u ^ j h _ hps
_ h knz d?> k u ^ } ^ s qU�Ud } knmpon^ } ^ s k j�kn_ h � k �

�h ] ^ dfe�uUhwh�e } ^nz �Ud�u k kJj�kn_ h � kJk eih _ std �`_gk u k ] h zfk ]D^`z 4 j d } k uUhwegh z h mpon^U| � F k �Uh�2
} hpegeidfu k uUh u h eih h�e } ^nz �Uh _(^ � ^ x`^�]U_g^ } h�ege k u ^`_ ��qUh _ h } h�rDh _ F k std �`_gknmyon^ |�jlk{_ h � k uUh
_ hpe ] ^ �Ue k rUd z dfu k uUh,u k ]D^nz 4 j d } k u h zf^ } knz d?> k{myon^U� ��s-B j�^ u ^ s k dfe�hps ]U_ h �3k u ^ B ^Jknz h k{j .{2
_ d ^U| sthpeis ^ ��qUh,h z h ] ^ ege k h�e } ^nz �Uh _ qUs ] _g^ } hpeie k u ^`_ } ^ s } k{_g�3ktk df� u k s k d ^`_ ��qUh k u ^
k{j q knz � �"e j�^ ] ^ uUh egh _�_ h�e ^`z x d�u ^U|Mj hpe jlk �Uu ^ ^ ]U_g^ } h�ege k u ^`_�k � j h�e�h _ h � k >ph��Uu ^-k hpe } ^`z � k |
} k e ^ �Uh } hpeie F _ d ^U� � z��`^`_ d j s ^ e*��qUh � qU� } d ^ � k s } ^ s ^ qUs k hpe ] B } dfh,uUh z h�d z o{^U|�^ �UuUh,�Lq hps
� >�h _ qUs k~^n� h _�jlk s k d ^`_Q�3k �U� kwk } k{_g�3k |Uj�k s rABps ]D^ uUhps egh _ q j d z d?> k u ^ e �

�Ts q s egd�e j h�s k } ^ s h�e } k{zf^ � k s h�� jg^ uUdfe j�_ d�rUq54�u ^U|�^ e ]U_g^ } h�ege k u ^`_ hpe ] _ h } dfe k s
} ^ �U�Uh } h _ ^ h�e j�k u ^ u ^ e uUh�s k dfe |�^ q ] h z�^ sthp� ^ e ]Ukn_ij h uUh z hpe � � � ^`_ s k } ^ s ^ hpe jlk e

!8� 0 �
�c� 6 � 3 2 + ^`z 4 j d } k ebu h,h�e } knzf^ � k s h�� j�^
+ ^`z 4 j d } k �h�e } _ d mpon^

j�_�k �Ue � h _ �p� } d k } z k eiegd�� } k qUs ]U_i^ } hpeie k u ^n_ } ^ s ^ e ^ r _ h } k{_g_ h �3k u ^t^ qJ� on^
eih z h myo{^ uUh } dfu h,��q k{z jlkn_ h � k uUh x h�s qUu kn_ uUh ]U_i^ } hpeie k u ^n_

zf^ } knz d?> knmyon^ h�e } ^nz �Uh���qUhps _ h } hpr h _ F k jlkn_ h � k hpe } ^`z �Udfu k
df� � ^`_ s knmyo{^ uUh��Lq h � ^n_ s k~k e�df� � ^`_ s k{mXw hpebe ^ r _ h } kn_g�3k e on^ } ^ s ]�kn_ij d z � k u k e
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d�� � ^`_ s knmzw h�e e o{^ } ^ s ]Ukn_ij d z � k u k e B�u h����Ud�u k�] h z k�] ^`z 4 j d } k uUh�d�� � ^`_ s knmpon^U� + ^ uUh�2�egh |L] ^`_
h � h�s ] zf^ %

� h z h � h _ qUs ]U_i^ } hpege k u ^`_ } h�� j�_�k{z ��qUh _ h } hpr h _ F7df� � ^n_ s knmXw hpe�uUh j�^ u ^ e ^ e,uUhps k dfe |
� ^n_ �Uh } hp� u ^ 2 k e k �Lq hps _ h��Lq dfegd jlkn_�� ) ^ s�qUs ���Usth _i^ �`_gk �UuUh,uUh ]U_g^ } h�ege k u ^`_ hpe�h
jg_g^ } k uUh,sthp�Ue kn� hp� e |�^ uUhpeihps ] h��U� ^ ]D^ uUh � } kn_ } ^ s ]U_g^ s h j dfu ^U�

�$k j�_�kyx Bpe u h ;)� 	)�5��% ����� | uUd x q z��3k �Uu ^�k e%df� � ^n_ s knmXw hpe%uUh } k u k qUs � + ^ uUh*eih _ df� x d F x h z |
] h zfk ��q k � j d�u k uUh�h � } hpeiegd xnk uUh�sthp�Ue kn� h��Ue j�_i^ } k u k eTh�s�qUs k�_ h�uUh } qD9 k�]U_ d ^`_ dfu k uUh
u h x h,egh _�k u h,eih _�x d _�v } ^ s qU� d } k{myon^ hp� jg_ h jlkn_ h � k e �

� u h����Ud _ ��qUh } k u k qUs ] ^ egeiqUd j�on^ e ^ s h�� j h�d�� � ^`_ s knmzw h�eQe ^ r _ h�egd ] _ . ]U_ d ^ h�uUh��Ud���2
� q5Bps s k d�e | ] ^ uUhp�Uu ^w� ^n_ �Uh } ��2 z kwk ��q knz ��qUh _ qUs ��qUh k e _ h��Lq dfegd j h � � x d jlkwkwjg_g^ } k
u htsthp� e kn� h��Ue h � } hpeiegd xnk e | s k e j�^n_ � k-k std �`_gknmyo{^ uUh j�kn_ h � k e�s k dfe�rUq _i^ } _ F j d } k |
] ^ d�e k7] ^`z 4 j d } k uUh z�^ } knz d > knmpon^ � } k s k d�e } ^ s ]Uz h � k�|�]U_ h } d�e k �Uu ^ } ^ � egq z jlkn_ } k u k
� ^ u ^ e ^ r _ h�eiq k } kn_g�`ktk � j hpe�uUh�hpe } ^`z �Uh _�knz�� qUs �

� jg^ u ^ e ^ e ]U_i^ } hpeie k u ^n_ hpe�e k rDh�s ^ hpe jlk u ^ uUh jg^ u ^ e ^ e ^ q jg_g^ e���qUh z � h�df� j h _ hpeie k s |
^ qteih 9 k | d�� � ^`_ s knmzw h�e�e ^ r _ h } kn_i�3k e ^ sthp� j h�eih _�o{^,jg_g^ } k u k e1��q k �Uu ^ � ^ q x h _ �Uh } hpe�2
eidfu k uUh�h } ^ � x hp�Ud��p� } d k � � uUh�eg�Uh } h�ege F _ d ^ qUs�� ^ u ^ h�� x d kn_ q s ;)� 	)�5��% ����� kwj�^ u ^ e
^ e uUh�s k d�e | df� � ^`_ s k �Uu ^ e ^ r _ hbegq k � ^ xnk } kn_i�3k | eihbhpe jlk � o{^�^�� h >*s qUu kn_ uUh*h�e j�k u ^U�
& k e
egh�h z h�h _gk } ^ �UeidfuUh _�k u ^,] ^`_Tj�^ u ^ e } ^ s ^ qUs _ h } h ]�j�^`_ uUh jlkn_ h � k e
hps ] ^nj hp� } d 2
k{z h j h x h,eiq k } k{_g�3k h z h xnk u k |�jg^`_ � k �Uu ^ 2 ^ e ^ r _ h } kn_i_ h �`k u ^U| B�dfs ]D^n_ijlk � j h���qUh�h�e j�k
� ^ x{k eid j q knmyo{^ egh 9 k } ^ s qU�Ud } k u k�kn^ e*u hps k dfe �  k sthpeis k�� ^`_ s k | qUs � ^ u ^ ��qUh�egh
h�� } ^ � jg_�k } ^ s } kn_g�3k hpe j F x h z | uUh���� dfu ^,] h z k�]D^nz 4 j d } k uUh jg_�k � e � h _ �p� } d k |L] ^ uUh ^`]�jlkn_
] ^`_ � on^ s k d�e _ h } h�rDh _ sthp� e kn� h��Ue�u ^ e�uUh�s k dfe } ^ s df� � ^`_ s knmXw hpe*e ^ r _ h } kn_i�3k � ��h
k } ^ s qU�Ud } knmpon^ � ^`_ h�s �`_ q ] ^U|U] ^ uUh�h�� } z qUd _ 2"eih�u ^ �n_ q ] ^U�

��s ^ q jg_g^ � k j�^`_ s qUd j�^ dfs ]D^n_ijlk � j h � ^ e hpe } knzf^ � k u ^`_ hpetuUdfe j�_ dfrUq54�u ^ e B k � ^`_ s k
} ^ s ^wk } k{_g�3k uUh�qUs ] _g^ } hpeie k u ^`_ B kyx{knz d k u k��

f 	#f ��� <
@���<1N�E�? < X <TS��
<

��s k u k e ]U_ dfsthpd _gk e } ^ dfe k e���qUh ^ hpe } knz�^ � k u ^n_�]U_ h } d�e k } ^ � �Uh } h _ B k } kn]Uk } d�u k uUh
� 4�egd } k u h } k u k � ^ u ^U� � qUs k d�� � ^`_ s knmpon^ uUh7h � j�_ h�s k _ h z h x ln� } d k hps egd�e j hps k e } ^ s
]U_i^ } hpeie k u ^n_ hpe�uUd x h _ e ^ e | uUh } kn_gk } j h _ 4fe j d } k e � 4feid } k e�uUd � h _ hp� j hpe �

�"e j�^�] ^ uUh7eih _ } ^ � � � q _�k u ^ qUs k �U�Ud } k x h�> � k d��Ue j�knz knmpon^ u ^[knz��`^`_ d j s ^ h7� on^
]U_ h } dfe k egh _ k{j q knz d?> k u ^Jk{j Bt��qUh k{zf� qUs � ^ u ^ s q uUh eiq k e } kn_gk } j h _ 4fe j d } k e�u h �����-������� � �
� z Bps.uUdfe j�^U| h�e j�k eQd�� � ^`_ s knmzw h�e�e o{^ d _g_ h z h xnk � j hpeTh�s#egdfe j h�s k eTu h } kn_�k } j h _ 4�egd j d } k eTd � q k dfe |
} ^ �U�Uh } dfu ^ e } ^ s ^ # eidfe j hps k e�� ^ s ^`� ���Uh ^ e $ �

��h _gknz sthp� j h ^ ��qUh eih uUhpeih 9 k ^ r j h _ B k } kn_i�3k u ^ � ^ u ^ |T^ q�egh 9 k | ��q k � j�^ k d��Uu k
h�e j F uUd�e ] ^ �54 x h z uUh egq k } kn]�k } dfu k uUh } ^ s ] q jlk } d ^ � k{z � �Te j qUu ^ ewuUh�s ^ � e j�_gk s �Lq h-q s k
h�e jlk{myon^ uUh jg_�k r k{z � ^Yj 4 ] d } kYj hps eiq k } kn]Uk } d�u k uUh uUh ] _g^ } hpeie k sthp� jg^�^ } d ^ e k�� 3�� u ^
j hps ]D^ � �
��� � ( 	 � �Te j h BwqUs r ^ s s ^{j d xn^ ]�kn_gkJ] _g^ } q _gkn_�kn]U_i^ x hpd jlkn_ h�e jlkJ^ } d ^ egdfu k uUh
� k~_ hpe ^nz q mpon^ uUh knzf� q s ]U_i^ r z h�s k u dfe jg_ d�rUq54fu ^ � !%��� � E 	 �

��s k s k �Uhpd _�k rDh�s eidfs ]Uz h�e�h r k e j�k � j h h�s ] _ h �`k u k B egdfs ]Uz hpegsthp� j h qUe kn_ ^7j�k 2
s k �U� ^ u k � z k u h7h���h } q mpon^ } ^ s ^ sthpuUd�u k � � q k � j�^ s k d ^`_w^ ���Usth _i^ uUh ] _g^ } hpeie ^ e
h � d�e j hp� j h�et� k � z k | s k d ^`_ eih _ F k uUd�e ] q jlk ] h zf^7]U_g^ } h�ege k u ^`_w^ ��qUh k qUsthp� jlk ^ j hps ]D^
uUh hpe ] h _gk � k � zfk7] ^`_ ]�k{_ij h u ^ e ] _g^ } hpeie ^ e � � ^ h�� j�k � j�^U| � ^ e egd�e j hps k e k{j q k dfe,h���d�e j h
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^ } ^ � } hpd j�^ u h ]U_ d ^`_ dfu k uUh |�^ � uUh ]U_i^ } hpeie ^ e�u h knz jlk~]U_ d ^`_ d�u k uUh �3k �U� k s s k dfe�)b+
�.��qUh
^ q j�_g^ e |{� k >php� u ^ } ^ s ��qUhbq s k�z dfe jlk�] h���qUhp� k�| } ^ s knzf� qU�Ue ]U_g^ } h�ege ^ e�uUh knz jlk�]U_ d ^`_ d�u k uUh |
]U_i^ u q5> k qUs j hps ]D^ uUh�h�e ] h _�k s k d ^`_ ]�kn_�k qUs ]U_g^ } h�ege ^ uUh�r k d � k�] _ d ^n_ dfu k uUh � � j hps ]D^
s BpuUd ^ uUh�h�e ] h _gk � k � z k | � hpe j h } k e ^U| j�^n_ � k 2�egh�s k dfe�d�� j h _ hpege k � j h } ^ s ^t]Ukn_ lnsth jg_g^ e�uUh
} kn_g�3k��

��hpe j h } k e ^ } knz } q zfk 2"eih
�Lq k � j�^ } k u k�]U_g^ } h�ege ^ hpe ] h _i^ q | h�s s-B�uUd k�| eihps _ h } hpr h _ egq k
� k{j d k uUh j h�s ] ^ u k )b+
� � � q k � jg^ s k d ^`_ hpe j h j hps ] ^U| s k dfe k sHF{�Lq df� k�j h x h ] _g^ r z hps k e
]�k{_�k u k{_ } ^ � j�k uUh eiq k } k{_g�3k |Dzf^`�n^U| h z kt]D^ uUh h�e j�kn_ e ^ r _ h } kn_i_ h �3k u k � &-hpegs ^ ��qUh h�e j�k
j B } � d } k egh ]�kn_ h mpk s q d j�^ } ^ s k,k � j h _ d ^`_�|3]D^ dfe k s-B�uUd k egh _ F�s k d ^`_ � k,]U_i^`] ^`_gmpon^ u d _ h jlk
u ^ � � s h _g^ uUh ]U_g^ } h�ege ^ e�h���dfe j h�� j hpe | h z k B s k dfe } ^ s ]Uz h jlk�| ] ^ d�e z h x{k hps } ^ �Uegd�uUh _gknmyon^
]U_i^ } hpeie ^ e���qUh _ h } h�rDh�s k )b+
��h � on^Jk q j d z d > k s ] z hp� k s h�� j h | jlknz x h�> ]D^n_�j h _ h�s � hpd j�^
x F _ d k e _ h���qUdfeid mXw hpetuUh(� !`� � ) ^ s ^U| �Uhpe j h } k e ^U|�^ ] _g^ } hpeie ^ � o{^ B } ^ �UeidfuUh _�k u ^ } ^ s ^
� k � zfk u h h�e ] h _�k�| qUs k-�n_�k �Uu ht��q k � j dfu k uUh u hpe j hpe ]U_g^ } h�ege ^ e � on^(k qUsthp� j�k uUh � ^`_ s k
eid � �Ud � } k j d x{k ^~j hps ]D^ s BpuUd ^ uUh�hpe ] h _gk �

� j h�s ] ^ uUh�h�e ] h _gk � k � z k uUh�h ��h } q myon^U|�] ^`_ } k qUe k u h�egq k egd�s ] z d } dfu k uUh�h�r k d � ^
	)=���� �
� �5� | B�s q d j 4�egeidfs ^ qUe k u ^t]�kn_�kwkyx{knz d kn_�k } k{_g�3k u ^ � ^ u ^U�

&-qUd j�k e�df� � ^n_ s knmXw hpebe ^ r _ h ^ hpe jlk u ^ k{j q knz uUh,qUs ] _g^ } hpeie k u ^`_ 9CF~e on^ } knz } q z k u k e
hJs k � j dfu k e ] h zf^ ]U_ . ]U_ d ^ ��dfe j hps k � ] h _�k } d ^ � knz � �"e j�^ B(�Uh } h�ege F _ d ^ ]�kn_gk ��qUh ^ s h�e�2
s ^ ]D^ ege k � k >�h _�k } ^n_g_ h jlk uUd�e j�_ dfrUq d myo{^ u k e � k{j d k e�uUh j hps ] ^ hp� j�_ hteihpqUe ]U_i^ } hpeie ^ e | � ^
h�e } k{zf^ � k s h�� jg^wzf^ } knz �

) ^ s ^ h ��hps ]Uzf^U|M^ ���Ud � ] ^ eiegqUd�q s egd�e j hps k r k egh k u ^ h�s ]U_ d ^`_ dfu k u hpe � )b�c� ' � 	 |
^ � uUh } k u k7]U_i^ } hpege ^ ]D^ egegq dbqUs k(]U_ d ^`_ dfu k u h r F{egd } k | d��Uh _ hp� j h k{^ ]U_g^ } h�ege ^U| �Lq h ]D^ uUh
x{kn_ d kn_ uUhpeiuUh k s k dfe1r k d � k k{j B k s k dfe knz�j�k ]U_ d ^`_ d�u k uUh � + _g^ } h�ege ^ e�uUh�s k d ^n_Q]U_ d ^`_ dfu k uUh
�3k �U� k s k )b+
� ]U_ d�s h�d _i^U| hp� �Lq k � j�^ ��qUh ^ e ]U_i^ } hpeie ^ e�uUh ]U_ d ^`_ d�u k uUh sthp� ^`_ e on^ uUh�d 2
� k u ^ e�uUh zfk u ^U� � } k u k d�� j h _�x{knzf^ uUh j h�s ] ^U| qUs�egh � qU�Uu ^Jk{zf�`^`_ d j s ^ hp� jg_�k h�s knmpon^ h
} knz } q z k � ^ xnk s h�� j h k ]U_ d ^`_ dfu k uUh�uUh } k u k ]U_g^ } h�ege ^ h���dfe j hp� j h | uUd�s d���qUdf�Uu ^ k ]U_ d ^`_ dfu k uUh
uUh���qUh�s _ h } hpr hpq(s qUd j�k )b+
� h k qUsthp� j�k �Uu ^w]�kn_gkwk ��qUh z h,��qUh � ^ d u dfe } _ d�s d�� k u ^U� + _g^ 2
} hpege ^ e,�Lq hth�e j�k x{k s r zf^ ��qUh k u ^ e v hpe ] h _gk u ht� !n� |M_ h jg^`_ � k s v � z k u h ] _g^ � j�^ e } ^ s k
]U_ d ^`_ dfu k uUh�sHF � d�s k�|`]D^ dfe � } kn_gk s#s qUd j�^�j h�s ] ^ eihps _ h } h�rDh _ } d } z�^ e
uUh�)b+
� � !%��� � � 	 �

+ ^`_ } k qUe k uUhpe jlk e } kn_�k } j h _ 4fe j d } k e |3^ ���Ud � 9CF�s k � j Bps } ^ � jlk r d z d > knmzw h�e�e ^ r _ h ^ qUe ^
u k )b+1� | } ^ s ^ k s-B�uUd k u h } kn_i�3k | } � k s k u k uUh [(	)�5� ��=����-�43�� � �Te j�k s h�uUdfu k h�� ]U_ hpege k
k ��q k � j dfu k u h uUh ]U_i^ } hpege k u ^`_ hpe | d � q k dfe kn^ h���d�e j h�� j h � ^ egd�e j hps k�k{j q knz | ��qUh egh _ d k s
�Uh } h�ege F _ d ^ e ]�kn_�k h���h } q jlkn_�jg^ u ^ e ^ e ] _g^ } hpeie ^ e } ^ s ^ j hps ] ^ uUh _ hpe ] ^ e jlk h h�e ] h _�k � k
� zfk uUh ]U_ h�hps ]Dmpon^ s k d�e�h�� } k >�hpe � ��h ^ � ^ u ^ hps#��qUh�e jlo{^,j d x h _1kn] h�� k e
qUs ] _g^ } hpeie k u ^`_p|
x{knz�^`_ h�e k r k d � ^ u h 3 d��UuUd } k s ��qUh ^ � ^ u ^ h�e j F } ^ �Uegh � qUdf� u ^ s k � j h _ egq k } kn_g�3k�� � knzf^n_ hpe |
uUh ^ q j�_g^ s ^ u ^U| s k d ^`_ hpe���qUh ^ � � s h _g^ uUh ]U_g^ } h�ege k u ^`_ h�e uUd�e ] ^ �54 x hpd�e�egd � �Ud�� } k s qUs
� ^ u ^ e ^ r _ h } kn_i_ h �`k u ^U� � ! k r h zfk 6 � ��s ^ e j�_gk�knzf� q s k eOeid j q knmXw hpe ] ^ ege 4 x hpdfe |{^ �UuUh ]D^ uUh�2�egh
^ r egh _�x{kn_ �Lq h ^~x{knz�^`_bz d�u ^~] h zf^ [(	)�5� ��=����-�43�� u h x h,egh _ df� j h _g]U_ h jlk u ^ } ^ �UeidfuUh _�k �Uu ^ %

