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1 �24 �bs l9M HJHJiqG#DpiJE,I [(O%P j ] [(O%O%KLO%g � � � � � � � � � � � � � � � � � � � � � � � sDC
1 �24 �E1 j ] [(O1�dHJiJRVg O%KLE,KLRVO � � � � � � � � � � � � � � � � � � � � � � � � � � � � syt
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1 �F3 o N HJI�E N-GR c [(O%P w ` N O�� E [��4K^O%g	K^O1�7O%g ] K^I,G kdRVO9UVH N Iq[@E,KLRVO � � � � � � � � � � � � � 1��
1 �2C l9M HJHJiqG#j N R9iJHJI,I,KLO%g � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 1Vt
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4 �21 w ` N O�� Eq[��9KLO%g [(I [���HJO%H N [ ] !�H [(E,` N H�R(X � O9E,H N [@iJE,KLRVO � � � � � � � � � � � � � � � 4,C
4 �24 w G N HJH l E,H M I E�R w [��9KLO%g�[ w ` N O � � � � � � � � � � � � � � � � � � � � � � � � � 4��
4 �F3 � RVE,K^Uy[(E,K^RVO %>Y G93 l G%RV` ] P � w [��VH'[ w ` N O�� � � � � � � � � � � � � � � � � � � � 4��
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3 � s � O4E N R4P%`%iJE,K^RVO � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � C��
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3 �24 �E1 A R9i [ ] l H [ N iqG � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �,4
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3 � � �bs � N HJHJP%3 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 5Vu
3 � � �E1 A H X E � N K^gVG4E�� N HJHJP%3 � � � � � � � � � � � � � � � � � � � � � � � � � � � � 5Vt
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C �2C l [ c_M%] Hp2�[(i��ViqG�[@O%O%H ] `%E,E,H N [@O%iJHJIdX N R c E,G%H �p[ N,N 3 � N RVI�I�E N [(O%I,i N K M E � � � � � � sVs-3
C � � l [ c_M%] HpKLO9E,H N,N ` M E,K^RVO X N R c E,G%H � [ N,N 3 � N RVI,IdE N [@O%I,i N K M E � � � � � � � � � � � � sVs*�
C �25 l [ c_M%] HpKLO9E,H N,N ` M E,K^RVO X N R c E,G%H�[(P%U9KLI,KLO%g�E N [@O%I,i N K M E � � � � � � � � � � � � � � sVs*�
C � u l [ c_M%] HpP%KLI N ` M E�KLRVO�X N R c � ] G�[@P�[(P [(P%U9KLI,KLO%g�E N [@O%I,i N K M E � � � � � � � � � � � � sVsyu
C � t ! ` ]L] [(P%U4K^I,KLO%g E N [(O%I,i N K M E�[(O�[ ] 3 �JHJP�K^O !7KLgV` N H C � u � � � � � � � � � � � � � � � � sVsyt
C � s � l [ c_M%] HpP%KLI N ` M E�KLRVO�X N R c E,G%H�� ] G�[(P�[(P [(P%U9KLI,KLO%g�E N [(O%I,i N K M E � � � � � � � � � � sD1��
C � sVs A [ 3VH N I�R@X ] R gVKLi [ ]N H M%N HJI�HJO4Eq[@E,KLRVO � � � � � � � � � � � � � � � � � � � � � � � � sD1Vu
C � sD1 w 3 M HJI�R(X7I,Eq[ ]L] I � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � sD4,4

� � s � O4E,H N X [(iJHfHJUy[ ] `�[(E,KLRVOpG%HJ` N KLI�E,KLiJI n X N R c /TKLH ] I,HJO 2WsytVt,4 5JnJ[(I>I,` c_c [ N K��JHJPp243 A [@O��
P�[(`%H N 2WsytVt,C 5 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � s-3,3

� �21 �p`%HJI,E�KLRVO%IdX R N I,39I,E,H c P%HJI,K^gVO%H N I�E,R_[(I � � � � � � � � � � � � � � � � � � � � � � s-3 C
� �24 w K c HJEq[@2 ] HJI�[(O%P�I�iqG%HJP%` ] HJI � � � � � � � � � � � � � � � � � � � � � � � � � � � s-3 5
� �F3 � ] R9i �_P%K [(g N [ c XBR N E�K c HJE [(2 ] KLO%g�[(O%P�iJRV` N I,H'[@P%U4KLI�KLO%g � � � � � � � � � � � � � s-34u
� �2C l [ c_M%] HpI,HJI,I,K^RVO �

KLE,G � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � sDC9s
� � � l [ c_M%] HpI M H ]^] KLO%g c K^I,Eq[��VHTE,G�[(E�KLITKLgVO%R N HJP_293���� � � � � � � � � � � � � � � � sDC,4
� �25 k ] [(I,IdG%KLH N [ N iqG93�X R N � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � sDC;3
� � u � �r[ c_M%] HJIfR(XZE�G%H�Eq[��VH'[(O%P�P N R M iJR c_c [(O%P KLO ��� � � � � � � � � � � � � � � � sDCVt
� � t � �r[ c_M%] H�R@X [ ����, e9`%HJI,E,K^RVO � � � � � � � � � � � � � � � � � � � � � � � � � � s*���
� � s ��kdR O%i N HJE,H�gVR4[ ] M HJO�[ ] EW3 c [(E N K�� � � � � � � � � � � � � � � � � � � � � � � � � � s*�9s
� � sVs � R4[ ] P%R c KLO�[(E,KLR O G%KLH N [ N iqG93 � � � � � � � � � � � � � � � � � � � � � � � � � � � s*�,1

� K^U



� � sD1 w G%H�I�E N `%iJE,` N H�R@XZgVR9[ ] I � � � � � � � � � � � � � � � � � � � � � � � � � � � � � s*�;3
� � sD4 l R c H�R(X>E,G%HpG%HJ` N KLI�E,KLiJId`%I,HJP�293 � [(` ] P%KLO 2 sytVt;3 5 X R N E,G%H�sytVt,4 A R4HJ2%O%H N kdRVO9E,HJI,E(sD5 5
� � s-3 l [ c_M%] H�� A ��� D E N [@O%I,i N K M E � � � � � � � � � � � � � � � � � � � � � � � � � � � sD5,5
� � sDCxDpO%RVE,G%H N I [ c�M%] H � A ��� D/E N [@O%I,i N K M E � � � � � � � � � � � � � � � � � � � � � � sD5Vu
� � s*� l i N HJHJOQI,G%RVE�R@X l D � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � syu9s
� � sD5 w ` N O�� Eq[��9KLO%g�I,` c_c [ N 3�R(X l D � � � � � � � � � � � � � � � � � � � � � � � � � � syu,1

5 � s ( [(O1�fHJH ��HJE [ ] �!2WsytVt,4 5�[ ] gVR N K^E,G c X R NdN HJI M RVO%I,H'g HJO%H N [(E,KLR O � � � � � � � � � syt��
5 �21 ! RV` N�c R9P%HJI�R(XdUy[ N K [(2 ] H�KLO%KLE,K [(E,KLUVH�K^O E,G%H�UVRVKLiJH�� P%K [ ] RVg_I,39I,E,H c K c_M%] H c HJO4E,HJP

KLO l9c KLE,G_HJE [ ] � 2 sytVt,C�5 � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
1��9s
5 �24 � O4E,H N�N ` M E,KLRVO N ` ] HJIdX N R c 2 Ym[ ] �VH N [(O%P�Y G%KLE,Eq[�� H N s(tVt���5 � � � � � � � � � � � �
1��Vu
5 �F3 DpO � �dS X N R c 2 Y\[ ] �VH N sytVt;3 5 � � � � � � � � � � � � � � � � � � � � � � � � � �
1��Vt
5 �2C l [ c_M%] H h HJI,KLgVO�� Y R N,] P_P%K [ ] R g'X N R c Ym[ ] �VH N 2WsytVt�3 5 � � � � � � � � � � � � � �
19sVs

D �bs l [ c_M%] H M%N HJiJHJP%HJO%iJH�g N [ M G%I � � � � � � � � � � � � � � � � � � � � � � � � � � �
1,1,1
D �E1 k�[ ] iJ` ] [(E,K^O%g	[ M HJO�[ ] EW3 c [(E N K�� �

KLE,G_E,G%H c R9P%K a HJP ! ] Ry39P�� Ym[ N I,G�[ ]L] [ ] gVR N KLE,G c 1,1,4
D �E4 �dHJI�` ] E,KLO%g M HJO�[ ] EW3 c [(E N KLiJHJI7X N R c !7KLg ` N H�D � s � � � � � � � � � � � � � � � � � �
1,1;3
D � 3 �TR
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E�R H [(E ] K �VH [ �4KLO%g � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
1,1,C

D �EC j N HJiJHJP%HJO%iJH'R(X�[(iJE,K^RVO%IfXBR N !7KLgV` N HpD �F3 � � � � � � � � � � � � � � � � � � � � �
1,1��
D � � !7KLO�[ ] M HJO�[ ] EW3 c [(E N K�� iJR N,N HJI M RVO%P%KLO%g�E,R�E,G%H M%N HJiJHJP%HJO%iJH�g N [ M G�K^O !7KLgV` N H�D � 3 1,1,5
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w ` N O�� Eq[��9KLO%g#KLI RVO%H�R@X E,G%H�2�[(I,K^i_XBH [(E�` N HJI�R(X P%K [ ] RVg %_[(E c R I,E'E,K c HJI n�H$��[(iJE ] 3 RVO%H�iJRVO9UVH N �
Iq[(O9E�G�[(I�E,G%Hdc�e�R4R N f � w R [ UVR KLP 2�R E,GmP%R `%2 ] HJEq[ ] � 2 I,K c ` ] Eq[(O%HJRV`%I�I M H [��9KLO%g 5�[(O%Px[ �

�
�
[ N P

M [(`%I,HJI 2 O%RQRVO%H_I M H [��9KLO%g 5 n iJR O4UVH N Iq[(O9E,I c `%I�E�I,G�[ N H E�G%Hge�R9R N [@O%P M [(I�I	K^E'2�HJE �
HJHJO\E,G%H c �

I,H ] U HJI�I c R9RVE,G ] 3 � w ` N O�� Eq[��9KLO%g�KLI�KLO�X [@iJE [	XB`%O%P�[ c HJO9Eq[ ] I �4K ]^] E,G�[(EdG9` c [@O%I�2 HJgVKLO M%N [@iJE,KLiJKLO%g
[(E [@O�H [ N,] 3�[@gVH�%

w ` N O�� E [��4K^O%g	I�HJH c IdE,R 2 H'[ M G%HJO%R c HJO%RVO�P%HJH M%] 3 N R9RVE,HJP�KLO�G9` c [@O�iJR c_c `%O%KLi [%�
E,KLRVO�XBR `%O%P%HJP RVO [ c `%E,`�[ ] [ �

[ N HJO%HJI�I�R@X I,G�[ N K^O%g I,R c HJE,G%KLO%g � � E�G�[@I�2�HJHJO XBRV`%O%P
E,G�[(E n9HJUVHJO#[(E [�UVH N 3�H [ N�] 3�I�Eq[(gVH�KLO ] KbXBHVn9E,G%H�iqG%K ] P�2�HJgVK^O%I E,R_[(iJe4`%K N H �4O%R

��] HJP%gVH
[(2�RV`%E�E,G%KLI�R N g9[(O%K�� [(E,K^RVO�R(X�E,RVg HJE,G%H N O%HJI,I7[(O%P�KLE,I�iqG�[ N [(iJE,H N K^I,E,KLi M [(E�E,H N O%KLO%g �

G%KLiqG
H$� KLI�E,IdKLO [(O%P 2%`%K ] P%I�` M E,G%H�P%K [ ] RVg `%H � 2 o N HJI,E N-GR c s(tVu,4�5
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o N HJI,E N-GR c g R4HJI�RVOmE�R N H M R N E�RVO N HJI�H [ N i GmE,G�[@E'i ] [(K c IpHJUVHJO\KLOmE�G%H�UVH N 3 a�N I,E �
HJH � R(X ] K XBHVn

3VRV`%O%g#i G%K ] P N HJO�[ N H M%N [(iJE,KLiJKLO%gQKLO9E,H N [(iJE,K^RVO �
KLE�GmHJ3VH�g ] [(O%iJHJI [(O%P\X [(iJK [ ] H$� M%N HJI�I,KLRVO%I nf[(O%P>n

] [(E�H N n(E,G N RV`%g G c�iJR4RVK^O%g f [(O%P
c,2�[@2%2 ] KLO%g f KLO N HJI M RVO%I,HTE,R'[(P%` ] E7Eq[ ] � ��� [ ]L] KLP�[ 3�2Wsyt u,C�5 N H M R N E,I
RVO a�]Lc I R(X c RVE,G%H N � i G%K ] P K^O4E,H N [(iJE,KLRVO\E,G�[(E�I,G%R �

E,G�[(E K^E KLI R(X E,HJOxE,G%H ) ��+)(+* �
G%RmK^O%KLE,K [(E�HJI

[(O%P iJR O4E N R ] I�E,G%HJI,H M%N RVE,R�� iJR O4UVH N Iq[(E,KLR O%I n �
G%KLiqG I,`%gVgVHJI,E�I�E,G�[(E'`%O%P%H N I,Eq[(O%P%KLO%gQR(X�iJRVO9UVH N Iq[ �

E,KLR O�[ ] KLO%KLE,K [(E,KLUVH c KLgVG9E�[ ] I,R�2�HpKLO%g N [@KLO%HJP�X N R c [(O H [ N�] 3�[(gVH � l KLO%iJHpE,` N O�� E [��4K^O%g'KLId['O�[@E,` N [ ]
[(O%P�H [(I�3�2 HJG�[ U9KLRV` N X R NdM HJR M%] HVn �

H
�
R ` ] P ] K �VHpKLO4E�H N [(iJE,KLU H�iJR c_M `%E,H N I,34I�E,H c IfE,R�2�H�HJe4`�[ ]^] 3

I �9K ]L] HJP��QD gVR9R9PmE,` N O�� Eq[��VH N �9O%R
�
I

�
G%HJOxE,RQI M H [�� [(O%P �

G%HJOxE,R ] K^I,E,HJO��QD gVR9R4P\I M H [��VH N
�9O%R

�
I

�
G%HJO�E,R R ) H N I,R c HJRVO%H�H ] I,H'[�i G�[(O%iJH�E,R I M H [��n�[(O%P"[ gVR4R9P ] KLI�E,HJO%H N �4O%R �

I
�
G%HJO E,R

�
[(KLE M [(E,KLHJO9E ] 3VnV[(I ��XBR N [ iqG�[@O%iJH�E,R'I M H [��n%R N E�R	K^O4E,H N�N ` M E�E,G%HpiJ` N,N HJO9EdI M H [��VH N � /TRVE�`%O%P%H N �

I,Eq[@O%P%KLO%g�G%R
�
E,R�I,G�[ N H E,G%H iJR O4UVH N Iq[(E,KLR O�[ ] e�R9R N �

K ]L]7] H [(P E�R�I,34I�E,H c IpE,G�[(E�[ N H�iJRVO%I,E [(O4E ] 3
I,E,H M%M K^O%g RVO�E,G%H�`%I,H N 4 I�E,R9HJI n M%N R(U9KLP%KLO%g c R N HTX N `%I�E N [(E,K^RVO E,G�[(O�G%H ]^M �

,.-/,.-0, 13254�6�798;:
<0=?>A@CB�>
>9DFE&GHDI2
J'K�7ML�N02HO

kdR c_M `%E,H N�M%N RVg N [ c K^O4E,H N X [(iJHJI�[ N H�I,R c HJE,K c HJIpK N,N K^Eq[(E,KLO%g�2 HJi [(`%I,HQE,G%HJ3mP%R#O%RVE�Eq[��VH�E�` N O%I
I c R4R E,G ] 3 � w G%H'I,R@XBE �

[ N H�P%HJUVH ] R M%c HJO9E�HJO9U4K N RVO c HJO4EfX R N [@O R ] PQUVH N I,K^RVO�R(X � KLi N RVI�R(XBE ���fD��

l � k�P	G�[(I�[ XBH [(E�` N H E,G�[(E�[ ]L] R �
I�E�G%H�I,39I,E,H c E,R K c�c HJP%K [(E,H ] 3 �

[ N O E,G%H `%I�H N [@2�RV`%E�I,39O4E [/�
H N,N R N I�� � X>E,G%H�`%I,H Nfc R(UVHJI�E,G%H�iJ` N I�R N X N R c [�I,39O9Eq[(iJE,KLi [ ]L] 3�KLO%iJR N�N HJiJE ] KLO%HdR(X>iJR9P%HVnVE,G%HJO�[@O H N �
N R N 2�R/� M R M If` M E�R'P%HJI,i N K^2�H�E,G%H M%N RV2 ] H c nV[(O%P�E,G%HJ3 c `%I,E7i ] KLi�� [�2%`%E,E�RVO �

KLE�G	E�G%H c R `%I,H�E,R
c [��VH�E,G%H�2 R/� gVR [ �

[ 3 � w G%KLIfXBH [(E�` N H�KLId`%I,H X ` ] KLO�I,R c H�I,K^E,`�[(E,KLR O%I nV2%`%E c [(O93 M%N RVg N [ c�c H N I
E,` N O\KLE�R.) [(O%PxO%HJUVH N `%I,H�KLE [(g4[@KLO>n�2�HJi [(`%I,HQE,G%H_KLO4E�H N,N ` M E,KLR O%I [ N H�E�R4RQX N HJe4`%HJO9E n7`%O%G%H ]^M �
X ` ] n [(O%P P%KLI N ` M E,K^UVH ��!�R N H$�r[ c�M%] HVnI�R c H M%N RVg N [ c�c H N I ] K �VH�E,R�EW3 M H 2 ] R9i ��� ] K � H	I�Eq[(E,H c HJO4E�I

QSR�TMU
VXWZY�[]\�^_\)`�acbZdM^fe0g�hXgSi'g/j]`�kmlng/oXbpkq^'r)st^'utg9bZvm^tbw[xoqr/jxyqhzgS\{^Ao|yqlH}~g/e{`faqufe0^�kzvX[]rS^fjx�cyq\)g/e{[xoXb)g/e)ac^'r�gAacgS^tbZyze0gS\S�
\Zyqr�v�^'\&^fyqb)`'l�^tbZ[]r#\)b)g0kz��bZvXe0`fyqufv�hzg/}Xyqu'uf[xoquz�nd9[xomhX`�d_\�d9[]bZv�h�[x�~g/e0g/oXb�i'[]gSd.\�`fanbZvqg�\)`fyXe0rSg�rS`|hzg��f`fyqbZkXymbS�
g/�Xb)g/oq\Z[]i'g�`foX�cjx[xomg
vqg/jxk%�qgSb)r'�MW�o�j]^tb)g/e�i'g/e0\Z[]`�om\.`fapR�T9U
VXWZY��XbZvqg�hXgSb)^f[xj]\�`fa�bZvqg_[xoXb)g0e)ac^'rSg�vq^�i'g
r)vm^�omutgSh��'yX[]b)g
^
}X[]b_\)`nbZvmg�kq^fe0bZ[]r/yXj]^fe
kXe0`f}Xj]gSl�hzg�\)r/e)[x}�gSh�l�^���oq`�j]`foqu'g/e�g/�|[]\)bS�z}Xyqb_bZvqg�yXomhXg/e)j]�'[xoqu�[]hzgS^t\�^�omh&l�gSb)^fkXvq`fe0\�^�e0g
\)bZ[xjxj{gS\)\)g/oXbZ[]^�jxj]��bZvqg
\)^'lng'�



���������
	��������������������������������� ��!��#"
	���$%�&���'!�� 4

KLO M [@K N I nI,R�E�G%HJ3 �
K ]L] O%RVE�X R N gVHJEpE,G%H HJO%P�� 2 ] R4i�� iJR c_c [@O%P���Y G%HJO ��N KLE�KLO%g [ XBR N � ] R9R M nE,G%H

M%N RVg N [ c_c H N7c KLgVG9E a�N I�E�EW3 M H�E,G%HJI,H'E �
R ] KLO%HJI#%

�����

���	� �����

w G%HJO [ XBE�H N EW3 M KLO%g E,G%HJI,HQE �
R ] K^O%HJI ndE,G%H M%N RVg N [ c_c H N�a�]L] I�KLO�E,G%H XBR N � ] R9R M iJRVO%P%KLE,K^RVO�[(O%P

2�R9P%3 � � X�E�G%H [@`%E,R c [(E,KLi�I,39O9Eq[/� i G%HJi �9KLO%g_X H [(E,` N H�KLI�HJO�[(2 ] HJP>nE,G%K^I �
K ]L] i [@`%I,H�[�2�R/�"E,R M R M

` M E,G�[(E �
[ N O%I E,G%H M%N RVg N [ c�c H N E�G�[(E E�G%H ] KLO%H�iJRVO9Eq[(KLO%KLO%g �	�
� KLIpKLO%iJR N,N HJiJE n [ X [@iJE�E,G�[(EpE,G%H

M%N RVg N [ c_c H N 2�R E,G �4O%R
�
I�[(O%P#P%R4HJI�O%R E�i [ N H [(2�R `%E [(E�E�G%KLI M RVKLO9E�� w G%H M%N R 2 ] H c �

KLE,G#E,G%KLI
M [ N E�KLiJ` ] [ N�M%N RVg N [ c �

[(I E,G�[(E�KLE�I,E,R M%M HJP [ ]L] E,G%H�K^O4E,H N [(iJE,KLRVOx[(O%P N HJe9`%K N HJP E,G�[(E�E,G%HQ`%I,H N
M [ 3 [(E,E,HJO9E,KLR O�E,R�E�G%KLI I�34O9Eq[/��H N,N R N � � O [

�
[ 3Vn E,G%KLIpKLI ] K �VH'[�i G%K ] P K^O4E,H N�N ` M E,KLO%g �

KLE,G%R `%E [(O
`%O%P%H N I,E [(O%P%KLO%g R(XpE,G%H �

G%R ] H�I,KLE�`�[(E,KLRVO�� ��RV`xi [(O02 I,R c HJE,K c HJI 5TH$� M%] [(KLO\E,R#E,G%H�i G%K ] P\E,G�[(E n
�
G%K ] H�E,G%HJ3x[ N H�iJR N,N HJiJE�KLO N H [ ] K��JKLO%g#E,G�[(E�E,G%KLI�KLI_[(OxH N,N R N n7KLE�KLI�O%RVE G%H ]LM X ` ] E,R M RVKLO9E E,G%KLI

RV`%EpHJUVH N 3�E,K c HVn92�HJi [@`%I,H ��N KLE,K^O%g 2�HJgVK^O��(HJO%P 2 ] R9i��4IpKLIp`%I,H XB` ] [(O%PQE,G%H M%N RVg N [ c�c H N G�[(IpO%RVE
[(iJE,`�[ ]L] 3 c [@P%H [ c KLI,Eq[�� H � Y G%K ] H_i G%K ] P N HJO ] H [ N O>n c RVI�E'iJR c_M `%E,H N'M%N RVg N [ c I�P%R O%RVE n�[(O%P
c `%I,Ed2 H N H M%] [(iJHJP �

KLE,G_O%H
�
U H N I,KLRVO%I �

opO%H
�
[ 3	R@X P%HJI,i N KL2%K^O%g'E,G%H M%N RV2 ] H c �

K^E,G E,G%H�[(2�R(UVHpKLO9E,H N X [(iJH�KLIdE,G�[@E�KLEfKLIdEq[��9KLO%g'[�E,` N O
[(E E�G%H

��N R O%g"E�K c H � D N H [ ]L] 3\I c [ N E'I,39I,E,H c �
R ` ] P �

[(E,i GxE,G%H M%N R g N [ c_c H N n7[(O%P N H [ ] K��JH
E,G�[(E

�
G%HJO\I,G%H

�TN KLE,HJI �	�
� � ���� �	�
� [(I�[(2�R(UVHVn�I,G%H_KLI�i [ N,N 39KLO%g�RV`%E [ M%] [(O E,RQiJRVO%I,E N `%iJE�[
I,39O4E [(iJE,KLi [ ]^] 3�iJR N,N HJiJEXBR N � ] R9R M KLO	[ �

[ 3 E,G�[@E c K^O%K c K��JHJI�E,G%HfiqG�[(O%iJHfR(X%X R N gVHJE,E�KLO%gdE,G%H ���� �	�
�

] KLO%H � l `%i G"[�I,39I,E,H c iJR ` ] P�E N H [(EdKLE�I�K^O4E,H N [(iJE,KLRVO �
KLE,G_E,G%H M%N RVg N [ c_c H N7] K �VH [��9KLO%P�R(X P%K [ ] RVg

R N iJRVO4U H N Iq[(E,K^RVO>n>I,`%i G\E,G�[(E	[ ]L] E,G%H_KLO M `%E�X N R c E,G%H�`%I�H N 2 H � g �_EW3 M KLO%g n c RV`%I,H�i ] K^i �9I n�HJE,i � 5
iJRV`%O9E,I�[@I M [ N E�R@X G%H N c,I M HJHJiqG f n9[(O%P�[ ]L] E,G%H�R `%E M `%E7X N R c E,G%HTI,34I�E,H c 2 H � g �

��N KLE,KLO%g c HJI�Iq[(gVHJI
E,RpE,G%HdI,i N HJHJO>n M R M%M KLO%g�` M �

K^O%P%R
�
I n i G�[(O%gVK^O%g iJR ] RV` N I n(HJE,i � 5'[ N HfKLE,I�`%E,E,H N [@O%iJHJI�� A K �VH�[TgVR4R9P

G9` c [(O�iJRVO4U H N Iq[(E,K^RVO�[ ] KLI�E n �
H

�
[(O4EfE,G%HpI,34I�E,H c E,R��4O%R

� �
G%HJO�KLE�I,G%R ` ] P�I M H [��n�[(O%P �

G�[(EdKLE
I,G%RV` ] P�Iq[ 3 � � O�E,G%H�i [@I,H R@X E�G%H M%N R g N [ c_c H N KLO4E�H N X [@iJHVnVKLE �4O%R �

I
�
G�[(E�E�R'Iq[ 3 2 K � H � E,G�[(EfE,G%H N H
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KLI�[ I�34O9Eq[/� H N,N R N 5Jn>2%`%E�I,K^O%iJH KLE	[ ] �
[ 39I c HJO4E,K^RVO%I�E,G%KLI�[(I�I,R4R Om[(I�E,G%H iJ` N I�R N�c R(UVHJIpX N R c

E,G%H ] K^O%HVn4E�G%H�I,34I�E,H c HJO%P%I�` M K N�N KLEq[(E�KLO%g c [(O93	`%I�H N I��7D/I c [ N E�I�34I,E�H c I�G%RV` ] P N HJiJRVg O%K��JH�E,G%H
I,39O4E [/��H N,N R N n92%`%E �

[(KLEd`%O4E�K ] E,G%H N KLgVG9EdE,K c H�E,R E�H ]L] E,G%H�`%I,H N � w G%H N KLgVG9EdE,K c H c K^gVG4EfP%H M HJO%P
` M R O�I M HJiJK a ipKLO9X R N,c [(E,KLR O	[(2 RV`%EdE,G%H `%I�H N 2 H � g �7[ N HpE,G%HJ3�[(O�H$� M H N KLHJO%iJHJP M%N RVg N [ c_c H N �#5Jn R N
RVO�P%K N HJiJE�RV2%I,H N U([(E,KLR O�R(X7E,G%H�`%I,H N 4 I [(iJE,K^RVO%I��!�R N [(O�H$� M H N KLHJO%iJHJP M%N RVg N [ c�c H N n(KLE �

K ]^] R(X E,HJO
RVO ] 3�Eq[��VH [pX H �

I�HJiJRVO%P%IdE,R a�]L] KLO E,G%HTP%HJEq[(K ] IfR(X>E,G%H ] R9R M iJR O%P%KLE,KLRVO>n9[(O%P_I,R	[ X E,H N E,G�[@E c KLgVG9E
2�H�[�2�HJE�E,H N E,K c HpE,R N H M R N E�RVO [�I,39O9Eq[/��H N,N R N n%KbX�KLE�I,E,K ]L] H$�%KLI,E,I �

D/gVHJO9E ] H N �
[ N O%KLO%g R(X�[ M RVE,HJO9E,K [ ] I,39O9Eq[/� H N,N R N�c K^gVG4Ed[ ] I,R �

R N � � !�R N H$�r[ c�M%] HVn9KLO%I�E,H [(P
R(X'I,E�R M%M KLO%gm[ ]^] KLO9E,H N [@iJE,KLRVOx[(O%P N HJe9`%K N KLO%g E�G%H `%I,H N E,R\[(i �9O%R ��] HJP%gVHQE,G%H M%N HJI,HJO%iJH#R(X'E,G%H
I,39O4E [/�"H N,N R N nE,G%H I�34I,E�H c iJRV` ] P N [(KLI�H [ ] HJI,I�KLO9E N `%I�KLUVH �

[ N O%KLO%g�nRVO%H E�G�[(E�E,G%H M%N RVg N [ c�c H N
iJRV` ] P\KLgVO%R N H�KbX�E,G%HJ3 I,RQP%HJI,K N H � � O%I,E,H [(P\R(X M R M%M KLO%g ` M [QP%K [ ] RVg�2 R/� n�E,G%H K^O4E,H N X [(iJH�iJRV` ] P
] HJI,IfRV2%E N `%I�KLUVH ] 3�iJR ] R N E,G%HTI,`%I M HJiJE ] K^O%H N HJP�E,R�P%K^I,E,KLO%gV`%K^I,G�KLE7X N R c E,G%HTRVE,G%H N n iJR N,N HJiJE ] 3'iJR9P%HJP
] KLO%HJI �

R,S�� ��� 	 � � W 	 �
w G%H c [(KLO iJR O4E N KL2%`%E,KLRVO_R(X7E,G%KLIdE,G%HJI,K^I�K^I�E,R M%N HJI,HJO9E [�gVHJO%H N [ ] n4g R4[ ] � R N KLHJO4E�HJP c R4P%H ] R(X7E,` N O��
Eq[��9KLO%g � w G N RV`%g G%RV`%E7E,G%H�E,G%HJI�KLI n �

H�`%I,H�E�G%H�E,H N,c ����� ��&(�-�
	 + �������� �#� [(O%P�[@I,I,` c H�E,G�[(E7P%K [ ] RVg
iJRVO9UVH N Iq[@O4E,I n �

G%HJE�G%H N�M HJR M%] H#R N iJR c_M `%E,H N I nd[ N H#[(gVHJO9E,I�� Y H
�
K ]L] HJI,I,HJO9E,K [ ]L] 3 XBR ]^] R �

E,G%H
P%H a O%KLE,K^RVO gVKLU HJO	293��d`%I,I,H ]^] [(O%P /TR N U9KLg�2Ws(tVt,C�5Jn �

G%R�P%H a O%H [(O_[(gVHJO9E�[(I4c�� � �WI�R c HJE�G%KLO%g�E,G�[(E
M H N iJHJKLUVHJI	[@O%Pm[(iJE,I�� f 2 M �E5�5 ��� � O E,G%KLI�E�G%HJI,KLI n E,G%H c R4P%H ] R(X�[_E,` N O�� Eq[��4KLO%g [@gVHJO4E�K^I'P%KLU9KLP%HJP
KLO9E,R�E,G N HJH M [ N E,I n%iJR N�N HJI M R O%P%KLO%g E,R�E,G%H�2�[(I,KLi M%N R 2 ] H c IfKLE c `%I�E�I,R ] UVH�KLO [(O93�K^O4E,H N [(iJE,KLRVO %

��� vX[]\A[]\{^fo�g/�XbZe0g�l�g/j]��}Xe0`'^th�hXg��Xoz[]bZ[]`�o%�q^foqhw�|ac`�e{g/�X^'l�kzj]g'�qrS^fon}�g.b)^fs|g0o�b)`�[xomr0jxymhXg����
�
rS`tl�kXymb)g/eM\)�|\)b)gSl
}X��bZe0gS^'bZ[xoqu�bZvqg_[xoXkzyqb�^t\Ak�g/e0r�g/kmbZ[]`�o%��^�omh&^fjxj]`�d9[xomu�[xoXb)g/e)oq^fj�\)b)^tb)g/��r�vq^foqu'g�\_b)`�rS`�yzoXb.^'\.^trSbZ[]`foq\S����\Zym^�jxj]�'�m`�omg
b)^fs gS\�^�kXe0^'utl�^'bZ[]r�^�kzkXe0`'^tr�v�^foqh `foXj]� ^'\)r0e)[x}�gS\�^'utg/oXbZvq`|`|h b)` bZvX[xomut\�bZvq^'b�^trSbS��`fe�^�e0g�[xoXb)g/oqhzgSh�b)`�^'rSbS�
[xoXb)g/jxjx[]utg/ombZj]�t�_[xo bZvqg�\)g/oq\)g�bZvq^'b�[xa�^�k�g/e0\)`�o#vq^'h hX`foqg�bZvqg�\)^tl�g�bZvX[xomuX�9d9g�d9`�yzj]h�vq^�i'g�oq`fe0ln^fjxj]� \)^�[]h bZvqg
^'r�bZ[]`fo�e0g��'yz[xe0gS\.[xoXb)g/jxjx[]u'g0omrSgnb)`Hk�g0e)ac`fe0l��{U�u'g/oXb)\9^�e0g
bZ�'kX[]rS^fjxj]�&^'\)\Zyql�gSh&b)`Hvq^�i'g�[xoXb)g/e)oq^fj l�g/oXb)^fjI\)b)^tb)gS\S�X\Zymr)v
^'\9}�g0jx[]g/ac\S��hXgS\Z[xe0gS\S��^foqh�[xoXb)g/oXbZ[]`�om\S�I^foqh�bZvmg0[xe�^trSbZ[]`foq\
^fe0g
hXgSb)g/e0l�[xomgSh�}X�&bZvmg�\)g
\)b)^'b)gS\S�
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s � � ��� P%R4HJI�K^E �
[(O9E�E,R�Eq[��VH'[�E,` N O��

1 � � ����� P%R9HJI KLE �
[(O9EdE,R iJRVO9E N KL2%`%E�H E,R�E,G%H�KLO9E,H N [(iJE,K^RVO��

4 � � ��� � I,G%RV` ] PQKLE�[(iJE,`�[ ]^] 3 iJRVO9E N KL2%`%E�H�E,R�E,G%H�KLO9E,H N [(iJE,K^RVO��

w G%H a�N I,EpE �
R M [ N E,I�iJR N�N HJI M R O%P"E�R M%N RV2 ] H c I�E,G�[@E G�[ UVH ] R O%g�2 HJHJO N HJiJRVgVO%K��JHJPQKLO iJR c_M `%Eq[ �

E,KLR O�[ ] P%K^I,iJRV` N I,H 2 [(O%P�D � KLO g HJO%H N [ ] 5 � D I �
K ]L] 2�HpP%KLI,iJ`%I�I,HJP KLO kdG�[ M E�H N 1%n c RVI,E�D � P%KLI,iJR ` N I,H

I,39I,E,H c I N HJiJRVgVO%K��JH E,G%HpO%HJHJP_X R N E,G%H a�N I,EdE �
R�I,E,H M I�� X R N H$��[ c_M%] HVn4[ O�[(E,` N [ ]�] [(O%g `�[(gVH M [ N I,H N