�$k ��q k � j dfu k u h,u h ] _g^ } hpeie k u ^`_ h�e�h � d�e j hp� j h�e�� k s-Fn��qUdf� k �
��^ e x{knzf^n_ hpeQs-B�uUd ^ eQu ^ e � z�j dfs ^ e ( h 3 ( s d��Lq j�^ e � ^`_ � h } d�u ^ e jlk s rABps ] h zf^ ��dfe j h�s k
� ] h _gk } d ^ � knz �

��^ ���Usth _g^ uUh ]U_g^ } h�ege ^ e h���d�e j h�� j hpe |T]D^ dfe�s k dfe ]U_i^ } hpege ^ e ] ^ uUhps eid � �Ud � } k{_ q s k
j hp�Uu �p� } d k u ^ � ^ u ^ h�s � } kn_�^ } d ^ e ^ �
+ kn_�k qUs k sth z � ^`_%kyxnk{z d k{myon^ e o{^�� ^`_ �Uh } dfu ^ e j�_ �pe xnk{zf^`_ hpe%uUh [(	)�5� ��=����-�43�� % k s-B�uUd k

u ^ � z j d�s ^ stdf��q jg^U| u ^ e�� z�j dfs ^ e } df� } ^ stdf��q jg^ ebh�u ^ e�� z j dfs ^ eQ�Lq df�5>�h�stdf��q jg^ e �
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!%� 0 �1�O� 6 � �
2 � k{zf^`_ hpe�uUh * 	)�5�+, =����-�43��

+ _i^ } � ^`k uJ� xL� ( s d�� ��r egh _�x{knmyon^
3 � | ( � � | 6 � � ^ u ^~j hps hpe j�k u ^t^ } d ^ e ^
3 � | ( � 3 | � � � ^ u ^w^ } d ^ e ^ k{�`^`_�k�| s k e�hpe jlkyx{k } ^ s } k{_g�3kwknz jlk
� 3 | �n� � | 6 � � ^ u ^ hpe j F } ^ s } kn_i�3k | s k e k d��Uu k qUs ] ^ q } ^ ^ } d ^ e ^
� 6 | 7 � � | ' � � ^ u ^ e ^ r _ h } kn_i_ h �`k u ^U� &(qUd jlk } k{_g�3k �
� � | 7 � ' | ( � � ^ u ^t^ } d ^ e ^wk{�`^`_�k�| s k e } ^ s s qUd j�k } kn_i�3k~_ h } hp� j h�s h�� j h �

��e d�� � ^`_ s knmzw h�ewuUh [(	)�5� ��=����-�43�� ]D^ uUh�s hpe j�kn_p|�k df�Uu k�| uUd�e ] ^ �54 x hpd�e k{jg_�kyx B�e uUh
qUs k{_ ��qUd xn^ eidfs rA. z d } ^ s ^ � jlk u ^ h�s�� � � 	4% | u hpegu h ��qUh u h x dfu k s h�� j h } ^ � � � q _�k u ^U� ��h
kn^ } ^ s ] d zfkn_�^ !5���=� �\[ ^ qUegq F _ d ^ � k rUd z d j�kn_ k � h _�k{myon^ u ^ uUd _ h j . _ d ^ eidfs rA. z d } ^ � ��	4% * ^
��qUh B�u hpegh 9CF x h z ,�| s q d jlk e*df� � ^`_ s knmXw hpe � j h�dfe k ��q k{z ��qUh _ hpe } knzf^ � k u ^`_*^ q hpe ] d on^ h�e j�kn_�on^
uUd�e ] ^ �54 x hpd�e | } ^ s ^ df� � ^n_ s knmXw hpe~e ^ r _ h ^ j d ] ^ uUh ]U_g^ } h�ege k u ^`_p|Qx h z�^ } dfu k uUh | s h�s-. _ d k�|
r hps } ^ s ^~^ ]U_ . ]U_ d ^ [(	)�5� ��=����-�43�� �

+ _i^ } hpege ^ e,hpe ] d w hpe ] ^ uUh�s } ^nz h j�kn_ hpe jlk e�d�� � ^`_ s knmzw h�e�h j�_g^ } F 2 z k e } ^ s ^ e ^ q jg_g^ e
� ^ u ^ e ^ qJeidfs ]Uz h�egsthp� j h�h�� x d kn_�kn^ � ^ u ^ h�� } kn_i_ h �3k u ^ uUh � k >ph _�^ h�e } k{zf^ � k s h�� jg^U� �Te j h
h�e ] d on^(] ^ uUh jlk s rABps � k >ph _�^ q j�_�k e } ^ dfe k e | } ^ s ^(k � knz dfe kn_�^ d�s ]Uk } jg^ � ^ uUh�egh�s ] hp�U� ^
u ^ eidfe j hps k } k qUe k u ^t] h z k � z j dfs k,j�kn_ h � k hp� x d k u kw] h zf^ h�e } k{zf^ � k u ^`_p�

�Lh _ d k�jlk s r B�s r k e j�k � j h � j d z egh ^ e knzf�n^`_ d j s ^ e
uUh�hpe } knz�^ � k sthp� jg^ � ^ egeihps } kn]�k >phpe
uUh } ^ � �Uh } h _ } k u k�j�kn_ h � k | ��qUh j d ]D^ uUh jlkn_ h � k B | } ^ s ��qUh�d�� j hp�Ueidfu k uUh�eih } ^ s qU�Ud } k | h j } �

F�!=F�!8" � �/9�`bst9�+6-�260Y9 	�9�`b- � 9
��s k } kn_�k } j h _ 4�e j d } k s qUd j�^ uUd � 4 } d z u h,eih } ^ �U�Uh } h _ s k e�h�� jg_ hps k sthp� j h�� j d z | egh � ^`_

k u �Lq d _ d�u k | B ^ } qUe jg^ } ^ s ] q j�k } d ^ � knz u k } kn_i�3k�k egh _ h�e } knzf^ � k u k � ��h ^ hpe } knzf^ � k u ^`_8j d x h _
} ^ �UuUd mXw hpe�uUh�u d � h _ hp� } d kn_�k e jlk{_ h � k e ] h zfk eiq k } kn_g�`k } ^ s ] q jlk } d ^ � k{z | ] ^ uUh jg^ s kn_ uUh } d 2
e w h�e�rDh�s>s k dfeQdf� j h z d � hp� j h�e | } ^ s ^~knz�^ } kn_1x F _ d k e jlkn_ h � k e�sthp� ^`_ h�e k qUs � ^ u ^ h kn] h�� k e
qUs k��n_�k �Uu h k ^ q j�_g^ | uUh � ^`_ s k ��qUh k s r ^ e*hpe j h 9 k s>r k egd } k sthp� j h } ^ s k sthpeis k } kn_i�3k |
sthpeis ^ ��qUh-qUs j hp�U� k h � h j d x{k s h�� j hJs k dfe j�kn_ h � k e~��qUh ^ ^ q j�_g^ � �Te j h } ^ �U�Uh } dfsthp� j�^
j�k s rABps�egh _ F s qUd j�^ � j d z%]�kn_gk k s d �`_�k{myon^ uUh jlkn_ h � k e � ��h _ d k uUh�e ] h _ u54 } d ^ std �`_gkn_ q s k
j�kn_ h � k �Lq h,h�e j F ]U_ hpe j hpe k j h _ stdf� k{_p|�x d�e jg^ ��qUh ^ e } qUe jg^ e�uUh�s d �`_�k{myon^ e on^ s qUd j�^wknz j�^ e �

��r j h _�jlk d�e�df� � ^`_ s k{mXw hpe�� on^ B knz��`^~j�_ d x d knz |U] ^ dfe jlkn_ h � k e�uUh } .LuUd �n^ ] hp��qUh�� ^ � on^
e on^U| �Uh } h�ege k{_ d k s h�� j h | sthp� ^`_ hpe � + ^ u h�2"eih ^ r j � 2 zfk e�uUh knzf� qUs k e � ^`_ s k e�%

��] hpu d _ k{^ ]U_g^`�n_�k s k u ^`_ u k kn] z d } knmyo{^ %ws h�egs ^ ��qUhJhpe j�k7jlkn_ h � k eih 9 k uUd � 4 } d z
]�kn_�k
^[] _g^`�`_gk s k u ^`_ h � on^ uUh�egh 9CF x h z |�] ^ dfe ] h _ uUh 2"egh kYjg_�k �Ue ]�kn_ �p� } d kY� k >�hp�Uu ^ } ^ s
��qUhwh z h j�^ s h u h } d�e w hpe�e ^ r _ h ^ hpe } knz�^ � k sthp� j�^ | qUs egd�s ] z hpe�hp�U��q k u _�k sthp� j�^ uUh
} k u k[jlkn_ h � k hps q s j d ]D^ hpe ] h } 4 � } ^ 9CF ] ^ uUh egh _ uUh �`_gk �UuUh k 9iqUu k � + ^ u h�2"eih |
] ^`_ h���hps ]Uz�^U|�] hpuUd _ kn^ q egq F _ d ^ ��qUh } z k egegd ����qUh eiq k e kn] z d } knmXw hpe } ^ s ^ z h x hpe ^ q
] hpe k u k e |�^ q } ^ s ^~jlkn_ h � k e } ^ s s qUd jlk ^ q ] ^ q } k } ^ s qU� d } k{myon^U�

� } ^ s r k egh7hps h���h } q mXw hpe k � j h _ d ^`_ h�e % egh h�e jlk � o{^Y� ^`_ k�] _ dfsthpd _�k x h�> �Lq h qUs
sthpeis ^ } ^ �D9iqU� jg^ uUh j�kn_ h � k e ]U_ h } d�e k egh _ h�e } k{zf^ � k u ^U|U^ hpe } knz�^ � k u ^n_�]D^ uUh j h _ qUs
} ^ �U�Uh } d�s h�� jg^ uUh�q s } ^ s ] ^`_ij�k sthp� j�^ k � j h _ d ^`_ h�e k rDh _ hpe j dfs kn_Qk } k{_g�3k uUh } k u k
j�kn_ h � k �
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� } ^ s ] d zfk u ^`_ hpe�hpe ] h } 4�� } ^ e�% z d�� � q kn� hp�Ue�uUh ]U_i^`�`_gk s k{myon^ uUhpeihp� x`^`z x dfu k e ]�k{_�k h�e j h
] _g^`] .`egd j�^�]D^ uUh�s d�� } ^n_g] ^`_�kn_8kn^ } .LuUd �`^ df� � ^n_ s knmXw hpece ^ r _ h k �Lq k � j dfu k uUh*u h z knm�^ e
h ��dfe j hp� j h�e | ^tjlk s k �U� ^ uUh } k u k qUs | h j } � ��s�h � h�s ] zf^ u hpe j�k j B } �Ud } k B�uUhpe } _ d j�^
h�s � )*��� �:� 	 �

Objeto de cálculo Objeto de cálculo

Objeto Distribuição

Objeto de cálculo

Objeto saída

� ������	�� 6 � 6 2 � ��hps ]Uzf^ uUh�qUs � _�k } jlknz u dfe jg_ d�rUq54fu ^U�

) ^ s ^ h � h�s ] zf^U|�] ^ u h�2"eih } d jlkn_ qUs kwkn]Uz d } k{myon^ j 4 ] d } k uUh � h _�knmpon^ uUh � _�k } jlk d�e � � ^
h � h�s ] zf^ u k � d � q _�k 6 � 6 | j h�s ^ e�qUs k7kn]Uz d } knmyon^ uUdfe j�_ dfrUq54�u kJ]�kn_�k dfege ^U� ��hpe j h } k e ^U|Tk
uUd�e jg_ dfr qUd mpon^ � ^ d � h�d j�k u k eih � q df� j h � ^`_ s k %

� h ��dfe j h�qUs ]U_i^ } hpege ^ _ hpe ] ^ �UeCF x h z hps�uUdfe j�_ d�rUqUd _�]�kn_�j hpe
u k d�s kn� hps k eih _ } knz } q zfk u k
h�� j�_ h ^ e x F _ d ^ e ]U_g^ } h�ege ^ e } F z } q zf^U� �Te j h ]U_g^ } h�ege ^�_ h } h�rDh ^ � ^ sthTuUh # uUd�e jg_ dfr qUd mpon^ $ �

� } k u k ]U_g^ } h�ege ^ # } F z } q zf^ $ } k{z } q z k k ]�k{_ij h _ h } h�rUdfu k h-hp� x d k ^ _ h�egq z jlk u ^ ]�kn_gk ^
^ r:9ih jg^ # e k 4�u k $ | ��qUh,h���dfr h ^ e _ h�egq z jlk u ^ e�� k~j h zfk�

� h ��dfe j hps � ] _g^ } hpeie ^ e } F z } q z�^ e�d � q k d�e�h } ^ s k s h�egs k } k{_g�3k�* sthpegs ^ ���Usth _i^ uUh
] ^ � j�^ e ]�kn_�k } knz } q z kn_ , �

��^ � � s h _g^ uUh ]D^ � jg^ e u k d�s kn� hps j�^{jlknz B � ^`_ �Uh } dfu ^�] h z�^ qUeiq F _ d ^ � k�z df�U� k uUh
} ^ s k �Uu ^U�
�H��qUh ] ^ uUh�2�egh x h _ d�� } kn_ } ^ s>h�e j h�h���hps ]Uzf^ B���qUh } k u k ]U_i^ } hpege ^ } F z } q z�^�j hps qUs

# ] h�e ^ $ | qUs k } kn_g�3k�| u d _ h jlk sthp� j h ] _g^`] ^`_ } d ^ � knz�k ��q k � j d�u k uUhwuUh ] ^ � j�^ e���qUh _ h } hpr h _ F
]�k{_�k } knz } q zfkn_p� ��s hpe } knzf^ � k u ^`_�| u h ] ^ eiegh1uUhpe jlk d�� � ^`_ s knmpon^U| ] ^ u h | ]D^`_ h � h�s ] zf^U| h x d jlkn_
} ^`zf^ } kn_ u ^ dfe } F z } q zf^ e�hps q s s h�egs ^ � ^ u ^U� ��h�h�e j�k kn]Uz d } knmyon^ h�e j d x h _ h � h } q j�k �Uu ^ hps
qUs k s rUdfh�� j h } ^ s ^ d j�^ � ^ u ^ eth-egh j h ]U_i^ } hpeie ^ e uUh } F z } q zf^ |1j hps~2"egh-qUs jg^njlknz u h 3 �
]U_i^ } hpeie ^ e k egh _ hps hpe } knz�^ � k u ^ e ]�k{_�k�^ d j�^ � ^ u ^ e � ) ^ s ^,^ e ]U_g^ } h�ege ^ ebuUh } F z } q zf^�� k >�hps
s q d j�^ qUe ^ u k )b+1� | q s k e ^`z q myon^ } ^ h _ hp� j h*egh _ d k } ^`z�^ } kn_c^ e ��]U_g^ } h�ege ^ e uUh } F z } q z�^ � ^ e �
� ^ u ^ e1s k dfe _ F ] dfu ^ e | h ^ e ^ q j�_i^ e 6 ]U_g^ } h�ege ^ e * ]U_ d�� } d ]�knz | u dfe jg_ d�rUqUd mpon^ h�e k 4fu k), � ^ � ^ u ^
uUh,sthp� ^`_ uUh�egh�s ] hp�U� ^U� + ^n_ Bps | hpe jlk � on^ B,qUs k e ^`z q myon^ s qUd j�^w_�k } d ^ � knz u ^t]D^ � jg^ uUh
x dfe jlk uUh qUs�h�e } k{zf^ � k u ^`_ �Lq h � on^ } ^ �Ueih � q h uUd � h _ h�� } d kn_�k } k{_g�3k uUh } k u k ]U_i^ } hpeie ^U� �
s k dfe } ^ h _ h�� j h | ]�kn_gkt^ knz��`^`_ d j s ^U| egh _ d k } ^nzf^ } kn_ s k dfe�u h�qUs ]U_g^ } h�ege ^ � ^ e�� ^ u ^ e�s k dfe
h � } d�hp� j h�e � + ^ uUh _ d k ^ } ^`_i_ h _�^ } k e ^ uUh~qUs �U�Ud } ^ � ^ u ^ } ^ s u ^ dfe ]U_i^ } hpeie ^ e } F z } q zf^U| ^
��qUh�� on^ B�uUh�egh 9CF x h z �

� x{knz d kn_1k } kn_i�3k } ^ s ] q jlk } d ^ � knz u h�qUs k jlkn_ h � k B�r k e j�k � j h _ h z h xnk � j h |�k df�Uu k s k dfe
��q k � u ^ } ^ � jlk 2�egh } ^ s sHF{�Lq df� k e*� ^ s ^`� �p� h k e | uUdfe ]D^ e jlk e�h�s qUs %\[?!5������� �
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�Ts qUs eidfe j hps k kn�`_ h �3k u ^U|Oknz�� qUs k e } ^ �Uegd�uUh _gknmXw hpe�uUh x h�s egh _�� h�d j�k e���q k � j�^-kn^

h�e } k{zf^ � k s h�� jg^ %

��^ e�� ^ u ^ e�e o{^ uUh~qUe ^ h � } z qUeid xn^ % k dfu Bpd k r Fnegd } k uUh~q s %\[?!5������� B~�Lq h~egh 9 k jg^njlknz 2
sthp� j h�dfe ^nz k u ^ u k~_ h�uUh�h�uUhps k d�ebqUegq5F _ d ^ e |U^ q egh 9 k�| uUhp� j�_i^ u k _ h�uUh��Lq h�df� j h _gz d �3k
^ eQ� ^ u ^ e1u ^ %\[?! ������� | eC.�h���dfe j h�s ] _g^ } hpeie ^ e*h } ^ s qU�Ud } knmpon^ _ h � h _ hp� j hpe v�kn]Uz d } knmpon^
u dfe jg_ d�rUq54fu k hps h ��h } q myon^ �

� s-Fn��qUd�� k e�� ^ s ^`� �p�Uh k e�hteidfs B jg_ d } k e % } k u k � ^ u ^ uUhwqUs k{�`_ h �3k u ^J] ^ egeiqUd ����� ���
����� � u hpegu h ^ df� 4 } d ^ s ^ � jlk u ^�]Ukn_�k hpe jlk ��� knz dfu k uUh � � z Bps�u h�eih _ hps#� ^ s ^`� ���Uh k e |
d�e jg^ B | sthpegs ^,]U_g^ } h�ege k u ^`_p| s h�egs ^ ��d�e j hps k � ] h _�k } d ^ � knz | sthpeis ^ e _ h } q _ e ^ e � 4fegd 2
} ^ e |{^ e%� ^ u ^ e jlk s rABps e on^ egdfs B jg_ d } ^ e | � ^ egh�� j dfu ^ uUh1egh _ hps d � q k d�eOhps ��q k � j d�u k uUh
u h�s h�s-. _ d k�|Lx h zf^ } d�u k uUh�u ^w]U_g^ } h�ege k u ^`_�| x h zf^ } dfu k uUh�h j�k s k �U� ^ u ^ e�uUdfe } ^ e _ 4 � d 2
u ^ e | h j } �

� s k d ^`_*zfkn_g� q _�k uUh�r k � u k |U] ^ egeidfrUd z d jlk �Uu ^ qUs ]�k{_�knz h z d�egs ^ uUh �`_gon^ s h�� ^`_ �
� x F _ d k e ] z k } k e
uUh _ hpuUh % ^ qUe ^ uUh x F _ d k e ] z k } k eTuUh _ hpu h ]�k{_�k�� k >ph _*k } ^ s qU�Ud } knmyo{^U|
d�� } z qUegd x h } ^ s ]�k u _ w hpe�h ]U_g^{j�^ } ^`z�^ ebuUd � h _ h�� j hpe �
� k ]U_g^`�n_�k s knmyo{^ ^`_ d�hp� jlk u k-kJ^ r:9ih j�^ e�uUd�e jg_ dfr q54fu ^ e | } ^ s ^ � ^ } k e ^ u ^ �+1)�� �

* ) kn] 4 j q zf^H7 ,�|ck } kn_g�3k uUh~q s � ^ u ^ � on^ eih _ F ]U_i^`]D^n_ } d ^ � knz8kn^ e ^ r:9ih jg^ e�hps h ��h } q myon^U|
s k etegdfs v e _ h���qUdfeid mXw hpe uUh7s B jg^ u ^ e _ h knz d?> k u k e ] ^`_ h�e j hpe � ��h h�e jlk e _ h���qUdfeid mXw hpe � ^ 2
_ hps d�s ] z hpsthp� j�k u k e } ^ s ^ } � k s k u k e�uUh � qU� mzw h�e ^ q s h�egs ^ � ����� �5��� | � } k uUd � 4 } d zc]�kn_�k
^ hpe } knz�^ � k u ^n_ } ^ � j�_g^nz kn_tk } kn_g�`k � ��h�e j h } k e ^U| � k sthpuUd�u k ��qUh k �`_gk ��q zf^ egdfu k uUh � ^`_
uUd�s d���qUdf�Uu ^U|�]�k eie k � u ^ u h egdfs ]Uz hpe ]U_i^ } hpeie ^ e * k s k dfe knz�j�k),�]�kn_gk � qU� mXw hpe ^ q sthpeis ^
]U_i^ } hpeie ^ e z h x hpe * � ��� � �5��� , | s k dfe } ^ s ]Uz d } k u ^ � } kw^ k{zf�`^`_ d j s ^ uUh�hpe } knzf^ � k sthp� j�^U�

� zf�`^n_ d j s ^ eQuUh�h�e } k{zf^ � k s h�� jg^~]D^ uUh�s egh _�j�k s rABps>hps ]U_ h �3k u ^ e ]Ukn_�k hpe } ^`z �Uh _�k
_ hpuUhws k dfe ^ } d ^ e k ]�k{_�kJk{j h��UuUh _ k } ^ s qU�Ud } knmpon^ hp� j�_ h u ^ dfe�� ^ u ^ e�h�e ] h } 4 � } ^ e | } k e ^-^ e
� ^ u ^ e ]D^ egegq k s.s k d�e8uUh*qUs k�]Uz k } k uUh _ hpu h � �Te j h�hpe } knz�^ � k sthp� jg^�]D^ uUh | df� } z q egd x h | q e kn_
k _ hpuUh�uUh�s k dfe knz�jg^ uUh�egh�s ] hp�U� ^t]Ukn_�k k } ^ s q �Ud } knmyon^ hp� j�_ h ]U_g^ uUq jg^`_ h�ebh } ^ �Uegq s d�u ^ 2
_ hpe | h k~_ h�uUh,uUh�s h�� ^`_�z k{_g� q _gk uUh�r k �Uu kw]Ukn_�kwk e�uUh�s k d�e | } ^ s ^ k e�uUh � h _ hp� } d k sthp� j�^
uUh jlkn_ h � k e ^ q k �Lq h z k e _ h z k{j d x{k e k{^ � qU� } d ^ � k sthp� jg^ u ^ } z qUe j h _�| } ^ s ^ ���T� * 7 ����� 	�� !
9 'T[(� �:&1������� , �

f 	 y G���Fc: R @�?1I E�FHGJI�KD<1@�?
N�<1:�FONQP�?

&-qUd jg^ e�eidfe j hps k e�q e k s knzf�n^`_ d j s ^ e�uUh h�e } k{zf^ � k s h�� jg^ uUh } kn_g�`k � �h�eguUh ^ e knzf�n^ 2
_ d j s ^ e�s k dfe�egd�s ] z hpe | } ^ s ^ ^ h�e j F j d } ^U|Dk{j B ^ e�s k dfe } ^ s ] z h�� ^ e | h�� xn^`z�x hp�Uu ^ s d �`_�knmpon^
h�s qUs eidfe j hps k uUdfe j�_ d�rUq54�u ^U�

��e�rUd�r z d ^nj h } k e�uUh } ^ s qU�Ud } knmpon^ h � d�e j hp� j h�e | } ^ s ^ ^ +���&6h k e�dfs ]Uz hpsthp� jlknmzw h�e
uUh &7+T� | ]U_g^ x ��s ]D^ q } ^ e _ h } q _ e ^ e�uUh h�e } k{zf^ � k s h�� jg^ u h j�kn_ h � k e � � ^ } k e ^ u ^ +���& | ^
]U_i^`�`_gk s k u ^`_T] ^ uUh | } k e ^ uUhpeih 9ih |L� ^`_gmpkn_Qk } k{_g�3k uUh�qUs ] _g^ } hpeie ^ h�s#qUs k uUh j h _ s d�� k u k
s-Fn��qUdf� k � ��h*h z h1uUhpd � k{_ ��qUh k�]U_ . ]U_ d k rUdfr z d ^nj h } k h�e } ^`z � k�^ � ^ u ^�^ �UuUh1uUh x hbegh _ } _ d k u ^�^
]U_i^ } hpeie ^U| h z h*d _ F�hpe } ^`z � h _Tk ��qUh z hb��qUh j d x h _�^ s h�� ^`_ ���Usth _i^ uUh ] _g^ } hpeie ^ eTh�s.h ��h } q myon^U|
^ ��qUhQ� on^ eid � � d�� } k q s k } kn_i�3k s k d ^`_�� ! _�k jlk 2�egh | hp� j�on^U| uUhQq s k egd�s ]Uz hpe z dfe j�k } d _ } q z kn_ uUh
]U_i^ } hpeie k u ^n_ hpe | ^ �UuUh ^ e � ]U_g^ } h�ege ^ e�eih _�o{^ uUd x dfuUd�u ^ ebh�� jg_ h ^ e � ]U_g^ } h�ege k u ^`_ h�e � �Te j h
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h�e } k{zf^ � k u ^`_ h�e j F j d } ^J]D^ uUh } ^ s h j h _ h _g_i^ e | ��q k �Uu ^(kJkn] z d } knmyo{^ ]D^ egegq dTu ^ dfe ] _g^ } hpeie ^ e
} ^ s ] ^ q } k } kn_g�3k�| j d ] d } k s h�� j h � � � � ;�	�!#� � | h ^ e ^ q j�_i^ e�uUh } kn_i�3kwknz�j�k �

� zf� q s k e dfs ]Uz h�s h�� j�knmXw hpe uUhY+���& q j d z d > k � u ^ std �`_gknmyon^ u h ] _g^ } hpeie ^ e � ^`_gk s
uUh�egh�� xn^`z�x d�u k e } ^ s ^ k kn]U_ hpegh�� jlk u k h�s � 0 ��� �O� 	 � ��hpe j h�eidfe j hps k |�k std �`_gknmyon^ uUh�q s k
j�kn_ h � k h�� x`^`z x h,�Lq k{j�_i^t]Uk ege ^ e %

��^ h�e } k{zf^ � k u ^`_ � ^nj d�� } k ^ �5������	�� _ hpe ]D^ � e F x h z uUh ��qUh qUs uUh egh�qUe ] _g^ } hpeie ^ e
] _ h } dfe k eih _ std �`_gk u ^ �

� h�e j h |3] ^`_ eiq k�x h�> | hp� x d k q s k sthp� e kn� h�s ]Ukn_�k�jg^ u ^ e ^ e�u hps k dfe �5������	���� h � d�e j hp��2
j hpec� k sHF{�Lq df� k*x d _�j q k{z | egd�� knz d?> k �Uu ^ ��qUh
qUs k std �n_�knmpon^�^ } ^`_g_ h _ F | h1��qUh1�Uh��U��qUs k
} ^ s qU� d } k{myon^ uUh x h egh _ _ h knz d > k u k } ^ s ^ � ^ u ^ hps ��qUhpe jlon^ k{j B ��qUh k s d �`_�knmpon^
eih 9 k } ^ � } z q54fu k �

� u h ] ^ dfe�uUh _ h } hpr h _ qUs k } ^ � � _ s knmpon^ uUh } k u k � ^ u ^U| eidf� k{z d?> k �Uu ^ eiq k } df�p� } d k�|%^
} ^ � j h � jg^�k{j q knz u ^�]U_g^ } h�ege ^ B j�_�k �Ue � h _ dfu ^�]�k{_�k eghpq�� ^ x`^�z�^ } knz h1qUs � ^ x`^�]U_g^ } h�ege ^
B } _ d k u ^ �

��] ^`_ ��s |c^ � ^ x`^7] _g^ } hpeie ^ } ^ �Uh } j�k 2"eih k{^ �5������	�� u ^ � ^ xn^ � ^ u ^ hwhpe j h � ^nj d � } k
jg^ u ^ e ^ e�uUhps k dfe�e ^ r _ h ^ � ^ x`^ hp�UuUh _ h mp^ * dfuUh�� j d�� } k u ^`_ , u ^-]U_g^ } h�ege ^ | ]�kn_gk ��qUh
] ^ eie k s } ^ s qU� d } k{_ 2"eih } ^ s h z h �

�.s d �`_�k{myon^ B k eieC4f� } _g^ � k |M] ^ uUhp�Uu ^ egh _�� hpd j�k k ��q k{z ��qUh _ s ^ sthp� jg^U| h�� x`^`z x hp� u ^
kn] hp� k e ^t] _g^ } hpeie ^ ��qUh�eih _ Ftstd �`_gk u ^ h k ��qUh z h�e���qUh,s k � j Bps } ^ s qU�Ud } knmyo{^ } ^ s h z h �

� q k � jg^ kn^ &7+T� |D] ^`_ egh _ � +1&7 | j�^ u ^ e ^ e ] _g^ } hpeie k u ^`_ h�e�hpe j�on^ h ��h } q jlk �Uu ^ e ^ 2
sthp� j h�q s ]U_g^ } h�ege ^U| eihp�Uu ^ ��qUh�hpe j h B ^ sthpeis ^�]Ukn_�k�j�^ u ^ e � �T� jlon^ � on^ h � d�e j h�� hp�U��qUs
s ^ sthp� j�^ h�s ��qUhwuUh xnk 2"eghwh�e } ^nz �Uh _ hps ��q k{z�]U_g^ } h�ege k u ^`_ qUs ]U_g^ } h�ege ^ uUh x hwegh _ } _ d k 2
u ^ � ��hpe j h } k e ^Jk e ] ^ ege 4 x hpdfe�uUd � h _ hp� myk e�h�� jg_ h } kn_g�3k e } ^ s ] q j�k } d ^ � k d�e�eih _gon^ _ h�egq z jlk u ^
u k uUdfe j�_ dfrUqUd myon^ uUh�u k u ^ e�h�� jg_ h � qUhpe ]�kn_�kt]U_g^ } h�ege k s h�� j�^U| h h�e jlk uUd x dfe on^w� k > ]Ukn_ij h�u k
kn] z d } knmyo{^ h�u kw� ^n_ s k } ^ s ^ h zfk~� ^ d ^`_g�`k �Ud?> k u k z�^`� d } k sthp� j h ] h z�^~]U_g^n�`_�k s k u ^n_p�

F�!^].!8" �W)X9B46+6(|9V(M7�$'(*)X$8+.9B+.- +.9B)�-D)zA_9B;:c�-D)
��e 4��UuUd } hpe8uUh ^ } d ^ egd�u k uUh1uUh�qUs k hpe jlknmpon^ uUh jg_�k r knz � ^�]D^ uUh�s.eih _ r k e jlk � j h�h z h x{k 2

u ^ eQh�s eid j q knmyo{^ � ^n_ s knz uUh�q e ^ h k{j B�s h�egs ^ u h kn]U_i^ � d�s k u k sthp� j h 3 �`� � hps � ^`_ F _ d ^ e
h�e ] h } 4 � } ^ e | } ^ s ^ u q _�k � j h k � ^ d j h h
��� k dfe~uUh-egh�s k � k � � ]U_i^ x hpd jlkn_ h�e jlk ^ } d ^ egdfu k uUh
]�k{_�kwk 9iqUu k{_ � kt_ h knz d?> knmyon^ u h,u h j h _ stdf� k u k jlkn_ h � k~] ^ uUh jg^`_ � kn_ 2�egh�df� j h _ h�ege k � j h �

��s h���hps ]Uzf^ B k ]U_g^`] ^ e jlk 0bk j�_ q � � !8��� � E
	 | ��qUh7s ^ � d j�^n_�k sHF{�Lq df� k e kn]U_i^ 2
x hpd j�k �Uu ^ eiq kJ^ } d ^ eidfu k u h ]�kn_gk _ h k{z d?> kn_ u h j h _ stdf� k u k jlkn_ h � k � ��s �5������	�� ] h _ s k �Uh } h
h � h } q j�k �Uu ^ h�s } k u k s-Fn��qUd�� k ��qUh } ^ s ]*w h k e } � k s k u k e } B z q zfk e,u ^ 0bk{jg_ qU� � ) k u k
} B z q z k � qU� } d ^ � k } ^ s ^ eih ] h _�j h�� } h�egegh v qUs s h�egs ^ hpe } knz�^ � k u ^n_�zf^ } knz | } ^ s qUs k s-F 2
��qUd�� k _ h�e ] ^ �Ue F x h z%] h zf^~� h _ hp� } d k s h�� jg^U� � eidfe j hps k ^ rUeih _�xnktk e k{j d x dfu k uUhpe�u ^ ��	�!5�4� h
u ^~j h } zfk u ^w]�kn_gk uUh j h _ stdf� kn_�k~^ } d ^ eidfu k u h�u k sHFn��qUd�� k �

) k e ^ h z k � on^ hpe j h 9 k hps qUe ^ df� j h _�k{j d x`^ ]D^n_ �Uh��U��qUs q egq F _ d ^ � ^ s ^ s h�� j�^U|b^
eidfe j hps k h�� jg_�k h�s k{myon^U| _ h } h�rDh��Uu ^ qUs ktj�kn_ h � k ]�kn_gk h���h } q j�kn_p� ) k e ^ h z ktxn^`z�j h k � } kn_
d�� k{j d x{k | } ^ s k ]U_ hpegh�� myk uUh qUs q egq F _ d ^U| k~jlkn_ h � k B } ^ � � h z k u ktk{jg_�kyx B�e�uUh %��
��% ! �
	�' �
� �
h�egh�q(h�e j�k u ^t]D^ uUh�egh _�_ hpe jlk q _gk u ^ hps ��q k{z ��qUh _�^ q j�_gk s-Fn��qUdf� k u k } B z q z k��

� } ^ s qU�Ud } knmpon^ h�� jg_ h k e*s-Fn��qUdf� k e B _ h k{z d?> k u k,k{j�_gkyx Bpe*uUh�	�+1) * F ����	����D� � 	4%����
��!�� �+� �O[T[ , | sthpeis ^ egdfe j h�s k q j d z d?> k u ^�] h zf^ ���Ud � ]Ukn_�k ] _g^ x h _ egd�e j h�s k eQuUh kn_ ��qUd x`^ eQhps
_ hpuUh �
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� ��dfe j h�s jlk s r B�s knz�� qU�Ue ]U_i^`�`_gk s k e uUdfe ]D^ �54 x hpdfe � k �"� j h _ � h j ��qUh ] ^ uUhps egh _
d��Ue j�knz k u ^ e } ^ s ^ ]U_g^nj h jg^`_ h�e uUh j h z k | egh��Uu ^�k j d x{k u ^ ew�Lq k �Uu ^ ^ eidfe j hps k h�e j d x h _ eihps
qUe ^U� � z�� qU�UeQh���hps ]Uz�^ e*e on^ ]U_i^`�`_�k s k e } ^ s ^ ] _g^`] .`egd j�^ uUh k � k{z dfe kn_
^ egh���qUhp� } d k sthp� jg^
uUhb���� | ��qUhpr _�kn_T] ^`_8� ^n_gmyk r _ q j�k�knz�� qUs knzf�n^`_ d j s ^ u h } _ d ] jg^`�`_�k � k | h�� j�_ h ^ q j�_i^ e � � z hpe
j hps k7]D^ egegd�rUd z dfu k uUhwuUh j�_gk �Ue � ^`_ s kn_ } k u k s d } _g^ } ^ s ] q jlk u ^n_ u h qUegq5F _ d ^ } ^ s qUs hps
qUs � ^ u ^U| s h�egs ^ ��qUh ] ^ q } ^ _ h ] _ hpeihp� jlk j d xn^U| ]�k{_ij d } d ]�k � j h,uUh qUs k d�s h��Ue kt_ hpu h � � j B
sthpeis ^ k k � F z dfeih uUh ^ �Uu k ewuUh _ FnuUd ^ } ^ s ^ ^ r:9ih j d xn^ u h-u hpe } ^ r _ d _~x dfu k ewh�s ^ q jg_g^ e
]Uzfk �Uh jlk e � k >�q e ^ uUhpe jlk~j B } �Ud } k �

f 	 � X ?
N�Ik��E�F S <
B �FOI|� ��N�< ��I

� jlk{_ h � k uUh h�e } k{zf^ � k{_�jlk{_ h � k e�h�� jg_ h x F _ d ^ e ]U_i^ } hpege k u ^`_ hpe�h�� xn^`z�x h s qUd j�^ e ]�kn_ l 2
sth jg_g^ e � � h�e } k{zf^ � k u ^`_,]D^ uUh } ^ �UeidfuUh _�kn_�|�]D^n_ h � h�s ] zf^U| �Lq h � on^ B ^ �U� d } ^7k knz�^ } kn_
_ h } q _ e ^ e ]�k{_�k,k ��qUh z h�� ^ u ^ |L] h zfk h���dfe j �p� } d k uUh�qUs#egd�e j hps k s q z�j d�qUegq5F _ d ^U� ��egeidfs | s h�e�2
s ^ ��qUh�h z h�� o{^,j hp�U� k uUh�egd � � k u ^ } k{_g�3k e knz jlk e ]�kn_�k qUs�u h j h _ stdf� k u ^�]U_g^ } h�ege k u ^`_�| h�e j h
] ^ u h�hp� } ^ � j�_�k{_ 2"eih�h�s qUs k egd j q knmpon^ uUh�e ^ r _ h } kn_g�`k �

�Ts>qUs } ^ �D9iqU� j�^ uUh�s-Fn��qUdf� k e } ^ s ]�kn_�j d z � k u k e ] ^`_bx F _ d ^ ebqUeiq F _ d ^ e | qUs k~k r ^n_ 2
u k{� hps v std �n_�knmpon^ uUh } k{_g�3k-]D^ uUhtegh _ 9iqUe j d�� } F x h z � �"e j�^ ] ^`_ ��qUh ^ ]U_i^ } hpege k u ^`_�]D^ uUh
eiq _g]U_ hph��UuUh _Q^ knz��`^`_ d j s ^ uUh�hpe } knz�^ � k sthp� j�^ | s ^ e j�_�k �Uu ^ 2�egh�egqUr d jlk s h�� j h�e ^ r _ h } k{_g_ h �3k 2
u ^ �
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� � �������

� z df� � q kn� h�s6uUh ]U_i^`�`_�k s knmpon^ �+1)�� � * � '(���6�='6;)!#��� � � � 	4%�������' ��3 ' � ��#�# ,,� ^ d
uUh�egh�� xn^`z�x d�u k � ^ �"�Ue j d j q j�^ uUh �"� � ^`_ s-F j d } k u k ���Ud x h _ egd�u k uUhJ��h�uUh _gknz u ^ 	�d ^ � _gk �UuUh
u ^ �Lq z * ����	��,� , } ^ s ^J^ r:9ih j d x`^ uUh � k } d z d jlkn_�k ]U_i^`�`_�k s knmpon^ u dfe jg_ d�rUq54fu k k{j�_gkyx Bpe�u ^
} ^ � } h�d jg^ uUh ^ r:9ih jg^ e u dfe jg_ d�rUq54fu ^ e�� )*�c� � 6 | )*�%� �&7 	 � ��r 9ih j�^ e�uUdfe j�_ dfrUq54�u ^ ece o{^�^ r:9ih j�^ e
��qUh ] ^ uUh�s eih _ } _ d k u ^ e�hps>qUs k s-Fn��qUdf� k uUd � h _ h�� j h�u k �Lq h,h�e j Fwh ��h } q jlk �Uu ^ k~kn]Uz d } k 2
mpon^U� � �+1)�� �>r k eihpd k 2"egh~� kJz df� � q kn� h�s )�� � | j h��Uu ^-k s h�egs k egd�� j�k ��hwh~df� } z qUd��Uu ^
s k dfe knz�� qUs k e ]�k{z kyxL_�k e _ hpeih _ix{k u k e � ! _�k{j�k 2"eih | � k x h _ u k uUh | uUh�qUs ]U_ B 2 } ^ s ] d z k u ^`_ ��qUh
� h _�k } .LuUd �`^ hps�)�� �.��qUh�uUh ]D^ dfe�egh _�k } ^ s ] d zfk u ^ ] h z�^ } ^ s ] d z k u ^n_ )�� � �

� qUe ^ uUh,qUs kwz d�� � q k{� hps ^`_ d�hp� jlk u k kw^ r:9ih j�^ e } ^ s ^ r k eih ]Ukn_�k qUs ktz df� � q kn� hps
uUd�e jg_ dfr q54fu k uUh x h�2"eih kn^~� k{jg^ uUh�h���dfe j d _ hps } kn_gk } j h _ 4�e j d } k e�eghpsth z � k � j h�e�hp� j�_ h k s r k e %

�$k e j�_g^ } k e�uUh ]�kn_ lns h j�_i^ e�hp� j�_ h ^ r:9ih jg^ e ]D^ uUh�s � k } d z sthp� j h�egh _ h�s j�_�k �Ue � ^`_ s k u k e
h�s j�_i^ } k e�uUh�sthp�Ue kn� hp� e �

� q s ^ r 9ih j�^�j hps eghpq } .�uUd �`^ h�� } kn] egq zfk u ^U|�^ q egh 9 k | � on^ B ] ^ ege 4 x h z | uUh�� j�_g^ u ^
} ^ � } hpd jg^ uUh7qUs k z d�� � q kn� hps ^`_ dfhp� j�k u kYk ^ r:9ih jg^ e ] q _�k |�k } hpeie kn_ q s k xnk{_ d F x h z
d�� j h _ � k uUh7qUs ^ r:9ih jg^U� �
e j h } ^ � } h�d jg^ s qUd j�^ eih k egeihpsth z � k�v uUd�e j�_ dfrUq d myo{^ uUh
sthps . _ d k h ��dfe j hp� j h,hps s-Fn��qUd�� k ebuUd�e jg_ dfr q54fu k e �

� q s ^ r:9ih j�^ � on^ uUh ] h��UuUh-uUh ^ q jg_g^ ]�kn_gk h���h } q jlk{_p| d�e jg^ B | � on^ uUh ] hp� uUh(u k h�e�2
jg_ q j q _�k d�� j h _ � k uUh ^ q j�_i^w^ r:9ih jg^U� � q knz ��qUh _�k } h�ege ^ k � qU� mzw h�e�uUh�� j�_g^ u ^w^ r:9ih j�^ e
e ^ sthp� j hwe o{^-] h _ s d j d�u k e k{jg_�kyx B�e�uUhws-B j�^ u ^ e | uUh � ^`_ s k eihpsth z � k � j h k qUs ]U_i^ 2
} hpeie k sthp� j�^ uUd�e j�_ dfrUq 4fu ^ qUe k �Uu ^ 	�+Q) �

�Ts qUs k�z df� � q kn� h�s uUh ]U_i^`�`_�k s knmpon^Y^n_ dfh�� jlk u kYk�^ r:9ih jg^ e ^ } ^`_i_ h kYjg_g^ } k uUh
d�� � ^`_ s knmzw h�e hp� jg_ h�qUs ^ r:9ih jg^ } _ d k u ^ h ^�^ r:9ih jg^H* ^ q kn]Uz d } knmyon^), ��qUh ^ } _ d ^ q � �Te j�k�jg_g^ } k
uUh�d�� � ^`_ s knmzw h�e B _ h knz d > k u k�] h z�^ e ]�kn_ lnsth j�_i^ eTuUh } _ d k{myon^ u ^�^ r:9ih j�^U�  k sthpeis k�� ^n_ s k |
��q k � u ^ qUs6s B jg^ u ^ u hpe j h ^ r:9ih jg^ B h���h } q jlk u ^U| qUs k7j�_i^ } k uUh df� � ^`_ s knmXw hpe |
k{j�_gkyx Bpe
u ^ e ]�kn_ l{s h j�_g^ e�u k } � k s k u k uUh�s B j�^ u ^ h } ^ �Uegh���
 hp� j h _ h jg^`_ � ^ u h xnk{zf^`_�| B _ h knz d > k u k��
�Te j�kwjg_g^ } k uUh�df� � ^`_ s knmXw hpe�B � hpd j�kwk{j�_gk x Bpe�u k~] d z � k u ^ ��d�e j h�s k � ] h _�k } d ^ � knz �

�\uUd � h _ h�� myk h�� j�_ h�qUs k z d�� � q kn� hps )�� � j 4 ] d } k h ^ �+1)�� � B���qUh�hpe j�k�j�_i^ } k uUh
d�� � ^`_ s knmzw h�e ] ^ uUhps egh _ _ h knz d > k u ^ e k j�_�kyx Bpe~uUh j�_g^ } k uUh sthp�Ue kn� h��Ue |T] h _ s d j df� u ^ ��qUh
^ r 9ih j�^ eth ��h } q j hps h�s sHF{�Lq df� k e~u dfe j df� jlk e | } ^ � h } j�k u k e k{jg_�kyx B�e uUhJqUs k _ h�uUh � � � k
h jlkn]�k uUh ]U_ B 2 } ^ s ] d z knmpon^ ��qUh-hpe j�k j�_i^ } k u h(sthp�Ue kn� h��UeHB-df�Ueih _ dfu k | egh 9 kYk{jg_�kyx B�e uUh
knz�� qUs k rUd�r z d ^nj h } k h�e ] h } 4 � } k�| } ^ s ^~^ +���& h ^ &7+T� | ^ q-sthpeis ^tk{jg_�kyx B�e�uUh �4	4% !5��� � �

� k � d � q _�k�7U� 3 h�� } ^ � jg_�k 2�egh�qUs k x d�e on^w� h _�knz u h,q s kwkn]Uz d } knmyon^ �+Q)�� � } ^ s k e
d�� xn^ } knmXw hpe�uUh�s B jg^ u ^ e _ h k{z d?> k u k e k{j�_gk x Bpe�uUh j�_i^ } k e�uUh�s h��Ue k{� hp�Ue �

y 	 � GJI3PLSUA�P�A�SU< E�?�V�WYX[Z;Z

� k�x h _ e on^tk{j q k{z u ^ �+1)��
� |�^ ] _g^`�`_gk s k u ^`_1]U_ h } d�e k } _ d k{_ qUs kn_ ��qUd x`^ h�e ] h } d knz
} � k s k u ^ uUh uUh�e } _ d jg^`_ u k kn]Uz d } knmpon^U� ��hpe j h kn_ ��qUd xn^ hp� } ^ � j�_�k sw2�egh d�� � ^`_ s knmzw h�e�e ^ r _ h
��q k � j�k e } z k eiegh�eQuUd�e jg_ dfr q54fu k e�h���dfe j h�s#� k�k{]Uz d } knmpon^U| ��q k d�e k e
sHFn��qUd�� k eT��qUh�egh _�on^ q j d z d 2
> k u k e ]�k{_�k } _ d kn_�^ e ^ r:9ih jg^ e
uUdfe j�_ dfrUq54�u ^ e8h��Lq knz sHF{�Lq df� k u h x h�egh _ qUe k u k�]Ukn_�k uUd�e ]�kn_gkn_
^w^ r:9ih j�^ �d _ h j . _ d ^U�
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� q k �Uu ^[^[]U_ h�2 } ^ s ] d zfk u ^`_w� ^`_ h � h } q j�k u ^U| hpe j h B ^[]U_ dfsthpd _i^�kn_ ��qUd xn^ ��qUh h z h
]U_i^ } hpeie k |�]U_i^ } q _�k �Uu ^ h ]U_g^ } h�ege k �Uu ^t^ e�uUh�s k d�e kn_ �Lq d x`^ e * ^ e���qUh } ^ � j Bps ^ } .�uUd �`^ uUh
qUs k } zfk egeih�uUdfe j�_ d�rUq54�u k),��

) ^ s ^ ^ e ^ r:9ih j�^ ewuUd�e jg_ dfr q54fu ^ e~�Lq h ^ ]U_i^`�`_�k s k u ^`_ } _ d ^ q ] ^ u hps h � h } q j�kn_ hps
^ q j�_�k sHFn��qUd�� k u h s h�egs k kn_ �Lq d j h j q _gk |�^ �+Q)�� ��hp� } kn] egq z k egh�q } .LuUd �n^ uUh�� jg_g^ uUh
qUs � ^ xn^ h���h } q j F x h zO]�kn_gk ��qUh ^ sthpeis ^ ]D^ eie k eih _b_ hps ^njlk s h�� j h�d��Ud } d k u ^ h�s>��q knz ��qUh _
s-Fn��qUdf� k u ^Jk s rUdfh�� j h uUd�e jg_ dfr q54fu ^ � �Te j hpe�� ^ x`^ e�h���h } q j F x h�dfe * ] _g^ } hpeie ^ e ,�j h�s _i^nj d�� k e
uUh _ h } h�rUdfsthp� jg^ h�h�� x d ^ uUh�sthp�Ue kn� h��Ue ]�kn_�k~] ^ egeidfrUd z d jlkn_Qk } ^ s qU� d } k{myon^ h�� jg_ h k~_ hpu h �

��s k k{]Uz d } knmpon^ �+1)�� � | uUh ]D^ d�e�uUh } ^ s ] d z k u k�| egh _ F } ^ s ]D^ e jlk�| df� j h _ � k sthp� j h |
u k e�eih � q df� j h�e ]Ukn_ij hpe %

��^ r:9ih jg^ e zf^ } k d�e*uUh ���Udfu ^ e ] h zf^w]U_g^n�`_�k s k u ^n_ �
��^ r:9ih jg^ e�uUdfe j�_ d�rUq54�u ^ ebuUh ���Ud�u ^ e jlk s r B�s ] h zf^w]U_i^`�`_gk s k u ^`_ �
��^ r:9ih jg^ e zf^ } k d�e } � k s k u ^ e�u h ] _g^ } q _gk u ^`_ hpe �
��] _g^`�`_gk s k ]U_ d�� } d ]�knz _ hpe ]D^ � e F x h z8] ^`_ uUd�e ]�kn_gkn_*jg^ u kwktkn]Uz d } k{myon^U�

� q s ^ r:9ih j�^ uUdfe j�_ dfrUq54�u ^ hpe ] h } d knz | } � k s k u ^ uUh ^ r:9ih jg^ �d _ h j . _ d ^ �
��e ^ r:9ih jg^ e zf^ } k d�e | uUh ���Udfu ^ e ] h zf^ ] _g^`�`_gk s k u ^`_�| h�s � k u k uUd � h _ h�s>uUh�qUs ^ r 9ih j�^

� ^n_ s knz � + kn_gk ] h _ std j d _wk z d �`knmyon^ uUh-qUs ^ r:9ih j�^ zf^ } knz } ^ s qUs ^ r:9ih j�^ uUd�e jg_ dfr q54fu ^ |
^ r 9ih j�^ e zf^ } k dfe } � k s k u ^ e%uUh # ]U_i^ } q _�k u ^`_ h�e $1e o{^ df�Ueih _ dfu ^ e ] h zf^ �+1)�� ��� ^ } .LuUd �`^ } ^ s
^t^ r:9ih j d xn^ u h�s k � j h _�^ hp� uUh _ h mp^ u ^ ^ r:9ih jg^ uUd�e j�_ dfrUq 4fu ^ ��qUh _ h ]U_ h�eghp� j�k s�h } ^ � x h _�j h _
k ]�k ege kn� h�s uUh ]�kn_ l{s h j�_g^ e u k df� x`^ } knmpon^ uUh7s-B j�^ u ^ ethps s h��Ue kn� hp�Ue �  k sthpeis k
� ^`_ s k ^Y^ r:9ih jg^�]U_g^ } q _�k u ^n_ B _ hpe ]D^ �Ue F x h z |�jlk s r B�s |*]D^`_ uUh x`^`z x h _ kn^Y^ r 9ih j�^Yzf^ } knz |
� kt� ^`_ s k uUh _ h jg^`_ � ^ uUh s B jg^ u ^ |M^ _ hpegq z�jlk u ^ uUh q s k d�� x`^ } knmpon^ _ h } h�rUdfu k k j�_�kyx Bpe�uUh
qUs k sthp� e kn� h�s�u ^ ^ r:9ih j�^ u dfe jg_ d�rUq54fu ^U� ��� d � q _gk 7U� �th ��hps ]Uz d � } k k ]�kn_�j d } d ]�k{myon^ u ^ e
^ r 9ih j�^ e ] _g^ } q _gk u ^`_ hpe�hps q s k h���h } q mpon^ uUh�s B jg^ u ^ �

� ^ r:9ih j�^ �d _ h j . _ d ^ j h�s qUs k dfs ]D^`_�j ln� } d k s qUd j�^ h�e ] h } d knz �Uh�e j h jg_�k r k{z � ^ h�eih _ F
h�e j q u k u ^ k egh � qUd _��

y 	 � � 	���FMP ?#V��"SUFMP��TS���?

� } ^ s ] d zfk u ^`_ u k�z df� � q kn� hps df� } z qUd3uUh�� j�_g^ uUh j�^ u k�kn] z d } knmyo{^ �+Q)�� �$qUs ^ r 9ih j�^
uUd�e jg_ dfr q54fu ^ hpe ] h } d knz | } � k s k u ^ uUh ^ r:9ih j�^ �d _ h j . _ d ^U� �Te j h ^ r:9ih j�^ � } k hp� } kn_i_ h �`k u ^ uUh

d

b

nodos da rede

c

a a.foo ()

d.bar()

objetos
distribuídos

� ���,��	�� 7U� 3 2 ��d�e on^ ��h _gknz u ^ �+1)�� �
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A’

objeto
procurador

AB
foo()

A.foo()

Main do Processo

Objeto Distribuido

Resposta

� ������	�� 7U� �
2 �"� xn^ } knmyon^ uUh�qUs�& B j�^ u ^ hps �+Q)�� �

� h _ h�� } d kn_ j�^ u k k } _ d knmpon^ h _ hps ^Lmyon^ u ^ etu hps k dfe ^ r:9ih jg^ ewuUdfe j�_ d�rUq54�u ^ e h � d�e j hp� j h�e � ^
eidfe j hps k �

��e � qU� mXw hpe�u ^w^ r 9ih j�^ �d _ h j . _ d ^ e on^ %

� } _ d kn_b^ r:9ih j�^ e�uUd�e jg_ dfr q54fu ^ e �
� s k � j h _�j�k r h z k e�uUh h��UuUh _ h m�^ e���qUh ] ^ egeidfrUd z d j hps zf^ } knz d?> k{_ qUs ^ r:9ih jg^ uUdfe j�_ dfrUq54�u ^
u hp� j�_i^ u ^tk s rUdfh�� j h�h �

� s k � j h _�^ egdfe j h�s k } ^ � �EF x h z8k j�_�kyx Bpe�uUh j�^`z h _ l{� } d k~k~� k{z � k e �
! ^ u k k } _ d k{myon^ u h ^ r:9ih j�^ e�uUd�e jg_ dfr q54fu ^ eQ� ^ k s rUd�hp� j h B � hpd j�k�] h z�^ ^ r:9ih j�^ �d _ h j .{2

_ d ^U� ) ^ s ^ h���h�s ]Uz d�� } k u ^ � k �8d � q _gkH7U� 6 | ��q k � u ^ qUs ^ r 9ih j�^ ��q knz ��qUh _�| egh 9 k h z h z�^ } knz
^ q uUd�e jg_ dfr q54fu ^ | e ^nz d } d j�k k } _ d knmyo{^ uUh~qUs � ^ xn^(^ r 9ih j�^ uUd�e jg_ dfr q54fu ^ | hpe jlk } _ d knmpon^ � k u k
s k dfe�B,u ^ ��qUh k } _ d knmpon^ uUh�qUs ^ r 9ih j�^tzf^ } k{z } � k s k u ^ uUh ]U_i^ } q _�k u ^`_p�

Diretorio

A B

new create

addr addr

� ���,��	�� 7 � 6 2 + kn_�j d } d ]Uknmyon^ u ^ ^ r 9ih j�^ �d _ h j . _ d ^ � ^ �+1)�� �

�Te j h ^ r:9ih j�^w]U_i^ } q _�k u ^`_b]U_ h ]�kn_gk qUs k s h��Ue kn� hps } ^ s>qUs k e ^`z d } d j�myo{^ kn^~^ r 9ih j�^
�d _ h j . _ d ^ uUh } _ d k{myon^U| h�s knz�� qUs k sHF{�Lq df� k | u ^J^ r:9ih jg^ u dfe jg_ d�rUq54fu ^ ��qUh ^-] _g^ } q _gk u ^`_
_ h ]U_ hpegh�� jlk � � ^ r:9ih jg^ �d _ h j . _ d ^ h���h } q jlk{_ F�h�e jlk�jlkn_ h � k h _ h jg^`_ � k{_ F ^ hp� uUh _ h mp^ u ^�^ r 9ih j�^
uUd�e jg_ dfr q54fu ^ } _ d k u ^U�

�T� j h��UuUh 2"egh k �Lq d ] ^`_ h��UuUh _ h m�^ qUs k(^ q�s k d�e�d�� � ^`_ s knmzw h�e,��qUh ]D^ eiegd�rUd z d j h�s kn^
]U_i^ } q _�k u ^`_ } ^ s qU� d } k{_ 2"eih�u d _ h jlk sthp� j h } ^ s eihpq ^ r:9ih j�^ uUd�e jg_ dfr q54fu ^ � ��h ^ } ^ s ] d z k u ^n_
h�e j d x h _ q e k �Uu ^ +���& | ] ^`_ h���h�s ]Uz�^U| hpe j h,hp�Uu h _ h mp^ ]D^ uUh�egh _�^ ���Us h _g^ � =4� '6� u ^ ]U_i^ 2
} hpege ^ � eghJh�e j d x h _ q e k �Uu ^ �4	4% !5��� � hpe jlk df� � ^n_ s knmyon^ egh _ F ^ � ^ s h u k s-Fn��qUd�� k s k dfe ^
h��UuUh _ h m�^ u k~] ^`_ij�k | h k egeidfs ]D^`_ u d k � j h �

� ^ r:9ih jg^ �d _ h j . _ d ^ B ^ � �Ud } ^U| hps j�^ u ^t^ egd�e j hps k | �Lq h j h�s�qUs k~x dfe on^ # �`zf^ r knz $
u ^ e ^ r:9ih j�^ e |U^ q eih 9 k | hp�U��q k � jg^ } k u k�^ r:9ih jg^ } ^ � �Uh } h jlon^ e ^ sthp� j h k ��qUh z hpe } _ d k u ^ e ] ^`_
h z h | ^~^ r:9ih jg^ �d _ h j . _ d ^ } ^ �U� h } h j�^ u ^ e � ��] ^`_ d�ege ^ | jlk s r B�s | �Lq h ^~^ r:9ih jg^ �d _ h j . _ d ^ B
_ hpe ] ^ �UeCF x h zc] h zfk~jg^`z h _ ln� } d k~k � knz � k e �
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y 	#f � ?
@�F S��
N�K ��< < ��<
@  �<
I[N�?#V�WYX[Z;Z

�Lhp�Uu ^w^ �+1)�� �.qUs k z d�� � q kn� hps uUh ]U_g^n�`_�k s knmpon^ uUd�e j�_ dfrUq 4fu k | k ]D^ egegd�rUd z dfu k uUh
uUh ^ } ^`_i_ h _ hps � knz � k e B�s k d ^n_p� + ^`_ dfege ^U|�j�^`z h _ l{� } d k,k�� knz � k e � ^ d k uUd } d ^ � k u ^,kn^ �+1)�� �
]�k{_�k�jg_�k{j�kn_ hpe ] h } d � } k sthp� j h�u ^ dfe j d ] ^ e8uUh � knz � k e % k�� knz � k hps knz�� qUs ^ r:9ih jg^ uUdfe j�_ dfrUq54�u ^
h k � knz � k u ^w]U_ . ] _ d ^w^ r 9ih j�^ �d _ h j . _ d ^U�

+ kn_�k�^�]U_ dfsthpd _g^b]U_i^ r z hps k | ��qUh } kn_gk } j h _ d > k 2�egh ] h z�^�� k{j�^ uUhTq s ^ r:9ih j�^ uUdfe j�_ dfrUq54�u ^
� o{^ _ h�e ] ^ �UuUh _wv7_ h��Lq dfegd mXw hpe |�� h >�2�egh qUe ^ uUh %��
��% ! �
	�' �
� � � � egd�e j h�s k uUh j�^nz h _ ln� } d k7k
� knz � k e ]Ukn_�k hpe j h } k e ^ z dfstd j�k 2"eih k uUh j h } jlkn_ h } ^n_g_ d � d _Q� knz � k ebuUh %��-����� �

� s ^ uUh zf^ u h %��
��% ! �
	�' �
� � u dfe jg_ d�rUq54fu ^ e � +T��� ��� 	 B�r k egh k u ^ � ^ s ^ uUh zf^ �nzf^ r k{z uUh
%��
��% ! �
	�' �
� | ^ �Uu h ] h _ d ^ uUd } k sthp� j h ^ eidfe j hps k j�^ u ^ ] F _gk egq k h���h } q myo{^ hwqUs k dfs kn� h�s
uUh } k u k-] _g^ } hpeie ^ Bte k{z�x{k h�s qUs kn_ �Lq d x`^ ��� q k �Uu ^ qUs kJ� k{z � k � ^`_ uUh j h } jlk u k | r k e jlk
_ hpe j�k q _gkn_�^ � z�j dfs ^ %��
��% ! �
	�' �
� � hpd jg^ h ^ egdfe j h�s k } ^ � j df��q k � � ^ } k e ^ u ^ �+1)��
� qUs
^ r 9ih j�^ e . } ^ �U� h } h ^ r:9ih j�^ e���qUh�h z h } _ d ^ q h�! ^ q } ^ s ^ e���q k dfe�s k � j Bps } ^ s qU�Ud } knmpon^U| 9CF
��qUh,e ^ sthp� j h ^ ^ r:9ih jg^ �d _ h j . _ d ^ } ^ �U�Uh } h ^ egd�e j h�s k } ^ s ]Uz h jg^U� �T� jlo{^ ^ hpe j�k u ^ �`zf^ r knz
B _ h z k{j d xn^wkn] h�� k e kn^ e ^ r:9ih jg^ e��Lq h jg_g^ } kn_gk s sthp�Ue kn� h��Ue �

�hpe j�kY� ^`_ s k |Q^ egd�e j h�s k dfs ]Uz h�s h�� j�k u ^ � k > %��
��% ! �
	�' �
� � kn] h�� k e hp� j�_ h ^ e u ^ dfe
]U_i^ } hpeie ^ eQhp� x`^`z x dfu ^ eQhps qUs k�jg_g^ } k uUh�sthp� e kn� h�s h�e ^ s h�� j h���q k �Uu ^ qUs k sthp� e kn� h�s
� ^`_ h�� x d k u k �

� egd�e j h�s k d�s ]Uz hpsthp� jlk u ^ � k~z d�� � q k{� hps ]D^ uUh�egh _�_ hpeiqUstdfu ^ u k egh � qUd�� j h � ^`_ s k %

� eihps ]U_ h*�Lq h�u ^ dfe ^ r:9ih jg^ e j�_i^ } k s.sthp� e kn� h��Ue | q s %��
��% ! �
	�' �
� B } _ d k u ^ hps k s r ^ e �

��^t^ r:9ih j�^ ��qUh _ hp��qUd�egd jg^ q-qUs s-B j�^ u ^w^ q-�Lq h hpe j Fwhpe ] h _�k �Uu ^ knz�� qUs k sthp� e kn� h�s
u h ^ q j�_i^U| � } kn_ F kn� q kn_ u k �Uu ^w]D^n_ qUs j h�s ] ^w]U_ B 2"uUh j h _ stdf� k u ^U�

�$k{] .`e�h�e j h j hps ]D^U| hpe j h ^ r:9ih jg^ ] _ hpeiqUsth,��qUh,qUs k � knz � k ]D^ uUh j h _�^ } ^n_g_ d�u ^U|�^ ��qUh
� hps egh�s ]U_ hGB x h _ u k uUh |U] ^ dfe ^ ^ r 9ih j�^�]�kn_gk ^ ��q knzDk{jg_ dfr qUd 2�egh k,� knz � k |�] ^ uUh�hpe jlkn_
eidfs ]Uz h�egsthp� j h�h���h } q jlk � u ^ qUs k jlkn_ h � k uUh�s ^`_gk u k �

��]Ukn_�kYx h _ d � } k{_ egh � ^ q x h � knz � k | qUs k s h��Ue kn� hps h�e ] h } d knz B h�� x d k u k kn^[^ r 9ih j�^
�d _ h j . _ d ^ ] h _i� qU� jlk �Uu ^ e ^ r _ h k eid j q knmyon^ u ^w_ h � h _ dfu ^w^ r 9ih j�^ �

��^ ^ r:9ih j�^ �d _ h j . _ d ^ ] ^ u h _ F df� � ^`_ s kn_ ��qUh ^ ^ r 9ih j�^ hpe j F h�s h���h } q myo{^U|�^ q$��qUh
� ^ q x h qUs kY� knz � k � � ^ } k e ^ uUh � knz � k�|�^ ^ r 9ih j�^ �d _ h j . _ d ^ d _ F } _ d kn_ qUs � ^ xn^
^ r:9ih jg^ h�s ^ q jg_�k s-Fn��qUdf� k h _ hpe j�k q _gkn_w^ � z�j d�s ^ %��
��% ! �
	�' �
� uUh k s r ^ e * ^ ��qUh
� k{z � ^ q h ^ ��qUh�� ^nj d�� } ^ q kw� knz � k), �

��^ egd�e j hps k | } ^ �Uegd�uUh _gk �Uu ^ k ��qUd kn] h�� k e�hpe j h�e�u ^ d�e ^ r:9ih jg^ e�uUdfe j�_ d�rUq54�u ^ e |�x`^`z jlkn_ F k
q s.h�e jlk u ^ } ^ �Ueidfe j hp� j h�h |3] ^`_ } ^ �Uegh���
 �p� } d k |3j�^ u ^�^�k s rUdfh�� j hbh�e jlk{_ F } ^ � egdfe j h�� j h �
� egd�e j hps k�j�^ u ^�]�k eie ^ q k uUh ] h��UuUh _ s q d j�^ u k#knmyo{^ u ^ ^ r:9ih jg^ �d _ h j . _ d ^ |

jg^`_ � k �Uu ^ 2 ^ df�UuUd�e ] hp�UeCF x h z � ��s k � knz � k � hpe j h ^ r:9ih jg^ } ^ s ] _g^ sth j h j�^ u k~k k{]Uz d } knmpon^U�
+ kn_�k e ^nz q } d ^ � k{_ hpe j h ]U_g^ r z hps k | q s k j B } �Ud } k uUh _ h ]Uz d } knmpon^ u ^ ^ r:9ih jg^ �d _ h j . _ d ^

� ^ d*uUhpeihp� x`^`z x dfu k � ���O� � ' | ���O� �:� 	 � � _�k �UuUhpe knz j h _�knmzw h�e � ^`_�k s egq � h _ dfu k e kn^ ^ r 9ih j�^
�d _ h j . _ d ^ ]�k{_�k �Lq h,h z h jg_�k r k{z �Uh ] h _ s k � hp� j h�s h�� j h } ^ s q s ;���% !�!;� �

�#uUd kn�`_�k s k uUh hpe jlk u ^ e�uUh���� dfu ^ � k �8d � q _gkH7U� 7 uUhpe } _ h x h k ]U_ dfsthpd _gkt� qU� myon^ u ^
^ r 9ih j�^ �d _ h j . _ d ^ } ^ s ^ eihp�Uu ^ k } _ d k{myon^ u ^ eihpq ^ r:9ih j�^ ;���% !�!;� � � k~]U_ d�s h�d _gk,x h�>��Lq h ^
^ r 9ih j�^ �d _ h j . _ d ^ B } _ d k u ^U|3^�k s r dfhp� j h��+Q)�� � uUh x h _ F j�k s rABps } _ d kn_T^ sthpeis ^�^ r 9ih j�^
�d _ h j . _ d ^ h�s ^ q j�_g^ � ^ u ^ u kw_ hpuUh | ��qUh � qU� } d ^ � kn_ F } ^ s ^ qUs ^ r 9ih j�^ �d _ h j . _ d ^ ;���% !�! � �
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� ������	�� 7U� 7 2 	�h ]U_ hpeihp� jlknmpon^ u ^ s ^ uUh z�^~]U_g^`] ^ e j�^w]�kn_gkw^t^ r:9ih j�^ �d _ h j . _ d ^U�

�Heih � qU� u ^ hpe j�k u ^ B } kn_�k } j h _ d > k u ^ ] h zf^ � k{jg^ u ^~^ r 9ih j�^ �d _ h j . _ d ^�]U_ d�sHF _ d ^ hpe jlkn_
� qU� } d ^ � k �Uu ^w] h _�� hpd j�k sthp� j h |�]D^`_ d�ege ^ h�e j h,hpe jlk u ^ B } ^ �Uegd�uUh _gk u ^ } ^ s ^ h�e j�k u ^ ��� knz u ^
uUd kn�`_gk s k�� � � qU� myo{^ uUh�e } _ d j�k � ^wj h _ } hpd _i^ hpe j�k u ^ B kw_ h�e j�k q _�k{myon^ u ^t^ r:9ih jg^ �d _ h j . _ d ^
]U_ dfs-F _ d ^U� � ^ s ^ sthp� j�^ u k h���h } q mpon^U|�k egd j q knmpon^ uUh � knz � k B k eiegqUstdfu k ] h zf^ ^ r 9ih j�^
uUd�e jg_ dfr q54fu ^ ��q k �Uu ^ h�e j h � k >bqUs k�_ hp��qUdfeid mpon^�kn^�^ r:9ih jg^ �d _ h j . _ d ^�]U_ d�sHF _ d ^ hb� o{^�^ r j �ps
_ hpe ] ^ e jlk uUh�� j�_g^ u h qUs j h�s ] ^7z dfstd j h � � ]U_ .y� d�s k-knmpon^ k eih _ _ h knz d?> k u k(] h z�^7^ r 9ih j�^
uUd�e jg_ dfr q54fu ^ B � k >ph _�k sthpeis kt_ hp��qUd�egd myon^ k{^ ^ r:9ih j�^ �d _ h j . _ d ^ ;���% !�!;� | ��qUh | } ^ � } z qUd��Uu ^
��qUh ^ ]U_ d�sHF _ d ^�� k{z � ^ q |�k egegq s h k�� qU� mpon^ uUh ]U_ d�sHF _ d ^ h } _ d k qUs � ^ xn^ ^ r:9ih j�^ �d _ h j . _ d ^
;���% !�! � h�s ^ q jg_g^ � ^ u ^ u k~_ hpu h �
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���+1)�� � x h�s#egh��Uu ^ } ^ � j d���q k sthp� j h�sth z � ^`_�k u ^U| d�� } ^`_i]D^n_�k �Uu ^ � ^ x`^ e _ h } q _ e ^ e
} ^ s ^-k } ^ � } ^`_i_ �p� } d k hp� jg_ h s B jg^ u ^ e � � k-k{j q knz�x h _ e o{^U| eihps ]U_ ht��qUhtqUs ^ r:9ih j�^ h�e j d 2
x h _ h ��h } q jlk �Uu ^ qUs u h j h _ stdf� k u ^ s B jg^ u ^U| h�e jlk{_ F(d��UuUd�e ] ^ �54 x h z
]�kn_gk k{j hp�UuUh _ ^ q j�_g^ e �
� j q knz sthp� j h | � ^ �+1)�� � | k h ��h } q myon^ uUh�s-B j�^ u ^ e�B } ^ � egdfu h _�k u k e 4f� } _g^ � k | dfe j�^ B&%

��^w^ r 9ih j�^ ��qUh�h���h } q jlkt^ s-B j�^ u ^ � } k r z�^ ��qUh k u ^ hpe ] h _�k �Uu ^ �
��^�^ r 9ih j�^�^ �UuUh ^ s-B j�^ u ^ hp� } ^ � j�_gk 2"eihQh�� } kn] egq zfk u ^�j�k s rABps � } k df�UuUd�e ] ^ �54 x h zn]�kn_�k
k j hp� uUh _ � ^ x`^ e�s B jg^ u ^ e �
� ] _ dfsthpd _g^ � k{j�^ � on^ } �Uh �3k[k egh _ qUs �`_�k � uUh ]U_i^ r z hps k |*] ^ dfe k eieghpsth z � k 2�egh k

h � h } q mpon^ � ^`_ s knz uUh7s-B j�^ u ^ e |�^ �UuUh k h ��h } q myon^ hp� x d k�]Ukn_ lnsth jg_g^ eth kn� q kn_ u kY] h zf^
_ h } h�rUdfsthp� jg^ u ^ _ hpegq z�jlk u ^U�

@ F ^ eih � q �Uu ^ B�qUs � k{j�^n_�z dfstd j�k � j h�u ^ uUhpeihps ] h��U� ^U|D]D^ dfe�qUs��U�Ud } ^t^ r:9ih jg^ uUd�e�2
jg_ dfr q54fu ^�]D^ uUh } ^ � j h _Tx F _ d ^ e�s B j�^ u ^ eTh�B�uUh�egh 9CF x h z ��qUh�qUs �U�Ud } ^ s B j�^ u ^�j hp�U� k�x F _ d k e
h � h } q mzw h�e~egd�s q z�j ln�Uh k e � ) k u k7^ r:9ih j�^ uUd�e jg_ dfr q54fu ^ � ^ �+1)��
� � qU� } d ^ � k u k egh � qUdf� j h
� ^`_ s k %

� } k u k~^ r:9ih j�^ B�qUs ]U_i^ } hpege ^ h�s h���h } q mpon^ �
� h�e j h ] _g^ } hpeie ^U| kn^ eih _ } _ d k u ^ |�kn� q k{_ u k sthp�Ue kn� hp� e �
�$k{^ _ h } h�rDh _ s h��Ue k{� hps uUh _ hp��qUd�egd mpon^ uUh�qUs � ^ x`^ s B j�^ u ^U|�_ h } h�rDh ^ e ]�kn_ lnsth j�_i^ e
h ^ h���h } q j�k zf^ } k{z sthp� j h �

� � ^ xnk e�sthp� e kn� h��Ue�hp� x d k u k e k h�e j h ^ r 9ih j�^ � on^ eih _�o{^ k{j hp�Uu dfu k e �
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� qUs ^ q jg_g^ ^ r:9ih j�^ ]D^ uUh ] h _ s k �Uh } h _ r z�^ ��qUh k u ^ hpe ] h _�k �Uu ^ egq k x h > ]�kn_�k
h���h } q jlkn_�knz�� qUs s B jg^ u ^~_ hps ^njg^ u hpe j h ^ r:9ih jg^ u dfe jg_ d�rUq54fu ^ �

� ]D^`_ } k qUe k u k uUh�s ^`_gk |O^ r:9ih j�^ e ] ^ u hps uUh�e } ^ � � kn_ ��qUhthpe j h ^ r:9ih j�^J� knz � ^ q |
hp� x d k �Uu ^ sthp�Ue kn� h��Ue kn^w^ r:9ih jg^ �d _ h j . _ d ^U�

� ��q k �Uu ^-^ s B j�^ u ^Jzf^ } k{z j h _ stdf� k egq k h���h } q mpon^U|�^-_ h�egq z jlk u ^ B _ h jg^`_ � k u ^-zf^ } knz 2
sthp� j h �

� h�e j h _ hpeiq z�j�k u ^ B�hps ]�k } ^{jlk u ^ h�s qUs k sthp� e kn� h�s h�uUh xn^`z�x d�u ^tkn^ ^ r:9ih jg^t] _g^ } q�2
_gk u ^`_ ��qUh � h�> k~_ hp��qUdfeid mpon^ u ^ s B jg^ u ^ �

��^w^ r 9ih j�^ | hp� ��s | � } k u dfe ] ^ �54 x h z ]�kn_gk k{j hp�Uu h _ � ^ x{k e _ hp��qUd�egd mXw hpe �

�"e j�^,z d�s d jlk�k h � ] zf^`_gknmyon^ uUh ]�kn_gknz h z d�egs ^U|n]U_ df� } d ]�k{z sthp� j hbh�s�s-Fn��qUdf� k e } ^ s�u ^ dfe
^ q s k dfe ]U_g^ } h�ege k u ^`_ hpe � ��h } k u k � ^ u ^-j hps kn] hp� k e qUs ^ r 9ih j�^ uUdfe j�_ d�rUq54�u ^U|%^ qYeih 9 k |
kn] hp� k eTqUs ] _g^ } hpeie ^U| h z h B } kn]Uk >�uUh k{j h��UuUh _
kn] h�� k e
qUs.s-B j�^ u ^�]D^n_ x h�>�h�d�e j�^ q e k �Uu ^
e ^ s h�� j h�qUs u ^ e ] _g^ } hpeie k u ^`_ h�e � ��s �`_gk �UuUh�u hpe ] h _ u54 } d ^ uUh _ h } q _ e ^ e �

� � ^ x{k ]U_g^n]D^ e jlk � '���� �:�`k 	 q j d z d?> k7]U_g^ } h�ege ^ e z h x hpe * � ����� �5��� , ]�kn_�k ^ r j h _ h�e j h
]�k{_�knz h z d�egs ^U|L]D^ eiegd�rUd z d jlk �Uu ^ ��qUh,qUs kt_ hp��qUd�egd mpon^ uUh�s-B j�^ u ^ e�uUd�e ]�kn_ h�qUs k � ��� � �5� _ h�e�2
] ^ �UeCF x h z�] ^`_ k{j h��UuU��2 z k |�z dfr h _�k �Uu ^ d�s h�uUd k jlk sthp� j h ^ � ^ u ^�]Ukn_�k ��qUh ] ^ ege k�_ h } hpr h _
^ q j�_�k e _ hp��qUdfeid mzw h�e � �Te jlk � ^ x{k k r ^`_ u kn� h�s | knz x`^ u h hpe j qUu ^ e��Uh�e j h j�_�k r knz � ^U| ]D^ uUh,egh _
x dfeiq knz d?> k u k � k � d � q _�k�7U� ( �
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� ������	�� 7U� ( 2J) ^ � } ^`_g_ �p� } d k hp� j�_ h�s B jg^ u ^ e�� ^ �+1)�� �

) ^ s h�e j�k ]U_g^`] ^ e jlk | q s ^ r:9ih jg^ uUdfe j�_ d�rUq54�u ^-j hps } ^ � uUd mzw h�e uUh s k � j h _ eihps ]U_ h
qUs k � ��� � �5� } ^ s k7� q � myon^ u h k{j h��UuUh _wk e~s h��Ue kn� hp�Ue~��qUh } �Uh �3k s � � ^ } � h �3kn_ q s k
_ hp��qUdfeid mpon^ uUh�s-B j�^ u ^U| qUs � ^ x`^ ] _g^ } hpeie ^ z h x h B _gkn] d�u k sthp� j h } _ d k u ^ h k h���h } q mpon^ u ^
s B jg^ u ^ B ]�k ege k u k,]Ukn_�k hpe j h |�z dfr h _�k �Uu ^�]U_i^ � jlk sthp� j h ^�^ r 9ih j�^,]�kn_gk �Lq h ] ^ eie k,k{j h��UuUh _
� ^ x{k e _ h��Lq dfegd mXw hpe � � } k u k df� x`^ } k{myon^ uUh s B jg^ u ^U| qUs k � ^ x{k � ��� � �5� B } _ d k u k h q s k
h � ] zf^`_gknmyon^ uUh ]�k{_�knz h z d�egs ^ s k dfe*h�� } dfhp� j h�B k{j df� � dfu k �

��q jg_�k�x{k � j�kn� hps Bb��qUh*qUs.s B jg^ u ^�]D^ uUh kn�`^`_gk�j h _ x F _ d k e%h���h } q mXw hpe
egd�s q z j ln�Uh k e
h�sthpegs ^ kt_ hp��qUdfeid mpon^ u h�s B jg^ u ^w] ^ u h,eih _�k ege 4f� } _g^ � k�|�^ q7eih 9 k | ��qUhps � h�> k } � k s k u k
� o{^~]U_ h } dfe kwkn� q kn_ u kn_b^~j h _ stdf� ^ uUhpe jlk � �"e j�^w]D^ uUh�eih _ } ^ s ]�k{_�k u ^wk s B jg^ u ^ e =�	�'6� hps
z df� � q kn� hp� eb� ^`_ s k d�e |�^ q(eih 9 k | s B jg^ u ^ eb��qUh,� on^w_ h j�^`_ � k s x{knz�^`_�knz�� qUs �

�.dfs ]Uz h�s h�� jlknmpon^ uUhpe jlk e } kn_�k } j h _ 4�e j d } k e�� ^ �+1)�� ��egh _ F _ h knz d > k u k } ^ s k s d 2
�`_gknmyo{^ u ^ s ^ uUh z�^~]�kn_�k~^ ��1) �~�
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� ��1) � * � '(���6�='6;)!#��� � ���#��%�!#�6'�	�� ��� �.� 	�� � !��
'�% ���9'�	��" ���=� �\[ > | B-qUs s ^ u h�2
z�^ ]�kn_gk qUs k s rUdfh�� j h uUh ]U_i^`�`_�k s knmpon^7]Ukn_�knz h zfk ��qUh ] h _ std j h ^ uUhpeihp� x`^nz�x dfsthp� j�^ uUh
kn] z d } knmXw hpe ]�kn_gknz h z k e,d _i_ h � q z k{_ hpe |Tk{jg_�kyx B�e~u k } ^ s rUdf� k{myon^ uUh s q z j d ] _g^`�`_gk s knmyon^ } ^ s
} ^ s qU�Ud } knmpon^ � 0 ��	 � ' 	 � ��q k e ]U_ df� } d ]�k d�e�u d � h _ hp� mpk e�h�s _ h z k{myon^ k e�rUd�r z d ^nj h } k e�uUh } ^ 2
s q �Ud } knmyon^ h ��dfe j hp� j h�e e on^�^�� k{jg^ uUhQu dfe ] ^ �Ud�rUd z d?> kn_ } ^ � j�_i^`z hTuUh ]U_i^ } hpeie ^ e z h x hpe * � ��� � �5��� ,
h } ^ s qU� d } k{myon^ h�� j�_ h�h z k e � �Te j�k } ^ s qU�Ud } knmyo{^�]D^ uUh*eih _�� h�d jlk�jlk � j�^�k j�_�kyx BpeTuUh�sthps . _ d k
} ^ s ]Ukn_ij d z � k u k | h�s qUs k sthpeis k s-Fn��qUdf� k�|%^ q k{jg_�kyx B�e uUh j�_i^ } k u h sthp�Ue kn� h��Ue�h�� j�_ h
s-Fn��qUdf� k e�u dfe j df� jlk e � ��s sth } k �Udfeis ^ uUh �$��'T[ ;�	 � � ^ d1uUhpeihp� x`^`z x dfu ^ ]�k{_�k ]U_i^ x h _ h�e j�k
� z j d�s k } ^ s q �Ud } knmyon^ �

� ^ r:9ih j d x`^ u ^ ��1) � B � ^`_ � h } h _ qUs } ^ �D9iqU� j�^ e k{j d�e � k{j . _ d ^ uUh(egh _ix d m�^ e | r hps
} ^ s ^~^n] h _�kn_ df� uUh ] hp�Uu hp� j h�s h�� j h�u k kn_ ��qUd j h j q _�k uUh _ h�uUh�h ��dfe j hp� j h � �"� d } d knz sthp� j h | h z h
� ^ d } ^ �Ue jg_ q54�u ^ q j d z d?> k �Uu ^ 2�eghw!�)b+ !{��+ ]�kn_�k-]U_g^ x h _~k } ^ s q �Ud } knmyon^ | egh � qUd��Uu ^ 2�egh q s k
x h _ e on^ q j d z d > k � u ^H0 ��+ ]�kn_gk qUs k _ h�uUh %$& �=' � ��� � 0 ��	 �n�`�n� 	 h qUs kwx h _ e o{^-]Ukn_�k _ hpuUh
�U)*� � ���O���{�`� 3 	 �
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� ��1) � B d�� j h _ � k sthp� j hwuUd x dfuUd�u ^ hps u ^ dfe�egq rU�54 x hpd�e | uUh k } ^`_ u ^ } ^ s k � d � q�2

_gk 7U� E � � eiqUrU�54 x h z s k dfe ]U_ . ��d�s ^ u k�kn] z d } knmyo{^U| } � k s k u ^ u h # } k s k u k u h*egh _ix d m�^ e $ |{j hps
k dfs ]Uz h�s h�� j�knmyo{^ u ^ e egh _ix d m�^ e u dfe ] ^ �54 x h�dfe ]�kn_�k(k kn]Uz d } knmyon^ ��@ F k } k s k u k d�� � h _ d ^`_�|
uUh�� ^ stdf� k u k ! � � �H | Bts k dfe�df� j h _ � k(kn^ egd�e j h�s k�| eihp�Uu ^ h zfk jg^njlk{z sthp� j hwuUh ] h��UuUhp� j h
u ^ ����� ������� � u k s-Fn��qUd�� k � �hpe jlk � ^`_ s k k } k s k u k uUh eih _�x d mp^ e�uUdfe ]*w h�u h kn] hp� k e�qUs
eih _ix d mp^ uUh h�� x d ^ uUh sthp�Ue kn� hps h h z h egh _ F ^ sthpeis ^U| d��UuUh ] h��UuUhp� j h uUh hpe jlkn_ q e k �Uu ^
!�)b+ ^ q ^ q jg_g^7] _g^njg^ } ^`zf^ h�e ] h } 4 � } ^ |�]D^ dfe ^(] _g^njg^ } ^`zf^ B ]U_ h ^ } q ]�knmpon^ u k } k s k u k uUh
r k d � ^ �54 x h z �
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) ^ s ^ _ h�egq z jlk u ^ u k df� j h �`_�knmpon^ uUh } ^ s qU�Ud } knmpon^ h(s q z�j d ]U_g^n�`_�k s knmpon^U| ��1) �

^n� h _ h } h�u ^ d�e��54 x hpdfe�uUh } ^ � } ^n_g_ ��� } d k %
��] _g^ } hpeie ^ e�uUd�e jg_ dfr q54fu ^ e�h

� � ��� � �5��� �
�Teie k } kn_gk } j h _ 4fe j d } k B�dfs ] ^`_ij�k � j h |L] ^ dfe ] h _ s d j h k e ^ r _ h ] ^ eid myo{^ uUh ^`] h _�k{mXw hpebuUh

} ^ s qU�Ud } knmpon^ } ^ s } ^ s ] q jlknmpon^U|{k qUsthp� jlk � u ^�k eiegd�s ^ uUhpeihps ] h��U� ^ hQq j d z d > k �Uu ^ u hQs k 2
�Uh�d _gk s k dfe�h � } d�hp� j h ^ e _ h } q _ e ^ e�u k e kn_ ��qUd j h j q _�k e�r k egh k u k e�h�s k{�`_ h �3k u ^ e * s-Fn��qUd�� k e
�U&(+$h _ hpu hpe�uUh } ^ s q �Ud } knmyon^ u h k{z�j�^ u hpegh�s ] hp� � ^ ,��
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� egh k } kn_i�3k u ^ � ^ u ^ % ��� ��'6�5����	 � ^`_ s k d ^`_ �Lq h k uUh knzf� qUs � ^ u ^ u ktjlk r h zfk |
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��s k~x h�> ��qUh�qUs � ^ u ^ B,hpe } ^`z �Udfu ^ | eiq k } kn_g�`k h ^ ���Usth _i^ uUh ]U_g^ } h�ege ^ e�u k � z k
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uUh _ h } hpr h _ q s k � ^ x{k j�kn_ h � k � ��h ^ hpe } knzf^ � k u ^`_Q] h _ s k �Uh } h _ } ^ s ^ ebu k u ^ e k � j d �`^ e | h z h
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��^ ���Usth _i^ uUh ]U_g^ } h�ege ^ e ]U_g^ � jg^ e ]�kn_gk h ��h } q jlkn_ B df� } _ h�s h�� jlk u ^ � ) ^ s k � ^ xnk
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# } kn_i�3k~knz�j�k $ �
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� eih ]�kn_gknmyo{^ u ^ e�h�e ] d w h�e�u ^ �+Q)�� � } ^ s ^ qUs eih _�x d mp^ u ^ ��1) �w| � o{^ knz j h _g^ q
^ s ^ uUh z�^ d��Ud } d knz s h�� j h ]U_g^n]D^ e j�^U� � uUd � h _ h�� myk r Fnegd } k B7�Lq h ^ e h�e ] d w h�e ] ^ uUh�s egh _
q j d z d?> k u ^ e ] ^`_ ��q knz ��qUh _ k{]Uz d } knmpon^ ��1) �w| � o{^ e ^ s h�� j h ] h z�^ �+1)��
� � � ] _ df� } d ]Uknz
]U_i^ r z hps k �Uh�e j h } k e ^U| B ^ � k{jg^ uUh q s } ^ s ] d zfk u ^`_ �+1)�� � ]�kn_�k ^ ��1) � k df�Uu k � on^
j h _ eidfu ^ u hpegh�� x`^`z x d�u ^U| k{j B ] ^`_ ��qUh ^ ��Q) ��k df�Uu k hpe j F hps � k egh�uUh k s k uUq _ h } d�s h�� j�^ h
] ^`_ij�k rUd z dfu k uUh ]�kn_�kw^ q jg_�k e j h } � ^`zf^n� d k e | } ^ s ^tk �U)*� �

+ ^`_ B�s | eghps u'� x dfu k |Tk s k d ^`_�x{k � jlk{� hps � ^ d ]D^ eiegd�rUd z d jlk{_�^ qUe ^ u ^ e hpe ] d w hpe hps
s ^ u h zf^ ebuUdfe j�_ dfrUq54�u ^ ebu h,h�e } knzf^ � k s h�� j�^U�

� qUe ^ uUh � ��� � �5��� � ^`_ �Uh } d�u ^J] h zf^ ��1) � e . jg_g^ q���h x{k � jlk{� hp�Ue kn^ s ^ u h zf^ | ]D^ dfe
] ^ u h�2"eih�egh ]�kn_�k{_�k e � q � mXw hpe�u ^ hpe ] d on^ �

�"s ] ^`_ij�k � j h ^ rUegh _ix{kn_Jk h � d�e j �p� } d k uUh } ^ � } ^n_g_ ��� } d k hp� j�_ h k e x F _ d k e ]�kn_ij hpe u ^
s ^ u h zf^ %
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�$k e uUq k e � ��� � �5��� u ^ hpe ] d o{^ } ^ s ]�kn_�j d z � k s u k u ^ e hp� jg_ hJegd � �h x h 2"egh-h x d jlkn_ ��qUh
q s k h�e j h 9 k k j q knz d?> k �Uu ^~^ e�u k u ^ e���qUh kw^ q j�_gk h�e j F z hp�Uu ^ �

��^ hpe } knz�^ � k u ^n_ } hp� j�_gknzD] ^ uUh j h _ qUs k � ����� �5� k j hp� uUhp�Uu ^ qUs k e ^nz d } d j�knmyon^ uUh�hpe } ^ 2
z � k uUh�qUs�� ^ xn^ � ^ u ^-* 3���� ,17 	)��� 7 > ,Tkn^ sthpegs ^�j h�s ] ^ hps#��qUh�qUs k�^ q j�_�k � ��� � �5�
_ h } hpr hpq-� ^nj d � } k{myon^ uUh�qUs h�e ] d on^U�

�Te j hpe,u ^ d�e ]U_g^ r z hps k e � ^`_gk s _ hpe ^`z�x dfu ^ e } ^ s ^ qUe ^ uUhtegh�sHF � ^`_g^ e�h ��dfe j hp� j h�e � ^
��1) �~� ��h�s ] _ h ��qUhJqUs u k u ^ } ^ s ]�kn_ij d z � k u ^J� ^`_~knz j h _�k u ^ |Tk � ��� � �5� ]U_ h } d�e k hp� jg_�kn_
� k eih myo{^ } _ 4 j d } k h ��h } q jlk �Uu ^ qUs ����% !�� �4��� �6� 7 > � �"e j�^t�3kn_gk � j h k h�� } z qUe on^ s � j q k � � ^
} k e ^ u k~� qU� mpon^ 3���� , 7 	)��� 7 > | qUs egh�sHF � ^`_g^~]�k{_�k j�^ u kwk � qU� myo{^t� ^ d } _ d k u ^ | j�^`_ � k �Uu ^ 2 k
qUs k�� qU� myo{^ k{j &`s d } k h�u h�h�� } z qUe on^ s � j q k � � on^ ] ^ uUhps#h � d�e j d _ uUq k e � qU� mzw h�e 3���� , 7 	��
��� 7 > h���h } q jlk � u ^-kn^ sthpegs ^ j hps ]D^ | uUh � ^`_ s k ��qUh kn] hp� k e�qUs k h�� jg_�kn_ F hps h���h } q mpon^
uUh�d � k �Uu ^ k e�u hps k dfe�h�s hpe ] h _�k �
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+ kn_�k�j hpe jlkn_ ^ s ^ uUh zf^ dfs ]Uz h�s h�� j�k u ^�� ^ dL�Uh } hpegeCF _ d ^�k uUh ���Ud mpon^ uUh*qUs k�kn]Uz d } knmpon^
uUd�e jg_ dfr q54fu k�� �Te j�k kn] z d } knmyo{^ uUh x h _ d k k j hp� uUh _�knz�� qUs k eb�Uh } hpeiegd�u k uUh�e %
3 � } _ d knmyon^ h�uUh�e jg_ qUd myon^ uUh ^ r:9ih j�^ e kn^wzf^ � �`^ u k h���h } q mpon^ u ktkn]Uz d } knmyon^�
� ��^ r:9ih jg^ e } _ d k u ^ e } ^ s } kn_�k } j h _ 4fe j d } k e�uUh } kn_g�3k x{kn_ d k u k e �

� ]U_ dfsthpd _g^ 4 j h�s B*�Uh } hpeie F _ d ^�] ^`_ ��qUh kn]Uz d } knmzw h�e ��qUh } _ d k s j�^ u ^ e ^ e egh�qUe ^ r:9ih j�^ e
uUd�e jg_ dfr q54fu ^ e�� k d��Ud } d knz d?> k{myon^ h _�k s df� k u hp��q k u k e | ] ^ d�e,� on^ �5F ^ �Lq h hpe } knz�^ � kn_ �Uh�e j�k
k r ^`_ u kn� h�s �

� } kn_g�3k uUh�e j h�e ^ r 9ih j�^ e j�k s rABpsHuUh x hQegh _%x{kn_ d k u k | uUh � ^`_ s k ��qUh ^ e ] _g^ } hpeie k u ^`_ h�e
j h _ stdf� hps eiq k e jlk{_ h � k e�uUh � ^`_ s k j�^nj�knz sthp� j h�dfs ]U_ h x d�eC4 x h z �

��s k uUd�� } q z u k uUh*h�� } ^ � jg_�k u k�� ^ d k d��Uh���dfe j ��� } d k uUh�qUs } ^ s ] d z k u ^n_ �+Q)�� � ]�kn_�k
^ ��1) �~� �"e jg^ � ^ d _ hpe ^nz�x dfu ^ ] h zfk dfs ]Uz hpsthp� jlknmpon^ u htq s } .LuUd �`^ ��� k{z | eihpsth z � k � j h kn^
��qUh ^ �+1)�� � � h _�kn_ d k � ��e~hpe ] d w hpe � ^n_�k s dfs ]Uz h�s h�� jlk u ^ e uUd _ h j�k sthp� j h � ^ ��Q) �~|
} ^ s ^ q s egh _ix d m�^U�

+ ^`_ egq k e } kn_�k } j h _ 4fe j d } k eTuUh } ^ s ] q jlknmpon^ d _g_ h � q z kn_�| qUs k,k{]Uz d } knmpon^ uUh � h _gknmyon^ uUh
� _gk } j�k dfe � ^ d dfs ]Uz h�s h�� jlk u k ]Ukn_�k egh _ qUe k u k �Uh�e j�k kyx{knz d knmyo{^U�
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� kyxnk{z d k{myon^ q j d z d > ^ q qUs k7kn]Uz d } knmpon^-]�kn_�k(^ knzf�`^n_ d j s ^ uUh � _�k } jlk d�e�uUh-& k �UuUh z 2
r _i^nj � &(��� ' � 	 � � _gk } j�k dfe } ^ �Ueidfe j hps>hps>dfs kn� hp� e k r e j�_gk{jlk e � h _gk u k e k j�_�kyx Bpe�uUh ^`] h _gk 2
mzw h�e�s k{j hps-F j d } k e kn]Uz d } k u k ebegq } hpeiegd xnk s h�� j h�e ^ r _ h ^ e ] ^ � j�^ e�u h,q s k � � q _�k �

�H] ^ eieC4 x h z dfuUh�� j d�� } kn_�j�_ �pe � k j�^`_ hpe ��qUh df� � qUhps � ^ } qUe j�^ uUh ]U_g^ } h�ege k s h�� j�^ uUh
qUs � _�k } jlknz u h & k �UuUh z r _i^nj %
3 ��k e�uUdfsthp�Ue w h�e * ^ q _ h�e ^`z q myo{^ , u k � � q _gk ��qUh�eih�uUh�egh 9 kt^ r j h _ �
� ��k~_ h � d on^ u ^~� _�k } jlknzck eih _ } knz } q zfk u k h �
6 ��^ ���Usth _i^ u h,d j h _�knmzw h�e�e ^ r _ h } k u k~] ^ � j�^U�

�#���Usth _g^ u h~d j h _�knmzw h�e�uUh x h _ h ] _ hpeihp� jlk{_ q s hp��qUd z 4�r _ d ^ h�� jg_ h ^ j h�s ] ^ uUh ]U_i^ 2
} hpege k sthp� j�^ h k �Lq knz d�u k uUhwu k � � q _gk ��qUh egh u hpegh 9 k(^ r j h _�| h�s � qU� myo{^ u k e,uUd�s h��Ue w hpe
h,u k _ h � d on^ u h } F z } q zf^U� � q k � jg^ s k d ^`_�^ � � s h _g^ u h d j h _gknmXw hpe | s k d ^n_�k ��q knz dfu k u h�u ^
_ hpegq z�jlk u ^ h,q s k ��q k � j dfu k u h,s k d ^`_ uUh ]U_i^ } hpege k sthp� j�^ egh _ Fw�Uh } hpegeCF _ d k �

� qUe ^ uUhpe jlk kn] z d } knmyo{^ u h x h 2"eih kn^J� k{j�^ uUh ��qUh k u d x dfe on^ u ^ e ] ^ � j�^ e�uUh � ^`_ s k
d � q knz hp� jg_ h } k u k � ^ u ^ � on^ dfs ]Uz d } k h�s.qUs k u d x dfe on^ uUh } kn_i�3k hp��qUd x{knz h�� j h � + ^ � j�^ e�s k dfe
d�� j h _ � ^ e ] _ h } dfe k s uUh�s q d j�^ s k dfe ]U_g^ } h�ege k s h�� j�^ ��qUh ^ e*uUh�s k d�e |�] h z k e } kn_�k } j h _ 4fe j d } k e
u ^ s ^ u h zf^ u h � _gk } j�k dfe*hps ]U_ h �3k u ^U�
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� ��dfe j h�s s qUd j�k e � ^`_ s k e�uUh eih uUd x dfuUd _�k } k{_g�3k hp� j�_ h ^ e,uUd x h _ e ^ e ] _g^ } hpeie k u ^`_ h�e
h � d�e j hp� j h�e � ��s k dfs ]Uz h�s h�� j�knmyo{^ u hpe j h knz��`^`_ d j s ^ qUe k �Uu ^�^ �+1)�� ��eihps } ^ � } ^`_i_ �p� } d k
h�� jg_ h�s B j�^ u ^ e � ^ d uUhps ^ �Ue j�_gk u k hps � )*�%� � ( 	 | } ^ s k e�eih � qUd�� j hpe } k{_�k } j h _ 4fe j d } k e %
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� q s ^ r 9ih j�^ } � k s k u ^ uUh # ^ r 9ih j�^ �dfe jg_ d�rUqUd mpon^ $ | ��qUh k{j hp�UuUh _ hp��qUdfeid mzw h�e |`� ^`_ �Uh } hp��2
u ^ q s k ��q k � j d�u k uUh�uUh ] ^ � j�^ e k egh _ } knz } q zfk u k�

��^ r:9ih jg^ e k 4fu k % _ h } h�rDh ^ e _ h�egq z jlk u ^ e ]U_i^ � j�^ e-h hp� x d k ]�kn_�k k[j h zfk |�� h _�k � u ^$k
d�s k{� hps ��� knz �

� � ^ r:9ih jg^ e�uUh } F z } q zf^ % } knz } q z k�^ } ^ �D9iqU� jg^ u h ]D^ � jg^ e _ h } hpr dfu ^ e | hp� x d kwkn^~^ r 9ih j�^
e k 4fu k h,e ^`z d } d jlk s k dfe ]D^ � jg^ e kn^w^ r:9ih jg^ �dfe jg_ d�rUqUd mpon^U�

) k u k-^ r:9ih jg^ } F z } q zf^ } k{z } q z k ^ e ]D^ � jg^ e���qUh _ h } h�rDh�q | h�� x d k(^-_ hpeiq z�j�k u ^(kn^-^ r�2
9ih j�^ e k 4fu k h e ^`z d } d jlk s k dfe ] ^ � j�^ e ]�kn_�k } knz } q zfkn_p� � k > d�e j�^ egq } hpeiegd x{k sthp� j h k{j B ��qUh ^
^ r 9ih j�^ �d�e j�_ dfrUq d myo{^ egdf� knz d >ph���qUh,� on^ h���dfe j hps s k d�e ]D^ � jg^ e ]�kn_�k } k{z } q z kn_�| hp� } h _i_�k �Uu ^
k h���h } q mpon^ u ^ e ^ r:9ih jg^ e } F z } q z�^ e �

�Te j h�s ^ uUh z�^U| s h�egs ^ ��qUh�h � ]Uzf^`_gk �Uu ^ k } ^ � } ^`_i_ ��� } d k hp� jg_ h�s B jg^ u ^ e | � on^ eih�r h�2
�Uh � } d k u ^ hpe } knz�^ � k u ^`_p|%]D^ dfe k uUd�e jg_ dfr qUd mpon^ u k } kn_g�`k B � hpd j�k ] h z kJ]U_ . ] _ d k-kn]Uz d } knmyon^ �
��e ^ r:9ih j�^ e } F z } q zf^ e | qUs k�x h�> } _ d k u ^ e | � } k s�e ^nz d } d j�k �Uu ^ } kn_i�3k�kn^�^ r:9ih j�^ �dfe j�_ dfrUqUd myon^ �
!%hps~2"eih | uUh � ^`_ s k � k{j q _�knz | qUs k uUd x dfe o{^ uUh } kn_i�3k |�] ^ dfe,qUs � ^ u ^ ��qUh _ h } hpr hpq ] ^ ��2
jg^ e�s k dfebuUd � 4 } hpdfe } ^ s ] q j�k } d ^ � knz s h�� j h�d _ F~uUhps ^`_gkn_ s k dfe ]Ukn_�k e ^nz d } d j�kn_ � ^ xn^ e ] ^ � j�^ e |
h��U��q k � j�^ �Lq h qUs ��qUh _ h } hpr hpq ]D^ � jg^ e�sthp� ^ e } ^ s ]Uz h � ^ e | e ^`z d } d jlk{_ F s k dfe ] ^ � j�^ e kn^
^ r 9ih j�^ uUh,�d�e jg_ dfr qUd mpon^U�

��s kb^ q j�_gk*� ^`_ s k uUh
uUd x d�e on^ u k } kn_g�3k�| ]U_ d�� } d ]�knz sthp� j h�uUhpeih 9CF x h z hps kn_ ��qUd j h j q _�k e
� +1&7 | B � k >�h _ } ^ s#�Lq h } k u k � ^ u ^ 9CF�e k dfr k | u h�d��54 } d ^U| �Lq k dfe ] ^ � j�^ e
h z h�uUh x h } knz } q z kn_��
�Te j�k B kt� ^`_ s k s k d�e�h � } d�hp� j h | ] ^ dfe�uUdfe ] h��Ue k ^ qUe ^ uUh qUs knz��`^`_ d j s ^ uUh u dfe jg_ d�rUqUd mpon^
uUh u k u ^ e � ��h h���dfe j d _ hps |�] ^`_ h ��hps ]Uzf^U| 7 � ^ u ^ e |T^ � 	)��	 	 d _ F } knz } q zfkn_�^ ] ^ � j�^ �7h
uUh ]D^ dfe ^w]D^ � jg^-7 | ' | h k eiegdfs ]D^`_ u d k � j h �

�Te jlk�� ^`_ s k uUh�uUd x d�uUd _ s ^ e j�_�k 2"egh�s qUd jg^ d�� j h _ hpeie k � j h |�] ^ d�eThps x d _�j qUu h�u k e } kn_gk } 2
j h _ 4�e j d } k ebu k � h _�knmpon^ uUh � _�k } jlk dfe |�^ e ] ^ � j�^ e�s k dfe } ^ s ]Uz h�� ^ ebeih _�o{^wj�k s rABps uUdfe j�_ dfrUq54 2
u ^ e � �T� j�_ h j�k � j�^ hpe jlk�� ^`_ s k�jlk s rABps � o{^ eghbr hp�Uh � } d k u ^�knz��`^`_ d j s ^ uUhbh�e } k{zf^ � k s h�� jg^U|
] ^ dfe j�^ u ^ e ^ e ^ r:9ih j�^ e�uUh } F z } q zf^ e o{^ } _ d k u ^ e�� ^ df� 4 } d ^ u kwkn]Uz d } knmyon^ �

� _gk �Uh } hpeie F _ d ^ qUs k(� ^`_ s k uUh uUd x dfe o{^ � k ��q knz � ^ x`^ e s-B j�^ u ^ e � ^ egegh�s } _ d k u ^ e
kn^ zf^ � �n^ u k h � h } q mpon^ u k kn]Uz d } knmyon^ |D]�k{_�k ��qUh ^ h�e } k{zf^ � k u ^`_�] ^ eie k uUh } dfu d _�^ �UuUh~h z hpe
eih _ d k s } _ d k u ^ e | } ^ � egdfu h _�k �Uu ^ k } kn_g�`k u ^ e�s h�egs ^ e�� k ��qUh z h�s ^ s h�� jg^U�

��dfs ]Uz h�s h�� j�knmyo{^ hps ]U_ h �3k u k B~qUs k x{kn_ d knmpon^ u ^ ] _ dfsthpd _g^ s ^ uUh z�^ uUh~uUd x dfe o{^U|
^ � uUh } k u k ^ r:9ih j�^ } F z } q zf^�_ h knz d > k�^ } F z } q z�^ u ^ e ] ^ � j�^ ebd��Ud } d k d�eTh�e ^nz d } d j�k � ^ xn^ e ] ^ � j�^ e
kn^ ^ r:9ih jg^ �dfe j�_ dfrUqUd myon^ � �HuUd � h _ hp� mpk } ^ �Ueidfe j h�h�s>��qUh�qUs ^ r:9ih j�^ } F z } q zf^U|�kn^ j h _ stdf� kn_
^ e ]D^ � jg^ e ��qUh _ h } hpr hpq | � on^ e ^`z d } d jlk � ^ x`^ e ]D^ � jg^ e | s k e hp� } h _g_gk egq k h���h } q myon^ � �
^ r 9ih j�^ u h uUdfe j�_ dfrUqUd myon^ ]U_i^ } hpuUh _ F v } _ d knmpon^ uUh7qUs � ^ xn^[^ r:9ih j�^ } F z } q zf^U| qUe k �Uu ^[^
knz��`^`_ d j s ^ u h,h�e } knzf^ � k s h�� j�^U�

� k{]Uz d } knmpon^ dfs ]Uz h�s h�� jlk u k�]D^ eiegqUd %

� q s ^ r:9ih j�^t� h _ hp� } d k u ^`_p| ��qUh � kn_ F k uUd x dfe o{^ u ^ e ]D^ � jg^ e �
� x F _ d ^ e ^ r:9ih j�^ e�uUh } F z } q zf^ | ��qUh�egh _�on^ } _ d k u ^ e ] ^`_ u hps k �Uu k uUq _�k � j h jg^ u k~k~kn]Uz d 2
} knmyo{^U�

� ^ r:9ih jg^ �d _ h j . _ d ^ } ^ � j df��q k } ^ s k e sthpeis k e } k{_�k } j h _ 4fe j d } k e,uUh k � j h�e | h � } h jg^
] h zfk df� } z qUe on^ u ^ hpe } knzf^ � k u ^`_ } hp� j�_gknz hps eihpq } .LuUd �n^U�
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� ^ s ^ u h zf^ �+1)�� � egh�s ]U_ h ��qUh k } _ d knmpon^ uUh qUs ^ r:9ih jg^7� ^`_ e ^`z d } d jlk u ^U| h z h-B

} _ d k u ^ � ^ � ^ u ^t_ h jg^`_ � k u ^w] h z k � qU� mpon^ 3���� , 7 	)��� 7 > �
�Te jlk � qU� myo{^ } ^ � j df��q k h���d�e j d��Uu ^U| egh��Uu ^ �Lq h(� k x h _ e on^ eihps ^ hpe } knz�^ � k u ^n_ h z k

kn] hp� k e _ hpe ] h�d j�k qUs k�z d�e jlk } d _ } q zfkn_p| h�� jg_ h �3k �Uu ^ k e jlkn_ h � k e ]�k{_�k�^ e
� ^ u ^ e
� k eihp��qU��� } d k
��� � ����������� � � � � ��� � ������� | egh��Uu ^�� ^ ���Usth _i^ u h,� ^ u ^ e�h���dfe j hp� j hpe � ) ^ s ^ hpe } knz�^ 2
� k u ^`_�k jlkn_ h � k uUh�e jlk~� qU� mpon^ egh _ F k u h,h�e } ^`z �Uh _�^ � ^ u ^ } ^ s sth z � ^`_ h�e } ^ � uUd mzw h�e ]�kn_�k
_ h } h�rDh _�k � ^ x{k } _ d knmpon^ uUh ^ r:9ih jg^U�
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��e x{knz�^`_ h�e ]�k eie k u ^ e vtk{]Uz d } knmpon^ s k �UuUh z df� uUd } k s ^ ���Usth _i^ uUh ]D^ � jg^ e�� ^`_ d?> ^ ��2
j�k dfe�h x h _ij d } k dfeTu k � � q _�k�k egh _ } _ d k u k * q s k dfs kn� h�s.�n�`��� �n�`� ,�|`^�jlk s k � � ^ u ^,] h�u knmp^
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^ std j dfu ^ e |�j�^ u ^ e ^ e�� ^ u ^ e�h � d�e j hp� j h�e�� ^tkn_ �Lq d x`^ uUh�� ^ u ^ e�eih _�o{^ q j d z d?> k u ^ e �

��qUsthp� jlk � u ^ 2"eih ^�jlk s k � � ^ u k dfs kn� h�s |n]�kn_�k qUs#sthpegs ^ � � s h _g^ u h ^ r 9ih j�^ eQuUh
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uUd x dfe o{^ uUh } kn_i�3k �
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]�k{_ij h } ^ s>s h�� ^`_ } ^ s ] z h���d�u k uUh � ^ d k uUh����Usth _i^ � | ��qUh ]U_ h } dfe ^ q-u h kn] h�� k e�� | �`� �:�O� (
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sth j dfu k �

��e _ hpeiq z�j�k u ^ e*s ^ e j�_gk u ^ eQ� k � d � q _�k%��� 6 � ^`_�k s _ h knz d?> k u ^ e } ^ s ^ ebsthpeis ^ e ]�kn_ l 2
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j�kn_ h � k e�uUh } kn_g�`k knz jlk � ��h�e j h } k e ^U| } k u k ] ^ � j�^t]U_ h } dfe ^ q7u h�qUs ] _g^ } hpeie k sthp� jg^ s qUd j�^
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s k � j h _ eghps ]U_ h,q s ^ r:9ih j�^ hps } k u k~]U_g^ } h�ege k u ^`_��
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��e j h�e j h�e } ^ s d��D9ih mpon^ u h } k{_g�3k s ^ e j�_�k{_�k s~2"eih�s k d�e � kyxn^`_ F x h�dfe |Uk{j B�sthpegs ^,]�kn_�k
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� uUd x dfe o{^ uUh � ^`_ s k egh���
 hp� } d knz | uUh�s ^ �Ue jg_�k u k(k � j h _ d ^n_ sthp� j h |8] ^ egeiqUd } ^ s ^ } k 2

_gk } j h _ 4�e j d } k ^Y� k{jg^ uUh ^ e ]D^ � jg^ e } hp� j�_gk dfe j h _ hps } ^ s ]Uz h���dfu k uUh7uUh } F z } q z�^ s k d ^n_ hpe �
+ ^ uUh 2"eih } ^ �Uegd�uUh _gkn_ ��qUh k } kn_g�`k uUh } k u k } ^ � 9iqU� j�^ u h ] ^ � j�^ e
B k{]U_g^ ��dfs k u k sthp� j h k
sthpeis k u kY]�k{_ij h(� k{j B k ]�kn_ij h ( � * } ^ �UeidfuUh _�k �Uu ^ 2"eih k uUd x dfe o{^ h�s �{�`� ]�k{_ij h�e , � �
]�k{_ij d _ uUhpe j h ] ^ � j�^ |�k } ^ s ]Uz h � d�u k uUhwuUh } k u k7]�kn_�j h k qUsthp� jlk uUh � ^`_ s k eid � � d�� } k{j d xnk��
� k x h _ u k uUh ^ } ^`_i_ h~qUs e knz j�^U| } ^ s k e ]�kn_�j hpe�s k d�e } ^ s ]Uz h�� k e�� ^ d�� j h _�x{knzf^ uUh � � k{j B
3 7 � * } ^ � � ^`_ sth�uUh�s ^ � e j�_gk u ^ � k � d � q _�k,��� 3 ,

+ ^ u hps eih _ dfuUh�� j d�� } k u ^ e jg_ ��e � k d � k e�uUh } k{_g�3k uUd � h _ h�� j hpe�%

� } kn_g�`k r k d � k | � k e ]�kn_�j hpe�� k{j B ( �wh 3 ( � k j B 3 �:� | kn]U_i^ ��d�s k u k s h�� j h �
� } kn_g�`ktk{z�jlk�| � k � k d � k } ^ s ] _ hph��UuUd�u k hp� j�_ h k e ]Ukn_ij hpe � � k 3 7 � �
� } kn_g�`k s Bpu d k � k e�uUh�s k dfe � k d � k e �
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� uUd x dfe o{^ eihp��
Uh�� } d knz � on^ ] h _ s d j h���qUh ^ h�e } k{zf^ � k u ^`_�^ r j hp�U� k qUs uUh�egh�s ] hp�U� ^
h z h x{k u ^U|D] ^ d�e | } ^ s k uUd x d�e on^ eghp��
Uh�� } d knz | j�^ u ^ e ^ e�� ^ u ^ e _ h } hpr hps ]Ukn_ij hpe�uUh } ^ s ]Uz h�2
��dfu k uUh ]U_ . ��d�s k e �

� ^ df�54 } d ^ u k kn]Uz d } k{myon^U| } ^ �UeidfuUh _�k � u ^ k h ��dfe j �p� } d k uUh 3CE ^ r 9ih j�^ e } F z } q z�^ e |1k e
]�k{_ij h�e�u h � k 3 ( egh _�on^ h�� j�_ h � qUh�e ]�kn_gk(^ e,� ^ u ^ e | ] ^ egeid x h z sthp� j ht��q k{jg_g^7]Ukn_ij hpe ]�kn_�k
} k u k � ^ u ^U| ^ q � ]�kn_�k } k u k ]U_g^ } h�ege k u ^`_�� � j hp�UuU��� } d k � k{j q _�knz B ��qUh j�^ u ^ e ^ e�� ^ u ^ e
j h _ stdf� hps egq k e ]Ukn_ij hpe h�s j h�s ] ^ e ] _ .y��dfs ^ e |T_ h } h�rDh��Uu ^ s k dfe j�kn_ h � k e | u hpe j�k x h >Ju k
� k d � k 3CE k{j B 6 3 �

) ^ s ^ _ h�egq z jlk u ^ j hps~2"egh ��qUh j�^ u k k�kn] z d } knmyo{^ # } k stdf� � k $ ]�kn_�k k[� k d � k s k dfe
} ^ s ] z h�� k | uUh � ^n_ s k ��qUh ��q k � u ^ ^ � ^ u ^ � h�e j d x h _ } knz } q zfk �Uu ^ |D] ^`_ h ��hps ]Uzf^U|Mk ]�kn_�j h
� � |U^ e�uUhps k d�eb� ^ u ^ e�hpe jlkn_gon^ } knz } q zfk �Uu ^~]�k{_ij h�e k uD9 k } h�� j hpe �

�Te jlk � ^`_ s k eghp��
Uh�� } d knz uUh uUdfe j�_ d�rUqUd _�k e jlkn_ h � k e�r hp� h�� } d k ^ s ^ u h zf^ egh�s hpe } knz�^ 2
� k s h�� jg^U| ��qUh k eTu dfe jg_ d�rUqUd _ hpe ] h�d j�k �Uu ^ qUs k�z d�e j�k } d _ } q z kn_�� � s ^ uUh zf^ } ^ s.h�e } knzf^ � k u ^`_
� o{^�� ^ d ] _ h 9iq uUd } k u ^U|`] ^ d�e h z h ^ r j h x h�qUs.u hpegh�s ] hp� � ^�� k xn^`_ F x h z sthpegs ^ �Uh�e j�k e } d _ } q �Ue�2
j ln� } d k e �

+ kn_�k�jg^`_ � kn_�k�kn] z d } knmyo{^ s k dfe%d _i_ h � q z kn_�|{^ �UuUh ^ } ^ s ] ^`_�jlk sthp� j�^ uUh } k u k�jlkn_ h � k B
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� h�d jlk uUh � ^`_ s k�knz h k{j . _ d k � � dfs ]Uz hpsthp� jlknmpon^ u hpe j�k j B } �Ud } k h���d � d�q qUs ] ^ q } ^ s k dfe
uUh } qUd�u k u ^ |�] ^ dfe ]U_ h } d�e ^ qL2"egh�s k{_ } k{_*k e ]�kn_�j hpe*�Lq h�9CF � ^`_gk s#hp� jg_ h � qUhpe � �hpe } kn_ijg^ q�2�egh |
�Uh�e j hpe j h�e j hpe |3^ e _ h�egq z jlk u ^ e ^ r j dfu ^ e } ^ s } kn_g�`k r k d � k�]D^ dfe h z h�e egh } ^ s ]D^n_ijlk s u h � ^`_ s k
k �5F zf^`�`k�kn^ e8h���hps ]Uz�^ e } ^ s.uUd�e jg_ dfr qUd mpon^ eihp��
Uhp� } d k{z � �Ts j�^ u ^ e ^ e } k e ^ eTuUh } kn_g�`k r k d � k
^tknz��`^`_ d j s ^ uUh�h�e } k{zf^ � k s h�� jg^ s ^ e j�_i^ q�2"eih�df�Uh � } d�hp� j h �

� k � d � q _�kv��� E e on^ s ^ e j�_gk u ^ e ^ e _ h�egq z jlk u ^ e ^ r j dfu ^ e } ^ s.hpe jlk�j B } �Ud } k uUh�uUd x dfe o{^U�
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sthp� j�^ ��qUh ^ knzf�`^n_ d j s ^ egh�s hpe } knz�^ � k sthp� j�^w^ r j h x h �

!%� 0 �
�O� ��� 3 2 �h�egh�s ] hp�U� ^ ]�kn_gk �dfe j�_ d�rUqUd myon^ � z h k j . _ d k
!8h�e j h ) ^ s>hpe } knzf^ � k u ^`_ ��hps hpe } knzf^ � k u ^`_ �

�n�`� �U�n�`�t�n�n� ' E � � � � � 3 � ' E 6 � ')( � 7 ' 7 � � (&6
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��rUeih _�xnk 2"egh���qUh ^ sth z � ^`_ uUh�egh�s ] hp�U� ^�^ r j dfu ^�� ^ d ]�k{_�k 3CE ^ r 9ih j�^ e | hp�U��q k � jg^ ��qUh
]�k{_�k ' h 6 � ^ r:9ih jg^ e ^ u hpegh�s ] hp� � ^ � ^ dMr ^ s | s k e�� on^ � k sthpeis k~]U_i^`]D^n_gmyo{^U�

� } k e ^ u k h ��dfe j �p� } d k uUh kn] hp� k e ^ d j�^~^ r 9ih j�^ e 9CF � ^ dMuUh x dfu k s h�� j h�h�� ]Uz d } k u ^U� � ^
h�� j�k � j�^U|%^Jj hpe j h } ^ s 6 � ^ r 9ih j�^ e
BtqUs j�k � j�^ �Lq k � j�^ df� j�_ d �3k � j h � + kn_gk qUs k dfs kn� h�s
uUh 7 �n� � 7 �`� } ^ s } k u k ]�kn_�j h ]D^ egegq df�Uu ^ ' �`� ] ^ � j�^ e |�j h x h 2"egh ��qUh ^�knz��`^`_ d j s ^ eihps
h�e } k{zf^ � k s h�� jg^wz h xn^ q kn] hp� k e�u ^ dfe ] ^`_ } hp� j�^ k s k d�e ]�kn_gk~j h _ s d�� kn_b^ } F z } q zf^U�
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3 � e on^ �n�`� jlk{_ h � k e�hps h � h } q mpon^ �
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_ h �Lq h(eih-q s � ^ u ^ _ h } hpr h _~x F _ d k e jlk{_ h � k e } ^ s } kn_g�`k k{z�jlk�|1^ h�e } k{zf^ � k u ^`_ � on^ j h _ F
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^`] ^`_�j qU�Ud�u k uUh�e ]�kn_gkw^tknz��`^`_ d j s ^ u dfe jg_ d�rUqUd _bk } kn_g�`k � hpe j�k e } d _ } qU� e j l{� } d k e �

��q jg_�k } kn_�k } j h _ 4fe j d } k B~��qUh kJkn]Uz d } knmpon^ uUd�e jg_ dfr qUd k e j�kn_ h � k e�uUh � ^`_ s k knz h k{j . _ d k
]�k{_�k ^ ebu ^ dfe } k e ^ e � ��d � �Ud�� } k ��qUh�� ^~j h�e j h } ^ s>hpe } knzf^ � k sthp� j�^U| k egh��Lq �p� } d k hpe } ^`z � dfu k
B�uUd � h _ h�� j h�u k qUe k u k � ^wj hpe j h,eghps ^ h�e } k{zf^ � k s h�� jg^U�

!%hpe j h�e } ^ s df� 9ih myo{^ u h } kn_g�`k h�s u ^ d�e�� ^ u ^ e jlk s rABps � ^`_�k s _ h knz d > k u ^ e ]�kn_gkJ^
} k e ^ uUh�uUd�e jg_ dfr qUd mpon^�knz h k{j . _ d k � ��e _ hpeiq z�j�k u ^ e ^ r j d�u ^ e ] ^ u hps�eih _Tx dfe j�^ eT� k �8d � q _gkq��� ���

) ^ s�df�D9ih myon^ uUh } kn_i�3k hps#u ^ d�e
u ^ e1�Lq k{j�_i^ � ^ u ^ e ^ r j h x h�2"eih�uUd � h _ hp� mpk eQu h j hps ]D^
s k d ^n_ hpe*�Lq h 6 � � | } ^ s ^ s ^ e j�_gk u ^ � k ! k rDh z k���� � �

�*!=F�! F UW$'r.$#)X<�(V(BAb$#0�$ ��9�+69
��hpe jlk~� ^`_ s k uUh,uUd x dfe on^U|�k e ]Ukn_ij hpe�e on^ uUd x d�uUdfu k ebhps q s k egh���qU�p� } d k � on^wz d��Uh kn_��

� � ^ sth # ^nj d�s d > k u k $�egh _ h � h _ h kn^~� k{jg^ uUh j�_�k jlkn_ 2"egh�u ^ sth z � ^`_ } k e ^t]�kn_�k~^ s ^ uUh zf^ uUh
h�e } k{zf^ � k s h�� jg^ h |�] ^`_ij�k � j�^U|U^w] d ^`_ } k e ^t]�kn_gktk~x h _ e on^ eihps ^ s ^ uUh zf^U�
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�8���,��	�� ��� � 2 �hpeihps ] h��U� ^ } ^ s �d�e jg_ dfr qUd mpon^ � z h k{j . _ d k h��"�D9ih mpon^ u h ) k{_g�3k

!8� 0 �
�c� ��� �
2 �hpegh�s ] hp� � ^ } ^ s �d�e j�_ dfrUq d myo{^ � z h k{j . _ d k h,�"� 9ih myo{^ uUh�) kn_i�3k
!8h�e j h ) ^ s>hpe } knzf^ � k u ^`_ ��hps hpe } knzf^ � k u ^`_ �

�n�`� �U�n�`�t�n�n� ' � ( � � 7 E)(&6 � � E � 6:E '&' ' ' � ' � � �
�{�`� �U�n�`�w�n�n� 3_E E 3 � � � ( � � E � 6 � � � 6$3�6 ' 3 � � (&'
�{�`� �U�n�`�w�n�n� 6 � 6)( � 3 7&7 ' 6)( 6:E � �O��� 6 6 3 7U� � �
7 �`� � 7 �`� ' �n� ' 6 6 ' � E 6&6 �:� ( 6)( � � ($3 � 6 6)( 6 � ($3
7 �`� � 7 �`� ' �n� 3_E �`� 3 � � 6$3 � 6 � � (&6 � � (&( � 3 � 3 7U� ( (
7 �`� � 7 �`� ' �n� 6 � 3 � � � � EOE � � 6 3 � ( � 6 � ' � 7 7 3 � � �
' �`� � ' �`� 6 �{�`� ' 3 3 7 � � E � ' 7 � 7 3 7 3 ��� � � 7 7 3 � � 7U� � (
' �`� � ' �`� 6 �n�n� 3CE � �`� � � E �`� 3CE � ( �L� ( � � (OE � 6 � � ( �
' �`� � ' �`� 6 �n�n� 6 � E �:�L� 6 � 3�6 6 6 � � ' � ' � � 7 ' 3 7U� E:E

) ^ �Uegd�uUh _gk �Uu ^ � ^ x{k sthp� j h ^ h � h�s ] zf^ u k � d � q _�km��� 3 | } ^ s��n�`� j�kn_ h � k e | � ^ } k e ^ uUh
h � d�e j d _ ��q k{jg_g^ � ^ u ^ e�h�s qUe ^U| k uUd x dfe on^ u k e ]Ukn_ij hpe�egh _ F � hpd jlk _ hpe ] hpd jlk � u ^tk eihp��qU��� } d k
� | ( � | 3 �n� | 3 ( � | 3 | ($3 | 3 � 3 |M�p�p���

� ]U_i^`] .`egd j�^ uUh�e j�k k � F z dfegh�B s ^ e jg_�kn_ hps �Lq knz egd j q k{myon^ ^ hpe } knzf^ � k u ^`_�^ r j h�s ^
sth z � ^`_ uUh�egh�s ] hp�U� ^U�

� �8d � q _gk,��� ' s ^ e j�_�k~^ e _ hpegq z�jlk u ^ e ^ r j dfu ^ e } ^ s h�e j�kwj B } � d } k��
�$u hpegh�s ] hp� � ^ u ^ hpe } knzf^ � k u ^`_ BQs qUd jg^ eiq ] h _ d ^`_ �Uhpe j h } k e ^ |n] ^ dfe } ^ s h�e j�k�� ^`_ s k

uUhwuUd�e jg_ dfr qUd mpon^U|Ok dfs ]Uz h�s h�� jlknmpon^ egh�s ^ h�e } knzf^ � k u ^`_ } ^`zf^ } k � ^ � ^ u ^ 3 kJ]�kn_�j hpe�u k
� k d � k ( � k/�:� h�� ^ � ^ u ^ � k e ]�kn_ij hpe1u k�� k d � k 3 �`� k j B k 3 ( � | 9iqUe jlk sthp� j h k e ]Ukn_ij hpe
s k dfe
} ^ s ] z h�� k e � ) ^ s>dfe jg^ ^ � ^ u ^ 3 h�� ^ u ^ � � ^n_�k s egh _ d k s h�� j h ]U_ h 9iqUu d } k u ^ e ] h zfk uUd x d�e on^
uUh j�kn_ h � k e �
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Com o Escalonador
Sem o Escalonador

� ���,��	�� �L� ' 2 �hpeihps ] h��U� ^ } ^ s �dfe jg_ d�rUqUd mpon^ � j d�s d > k u k

� j hpe j h } ^ s6df�D9ih myon^ uUh } kn_i�3k ^ r j h x h _ h�egq z jlk u ^ e ^ � uUh k d�s ]Uz hpsthp� jlk{myon^ eihps
h�e } k{zf^ � k s h�� jg^ q z�jg_�kn]Uk ege ^ q �Lq k{j�_i^Jx h >�hpe ^Jj hps ]D^ ��qUh ^ s ^ u h zf^ } ^ s ^ h�e } knzf^ � k u ^`_
^ r j h x h �

� 	 y X ?
N�Ik��E�F S <
B �FOI|� ��N�< ��I

��q jg_g^ e j h�e j h�ebuUh kyx{knz d knmpon^ uUh�uUh�eghps ] hp�U� ^ � ^n_�k s _ h knz d?> k u ^ e } ^ s x F _ d k e } ^ s rUd 2
� k{mXw hpe�uUd � h _ h�� j hpe�uUh } ^ � � � q _gknmXw hpe �

!%hpe j h�e } ^ s } kn_i�3k s qUd jg^ r k d � k | q j d z d?> k �Uu ^[x{knz�^`_ h�e uUh } ^ � x h _g� ��� } d k uUh } k u k
] ^ � j�^ hp� j�_ h 3 �`��h 7 �`� � ^n_�k s _ h knz d?> k u ^ e |{] ^`_ B�s uUhpe } kn_�jlk u ^ e � ) ^ s ^�k�kn] z d } knmyo{^ d�� j hpd _�k
z h x`^ q(sthp� ^ e�uUh��~egh � qU�Uu ^ e ]�kn_gkwj h _ s d�� kn_p| s qUd j�k e�uUh zfk e j h _ stdf� k � u ^ hps u5B } dfs ^ e�uUh
eih � qU� u ^U|�^ e _ h�egq z jlk u ^ e ^ r j d�u ^ eb� on^ h _�k s } ^ � �EF x hpd�e �

) k u k j�kn_ h � k | �Uh�e j�k e } d _ } qU�Ue j ln� } d k e |�j�^`_ � k 2�egh qUs ]U_i^ } hpege ^ � � � � 	�!�� � |�]D^ dfe
�`_gk �UuUh ]Ukn_ij h~u ^ j h�s ] ^ hp� x`^nz�x dfu ^ � k h � h } q mpon^ Btu h _ hpe ]D^ �Ue k r d z d�u k uUh�u k } ^ s qU�Ud } k 2
mpon^ hp� x`^nz�x dfu k�� ��e _ hpeiq z�j�k u ^ e jg^`_ � kn_�k s~2"eih eihps eihp� j d�u ^U|O] ^ dfe ] h���qUhp� k e x{kn_ d knmzw h�e�� k
zfkn_g� q _�k uUh�r k � u k u kt_ hpuUh�d�� � qUh�� } d k x{k s>uUh � ^`_ s k uUh } dfeid x{k � ^ uUhpeihps ] h��U� ^U�

!%hpe j h�e } ^ s x{knz�^`_ h�ebh�� jg_ hps k sthp� j h k{z�j�^ e ]�kn_gk } ^ � x h _g� ��� } d kwj�k s rABps � ^`_�k s _ h k 2
z d?> k u ^ e�h knz�� qU�Ue z h x{kn_gk s�� ^n_�k e ]�k{_�k�j h _ s d�� kn_�| egh��Uu ^ �Lq h ^ q j�_i^ e � ^`_�k s k r ^`_ij�k u ^ e ] ^`_
�6' ����	�!#� � +8h zf^ � k j�^ uUh knzf� q s k e k s ^ e jg_�kn� hp�Ue j h _ hps>egdfu ^ ] h _ uUd�u k eQh ^ } ^ s ] ^`_ij�k s h�� j�^
uUh�e j hpe j hpe j hpeQegh � qUd _Qk s h�egs k,z . � d } k s ^ e j�_gk u k � ^ e } k e ^ e } ^ s } k{_g�3k�knz�j�k | uUhpe } kn_�j�^ qL2"egh
h�e j h�e _ hpeiq z�j�k u ^ e �
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��hpe jlk uUdfeiegh _ijlk{myon^ uUhwsthpe jg_�k u ^ � ^ d�uUh�eghp� xn^`z�x dfu k qUs k � h _i_�k sthp� j�k uUhwhpe } knzf^ � k 2
sthp� j�^ uUh ] _g^ } hpeie ^ e } ^ s ^ ]�k{_ij hJu ^ ]U_i^ 9ih jg^ �+1)��
� � �Te j h ] _g^ 9ih j�^U| hps } ^ �Ue jlk � j h
k{j q knz d?> k{myon^ h�s ^ uUd � } k{myon^�] h zf^ � _ q ] ^ uUh�+ _i^ } hpeie k sthp� j�^ + kn_gknz h zf^ h��dfe j�_ d�rUq54�u ^U|nj hps
] ^`_t^ r:9ih j d xn^ uUh�eghp� xn^`z�x h _ qUs k z df� � q kn� hps uUdfe j�_ dfrUq54�u k uUh ]U_i^`�`_gk s k{myon^ ^`_ d�hp� jlk u k k
^ r 9ih j�^ e �

�>�+1)��
� ] ^ egeidfrUd z d jlk } _ d kn_�^ r 9ih j�^ e�h�s ^ q j�_i^ e�� ^ u ^ e�u h � ^`_ s k egh�s h z � k � j h v
]U_i^`�`_gk s k{myon^ � _ dfh�� j�k u k k ��r:9ih j�^ e � �
e jlk } _ d knmpon^U| uUh � ^`_ s k,_ hps ^nj�k h j�_gk �Ue ]Ukn_ h�� j h | B
� h _ h�� } d k u k�] h zf^ �+1)��
� k{j�_gk x Bpe
uUh�qUs ^ r:9ih j�^ hpe ] h } d knz } � k s k u ^ # �d _ h j . _ d ^ $ � ! ^ u k�k
} _ d k{myon^ h�uUh�e j�_ qUd mpon^ uUh knzf� qUs ^ r:9ih j�^ uUd�e j�_ dfrUq 4fu ^ uUh x h�egh _b_ h���qUdfeid jlk u k kn^ # �d _ h j . _ d ^ $ |
h�s h���h } q myo{^ � ^ � ^ u ^w]U_ d�� } d ]�knz �

�Te jlk } h�� j�_�k{z d?> knmyo{^ u ^ �+1)�� �+9iqUe j d�� } ^ q k dfs ]Uz hpsthp� jlknmpon^ u h~qUs k � h _g_gk s h���2
j�k uUh(hpe } knzf^ � k sthp� j�^ } hp� jg_�knz d?> k u k � ��s knz��`^`_ d j d�s ^ u h7hpe } knz�^ � k sthp� jg^ } h�� j�_�k{z d?> k u ^
eih } kn_�k } j h _ d?> k ] ^`_ h���h } q jlkn_ hps kn] hp� k e qUs � ^ u ^ | } h�� jg_�knz d?> k �Uu ^ j�^ u k e k etuUh } dfe w hpe
uUhthpe } knz�^ � k sthp� jg^U| k{^ } ^ � j�_ F _ d ^ uUh qUs knzf�n^`_ d j s ^ uUdfe j�_ dfrUq54�u ^U|c^ �Uu h jg^ u ^ e ^ e,� ^ u ^ e
uUd x dfuUh�s hpe j h ] ^ uUh _ uUh�uUh } dfe o{^U�

� � h _i_�k sthp� j�kwj�k s rABps egh } kn_gk } j h _ d?> k } ^ s ^ egh��Uu ^ uUd��Blnstd } k h k u k{] jlk{j d x{k � ��s
knz��`^`_ d j s ^ uUd��Blnstd } ^�] ^ egeiqUd k } kn]Uk } d�u k uUhQuUh ] ^ egeiqUd _ u k u ^ e _ h } h�� j hpeTe ^ r _ h } k u k qUs u ^ e
� ^ u ^ e�h�� x`^`z x d�u ^ e�� kJkn]Uz d } knmyon^ � + k{_�k-knz d�s h�� j�kn_�^ h�e } k{zf^ � k u ^`_ } ^ s ^ e�u k u ^ e��Uh } hpe�2
eCF _ d ^ e | k � h _g_gk sthp� jlk�� h�>�qUe ^ u h ^ r:9ih jg^ e�hpe ] d w hpe | ��qUh � } k s } ^ �Ue jlk � j h�s h�� j h kyxnk{z d k �Uu ^
k } kn_i�3k h _ h�s h j hp� u ^ df� � ^`_ s knmXw hpe kn^ hpe } knz�^ � k u ^`_p� � � _ hp��qU��� } d k } ^ s ��qUh ^ e u k u ^ e
eih _�o{^ h�� x d k u ^ e ]Ukn_�k ^ hpe } knz�^ � k u ^`_b] ^ uUh�eih _�k q s h�� j�k u k~^ q uUd�s d���q54fu k�|�� h _�k � u ^ s k dfe
^ qJsthp� ^ e } ^ s qU� d } k{myon^U| } kn_gk } j h _ d?> k �Uu ^ k~� h _g_gk s h�� jlk } ^ s ^ egh��Uu ^ k u kn] j�k{j d x{k �

� hpe } knzf^ � k u ^`_ sth z � ^`_�k ^ uUhpeihps ] h��U� ^ uUh7qUs k kn]Uz d } k{myon^ uUh } kn_i�3k d _g_ h � q z kn_��
&(q d jlk e kn]Uz d } k{mXw hpe � o{^ j h _gon^ rDh��Uh � 4 } d ^ e } ^ s ^ qUe ^ u ^ hpe } knz�^ � k u ^n_p|
]U_ d�� } d ]�knz s h�� j h
kn] z d } knmXw hpeT��qUh } _ d k s jg^ u ^ e ^ e1eihpqUe ^ r:9ih jg^ e1� ^ d��54 } d ^�^ q � k >ph�s#qUs k uUd x d�e on^ uUh�u k u ^ e �

+ kn_�k(k7kyx{k d z d knmpon^ u kJ� h _g_gk sthp� jlk uUh h�e } knzf^ � k s h�� j�^U| rUqUe } ^ q�2�egh q s k(kn]Uz d } knmpon^
��qUh j d x h�egegh } ^ s ^ } k{_�k } j h _ 4fe j d } k�]U_ d�� } d ]�knz�k d _g_ h � q zfkn_ d�u k uUhQhps�eiq k h ��h } q myon^U| uUh � ^`_ s k
k kn]U_g^ x hpd j�kn_�^ e _ h } q _ e ^ e ^n� h _ h } dfu ^ e ] h z�^ hpe } knz�^ � k u ^`_p� ��rUeih _ixn^ q�2�egh ��qUh k � h _�knmpon^ uUh
� _gk } j�k dfeOuUh % ��� ���\[?� � 	�� egh1hp� �Lq k u _�k �Uhpe jlk e } ^ �UuUd mzw h�e | qUs k�x h >1�Lq hQ��qUh ^�j hps ]D^��3k e j�^
]�k{_�k } knz } q zfkn_ q s ]D^ � jg^ u k d�s k{� hps ]D^ uUh�eih _1k{j B��{�`�`� x h�>phpe1s k d ^`_ ��qUh ^�j hps ]D^��3k e j�^
]�k{_�k } knz } q zfkn_�^ q jg_g^t]D^ � jg^U� !�d ] d } k sthp� j h |�]D^ � jg^ e } hp� j�_gk dfe�uUh,qUs � _�k } jlk{zO]U_ h } dfe k s uUh
s k dfe j hps ] ^~]�kn_�k } k{z } q z kn_�| } ^ �UegqUstdf� u ^ s k d�e _ h } q _ e ^ e�uUh ]U_i^ } hpege k sthp� j�^U�

��e _ hpegq z�jlk u ^ e ^ r j dfu ^ e ] ^ uUhps eih _ uUd x d�uUdfu ^ ebhps u ^ dfe �n_ q ] ^ e�uUd�e j d�� j�^ e�%

� } ^ s } kn_i�3k e8r k d � k e�%c�Uhpe j h } k e ^�^ 	)=���� �
� �5� � h _�k u ^�] h zf^ e8h�e ] d w h�e�h k } ^ s qU� d } k{myon^
h�� j�_ h�hpe ] d on^ h�hpe } knz�^ � k u ^`_1j d x h _�k s q s k dfs ]D^`_�j ln� } d k eid � �Ud � } k j d x{k � ^ uUh�egh�s ] h�2
� � ^U| uUh � ^`_ s k ��qUh ^ hpe } knz�^ � k u ^n_�kn]U_ h�egh�� jg^ q _ hpeiq z�j�k u ^ e�� on^ e k{j d�e � k{j . _ d ^ e �

� } ^ s } kn_g�3k e k{z�jlk e % ^ hpe } knzf^ � k u ^`_ s ^ e jg_g^ qL2"eghws q d j�^ h � } d�hp� j h } ^ s } kn_i�3k e knz�j�k e
h x{kn_ d k u k e � � k{_ d k u k eb� ^ eihp� j d�u ^ u h��Lq h } k u k jlkn_ h � k ] ^ egeiqUd } k{_�k } j h _ 4fe j d } k e�uUd � h�2
_ hp� j h�e �

) ^ s j hpe j hpe�uUh ]D^ q } k } kn_g�3k�|M^Jknz��`^`_ d j s ^ � on^ eih s ^ e j�_i^ q s q d j�^ h�� } dfh�� j h | } ^ s
qUs �3k � � ^ ]D^ q } ^ eid � �Ud � } k j d xn^ h |1]Ukn_�k knz�� qU�Ue } k e ^ e | d�� � h _ d ^`_�v e ^`z q myo{^ eghps ^ hpe } k 2
z�^ � k u ^n_p� �"e j�^ eih~uUh x h kn^ e } qUe jg^ e�uUh } ^ s qU�Ud } knmpon^ h � d�e j hp� j h�e,� ^ s ^ uUh zf^ ��qUh ^ �Uh _gk s
kn] z d } knmXw hpe8��qUh�h���h } q jlk s�hps ]D^ q } ^ e�eih � q �Uu ^ e � �
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