E N [@O%IWXBR N,c I�I,E N KLO%gVI7R(X ] HJE,E�H N I7KLO9E,R	[pI,39O9Eq[(iJE,KLi �@I,H c [@O4E,K^i N H M%N HJI�HJO4Eq[@E,KLRVO�E,G�[(EfE,G%H�I,39I,E,H c i [(O
N H [(I�RVO [(2�RV`%E � w G%H I�HJiJRVO%P I,E,H M i [ M E�` N HJI'E,G%H�2�[(I,KLi N H [(I�RVO%KLO%g�E,G%H I�34I,E�H c O%HJHJP%I	E�R�P%R E,R
c [��VHdKLE,I7P%HJiJKLI�KLRVO%I n9[(O%P [ M%M%] 34K^O%g	[(O%P `%O%P%H N I,Eq[(O%P%KLO%g N H [@I,RVO%KLO%g c HJE,G%R9P%I�G�[(I M H N G�[ M Id2 HJHJO
E,G%H c [#"�R N HJO4E,H N�M%N KLI,HdR(X�D � I�KLO%iJHdKLE,I�KLO%iJH M E,KLRVO % M%] [(O%O%KLO%g n(E,G%HJR N H c � M%N R(U4K^O%g�nJP%HJiJKLI,K^RVO�E,G%HJR N 3Vn
G%HJ` N KLI�E,KLi�I,H [ N iqG>n9HJE,i ��i [(O�[ ]L] 2�H�I,HJHJO�[(I M%N RV2 ] H c � I,R ] U4K^O%g E,HJi G%O%KLe9`%HJIdE,G�[(E�[(O�[(g HJO4Edi [(O_`%I,H
E,R�[@iqG%KLHJU H KLE�I�gVR4[ ] I 2 �d`%I,I,H ]L] [(O%P=/�R N U4K^g�s(tVt,C�5 �

w G%H�E,G%K N PQI,E,H M n%G%R �
HJUVH N n N H M%N HJI�HJO4E,I�[�O%R(UVH ] iJR O4E N KL2%`%E,KLRVO�E�R iJR c_M `%Eq[(E,KLR O�[ ] P%KLI,iJRV` N I,H �

l9M R��VHJOxP%K [ ] R g KLI�[ E�K c H�� M%N HJI,I,` N HJPm[@iJE,KLU9KLEW3Vn [(O%PxE,G%K^I c [��VHJI	[QP%K�)>H N HJO%iJH_KLO\E,G%H �4KLO%P%I�R(X
M%N R9iJHJI,I,KLO%g [@O [@gVHJO4Epi [(O#P%R [(O%P E�G%H	R `%E M `%E�KLE M%N R4P%`%iJHJI �	kdR c�M `%Eq[@E,KLRVO�[ ] P%KLI�iJRV` N I,H�R(X E,HJO
[(I,I�` c HJI�P%K [ ] RVg#E,R 2�H � � +-�-�-� � n ] K �VH [(OxHJI,I [ 3\R N [ ] HJE,E,H N � w G%KLI KLI_[#G%H ]LM X ` ] [(I,I,` c_M E,KLR O>n
2�HJi [@`%I,H I M R��VHJO ] [(O%gV`�[@gVH�KLI [ P%K�)>H N HJO4E�[(O%P R(X E,HJO c R N H�iJR c�M%] H$� c HJP%KL` c ��[(I��p[ ]L] KLP�[ 3
2Wsyt u,C�5 M R KLO4E�I�RV`%E n�I M R��VHJO ] [(O%g `�[(gVH iJRVO9Eq[(K^O%I'[ ]L] E,G%H c K^I,Eq[��VHJI n�i N R I,I � RV`%E,I n N H�� I,E [ N E,I n�[(O%P
P%KLI�e�`%HJO%iJK^HJI E,G�[(E [

�TN KLE,H N�c KLgVG9E c [�� H KLOx[ a�N I,E'P N [yXBE n 2%`%E	E�G%HJO ] [(E,H N HJP%KLE,I�RV`%E��#Y G%K ] H
I M H [��VH N I i [@O c,HJP%KLE f E,G%HJK N I M HJHJiqG>ndHJU H N 34E�G%KLO%g#E,G%HJ3mP%R n c K^I,Eq[��VHJI�KLO%i ] `%P%HJP>n �

K ]L] 2�HQE,G%H N H
X R N HJUVH N 3 RVO%H�E,R I,HJH � w G%H�E,G%K N P�I,E,H M R(XZE�G%H�E,` N O�� Eq[��9KLO%g�[ N iqG%K^E,HJiJE,` N H�2 N K^O%gVI�iJR c_M `%Eq[(E,K^RVO�[ ]
P%KLI,iJR ` N I,H�[ ] KLE�E ] H'i ] RVI,H N E�R I M R��VHJO ] [(O%gV`�[(g HVn>2%`%E �

KLE,G%R `%E ] HJE,E,KLO%gQKLOm[ ]^] E,G%H�iJR c�M%] H$�%KLE,K^HJI
R(X7UVR9i [ ] I M HJHJi G�� w G%H'iJRVO9UVH N Iq[@E,KLRVO�[ ] e�R4R N KLI [�iJR O%iJH M E�E,G�[(E�iJR c HJIfX N R c I M R��VHJO ] [@O%gV`�[(gVHVn
[(O%P [(O [

�
[ N HJO%HJI,I�R(X'KLE KLI_` ] E,K c [(E�H ] 3 [(O [(2%K ] KLEW3 E,G�[(E �

K ]L]�] H [(P�E,R 2�HJE,E,H N I M R��VHJO�P%K [ ] RVg
I,39I,E,H c I���Y H�P%R�O%RVE'[@E,E,H c_M E E,R_P%H [ ] P%K N HJiJE ] 3 �

KLE,G#I M R��VHJO ] [(O%gV`�[(g H	K^O"E�G%KLI�E,G%HJI,KLI nI,KLO%iJH
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E,G%H�P%K ) H N HJO%iJHJI72�HJE �
HJHJO I M R��VHJO�[(O%P ��N K^E,E,HJO ] [(O%gV`�[@gVH�[ N H�I�`%2%I,Eq[(O9E,K [ ] HJO%RV`%gVG�E,G�[(E7E,G%HJ3�[ N H

M%N [(iJE�KLi [ ]L] 3�E �
R P%K ) H N HJO4E �9KLO%P%I R@X�iJR c�c `%O%KLi [(E,KbRVO12 l HJiJE,KLRVO=1 �2C�5 ��op` N [ M%M%N R4[(i G�KLI�E,R I�Eq[ N E

X N R c E,G%H M H N I M HJiJE,K^UVH R(X ��N KLE,E�HJO�� ] [(O%gV`�[(g H'P%KLI,iJR ` N I,HVn>[(O%P E�G%HJO"E�R�Eq[��VH�KLE�[_I,E,H M i ] RVI,H N E,R
I M R��VHJO ] [(O%gV`�[(gVHpP%KLI,iJR ` N I,H�293 [(P%P%K^O%g�[ �

[ N HJO%HJI,IdR(X7E,G%H,e�R4R N �
�f3#[(P%P%KLO%g�E,G%H iJR O%iJH M E�R(X�E,G%H e�R4R N E�R�E,G%H ��N KLE,E�HJO�� P%KLI,iJRV` N I�H c R4P%H ] nK^E 2 HJiJR c HJI�i ] H [ N

E,G�[(E_E,G%H a�N I,E_E �
RmI,E�H M I�i [(O%O%R E�2�H#K c_M%] H c HJO9E,HJPxKLO [ �

[ 3xE�G�[(E�K^gVO%R N HJI_E,G%H O%H �
E�G%K N P

I,E,H M � � O M [ N E�KLiJ` ] [ N n(E�G%H N H [(I,RVO%K^O%g M%N R9iJHJI,I�`%I,HJP�K^O�I,E�H M E �
R N HJe9`%K N HJIdI,R c H [ �

[ N HJO%HJI�I�R@X KLE,I
M%N R9iJHJI,I,KLO%g�I,Eq[(E,HVn9KLO�R N P%H N X R N E,G%H'[(gVHJO9E�E,R��9O%R

� �
G%HJO KLEdKLI N H [(P%3_E,R�I M H [��	�(KLO9E,H N,N ` M E �(HJE,i �

op` N7M H N I M HJiJE,K^UVH�RVO�E,G%HfE,G N HJH M [ N E,I7R@X [pE,` N O�� Eq[��9KLO%g�[(gVHJO9E i [@O	O%R �
2�H�H$� M [(O%P%HJP�[@I>X R ]L] R �

I/%

s � � ��� P%R4HJI�KLE �
[@O4E�E�R Eq[��VH�[�E,` N O %�[@gVHJO4E�I [ N H c RVE�KLUy[(E�HJP�293�E,G%HJK N HJO4U9K N R O c HJO9E n%[(O%P

E,G%HJK N R �
O�P%H ] KL2 H N [(E,KLR O%I���D O#[(gVHJO9E c KLgVG9EdEq[��VH�[�E,` N O�2�HJi [(`%I,H�I,R c HJRVO%H�G�[(I [@I �VHJP�KLE

[�e4`%HJI�E,KLRVO>n9R N 2 HJi [(`%I,H�KLEdG�[(I N H c H c 2�H N HJP [ N H ] HJUy[(O9E M KLHJiJH�R(X KLO9X R N,c [(E,K^RVO>n(HJE,i �

1 � � ����� P%R4HJI�K^E �
[@O4EpE,R_iJRVO4E N KL2%`%E,H�E,R_E,G%H�KLO9E,H N [(iJE,K^RVO %�[(O [(gVHJO9E �

K ]L] `%I,`�[ ]L] 3QO%HJHJP E,R
iqG%R9RVI,H�[ c R O%g c ` ] E,K M%] H g R4[ ] I � [(iJE,KLRVO%I �

G%HJO#KLEpKLIpP%HJiJKLP%KLO%g
�
G�[(EpE,R_Iq[ 3 � � E c `%I,ETO%RVE

RVO ] 3#E N 3#E,R c [�� H	E�G%H 2�HJI,E�I,H ] HJiJE,KLRVO K^E'i [(O>n�KLE c `%I,E'[ ] I�R 2�H_I,HJO%I,K^E,KLUVH E�R E,K c H�iJRVO��
I,E N [(K^O4E,I nJHJI M HJiJK [ ]L] 3pKLO'iJR O4UVH N Iq[(E,KLR O �

G%H N H M [(`%I,HJI�i [(O M%N RyU9KLP%HfI,KLgVO%K a i [@O4E>K^O9XBR N�c [(E�KLRVO��

4 � � ��� � I,G%RV` ] PxK^E [@iJE,`�[ ]L] 3#iJRVO9E N K^2%`%E,H�E�R E,G%H_KLO4E�H N [(iJE,KLR O %�[(O�[(g HJO4E �
KLE�GmI,R c HJE,G%K^O%g

E,R�I [ 3 [@O%P [ N H [(I,RVO XBR N Iq[ 39KLO%g�K^E I,E�K ]L] O%HJHJP%I�E,R�P%HJiJK^P%H �
G%HJO#KLEpI,G%RV` ] P [(iJE��pD gVR4R9P

E,` N O�� Eq[��9KLO%g [(gVHJO9EdEq[��VHJITE,` N O%I�I c R9RVE,G ] 3�293 c [��9KLO%g�n4[@O%P ] KLI,E,HJO%K^O%g'X R N nrE,` N O�� 39KLH ] P%KLO%g
[(O%P�E,` N O�� HJO%P%KLO%g_I,KLg O�[ ] I��

w G%KLI E�G%HJI,KLIpP%KLI,iJ`%I,I,HJIpG%R
�
E�G%H	E�G N HJH'I,E�H M I�R(X�E,` N O�� Eq[��4KLO%g�i [(O#2�H N H [ ] K��JHJP KLO#[_iJR c�M `��

Eq[(E�KLRVO�[ ]�c R9P%H ] � � [(O93 E N [(P%KLE,KLR O�[ ] D � XBR N�c [ ] KLI c I�P%RQO%RVE �
R N�N 3"[(2 RV`%E ] K c K^E,HJP N HJI,RV` N iJHJI n

[(O%P I�R'KLO I�E,H M E �
R

�
Hd`%I,H ] R9i [ ] I,H [ N iqG�[ ] gVR N K^E,G c I E,G�[(E �

R N � �
H ]^] `%O%P%H N I�`%iqG N HJI,RV` N iJH�iJRVO��

I,E N [(KLO9E,I�� !�R N I,E�H M E,G N HJHVn �
H M%N HJI,HJO9E	[_E,G%HJR N 3"R@X�E,` N O�� E [��4K^O%g �

G%KLi G K c [(gVKLO%HJI�K^O4E,H N [(iJE,KLO%g



���������
	��������������������������������� ��!��#"
	���$%�&���'!�� 5

M [ N E�KLiJK M [(O9E,I M [(I,I,KLO%g�[(O [(2%I,E N [(iJEpRV2 "�HJiJE�i [ ]L] HJP#E,G%H�� ,*,
��� 2�HJE �
HJHJO#E,G%H c � w G%KLI�KLITXBR N,c [ ] �

K��JHJP_KLO_E,G%H ] RVgVKLidR(X E�` N O�� Eq[��9KLO%g M%N HJI,HJO4E�HJP�KLO�kdG�[ M E�H N C �bs9n �
G%KLi G M%N R(U4KLP%HJId[(O_RVO4E�R ] RVgV3�[(O%P

] RVg KLi [ ]�] [(O%gV`�[(gVHpX R N P%HJI,i N K^2%KLO%g E,` N O�� E [��4K^O%g I,KLE,`�[@E,KLRVO%I��
� O�[(P%P%KLE,K^RVOmE�R M%N R(U4K^P%KLO%g [#O%H �

[ M%M%N R9[(iqGxE�R"E�G%H c R9P%H ] KLO%g#R(X�D � P%K [ ] R g�n7E,G%KLI�E,G%HJI�KLI
M%N HJI,HJO9E,IdI,R c HdO%H �

P%K N HJiJE�KLRVO%I7X R N E,G%H P%HJI�KLgVO_R(X>KLO4E�H N [(iJE,KLU H�I�34I,E�H c I�� !�R N H$��[ c_M%] HVn(E,G%HpKLP%H [
R(X + ��+ �'+-���'+��%� KLIp[(O K c_M R N Eq[(O9E�RVO%H�KLO c RVI,E c ` ] E,K � [(gVHJO9E�I,39I,E,H c I�2 Y R9R ] P N KLP%g H'[(O%P &4HJO%O%KLO%gVI
sytVt C�5 � w G%H_iJR N H_KLO9E,`%KLE,K^RVO#I,G�[ N HJP\243 c RVI�E N HJI,H [ N i G%H N I�KLI�E,G%H�HJU H N 34P�[ 3#`%Iq[(g H�R(X�c,KLO%KLE,K [ �
E,KLU H f %�R O%H'Eq[�� HJI E,G%H�KLO%KLE,K [(E,KLUVHp293�I,Eq[ N E�KLO%g I,R c HJE,G%KLO%g n4293 P%R KLO%g KLEpUVR ] K^E,KLRVO�[ ]^] 3�R N �

KLE,G%RV`%E
M%N R c_M E,KLO%g nV[(O%P�E�G�[(E�E,G%H N H [ N H P%K�)>H N HJO9E ] HJUVH ] I�R N P%HJg N HJHJIdR(X>KLO%KLE,K [@E,KLUVHVnV[(IfKLO_E,G%H I�HJO%I,H�E,G�[(E
I,R c H M HJR M%] H I,G%R � c R N H'KLO%K^E,K [(E,K^UVH'E,G�[@O RVE,G%H N I � � O c ` ] E,K � [(gVHJO9EpI,34I�E,H c I n�� +'$%�'*�& +'��+-�'+ ���'+����
KLO9E,`%KLE,K^UVH ] 3 c H [(O%I7E�G�[(E c R N H�E,G�[@O	R O%H [(gVHJO9E i [@O G�[ UVHdE,G%HdKLO%KLE,K [@E,KLUVHVn KLO�iJRVO9E N [(I,E�E,R�I,i N K M E,HJP
I,39I,E,H c I �

G%H N H�E,G%H N R ] HJI�R(X7E,G%H'[(gVHJO9E,I�[ N H M%N H�� I,HJE 2 ��` N I,E,HJKLO�[(O%P � i h H N,c RVE,Eds(tVt���5 �
�fHJ3VR O%P"E�G%KLI�KLO9E,`%KLE,KLR O>n�E,G%R `%gVG>n [(g N HJH c HJO9EpRVO �

G�[(E�KLO%KLE�K [(E,KLU H�KLI nR N �
G�[@E�iJRV`%O4E�I'[(I'[

c K�� HJP�� K^O%KLE,K [(E�KLUVH7I,39I,E,H c n P%K^UVH N gVHJI��7j7[ N E R(X>E,G%HdiJRVO9X `%I,KLR O KLI7P%`%HpE,R'[ ] [(i��'R(X [pI,G�[ N HJP c R4P%H ]
R(X7KLO9E,H N [(iJE,K^RVO�[ c RVO%g N HJI,H [ N iqG%H N I n [@O%P"[�i [(I�`�[ ] [(E,E,KLE�`%P%H E,R �

[ N P%IfX `%O%P�[ c HJO4Eq[ ] K^I,I,`%HJI�I,`%i G
[(I�E,` N O�� Eq[��9KLO%g ��j N R(U9KLP%KLO%g�[ i ] H [ N nI,K c_M%] HVn�[@O%P `%O�[ c 2%KLg `%RV`%I c R4P%H ] R(X�E�` N O�� Eq[��9KLO%g_G%H ]LM I
i ] [ N KbXB3�E,G%H c H [@O%KLO%g [(O%P U([ ] `%H�R(X7KLO%KLE,K [(E,KLUVHp[(O%P c K � HJP�� KLO%K^E,K [(E,K^UVHdI,34I�E,H c I �

R,S
	 � �  	 � W���	 �-W � �

w G%H�R N g4[(O%K�� [@E,KLRVO�R(XE,G%KLI�E�G%HJI,KLI�K^I�[(I7X R ]L] R �
I �>kdG�[ M E,H N 1 iJR(UVH N IfI,R c HdR(X E,G%HpiJR c_M `%Eq[(E,K^RVO�[ ]

] KLO%g `%KLI,E,KLiJIp2�[(i��4g N RV`%O%P���kdG�[ M E,H N 4 K^O4E N R4P%`%iJHJI'[(O%P RV`%E ] KLO%HJIpE,G%H g HJO%H N [ ]7c R4P%H ] XBR N E,` N O��
Eq[��9KLO%g�[(gVHJO9E,I n4[@O%P P%KLI,iJ`%I,I�HJI�E�G%H KLO%K^E,K [ ]%c RVE,KLU([(E,KLR O'I,E,H M X R N Eq[��4KLO%g�[�E,` N O��Zk G�[ M E,H N 3 [(O%P
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kdG�[ M E�H N C H ] [(2 R N [(E�H'E,G%H�I,HJiJRVO%P\[(O%P#E,G%K N P#I,E,H M I N HJI M HJiJE,KLUVH ] 3 �'kdG�[ M E,H N 3 E N H [(E,I�[(iJE,KLRVO��
I,H ] HJiJE�KLRVO�[(I�[ �9KLO%P�R(X'iJR O%I,E N [(K^O4E�R M E,K c K�� [@E,KLRVO M%N RV2 ] H c n�[(O%P I,R\KLO4E N R4P%`%iJHJI�E,G%H gVHJO%H N [ ]
iJRVO%I,E N [(KLO9E'Iq[@E,KLIWX [(iJE,KLR O M [ N [(P%KLg c n [@O%PmE,G%HJO M%N HJI,HJO4E�I ] R4i [ ] I,H [ N i Gx[ ] gVR N KLE,G c IpXBR N I,R ] U9KLO%g
E,G%H [(iJE,K^RVO�� I,H ] HJiJE,K^RVO M%N RV2 ] H c �Fk G�[ M E,H N C K^O4E N R4P%`%iJHJI�[ XBR N,c [ ] [@iJiJRV`%O4E�R@X'E,` N O�� Eq[��9KLO%g
2�[(I,HJPQRVO E�G%H'I,KLE�`�[(E,KLRVO_i [ ] iJ` ] `%I n�[(O%PQE,G%HJO#gVKLUVHJI [ I,Eq[(E,H�� 2�[@I,HJP"[ ] gVR N KLE�G c X R N iJR O4E N R ]L] KLO%g�[
iJRVO9UVH N Iq[@E,KLRVO�[ ] [(gVHJO9E 4 I�E,` N O�� Eq[��4KLO%g�2 HJG�[ U4KLR ` N � kdG�[ M E�H N � gVKLU HJI'[(O [ M%M%] KLi [(E,K^RVO#R(X�E,` N O��
Eq[��9KLO%g E�R KLO9E,H N [(iJE,K^UVH�I,39I,E,H c P%HJI,K^gVO��dD gVHJO%H N [ ]�N HJiJK M H�X R N�c [ M%M KLO%g�[@O KLO9E,H N [(iJE�KLUVHpI,34I�E,H c
KLO9E,R [ E�` N O�� Eq[��9KLO%g�XBR N,c KLI�g KLUVHJO>n

�
G%K^iqG M%N R(U9KLP%HJI [�P%HJI�KLgVO%H N �

KLE,G [
�
[ 3 E,R�I,34I�E,H c [@E,KLi [ ]L] 3

[(O�[ ] 3 �JH�[(OxKLO9E,H N [(iJE�KLUVH I,39I,E,H c n �
G%KLi Gmi [@O ] H [(P\E,R#KLO%I,KLgVG9E,I�[(O%PxgVHJO%H N [ ] K�� [(E,KLR O%I�� w G%KLI�KLI

P%H c RVO%I,E N [@E,HJP �
KLE,G#E

�
R�Iq[ c_M%] H'iJRV` N I,H�� [(P%U9KLI,KLO%gQI,34I�E,H c I/% [ iJR c_c [(O%P�� ] KLO%H'I,39I,E,H c i [ ]L] HJP

� ��n([(O%P [�g N [ M G%KLi [ ]L] 3 R N KLHJO4E�HJP'I,39I,E,H c i [ ]L] HJP l D � �(kdG�[ M E,H N 5xP%K^I,iJ`%I,I,HJI N H ] [(E,HJP �
R N � n([(O%P

a O�[ ]L] 3 k G�[ M E,H N u M%N HJI,HJO4E�I�[�I�` c�c [ N 3�R(X>iJRVO9E N K^2%`%E,KLRVO%Id[(O%P M%N RVI M HJiJE,IfX R N X `%E,` N H N HJI,H [ N iqG��
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� OxE�G%KLI'i G�[ M E,H N n�I,R c H R@X E,G%H ] KLO%gV`%KLI�E,KLi�2�[(i��4g N RV`%O%P N H ] HJUy[(O9E'E�R"iJR c�M `%Eq[@E,KLRVO�[ ] P%KLI,iJR ` N I,H
�
K ]^] 2 H'iJR(UVH N HJP���� N KLH X c HJO9E,KLRVO �

K ]L] 2 H c [(P%H R@XZO�[(E�` N [ ]] [(O%gV`�[@gVH M [ N I,K^O%g�[(O%P�gVHJO%H N [@E,KLRVO>n
X R ]L] R �

HJP 293 [ c R N H�H$� E�HJO%I,KLUVH�P%KLI,iJ`%I�I,KLRVO R@X P%K^I,iJRV` N I,H M%N R9iJHJI,I,K^O%g�n XBR9iJ`%I,KLO%gQRVO�� N RVI ��[(O%P
l KLP%O%H N 4 I c R9P%H ] R@X�P%KLI,iJR ` N I,H ��Y H E,G%HJO#P%KLI,iJ`%I�I'E,G%H�I M HJHJiqG�� [(iJE�[ M%M%N R4[@iqG#E,R ] [@O%gV`�[(gVH M%N R��
iJHJI,I,K^O%g�n%[(O%P�I,` c_c [ N K��JHdI,R c H�R(XZo N HJI�E N-GR c 4 I �

R N ��RVO�E,` N O�� Eq[��9KLO%g �
!7K^O�[ ]L] 3Vn �
HpgVKLU H [�2 N KLH X

KLO9E N R9P%`%iJE,KLRVO#E,RQI M HJHJi G M%N R4iJHJI�I,KLO%g�n�KLO R N P%H N E,R�g KLUVH E,G%H N H [(P%H N [�XBHJH ] X R N E,G%H_KLI,I,`%HJI�E,G�[(E
iJ` N,N HJO9E�I M HJHJiqG M%N R9iJHJI,I,KLO%g I�34I,E�H c IfX [(iJH �

� S�� \ 	 � U �
	 �&% 	 �� U 	 �	(' � � � 	 �#�-W ��

/p[(E,` N [ ]] [@O%gV`�[(gVH M%N R9iJHJI,I,KLO%g_KLIdE N [(P%K^E,KLRVO�[ ]^] 3�P%KLU4K^P%HJP�KLO4E�R	E�G N HJH'i [(E�HJgVR N KLHJI�2 D ]L] HJOQsytVu 5�5 %

+ �!�(��� � E,G%H N H ] [@E,KLRVO%Id2�HJE �
HJHJO

�
R N P%I n9KLO%i ] `%P%KLO%g g N [ c�c [(E,Kbi [ ] I,E N `%iJE,` N H �

t
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E,G%HJ3_iJR c 2%K^O%H E,R�gVKLUVHpI,HJO9E,HJO%iJHJI c H [(O%KLO%g �

�!�D����� ���-��9,+ E,G%H c H [(O%KLO%g�R(X �
R N P%I [(O%P�I,HJO9E,HJO%iJHJIpKLO [�I M HJiJK a i'iJR O4E,H$�%E�� P

STO%P%H N I,Eq[(O%P%K^O%g ] [(O%gV`�[@gVH [(O%P�gVHJO%H N [(E,KLO%g ] [(O%g `�[(gVH [ N H�E,G%H E �
R c [#"�R N7M%N R 2 ] H c IfR(X7iJR c�M `��

Eq[(E�KLRVO�[ ]�] KLO%gV`%K^I,E,KLiJI�� w G%H O�[@E,` N [ ]7] [@O%gV`�[(gVH�`%O%P%H N I,E [(O%P%KLO%g M%N RV2 ] H c K^I�E,R Eq[��VH [_I,HJO4E�HJO%iJH
[(O%P c [ M KLEpKLO9E,R_I,R c H�I,H c [@O4E,K^i N H M%N HJI,HJO9Eq[(E,K^RVO E,G�[@E [ ]^] R �

I [_iJR c_M `%E,H N I,34I�E,H c E�R N H [@I,RVO
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G%K^iqG�[ N H�[@iJE,KLRVO%I "�`%I,E ] K �VH �4K^i �9KLO%g [T2�[ ]L] R N ] K XBE,K^O%g
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[(O%P N RV`%gVG ] 3\E,G%HQKLO4E�HJO4E R@X E,G%R I,H�`%E,E,H N [@O%iJHJI ndK � H � �

G%HJE,G%H N E,G%HJ3x[ N H e9`%HJI,E,K^RVO%I nd[(O%I �
H N I n

KLO9X R N,c I n i ] [ N K a i [@E,KLRVO%I n HJE,i �Ln�[ N H�K ]L] R4iJ`%E,K^RVO�[ N 3 [(iJE�I�� w G%H H$)>HJiJE�E,G�[(E�E�G%H K ]L] R9iJ`%E,KLR O�[ N 3�[(iJE
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R(X7G�[ U4KLO%g�E,G%H'U9KLiJE,K c G�[(O%P R(UVH N [ ]L] E,G%HJK NTc RVO%HJ3 � w G%H�iJRVO%P%KLE,KLR O%I�`%O%P%H N �

G%KLi G I,`%i G"[ Eq[(i��
E,KLi

�
K ]L] �

R N � c [(E,E,H N g N H [(E ] 3Vn>[(O%Pm[ N H	E�G%H I,`%2 "�HJiJE'R(Xd2�[(I,KLi N HJI�H [ N i G KLO#I M HJHJi Gx[(iJE�E,G%HJR N 3
2 H � g � l H [ N,] HQsyt,5�� 5 � ! R N H$�r[ c�M%] HVn�KLE �

RV` ] P\G%H ]LM KbX E,G%H�[(gVHJO9E �
H N H�P N HJI,I,HJP�[(I [ N RV2%2 H N n

[(O%P M RVKLO9E,HJP [�g `%O"[(E�E�G%H�U4KLiJE�K c �
G%K ] H�I M H [��9KLO%g � � O E�G%H

��N RVO%g iJK N iJ` c I�Eq[(O%iJHJI n9E,G%H�E,G N H [(E
c KLgVG9E�2�H�Eq[��VHJO [@I ['",R�� H�R N [(O�KLP ] H�E,G N H [(Ed293�E,G%H�KLO9E,HJO%P%HJP�U4K^iJE,K c �



���������
	�� � ������$9��! ����$�	����������&��! ���&� syt

��-��
- � B <07M2 � = 	�>9O�2HN)KmN0>.2

�������	��
 ���7�����)� ��0 	 � 3�2 	?0"0?(�:%�����D8
�����	�4��� 5  0?(/( 2��-3 �)�7% ��� 5 3��G(*3?! 	 � � 3"���#� 	?04����37� 8
�������	��� ��37��� J���)� �7( 0B� � � 5��
�����	�4�"���$! ���,2 0DF��7�)07+ +=��37�J�������7(*0"��� �75 ! ! �F�1�J3  +-��� � 3  � 	?0 8
�������	��� ��37� 37(*��2 0&F �G3��"��! ���g3?��0&F���%�������
�����	��EJ�$!  5�!   ! 0D� ! J�G0"0 ! 5���0?(*�G3"�)� �/0?( 56���G0,3�� � 07+d2 0DF �G0� K� 0 � 3$( 	B! # �4! � 8
�������	��� 	�0D��� �$�7��07+ +J��37� 2 0DF�� (*���G3��%��!#�)�g3?��0DF���%&�'3�� �
�����	�4�'�7��07+ 2 0&Fg3"��	)(?( 3"���9+-��(*� ��� 3"�?�$! �7�a�G0 	B!  � 0&�?��� � ��56�7%I3"��	 ��� 53�� (*3?! 	 ���)37���  10D5 � ���$! ����� � 3"����0?�J3�� � 07+
�G09��3�� �?� �B8

*,+�+,-/.0 O2143�5�M76�87C7@�@ M C
w G%H�K^P%H [pE,G�[(E7I M H [��4K^O%g c [ 3�2 H M [ N EfR(X [@O [@gVHJO4E 4 I ] [ N g H N7M%] [(O�KLI�[(O K c�M R N Eq[(O9E>RVO%H ��DpgVHJO9E,I
R(X E,HJO�O%HJHJP�KLO9X R N,c [(E,KLR O E,R [(i G%KLHJUVH�E,G%HJK N gVR9[ ] I n9[(O%P�I,R c HJE,K c HJI7E,G%H'2 HJI,E�iJRV` N I,H�R(XZ[(iJE�KLRVO_KLI
E,R�[(I � [�e4`%HJI�E,KLRVOQR(X�[(O%RVE,G%H N [(gVHJO9E �

G%R�3 RV` E,G%K^O ��i [(O I,` M%M%] 3 3VRV` �
KLE,GQE,G%H'K^O9XBR N�c [(E�KLRVO��

l ` M%M R I,H���[@I �4I � � ��� � � ) ��� � ���*�
� ��+-)*����� � �-� 	%� �$9 � � X � �4O%R
�
I�E,G�[(E �xK^I7KLO'E,G%H M%N R9iJHJI,I7R(X

M%] [(O%O%K^O%g	[�E N K M E,R��7O%g ] [(O%P>nVE,G%HJO �/iJRV` ] P N H [(I,RVO�[@2 ] 3'KLO9X H N E�G�[(E�� �
[(O9E,I7E,R�g HJE�[ M [@I,I M R N E

M G%RVE,R n�KLO%I�E,H [(P#R(X,n�Iq[ 3Vn>[ X [ c K ] 3 M R N E N [@KLE n�[(O%P#I,R N HJI M RVO%P c R N H'[ M%M%N R M%N K [(E�H ] 3 ���7UVHJO#KbX��
�
H N H�`%O%iJH N Eq[(KLO�R(X � 4 I M%] [@O%I n � c KLg G4E a O%P�RV`%E �

G�[(E�4KLO%P�R(X M KLiJE,` N H�� �
[(O9E,I>E,RpgVHJE n KLO'R N P%H N

E,R�[ UVR KLP>n(X R N H$��[ c_M%] HVn ��N RVO%g ] 3 P%K N HJiJE,K^O%g�� [@i N RVI,IdE,R �
O�E,R�E,G%H�iJKLEW3 4 I�R O ] 3�X [ c K ] 3 M R N E N [(KLE

I,E,`%P%K^R � � O_E,G%KLI7H$��[ c�M%] HVn(KLO�R N P%H N E,R N HJI M RVO%P_G%H ]LM X ` ]L] 3Vn �/KLI N H [@I,RVO%KLO%g�[(2�RV`%E � 4 I�gVR4[ ] I�[(O%P
M%] [(O%I � � O iJR c_M `%Eq[(E,K^RVO�[ ] P%K^I,iJRV` N I,HVn E,G%KLITKLI�`%I,`�[ ]^] 3�E N H [(E,HJP [(I�[ �M( ��� � ��) ,�����+-�'+-,��"M%N RV2 ] H c �

j ] [(O N HJiJRVg O%KLE,KLRVO�KLI�E,G%H M%N RV2 ] H c R(X K^O9XBH N,N KLO%g'[(O�[(gVHJO9E 4 I M%] [(O%I�[(O%P_gVR4[ ] I�293�RV2%I,H N U9KLO%g'E�G%HJK N
[(iJE,K^RVO%I�� � X 3VR `	i [@O KLO9X H N7M [ N E�R(X I,R c HJRVO%H 4 I M%] [@O>n(E,G%KLI7i [(O�R(X E,HJO�G%H ]LM 3VRV`�2�HJE�E,H N `%O%P%H N I,Eq[@O%P
E,G%HJK N [(iJE,KLRVO%I n [@O%P�2�H c R N HpiJR9R M H N [@E,KLUVH �

G%HJO P%H [ ] KLO%g �
KLE,G�E�G%H c 2 &4RVI�G%K>HJE [ ] �fsyt u;3 5 �



���������
	�� � ������$9��! ����$�	����������&��! ���&� 1��

"%��� � )*�D� � � +>� � I8"�� � �!+���)��
w R�gVKLUVH7E�G%H N H [(P%H N [fXBHJH ] X R N [dEW3 M KLi [ ](M%] [(O�� 2�[(I�HJP'P%K [ ] RVgdI,34I�E,H c n E,G%KLI>I,HJiJE�KLRVO �

K ]^]y] R4R��p2 N KLH)e�3
[(E E�G%H

�
R N �\R(X'k�[ N 2 H N,N 302WsytVt�� 5Jn �

G%R P%HJU H ] R M HJP [#P%HJE [(K ] HJP c R4P%H ] R(X O�[@E,` N [ ]�] [(O%gV`�[(gVH
P%KLI,iJR ` N I,H M%] [(O N HJiJRVgVO%KLE,K^RVO�� l G%H K^I KLO9E,H N HJI,E,HJP\KLO KLO9XBR N,c [@E,KLRVO�� I,HJH �9KLO%g�P%K [ ] RVgVI �

G%H N HQE,G%H
KLO9X R N,c [(E,KLR O�� I,HJH �VH N KLI_E N 39KLO%gxE,R\iJRVO%I,E N `%iJE [\Eq[(I � M%] [(O E,R\2�H H$�%HJiJ`%E,HJPF[yXBE,H N E�G%H"P%K [ ] RVg
E,H N,c KLO�[(E�HJI�� w G%H [(I,I,` c_M E,KLRVO#R(X�[#Eq[(I ��� R N K^HJO4E,HJP P%K [ ] RVgQKLI [#iJR c_c R O"R O%HVn�[(O%PxKLE�iJR(UVH N I
[

�
KLP%H N [(O%gVH R(X�KLO9E,H N [@iJE,KLUVH�I,KLE�`�[(E,KLRVO%I � �TH N	c R9P%H ] P%KLI,E,KLO%g `%KLI,G%HJI'2 HJE �

HJHJO\E,G N HJH �9KLO%P%I'R(X
M%] [(O%I/%��

����+�� ���.��� [ M%] [(O�E,G�[(Ed[(i G%KLHJUVHJI�[�Eq[(I ��� N H ] [(E�HJP�gVR9[ ] nVI�`%iqG [(Id2 HJKLO%g KLO �7O%g ] [(O%P�293 H [ N O%KLO%g
c RVO%HJ3Vn92%`%39KLO%g�[�E�KLi � HJE n4[(O%PQE,G%HJO�e�39KLO%g E,R � O%g ] [(O%P��

�!�D$ � �.)�� � +�$ �.'����?� � )*��� ���.��� E,G%KLI_KLI�[ M%] [(OxX R N G%R �
E,R iJR O%I,E N `%iJE�[ E [(I ��� N H ] [(E,HJP M%] [(O>n

[(O%P iJRV` ] P\HJO%iJR9P%H�I,E N [(E,HJgVK^HJI ] K �VH
c�P%KLU4K^P%H�[(O%P\iJRVO%e4`%H N:f R N c,2 H XBR N H �
R N,N 39KLO%g [(2 RV`%E

[(O439E,G%KLO%g�H ] I,HVn c [�� H�I�` N H 3 RV` G�[ UVH�HJO%RV`%g G c RVO%HJ3�KLO 3VR ` N 2�[@O � [@iJiJRV`%O4EdE,R M ` N i G�[(I,H
[ M%] [(O%H�E,K^i �VHJE f �

9;$�� ��!����9����-�.'�) � �.��� [ M%] [(OxX R N_c [��4KLO%g\[(O `%E,E,H N [(O%iJH#E,G�[@E [(i G%KLHJUVHJI_I,R c H M [ N E�KLiJ` ] [ N
KLO4E�HJO%P%HJP�H$) HJiJETRVO�E,G%H ] KLI,E,HJO%H N �

k�[ N 2�H N,N 3\`%I,HJI�[#UVH N 3\P%HJI,i N K M E,KLUVH M%] [@O%O%KLO%g#X R N,c [ ] KLI c ��XBR N H$�r[ c�M%] HVn M%] [(O%I �V[@iJE,KLRVO%I�G�[ UVH
� � �9( +-)�� ��+)( + �'� ) ,��M*�+-�'+ ,�� � E,G�[@E P%HJE,H N�c KLO%H �

G%HJO [ M%] [(OQKLI N H ] HJUy[@O4E n E,G%H N H�[ N H M%N H�� iJRVO%P%KLE,K^RVO%I
E,G�[(E P%HJE,H N,c KLO%H �

G%HJO	[ M%] [@O�i [(O�2�HfH$� HJiJ`%E,HJP>nV[@O%P�E,G%H c R4P%H ] P%KLI�E,KLO%gV`%KLI�G%HJI 2 HJE �
HJHJO M%N K c [ N 3

2 K � H ��K^O4E,HJO%P%HJP 5�[(O%P\I,HJiJRVO%P�[ N 3#H$) HJiJE�I'R(X [@iJE,KLRVO%I�� !7KLg ` N H 1 �bs I,G%R
�
I�[�2 ] R9i �#P%K [@g N [ c R(X

k�[ N 2�H N,N 3 4 I M%] [(O�KLO9X H N HJO%iJHdI,34I�E,H c O�[ c HJP w �dD k'� �yj G�[(I,HdsdEq[��VHJI [ I,H c [@O4E,K^i N H M%N HJI,HJO4E [(E,KLRVO
R(X�E,G%H�`%I,H N 4 I�`%E,E�H N [(O%iJH [(O%PxG93 M RVE,G%HJI,K��JHJI [#I�HJE R(X�gVR4[ ] I [(O%P M%] [(O%I E�G�[(E E,G%H�`%I,H N � + �����
iJ` N,N HJO9E ] 3_2�H XBR9iJ`%I,KLO%g�RVO�� � O E,G%K^I�iJR ` N I,H	[@P%U4KLI�KLO%g�P%R c [@KLO>n9E,G%H�I,H c [(O4E�KLi N H M%N HJI,HJO9Eq[(E,KLR O�R(X

� � vX[]\�bZe)[xkq^fe0bZ[]b)g�l�`|hXg/j{`fa h�[]^�j]`'ufyqg�d9^'\9kXe0`fk�`t\)gSh�}X���%^tlH}�g0e0b�^foqh�Y9^�e)}�g/e)e0� � ��

 � �/�
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Phase 2

Phase 1

!7KLgV` N H 1 �bs % � ] R4i�� P%K [@g N [ c R(X k�[ N 2 H N,N 3 4 I�I,39I,E,H c nV2�[@I,HJP�R O !7KLg ` N H 4 �bspR(XZk�[ N 2�H N,N 3 2 sytVt���5 �

E,G%H�e9`%H N 3 c � I�! N HJO%i G#sVsD1�[�E,G N HJH�i N HJP%K^E � G%RV` N iJRV` N I,H � f K^I

� HJe4`%HJI,E.2�������� � O9X R N,c KbX 2��������qk N HJP%KLE,I � R(X 2	��
������� ����� � 4�5 5 5

�x[(O%P�� [ N HpE,G%H�I M H [��VH N [@O%P�G%H [ N H N � w G%H M%N HJP%KLi [(E,HJIp[ N HpKLO4E�H N,M%N HJE,HJP�KLO9E,`%KLE�KLUVH ] 3VnV[(O%PQE,G%KLI
H$� M%N HJI,I,KLR O'Iq[ 39I E,G�[@E��QG�[(I N HJe9`%HJI,E,HJP�E,G�[(E�� KLO9XBR N,c �QKbX ! N HJO%iqG_sVsD1TG�[(I�E,G N HJHfi N HJP%KLE � G%RV` N I��
! N R c E,G%K^I�KLE'KLI�P%HJP%`%iJHJPxE,G�[(E�E,G%H I M H [��VH N �

[(O4E�I�E,R �9O%R
�
KbX�! N HJO%i G�s sD1�G�[(I�E,G N HJH i N HJP%KLE

G%RV` N I/%
Y\[(O4E 2���� �pO%R

�
KbX 2���� k N HJP%KLE�I � R(X 2	��
������� ����� � 4�5 5 5
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/TRVE,H'E�G�[(E�iJRVO%iJH M E,IpI,`%i G"[(IpiJRV` N I�H'[(O%P#i N HJP%KLE � G%RV` N [ N H'iJR c�M K ] HJP�KLO9E,R E�G%H'P%R c [(KLO c R9P%H ] n
I,R I�`%iqG#[�I,39I,E,H c KLITO%RVE ] K � H ] 3�[(2 ] H�E,R [(O%I �

H N e9`%HJI,E,KLR O%I�I,`%i G"[(Igc�Y G�[@E�KLI [�i N HJP%KLE � G%RV` N � f
�
KLE�G%RV`%EdH$� E N [�X [@iJE,IfXBR N [(O%I �

H N KLO%g�I,`%i G e9`%HJI,E,KLR O%I M `%EpKLO9E,R�KLE,IdP�[(Eq[@2�[(I,H �
� KLgVG9E>P%R c [(KLO�KLO%P%H M HJO%P%HJO4E7G%HJ` N KLI,E,KLiJI7[ N Hf`%I,HJP�E,R�[(I,I,R9iJK [(E,H7E�G%HJI,HdG43 M RVE�G%HJI,HJI �

KLE,G M%] [(O%I
KLO�E,G%H�I�34I,E�H c 4 IdP%R c [(KLO�� I M HJiJK a i M%] [(O ] K^2 N [ N 3 ��DpO H$��[ c�M%] H R(X�I,`%iqG#[ N ` ] H�K^I#%


 ��( � ����� � X E,G%H KLO9X R N,c [(E,K^RVO�� I,HJH �VH N �
[(O4E�I�E,R �4O%R

�
G%R

�
E,R [(i G%KLHJUVH�[ gVR4[ ] R N

�
G%HJE,G%H N G%H�i [@O [@iqG%KLHJU H�[pgVR4[ ] nJE,G�[(E�gVR4[ ] 2 HJiJR c HJI7[Ti [(O%P%KLP�[(E,HfX R4iJ`%I�HJP	g R4[ ] [(O%P

E,G%RVI,H M%] [(O%I>E,G�[@E iJRVO9Eq[(K^O�E,G%H�gVR9[ ] RVO�E,G%HJK N�M%N K c [ N 3�H$)>HJiJE ] KLI,E>2 HJiJR c H�[(I,I�R4iJK [@E,HJP
i [(O%P%KLP�[(E,HpX R9iJ`%I,HJP M%] [@O%I��

w G%H�iJRVO%iJH M EdR(X XBR9iJ`%I,KLO%g�KLIdK c_M R N Eq[(O9E7KLO kT[ N 2�H N�N 3 4 I �
R N �n%[(O%P�K^I�`%I�HJP�E,R'iJ`%E�P%R �

O_RVO_E,G%H
M R I,I,KL2%K ] KLE,KLHJIfE,G�[(E c `%I�E�2 H�iJRVO%I,KLP%H N HJP P%` N KLO%g�E,G%H N H [(I,R O%KLO%g M%N R9iJHJI,I��

w G%H'RV`%E M `%EpR(X M G�[(I�H�s9n�[ I�HJE R(X )����9*�+ *����-� � ,*) � � �'*���,*��( � [(O%P )����M*�+ *����-� � , ) ��� �'* �M( ��� � n
KLI XBHJP_KLO9E,R M G�[(I�H 1 �

G%KLi G KLI N HJI M RVO%I�KL2 ] HTXBR N KLO%I,H N E�KLO%g�KLE,IfKLO M `%EdKLO4E�R�E,G%H g ] RV2�[ ]%c R4P%H ] R(X>E,G%H
iJRVO9UVH N Iq[@E,KLRVO�� w N HJH�� I,E N `%iJE,` N HJP ) ,��#�-� $�� � ,z*��X( � [ N H `%I,HJP E,R N H M%N HJI,HJO9E'E�G%H I,39I,E,H c 4 I 2 H ] KLH X I
[(2 RV`%E�E,G%H KLO9X H N,N HJP M%] [(O%I�[(O%Pmg R4[ ] I�� w G%H_O%R9P%HJI	R@XT[QiJRVO9E,H$�%E c R4P%H ] [ N H M%] [(O��(gVR4[ ]7M [(K N I
2 E,G%H�g R4[ ] 2 HJKLO%g �

G�[(E�KLI [@iqG%KLHJU HJP�243�E,G%H M%] [(O 5Jn%[(O%P#[�i G%K ] P O%R9P%H 4 I�g R4[ ] KLIp[ M%N H�� iJRVO%P%KLE�KLRVO
R N I,`%2�� g R4[ ] R(XdE,G%H M%] [(O [(I�I,R4iJK [(E,HJP �

KLE,G#KLE�I M [ N HJO9E�� w G%H�i [(O%P%KLP�[(E�H M%] [(O��(g R4[ ]�M [(K N IpX N R c
M G�[(I,H�s [ N H�KLO%I,H N E�HJP KLO9E,R E,G%H�iJRVO9E,H$� E c R9P%H ] `%I,KLO%g�XBR9iJ`%I,KLO%g_G%HJ` N KLI,E�KLiJI [(O%PQ243 c RVO%KLE,R N KLO%g
E,G%H�g ] R 2�[ ] iJRVO9E,H$�%E n �

G%KLiqGQKLI�iJRVO%I,K^P%H N HJP#E,R�2 H�E,G%H M [(E,G R@X�O%R4P%HJIpX N R c E,G%H�iJRVO9E,H$� E c R4P%H ]
N R9RVEpE,R�E�G%H	iJ` N�N HJO4E�g R4[ ] O%R4P%H K^O�X R4iJ`%I�� w G%H�I,`%2 M%] [@O"2 H ] KLHJUVHJP#E,R�2 H c RVI�E [ M%M%N R M%N K [(E,H�KLI
E,G%HJOQI,H ] HJiJE,HJP [(O%PQKLO%I,H N E�HJP�KLO4E�R E,G%H�iJRVO9E,H$�%E c R9P%H ] E,R 2 HJiJR c H�E�G%H'O%H �

X R4iJ`%IpR(X�[(E,E,HJO9E,KLR O��
k�[ N 2�H N,N 3 2WsytVt��rnVi G�[ M E,H N 4�5 gVKLUVHJI c R N H�P%HJE [(K ] I�[(O%P�H$��[ c_M%] HJI�R(X�E,G%H�`%I,H�R(X iJR O4E,H$�%E c R9P%H ] I
X R N�N H M%N HJI,HJO9E,KLO%g#E,G%H�I,39I,E,H c 4 I�2�H ] KLH X I�� k�[ N 2�H N,N 3mE,G%HJO�[ M%M%] KLHJI�G%H N c R4P%H ] R(X P%KLI,iJR ` N I,H�E,R
E,G%H M%N R 2 ] H c R(X�G�[(O%P ] KLO%g\[ M [ N E,K^iJ` ] [ N i ] [(I,I�R(X M%N [(g c [(E�KLi [ ]L] 3QK ]L] � X R N,c HJP `%E,E�H N [(O%iJHJI nd[(O%P
KLO9E,H N � I,HJO9E,HJO9E,K [ ] H ]L] K M I�KLI���D O�H$��[ c_M%] HpR(X KLO9E,H N � I,HJO9E,HJO9E,K [ ] H ]L] K M I�KLIdi [(O�2�H�I,HJHJO�KLO�E,G%KLITP%K [ ] RVg %
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78�.���.$�� 6
�
�

�(�-� �)P�B� % � I�k l 3,3���2�HJK^O%g�Eq[@`%gVG4EdO%H$�%E�I,H c HJI,E,H N �

I8 �'���+�$O� %���HJI��

�(�-� �)P�B� %dD O93�I,HJiJE,KLR O%I [@E�O%KLgVG9E �
� O E,G%H ] [(I�E `%E,E�H N [(O%iJHVnE,G%H�[@P%U4KLI�R N c `%I,E K^O9XBH N E,G�[@E�E,G%H I,E,`%P%HJO9E�KLI N H X H N,N K^O%g�E,R�I�HJiJE,KLRVO%I�R(X
k l 3,3 � �4k�[ N 2�H N,N 3 4 I�[ M%M%N R4[(i G M%N R(U4K^P%HJI [�I,39I,E,H c [(E,K^i �

[ 3�R(X G�[(O%P ] KLO%g ['O9` c 2 H N R(X P%K ) H N HJO4E
EW3 M HJI�R(X7E,G%KLI M G%HJO%R c HJO�[ �

��-��
- � ��N08 N)K�7{KmN0>.2��3>A@CK���= ��:�={= 	 ��1 	%K�13:�:
DI>.7 	��

w G%H c [ N,N K [(g H�R@X I M HJHJi G [(iJEfE,G%HJR N 3�[@O%P�D � G�[(Id2 HJHJO [�X N `%KLE XB` ] RVO%H �9G%R �
HJUVH N P%KLI�iJRV` N I,HpI,E,K ]^]

M R I,HJI M%N RV2 ] H c I�O%RVE�[(P%P N HJI,I,HJP#293�E,G%H'I M HJHJi G�� [(iJEpX N [ c H �
R N � � ��H N H �

H'gVK^UVH	[ ] KLI,E�R(X�I�R c H
R(X7E,G%H�iJRVO%iJH N O%I ] H X Ed`%O N HJI,R ] U HJP�243�E,G%H�I M HJHJi G"[(iJE [ M%M%N R4[(i G�E,R ] [(O%gV`�[@gVH�%

	 w N [@P%KLE,KLRVO�[ ] P%H ] K^2�H N [(E�KLUVH M%] [@O%O%KLO%g�n�HJUVHJO\KLO KLE,I�I,K c_M%] HJI,EpX R N,c n>KLI�[�iJR c_M `%Eq[(E�KLRVO�[ ]L] 3
P%K�-�iJ` ] E M%N RV2 ] H c n(2%`%E7KLE�RVO ] 3�gVHJE,I c R N H�P%K -�iJ` ] E7P%`%HdE,R�`%O%iJH N Eq[@KLO�R N KLO%iJR N,N HJiJE��4O%R ��] �
HJP%gVH�R(X�E,G%H

�
R N�] P>n�O%R O�� P%HJE,H N,c KLO%KLI,E,K^i'[(iJE,KLRVO%I n%iJRVO%iJ` N,N HJO9E'[(iJE,K^RVO%I n R N [�P%39O�[ c K^i [ ]L] 3

iqG�[(O%g KLO%g
�
R N,] P��%[ ]L] R(X7E,G%HJI,H�KLI�I,`%HJI n�[(O%P c R N HVn9I,G%R �

` M K^O N H [ ] � �
R N,] P�P%KLI�iJRV` N I,H �

	 w N [@P%KLE,KLRVO�[ ]�M%] [(O%O%K^O%g	I�34I,E�H c I�[ N Hp`%I,`�[ ]^] 3�O%R O�� KLO%i N H c HJO4Eq[ ] [(O%P [(I�I,` c H�[�I,E [(E,KLiVn `%O��
iqG�[(O%g KLO%g�HJO9U9K N RVO c HJO4E n%H � g ��E�G%HJ3 a �"E�G%H	I�HJE�R(X M RVI,I,KL2 ] H [@iJE,KLRVO%I�� A R gVKLi [ ]�c R9P%H ]L] K^O%g
c [�� HJI ���
��* iJRVO%I,E N [@KLO4E�I 2 I,HJH l HJiJE,K^RVO 3 �24 �bs*5�H [(I,3xE�RmP%H [ ] �

KLE�G>n�[(O%P R(X E,HJO P%R c [@KLO
c R9P%H ] I c [��VHpKLP%H [ ] K��JKLO%g	[@I,I,` c_M E,KLRVO%IfE,G�[(E�E,` N O �

G�[@E [ N HpI,R(X E � iJRVO%I,E N [(KLO9E,I�K^O�E,G%H N H [ ]
�
R N,] P KLO9E,R#G�[ N P\iJRVO%I,E N [(KLO9E,I�KLO\E,G%H�P%R c [(KLO c R4P%H ] � !�R N KLO%I,E [(O%iJHVn7KLOxE,G%H_I,Eq[@O%P�[ N P
2 ] R4i��9I � �

R N,] P P%R c [(K^O 2 I,HJH !7K^gV` N H 3 � s*5Jn�E,G%H M%N HJP%KLi [(E,H ,�� 2 � � ��5�KLI�`%I,HJPxE,RQP%HJI,i N KL2 H
2 ] R4i���� I,KLE,E�KLO%g�R O"E�R M R(X�2 ] R9i � � ��Y G%HJO 3VRV`QI,Eq[(i�� 2 ] R4i��4I�K^O"E�G%H N H [ ] �

R N,] P>n KLEpKLI
M RVI,I�KL2 ] H�E,R�G�[ UVH i [(I�HJI �

G%H N H�RVO%H 2 ] R9i �QKLI'I�KLE,E,KLO%g_RVO E�R M R(X [(O%RVE,G%H N I,`%i G E,G�[@E�3VRV`
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i [(O%O%RVE M%] [@iJH'[(O%RVE,G%H N 2 ] R4i���R O KLE �
KLE�G%RV`%E�E,R M%M%] KLO%g�E,G%H'I,E N `%iJE,` N H � N H M%N HJI,HJO9E,KLO%g I,`%i G

Uy[ N K [(E,KLRVO�H$)>HJiJE,K^UVH ] 3pKLO ] R gVKLi7KLI�E N KLi��93 I,K^O%iJH�R O%H c `%I,E �
R N,N 3�[(2�RV`%E7E�G%H�I,G�[ M H�[(O%P c [(I�I

R(X E,G%Hd2 ] R9i��4I nV[@O%P 2�H [@2 ] HdE,R P%K^I,E,KLO%gV`%K^I,G�2�HJE �
HJHJO I ] KLg G4E>P%K ) H N HJO%iJHJI�KLO M R I,KLE,KLR O��>D ] I,R�n

KbX � [(O%P �+[ N H�E,G%H [ M%M%N R M%N K [(E,H�I,G�[ M HJI n>K^E c KLgVG9E 2 H M R I,I,KL2 ] H�E,R�2�[ ] [(O%iJH	� [(g9[(KLO%I,E
� I�`%iqGQE,G�[(E �/KLI�E,RV`%i G%KLO%g E�G%H'E,R M R(X � [(O%P E�G%H'Eq[(2 ] HVn �

G%KLi G U9KLR ] [@E,HJIdE,G%H'iJR c_c RVO
2 ] R4i��9I �

R N,] P [(I,I,` c_M E,KLR O E,G�[(E'[ 2 ] R9i �Qi [(O%O%RVE'2 H 2�R E,G RVO E�G%H Eq[(2 ] H [(O%P RVO E,R M R(X
[(O%RVE,G%H N 2 ] R9i � � w G%KLI�I,R N EpR(XdKLP%H [ ] K�� [@E,KLRVO ] H [@P%I�E,R�I,R c H�X `%O%P�[ c HJO4Eq[ ]>] K c KLEq[(E�KLRVO%IdRVO
E,G%H��4KLO%P%I�R(X�P%K^I,iJRV` N I,H�E,G�[(E M%] [(O�� 2�[@I,HJP P%K [ ] RVg�I�34I,E�H c I �

K ]L] 2 H�[(2 ] H�E,R�G�[(O%P ] H � !�R N
H$�r[ c_M%] H�%

� � O E,G%HTiJRV` N I,H�[(P%U9KLI,KLO%g�P%R c [(KLO>n c RVI,E7iJRV` N I�HJI�G�[ UVH M%N H�� N HJe9`%KLI,KLE�HJI�E,G�[(E�[ I,E,`%P%HJO9E
c `%I,E XB` ]ba�]^] KLO R N P%H N E�R'2�Hp[(2 ] H�E,R�E [��VHdE,G%H�iJRV` N I,H �93VHJE c R I,E ] RVgVKLi�� 2�[(I�HJP	I�34I,E�H c I
P%R O%RVE [ ]L] R �

X R N iJRVO%I,E N [@KLO4E�I'E,RQiqG�[(O%g HVn K � H ��X R N�M%N H�� iJRVO%P%KLE,K^RVO%I�X R N [(iJE,KLR O%I'E,R
iqG�[(O%g H	[(I�E,G%H�HJO4U9K N R O c HJO9E�i G�[(O%gVHJI�� l ` M%M RVI,H�E,G%H�I,E,`%P%HJO9E�G�[(IpO%RVE�Eq[�� HJO>n�Iq[ 3Vn
E,G%H � D w � s ��� M%N H�� N HJe4`%K^I,KLE,HdX R N [�`%O%KLUVH N I,KLEW3 c [(E,G�iJRV` N I�HVn42%`%EdG�[(IfiJR c H�X N R c [
N H M `%Eq[(2 ] H�`%O%KLU H N I,KLEW3�G�[ U4K^O%g�Eq[��VHJO#HJe9`%KLUy[ ] HJO4E M%N H�� N HJe4`%KLI�KLE,HJI�2 R N KLO#I,R c H'R E,G%H N
�
[ 3�I,G%R

�
IdE,G%H�O%HJiJHJI,I [ N 3�[ M E,KLE,`%P%HpiJRV` N I�H#5 � l R c HJE,K c HJI n(I,E,`%P%HJO9E,Idi [(O�O%HJgVR E,K [(E,H

XBR N H$�%iJH M E,KLRVO%ITE,R N ` ] HJITE,R�2�H c [(P%HVn%[(O%PQI,R�I,`%iqGQi [(I,HJI�I�G%R �
E,G�[(EdE,G%H N ` ] HJITKLO [

iJRV` N I,H�� Eq[��4KLO%g�P%R c [(KLO�[ N H�O%R E [ ] �
[ 39IdG�[ N P�iJRVO%I�E N [(KLO9E,I��

� l ` M%M RVI,H � �
[(O9E,I�E,R#gVR#E,R �7O%g ] [(O%P>n72%`%E i [@O%O%RVE�[/)>R N P E,R#I M HJO%P RyU H N � sDC����

RVOmE�G%H�E N K M � � OxE�H N,c I�R(X M%] [(O%O%KLO%g E�G%H�E N K M n7E�G%KLI�KLI [(OxK c_M R N E [(O4E�[(O%Px`%I,H X ` ]
G�[ N P#iJRVO%I,E N [(KLO9E n�K � H �'[�iJRVI,E�2�R `%O%P iJRVO%I,E N [(KLO%I�[ ]Lc RVI,E�HJUVH N 3"[(I M HJiJE�R(X�G%K^I�E N K M n
KLO e�`%HJO%iJKLO%g

�
G%H N H�G%H i [(O#I,Eq[ 3Vn �

G�[(E�G%H
�
K ]L] H [(E n>[(O%P#G%R �

G%H i [(O#E N [ U H ] ���f`%E
I,` M%M RVI�H�� KLI [�I,R9iJiJH N X [(O>n%[(O%P ] H [ N O%ITE,G�[(E�[�Y R N�] P kd` M e9`�[ ] K XB39KLO%g c [@E,iqG �

K ]L]
2�H M%] [ 3VHJP�KLO � O%g ] [(O%P�P%` N K^O%g�G%KLI7I,Eq[ 3 � w R�[ ] I,R�[(E,E,HJO%P�E,G%K^I c [(E,i G>n E�G%H �

G%R ] HdE N K M
�
K ]L] iJRVI,E�[(E ] H [(I,E � 1���� �%n

�
G%K^iqG_KLIdR(UVH N E,G%H � sDC���� ] K c KLE�� �TR �

HJUVH N [(E�E,HJO%P%KLO%g�E,G%KLI
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I,R4iJiJH Npc [(E,i G c KLgVG9Ed2�H'R@X�I,`%iqGQUy[ ] `%H'E,R �/E�G�[(E�G%H�iJRVO%I,KLP%H N I O%H �
R M E,KLR O%I�E,G�[(E

G%H
�
RV` ] P�O%RVE7RVE,G%H N �

KLI,HdiJRVO%I,K^P%H N nVI,`%i G [(I�2 R N,N R �
K^O%g � C ���%n(R N Eq[��4KLO%g�[�O%K^gVG4E � ",RV2

E,R H [ N O�I,R c H7H$� E N [ c RVO%HJ3Vn R N HJUVHJO P N R M%M KLO%g G%K^I7KLO%KLE,K [ ] gVR4[ ] R(X�E N [ U H ]L] KLO%g [ N RV`%O%P
�7O%g ] [@O%P�KLO_X [ UVR ` N R@XZE N [ U H ] KLO%g'E�R I,HJH�E,G%KLITY R N,] P�kd` M e4`�[ ] KbXB39KLO%g c [(E,i G>n �

G%KLi G
",`%I,ETG�[ M%M HJO%IpE,R�2�H�KLO1�7O%g ] [(O%P��

w G%HJI,H [(O%P I,K c K ] [ N H$�r[ c_M%] HJIpI,`%gVgVHJI�E�E,G�[(E�P%KLI,iJR ` N I,H�KLI�2�HJE�E,H N E N H [(E�HJP [@I'[ *����#� � +-)

N H [(I,RVO%K^O%g M%N RV2 ] H c n �
G%H N HQE,G%H�I,E N `%iJE�` N H�R(X�E,G%H M%N RV2 ] H c i [(O�i G�[(O%gVHVnfH � g ��[ G�[ N P

iJRVO%I,E N [@KLO4Ed2 HJiJR c HJIp[�I,R(X E�RVO%H ���f3�2�[(I�KLO%g�[�P%KLI�iJRV` N I,H�I,34I�E,H c RVO�I,E [(O%P�[ N P�D � M%] [(O��
O%KLO%g�n RVO%H KLIpiJR c_c KLE�E,HJP�E�R [_I,K^O%g ] H M%N RV2 ] H c � E,G�[@E i [(O%O%R E�E,R ] H N [@E,H�iqG�[@O%gVHJI�KLO#E,G%H
HJO4U9K N RVO c HJO9E�I,`%i G"[(IdE,G%R I,H�KLO�E,G%H�[(2�R(UVH�H$��[ c_M%] HJI��

	 l9M HJHJi G�[(iJE'E,G%HJR N 3#P%R4HJI�O%RVE�E N H [(E M HJR M%] H�[(I � � ,*)������ +'� � [(gVHJO9E,I n �
G%KLi GmE�G%HJ3m[ N HVn R N

[(I � ��� ,
��� ) � � ,
���M*��'* [(g HJO4E,I n �
G%KLi G\E,G%HJ3m[ ] I�R"[ N H � X R N H$��[ c_M%] HVn�I,` M%M R I,H�3 RV` gVR#E,R

[ N HJI,E [(` N [(O9E�� �
G%H N H�E,G%HJ3 ] HJE�3VR ` M KLi�� 3VRV` N R �

O iJRVO%P%K c HJO4E�I�X N R c [QP%KLI M%] [ 3 � w G%H
iJR c�c RVO ] 3�`%O%P%H N I�E,R4R9P O�[ c HJIdR(X�E,G%HJI�H�iqG%RVK^iJHJI [ N H�% ] HJE,E,`%iJHVnrRVO%KLRVO%I n N H ] KLI,G>n c `%I,Eq[ N P>n
M H M%M H N I nVE,R c [(E�R4HJI n c [ 3VRVO%O�[@KLI,HVn([(O%P��VHJE,i G4` M � ��RV`�I,K c_M%] 3pR N P%H N E,G%HdiJRVO%P%K c HJO9E,I�3VRV`
�
[@O4E>R O	3 RV` N I [(O%P �

KLi G'293 ] K^I,E,KLO%g�E�G%H c n H � g � � ,
��( *�( + 	��&( � �-��� )�� �
,���+ ,�� � � � ����,����#��+ � � �

���M* � �z( + ��� � �f`%EdI,R c H�iJR c 2%K^O�[(E,KLRVO%I7R@X iJR O%P%K c HJO9E,Ifi [(O�2 H�P%HJI,i N KL2 HJP c R N HdI,`%iJiJKLO%iJE ] 3
E,G�[(O�293 ] K^I,E,KLO%g�E,G%HJK N O�[ c HJI�� h HJI,i N K M E,KLRVO%I ] K � H �#�%� � ���'��+'� � n9R N �#��� �����'��+ ��� ��� ��� � � � � ���
[ N HpiJR c�c RVO>n(2 HJi [(`%I,H�E,G%HJ3�[ N Hp2 N KLH X H N E,G�[(O M%N R(U9KLP%KLO%g	[ ] K^I,EdR(XZ[ ]L] E,G%H�P%HJI,K N HJP�iJRVO%P%K �
c HJO9E,I���D c R N H'H$�%E N H c H'H$��[ c_M%] H �

RV` ] P#2 H�[_iJ`%I,E,R c H N �
G%R�R N P%H N I �w(�(�)�,��M*�+ � � � � �

��+ �'� *�, � ��( �#( � �-�-� ��� +'� �'��� +�� � � � ��� n�KLO%I�E,H [(P�R(X�Iq[ 39KLO%g ( �*�-��� )�� � � ����,���� ��+ � � � ���9* � � ��&

� � ��� � w G%H M%N RV2 ] H c �
K^E,G#E,G%KLI�R N P%H N K^I'E,G�[(EpKLE�2 RVE,G 2 N H [��4I�E,G%H�I,Eq[(O%P�[ N P N HJI,Eq[(` N [@O4E

I,iqG%H c [ XBR N G%R �
iJRVO%P%K c HJO9E,I�[ N H�R N P%H N HJP>n M%] `%I�KLE N HJe9`%K N HJITg N H [(E,H Ndc HJO4E [ ] H$)>R N EfX N R c

E,G%H�I,H N UVH N E,R�P%HJiJR4P%H�KLE,I c H [@O%KLO%g � w G%KLI ] [(E�E,H N iJRVO%I�E N [(KLO9EdKLIdK c_M R N E [(O4E nV[(O%P I,`%g gVHJI,E,I

��V|^��'�mbZvqg
\)^'lng
`foqg�^t\ [xoCV|gSrSbZ[]`�o��z� *z� �z�



���������
	�� � ������$9��! ����$�	����������&��! ���&� 1��

E,G�[(EpRVO%H I,G%RV` ] P"E [��VH�KLO9E,R [(iJiJRV`%O9E�E,G%H M%N R9iJHJI,I,KLO%gQH$) R N E K^O4UVR ] UVHJP K^O `%O%P%H N I,Eq[@O%P%KLO%g
`%E,E,H N [(O%iJHJI � w G%KLI7iJRVO%iJH N O_KLI M [ N E ] 3�K c�M%] KLiJKLE>KLO�I,34I�E,H c I�E,G�[(E c R9P%H ] [p`%I,H N 4 I�H$� M H N E,K^I,HVn
I,KLO%iJH�KbX �+[(I �9I	� [#E�HJiqG%O%KLi [ ] e9`%HJI,E,K^RVOmK^O�[(O [ N H [#`%O9X [ c K ] K [ N E,R �_n � KLI `%O ] K � H ] 3
E,R�2�H�[@2 ] H�E,R [(O%I �

H N 2 R N HJU HJO `%O%P%H N I,Eq[@O%P 5pE,G%H e9`%HJI,E,KLRVO �
K^E,G%RV`%E'[ ] RVEpR(X�H$)>R N EpRVO

E,G%HJK N�M [ N E nVH � g � ] R9R��9KLO%g'K^O�[ N H X H N HJO%iJH�2 R4R��nVg HJE,E,KLO%g c R N H�I�iqG%R9R ] KLO%g n(HJE,i � l HJiJE,KLR O 4 �E4
H$� M%] R N HJI�E,G%KLIdKLP%H [ KLO c R N H P%HJE [(K ] �

w G%HJI,H [@O%PxI,K c K ] [ N H$�r[ c�M%] HJI�HJI,I�HJO4E,K [ ]L] 3#I,G%R �
E,G�[(E [QiJR c_M `%Eq[(E,KLR O�[ ] E,G%HJR N 3 R(X P%KLI,iJR ` N I,H

c `%I,EdEq[��VH�KLO9E,R [(iJiJRV`%O9E�E,G%H�X [(iJEdE,G�[(ETiJRVO4U H N Iq[(O9E,I�[ N H N HJI,RV` N iJH�� 2 RV`%O%P%HJP [(gVHJO9E,I�� w G%H M%N R��
iJHJI,I,K^O%g"H$)>R N E c `%I,E nZ[@E ] H [(I�E	I�R c HJE�K c HJI n2�H�Eq[�� HJOmKLO9E,R#[(iJiJRV`%O9E n�[(O%P\E,G%KLI�KLI�`%I,`�[ ]^] 3#O%RVE
[(P%P N HJI�I,HJP 293'I M HJHJiqG�[@iJE7E,G%HJR N 3Vn(R N E�G%H�iJR c�M `%Eq[@E,KLRVO�[ ] I,34I�E,H c I�` M R O �

G%KLi G�E,G%HJ3	[ N H�2�[@I,HJP��
l KLO%iJH c RVI,EpI,`%i G I,39I,E,H c I [ N H ��N KLE,E�HJO�� P%KLI,iJRV` N I�H'I,39I,E,H c I nK � H ��E,G%HJ3#[(I,I,` c H�E,G�[(E�E,G%HJ3 �

K ]L]
2�HpG%H [ N K^O%g	[(O%P g HJO%H N [(E,KLO%g �TN KLE,E,HJO�E,H$� E�[@I�R M%M RVI,HJP_E,R'I M R��VHJO ] [(O%gV`�[(gVHVn KLE7KLI N H [(I,RVO�[@2 ] H�E,R
[(I,I�` c HdE,G�[(E7E�G%H [(gVHJO9E,I �

K ]^] G�[ U H�I,R c H�H$�%E N [ E,K c H�E,R N HJU9KLI,H �
G�[(E7E,G%HJ3

�
[(O9E7E,R'Iq[ 3 2 ",`%I�E�[(I

[
��N KLE,H N i [(O�E [��VH'[(I c `%iqG�E,K c H�[(I�E,G%HJ3 �

[(O9EdE,R
��N KLE,H'[�I,HJO9E,HJO%iJH#5 � �TR �

HJUVH N n9XBR N I�34I,E�H c I
E,G�[(Ed[ N H�i ] RVI,H N E�R'I M R��VHJO�� P%KLI,iJR ` N I,HVn M%N R9iJHJI,I,KLO%g�H$) R N E c `%I,E72 H Eq[��VHJO�K^O4E,R'[@iJiJRV`%O4E n4[(O%P_E,G%H
2�[(I,K^i�I M HJHJi G"[(iJEp[ M%M%N R4[(i G�E,R�P%KLI,iJR ` N I,H�P%R9HJI O%RVETiJRyU H N E�G%KLI��

� S�� � � 	 ���������� 	 ��� YaU � � b � 	 � W �� W ��� �  � W � [��0��� � 	 �
� 	 � W � �

� [(O93�R(XZE�G%H	2�[@I,KLi'E�` N O�� Eq[��9KLO%g KLP%H [@I P%HJUVH ] R M HJP#KLOQE,G%KLIpE,G%HJI,KLI [ N H'2�[(I�HJP"R O �
R N �_P%RVO%H�243

o N HJI,E N-GR c 2WsytVu,4 5Jn�[ ] KLO%g `%KLI,E �
G%R M%N HJI,HJO4E�I'[ E,G%HJR N 3�R(X�E�` N O�� Eq[��9KLO%g_2�[(I,HJP#RVO#E,G%H�I,E,`%P%3�R(X

I M RVO4E [(O%HJRV`%I � O%g ] KLI�G iJRVO9UVH N Iq[(E�KLRVO�� � O�E�G%KLI�I,HJiJE�KLRVO>n4[ I,` c_c [ N 3�R(X o N HJI�E N-GR c 4 I �
R N � �

K ]L] 2 H
M%N HJI,HJO9E,HJP>n%H c_M G�[(I,K��JKLO%g�E,G%H M [ N E,I c RVI�E N H ] HJU([(O9E�E,R E,G%K^I�E�G%HJI,KLI��

o N HJI,E N-GR c P%KLI,E,K^O%gV`%KLI,G%HJIf2�HJE
�
HJHJO�E

�
R �9KLO%P%IdR(X `%E,E�H N [(O%iJHJI#%7[ � � ���
	 + ����&(������� n4[@O%P [ � ��) 	 &

) ������� �X( KLE,H c � l9M H [��4K^O%g E,` N O%I�EW3 M K^i [ ]L] 3QiJRVO4U HJ3 O%H �
KLO9X R N,c [(E,KLR O"[(O%P\H$� M [@O%PxE,G%H�E,R M KLi

R(X7P%KLI,iJ`%I,I�KLRVO����d[(i���� i G�[(O%O%H ] `%E,E,H N [@O%iJHJI [ N H c�� � �WiJH N Eq[(K^O�2 N KLH X,n%I M R O4Eq[@O%HJRV`%I N H [(iJE�KLRVO%IdX N R c
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E,G%H ] K^I,E,HJO%H N f 2 M � 1 4�5 �7o N HJI,E N:GR c Iq[ 39I#%

� ��[ c�M%] HJI�R(X�E,G%HJI,H ] K^I,E,HJO%H NpN HJI M R O%I,HJI'[ N H � n � � � n ����� n ������� n ��+ ����� n � � � n����'n
��( � + ����� n � � � � n �'������� � ��+ ����� n�HJE,i � 2 RVE,G%H N E�G�[(O [(O%I �

H N I�E,Rxe9`%HJI,E,KLR O%I 5 � w G%HJ3
N H M%N HJI,HJO9E N [(E,G%H N I M HJiJK [ ] X `%O%iJE,KLRVO%I �

G%H N H�E,G%H ] KLI,E,HJO%H N KLO9X R N,c I�E,G%HpI M H [��VH N E,G�[@E
G%KLI c HJI,I [(gVH_G�[(I 2�HJHJO N HJiJHJKLUVHJP>nf`%O%P%H N I,E�R4R9P>n�[@g N HJHJPxE,R [(O%P��(R N G�[@I i [(`%I,HJP [
iJH N Eq[(KLO�H$)>HJiJE E,G%H N HJ243�I,` M%M%] 39KLO%g�G%K c �

KLE�G'P%K N HJiJE X HJHJP%2�[(i � � l `%iqG�`%E,E,H N [(O%iJHJI�[ N H
O%R N,c [ ]L] 3�O%RVE n9KbX7HJUVH N n M KLi � HJP ` M [(O%PQiJR c�c HJO9E,HJP RVOQ243_E,G%H'R E,G%H N I M H [��VH N 2%`%E
[ N H�I�E,K ]L] K c_M R N Eq[(O9E iJR O4E N KL2%`%E,KLRVO%I�[(I E�G%HJ3'G%H ]LM E,R�I�`%I,Eq[(KLO�E,G%HJe�R

�
R(X�KLO9E,H N [(iJE�KLRVO��

2 o N HJI,E N:GR c sytVu,4%n M �E1 4�5

w G%KLI�2�[(I,KLi�P%KLI�E,KLO%iJE,KLR O"K^O `%E,E,H N [@O%iJH EW3 M HJI'KLI�i [ M E,` N HJP K^O E,G%H E,` N O�� Eq[��9KLO%g ] R gVKLi M%N HJI,HJO4E�HJP
KLO kdG�[ M E,H N C ��HJI,I,HJO9E,K [ ]L] 3VnfKbX [ iJRVO9UVH N Iq[@O4E �

KLE,G%RV`%E E�G%H e�R9R N 2 K � H � [ ] KLI,E�HJO%H N 5 c [��VHJI [(O
`%E,E,H N [(O%iJH �

KLE,G%R `%E	[(E,E�H c�M E,K^O%g E,R#Eq[�� H�E,G%HVe�R9R N nfE,G%HJOxE,G�[(E�`%E,E,H N [(O%iJH�K^I [ 2�[(i ��� i G�[(O%O%H ]
`%E,E,H N [(O%iJH �

!7K^gV` N H01 �E1�KLI [ ] KLI,EpR(X�RV2%I�H N UVHJP#X [(iJE,I�[(2�R `%E�E,` N O�� Eq[��9KLO%g�KLO#G9` c [@O iJRVO9UVH N Iq[@E,KLRVO���DpO
K c_M R N Eq[(O9E [(I M HJiJE�R(X E,` N O�� Eq[��9KLO%g KLI�E,G�[(E�E,` N O\I,G%KbX E,I'G�[ M%M HJO�[ N RV`%O%P ��� ��� ��+-�'+ ,�� � �z( � �%��� ) �

� ,�+ � � � nfR N w �Tj7I 2 l [(i��4I_HJE�[ ] � syt,5 u�5 � o N HJI,E N-GR c 4 I�I,E,`%P%3\X RV`%O%P�E�G�[(E E,G%H XBR ]^] R �
KLO%g a UVH

] KLO%g `%KLI,E,KLiTX H [(E,` N HJI�G�[ UVHpE,G%H�G%KLgVG%HJI,EdiJR N,N H ] [(E,KLR O �
K^E,G w ��j7I#%

�!�D$(+�$? � iJR c�M%] HJE,KLRVO_R(XZ[�E�RVO�[ ] `%O%KLE �
K^E,G [�O%RVO�� ] HJU H ] O4`%i ] HJ`%I��

+ �!�(��� � iJR c_M%] HJE,KLRVO�R(X [ I,34O9Eq[(iJE�KLi I�HJe4`%HJO%iJH �

+�)�� ���(�-��9,+ iJR c_M%] HJE,K^RVO R(X�[�I,H c [(O9E,KLi�I,HJe9`%HJO%iJH �

�.$&! !�?)�+-+ P%HJi N H [(I,H�KLO�UVR ] ` c H �

+-� �.)��(� ����!+�) X R ]L] R �
KLO%g�K c_c HJP%K [@E,H ] 3 [yXBE,H N E,G%H�HJO%PQR(X�[�E,RVO�[ ] `%O%KLE �



���������
	�� � ������$9��! ����$�	����������&��! ���&� 1Vu

s � l9M H [��VH N � iqG�[(O%g H N HJiJ` N I n%R N [(E ] H [@I,EdR4iJiJ` N I
1 ��opUVH N �

G%H ]Lc KLO%g ] 3VnVRVO%H M [ N E 3�Eq[ ] �9I�[(E [�E,K c H
4 ��opiJiJ` N,N HJO%iJHJIpR(X c R N HpE,G�[(O�R O%H�I M H [�� H N [(E [�E�K c Hp[ N H�iJR c_c R O>nV2%`%E�2 N K^H X
3 � w N [@O%I,KLE,KLR O%I�2 X N R c R O%H�E,` N O�E,R E�G%H�O%H$� E 5 �

KLE,G_O%R g4[ M [@O%P O%R R(UVH N,] [ M [ N H�iJR c_c RVO��
w RVg HJE,G%H N �

KLE,G�E N [(O%I,KLE,K^RVO%I�i G�[ N [(iJE�H N K��JHJP�293�I ] KLgVG9E�g9[ M R N I ] KLgVG9E�R(UVH N,] [ M n4E�G%HJ3 c [��VH
` M E,G%H'U([(I,E c [#"�R N KLE 3'R(X7E N [@O%I,KLE,KLR O%I

C � w ` N O�R N P%H N KLI�O%R E a � HJP>nr2%`%E�Uy[ N KLHJI
� � w ` N O�I�K��JH�KLI�O%RVE a � HJP>n%2%`%EpUy[ N KLHJI
5 � A HJO%gVE,G�R(X7iJRVO9UVH N Iq[@E,KLRVO_KLI�O%RVEdI M HJiJK a HJP#KLO [(P%U([(O%iJH
u � �dH ] [(E,K^UVH P%K^I,E N KL2%`%E�KLRVO_R(XZE�` N O%I�KLIdO%RVE�I M HJiJK a HJP#KLO [(P%U([(O%iJH
t � /�` c 2 H N R(X M [ N E,KLHJIdi [(OQUy[ N 3
s � � w [ ] � i [(O 2 H�iJRVO9E,KLO9`%RV`%I�R N P%K^I,iJRVO9E,KLO9`%RV`%I
sVs � w ` N O�� [ ]L] R9i [(E,KLRVO�E,HJiqG%O%K^e4`%HJI�[ N H�RV29U9KLRV`%I ] 3�`%I,HJP��7D iJ` N,N HJO9E�I M H [��VH N�c [ 3�I,H ] HJiJE [

O%H$� E�I M H [��VH N 2 [(I �
G%HJO�G%H�[(P%P N HJI,I�HJI [�e9`%HJI,E,KLRVO�E�R�[(O%RVE,G%H NdM [ N E 3�5 �9R N�M [ N E,KLHJI c [ 3

I,H ] X'� I,H ] HJiJEdKLO�I,Eq[ N E,KLO%g�E,R E [ ] �
sD1 � ( [ N KLRV`%I�� E�` N O�� iJRVO%I,E N `%iJE,KLRVO�[ ] `%O%KLE�I 4 [ N H�H c_M%] R(3VHJP��9H � g ��E,` N O%I�i [@O�2�H M%N R*"�HJiJE,HJP ] 3

� RVO%H
�
R N P ] RVO%g 4 n4R N E,G%HJ3_i [(O�2�H�I,HJO4E�HJO4E,K [ ] KLO ] HJO%gVE,G

sD4 � �dH M [(K N�c HJi G�[(O%KLI c I�H$�%KLI,EfX R N P%H [ ] K^O%g �
KLE,G�E,` N O�� E [��4K^O%g	H N�N R N I [@O%P�U4KLR ] [(E,KLR O%I��VH � g � K X

E
�
R M [ N E,KLHJI a O%P E,G%H c I,H ] UVHJIdEq[ ] �4K^O%g	[(E�E�G%H�Iq[ c H E,K c HVn RVO%H'R(X�E,G%H c �

K ]^] I�E,R M
M%N H c [@E,` N H ] 3Vn E,G4`%I N H M [(K N K^O%g	E�G%H�E N RV`%2 ] H

!7KLgV` N H 1 �21�%7op2%I,H N Uy[@2 ] H�X [(iJE,I [@2�RV`%E�E�` N O�� Eq[��9KLO%g 2 N H M R N E,HJP�KLO o N HJI,E N-GR c sytVu,4�5 �

w G%H a�N I,E7E�G N HJHfX [(iJE�R N IX R N,c [ �
� � � � ���'+-) ��( � ,
���M*�� � � n4[@O%P [@iJiJR N P%KLO%gpE,R'o N HJI,E N-GR c/N H M%N HJI,HJO9E
[�c c [#"�R N ",`%O%iJE�` N H f KLO	[pP%K^I,iJRV` N I,H � w G%H c R N H7I,`%i G�XBH [@E,` N HJI7E,G�[(E7[ M%M H [ N E,RVgVHJE�G%H N n E�G%H c R N H
] K � H ] 3 E,G�[(EdE,G%H M RVK^O4EdKLO�e9`%HJI,E,KLR O�KLI [ w �Tj �

k RVO4U H N Iq[(O9E,IdiJR4R N P%KLO�[(E,H�E�G%HJK N KLO9E,H N [(iJE�KLRVO_`%I,KLO%g ����� ��&(�-�
	 + ��� ��+ ���#��( � �Zo N HJI,E N-GR c N H M R N E,I
E,G%HpX R ]L] R �

K^O%g�X RV` N �9KLO%P%I�R(X7E,` N O�� Eq[��4KLO%g�I,K^gVO�[ ] IdE,G�[(Ep[ M%M H [ N KLO�G4` c [(O_iJRVO9UVH N Iq[(E�KLRVO %



���������
	�� � ������$9��! ����$�	����������&��! ���&� 1Vt

�-������ ���.) �� ������ +-�.�&����� E,G%H�I M H [��VH N KLO%P%KLi [(E,HJIdE,G�[@E�G%H�KLO9E,HJO%P%I�E,R E�H N,c K^O�[(E,H�G%KLITE,` N O

������)�� ����� +- � ���;)�+-+-����� +-�.�(�?��� E,G%H�I M H [��VH N K^O%P%KLi [(E,HJI�E�G�[(E�G%H'[(E,E�H c�M E,IfE,R G%R ] P�E,G%H�E,` N O

�-������ 9��.��� � ����� +:�.�&����� E,G%H ] KLI,E�HJO%H N K^O%P%KLi [(E,HJI�E�G�[(E�G%H'[(E,E�H c�M E,IfE,R Eq[��VH E�G%H'E,` N O

� ��9-��� 9;K�������) � �.��)�� E,G%H ] KLI�E,HJO%H N KLO%P%KLi [(E,HJITE,G�[(EdG%H'P%R9HJI O%R E�K^O4E,HJO%PQE,R�Eq[��VH�E�G%H�E,` N O

o N HJI,E N-GR c I,E,`%P%K^HJP"O9` c H N RV`%I�[(I M HJiJE�I'R(XdE,` N O�� Eq[��9KLO%g_KLO+�7O%g ] KLI,G#iJRVO9UVH N Iq[(E�KLRVO�� I,R c H'R(XdG%KLI
M [ N E�KLiJ` ] [ NTa O%P%KLO%gVI�[ N H ] K^I,E,HJP K^O !7KLgV` N H 1 �24 � �TKLI �

R N � �
[(I�O%RVE�iJR c_M `%Eq[(E,K^RVO�[ ] KLO#O�[(E�` N HVn

[ ] E�G%RV`%gVG c `%i G R(X �
G�[@E	G%H M%N HJI,HJO9E,I�KLI�[ c HJO�[@2 ] H E,RQiJR c�M `%E�H N K�� [(E,K^RVO>n>[(O%PxI,RQKLE�X R N,c I'[

gVR9R4P#I,E [ N E,KLO%g�� M RVKLO9ETXBR N E�G%H	E�` N O�� Eq[��9KLO%g�KLP%H [(I�K^O"E�G%KLI�E,G%HJI,KLI n c RVI�E O%RVE [(2 ] 3�KLOmk G�[ M E,H N C%n
�
G%H N HQE,` N O�� Eq[��4KLO%g I,KLgVO�[ ] I [ N H�X R N,c [ ]L] 3#P%H a O%HJP>np[ ] RVO%g �

KLE,GxR.)>H N I�[@O%P N HJe9`%HJI,E,I�XBR N E,G%H
iJRVO9UVH N Iq[@E,KLRVO�[ ] e�R4R N �

� S�� ��� 	�	 � [ ' � � � 	 �#�-W ��

Y G%K ] H�E,G%KLI�E,G%HJI�KLI P%R9HJI�O%RVEpP%H [ ] P%K N HJiJE ] 3 �
KLE�G I M HJHJiqG M%N R9iJHJI,I,KLO%g n�KLEpP%R9HJI M%N R c RVE�H'[ c R(UVH

X N R c ��N KLE,E�HJO�� P%KLI,iJRV` N I�H'E,R_I M R��VHJO�� P%KLI,iJRV` N I,H�I,34I�E,H c I n�[(O%P#I,`%gVgVHJI�E,I [@P%P%KLO%g�E,` N O�� Eq[��4KLO%g_E,R
��N K^E,E,HJO�� P%KLI,iJR ` N I,H�I,39I,E,H c I'[(I	[ a�N I�E'I,E,H M � �TH N HVn�I,R c H'R(X�E,G%H c [(K^O"K^I,I,`%HJI'K^O I M HJHJi G M%N R��
iJHJI,I,K^O%g

�
K ]L] 2 H I�` c�c [ N K��JHJP>n(2�[@I,HJP c [(KLO ] 3'RVO M [ M H N I�X N R c E,G%HpiJR ]L] HJiJE,KLRVO%I 2 Ym[(KL2 H ] [(O%P !7`

A HJH�sytVt���5d[(O%P+2 ��[ c [(iqG�[@O%P N [(O�[(O%P � [ c�c RVO%HpsytVt C�5Jn9E,R�gVKLUVHpI,R c HpKLP%H [ [(2 RV`%E�E,G%H�KLI�I,`%HJI
N H ] HJU([(O9E�E,R�I M R��VHJO P%K [ ] RVg�I,39I,E,H c I��

l9M HJHJiqG M%N R9iJHJI,I,K^O%gmG�[(I_E �
R c [#"�R N P%KLU9KLI,KLR O%I n�I M HJHJi G N HJiJRVgVO%KLE,K^RVO�[(O%P�I M HJHJi G I�34O9E,G%H��

I,KLI 2 gVHJO%H N [(E,KLRVO 5 n�I,K c K ] [ N E,R E,G%H#P%KLI,E�KLO%iJE,KLRVOx2 HJE �
HJHJO M [ N I,KLO%gm[(O%P gVHJO%H N [(E,KLRVO KLO�O�[@E,` N [ ]

] [(O%g `�[(gVH M%N R4iJHJI�I,KLO%g ��D I M HJHJiqG N HJiJRVgVO%K��JH N E N [(O%IWX R N,c I7I,RV`%O%P%I�2 H � g � N H M%N HJI,HJO9E,HJP [(I�[ �
[ UVH��

X R N,c 5>KLO9E,R �
R N P%I nV[(O%P�X N R c E,G%H N H�O�[(E,` N [ ]�] [(O%g `�[(gVHd`%O%P%H N I,Eq[@O%P%KLO%g�E,HJiqG%O%K^e4`%HJIdi [(O 2 H `%I�HJP

E,RQiJRVO4U H N E'E,G%H �
R N P%I�KLO4E�R"[QI,`%KLEq[@2 ] H I,H c [(O9E,KLi N H M%N HJI,HJO9Eq[(E�KLRVO�� ��RV`%O%g#HJE [ ] � 2WsytVt�� 5 ] KLI,E



���������
	�� � ������$9��! ����$�	����������&��! ���&� 4��

	 t,C � R(X�I M H [��VH N � I,G%K XBE,I 2 KLO#i [(I,HJI �
G%H N H_E,G%H N H �

[(I�O%R#R(UVH N � ] [ M%M KLO%g_I M HJHJi G 5�R4iJiJ` N,N HJP
�
G%HJO#E,G N HJH M RVKLO9E,I'[ N H�I,K c ` ] Eq[(O%HJRV`%I ] 3 N H [(i G%HJP 2 K � H �'[(E'[_g N [ c�c [(EWKLi [ ] 2 RV`%O%P�[ N 3�� [

����� 5 %

s �dE,G%H�HJO%P R(X�[�E,RVO%H�`%O%KLE �
1 �dE,G%H�HJO%P R(X�[�I,39O4Eq[@iJE,KLi [ ]L] 3 iJR c_M%] HJE,H�I,HJe9`%HJO%iJH �
4 �dE,G%H�HJO%P R(X�[�I,H c [(O4E�KLi [ ]L] 3�X ` ]L] 3 N [(E,KLRVO�[ ] I�HJe4`%HJO%iJH �

w
�
R�RVE�G%H N ] K^O%gV`%KLI,E,K^i�X H [(E,` N HJI�iJR N�N H ] [(E,H �

KLE,GQE,` N O�� Eq[��4KLO%g % ] RV`%P%O%HJI�I�2 K � H �'[�P%HJi N H [(I�H
KLO�UVR ] ` c H#5Jn9[(O%P�I,K ] HJO9E M [(`%I,HJI�[(EdE,G%H�HJO%P R@XZE,R O%H�`%O%KLE,I��

	 5,C � R(X����fI�R4iJiJ` N KLO iJR c 2%KLO�[(E,KLR O �
KLE,G N HJP%`%iJHJP ] RV`%P%O%HJI,IQKLO E,G%H#E,R O%H `%O%KLE�"�`%I,E

2�H X R N H'E�G%H ��� �%E�G%KLI [@iJE,I [(I�[ � � � &�� + ��� ��( E,R E,G%H ] KLI,E�HJO%H N E,G�[(EpE,G%H'O%H$�%E ��� c K^gVG4Ed2 H
[�I M H [��VH N � I,G%KbX E M RVK^O4E��

	 w G%H N H�[ N HdO%R I M HJiJK a i [(O%P�`%O�[ c 2%KLgV`%RV`%I c [ N � H N IR(X E,` N O�� a O�[ ] KLEW3Vn E,G%H N H X R N H�K^E KLI�2�HJE�E,H N
E,R�Eq[ ] ��[@2�RV`%Egc�I,KLgVO�[ ] I�R@X M RVI,I,KL2 ] H�E,` N O�� 39KLH ] P%KLO%g f E,G�[@O c,E,` N O�� 39KLH ] P%KLO%g�I,KLgVO�[ ] I f �

	 w ` N O ] HJO%gVE,G%I 2 KLO#E,H N�c I�R(X �
R N P%I$5�KLO iJR O4UVH N Iq[(E,KLR O"E�HJO%PmE,RQ2�H N H ] [(E�KLUVH ] 3QI,G%R N E n H � g �

RVO ] 3 C��21 � R(XZE�` N O%I �
H N H ] RVO%g H N E,G�[(O#s � � �

R N P%I��

!7KLgV` N H 1 �E4�% l R c HpR(X o N HJI,E N-GR c 4 I a O%P%KLO%gVIpRVO�E,` N O�� Eq[��4KLO%g�KLO1� O%g ] KLI�G��

I,R c H'R@X�E,G%H c [/",R NTM%N RV2 ] H c I E�G�[(E [ N KLI,H�KLO#I M HJHJi G N HJiJRVg O%KLE,KLRVOQ2%`%E�O%RVE�KLO M [ N I�KLO%g �TN KLE,E,HJO
E,H$�%E,I#%

	 w G%H N H�KLIf`%O%iJH N Eq[(K^O4EW3�KLO �
G�[@E�[ M H N I,RVO_G�[(IfIq[(KLP12 [(O%P�E�G%H N H�KLIfO%R	`%O%iJH N Eq[(KLO9EW3'KLO �

G�[(E
[ M H N I�RVO�EW3 M HJI 5 �

	 Y R N P�2 RV`%O%P�[ N KLHJITG�[ U H�O%R H$� M%] KLiJKLE c [ N �VH N IfKLO�I M HJHJi G 2 ] K � H I M [@iJHJI�KLO ��N K^E,E,HJO_E,H$� E$5 �

	 l9M HJHJi G i [(O�I,` )>H N X N R c M G%RVO%HJE,KLi'[ c 2%KLgV`%KLEW3Vn(H � g � c � I,i N H [ c f [(O%P c�KLiJH�i N H [ c�f I,RV`%O%P
E,G%H�Iq[ c H �

	 l9M R��VHJO ] [@O%gV`�[(gVH�KLI R@XBE,HJO#E,H N I,H	[(O%P#I,3 ]L] [@2 ] HJI i [@O"2 H�R c K^E,E,HJP>n%H � g � c S�O%KLE�HJP l E [(E,HJI f
c KLg G4Ef2�H M%N RVO%RV`%O%iJHJP ] K �VH�c,`%O%KLE,H�I,E [(E,HJI f �



���������
	�� � ������$9��! ����$�	����������&��! ���&� 49s

	 l9M RVO9Eq[(O%HJRV`%ITI M HJHJi G KLITR(XBE�HJO c R N H `%O%g N [ c�c [(E,Kbi [ ] E�G�[(O ��N KLE�E,HJO ] [(O%gV`�[(gVH �

w G%HJI,H�[(O%P N H ] [(E�HJP M%N RV2 ] H c I'[ N H �
G�[(E c [��VH�I M HJHJiqG N HJiJRVg O%KLE,KLRVO\[�P%KLI,E�KLO%iJE�I,`%2 a H ] P\X N R c

O�[(E,` N [ ]�] [@O%gV`�[(gVH M%N R9iJHJI,I,KLO%g ��D/O4` c 2�H N R(X E,HJi G%O%KLe9`%HJIdG�[ U H 2 HJHJO"[ M%M%] K^HJP�E,R�I M HJHJiqG N HJiJRVg��
O%KLE,K^RVO>n XBR N H$��[ c�M%] H�I�E,R4i G�[(I,E�KLi c HJE,G%R9P%I�2 H � g � � [ N �VR(U c R4P%H ] I$5Jn O%HJ` N [ ] O%HJE �

R N �4I n(G%K^gVG�� ] HJUVH ]
�9O%R

�T] HJP%gVH�E,HJi G%O%KLe9`%HJI n�[(O%P�E�H c�M%] [@E,H�� 2�[(I,HJPx[ M%M%N R4[@iqG%HJI 2 Ym[(K^2�H ] [(O%P !7` A HJH\sytVt�� � ��[ �
c [(iqG�[@O%P N [(O�[(O%P � [ c�c RVO%H�s(tVt,C�5 �

� HJP%P%3�2WsytVt�� 5�K^IZ[(O�H [ N,] 3p2%`%E I,E�K ]L] `%I,H X ` ]4N HJU9KLH �
R@X�E,G%H72�[(I,KLifKLI,I,`%HJI KLO'I M HJHJiqG N HJiJR gVO%KLE,KLR O��

�TH i [(E,HJgVR N K��JHJI_E,G%H P%K�)>H N HJO9E�Uy[ N K [(E,KLR O%I�R(X�E,G%H#I M HJHJi G N HJiJRVgVO%KLE�KLRVO M%N RV2 ] H c [ ] R O%gxE,G%HJI,H
P%K c HJO%I,KLRVO%I/%

 $? ?) $OL � � )*)�9DK � I,R ] [(E�HJP �
R N P%I7R N iJRVO%O%HJiJE,HJP I M HJHJi G�� � I,R ] [@E,HJP �

R N P�I M HJHJi G N HJiJRVg O%KLE,KLRVO
KLI [ c `%iqG�H [@I,KLH N�M%N R 2 ] H c E�G�[(O iJRVO%O%HJiJE�HJP I M HJHJiqG N HJiJRVg O%KLE,KLRVO>nr2%`%E N HJe9`%K N HJIpE,G%H�`%I,H N
E,R M [(`%I,H 2 HJE �

HJHJO H [(iqG
�
R N P �

G%HJO I M H [��4K^O%g�n �
G%K^iqG K^I�`%O%O�[(E,` N [ ] X R N�c [(O93 M HJR M%] HVn

[ ] E,G%RV`%g G'KLE�i [(O 2 H ] H [ N O%HJP �
K^E,G M%N [@iJE,KLiJH �7kdRVO%O%HJiJE,HJP�I M HJHJiqG�KLI7R N P%KLO�[ N 3�I M HJHJi G>n �

KLE,G
O%R I M HJiJK [ ]9M [(`%I,HJI72 HJE �

HJHJO
�
R N P%I�� w G%KLI E�` N O%I7RV`%E�E,R 2 H�[ c R N H7P%K�-_iJ` ] E M%N RV2 ] H c I,KLO%iJH
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R N P�2 RV`%O%P�[ N K^HJI��

� $?9;� �  �.��� � �?� �,) w G%H�I,K��JH�R(X�E,G%H�`%O%P%H N I,E�R4R9P#UVR4i [@2%` ] [ N 3 c [��VHJI [_P%K ) H N HJO%iJH � � E�KLIpH [(I �
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I,Eq[@O%P%KLO%g � w G%H�E,` N O�� E [��4K^O%g	[(I M HJiJE,IdR(X c RVI,EfP%K [ ] RVg�I,39I,E,H c I�[ N H�[(2�RV`%Ep[(IdI,K c_M%] H�[(IdKLO�E�G%HJK N
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Ym[ ] �VH N HJE�[ ] ��2Wsyt t,5�5�P%R'iJR O%I,KLP%H N E�G%H M RVI�I,KL2%K ] K^E 3�R@X c KLP�� E,` N O	K^O4E,H N�N ` M E,KLRVO%I � �TR �
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R(X7E,G%KLI

�
R N � KLI�I,E�K ]L] [@E�E,G%H�H [ N,] 3�I,E [(gVHJI n%[(O%P�KLIT2�HJKLO%g c HJO9E,KLR O%HJP [(Ip[�O�[(E,` N [ ] P%K N HJiJE,KLRVO_X R N

X ` N E,G%H N�N HJI�H [ N i G��
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M%N HJI,HJO9E,HJP K^O I,` -�iJKLHJO9E�gVHJO%H N [ ] KLEW3 E,R [@P c KLE�[ M%M%] K^i [(E,KLRVOQE,R�E,G%H R E,G%H N P%R c [(KLO%IpR(XdKLO4E�H N HJI,E��
DpO43 c ` ] E,K � [(g HJO4E�I,39I,E,H c KLI [Qi [(O%P%KLP�[(E,H�X R N E,` N O�� Eq[��9KLO%g�n�HJI M HJiJK [ ]L] 3 I�34I,E�H c I�E,G�[(E'i [@Om2 H
I,HJHJO#[(I�K c_M%] H c HJO4E,K^O%g'[��4K^O%P�R(XZiJR O4UVH N Iq[(E,KLR O 2�HJE �

HJHJO E,G%H'[@gVHJO4E�I��

	 S
	 YZ[ � 	�	 � � 	 � � � ��Y 	 � W �� 	 Y U � �

op` N gVR4[ ] � R N KLHJO9E,HJP c R4P%H ] R@X E,` N O�� Eq[��9KLO%g#H$� M%] K^iJKLE ] 3m[@P%P N HJI,I,HJI_E,G N HJH c [(KLO\iJRVO%iJH N O%I#% �����
E,R#Eq[�� H [#E,` N O 2 c RVE,K^Uy[(E,K^RyO 5 n ������� E�R Iq[ 3 P%` N KLO%g\[#E,` N O 2 �

G%KLiqGxg R4[ ] E�Rm[(P%P N HJI,I�KLOxE,G%H
P%K [ ] RVg 5Jn>[(O%P ����� � E,R E [��VH�[ E,` N O02 [(E N H ] HJU([(O9E M R KLO4E�I'KLO\E,G%H P%K [ ] RVg 5 � !7KLg ` N H 4 �bs I,G%R

�
I

E,G%H�[ N i G%KLE,HJiJE,` N H�R(X�[ E�` N O�� Eq[��9KLO%g [(gVHJO9E'KLOxK^E,I c RVI,E�gVHJO%H N [ ] X R N,c �1��[(i Gx2�R/� N H M%N HJI,HJO9E,I
[ c R9P%` ] H�R(X�E,G%H�E,` N O�� Eq[��9KLO%g [(g HJO4E�E,G�[@E�R M H N [@E,HJI'KLO M [ N [ ]L] H ] � w G%H�[(gVHJO9E'KLI�iJR O4E,K^O4`%RV`%I ] 3
N HJiJHJKLU9KLO%gQKLO M `%E�X N R c E,G%H HJO9U4K N RVO c HJO9E n>[(O%P N [ � M H N iJH M E,KLRVO%I�[ N H iJRVO9UVH N E�HJP KLO9E,R�gVR4[ ] I'[(I
I,R9RVOx[(I'E,G%HJ3\[ N KLI,H �QY G%HJO%HJUVH N O%H �

gVR4[ ] I�[ N KLI�H E,G%HJ3m[ N H M `%E�KLO E�G%H �
R N �9KLO%g c H c R N 3�R(X

I,E,H M 1%n [(O%P E,G%H�[(gVHJO9E�iJRVO9E,KLO9`�[ ]L] 3 N H [(I,RVO%I�[(2�RV`%E �
G%KLi G#R(X�E,G%H gVR4[ ] I iJ` N�N HJO4E ] 3 M%N HJI,HJO9E'KLE

I,G%RV` ] Pm[(E,E,H c_M E�E,R [@iqG%KLHJU H	O%H$�%E�� w G%H E,` N O�� H$�%HJiJ`%E,KLR O c R9P%` ] H�KLI N HJI M RVO%I,KL2 ] H XBR N P%HJiJK^P%KLO%g
�
G%HJO_E,R'H$�%HJiJ`%E,HpE,G%H�gVR9[ ] I,H ] HJiJE,HJP_293	E�G%H�I,HJiJRVO%P_I,E,H M n R N nVK X E�G%H [(gVHJO9E�KLI XBR N iJHJP E,R�[(iJE nVK^E7KLI

N HJI M RVO%I,KL2 ] H�X R N�M H N XBR N�c KLO%g_[(O"[ M%M%N R M%N K [(E�H�I,Eq[ ]L] KLO%g [(iJE,KLRVO�E�R KLO%P%KLi [(E�H'E,R E�G%H'RVE,G%H N [(gVHJO9E,I
�
G93�K^E�K^I�O%RVE�3VHJE N H [(P%3_E,R [(iJE�� w G%K^I �

G%R ] H M%N R9iJHJI,IpiJRVO4E�KLO4`%HJITKLO%P%H a O%KLE,H ] 3 �
w G%H N HJI,E�R(X�E,G%KLI'i G�[ M E,H N iJRVO9Eq[(KLO%I�[(O R(UVH N U9KLH �

R(X�E,G%H
�
G%R ] H c R9P%H ] n �

G%K ] H�kdG�[ M E,H N 3
[(O%P�kdG�[ M E,H N C �

K ]^] H$� M [(O%P�R O�E,G%H ] [(I,E�E �
R'R@X E,G%HpE,G N HJH c [(KLO�I,E,H M I�� w G%H c RVE,K^Uy[(E,K^RVO�I,E,H M

KLI�P%K^I,iJ`%I,I,HJP�O%H$�%E K^O l HJiJE,KLRVO=4 �F3 �
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w G%H c R E,KLUy[@E,KLRVO XBR N I M H [��9KLO%g�KLO�[ P%K [ ] RVg�KLI�R@XBE,HJO�I,E N [(K^gVG4E XBR N �
[ N P>n H � g ��KbX>I,R c HJRVO%H�[(I �4If3VRV`

[�e9`%HJI,E,KLR O>n4E�G%HJO 3VRV`_RV`%gVG9E�E,R [(O%I
�
H N KLE�2 [ ]L] RVE,G%H N E,G%KLO%gVId2�HJK^O%g�HJe9`�[ ] 5 � � O iJR c_M `%Eq[(E,K^RVO�[ ]

P%KLI,iJR ` N I,HVnVP%K [ ] RVgVI�[ N H�R(X E,HJO�[(I�I,` c HJP�E,R�2�HpEq[(I ��� R N K^HJO4E,HJP>nV[@O%P�E,G9`%I�E�G%HJ3 [ N H [�iJR c�c `%O%K^i [ �
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Goals ordered
by constraints

Goals are
executed

Raw perceptions
transformed into
goals that can be
reasoned about

Turn-taking logic
used in algorithms
that decide when agent
should act

Goal adoption
Step 2

Step 3
Turn execution

Motivation
Step 1 Perceptions

(CSP) used to select and order
goals

Constraint satisfaction problem

!7K^gV` N H 4 �bs % w G%H 4 � I,E,H M�c R4P%H ] X R N Eq[��9KLO%g�[�E,` N O��

E,KLR O�E,R9R ] `%I,HJP 293 E �
R'R Ndc R N H [(g HJO4E,IdiJR c_c KLE,E,HJP�E,R [(i G%KLHJU9KLO%g�I,R c H�P%R c [(KLO gVR9[ ] � � O I,`%i G

i [(I,HJI nZ[@gVHJO4E�I�I M H [�� 2�HJi [(`%I,H_E,G%HJ3 O%HJHJP\KLO9X R N,c [(E,KLR O>n �
[(O9E�E,R iJR9R N P%K^O�[(E,H�E,G%HJK N [(iJE,KLU9KLE,KLHJI n

c `%I,E7i ] [ N KbX 3 [ c 2%KLgV`%K^E,KLHJI n �
[(O4E7E�R'i ] H [ N � ` M iJRVO9X `%I,KLR O>n4HJE�i � w G%H O�[(E�` N H R@X E�G%H Eq[@I ��KLI�[ c [ �

"�R N X R N iJH'K^O I,G�[ M K^O%g E,G%H�P%K [ ] R g�n%[(O%P R(X E,HJOQKLO�P%HJE,H N,c KLO%KLO%g �
G�[(E [(gVHJO9E,I

�
K ]L] Iq[ 3�[(O%P �

G%HJO
E,G%HJ3

�
K ]^] I M H [�� 2 I,HJH l HJiJE�KLRVO�1 �21 �bs*5 � w [(I ��� R N KLHJO4E�HJP"P%K [ ] RVgVI'[ N H�R(X M%N [@iJE,KLi [ ] KLO9E,H N HJI�E�I,KLO%iJH

c [(O43 [@iJE,KLU9KLE,KLHJI [ N H�O�[(E,` N [ ]^] 3 c R9P%H ]L] HJP#[(I�[(iqG%K^HJU4KLO%g�I�R c H�Eq[(I �n H � g ��i N H [@E,KLO%g [�I,iqG%HJP%` ] H
R(X>iJRV` N I�HJI n M%N H M [ N KLO%g [ c H [ ] n(gVHJE�E,KLO%g c RVO%HJ3�X N R c [�2�[(O �9KLO%g c [(i G%KLO%HVn �TN KLE,KLO%g'[@O HJI,Iq[ 3�RVO
[

�
R N P M%N R9iJHJI,I,R N n%HJE,i �
�TR

�
HJUVH N n(G9` c [(O�iJRVO9UVH N I [(E,KLRVO�KLI�O%R E�[ ] �

[ 34I�I,E N K^iJE ] 3'E [(I ��� R N KLHJO9E,HJP�� j�HJR M%] H�Eq[ ] �'E,R�H [(i G
RVE,G%H N XBR N c [(O93 N H [(I,RVO%I/%E,G%HJ3 c KLgVG9EI M H [���",`%I,E E,R�2�HfX N KLHJO%P ] 3Vn E,R M%N HJUVHJO4E 2�R N HJP%R c nJE�R�I,G%R �

�

R.)+2 H � g � c [��VH�[ �
KLE,EW3�iJR c_c HJO9E 5Jn R N E,R�HJO9E,H N Eq[(K^O	R E,G%H N I�� w G%HJI,H��4KLO%P%IfR(X iJR O4UVH N Iq[(E,KLR O'G�[ UVH

gVR4[ ] I n92%`%E�EW3 M K^i [ ]L] 3 O%R E�E,G%H'I [ c HpiJRVO%i N HJE�H'I,R N E [@I M%N RV2 ] H c � I,R ] U4KLO%g�P%K [ ] R gVI���! R N H$�r[ c_M%] HVn
E

�
R X N KLHJO%P%I c KLgVG9E'i G�[(E�[(2 RV`%E �

G�[(E�HJUVH N i [(E,i G%HJI E,G%HJK N X [@O%iJ3xR N I,HJH c I�KLO4E�H N HJI,E,KLO%g � w G%H
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H

�
K ]L] `%I�`�[ ]L] 3�RVO ] 3�2�HdKLO9E,H N HJI,E,HJP�KLO'P%K [ ] RVgVI E,G�[(E�KLO4U R ] UVH7I,R ] U4K^O%g I,R c H �
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�
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K ]L] Eq[ ] � E�R E,G%H
`%I,H N �

G%HJO�KLEd2�H ] KLHJU HJI�KLE ] [(i��4IdE,G%H�O%HJiJHJI�Iq[ N 3�[/�%KLR c I7E,R M%N R(UVHpKLE,IdE,G%HJR N H c I n R N �
G%HJO�RVO%H�R(X
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�
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M%N R(UVH�� �%2%`%E n � I,HJH�E,G�[(E�KbX � �4O%H
�
E,G%H�E N `%E,G�� U([ ] `%H'R@X�� � iJR ` ] P M%N R(UVH�� � l R �

I,G%RV` ] P [(I ��E,G%H�`%I�H N KbX7G%H �9O%R
�
I�K X�� KLIdE N `%H�R N X [ ] I�H �

w G%KLI M%N R(U9KLP%HJI�[ c RVE,KLU([(E,KLR O'X R N I M H [��9KLO%g 2 K � H � E�G%H I,39I,E,H c �
[(O4E�I�KLO9X R N,c [(E,KLR O	E�R'G%H ]LM�M%N R(UVH

[QE,G%HJR N H c 5Jn2%`%E�KLE�P%R9HJI	O%R E'gVKLU H�[(O93 KLO%P%KLi [(E�KLRVO ����� � E,G%H_I,39I,E,H c I�G%RV` ] Px[(I �m[(2 RV`%E�� �
E,G%KLITKLIdP%KLI,iJ`%I,I,HJPQKLO l HJiJE,KLR O=4 � � �!�` N E,G%H N,c R N HVn �

G%K ] H l9c KLE�G�HJE [ ] �!2WsytVt,C 5�iJH N Eq[(KLO ] 3�P%R gVKLUVH
I M HJiJK a i P%HJE [(K ] I�[(2 RV`%E�G%R �xN H [@I,RVO%KLO%g�RV`%g G4EfE,R M%N R9iJHJHJP>n �

H�`%I�H [�P%K�)>H N HJO9E7iJRVO%I,E N [(KLO9E � 2�[(I,HJP
N H [(I�RVO%KLO%g�X R N,c [ ] K^I c nJP%KLI�iJ`%I,I,HJP_KLO l HJiJE,KLR O 4 �EC%n c R N H�[ M%M%N R M%N K [(E,HfXBR N E,K c H�� iJRVO%I,E N [(KLO%HJP N H [ �
I,RVO%K^O%g �

� �(��)*�,�?��� � $O����+ ���! � �?��)*�,�?��� � $O����+
Y G%HJO P%H [ ] KLO%g �

KLE,G�KLO9E,H N [(iJE�KLO%g�[(gVHJO9E,I n �
H�i [(O P%K^I,E,KLO%gV`%K^I,G�2�HJE

�
HJHJO#E

�
R 2�[@I,KLi�gVR4[ ] EW3 M HJI#%
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O

�
K^E,G%RV`%E�iJRVO%I�` ] E,KLO%g�[@O43�H$�%E,H N O�[ ] [(gVHJO9E�R N I,R ` N iJH'R(X�K^O9XBR N�c [(E�KLRVO>nV[(O%P#H$�%E,H N O�[ ]

gVR4[ ] I�[ N H�R O%HJI�E,G�[@E�[(O [@gVHJO4E�E N KLHJI E�R [(i G%KLHJUVH�293xiJRVO%I,` ] E,KLO%g �
K^E,GxI,R c H�RVE,G%H N [@gVHJO4E�R N
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KLO9X R N,c [(E,KLR O I,RV` N iJH � w G%KLITP%KLI,E,KLO%iJE�KLRVO_i [ M E,` N HJIpE,G%HpX `%O%P�[ c HJO9Eq[ ] KLP%H [ E,G�[(E�iJR c_c `%O%KLi [@E,KLRVO
[(O%P N H [@I,RVO%KLO%g [ N HpKLO9E,H N i G�[(O%gVH [(2 ] HVnVK � H � RVO%H i [@O�E N 3 E,R�I,R ] UVH�[ M%N RV2 ] H c 293 E,G%KLO �9KLO%g [(2 RV`%E
KLE�[ ] RVO%HVn R N RVO%H�i [(O#P%R�O%R�E�G%RV`%gVG9E [(O%P [(I �"[(O%RVE�G%H N [(g HJO4EpKbX�E,G%HJ3 �4O%R

�
E,G%H [(O%I

�
H N �[(O43

iJR c 2%K^O�[(E,KLRVOpR(X N H [(I,RVO%K^O%g [(O%P�iJR c_c `%O%KLi [@E,KLR(O 2 HJE �
HJHJO�E,G%HJI�H�E

�
RpH$� E N H c HJI�KLI7[ ] I,R M RVI�I,KL2 ] H �

w N [(P%K^E,KLRVO�[ ] D � M%N RV2 ] H c � I,R ] U4KLO%g�I,34I�E,H c IpEW3 M K^i [ ]L] 3 [(I�I,` c H�[_I,KLO%g ] H�� [(gVHJO9E E,G�[@E�G�[(I�KLO��
E,H N O�[ ] [(iJiJHJI,IpE,R�[ ]^] E,G%H �9O%R

��] HJP%gVH�O%HJiJHJI�Iq[ N 3�E,R_I,R ] UVH'[ M%N RV2 ] H c � � X�I,`%i G"[@O"[(gVHJO9E�KLIp[(2 ] H
E,R M%N R(UVH�KLEfP%R4HJIdO%RVEfG�[ U H�E,G%H N HJI,RV` N iJHJIfE,R'I�R ] UVH [ M%N RV2 ] H c n(E,G%HJO_E,G%H M%N RV2 ] H c KLI�H$)>HJiJE,KLU H ] 3
`%O%I,R ] Uy[(2 ] H � � O_iJRVO4E N [(I,E n9[�iJR c�c `%O%KLi [(E,KLU(H�[(gVHJO9E�O%HJHJP�O%R E�g KLUVH�` M KbX>KLEdKLIf`%O�[(2 ] H�E,R�I,R ] U H [
M%N RV2 ] H c KLE,I,H ] X ��D/iJR c�c `%O%KLi [(E,KbUVH�[(gVHJO9E�i [(O [@I ��R E,G%H N [(gVHJO9E,I�KbX E�G%HJ3�i [(OQI,R ] U HVn4R N G%H ]^M E,R
I,R ] UVHVn�E�G%HJK N�M%N RV2 ] H c I�� � O#E,G%H

�
R N I,E�i [(I�HVn>[(I �9KLO%g RVE,G%H N [(gVHJO9E,ITXBR N G%H ]LM �

K ]L] X [(K ] E,R_I,R ] UVH'[
M%N RV2 ] H c n 2%`%E c R N H�G%H [(P%I�[ N HpR(X E,HJO�2�HJE,E�H N E�G�[(O�RVO%HVn�[(O%P [�g N RV` M R(XZ[(g HJO4E,I c KLgVG9E�2 H'[(2 ] H
E,R�iJR ]^] [(2�R N [(E,H�RVO\[(O%P#I,R ] UVH [ M%N R 2 ] H c E,G�[(EpO%RVO%H iJRV` ] P"I�R ] UVH [ ] R O%H �	opO%H i [@O"I�HJH E,G�[(E�[
iJR c_c `%O%KLi [(E�KLUVH [(g HJO4E�O%HJHJP#O%RVEpG�[ UVH c `%iqG M%N R 2 ] H c � I M HJiJK a i�H$� M H N E,KLI,H�[(E�[ ]L] n%[(O%P#3VHJEpI,E,K ]^]
2�H�gVR4R9P [(E a O%P%KLO%g�I,R ] `%E,KLRVO%IpE,R M%N R 2 ] H c Ip293 �9O%R

�
KLO%g

�
G�[(E�RVE,G%H N [(g HJO4E,I�[(O%P �9O%R

�T] HJP%gVH
I,RV` N iJHJI�E,R e9`%H N 3 �

w G%KLI�P%KLI,E,KLO%iJE�KLRVO 2 HJE
�
HJHJOxKLO9E,H N O�[ ] [(O%P\H$� E�H N O�[ ] gVR4[ ] I'KLI [(OxKLO9E,H N HJI�E,KLO%g"[@O%PmiJR c_c RVO

RVO%HVn�[@O%P�I,R
�
H�gVKLUVH'[�O9` c 2�H N R(XZiJR O%i N HJE,H�H$��[ c�M%] HJI#%

	 ��`%2%2 ] HJI,R N E �
R N �9I7293'iJR c_M [ N KLO%gpH ] H c HJO4E�I7R(X [(O [ N�N [ 3	[(O%P I �

[ M%M KLO%g�E,G%H c KbX>E,G%HJ3�[ N H
RV`%E�R(X�R N P%H N ��Y H i [(O K c [@gVKLO%H N H M%] [(iJKLO%g�E,G%H�iJR c�M [ N KLI,RVOQX `%O%iJE,KLRVO �

K^E,Gm[_e9`%H N 3 E,R
E,G%H `%I�H N n%[(I �9KLO%g'E,G%H c E,R'P%HJiJKLP%H�K X � KLI ] HJI,IdE,G�[(O�� � l `%i G�e9`%H N KLHJI �

RV` ] P RV29U9KLRV`%I ] 3�2 H
R(X ] KLE�E ] H M%N [(iJE,KLi [ ] U([ ] `%HpX R N I,R N E,KLO%g�[(O [ N,N [ 3 R@XZO9` c 2�H N I�R N I,E N K^O%gVIdI,KLO%iJH'[�iJR c_M `%E,H N
i [(O c R N H [(iJiJ` N [(E�H ] 3 [(O%PmH$-_iJKLHJO4E ] 3 iJR c_M [ N H_[(O43#E �

R�O4` c 2�H N I���j�RVI�I,KL2 ] 3Vn X R N'] KLI,E,I
R(X�RV2 "�HJiJE,ITXBR N �

G%KLi G#E,G%H�iJR c_M [ N KLI,R O_XB`%O%iJE,K^RVO KLI�K^O%iJR c�M%] HJE,HVn�[(I �9KLO%g_E,G%H�`%I,H N�c KLgVG9E
2�H [(O R M E,KLRVO��rXBR N H$�r[ c�M%] HVn KbX N HJe9`%K N HJP#E,R I,R N E [ c K�� HJP ] KLI,E�R(X�O9` c 2 H N I [@O%P I,E N KLO%gVI n
[(O%P O%RVE M RVI,I�HJI,I,KLO%g�[pX `%O%iJE,KLRVO�X R N iJR c�M [ N KLO%g�[�I,E N KLO%g�E,R	[ O4` c 2�H N n E,G%H�I,39I,E,H c iJRV` ] P
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N HJI,R N E�E,Rm[(I �9KLO%g\E,G%H `%I�H N E,R\KLO M `%E_I,`%i G [ XB`%O%iJE,K^RVO [(E�E,G%H#2�HJgVKLO%O%K^O%g32 [@I �4K^O%g E,G%H
`%I,H N E�R c [��VH�iJR c�M [ N KLI,RVO%IdHJUVH N 3 E,K c H'[�I,E N KLO%g �(O4` c 2�H N iJR c_M [ N K^I,RVO [ N K^I,HJI iJR ` ] P 2 H
`%O42 H [ N [(2 ] 3_E,HJP%KLR `%I 5 �

	 D M H N I�RVO c [ 3�I,HJEdE,G%H c I�H ] UVHJI�E�G%H�gVR4[ ] R(X n9Iq[ 3Vn 2%`%34KLO%g_['I�E,H N HJR � � EdKLI M RVI,I,KL2 ] H�X R N E,G%H
M H N I,R O E,R'2%`%3 [ I,E,H N HJR �

KLE,G%RV`%E7HJU H N P%K N HJiJE ] 3�iJR c�c `%O%KLi [(E,KLO%g �
KLE,G [(O93VRVO%H�H ] I,H [(2 RV`%E

�
G%KLi G�I,E�H N HJR'E,R�2%`%3Vn%H � g ��E,G%HJ3�"�`%I,EdgVR�E,R'E,G%HpI,E,R N H [@O%P�2%`%3_E,G%H a�N I,EdI,E,H N HJR�E,G%HJ3�I,HJH �
��R

�
HJUVH N n(HJI,I�HJO4E,K [ ]L] 3'[(O93 M G�[(I,H�R@X E�G%KLI7P%H ] KL2 H N [(E,KLR O iJRV` ] P 2 H N H M%] [@iJHJP>n4R N [(`%g c HJO4E,HJP

243VnfP%KLI,iJ`%I,I�KLRVO
�
KLE,GxI,R c HJRVO%H_H ] I,HVn I,`%iqG [(I [#Iq[ ] HJI i ] H N � R N [QX N KLHJO%P�� � X �

�
[@O4E�E,R

P%HJiJKLP%H
�
G%HJE,G%H N j7[(O�[(I,R O%KLi�KLI�2�HJE,E�H N E,G�[(O l [(O43 R�n � i [(O HJKLE�G%H N P%HJiJKLP%H X R N�c 39I,H ] X,n R N

[(I �_I,R c HJRVO%H�H ] I,H XBR N E,G%HJK N R M KLO%KLRVO%I�[(O%PQH$� M H N KLHJO%iJHJI��TY G�[@E � [(iJE,`�[ ]L] 3_P%HJiJKLP%H�iJRV` ] P
2�Hp2�[(I,HJP�HJO9E,K N H ] 3�RVO c 3�KLO9E,H N O�[ ] N H [(I,R O%KLO%g�nVHJO9E,K N H ] 3�RVO�E�G%H R M K^O%KLRVO R(X�E,G%H M H N I,RVO 2 I 5
� [(I � HJP>n%R N RVO�2 RVE,G��

	 D O#[(gVHJO9E c KLgVG9E�H$�%HJiJ`%E,H�2�RVE,G#E,G%H�KLO9E,H N O�[ ] [(O%P H$�%E,H N O�[ ] UVH N I,KLRVO%IpR(X�[_gVR4[ ] KLO R N P%H N
E,R�HJO%I�` N H E,G�[(EpE,G%HJ3#[ N H�2�RVE�G"K^O [@g N HJH c HJO4E�R O"iJH N Eq[(KLOQX [(iJE,I�� !�R N H$�r[ c_M%] HVn � c KLgVG9E
KLO4E�H N O�[ ]L] 3 P%HJP%`%iJH E,G�[(E � I�G%RV` ] P c [(K ] [ M [(i��y[(g H�E,R4P�[ 3VnfKLO%I,E,H [@PxR(X E�R c R N,N R �

n7[(O%P
UVH N KbX 3 c 3 N H [(I�RVO%KLO%g�243�[(I �9KLO%g�3VRV`_KbX 3 RV` [(g N HJH � h KLI [(g N HJH c HJO4EfKLO%P%KLi [(E�HJI [ M RVE,HJO9E,K [ ]
KLO%iJRVO%I,KLI�E,HJO%iJ3Vn�",`%I,E�[(I'K X � G�[@Pm`%I,HJP\E

�
R P%K�)>H N HJO9E'KLO9E,H N O�[ ]7N H [(I,RVO%K^O%g c HJE,G%R4P%I�E,G�[(E

i [ c HpE,R�P%K�)>H N HJO9E�iJRVO%i ] `%I�KLRVO%I [(2 RV`%E �
G%HJO � I,G%R ` ] P c [@K ] E,G%H M [@i �([(gVH �

	 D O�[(gVHJO9EdE,G�[(E �9O%R �
I�[�iJH N Eq[(KLO_gVR4[ ] KLIdRVO ] 3 [(O�H$�%E,H N O�[ ] gVR4[ ] i [(O [ UVRVK^P �

[(I,E,KLO%g�E,K c H
E N 39KLO%g'E,R�Iq[(E,KLI XB3�I,`%i G�gVR4[ ] I�K^O4E,H N O�[ ]L] 3 � !�R N H$��[ c�M%] HVnVKbX w N 34gVU H �9O%R

�
IdE,G�[(E � [(P%gVHpKLI

�
R N �4K^O%g [ ] RVO%HfKLO'G%H N I�E,`%P%3	[(O%P�O%RVE�KLO�iJRVO4E [(iJE �

KLE,G	[@O43VR O%H�H ] I,HVnV[@O%P w N 39gVUVH �
[@O4E,I�E,R

�4O%R
�
KbX�I,G%HdKLI c [��4K^O%g M%N RVg N HJI,I n G%H c `%I,EZ[@I ��G%H N n(I,KLO%iJHdE,G%K^I7i [(O%O%RVE�2�H��9O%R

�
O'E,G N RV`%gVG

[(O43 [ c RV`%O9E�R(X�KLO9E,H N O�[ ]7N H [@I,RVO%KLO%g#[ ] RVO%H � � X w N 39gVUVH �4O%R
�
I�E,G�[(E'I�G%H�G�[(I�[(I �VHJP O%RVE

E,R�2�H'P%K^I,E,` N 2 HJP�X R N E,G%H�O%H$�%E�G%RV` N nrE,G%HJO G%H �9O%R
�
I�E,G�[(ETG%H�I,G%RV` ] PQO%RVE�2�R E,G%H N E N 39KLO%g

E,R P%HJE,H N,c KLO%H�KbX7I,G%H�KLI c [��9KLO%g M%N RVg N HJI,I�`%O9E,K ] G%H�KLI [(2 ] H�E,R�[(I ��G%H N [(ETE,G%H'HJO%PQR(X�E,G%H
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G%RV` N ��DpO%RVE,G%H N X [ c RV`%I�H$��[ c_M%] H�R(X�E,G%KLIpP%KLI,E�KLO%iJE,KLRVO�R9iJiJ` N I�KLOQE,G%H�O%R(UVH ] � ��� � , � ��+-� n
�
G%H N H ��K ] 2�R+�d[(gVgVK^O%I	[(I �9I���R ]^] ` c c,Y G�[(E�G�[ UVH � gVRVE�KLO c 3 M R4i��VHJE � f KLOx[ N KLP%P ] H

iJRVO4E�HJI,E�� w G%KLI�e4`%HJI,E�KLRVO P%R9HJI�O%RVE'G�[ UVH_E,G%H �9KLO%P\R(X [(O%I
�
H N RVO%H_i [(O\2�H_H$� M HJiJE,HJPxE,R

P%HJP%`%iJH	K^O4E,H N O�[ ]L] 3 �7w G%KLIpKLI�H$��[(iJE ] 3_E,G%H �9KLO%P�R(X�e9`%HJI,E,K^RVO�E,G�[(E�I�R c HJR O%H I,G%R ` ] P"[(I ��R(X
��K ] 2�R�n9O%RVETE,G%H�RVE,G%H N �

[ 3�[ N RV`%O%P��

�
-��
-0, 1 ��N08;:
<0=�� > ��=p<&>A@�� >9KmN��.7{KmN0>.2

w G%H�KLO4E�H N O�[ ] �(H$�%E,H N O�[ ] gVR4[ ] P%KLI,E,KLO%iJE�KLRVO M%N R(U9KLP%HJI [ gVHJO%H N [ ] �
[ 3_R(X7X N [ c KLO%g�E,G%H c R E,KLUy[@E,KLRVO

I,E,H M R(X>[pE,` N O�� Eq[��4KLO%g�[(gVHJO9E�� D�E,` N O�� E [��4K^O%g'[(gVHJO9E KLI�[piJR c�c `%O%K^i [(E,KbUVH7[(gVHJO9E nV[(O%P�I,R�KLE c `%I�E
P%HJiJKLP%H�KbXZE�G%H�gVR4[ ] IdKLE �

[@O4E,IdE,R_[(iqG%K^HJUVH�I,G%RV` ] P�2 H'E N H [(E,HJP [(I�K^O4E,H N O�[ ] R N H$�%E,H N O�[ ] g R4[ ] I�� � O
E,G%KLI�[(O%P�E�G%HpXBR ]^] R �

KLO%g�I,HJiJE,K^RVO>n
�
HpI �VHJE�iqG�[�I,K c_M%] H c R9P%H ] R(X c R E,KLUy[@E,KLRVO�E,G�[(E�[(O [(gVHJO9Edi [(O

`%I,H�E,R�P%HJiJKLP%H'KbX�[�gVR9[ ] I,G%R ` ] P 2 H	[(i G%KLHJUVHJP�H$�%E,H N O�[ ]^] 3Vn9K � H ��243_e9`%H N 34K^O%g I,R c H R E,G%H N [(gVHJO9E��
Y H

�
K ]L] [(I,I�` c H�E,G�[(E N ` ] HJI	[ N H `%I,HJP E,R�E N KLgVgVH N g R4[ ] IpKLOm[ E,` N O�� Eq[��9KLO%g [(g HJO4E nK � H � KbX�[

gVKLU HJO�I,HJE R@X X [(iJE,IpKLI�E N `%HVn�E,G%HJO#[ M [ N E�KLiJ` ] [ N g R4[ ] KLIpKLO%I,Eq[(O9E,K [@E,HJP�R N [(iJE,KLR O [(E,E,H c_M E,HJP�� !�R N
I,K c_M%] KLiJK^E 3Vn �

H R O ] 3 iJRVO%I,K^P%H N E�G%H�i [(I,HpR(XZ[(O�[(gVHJO9EdKLO4E�H N HJI,E,HJP K^O�P%KLI,iJR(UVH N KLO%g�E,G%HpE N `%E,G�� U([ ] `%H
R(X�[�I,KLO%g ] H M%N R M RVI,KLE,K^RVO	� ��D/O4` c 2�H N R(X7O�[(E,` N [ ] [(O%P�gVHJO%H N [ ] � M ` N,M RVI,H N ` ] HJI�i [(OQ2�H �TN KLE,E,HJO
E,G�[(EpP%HJI,i N K^2�H c R E,KLUy[@E,KLRVO%I�� !�R N KLO%I,Eq[@O%iJHVn�KbX�[@O"[(gVHJO9E�O%HJHJP%I�E,R �9O%R

�
E,G%H�E N `%E,G�� U([ ] `%H�R(X
� n

2%`%E7P%R9HJI�O%RVE�iJ` N,N HJO9E ] 3 �4O%R
�
KLE n(E,G%HJO�E,G%H�[(gVHJO9E7i [(O [(I ��E�G%H�RVE,G%H N [(gVHJO9E7KbX�KLE�4O%R �

I
�
G%HJE,G%H N

��KLIdE N `%HpR N X [ ] I�H � A HJE [@gVHJO4E � N H M%N HJI,HJO9E�E�G%H I,39I,E,H c n4[@O%P [(g HJO4E � E,G%Hp`%I,H N � w G%H�X R ]L] R �
K^O%g

E
�
R c RVE,K^Uy[(E,K^RVO�[ ]%N ` ] HJITi [(O�2�H�HJO%iJR4P%HJPQKLO���%

� � ��� K?�*'()=���?L $ ��� ���(�-+ � X��
�
[(O9E,I�E,R �4O%R

�
E,G%H E N `%E�G�� Uy[ ] `%H_R(X� n7[(O%P � P%R4HJI�O%RVE

2�H ] KLHJU H�� P%R9HJI'O%RVE �9O%R
�
� 4 I�E N `%E,G�� U([ ] `%HVn>E�G%HJO � i [(O [(I ��� KbX � �4O%R

�
I�� 4 I�E N `%E,G��

Uy[ ] `%H �

� K?��+ ���?L $ ��� ���(�-+ � X � 2�H ] KLHJUVHJI�� �
[(O9E,I7E,R �4O%R

�
E,G%H�E N `%E�G�� Uy[ ] `%HTR(X�� n4[(O%P � 2�H ] K^HJUVHJI

KLE �4O%R
�
I� 4 IdE N `%E,G�� U([ ] `%HVn%E,G%HJO � i [@O�E,H ]L] � E,G%H'E N `%E,G�� Uy[ ] `%H�R(X�� �
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w G%H a�N I�E N ` ] H_KLI�`%I,HJP �
G%HJO � O%HJHJP%I KLO9X R N,c [(E,KLRVO#KLE�KLI�`%O�[(2 ] H�E,RQI,` M%M%] 3\RVO\KLE,I'R �

O�� �

O%HJHJP\O%RVE�2�H_iJH N Eq[(K^O E,G�[(E � �9O%R
�
� 4 I�E N `%E�G�� Uy[ ] `%HVn�"�`%I,E'E�G�[(E � P%H a O%K^E,H ] 3 P%R9HJI'O%RVE �9O%R

�

KLE�� � �r[(iJE ] 3 �
G%HJO�[(O%P�G%R

�
E,R [(I �mE,G%K^I e4`%HJI�E,KLRVOxKLI�E,G%H�",R 2xR(X ] [(E�H N I,E,H M I R@X E,G%H=4%� I,E,H M

E,` N O�� E [��4K^O%g c R9P%H ] 2 l HJiJE,KLRVO=4 �2C [(O%P l HJiJE,KLR O=4 � ��5 �
w G%H'I,HJiJRVO%P N ` ] H�iJRV` ] P#2�H�`%I,HJP [(I [ c RVE�KLUy[(E�KLRVO�XBR N � KLO9X R N,c KLO%g�� R(X
� 4 I�E N `%E,G�� Uy[ ] `%H �

D ]L] E,G�[(ETKLI N HJe9`%K N HJPQKLI E�G�[(E��/iJR c H E�R 2�H ] K^HJUVH'E,G�[@E�� �
[(O9E,I� 4 ITE N `%E,G�� U([ ] `%HVn �

G%K^iqGQiJRV` ] P
G�[ M%M HJO P%K N HJiJE ] 3 2 H � g � � [(I �4I � � � ��� � � ,
� � ��( � � 9 5JnVR N KLO%P%K N HJiJE ] 3 2�HJi [(`%I�H'R(X7I,R c HJE,G%KLO%g�H ] I,H
� Iq[ 34I�� � O I,R c H'i [(I,HJI nE,G%KLI N ` ] H c KLgVG9E�2�H N HJI M R O%I,KL2 ] H�X R N � KLO4E�H N,N ` M E,KLO%g �_nH � g ��KLO#E,G%H
c KLP%P ] H'R@X [�I�HJO4E,HJO%iJH � c KLgVG9E N H [ ] K��JH�E,G�[(E �+O%HJHJP%I'KLO9X R N,c [(E,K^RVO�E,G�[(E � i [(O I,` M%M%] 3Vn�[(O%P
I,R	� iJRV` ] P�KLO9E,H N,N ` M E�[(O%P�g KLUVHpKLE N KLgVG9E�[ �

[ 3VnVR N �
[(KLEfX R N � E,R�gVKLU H ` M E,G%H,e�R9R N �9E,G%K^I�KLIdE,G%H

2�[(I,K^i KLI�I,`%H R@X E�` N O�� Eq[��9KLO%g	[@P%P N HJI,I,HJP�293 I,E,H M E,G N HJH�R(X>E,G%HpE,` N O�� Eq[��4KLO%g c R9P%H ] 2 l HJiJE,KLRVO84 � ��5 �
opE�G%H N 2�[(I,K^i c RVE,KLU([(E,KLR O�[ ]>N ` ] HJI�i [(O\2�H�[(P%P%HJP�� ! R N K^O%I,Eq[(O%iJHVn KbX�RVO%H [@gVHJO4E�O%RVE,KLiJHJI�[(O

KLO%iJRVO%I�KLI,E,HJO%iJ3
�
KLE,G N HJI M HJiJE#E,RxI,R c H M%N R M RVI,K^E,KLRVO � npE,G�[(E�KLI�HJKLE�G%H N � 2 H ] KLHJUVHJI �F[(O%P �

2�H ] KLHJUVHJI �
� nrR N � 2 H ] KLHJUVHJI �

�#[(O%P�� 2�H ] KLHJU HJI� n%E,G%HJO�E�G%H'[(gVHJO9E �
G%R O%RVE,KLiJHJITE,G%KLIdRV`%gVG9E�E,R

M R KLO4E�RV`%E'E�G�[(E'E,G%K^I M%N RV2 ] H c H$�%KLI,E,I�� � &4`%I,E
�
G�[(E�E,G%H�[(g HJO4E�Iq[ 34I�P%H M HJO%P%I RVO � [(O%P �

G�[(E
N H ] [@E,KLRVO#KLE�G�[(I�E,R�iJ` N,N HJO9E'iJR O4UVH N Iq[(E,KLR O R N P%R c [@KLO R(X�KLO9E,H N HJI�E���!�R N H$��[ c_M%] HVn>K X � [(O%P �
[ N H�iJR4R��4KLO%g_P%KLO%O%H N XBR N [�P%KLO%O%H N�M [ N EW3Vn�[@O%P �/2 H ] KLHJUVHJI�E�G%H N H �

K ]L] 2�H�O%R_UVHJgVHJEq[ N K [(O�gV`%HJI�E,I
2%`%E � 2 H ] KLHJUVHJIpE,G%H N H �

K ]^] 2�H [(E ] H [(I,EpRVO%H�UVHJgVHJEq[ N K [(O�gV`%HJI,E nE,G%HJO#KLE�KLI ] K �VH ] 3�K c�M R N Eq[@O4EdE,R
N HJI,R ] UVH�E,G%K^I7KLO%iJRVO%I,KLI�E,HJO%iJ3 I,KLO%iJHTKLE�KLO e�`%HJO%iJHJI �

G�[@E�P%KLI,G%HJIdI,G%R ` ] P 2�HpI,H N U HJP�� � O�R E,G%H N i [(I�HJI n
E,G%HpKLO%iJRVO%I,K^I,E,HJO%iJ3 c K^gVG4E�O%RVEf2�HpI,R�K c�M R N Eq[@O4E n R N KLE c K^gVG4E7O%R E�2�HpRVO%HpE,G�[(E7KLIfH [(I,K ] 3	I�HJE,E ] HJP��
!�R N KLO%I,E [(O%iJHVn�� c KLgVG9E 2 H ] KLHJUVH�E�G�[(E��dRVO�[ ] P �dH [@g4[(O KLI7E�G%H 2 HJI,E M%N HJI�KLP%HJO4EfE,G%H S l D G�[(IfHJUVH N
G�[(P>n

�
G%K ] H�� c KLgVG9Ep2�H ] KLHJU H�E,G%K^I�KLI'O%RVE�E,G%H i [(I�H � R N � c K^gVG4Ep2�H ] KLHJUVH_E,G�[(E�E,G%H M%] [ 3#E,G%HJ3

"�`%I,EdIq[
� �

[(I
�
H ]L] � [@iJE,HJP>n �

G%K ] H � 2 H ] KLHJUVHJI�K^E �
[(I M R4R N�] 3�[(iJE,HJP�� � O_X [(iJE n9KLO_I,R c H I,K^E,`�[(E,KLR O%I

N H [ ] K��JKLO%g�[_P%K�)>H N HJO%iJH�R(X�R M KLO%KLRVO c KLgVG9E�2�H [�gVR9R4P N H [(I�RVO E,R �#,���c HJO4E,K^RVO [ iJH N Eq[(KLOQE,R M KLiVn

 � vqgS\)g
e)yzj]gS\
^�e0g�\Z[]l�[xj]^fenb)`�bZvqg
[xoXb)g/e)e)yzkqbZ[]`fo l�`'bZ[]i�^'bZ[]`�om\�uf[]itg/o�}X� � vX[]b)b)^fs g/en^foqh�V�b)g/oXb)`�o � ��
� � �/��h|[]\Z�
r/yq\)\)gSh�[xoCV|gSrSbZ[]`fo �|� ���z�
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I,KLO%iJH�KLE�K^I�I,HJO%I,KLE,K^UVH'R N �
K ]L] RVO ] 3�i [(`%I,H c,`%O M%N R9P%`%iJE,KLUVH�P%KLI,iJ`%I�I,KLRVO f ��k ] H [ N,] 3Vn E,G%H N H ] HJUy[@O%iJH

R(X7KLO%iJRVO%I,K^I,E,HJO9E�2�H ] K^H XBIpKLI�K c_M R N Eq[(O9E�KLOQE,G%HJK N�N HJI,R ] `%E,K^RVO>n�[(O%P�KLOQP%HJiJKLP%KLO%g_KbX7E,G%HJ3�I,G%RV` ] P>nrR N
i [(O>n%2 H N HJI�R ] UVHJP�[(E [ ]^] �

� OmE�G%H���� iJR ` N I,H�[(P%U4K^I,KLO%g I�34I,E�H c P%HJI�i N KL2�HJPxK^O l HJiJE,KLRVO � � 3 n [ c [/",R N c RVE,KLU([(E,KLR O X R N
M R I,E,KLO%g�[_gVR4[ ] KLI E�R a � [(O#H N,N R N n I,`%i G [(I [_I M H ]L] K^O%g c KLI,Eq[��VH R N [ N HJe9`%HJI,EpX R N KLO9XBR N,c [@E,KLRVO
[(2 RV`%E [_iJR ` N I,H'E�G�[(E P%R9HJI�O%RVEpH$� K^I,E�� � O � � E,G%H�O%HJHJPQXBR N P%KLI M HJO%I,KLO%g �

KLE,G�gVR4[ ] I E�G�[(E�G�[ UVH
2�HJiJR c HdK N,N H ] HJUy[(O9E7KLI�[ ] I,R c [(P%Hfi ] H [ N nV[(O%P l HJiJE,KLRVO�� � 3 P%KLI�iJ`%I,I,HJI�R O%H�g HJO%H N [ ] �

[ 3'R(XP%H [ ] KLO%g
�
KLE�G�gVR4[ ] P%H ] HJE,KLRVO��

"%$(+���� � ��+ )P  $O�-�.'����-�.$&�
D c R N H�I,R M G%KLI,E,KLi [@E,HJP c R9P%H ] R(X c RVE,K^Uy[(E,K^RVO �

RV` ] P�Eq[��VHdKLO4E�R'[(iJiJRV`%O9E7E,G%H�iJRVI,EfR(X P%K^I,iJR(UVH N KLO%g
E,G%H�E N `%E,G�� Uy[ ] `%H�R(X�� � l ` M%M RVI�H	[(gVHJO9E � i [@O>n �

KLE,G%R `%E N HJI,R N E,K^O%g	E�R	e9`%H N 39KLO%g�[(O%R E,G%H N [(gVHJO9E n
P%HJE,H N,c KLO%H�E�G%H�E N `%E,G�� U([ ] `%HpR(X�� [(Ed[�iJRVI�E�R(X � � 2 � 5 � w G%KLIfiJRVI,E�K^I�[ c H [@I,` N HdR(X>E,G%HpO%HJiJHJI,Iq[ N 3
H$)>R N E�E,R P%KLI�iJRyU H N � 4 I�E N `%E,G�� Uy[ ] `%HVnZ[@O%PxiJRV` ] P\KLO%i ] `%P%H_E,G%H�E�K c H�O%HJHJP%HJPxE,R N HJE N KLHJUVH ��n7E,G%H
] K � H ] KLG%R9R4P�R(X�g HJE,E,KLO%g�E�G%H�iJR N,N HJiJE�E N `%E,G�� U([ ] `%HVn(HJE,i � � X �\i [@O%O%RVE M RVI,I,K^2 ] 3 a gV` N HdRV`%E�E,G%H�E N `%E,G��
Uy[ ] `%H'R(X �"RVO�K^E,IdR �

O>n%E,G%HJO � � 2 � 5���� � l ` M%M RVI,H�E,G�[(E�E�G%H�iJRVI,E�R(X7P%HJE,H N,c KLO%KLO%g�E,G%H�E N `%E,G��
Uy[ ] `%H�R(X
�"293 [(I �9KLO%g � KLI � ����� 2 � 5Jn �

G%KLi G KLIpE,G%H�I,` c R(X�E,G%H�R(UVH N G%H [(PQR(X�E,G%H'K^O4E,H N [(iJE,KLRVO
M%] `%I�E,G%H_iJRVI,E�R(X � 4 I N HJE N K^HJUy[ ] R(X � n�K � H � � �	��� 2 � 5
� � � 2 � 5�� 2 iJR I,E�R(X K^O4E,H N [(iJE,KLRVO_E,R � 5 �
Y G%HJO � O%HJHJP%I�E,R �9O%R

�
E,G%H E N `%E,G�� Uy[ ] `%H R@X ��n4K^E�i [(O_HJKLE,G%H N I M HJO%P�E,K c H�E N 34K^O%g'E,R�P%H N KLUVHpE,G%H

[(O%I
�
H N KLE,I,H ] X�[(E'[�iJR I,E�R(X�� � 2 �,5Jn>R N K^E'i [(Om[@I � � [(E'[�iJRVI�E�R(X�� ����� 2 � 5 ���f3 HJI,E�K c [@E,KLO%g

Uy[ ] `%HJIpXBR N � � 2 � 5p[(O%P � ����� 2 � 5Jn �/i [(O#P%HJiJKLP%H
�
G%HJO#KLE

�
K ]^]>] K �VH ] 3�2�H ] HJI,I�iJRVI�E ] 3�E,R�[(I ���

[Qe4`%HJI�E,KLRVO�[(I�R M%M RVI,HJP E,R#E N 39KLO%g E,R a gV` N H_RV`%E E,G%H [(O%I �
H N KLE�I,H ] X � /�RVE�H�E,G�[(E�E,G%KLI�i G%RVKLiJH

[(I,I�` c HJIfE,G�[(E�� �
[(O9E,I�E�R c KLO%K c K��JH�E,G%HpR(UVH N [ ]^] H$) R N E n �

G%KLi G_KLO%i ] `%P%HJI � 4 I�H$)>R N E n�� 4 IfH$)>R N E n
[(O%P�E,G%H�iJR c�c `%O%K^i [(E,KLR(O�R(UVH N G%H [(P�� � X��

�
[@I�R O ] 3�iJR O%iJH N O%HJP �

KLE,G c KLO%K c K �JKLO%g�� � 2 � 5Jn9E,G%HJO
KLE c KLgVG9E7P%R	I�R	293_2 N R �

2�H [(E�KLO%g�� KLO4E�R	I�R ] U9KLO%g'KLE�I M%N RV2 ] H c I n N HJI�` ] E,KLO%g�KLO [�UVH N 3 G%KLgVG�U([ ] `%H
X R N � � 2 � 5Jn9G%HJO%iJH [�G%KLg G�Uy[ ] `%HpX R N � ����� �



���������
	�� � �?���&�����|�
	��&� ����	���!��;� �������&���p�����S������&	��C� 3,3

Y G%K ] H�E,G%H�H$��[(iJE7iJRVI�E R(X>[pe4`%H N 3 �
K ]L] P%H M HJO%P RVO�E,G%H M%N R M R I,KLE,KLR O'2�HJK^O%g N HJE N KLHJUVHJP	[@O%P E,G%H

X [(iJE,I��9O%R
�
O�243 �/[(O%P��_n%KLEdKLI M RVI,I,KL2 ] H�E,R�P%KLI,E,KLO%g `%KLI,G�I,R c Hp2�[(I,KLi�i ] [@I,I,HJIdR(X M%N R M R I,KLE,KLR O%I#%

�=��$ � � � �.) � � ��� � ���O)P�B�-+ X R N [(O93�[(gVHJO9E �'n � � 2 � 5fKLI ] K �VH ] 3�E,R�2�H�I c [ ]L] X R N 2�[(I,KLi�R 24U9KLRV`%I
X [(iJE�I [@2�RV`%E�E�G%H

�
R N,] P_I,`%i G [(I�E,G%HJI�H�% �

	 � ��cqopO%H'HJe9`�[ ] I�E �
R f

	 � ��cqopO%H M%] `%ITRVO%H'KLIdE �
R f

	 � ��c,Ym[(E,H N KLI �
HJE f

�=��$ � � � �.) � � �����;�-��9, �.��� ���O)P�B�-+ $&� ��� XBR N H$��[ c_M%] HVn � [(P%g H�K^I ] K �VH ] 3pE,R �9O%R
�
E�G%H�E N `%E,G��

Uy[ ] `%HJITR(XZH [@iqG�R(X7E,G%HJI,H M%N R M RVI�KLE,KLRVO%I n4I�R � � [(P%gVH 2 � 5fKLI ] K �VH ] 3 E,R�2 H'I c [ ]L] %

	 � ��c � 3�O�[ c HpKLI � [(P%gVH f
	 � ��c � [ c X H c [ ] H f
	 � ��c � [ c [

�
[��VH f

	 � ��c � 3 c RVE,G%H N 4 I�O�[ c H K^I�� -�H f
	 � ��c � G�[(P a I,G�X R Nd] `%O%i G f

l R c H c M H N I,RVO�[ ]*f X [(iJE,I c [ 3�R N�c [ 3�O%RVE72�H��4O%R
�
O R N [(I7RV29U4KLR `%I7E,R M HJR M%] H�RVE�G%H N E,G�[(O

� [@P%gVHVn%H � g � � c KLg G4EdO%RVE �4O%R
�
� [(P%g H 4 I�O�[ c HVn%R Npc K^gVG4EdRVO ] 3�2 H [@2 ] H'E,R N HJi [ ]^] G%H N

O�[ c H�[ X E,H N I,R c H E�K c HpI M HJO4E N HJiJR ]L] HJiJE,K^O%g �

�=��$ � � � �.) � � ) � � )*�;� ����)��(�-+ $(����� I�R c H M%N R M RVI,KLE�KLRVO%I N HJe4`%K N H7H$� M H N E"�9O%R ��] HJP%gVH7E�R �9O%R �

R N E,R ] H [ N O�E�G%H'E N `%E�G�� Uy[ ] `%H�R(X,n�I,R � � 2 � 5dKLI ] K �VH ] 3_E,R_2�H'I c [ ]^] K X��/KLI [(OQH$� M H N E �
KLE,G

N HJI M HJiJETE,R � n�[@O%P ] [ N gVH N RVE�G%H N �
KLI,H�%

� �_a{r�`fyXe0\)g'��bZvmg0e0g�[]\_oq`�r�`foq\)g/om\Zyq\
`fo�d9vq^'b.rS`�yzoXb)\�^'\�`�}Xi'[]`fyq\S���m^'r�b)\�\Zyqr�v�^t\
���

�SYAvqg/e�d9^'\.l�^�e)e)[]gSh�b)`
V|`foXoX��T9`foq`� nl�[]ufvXbA}~g s|oq`�d9o�b)`
^
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yXomhXg/e0\)b)^�omh�bZvqg
rS`foqrSg/kqb�`�a
^ �0b)gS^'r)vmg0e  z�
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	 � ��c l Eq[ ] K^O�G�[(P [�2 N RVE�G%H N O�[ c HJP ( KLEq[ ] 3 f
	 � ��c w G%H�X RV` N E�G�P%KLg KLE�[ XBE�H N E,G%H�P%HJiJK c [ ] KLO�E,G%H�I,e9`�[ N H N R4RVETR(X 1�KLI 1 f
	 � ��c,Y K ] HJI M%N R9R(XZR@X ! H N,c [@E 4 I ] [(I,EdE,G%HJR N H c KLI�iJR N,N HJiJE f

w G%HJI,H'[ N HpI,K c K ] [ N E,R M H N I,R O�[ ] X [(iJE�I�K^O�E,G�[@E�R O%H N H [(I,RVO_E,G%HJ3_i [(O_2�H�P%K�-�iJ` ] E�E,R �9O%R
�

KLIdE,G�[(E�RVO%H ] [(i �9I�E,G%H M%N R M H N �9O%R ��] HJP%gVH�E�R P%HJE,H N,c KLO%HpE,G%HJK N E N `%E,G�� U([ ] `%H �

� �����?$ � � � �.) � � ��� � ���O)P�(� XBR N [(O43_[(gVHJO9E��'n � � 2 � 5fKLI ] K �VH ] 3�E,R�2�H'U H N 3�G%K^gVG % �

	 � ��c,Y G%K ] H�KLO [�iJR c [ ",`%I,E�2�H X R N H I�G%H M [(I,I,HJP\[ �
[ 3Vn � [ N KLH�K c [(gVK^O%HJP"j7K^H N,N H�KLO

G%KLI l `%O%P�[ 3�2 HJI,E f
	 � ��c l G�[��VHJI M H [ N H�I �

[@E,E,HJPx[(O%P.�4K ]L] HJP\H$�r[(iJE ] 3 a X E,HJHJOxG4`%O%P N HJP e�KLHJI P%` N KLO%g#G%KLI
] KbX H f

l `%i G [�i ] [(I�I,K a i [(E,K^RVO�i [(O�2 H�`%I,HJP_E,R c,E [(g f'M%N R M RVI�KLE,KLRVO%I7K^O [ �4O%R
��] HJP%g H 2�[(I�H KLO_[ �

[ 3�E,G�[(E
i [(O�G%H ]LM [(O [(gVHJO9E�P%HJiJKLP%H�K XZKLETI,G%RV` ] P�E N H [(E�[�gVR4[ ] [(ITKLO4E�H N O�[ ] R N H$�%E,H N O�[ ] �"! R N H$��[ c_M%] HVnVKbX
� KLITE,G%H�I,R N ETR(X M%N R M RVI�KLE,KLRVO_RVO ] 3�[(O�H$� M H N E �

RV` ] P �9O%R
�
E�G%H'E N `%E�G�� Uy[ ] `%H�R@X n%E�G%HJO [(O"[(g HJO4E

RV`%gVG9E�E,R_E N 3_E,R a O%P"[(OQH$� M H N E �
G%R c KLgVG9E �4O%R �

� n R N n M RVI,I,KL2 ] 3Vn�E N 3�E,R�g4[(KLOQE,G%H'H$� M H N E�KLI,H
O%HJHJP%HJP�E,R �4O%R

�
� 2 H � g ��293 N H [(P%KLO%g�2�R9R��4I n4E [��4K^O%g'[�iJRV` N I�HVn4P%R KLO%g N HJI�H [ N i G>nVHJE,i � 5�o N n9KbX��_KLI

[ M H N I,R O�[ ] X [(iJE [@2�RV`%EpI,R c H'[(gVHJO9E ��n E,G%HJO RVO%H c K^gVG4EdO%HJHJP#E,R a O%P [(O%P"[(I ���/P%K N HJiJE ] 3VnrR N
[(I ��[�i ] R I,HpX N KLHJO%P�R(X � �7D ] I,R n4I�`%iqG#[�i ] [(I,I�K a i [(E,KLR O i [(O G%H ]^M [(O"[(g HJO4E �

G%HJO M%] [(O%O%KLO%g � !�R N
H$��[ c�M%] HVnKbX [(O\[(gVHJO9E�I,Eq[ N E�I'[ M%N R.",HJiJE'[(O%P 2�H ] KLHJU HJI'E,G�[(E�E�G%H P%HJiJKLI,KLR O%I'E,G�[(E �

K ]L] 2�H c [(P%H
[ ] R O%g�E,G%H �

[ 3
�
K ]L] iJRVO%I,KLI�E c [(K^O ] 3�R@X M H N I,RVO�[ ] [(O%P �

R N,] PQX [@iJE,I K^E�KLI ] K �VH ] 3 E,R �4O%R
�
n E,G%HJO

KLE�i [@O H$� M HJiJE�KLE �
K ]L] O%RVEpE,R O%HJHJP#E,R e9`%H N 3�RVE,G%H N [(gVHJO9E,I�� � X�KLE�P%K^P H$� M HJiJE�E,R 2 H�X [(iJHJP �

KLE,G

��W a�`foqg�[]\�d9[xjxjx[xoqu#b)`�ut` [xoXb)`�bZvqg�^�}m\)bZe0^trSb�d9`�e)j]h `fa�l�^'bZvqgSl�^tbZ[]rS\S�.l�`�e0g s|[xoqhX\�`�a�h�[���r0yzj]b�b)`�s|om`�d
�{`fe
gSitg/o�yzoXs|oq`fdM^f}Xj]g'�%kXe0`fk�`t\Z[]bZ[]`fo�\�^fe)[]\)g'� �m`fe�g/�X^'l�kXj]g'�IbZvmg0e0g�^�e0g�l�^�oX��`fk�g0o�kXe0`f}Xj]gSl�\�[xoCl�^'bZvqgSl�^tbZ[]rS\S�I\Zymr)v
^'\�� � `|gS\�� ��� ���
 3d9vX[]r�vCom`�`�omg�[]\
\ZyXe0g�`�a.bZvqg�bZe)ymbZv if^�jxymg�`�a)� � vqg/e0g�^fe0g�^�j]\)`�r/j]^'\)\)gS\n`fa9yXomhXgSr/[]hX^f}Xj]gkXe0`f}Xj]gSl�\�a�`fend vX[]r)v bZvqg/e0g�[]\�s|oq`fd9o b)`�}�g�om`�u'g0omg/e0^�j�^fj]u'`�e)[]bZvml5ac`�e�^foq\)d9g/e)[xoquz�.g'� uz� hXgSb)g/e0l�[xoz[xoqu�[xa
bZdM`
rS`�oXb)g/�XbZ�ca e0gSg
ufe0^tl�l�^�e0\�u'g0omg/e0^tb)g�bZvqg
\)^'lng
\)gSb.`fa{\)bZe)[xoqu'\S�
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[�P%HJiJKLI�KLRVO N HJe9`%K N KLO%g�RV`%E�I,KLP%H�H$� M H N E,K^I,HVn%E,G%HJOQKLEdiJRV` ] P [(P#"�`%I,E�KLE�I M%] [(O%I�E�R c [��VHpI,` N H�E�G�[(E�KLE
i [(O�iJR c_c `%O%KLi [@E,H �

KLE�G�E,G%H�O%HJHJP%HJP"[(g HJO4E,I
�
G%HJO�E,G%H N H ] HJUy[(O9EdP%HJiJKLI,KLR O%I [ N KLI�H �

D UVH N 3 I,K c�M%] Hpi ] [(I�I,K a i [(E,K^RVO KLId`%I,HJP�KLO_E,G%H�iJRV` N I,H�� [(P%U9KLI,KLO%g�P%R c [(KLO P%HJI�i N KL2�HJP�K^O kdG�[ M �
E,H N � � w G%H N HVn>[(O [(P%U4K^I,R N [(O%P [_I,E,`%P%HJO9E�iJR ]L] [(2 R N [(E�H�E,R M%N R4P%`%iJH�[_I�iqG%HJP%` ] H�R(XdiJRV` N I,HJIpX R N
E,G%H�I,E,`%P%HJO9E�� w G%H [@P%U4KLI�R N K^I [(I�I,` c HJPQE,R�2�H [(O#H$� M H N E�R O"E�G%H	iJR ` N I,H�P%R c [(KLO>n�[(O%P �4O%R

�
I

[ ]L] E�G%H N H ] HJUy[(O9E'KLO9X R N,c [(E,K^RyO XBR N i N H [(E�KLO%g [�iJRV` N I,H I,i G%HJP%` ] H � w G%H_I,E,`%P%HJO9E'P%R9HJI'O%R E'G�[ UVH
E,G%H�P%R c [@KLO�H$� M H N E,KLI�H'R(X�E,G%H�[(P%U9KLI,R N nr2%`%E�E,G%H'I,E�`%P%HJO4EpP%R4HJI �9O%R

�
G%H N R �

O M%N H X H N HJO%iJHJI�X R N
E,G%H�I,R N E,ITR(X�iJRV` N I,HJIpI,G%H �

[(O9E,I�E,R E [��VH � w G4`%I�[ iJR ` N I,H'I�iqG%HJP%` ] H�KLITiJRVO%I,E N `%iJE�HJP X N R c G�[ N P
P%R c [(KLO#iJRVO%I,E N [(KLO9E,IpE,G�[(E'E�G%H�[(P%U9KLI,R N �9O%R

�
I	[(2 RV`%E 2 H � g �

�
G�[(E'iJRV` N I,HJI	[ N H R.)>H N HJP>n �

G%HJO
E,G%HJ3�[ N HpR.)>H N HJP>n �

G%R�KLIdE,H [(i G%KLO%g�E,G%H c nVHJE,i � 5 n4[(O%P�I,E�`%P%HJO4E M%N H X H N HJO%iJHJI n%I�`%iqG [(IdE,G%H�iJR ` N I,H
E,R M K^iJI�R N E,H [@iqG%H N ITE,G%HJ3 �

RV` ] P c RVI�E ] K �VH�E,R�G�[ UVH �dS�I,`�[ ]L] 3Vn%[(G%H [(PQR(XZE�K c HVn E,G%H	[@P%U4KLI�R N �
K ]L]

O%RVE �4O%R
�
E,G%H'I�E,`%P%HJO4E 4 I M%N H XBH N HJO%iJHJI n>[(O%P#E,G%H'I,E�`%P%HJO4E �

K ]L] O%RVE �9O%R
�
[ ]L] E,G%H N H ] HJU([(O9E�X [(iJE,I

[(2 RV`%E E,G%H�iJRV` N I,HJI nfI,R E,G%HQE �
R c `%I,E�iJR c_c `%O%KLi [(E,H�E,R#I,G�[ N H�E,G%HJK N �4O%R

��] HJP%gVH � �pO%R �
KLO%g

[(2 RV`%E�E,G%KLIpP%K�)>H N HJO%iJH�2�HJE �
HJHJO P%R c [(KLO �9O%R

��] HJP%gVH�[(O%P#I,E,`%P%HJO9E M%N H XBH N HJO%iJHJI	[(G%H [(P#R(XdE,K c H
[ ]L] R �

I�R O%H	E�R
��N KLE,H'[ ] g R N KLE,G c I�E�G�[(E i [@O c [��VH�P%HJiJKLI,K^RVO%I 2�[@I,HJP#RVO E,G%K^I P%KLI�E,KLO%iJE,KLR O>n%H � g �dKbX

E,G%HpiJRV` N I,Hp[(P%U4K^I,R N O%HJHJP%IdE,R �4O%R
�
E,G%H E N `%E,G�� Uy[ ] `%H�R(X�� n9[(O%P	�_KLI�[�I,E�`%P%HJO4E M%N H XBH N HJO%iJHVn%E,G%HJO

E,G%H [@P%U4KLI�R N �9O%R �
I7E,G�[(E7K^E

�
K ]L] [ ]Lc RVI,E>iJH N Eq[(KLO ] 3�O%HJHJP_E,R'[(I �'E,G%HdI,E,`%P%HJO9E�[@2�RV`%E � � l K c K ] [ N,] 3Vn

O%RVE �9O%R
�
KLO%g'KbX � KLI�[ M%N H XBH N HJO%iJH�R N P%R c [@KLO�X [(iJE c H [(O%IdE,G�[(EfE,G%H'[(P%U9KLI,R N i [(O%O%RVEd2�H�iJH N Eq[(KLO

KbX7E,G%H�I,E,`%P%HJO9E c `%I�E�2 H'e9`%HJI,E,KLR O%HJP�E,R�P%HJE,H N,c KLO%H�E,G%H�Uy[ ] `%H�R(X � �

	 S�� � � 	 � � ��� � � W ��� X � [ 	 � � [ � U�� � T ��� � [�	!� T � 	 � � � �

Y 	 ��	 	 YaU � ���

w G%H M%N HJU9KLRV`%I�I,E,H M K^I N HJI M RVO%I�KL2 ] H�XBR N KLO%I,Eq[@O4E,K [(E,KLO%g_gVR4[ ] I���E,G%KLI'I�HJiJRVO%PxI,E,H M KLI N HJI M RVO%I�KL2 ] H
X R N I,H ] HJiJE�KLO%g �

G%KLiqGQgVR4[ ] 2 I 5fE,R M ` N I�`%H � � O [(O93�iJR c_M%] H$��P%R c [@KLO>n9E,G%H N H �
K ]L]>] K �VH ] 3_2�H c [(O93

gVR4[ ] I M RVI�E,HJP �
KLE,G O%RQgV`�[ N [(O9E,HJH R@XT[@O43#O%KLiJH N H ] [(E�KLRVO%I�2�HJE �

HJHJO E,G%H c n>H � g �_gVR4[ ] I c [ 3�2 H
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N HJP%`%O%P�[(O9EpR N HJU HJO KLO%iJRVO%I�KLI,E,HJO9E�� � R E,KLUy[@E,KLRVO%I�[ N H�O%R E I,` -_iJKLHJO4ETX R N�c R4P%H ]L] KLO%g�E,` N O�� Eq[��9KLO%g
2�HJi [@`%I,H I�K c�M%] 3 �

[(O9E,KLO%g�E,R�Iq[ 3'I,R c HJE,G%KLO%g�P%R9HJIdO%RVE c H [(O�3VRV`�I,G%RV` ] P_Iq[ 3'KLE � DpO�[(gVHJO9E �
K ]L]

EW3 M K^i [ ]L] 3 G�[ UVH c R N HpE,G�[(O�R O%H'gVR4[ ] K^O c KLO%P [@E [@O43�RVO%H�E�K c HVn9I,R�KLE c `%I,Ed2�H�[(2 ] H�E,R P%HJiJK^P%H
�
G%KLi G#RVO%H�E,R M ` N I,`%H � !�R N H$�r[ c_M%] HVn[(O [(gVHJO9E�E,G�[(E �

[(O4E�I E,R [@iqG%KLHJU H	E�G%H	g R4[ ] R(X�2 HJKLO%g�KLO
�7O%g ] [(O%P c `%I,E�Iq[(E,K^IWXB3\[#O4` c 2�H N R(X�I,`%2�� gVR4[ ] I n7I,`%i G�[(I 2%`%39KLO%gm[#E�KLi � HJE n a O%P%KLO%gm[ G%RVE,H ] n
gVHJE,E�KLO%g [ M [(I,I M R N E n9HJE,i �!�f3�U9K N E�`%H�R(XZP%HJiJK^P%KLO%g E,R g R	E�R �7O%g ] [(O%P>n9E,G%H	[(g HJO4E c `%I,EdiJRVO%I�KLP%H N
[ ]L] R(X7E,G%HJI,H�2 [(O%P�RVE,G%H N 5 gVR4[ ] I�[(O%P c `%I,E M KLi �_E,G%H�2 HJI,E�R N P%H N KLO �

G%KLi G E,R�Iq[@E,KLIWX 3 E,G%H c ���

� O gVHJO%H N [ ] n�[ ]^] E�G�[(E�E,G%KLITI,E,H M N HJe4`%K N HJI KLITE,G�[(E�E,G%H'[@gVHJO4ETI,H ] HJiJE�[�gVR4[ ] E,R�[(E,E�H c�M E���DpO43
N H [(I�RVO%KLO%g c HJE,G%R9P [ M%M%N R M%N K [(E�H�XBR N E,G%HfP%R c [(KLOpi [(O�2�Hf`%I,HJP'E,R c [�� H E,G%H7I�H ] HJiJE,KLRVO��(kdG�[ M E�H N 3
P%HJEq[(K ] I [_iJR O%I,E N [(K^O4E � 2�[@I,HJP�X R N,c [ ] KLI c X R N R N P%H N KLO%g�[(O%P#I,H ] HJiJE,KLO%g�g R4[ ] I���kdR O%I,E N [(K^O4E,Ip[ N H [
`%I,H X ` ] [(O%P R(X E,HJO�O�[(E,` N [ ] �

[ 3�R(X c R9P%H ]L] KLO%g M%N RV2 ] H c I n([(O%P �
G%HJO ] R9i [ ] � I,H [ N iqG�[ ] gVR N KLE,G c I>[ N H

`%I,HJP E�R�I,R ] UVHfE,G%HJI,H M%N RV2 ] H c I n E�G%HJ3	[ N HdO�[(E�` N [ ]L] 3�K^O4E,H N�N ` M E,KL2 ] H�[(E7[ ]Lc RVI,E�[(O43�E,K c HVny[@O%P i [(O
gVKLU H `%I,H X ` ] XBHJHJP%2�[@i ��[(2�R `%E�E,G%HpI,Eq[(E,HpR(X E�G%HJK NdM%N R4iJHJI�I,KLO%g ��opE�G%H N�N H [(I,R O%KLO%g�X N [ c H �

R N �9I�[ N H
M R I,I,KL2 ] HVn H � g �#G%HJ` N KLI�E,KLi I,H [ N iqG>n ] RVgVKLi [ ] E,G%HJR N H c � M%N R(U9KLO%g�n `%O%iJH N Eq[(KLO�� M%N RV2�[(2%K ] KLI,E,KLi N H [@I,RVO��
KLO%g�ni [@I,H�� 2�[(I,HJP N H [(I,R O%KLO%g�n>[(O%P#O9` c H N R `%I�Uy[ N K [(E,KLRVO%I�[(O%P iJR c 2%KLO�[(E,K^RVO%I�R(XdI,`%iqG c HJE,G%R9P%I��
w G%H �VHJ3 M RVKLO9E	K^I'E,G�[(E �

G�[@E,HJUVH N'N H [(I,RVO%KLO%gQE,HJi G%O%KLe4`%H�K^I'i G%RVI,HJO>n7KLE c `%I,E a E	E�G%H N HJI�RV` N iJH
iJRVO%I,E N [(KLO9E,IdK c_M RVI,HJP_293�E,G%H�P%R c [(K^O [(O%P N HJe4`%K N HJP 293�I,E�H M E,G N HJH �

�
-���-0, 1�� > K~= >.25E�=�DI8 N02�>9<0>9O��

DpgVHJO4E�I M H N X R N,c [(iJE,KLR O%I E,R [@iqG%KLHJU H'gVR4[ ] I�� !�R N H$��[ c�M%] HVn [(O [(g HJO4E c K^gVG4ETG�[ U H	E�G%H	g R4[ ] R(X
2�HJK^O%g KLO �7O%g ] [@O%P>n�[(O%P�[QI,HJe9`%HJO%iJH R@X [(iJE,KLR O%I	I�`%iqG�[(Iac,2%`%3x[ M%] [(O%H�E,K^i �VHJE f n,c,gVR#E,R#E,G%H

) �_aMrS`�yze0\)g'� ^�u'g0omg/e0^�jx�ckzyXe)k�`'\)g�^tu'g/oXb
\Zyqr)v ^'\
^�k�g/e0\)`fo d [xjxjM^fj]dM^f�|\
vq^fitg�l�^�oX��h|[x��g/e0g/oXb�^foqh�yXoze0g0j]^'b)gSh
u'`t^fj]\�b)`�rS`foq\Z[]hXg/e�� �m`�e�g/�X^'l�kXj]g'��d9vX[xj]gHkXj]^foXoz[xoqu�^�bZe)[xk�b)`���oqufj]^foqh��IWAl�[]ufvXb.e0gS^fjx[ ��g�bZvq^'b�WA^tl?�'yz[]b)g
v|yzoqufe0�
^foqh�l
ym\)b�hzgSr0[]hzg�[xa WA\Zvq`fyXj]h vq^�i'g
jxyzoqr)v�`�e�kXvm`�omg�bZvqg
bZe0^�i'g/j{^tu'g/oXb �ze0\)bS��W aMWAhXgSr/[]hXg�b)`�vq^fitgHjxyXoqr�v�j]^'b)g/e��m[]b
\)gSgSln\�kzj]^�ym\Z[x}Xj]g�bZvq^'b�[xoq\)b)gS^'hC`faM^fj]d9^��|\
rS`tl�kzj]g�b)g/j]� a�`fe0u'g�b)bZ[xomu�^�}�`fyqb�vm^�i'[xoqu�jxyzoqr)v � [c� gt�
\)`'l�g0vm`�dFhzg0j]gSbZ[xomu
bZvq`'\)g�u'`'^�j]\_a e0`tl?l��&l�gSl�`�e0��\Zymr)v�bZvm^tb�l���acgSg/jx[xoqu�`�a�v|yzoqu'g/e�l
yq\)b_bZe)[]utu'g/e�bZvmg�l ^tu'^f[xo�ac`�e�lng
b)`�rS`foq\Z[]hXg/e
vq^fi'[xoqu�jxyXomr)v �/�.bZvmg&u'`'^�j�b)`�vm^�i'g�jxyXoqr�v []\�uf[]itg/o ^�kze)[]`�e)[]bZ��j]`�d9g/e&bZvq^fo bZvmg&u'`t^fj]\�e0g/j]^'b)g�h#b)`�kXj]^foXoz[xoqu bZvqg
bZe)[xkI� � v|ym\S��`�omr�g�bZvqg
l�^f[xo�ut`'^�j�ac`fe�rS^�jxjx[xomu&bZvmg�bZe0^�i'g/jx��^'utg/oXb_vq^'\.}�gSg/o�\)^tbZ[]\��mg�hw�IbZvmg
ut`'^�j{b)`�vm^�itgHjxyXomr)v�d9[xjxj
oq^'bZyXe0^fjxj]��^fkXk�gS^�e
^t\�bZvqg�omg/�Xb.`�omg'�q^'\)\Zyql�[xoqu�oq`�vz[]u�vmg0e)� kXe)[]`fe)[+bZ��u'`t^fj]\.vm^�i'g
^�kzk~gS^fe0gSh�[xo�bZvqg
l�gS^foXbZ[]lng'�
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[(K N�M R N E f n4c,gVHJE�RVOxE,G%H M%] [(O%H f n�HJE,i � �
K ]^] n7KbX'[ ]L] gVR9HJI �

H ]L] nfi [(`%I,H�E,G%H#[(gVHJO9E�E,R HJO%P�` M KLO
�7O%g ] [(O%P�� � O [ I,Eq[(E,H�� 2�[@I,HJP c R9P%H ] R(X M%] [(O%O%KLO%g�nfgVR4[ ] I�iJR N,N HJI M RVO%P�E�R �

R N,] P�� P%HJI,i N K M E,KLRVO%I n
[(O%P#[(iJE,KLRVO%I�[ N H'E N [@O%IWXBR N,c [@E,KbRVO%I�E,G�[@E�iqG�[@O%gVH M [ N E�R@X�E,G%H�P%HJI,i N K M E�KLRVO�� w G%KLI�KLIp[�2�[(I,KLi�[(O%P
K c_M R N Eq[(O9E�P%KLI,E�KLO%iJE,KLRVO_KLO c R4P%H N O M%] [@O%O%KLO%g I,39I,E,H c I�2 H � g ��I,HJH��d`%I�I,H ]L] [(O%P=/�R N U4K^g�s(tVt,C�5 �

w G N RV`%gVG%RV`%ETE,G%KLI�E,G%HJI�KLI �
H

�
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#*#>.�� T.�)�B�%�(#�� >	#�& 4Q-�!�#��%!�# P� �%-�!�� �
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�*>��L>%#�''9��%�(#�� &A#���!)���7- 1 j ,

4Q-�!1.��RQ<��9�'(� �)��>%!:> &?#���>%#�''A>�6�$�8�2.$�/�,��#*�'� � 1 �=�(��A�#�''A�! ��-,�B�$���(�$� ;,�$�%�$>@#�& 1 �%-,�$����H�!����
A3�B''9�!:>���>$> �'����!�.�%��<� >%#�''9��%�6#����5� /�325���z5
6�7�78796?3 � ��� � 6�, C &   >7�+�� ��z5W�B>W� !�#<#�A�!�. &A�%#�# ;=5
�%#����%!)�B�%! 1��  �%-�!�� � �)�$����#��8%;!<�c>%#�''9��%�(#��O#�& 1�� , � -�!�� -�!��R#��1��#�� 1�� -,�(>R�$���">%#�''9��%�(#�� >  
>%�'#*�('&�B�"�%# � #��	#��%-�!�� :��B>%!� �.�!�;;!���. >W#��<�%-�!o>%�%� 9$��� 9�� !�#�& 1 , : �'��9�� ! ;., N=> -�# :o>W�h> �'#<;�'6! � 1 �
:�-�!��%!T�%!�#*#�A>�(�$�R�B�:��>$>%�'����!�.�A3�$'�9�! &?�%# # �K.�#�#+�$�(�0�%!:> 9�'(�$>�6�H� �.1 �	:�-�#Y>%!�> #�''9��%�(#��0-,��>@��#
A3�B''9�!:>��(����#�#�#*#���:��(� -+�%-�!1#��%�'���(�,�$'.;�� #�%�'(!�#r>%#�''9��%�(#��*,
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��#�#�%��6��!0�%-�!���-,�$�7�����%!��%�*> �%�'�:>R#"&Q-��6'(' R ��'(�'# %��(�$�H�B��. ���%!�!�.$�D�$'���#��%�(� -$#f>+ ��B'(�%-�#�9$��- ��9$#*!��%#�9 >
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�%!�;,�$�6�$> &?#��1!)����- �(��.��'A/�(.$9,�$' A3�B�%�&��%�'(!� ��$��.D����� 9,�$'(''� ;,!��(&A#�� #V>�� -�!�%,!:>%�K#�&��%-�!�%;!:>%�R�%!�;,�B�(�$>-*
�%�(!:>T�$�%! %��%#*��!��O���$��.�#�#*''��,

4Q-�!�> 9$����!:>$>R#�&@�%-��*>8#*!��%-�#/.S.�!�;;!���. > A�!�� �!# 9$��-O#��5�%-�! ;��%#�%�'6!�# .�#�#H�B�(�*, 1 #�#*!�:�-,�$�
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�%# ��#>� � #�9��K�%-�!�%,!:>%� ;,!�� &?#�� #H�$�$��!� ��$'(�%-�# 9$��- ;��%#����%!:>$>2-,��> %;!�!�� #H�B.�!0#��C��;$;�''�/�(�$�:'(#7�)�$'
>%!)�$� ��-+�%# ��!���!����$'4;�'&�$�����6�$��;��%#�%�'(!�#V> V P #�%��(�%!��B��.��T��#�%�'(#7���#P�M�M � *��	#���!���!����$' ,?P�M�M � /

? #��)�$'E>%!)�$� ��-0��;$;�'(�6!:>"�,�$� 9����$'(''�T�%#8%;#��%-R.$�/�,��#*�'� � 1 ��>�$��. ��+ �M>+, 1 9$;$;;#->%!�'(#7�)�$'E>%!)�$� �7-
-,��> ��9��%�%!��/�%''� &A#�9���. ��j��%# %,!+�%-�!�%,!:>%��>%#�''9��%�(#��V�%# ��+ � 1 j ,�C)&�� -�!<;��%#7��!:>$> ��#��/�%�(�79�!:>+ z�
%,!�� �%!���>%#�''9��%�(#��B#*�'��-/�8%,! &?# 9���.* �%$9�� %,!�&A#��%!*�%-,�$�1�%-�!�;��%#�%�'6!�# �7-,�$�$��!:>R� # 1 j � 5+, � !��)�$�
��;$;�''�*'(#7�)�$'�>%!)�$� �7-+�%# 1 j � 5%���9 >%�6�$� ��jW��>@�%-�!�>%�7�$�%�%�(�$�L>%#�''9�� �(#��*,

� ~Re�a0_-kNk:Wdq2Y#Wiu7aGWdp)_BY0ghWde�YGZVcG[Ne-g I'_]ZVa$Y0[B\fYPY0[-q2Wdo Wi_]Y�kB\dq2Y#Wiu:\
aGWdp)_BY0ghWde&a0kB\fcVZ'v�s�Z�\iqGp�\A|i}$#��-vmk�}v|
	��$| #�a o#qGghYGZVa
Y0[]Z�u�Wip)phWdo#g)eB��

~�j�\'�dg)eBZfvBu�Wiq Zts-\'j�k-phZ'v7Y0[B\fY�aGWfj�ZVWie]Z�l-ZVctghl-ZVa
YGW�aGWipvjfZ�� Y0[]Z # t I'_]ZVZte]a��Pk-_����tphZ�b-r�kNph\fctg)eB��Z2gh�i[-Y
I'_]ZVZte]a#g)e�aGWfj�ZMq2\deBl-W'j g)e-ghY0gh\ip�k:Wfa0ghY0ghWie&\deBl�Y0[BZte�k:Z2q2Y0_NqGb�Y0[BZXWiqGgh�ig)e]\ip�kIW'a0ghY0ghWie�ghYGZ2q2\'Y0gvj'Z2phr�b-r
jxW j'g)e]��Wie]Z I'_]ZVZte \'Y
\�Y0ghj�Z'}�}V}V}G\fa�g)e�Y0[]Z�cV\faGZ�WiuwY0q2r'g)e]��YGWQy-e]l�\ie \'l-l q2Z�aGa�g)e�\�YGZtphZtk-[BWdeBZ
lmg)q2ZVcVYGWdq2r�o#ghY0[]Wi_]Y�\�e]\'j�ZfvBo#ZXcV\ie�q2Z�^2ZVcVYPg)e]l gvj'ghl-_B\dp#Wdbm^2ZVcVYGaMb-_]Yye]W'Y#ph\dq2�'Z�c`[m_-eN{-aXWiunWdbm^2ZVcVYGaV}

@&Z�eBWfYGZ�Y0[]Z�g)q2Wie-r�Y0[B\fY s�Z�\iqGp�� a�\iq2�d_BjxZte-YVvBo#[-g)phZ�kNph\d_Ba0g)b-phZ�g)e&�'Zte]Ztq2\dp�vBu�\ig)phaXa0k:ZVcVYG\fct_Nph\dqGphr g)unWdeBZ��Gk:Ztq2Y0_-qGbBa��
Y0[]Z�c`[]ZVaGa�b:Wf\iq2l&\'cVc�Wiq2lmg)eB��YGW�Y0[BZ�j�g)e)t0c�Wie��NghcVYGa�kNq2WmcVZ�l _-q2Z1\�Wiq�a0p)gh�i[-Yjd\iqGgh\fY0ghWie]a��PaGZ�Z HM_<|[}�}�~7at}Wr'_Bc�cVZVaGa0uR_-p
[-g)p)pJt0c2p)gRj
bNg)eI��[]Zt_NqGghaGY0ghc�a
\iq2Z
Wiu�YGZte��tlm_Bj
b&\ie]l�u�\faGY��Nv-Y0r'k-ghcV\dp)phr�_Ba0g)e]��q2\ie]lNWfj�eBZ�aGa
aGW�Y0[]ZVr�lNW�eBWfYMa0_-|:Ztq$uRq2Wfj
�`b-gh\'aGZ�a�� \ie]l5YGW�ZVaGcV\dk:Z u q2W'j phWmcV\dp�Zts-Y0q2ZVj�\�Y0[]\'Y�kNph\f�i_]Z�\ip)p�aGZ�\iq2cG[ j�ZVY0[]WmlNaV} Z []Z�YGZtphZtk-[BWdeBZ�lmg)q2ZVcVYGWdq2r
\ie]\iphWf�'r�\faGa0_Bj�Z�a
\ie��Gg)e-YGZtp)p)g �'Zte-Y�\ie]l a0phWdo���aGZV\iq2cG[&\'�fZte-YVv:o#[NghcG[�ghaMk-ph\i_]a0g)b-phZ�g)e&�'Z2eBZtq2\dp�v b-_]YMa0[]Wi_-phl e]W'Y$b:Z
YG\i{ Zte&YGW�Zts-ctp)_]lNZ�Y0[]Z=kIW'aGa0g)b-g)p)gRY r Y0[]\'Y
lm_Bj
b:ZtqdvBu�\'aGYGZtqdv:\deBl�g)e j�\ie-r�ow\irma#b:Z�YGYGZtq
phWmcV\ipnaGZ�\iq2cG[�j�Z�Y0[BWml-a�cV\de
b:Z�_]aGZVl:}
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4 #:�+A�#��(.:-,� A/�(�$�*�%#c>%#�''A�! ��!���!����B' ��+ ��>+ 4:@!2�,�$�%� # : �%-�!2.�!:> ���%��;��%�(#��V#�&@�%-�! ;��%#�%�'(!�# > 9$�7-
�%-,�$�2�(�L>%�%�('6'.�#/!:>�:�-,�$� :@!<��!�!�.C�6�8� #S.�#1 %$9��2��� ��!:>2#��C� &?#�� # > �'#<�6'&�$�T�%#V�%-�!+�%��� A�!�'(�6�$��R
>��$'6!:> #H�B��;��%#�%�'(!�#P�$��.">%#:�B'('(#�:�>#*#��%!L> ;,!���� T.�q>%#�''9��%�6#��!#*!��%-�#/. >��%#�%,!o! � ;�'(#��(�%!�.*,BCu�5�%-�!
'&�$�$� 9,����!1#�& �.1 �M>+ ;�%-�!R��! � �DRi�����%�6#���;��%#�%�'(!�# ��#�� >%�B>%�$>�#�& n �.1 � A3�$� �&��%�'(!:>+ �3 5 6�787�796:3 �  ,!)���7-
:��(� -S� -�!�>7��#<!K.�#�#+�$�(�+#�&������%�(#�� >}; � /$��5
6�787�7967� � 67, 4@-�!2��! � �(Ri�����%�(#��B;��%# %�'(!�# 9 >%!:>1#���''�
%��(�,�$� ����#�� >%�%�7�$�(�/�$> :�-��'�7-H�$� !1!��$��#>.�!�.O�(�:�L>%!���#�&�%,�(>%�'� ;,!��,�$'(�(� & 9��$��� �(#�� >'& q ^ � q ` */-�#�:@!�A�!��+ 
&A#���>%�'#�;�'(�'���6� �� :@!89 > 9,�$'(''�+#���''�<�7�$'6�+��%,#�9��T�4>%�6�$��'(!8%,��>%���8;,!��,�$'(�(��&)9��$���%�(#��(& �(��:9-��'��-O�%-�!
;,!��,�B'(�(�e> ��#��%!:> &?#��8�$'(' ;;#->$>%��%�'(!<;,�B�(�$>R#"& A$�$''9�!:>2�*>K!��$��#>.�!�.*, P >2�(� �%-�!<.�!ST,���6�%�(#��5#"& 1 &A#��
��+ �M>QV 1 !����%�(#�� ;.,GF$, P /  %7��> 9$#�#<�6�$��#�A�!���$'('7;,�$�(�$>z#"& ��>$> �'����!�. A3�$'�9�!:>+ ��h> ��#��%! &?#���B��� ;,�$�%�%�&�B'
#����# #<;�'(!�� !G��>N>%�'���$#*!��>� �)�$��%,! �)�$''��9�'&�B�%!�.*,

4Q-�!W'6#��)�$' > !)�$� �7-�#<!�� -�#>. > :@!��#�� >%�(.�!�� &A#���>%#�''A>�6�$�1�%-�!@��! � �DRi�"���%�(#�� ;��%#�%�'6!�# �$�%!@�(� > ;��(�%!�.
%7�8� -�! A�!�� ��> 9$����!:>$>(&)9�' n R�#�;��	! � �7-,�$�$��!T-�!�9��%�*>%� �'�:> &A#��z�%-�!T�%��� A�!�'(�6�$��>��B'(!:> #+�$� ;��%# %�'(!�# V 4 1 �
&A#���>%-�#��%� / V ? �(�:�$��. �T!��%���'��-,�$�#P�M � F�* = !��(��!�'6�BP�M�M�; / , = !��)�B'(' �%-,�$�@�%-�! 4 1 � ��>��E>W#���!1�%# T,��.
�">%-�#��%�%!:>%� ��#�#�;�'(!��%!0� #�9��2#�& � ���%#�9$;=#�&8���(�%�(!:>+ :�-�!�� !:�%-�!+.��*> ���$�$��!�%,!��(:@!�!��C!)����- ���6� � �*>
�/��# :9�*, 4 �7;��'�)�$'('��� ��%-�!�.��B>%���$�$��! %,!��(:@!�!��<���6�%�(!:>�B>>���'A�!��<��>W�B� �*) � #+�$�%� � � #�&���#��%R���!��>�$� �'A�!
�79$#�%,!��$>  �B��.+�%-�!8;��%#�%�'(!�# �*>@�%# T,��.S� ;;!�� #�9����$� �(#��0#�&��%-�!8���(�%�(!:>@�%-,�B� #*�(���'#*�6��!:>	�%-�!1�%#����B'
> 9$# #�&��%-�!0.��B>%���$�$��!:> %,!��(:@!�!��C�$. L��"��!��>� ���(�%�(!:>.V��$��.5�%-�! T,�$>%�2�$��.='&��>%�8���(� �(!:> / , : �'��9�� ! ;., �
���'A�!:>Q� ;��%!����*>%!K.�!:> ���%�';��%�6#��<#"&��%-�!8;�� #�%�'(!�#B,

4Q-�! 4 1 � �)�$� %;!+�%-�#�9$��-/�2#�&R��>0� ��+ � %7�=�%�%!)�$�%�6�$�:�%-�!+.��*> ���$�$��!:>�%;!�� :@!�!�� ���(� �(!:>0��>
;,!��,�B'(�%�(!:>+,.4Q-�!8� #����$'4;,!��,�B'(�(��&?#��1�$�7�+'(�*>%�9#�& ���6�%�(!:>T�*>��%-�!�> 9$# #�&�$'('��%-�! ;;!��,�$'(�%�(!:> %,!��(:@!�!��
�$. L7����!��/�;,�$�(�$>@#�& ���(�%�6!:>+ /� ,J!�,�� &z�%-�!1#��%.�!��%�6�$�0�*>�+-, I 6., ( 6.,85
6., �#/  �%-�!1�%#����B' ;;!��,�$'(�(�*�*>

4 1 �C�%#����$'4;,!��,�$'6� �2� � V�, I 6., ( / � � V0, ( 61,85 / � � V�,85g61, ��/ � � V�, � 6., I /

4@-�!0��! � �DRi����� �(#�� ;��%# %�'(!�# �*> A�!�� �K>%��#<�('4�$���%#O�%-�!�4 1 �  �%-�!0!:>N>%!��>� �&�$'z.�� H�!��%!��$��!�%;!��(�$�V�%-,�$�
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 �����!�����
	�� ���� �}� ����	
C > 1 4 P > �� O0P T,���(�%!c> !�� p � / ,85�6., � 6�7�78796.,��86V#�&�� ���(�%�(!:>��. ���%.��B>%���$�$��!��D�)V�,>j96., � / ��� �&A#��1!)���7- ;,�$�(�T#�&���(�%�(!:>�,>j96., �0� p  ��$��.D��%;#�9���. � ��� � V):�-�!��%!�� � .�!���#��%!:>1� -�!�;,#-> �(�%�'A�!
�(�/�%!���!��$> / ,��� ��1 4 C +B> O CF>�� -�!��%!R���%�%# 9����2#�&��$'(' �%-�!8���6�%�(!:>�#�& p -,� A>�6�$�8� #����$' '(!��$��� -<��#�#*#��%!T�%-,�$�!�� 
�%-,�$�@�*>  ,�$�+#��%.�!�� �(�$�(+ ,�� � 5"! 61,��#� � ! 6�7�78796.,�� � �$! / #�& p > 9$�7-+�%-,�$�

% ��&�5�
j('A5 �)V�, �#� j(! 6., � � j � 5)! /"* � �)V�, � � �$! 6., �#� 5)! /$+ �-,

: �'� 9��%!B;., ��O 1 ;,!���� T.�)�B�%�(#��O#�&�� -�!1�%��� A�!�'(�(�$�L>��$'(!:> #H�$��;��%#�%�'6!�# V @ �$�%!��+�$��.�.>#�-�� >%#�� P�M � M / ,
�%-�!*�%#����B'>;,!��,�B'(�(�5�*> �)�B''��9�'&�$�%!�.=�(�C�O.�� H�!��%!��>� :��+��, C��C� -�! 4 1 �  ��%-�!*�%#����B' ;,!��,�$'(�(�5#"&G�$�
#��%.�!�� �(�$�<#"& ���(�%�6!:>��*>1� -�!�> 9$# #�&W�%-�! ;;!��,�$'(�%�(!:>1#"& #T_"/�# � + � ! ���(�%�6!:>+ .:9-��('(!R�6�S� -�!0��! � �(Ri�����%�(#��
;��%#�%�'6!�#U�%-�!1�%#��7�$'4;,!��,�$'(�(�*�*>@�%-�!�> 9$#U#�&z�%-�!8;,!��,�$'6�%�(!:>�#�& #T+�+X( #2$L&:% #�& ���6�%�(!:> O

> ! � �DRi����� �(#��+�%#��7�$'.;;!��,�$'(�(� � � V�, I 6., ( / � � V�, ( 6.,85 / � � V�,85
6., �
/ �
� V�, I 6., 5 / � � V�, ( 6., � / �
� V�, I 6., ��/

4@-�!�4 1 �;R��%#�9��1�%! J79��(�%!:>1����#�����!����%�(#�� %;!��(:W!�!��V�%-�!�>%�7�$�%�%�(�$�*�$��.V!���.��(�$�����(�%�(!:>T#�&@�%-�!2�%#�9��+ 
%$9��@�%-�!T��! � �DRi�"���%�(#���;�� #�%�'(!�# #���''�2�%! J79��(�%!:>�� (�#*! ;�&A�%#�# �%-�! T,�$>%� ��#>�$'�� #8� -�!�'&�(>%� ��#>�$'t*��%-79 >
�%-�! T,�N>%�R'(�6��!8#"&Q� -�!0��! � �(Ri�����%�(#��V�%#����$' ;,!��,�B'(�(�K> 9$# �*>8�$'�#<#-> ���%-�!4>��"#<!0��>K�%-�!�4 1 � �%#����B'
;,!��,�B'(�(�<�)�$'���9�'&�$�%�(#��*,

4Q-�!54 1 � ;;!��,�$'(�(��&)9��$���%�(#��O�*>��6�,�$.�! J�9,�B�%!8&A#��T#��%.�!��%�(�$�+�����%�6#�� > %;!��)��9 >%!2�(�T#���''�:��>N>%�'��� >
�	;,!��,�B'(�(�	&?#��+# 9��DR�#�& R�#��%.�!��+�����%�(#�� >*�%-,�$�:�B�%!S�$. L7����!��/�+�%#=!)����- #��%-�!��+, : #��*! � ��#�;�'(!� :@!
:@#�9�'(. :Q�B�>�T�%#:��>$> �'���S�o-��'��-B;;!��,�$'(�(��&A#��T!)�$�%�(�$�+�$�5��;$;�'(! %,!�&A#��%! ;,#->$> !:>$>%�(�$�*�(�+, 4Q-�! 4 1 �
;,!��,�B'(�(�8&)9��$���%�(#���:@#�9�'6.8#���''�8��>N>%�'���2�8;,!��,�B'(�(�R� &������%�(#�� +�# ! � #:(T(�+ + :Q�(>*&A#�'('(#�:@!�.R��#<#*!�.��&�$�%!�'��
%7� ] +�! � #:(T(�+,+ , �9#�:W!�A�!��+ ��#!;;!��,�$'(�(�B:W# 9�'(.B%,!+��>$>%�'����!�.5�%#+�%-�!<�"���%�(#��l> ! J�9�!��$��! +�# ! � #:(T(�+ +  
!4��$�_T_�+,+ � ! ; b*,�):%  ]*+)! � #:(T(�+ + ,�4@-��B>R�*>8��'(!)�B�%''�!9��,�"����!�;�����%�'(!� >%#:�%-�! ;,!��,�$'(�(� & 9��$���%�6#��B&A#��1�%-�!
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@ �'A�!�� O �5�����%�6#�� >+ � � /! z5g687�7�7>6" � 6
n A$�$�%�&��%�'6!:>W� # T,'('  P + n + �
� ;,!��,�B'(�(��&)9��$���%�(#�� � V# %$�6� '& /
	 9X�%-,�$� ���'A�!:>9�%-�!8;,!��,�$'6� � &A#��
 ($ ��# #<�(�$� %;!�&?#�� !� '&

: �6��. O � P E P8& 9��$��� �(#��*) O /�P*687�787k6 n 6�+ /�P*687�787k6 � 6R�%-,�$� #*�(���'#*�6��!:>
&4V � / �

� &�5
� j('A5 �

�
� 'zj � 5 � V# -,#� j(! 6� ', � ��! /

: �'��9��%!B;1, ��O 4Q-�!R��! � �DRi�����%�(#���;��%#�%�'(!�#B,
��! � �DRi�����%�(#���;��%#�%�'(!�# �*>@.�!:>%������!�.<� #8��>$> �'����;;!��,�$'(�%�(!:> &A#��W�B����;,�B�(�#�&z�����%�(#�� >	�%-,�$�@�$�%!T#�9��#�&
#��%.�!��  ���#�#+�$�%�%!��	-�# : & �$����;,�B�%�@�%-�!��:�$�%!�,

4Q-��*> ��'(#->%! ��#�����!����%�(#���%,!��(:@!�!��+�%-�! 4 1 � �B��.+��! � �DRi�"���%�(#���;��%#�%�'(!�#V>~> 9$����!:>%�$>@�%-,�B�> #�''9%R
�%�(#�� #*!��%-�#/. >8&A#��1�%-�! 4 1 � #H� ��%,!+��;$;��%# ;��%�&�$�%! &A#���> #�''A/�(�$�+�%-�!0��! � �DRi�����%�6#�� ;��%#�%�'6!�# , Cu�
;,�$�%� �'��9�'&�$�+ /'(#7�)�$'�> !)�$� �7-:�$''��#�� �(�%-$#V> &A#��@�%-�!54 1 � ;��%# %�'(!�# �)�$� %,!8�";$;�'(�(!�.+�(�V� & �B�(�%''�0.��6�%!����
:�� �0�%#0�%-�!1��! � �DRi����� �(#���;��%#�%�'6!�# , 1 9$��-V�$''��#�� �(�%-$#V>z'(#># �H�$� ;,�$�6�$>�#�&��"���%�(#�� >��B��.+�%-�!��K> :���;
�%-�!�# �"����#��%.��(�$�5� #l>%#�#*!<-�!�9�� �*>%�%�'����� �(�%!��%�&� , P ���%�(#��7> :���; > &A#�� # �%-�!S�B�%#�#*�'�<�$''��#��%�(�%-$#*�'�
>%�%!�; >  �%;!��(:W!�!�� :�-��'�7-D�%-�! A3�$�%�4��%�'(!:>8�B�%!<�$'':�� �E>&)9�'(''�V�(� >%�7�$�>� �&�$�%!�.* �>%#O�%-�!+�$''��#�� �(�%-$#V>�)�$�
%,!*�(�/�%!��%� 9$;�� !�.D�$�8�B''#<#Y>%�G�B���V�(� >%�7�$�>�  4#H� �/�(�$�+�%-�!�# �,�$� 9����B' # � C*!�$�, + ;��%#���!�.$9�� !:>+, P '*>%#. 
� &��!�:������%�(#�� >��$�%!2�$.�.�!�.:#��T�%!�#*#�A�!�.* /#���� -�! ��#>�B'4& 9��$��� �(#�� & �7-,�$�$��!:>+ ;�%-�!2�$''��#�� �(�%-$# �)�$�
��#��/�%�(�79�!1�,�$� 9����B'(''�� �:9�(�%-�#�9�����!���!:>N>��$�%�('��0��!�!�.��(�$�*�%#<��%�� 9$;�� ''���7-,�$�$��!R�6�$> %,!�-,� A>�6#�9��+,

: ����9��%!#;1, � .�!ST,��!:>O�%-�!V��! � �DRi�"���%�(#�� ;��%#�%�'6!�# ��>:�	��#�� >%�%���$�6�>�0# ;��%�'#*�6�)�$�%�(#�� ;��%# %�'(!�#
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Goal Selector

Goal Orderer

(working memory)
CSP variables

Goal Pool

V1 V2 V3 V4 V5 V6 V7
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� � 9$, � 9 9$, ;$N 9$, R�F 9 , 9&P 9$, R�; 9 , P ; 9$,GR �
 � 	 P�, 9*9 9$, 
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 , 9*9 P�P�M$, 9*9 P�R � , 9*9 P�P 9$, 9*9
# �$� P�N � , 9*9 P�N 
 , 9 9 P�N � , 9 9 P 
 P7, 9*9 P 
�
 , 9*9 P � 9 , 9*9 P�N � , 9*9

	�������" ;$M$, 9 9 ;�;., 9 9 ;&M$, 9*9 ;$N$, 9 9 ; � , 9*9 ;$R , 9*9 ; � , 9*9
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 , M�F P ; � , � P P�F � , N 
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 N 
 , N 
 ; 
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��� � 
 , N 
 
 , F�R 
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 , � � � ,GN�R 
 , � F � , R*9
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|'}�~�YGZtq2\'YGZ�l7HMq2ZVZVl-r
~ }�HMq2Z�ZVlNr
�N}�~�YGZtq2\'YGZ�l F�Z2u�Y4t�qGgh�i[-Y��dq2ZVZVl-r
�N}�~�YGZtq2\'YGZ�l1qP[BWmWfaGZ Z o#W
� }&F7Ztu�Y4t�qGgh�i[-Y HMq2ZVZ�lNr
 }0qP[]WmW'aGZ Z o#W

: �'��9�� !�;., P�R O �	# � ;�'(#��$> &A#��<� -�!:�%#�; �%-��%!�! ��'&��>$>%!:>*#�&8�$'���#��%�(� -$#f>+, 4@-�!V��#�� �7- �(� �%-�!!%;# ��%!�;��%!:> !��>�$>1� -�! #*!)�$� ;,!��,�$'(�(�O.�!����%!)��>%! &A#��T�%-�! P 9*9*9o� 9�� >8:��6�%- ; 9<�"���%�(#�� >+ 4:9-��('(!R� -�!8!���. >
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OQ[-,XW%.e^ h26+µ3´87Z°"¾_¹|·o¹,Â"º�²pÀoÁJ¹:±8½ ²,ºo· ´0¶VÉh´0¸o¶Vºo¯Jºo¾|ÁJµ1»A´PÄ
/ P%0NW ^ h�9HµP²@®"3

�$®oµ3ÉY·o¹�´V®o¯J°w²,ºo·
°0´V¯JÁJÁKµ3ºo·
¸o³iÁJ¹B°0´LÄ;:Nºo±3µh²,¾�²,¯xºT¿T´0®oµ3ÉY°0´8²@ºo· ´V®o¯Jºo½�¯xºo¾ ²,À~¹B¸o´sÂ"®�²,´n´0¹ ·o¹
ºoµ��o´z²,ºo·��q¶0É:¾BÃBµN°8²LÉ�° h
# T9P%$9c=W'&)(5<

OQ[-,XW%.e^ h#L=7ZÈ ºo¹_´"®�²LÃ�¯Jºo¾=È|¸o±8®�ÁJ¸o±1½�Ä?>d®o¯x±8® Â"²LÉ|·o¹|ÉB¹_¸ ´0®o¯Jºo½�ÂOµs°V®o¹B¸oÁJ· ¾B¹@
/ P%0NW ^ h#*NÁJ¶0¯x¾B®�´L¿�Áxµ3´87Z°$´0¶0É|´V®o¯J°"Â"²LÉBÄ

L`º�µP²,±1®h¹@»�´V®oµ"´0®o¶0µ3µNµ�� ²@Èh³oÁJµ3°L¿,Â"®o¯J±1®hÂ$µ"´0¶VµP²,´H²,°H´V®o¶0µ3µz°Vµ3³�²,¶8²,´0µf·o¯�²,ÁJ¹B¾_°P¿�T¶VÉ�¾BÃ_µ"®�²,°H´1²,½Bµ3º
´0®oµp¯Jºo¯J´V¯�²,´0¯JÃ_µz´0¹�°0³~µP²,½�Ê�¶0°0´PÄsÅ:´8²@¶0´0¯Jºo¾h²@º�É ±3¹Bº:ÃBµ3¶0°1²,´0¯J¹Bº ¶VµBA�¸o¯J¶Vµ3°P¿�²@´zÁJµP²@°0´P¿o´0®�²@´z¹Bºoµ|²,¾_µ3º�´
È ²,½Bµs²|·oµ3±3¯J°V¯J¹Bº ´0¹�À�µ3¾B¯xº�°0³~µP²,½�¯xºo¾�¿�²,ºo·ÇÂOµnÂ"¯JÁJÁ+¶0µ1»Aµ3¶N´0¹|´0®o¯J°f·oµ3±3¯J°0¯J¹BºY²,°"´0®oµp²,¾Bµ3º:´%6?>/@ A ;SC
6DC�J A ; A 69A?>69ADEHJ�6+F�EHGDJ�>/@M¿,¹_¶P¿BÈ�¹B¶0µ$³o¶0µ3±3¯J°Vµ3ÁJÉB¿:´8²,½:¯Jºo¾s´0®oµ"¯Jºo¯x´0¯�²,´0¯xÃBµH´0¹n´8²,½BµN²s°0³~µP²,½�¯xºo¾w´0¸o¶0ºTÄ)L[º
´0®oµNµ�� ²@Èh³oÁJµ3°L¿B¯J´u¯J°$³�¹B°0°V¯JÀoÁJµN´0®�²,´ f ²,·o¾_µzÈ�¯J¾B®:´K°0´8²,¶V´K´0¹p°0³�µP²,½�²,´$´0®oµz°1²,Èhµf´0¯JÈ�µ�²@° �q¶0É:¾BÃBµBÄ
L`º�´0®�²,´|±P²@°0µB¿"²!��¹:¹B¶E¼`À�²,´0´VÁJµ Â$¹B¸oÁJ·^¶0µ3°0¸oÁx´P¿O²@ºo·�´0®o¯J°=±3¹BºM��¯J±3´=» ¹B¶=´0®oµ�±3¹Bº:ÃBµ3¶0°1²,´0¯J¹Bº�²@Ád��¹:¹B¶
Â$¹B¸oÁJ·pºoµ3µ3·�´0¹wÀ~µ"¶0µ3°0¹BÁxÃBµ3·JI`Å:µ3±3´0¯x¹Bº �oÄ��oÄ��LK3ÄeL`ºNMs¯�²,ÁJ¹_¾
��O +z²,ºo·;Ms¯�²,Áx¹B¾
��OQPo¿�q¶0É�¾_ÃBµz²,ÁJ°V¹s´8²,½Bµ3°
´0®oµsÁJµP²@·h¯Jº�·oµ3±3¯J·o¯Jºo¾=Â"®o¯J±1®h°0´V¶0µ3µ3´$´0¹p´0¸o¶0º�·o¹MÂfºT¿�Ào¸o´f¯JºRMs¯r²,ÁJ¹B¾���O��o¿_®oµs¯Jºo°0´0µP²,· ²,°0½:° f ²,·o¾Bµ
´0¹pº�²LÃ�¯x¾�²,´0µBÄX*zÁJ¹_ºo¾|Â"¯J´0®�´8²,½:¯Jºo¾n´0®oµs¯Jºo¯J´0¯r²,´0¯JÃBµf´0¹p°0³�µP²,½+¿=�q¶0É:¾BÃBµN®�²,°$´8²,½Bµ3º ´0®oµs¯xºo¯J´0¯�²,´V¯JÃBµ$¯Jº
¹/.Tµ3¶0¯Jºo¾ f ²,·o¾Bµs´V®oµs¶0µ3°0³�¹_ºo°0¯JÀo¯JÁJ¯x´mÉ�» ¹B¶$·oµ3±3¯J·o¯xºo¾hÂ"®o¯x±8® °0´V¶0µ3µ3´$´0¹|Â"²,ÁJ½|·o¹,Â"ºTÄ
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� ¹B´0µ=´0®�²,´p´0®oµ3°0µ ²,¶0µ�´EÂO¹Ç°0µ3³�²,¶8²@´0µh¯xºo°0´8²,ºo±3µ3°n¹,»z¯Jºo¯J´V¯�²,´0¯JÃ_µ1¼`´8²,½:¯Jºo¾�Ä f ²,·o¾Bµ ²,±3±3µ3³o´0°p´0®oµ
¶0µ3°0³~¹Bºo°0¯JÀo¯xÁJ¯J´EÉY´0¹�È ²,½Bµ|´V®oµhºoµ��o´��0·o¯J¶0µ3±3´0¯x¹Bº:¼`·oµ3±3¯J°0¯J¹_º���¿eÀo¸o´�²@´�ºo¹Y´0¯xÈhµp·o¹:µ3°|°0®oµ�´8²,½Bµ�´0®oµ
¯Jºo¯J´V¯�²,´0¯JÃ_µs´0¹h°V³�µP²,½Ç¹B¶s´0¹�È�²,½_µ�²�·o¯J¶0µ3±3´V¯J¹Bº:¼`·oµ3±3¯J°0¯x¹BºTÄ��Hµ3±P²@¸o°0µ|¹BºoÁJÉ��q¶0É:¾BÃBµp®�²,°s³~µ3¶E» ¹_¶0Èhµ3·
¯Jºo¯J´V¯�²,´0¯JÃ_µ1¼`´8²,½:¯Jºo¾|²,±3´0¯J¹Bºo°L¿+ÂOµp±P²,º °8²LÉ ´0®�²,´%�q¶0É�¾_ÃBµp¯J°sÀ�¹B´V® ¯xº ±3¹_º�´0¶V¹BÁ<¹@»O´0®oµ|±3¹_º�ÃBµ3¶V°8²,´0¯J¹_ºT¿
²,ºo·Ç¯Jº�±3¹Bº:´0¶0¹_ÁT¹,»K´0®oµw·o¯J¶Vµ3±3´0¯J¹Bº:¼`·oµ3±3¯J°V¯J¹Bºo°PÄ"Å:¸o³o³~¹B°0µp´0®oµs»A¹BÁJÁx¹MÂf¯Jºo¾p·o¯�²,ÁJ¹B¾p¹:±3±3¸o¶0¶0µ3·Y¯JºÇ³oÁ�²,±3µ
¹,»
Ms¯�²,ÁJ¹_¾ ��O�� h
# T9P%$9c=W'&)(
	

/ P%0NW ^ h26�µ3´zÈ�µzº�²LÃ:¯J¾�²,´VµBÄ�6+µ3´876°"´0¶0É�´0®o¯J°"Áxµ1» ´$®oµ3¶0µBÄ
OQ[-,XW%.e^ h2:N½M²LÉBÄ

5 µ3¶0µB¿ f ²,·o¾BµN®�²,°$´8²,½Bµ3º�À�¹_´0® ´0®oµs¯Jºo¯J´V¯�²,´0¯JÃ_µO´V¹�°V³�µP²,½+¿o²,ºo· ´0®oµs·o¯J¶0µ3±3´V¯J¹Bº:¼`·oµ3±3¯J°0¯x¹Bºh¯xºo¯J´0¯�²,´V¯JÃBµBÄ
L`´fÂO¹_¸oÁJ·�²,ÁJ°0¹pÀ~µw³�¹_°0°0¯JÀoÁJµN»A¹B¶ f ²,·o¾Bµs´0¹=´8²,½Bµd�0¸o°V´"´0®oµs¯Jºo¯J´V¯�²,´0¯JÃ_µ"´0¹|°0³~µP²,½+¿oµBÄZ¾�Ä4h
# T9P%$9c=W'&)(5&

/ P%0NW ^ h � ¹,Â�Â"®�²,´!@
OQ[-,XW%.e^ h 5 ¹,Â ²,À~¹B¸o´"ÁJµ1»A´"®oµ3¶0µ8@

:N¶"°0®oµn±3¹B¸oÁJ·%�V¸o°0´"´8²@½Bµz´V®oµw·o¯J¶0µ3±3´V¯J¹Bº:¼`·oµ3±3¯J°0¯x¹Bºh¯xºo¯J´0¯�²,´V¯JÃBµB¿BµBÄ6¾�Ä4h
# T9P%$9c=W'&)(��

OQ[-,XW%.e^ h#L=7ZÈ ºo¹_´"°0¸o¶0µnÂ"®oµ3¶0µsÂ$µw²,¶0µB¿:ÁJµ3´"È�µN°0µ3µhÄ3Ä3Ä
/ P%0NW ^ h26�µ3´87Z°"´0¶VÉh¾B¹_¯Jºo¾pÁJµ1» ´LÄ

*"´uÁJµP²,°0´u´mÂ$¹s´0®o¯xºo¾B°O²,¶Vµ"¾B¹B¯Jºo¾s¹_ºNh f ²,·o¾_µz²,ºo· �T¶0É:¾BÃBµf´8²,½Bµ"´V¸o¶0ºo°H°0³~µP²,½:¯Jºo¾p¯Jº|´0®oµN±3¹Bº:ÃBµ3¶0°8²L¼
´0¯J¹_ºT¿B²,ºo·�²@ÁJ°0¹s´8²,½_µO´V¸o¶0ºo°H¯Jº=È�²,½:¯Jºo¾N·o¯J¶0µ3±3´0¯x¹Bº:¼`·oµ3±3¯J°0¯J¹_ºo°PÄd�$®oµ3°0µz²,¶Vµ"°0µ3³�²,¶8²@´0µ$³o¶0¹�±3µ3°V°0µ3°P¿:Ào¸o´
´0®oµ3Ép²,¶0µ$±3ÁJ¹B°0µ3ÁxÉw¶0µ3Á�²@´0µ3·w®oµ3¶0µf°0¯Jºo±3µ f ²,·o¾Bµ"²,ºo·_�q¶0É:¾BÃBµO²@¶0µ$¸o°0¯Jºo¾s±3¹Bº:ÃBµ3¶0°8²@´0¯J¹Bºn´0¹s±3¹�¹_¶0·o¯Jº�²,´0µ
´0®oµ3¯J¶f¯Jº�´Vµ3¶8²,±3´0¯J¹_ºTÄ
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�q¸o¶0º:¼`´8²@½�¯Jºo¾f·oµ3±3¯J°0¯J¹Bºo°K²,¶0µ$¸o°0¸�²@ÁJÁJÉNÈ�²,·oµuÀ�Éw²f°0¯Jºo¾_ÁJµO²,¾_µ3º�´P¿LÀo¸o´e±3¹BÁJÁ�²,À~¹B¶8²,´V¯J¹Bºs¯J°e³�¹B°V°0¯JÀoÁJµBÄ
*Ë¾B¶0¹B¸o³ ¹,»K²,¾Bµ3º:´0°$Èh¯J¾_®�´uºoµ3¾B¹B´0¯�²@´0µt²@ºo· ±3¹BÈhµN´0¹|²,º�²,¾_¶0µ3µ3Èhµ3º:´O²@À�¹B¸o´"Âf®�²,´$´0®oµs±3¹Bº:´0µ3º�´$¹,»
²=´0¸o¶0º�°V®o¹B¸oÁJ·YÀ�µB¿+Ào¸o´N´0®oµ3¶0µnÈ|¸o°0´"À~µ�²@º ²@¾B¶0µ3µ3È�µ3º�´$´0¹ ²,±3´N´0¹B¾Bµ3´0®oµ3¶L¿�²,°N¯c»H´0®oµp³�²,¯J¶"Â$µ3¶0µp²
°0¯Jºo¾_ÁJµ�²,¾_µ3º�´sÈ ²,½:¯Jºo¾|´0®oµp·oµ3±3¯J°0¯x¹BºTÄ���¹_¶sµ�� ²,È�³oÁJµB¿ f ²,·o¾Bµ�²@ºo· �q¶0É:¾BÃBµpÈ�¯J¾B®:´"À�µ3±3¹BÈ�µwÈ�¹B¶0µ
±3¹BÁJÁr²,À�¹B¶1²,´0¯JÃBµf¯Jº ´0®oµ3¯J¶"·o¯x¶0µ3±3´0¯J¹Bº:¼`·oµ3±3¯x°0¯J¹Bºo°Bh
# T9P%$9c=W'&)(��

/ P%0NW ^ h#L$·o¹Bº"76´O½:ºo¹,Âw¿o·o¹|É_¹B¸ ´0®o¯Jºo½�Â$µs°0®o¹B¸oÁJ· ´0¸o¶Vº ÁJµ1» ´"²,¾:²,¯Jº%@
OQ[-,XW%.e^ h�9HµP²,®T¿�Áxµ3´87Z°$´0¶0É|´V¸o¶0ºo¯Jºo¾|ÁJµ1»A´PÄ

5 µ3¶0µB¿ f ²,·o¾Bµ|°Vµ3µ3½�°h²@ºo·g¾Bµ3´V°�²,¾B¶Vµ3µ3Èhµ3º:´w¹Bºi®oµ3¶p°0¸o¾B¾Bµ3°V´0¯J¹Bº
´V¹�´0¸o¶0ºiÁJµ1»A´PÄ >d®o¯xÁJµ|´0®o¯J°p¯J°p²
±3¹BÁJÁr²,À�¹B¶1²,´0¯J¹BºT¿:¯J´NÈ ²,½Bµ3°"°0µ3ºo°Vµ�´V¹h°8²LÉ�´0®�²,´ f ²,·o¾Bµw¯x°z¶0µ3°V³�¹Bºo°0¯xÀoÁJµs»A¹B¶N´0®oµp·o¯J¶0µ3±3´0¯J¹_º:¼`·oµ3±3¯J°0¯J¹Bº
°0¯Jºo±3µ=°0®oµp¯J°s´0®oµ|¯Jºo¯x´0¯�²,´0¹_¶z²,ºo·
¯J°sµ3°V°0µ3º�´V¯�²,ÁJÁJÉ�²@°0½�¯xºo¾ �q¶0É:¾BÃBµp´0¹ ¶0µ3°0³~¹Bºo·
ÉBµ3°s¹_¶sºo¹�Ä��KÃBµ3ºY¯c»
�q¶0É�¾_ÃBµ|·o¹:µ3°|ºo¹B´�²@¾B¶0µ3µ�Â"¯J´0®i®oµ3¶p°0¸o¾B¾Bµ3°0´V¯J¹BºT¿ f ²,·o¾_µh±P²,ºi°0´0¯xÁJÁH½Bµ3µ3³i¶0µ3°0³~¹Bºo°0¯JÀo¯xÁJ¯J´EÉ »A¹B¶p´0®oµ
·o¯J¶0µ3±3´V¯J¹Bº:¼`·oµ3±3¯J°0¯x¹BºhÀ~µ3¯Jºo¾�·o¯J°0±3¸o°0°0µ3·T¿ µBÄZ¾�Ä4h
# T9P%$9c=W'&)(	�

/ P%0NW ^ h#L$·o¹Bº"76´O½:ºo¹,Âw¿o·o¹|É_¹B¸ ´0®o¯Jºo½�Â$µs°0®o¹B¸oÁJ· ´0¸o¶Vº ÁJµ1» ´"²,¾:²,¯Jº%@
OQ[-,XW%.e^ h >
µ 7ZÃBµw²,Áx¶0µP²,·oÉ�À�µ3µ3º�´V®�²,´$Â�²LÉBÄ
/ P%0NW ^ h2:N½,²LÉB¿o®o¹,Â ²,À�¹_¸o´"°0´0¶8²@¯J¾B®:´�²@ºo· ´0®oµ3º ÁJµ1»A´=@
OQ[-,XW%.e^ h26+µ3´87Z°"´V¶0Éh´V®�²,´PÄ

:f»h±3¹B¸o¶V°0µB¿ f ²,·o¾Bµ
±3¹_¸oÁJ· ¾_¯JÃBµB¿N¹B¶ �T¶VÉ�¾BÃ_µ
±3¹B¸oÁJ·�´1²,½BµB¿s¶0µ3°V³�¹Bºo°0¯xÀo¯JÁJ¯J´EÉ^»A¹B¶Ç´0®oµ
·o¯J¶0µ3±3´V¯J¹Bº:¼
·oµ3±3¯J°0¯x¹BºT¿oµBÄZ¾�Ä h
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# T9P%$9c=W'&)( �

/ P%0NW ^ h#L$·o¹Bº"76´O½:ºo¹,Âw¿o·o¹|É_¹B¸ ´0®o¯Jºo½�Â$µs°0®o¹B¸oÁJ· ´0¸o¶Vº ÁJµ1» ´"²,¾:²,¯Jº%@
OQ[-,XW%.e^ h >
µ 7ZÃBµw²,Áx¶0µP²,·oÉ�À�µ3µ3º�´V®�²,´$Â�²LÉBÄ
/ P%0NW ^ h2:N½,²LÉB¿o®o¹,Â ²,À�¹_¸o´"°0´0¶8²@¯J¾B®:´�²@ºo· ´0®oµ3º ÁJµ1»A´=@
OQ[-,XW%.e^ h#LO·o¹_º"7Z´"½:ºo¹MÂ�²,À~¹B¸o´"´0®�²@´PÄ
/ P%0NW ^ h 5 È�ÈhÈYÄEÄ3Ä��Z°0®o¶V¸o¾B°��
OQ[-,XW%.e^ h#*zÁJ¶V¯J¾B®:´P¿:ÁJµ3´87Z°$¾B¹|À�²@±8½ ²,ºo· ´0¸o¶0º ¶V¯J¾B®:´PÄ
/ P%0NW ^ h"Å:¸o¶VµBÄ

L`º ´V®o¯J°Y·o¯�²,ÁJ¹B¾~¿sÂ"®oµ3º f ²,·o¾Bµi°0®o¶0¸o¾B°Y°0®oµ^·o¶V¹B³o°Y®oµ3¶
¶0µ3°0³~¹Bºo°0¯JÀo¯JÁx¯J´EÉ�»A¹B¶YÈ ²,½�¯xºo¾^´0®oµ^´0®oµ
·o¯J¶0µ3±3´V¯J¹Bº:¼`·oµ3±3¯J°0¯x¹Bºp´0®�²,´e°0®oµ"³�¹_°0°0µ3°0°0µ3·p³o¶0µ3Ã:¯J¹B¸o°VÁJÉBÄ)*"´K´0®�²,´e³�¹B¯xº�´P¿,µ3¯x´0®oµ3¶K°0®oµ"¹B¶d�q¶0É�¾_ÃBµ$±3¹B¸oÁJ·
³o¯J±1½�¸o³
´V®�²,´s¶0µ3°0³~¹Bºo°0¯JÀo¯JÁx¯J´EÉB¿�²,ºo· ¯JºY´0®o¯J°s±P²,°0µ0�T¶0É:¾BÃBµp·o¹:µ3°sÀ�ÉYÈ ²,½:¯Jºo¾|´0®oµ|ºoµ��o´s·o¯J¶0µ3±3´V¯J¹Bº:¼
·oµ3±3¯J°0¯x¹Bº�IAÂ"®o¯J±1® f ²,·o¾Bµ ²,±3±3µ3³o´0°=KlÄ��$ÁJµP²,¶VÁJÉB¿K´0®oµ ¶0µ3°V³�¹Bºo°0¯xÀo¯JÁJ¯J´EÉY»A¹B¶p´0®oµ�·o¯x¶0µ3±3´0¯J¹Bº:¼`·oµ3±3¯x°0¯J¹Bºo°
±3¹B¸oÁJ· À~µwºoµ3¾B¹_´0¯�²,´0µ3·�À�²,±1½�²@ºo· »A¹B¶0´0®�¯Jº ´0®o¯J°fÈ�²,ºoºoµ3¶$¯Jºo·oµ1Ê�ºo¯x´0µ3ÁJÉBÄ

O#ZN[V���`IPSRUT?VNW T?Vb`�	X^�
�d\I`I[/P��/`

�$®oµnµ�� ²,È�³oÁJµ3°"¯xº�´0®oµn³o¶0µ3Ã�¯x¹B¸o°z°Vµ3±3´0¯J¹Bº °0¸o¾_¾Bµ3°0´s²pÃBµ3¶0É ¾Bµ3ºoµ3¶1²,Á<Â"²LÉ�¹,» ±1®�²,¶8²@±3´0µ3¶0¯433¯Jºo¾=´0¸o¶0º:¼
´8²,½:¯Jºo¾�¿o²,ºo·Ç°0¹BÈ�µs½�¯xºo·o°z¹,»K¯Jºo¯J´V¯�²,´0¯JÃ_µBÄUL[ºY´0®o¯J°"°0µ3±3´V¯J¹BºT¿o´0®oµ3°Vµw¯J·oµP²,°NÂ"¯JÁxÁ�À~µw¾Bµ3ºoµ3¶1²,ÁJ¯433µ3·T¿+²,ºo·
´0®oµ3ºY¯JºYÅ:µ3±3´0¯J¹Bº��oÄ���²|°0¸oÀo°Vµ3´s¹,»H´0®oµ3È�¯Jº�´Vµ3ºo·oµ3· È ²,¯JºoÁxÉp» ¹_¶P¿�Ào¸o´Nºo¹B´NÁJ¯JÈ�¯J´0µ3·�´0¹�¿~±3¹Bº:ÃBµ3¶0°8²L¼
´0¯J¹_º�²,Á+´0¸o¶0º:¼`´8²,½:¯Jºo¾pÂ"¯JÁxÁ�À~µs»A¹B¶0È ²,ÁJ¯433µ3·TÄ

* 698M:�;=< 6?> @BA9;DC7E G/EI6?JIK ¯J°s·oµ1Ê�ºoµ3·
¯JºÇ´0µ3¶0È�°z¹@»O²�°0´8²,´0µ1¼`À�²@°0µ3·�È�¹�·oµ3Áe¹,»$·oµ3±3¯J°0¯J¹BºÇÈ�²@½�¯Jºo¾~Ä
L`º ´0®o¯J°sÈ�¹�·oµ3Á`¿+¹_ºoµ|¯JÈ ²,¾B¯Jºoµ3°N´0®oµp°0³�²,±3µ|¹@»O³�¹_°0°0¯JÀoÁJµ=·oµ3±3¯J°0¯J¹Bºo°s´V¹ À�µ ²�¾B¶8²,³o®T¿+Â"®oµ3¶Vµ|ºo¹�·oµ3°
¶0µ3³o¶0µ3°Vµ3º�´uÂO¹_¶0ÁJ·w°V´8²,´0µ3°P¿B²@ºo·|µ3·o¾Bµ3°H¶Vµ3³o¶0µ3°0µ3º:´H²,ÁJÁo´0®oµ"·oµ3±3¯x°0¯J¹Bºo°K´0®�²@´K±P²,º|À�µfÈ�²,·oµ$¯Jºp´0®oµf°0´8²,´0µ
»A¶0¹BÈ�Â"®o¯J±1® ´V®oµ3É�µ3È ²,º�²,´0µBÄ L`ºi²�°0¯Jºo¾BÁJµ1¼m²@¾Bµ3º�´N°0É:°0´0µ3ÈY¿o¹Bºoµp±P²,º
¯xÈ�²,¾_¯Jºoµs´0®oµ|²,¾Bµ3º:´zÈ�¹,Ã�¯xºo¾
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»A¶0¹BÈ °0´8²,´Vµs´0¹p°0´8²,´0µB¿:À~µ3¯Jºo¾|¯Jº µ���²,±3´0ÁJÉ�¹Bºoµs°0´1²,´0µs²,´z²,º:Éh¹_ºoµs´0¯JÈ�µBÄNL`ºY²nÈ|¸oÁJ´0¯c¼m²@¾Bµ3º�´u°0É:°0´0µ3ÈY¿
Â$µz¯xÈ�²,¾_¯Jºoµ"²w°Vµ3´H¹,» ²@¾Bµ3º�´V°H¾B¹B¯xºo¾s»A¶0¹BÈ °0´8²,´Vµ"´0¹w°V´8²,´0µB¿_Â"®oµ3¶0µw²,¾�²@¯Jº|µP²,±1®�²@¾Bµ3º�´u¯J°$¯Jº�µ�� ²,±3´VÁJÉ
¹Bºoµs°0´1²,´0µs²,´"²,º�É=¹Bºoµs´0¯JÈ�µBÄU�$®oµs°Vµ3´"¹,» ²,¾_µ3º�´0°$°0®o¹_¸oÁJ· À�µs¯Jº ´V®oµz°8²@ÈhµN°0´8²,´VµB¿BÀo¸o´"¯Jº ¾_µ3ºoµ3¶8²,Á`¿
µP²,±1®�²@¾Bµ3º�´uÂ"¯JÁJÁ~®�²LÃBµz²s³~µ3¶0°0¹Bº�²@Á�¶Vµ3³o¶0µ3°0µ3º:´8²,´0¯J¹_º|¹,»T´0®oµN°0´8²,´0µ1¼`¾_¶8²,³o®|¯Jº�´0®oµ3¯J¶u¹,Â"ºh®oµP²@·TÄ���®o¯J°
±P²,º ¶0µ3°V¸oÁJ´"¯Jº �0±3¹:¹B¶0·o¯xº�²,´0¯J¹Bº�³o¶0¹BÀoÁxµ3Èh° �~¿�Âf®oµ3¶0µw²,¾Bµ3º:´87Z°$À�µ3Áx¯Jµ1» °s²,À~¹B¸o´"´0®oµs°0®�²@³�µw¹@» ¿o¹_¶O´V®oµ3¯J¶
ÁJ¹:±P²,´0¯J¹_º�¯JºT¿~´0®oµp°0´8²,´Vµ1¼`¾B¶8²,³o®ÇÈh¯J¾_®�´"À~µp¯JºY±3¹BºM��¯J±3´sÂ"¯J´V®�´0®oµpÀ�µ3Áx¯Jµ1» °s¹@»H¹B´0®oµ3¶w²,¾Bµ3º:´0° IA¹B¶N´0®oµ
²,±3´0¸�²@ÁJ¯J´0¯Jµ3°$¹,»K´0®oµn¶0µP²,ÁeÂO¹_¶0ÁJ·%K3Äd*N°N¯Jº�²,º:É °0¯J´0¸�²,´V¯J¹Bº�¶0µ3ÁJÉ:¯Jºo¾|¹BºÇÈ|¸o´0¸�²,Á+¯Jº:»A¹B¶0È ²,´0¯J¹_ºT¿�²,¾Bµ3º:´0°
È|¸o°0´$À~µs³o¶0µ3³�²,¶0µ3·Ç´0¹|·oµP²,ÁTÂf¯J´0®�¯Jºo±3¹Bºo°0¯J°V´0µ3º�´$À~µ3ÁJ¯Jµ1»A°PÄ

�~¹B¶N°0¯JÈ�³oÁJ¯J±3¯J´EÉB¿:Â$µ�Âf¯JÁJÁe¹BºoÁJÉ�·oµP²@Á<Â"¯x´0®Y´0®oµp±P²,°0µpÂ"®oµ3¶0µp´EÂ$¹�²,¾_µ3º�´0°L¿ � ²,ºo·���¿�Âf®o¹�²,¶0µ
´0¶8²LÃBµ3¶V°0¯Jºo¾|²p°0´8²@´0µ1¼`¾B¶8²,³o® ´V¹B¾Bµ3´0®oµ3¶PÄ�>
µp²,°0°0¸oÈ�µs´0®�²,´"´V®oµ3É ®�²PÃ_µsºo¹h±3¹:¹B¶0·o¯Jº�²@´0¯J¹Bº ³o¶0¹_ÀoÁJµ3Èh°L¿
Â"®o¯J±1®�¯J°O²n¶0µP²,°V¹Bº�²,ÀoÁJµz²@°0°0¸oÈ�³o´0¯J¹Bºp»A¹B¶uÈh¹B°V´K´0¸o¶0º:¼`´8²,½:¯Jºo¾n°0É�°V´0µ3Èh°L¿,µ3°0³�µ3±3¯�²@ÁJÁJÉ|±3¹Bº:ÃBµ3¶0°1²,´0¯J¹Bº�²@Á
¹Bºoµ3°u°0¯Jºo±3µN¯J´K¯J°H¸o°V¸�²,ÁJÁJÉp±3ÁJµP²,¶u´0¹sµ3ÃBµ3¶0É_¹Bºoµ"Â"®o¹n®�²,°H´0®oµN±3¹Bº:ÃBµ3¶0°8²@´0¯J¹Bº�²,Á ��¹:¹B¶�IA¯[ÄZµBÄT¸o°0¸�²@ÁJÁJÉp´0®oµ
³�µ3¶V°0¹Bº�°0³�µP²,½:¯Jºo¾KlÄ Å:¸o³o³~¹B°0µs´0®oµs²,¾Bµ3º:´0°$²,¶0µ"À~¹B´0®�¯Jºh°V´8²,´0µ��f¿�²,ºo·�´0®oµNµ3·o¾Bµ3°$µ3È�²@º�²,´0¯Jºo¾N»A¶0¹BÈ
� ±3¹B¶V¶0µ3°0³�¹_ºo· ´V¹ ´0®oµ|³�¹_°0°0¯JÀoÁJµp·oµ3±3¯J°V¯J¹Bºo°P¿����
	��8O8O O��������¿+´0®�²,´s´V®oµ3É�±P²,º
È ²,½Bµn¯Jº��"Ä 5 ¹,Â ·o¹
´0®oµ3Ép±1®o¹�¹B°Vµ"Â"®o¯J±1®|µ3·o¾Bµ"´V¹N» ¹BÁxÁJ¹,Âw¿P¯[ÄZµBÄeÂ"®o¯J±1®|·oµ3±3¯J°0¯J¹_º�´V¹wÈ ²,½Bµ8@�$ÁJµP²,¶0ÁxÉB¿,´0¹sÈ�²@½Bµ$°0¸o¶0µ"´0®oµ3É
È�¹MÃ_µK´0¹s´0®oµ$°8²,È�µHºoµ��o´K°0´8²,´VµB¿ � ²,ºo·�� È|¸o°0´T°0¹_Èhµ3®o¹,Âi±3¹BÈhÈ=¸oºo¯J±P²,´0µK²,ºo·h²,¾_¶0µ3µH¸o³~¹Bº|Â"®o¯J±1®
·oµ3±3¯J°0¯x¹Bº ´0¹|È ²,½BµBÄ >
µs¶0µBA:¸o¯J¶0µs´V®�²,´"µ���²,±3´0ÁJÉ�¹Bºoµs¹,» � ¹_¶�� È�²,½_µz´0®oµn±8®o¹_¯J±3µB¿oÀo¸o´"®o¹,Â�´0®oµ3É
È ²,½Bµ"¯J´u¯J°$ºo¹B´H°V³�µ3±3¯cÊ�µ3·T¿�²@ºo· ¯J°HÁJµ1»A´$¸o³h´V¹�´V®oµ3È ²@ºo·h´0®oµ3¯x¶O°V¯J´0¸�²,´0¯x¹BºTÄU�$®oµ3É=Èh¯J¾_®�´Kµ��o³oÁJ¯J±3¯J´VÁJÉ
±3¹BÁJÁr²,À�¹B¶1²,´0µp¹Bºi·oµ3±3¯J°0¯J¹Bºo°L¿<¹_¶w»A¹BÁJÁx¹MÂ °V¹BÈhµp³o¶0µ1¼`°Vµ3´�³o¶V¹B´0¹:±3¹BÁ`¿e¹B¶s»A¹BÁJÁx¹MÂ ²@º�É
±3¹_È|Ào¯Jº�²,´0¯x¹Bº�¹,»
È�µ3´0®o¹�·o°LÄ���®oµs³o¶0¹�±3µ3·o¸o¶Vµ�´V®�²,´$´0®oµw²,¾Bµ3º:´0°"¶0µ3³~µP²,´0µ3·oÁJÉ=»A¹BÁJÁJ¹,Â�¯x°"´0®oµ3º�´V®o¯J°Bh
� � ²@ºo·�� ²,¶Vµ"¯Jº�°0´8²,´0µ��i²,ºo·�È|¸o°0´K±1®o¹�¹B°Vµ"µ�� ²@±3´0ÁJÉp¹BºoµN¹,»�����	��8O O8O�������s´0¹N»A¹BÁJÁJ¹,Â^´0¹n´0®oµ
ºoµ���´"°V´8²,´0µ��

� � ²,ºo·��h¿�À�µ3´EÂ$µ3µ3º^´0®oµ3Èh°Vµ3ÁJÃBµ3°P¿q±8®o¹:¹B°0µ�¹Bºoµ ¹,»z´V®oµ3È ´V¹ ®�²LÃBµ=´0®oµ ¶0µ3°0³~¹Bºo°0¯JÀo¯JÁx¯J´EÉ�»A¹B¶
°0µ3ÁJµ3±3´0¯Jºo¾n»A¶0¹BÈ�����	��8O O8O���������:´0®oµnºo¹BÈh¯xº�²,´0µ3·h²,¾_µ3º�´"¯x°"°8²,¯J·�´0¹|®�²LÃBµs´V®oµs´0¸o¶0ºTÄ

*f» ´0µ3¶ � ²@ºo· � ´0¹B¾_µ3´0®oµ3¶<È ²,½BµH²NÈ�¹,ÃBµK´0¹s²"ºoµ3Â^°V´8²,´0µB¿L´0®oµ$°0´8²,´Vµ �V¸o°0´KÃM²,±P²@´0µ3·p±P²,ºpÀ�µ$Á�²,À~µ3ÁJÁJµ3·
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²,±3±3¹B¶V·o¯Jºo¾w´0¹nÂ"®o¹p®�²,·�´0®oµz·oµ3±3¯x°0¯J¹Bº:¼`È ²,½:¯Jºo¾s´0¸o¶0º�¯Jº|´0®�²@´H°0´8²@´0µ��:ÂOµf±P²,ÁJÁ�´V®o¯J°H´0®oµN°0´8²@´0µ 7Z°	698M:�;
� >�� J � Ä#LA» � ²,ºo· � ´0¶8²LÃBµ3Áq´0®o¶0¹B¸o¾B®Ç´0®oµw°V´8²,´0µs¾B¶1²,³o®�°0´1²,¶0´0¯Jºo¾|²,´Nºo¹:·oµ ��²,ºo·�µ3ºo·o¯xºo¾�²,´"ºo¹:·oµ
���r¿T´0®oµ3º »A¹B¶sµP²,±1®
ºo¹�·oµ�¯Jº
´V®oµ|³�²,´0®
À~µ3´EÂOµ3µ3º � ²,ºo· ����¿qÂ$µ|±P²,º
¶0µ3±3¹_¶0·
Â"®oµ3´0®oµ3¶n¯J´wÂ"²,° �
¹B¶ ��Â"®o¹�Â"²,°s¶0µ3°V³�¹Bºo°0¯xÀoÁJµ|»A¹B¶s±1®o¹�¹_°0¯Jºo¾�´V®oµ|ºoµ���´pºo¹:·oµh´V¹ ¾B¹�´0¹~Ä_L[ºg¾_µ3ºoµ3¶8²,Á`¿q´0®oµ3¶0µ|¯J°nºo¹
¶0µ3°0´V¶0¯J±3´0¯J¹_º ¹_º
Â"®o¯J±1®g²,¾Bµ3º:´s±P²,ºiÈ�²@½Bµ|²�´0¸o¶0ºi¯Jºg² ¾_¯JÃBµ3ºY°0´8²,´VµB¿<²,ÁJ´V®o¹B¸o¾B®Y¯Jºo·o¯JÃ:¯J·o¸�²,Áu´0¸o¶0º:¼
´8²,½:¯Jºo¾|°VÉ�°0´Vµ3Èh°$È�¯J¾B®:´H°0´0¯x³o¸oÁ�²,´0µN±3µ3¶0´8²,¯xº ±3¹Bºo°0´0¶8²@¯Jº�´V°PÄ ��¹_¶"µ�� ²@Èh³oÁJµB¿:¯Jº ±3¹_º�ÃBµ3¶V°8²,´0¯J¹_º�²,Á+´0¸o¶0º:¼
´8²,½:¯Jºo¾�¿~¯J´N¯J°N¶0µBA�¸o¯x¶0µ3·Y´0®�²,´s´0®oµp´0¸o¶0ºÇÁ�²,À~µ3ÁJ°sÀ�µ3´EÂ$µ3µ3º��d²@ºo· ���<²,ÁJ´Vµ3¶0º�²,´0µB¿~µ3¯J´0®oµ3¶ � � � � O8O O
¹B¶ � � � � O8O8ObÄd�$®o¯J°H¯x°HÀ�µ3±P²@¸o°0µs¯c»T¹BºoµN°0³�µP²,½_µ3¶OÈ ²,½Bµ3°KÈ�¹B¶0µ$´0®�²@ºh¹BºoµN¸o´0´0µ3¶1²,ºo±3µ"¯Jº ²s¶0¹,Âw¿:²,ÁJÁ
¹,»$´0®oµ|¸o´0´0µ3¶1²,ºo±3µ3°w²,¶0µp±3¹B¸oº:´0µ3·g²,°sÀ~µ3¯Jºo¾�³�²@¶0´s¹,»O´V®oµ|°8²,È�µw´0¸o¶VºTÄ�L`º
´0®oµ=·o¯J¶0µ3±3´0¯J¹_º:¼`·oµ3±3¯J°0¯J¹Bº
µ���²,Èh³oÁxµ<¹,»�Å:µ3±3´0¯J¹_º%�oÄQPo¿3´V®oµH·oµ3±3¯J°0¯x¹Bºo°T¯Jºw²$°V´8²,´0µH²,¶VµK´0®oµK°0µ3´T¹,»o³�¹_°0°0¯JÀoÁJµK·o¯x¶0µ3±3´0¯J¹Bºo°q´0®�²,´ f ²,·o¾Bµ
²,ºo· �q¶0É�¾_ÃBµ$±P²,ºp´8²,½BµB¿,²,ºo·|¯J´e¯J°e³�¹B°V°0¯JÀoÁJµu»A¹B¶H²,º:És°0´0¶0¯Jºo¾N¹,»+´0¸o¶0ºpÁ�²,À~µ3ÁJ°<´V¹s¶0µ3°0¸oÁJ´PÄ ��¹B¶K¯xºo°0´8²,ºo±3µB¿
¯c» f ²,·o¾Bµ�¯J°�²@ºgµ��o³�µ3¶0´p¹Bºi´0®oµ�¾Bµ3¹B¾B¶1²,³o®�ÉY¹,» �"²@È|Ào¶0¯J·o¾BµB¿ ��ºo¾BÁ�²,ºo·T¿e´0®oµ3º^°V®oµhÈ�¯J¾B®:´zÈ ²,½Bµ
µ3ÃBµ3¶0É�·o¯J¶0µ3±3´V¯J¹Bº:¼`·oµ3±3¯J°0¯x¹Bºh´V®oµ3¶0µBÄdLA»g�q¶0É�¾_ÃBµz¯x°"´0®oµs¾Bµ3¹B¾_¶8²,³o®:É|µ���³~µ3¶0´"¯Jº �f²,È|Ào¶0¯J·o¾_µB¿ :Nº�´8²@¶0¯J¹�¿
´0®oµ3ºi®oµhÈ�¯J¾B®:´NÈ�²,½_µ�µ3Ã_µ3¶0ÉY·o¯J¶0µ3±3´0¯J¹_º:¼`·oµ3±3¯J°0¯J¹Bº ´0®oµ3¶0µBÄ L[º�Å:¹B®o¹~¿<Âf®oµ3¶0µhºoµ3¯x´0®oµ3¶ f ²,·o¾Bµ=ºo¹B¶
�q¶0É�¾_ÃBµ ®�²LÃBµhÀ~µ3µ3º À�µ1»A¹B¶0µB¿u´0®oµ3ÉgÈ�¯J¾B®:´�²@ÁJ´0µ3¶0º�²,´Vµh´0®oµ3¯x¶|·oµ3±3¯J°0¯J¹_º:¼`·o¯J¶0µ3±3´0¯J¹_ºg´0¸o¶Vºo°P¿H¹_¶�È ²,½Bµ
´0®oµ3È ¯xº�²,º�²,· ®o¹:±w¹B¶"±3¹_ÁJÁ�²,À~¹B¶8²,´0¯xÃBµ$»`²,°0®o¯J¹Bº ²,°"°V¸o¾B¾Bµ3°0´0µ3· À:É�´0®oµwµ���²,È�³oÁJµ3°$¯Jº�Å:µ3±3´0¯J¹Bº�� ÄQPoÄ

� V)T9`BT9PS`BTD. ^

�$®oµp²,Èh¹_¸oº�´u¹,»H½�ºo¹,Â"Áxµ3·o¾Bµs´0®�²,´"²,¾Bµ3º:´0°"°V®�²,¶0µs¯JºM��¸oµ3ºo±3µ3°�A9;=A?69A > 69A5E/JPÄd*N°t²@ÁJ¶0µP²,·oÉ�Èhµ3º:´0¯J¹_ºoµ3·T¿
²Ç°0¯JÈ�³oÁJµ|µ���²,È�³oÁJµ|¹,»z´1²,½�¯xºo¾�´0®oµ�¯Jºo¯J´0¯r²,´0¯JÃBµp¹:±3±3¸o¶0°|Â"®oµ3º�²@º�²,¾_µ3º�´nÀ�µ3¾B¯Jºo°�²�±3¹_º�ÃBµ3¶V°8²,´0¯J¹_ºT¿
Â"®o¯J±1®�ÂOµN¶0µ1»Aµ3¶"´0¹|²,°$´8²,½:¯Jºo¾n´0®oµs¯Jºo¯J´0¯r²,´0¯JÃBµ$´0¹p°0³~µP²,½+Äg�$®oµ3¶0µs²,¶0µNÈ�²@º�Ép¶0µP²,°V¹Bºo°u» ¹B¶$¯Jºo¯x´0¯�²,´0¯xºo¾
²N±3¹Bº:ÃBµ3¶0°8²@´0¯J¹BºNh~´0®oµz²,¾_µ3º�´eÈh¯x¾B®�´qÂ�²@º�´T¯xº:» ¹B¶VÈ�²,´V¯J¹BºT¿3´0®oµ3ÉnÈh¯x¾B®�´qÂ�²@º�´e®oµ3ÁJ³p³�µ3¶E»A¹B¶0È�¯Jºo¾"°V¹BÈhµ
´8²,°V½�¿+¹B¶N´0®oµ3ÉÇÈh¯J¾_®�´U�V¸o°0´sÂ"²,º:´z´V¹ È�²,½_µs°0È�²@ÁJÁc¼`´8²,Áx½�Ä �HÉ:³o¯J±P²,ÁxÁJÉB¿�Â$µpÂ"¯JÁxÁ ²,°V°0¸oÈhµp²,¾Bµ3º:´0°s²,¶0µ
¯Jºo¯J´V¯�²,´0¯Jºo¾ °V¹BÈhµp½:¯Jºo·i¹,»z²,·oÃ�¯x°0¯Jºo¾�¹_¶w´8²,°V½B¼`¹B¶V¯Jµ3º�´Vµ3·
·o¯�²,ÁJ¹_¾�¿<²,ºo·i°0¹ÇÂ"¯JÁJÁu¸o°0¸�²,ÁJÁJÉY®�²LÃBµ|°V¹BÈhµ
±3¹Bºo±3¶0µ3´Vµh¶0µP²@°0¹BºY¶0µ3Á�²,´Vµ3·
´0¹�´V®oµ|·o¹BÈ ²,¯JºÇ» ¹_¶w°0´8²@¶0´0¯Jºo¾�² ·o¯�²,ÁJ¹B¾~Ä���¹_¶sµ�� ²,È�³oÁJµB¿eÅ:Èh¯J´V® µ3´p²,Á`Ä
I�+ � � � K;Iy·o¯J°0±3¸o°0°0µ3·^È�¹B¶0µ=¯Jº�Å:µ3±3´V¯J¹Bº � Ä Í Ks´0¶0µP²@´�±3¹_º�ÃBµ3¶V°8²,´0¯J¹_º�²,ÁH²,¾Bµ3º:´0°|²,°p´0®oµ3¹B¶0µ3È=¼`³o¶0¹,ÃBµ3¶0°L¿
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²,ºo·Ç°0¸o±8®
²,¾_µ3º�´0°f¯Jºo¯J´0¯�²@´0µt²=·o¯�²,Áx¹B¾|Â"®oµ3ºÇ´0®oµ3É À�µ3ÁJ¯xµ3ÃBµw´0®oµ3ÉÇÁ�²,±1½h´V®oµw¯Jº:»A¹B¶0È ²,´0¯J¹_º|ºoµ3µ3·oµ3·
´0¹
³o¶0¹,ÃBµn´0®oµ3¯J¶N´0®oµ3¹B¶0µ3È�°PÄ#�$®o¯J°N·oµ3°0¯J¶0µn´0¹|Ê�ºo·Y´0®oµ��0È�¯J°0°V¯Jºo¾�² �o¯J¹BÈ�° �|²,ÁJ°V¹hÈ�¹B´0¯JÃ,²,´0µ3°"²,ÁJÁq¹,»H´0®oµ
¹B´0®oµ3¶f¯Jºo¯J´0¯�²@´0¯JÃBµ"·oµ3±3¯x°0¯J¹Bºo°"´V®oµw²,¾Bµ3º:´OÈ ²,½Bµ3°$´0®o¶V¹B¸o¾B®o¹B¸o´"´V®oµs·o¯�²,ÁJ¹B¾~Ä

�K¯x¾B¸o¶0µ��oÄ-+ µ���³oÁr²,¯Jºo°$´0®oµs·o¯-.Tµ3¶0µ3ºo±3µsÀ~µ3´mÂ$µ3µ3ºÇ¯Jº�´Vµ3ÁJÁJ¯J¾Bµ3º:´O²@·oÃ�¯J°V¯Jºo¾|²,ºo· ¯Jº:´0µ3ÁJÁJ¯J¾_µ3º�´u±3¹BÁJÁ�²,À:¼
¹B¶8²@´0¯J¹BºÇ°0É�°V´0µ3Èh°LÄ�L`ºo¯J´V¯�²,´0¯JÃ_µwÀ�µ3±3¹_Èhµ3°NÈh¹_°0´z¯xº�´0µ3¶Vµ3°0´0¯Jºo¾�¯Jº K�A � J��/< A ; A 69A?>69ADEHJ�°0É:°0´0µ3È�°P¿~Â"®oµ3¶0µ
Â"®o¹Y½:ºo¹MÂf°wÂ"®�²,´n¯J°p¯Jºo¯J´0¯r²,ÁJÁJÉ ¸oºo½:ºo¹,Â"ºTÄ f ¯-�oµ3·:¼`¯Jºo¯J´V¯�²,´0¯JÃ_µ�°VÉ�°0´Vµ3Èh°s´EÉ:³o¯J±P²,ÁJÁJÉ
²,ÁxÁJ¹,ÂË» ¹B¶n´0®oµ
³�¹_°0°0¯JÀo¯JÁx¯J´EÉ
´0®�²,´P¿�»A¹B¶h²,º:É^³�²,¶0´0¯x±3¸oÁ�²,¶p³o¶0¹B³~¹B°0¯J´0¯x¹BºT¿H¯x´|¯J°�¸oºo½�ºo¹,Â"º�¯c»tÀ~¹B´0® ²,¾Bµ3º:´0°|½:ºo¹MÂ�¹B¶
·o¹
ºo¹B´p½:ºo¹,Â ¯x´P¿K¹B¶p¯c»z¹_ºoÁJÉg¹_ºoµh¹,»s´0®oµ3È'½:ºo¹MÂf°|¯J´ �Kºo¹_º:¼`Èh¯-�oµ3·:¼`¯Jºo¯J´V¯�²,´0¯JÃ_µ�°VÉ�°0´Vµ3Èh°p¸o°0¸�²,ÁxÁJÉ
±3¹Bºo°0´V¶8²,¯JºÇÂ"®o¹h½:ºo¹,Â"°NÂ"®�²,´w²,®oµP²,·Ç¹,»O´V¯JÈhµBÄ���µ3ºoµ3¶8²,ÁJÁxÉB¿�¯c»"²,º ²@¾Bµ3º�´N¶0µP²,Áx¯433µ3°z¯x´z½:ºo¹,Â"°z°V¹BÈhµ
¶0µ3ÁJµ3Ã,²,º:´N»y²,±3´n´0®�²,´s´0®oµ=¹B´0®oµ3¶w²,¾Bµ3º:´s·o¹:µ3°wºo¹B´n½�ºo¹,Âw¿+´0®oµ3ºT¿K²,ÁxÁ<¹B´V®oµ3¶w´0®o¯Jºo¾_°sÀ�µ3¯Jºo¾ÇµBA�¸�²,Á[¿T¯J´
¹B¸o¾B®:´H´V¹w´8²,½_µO´V®oµz¯Jºo¯x´0¯�²,´0¯xÃBµO²,ºo·�±3¹BÈ�È|¸oºo¯J±P²,´VµH´0®o¯J°u½�ºo¹,Â"Áxµ3·o¾BµBÄU�$®o¯x°Hµ3º:´8²,¯JÁJ°$²,´KÁJµP²,°V´H´8²,½:¯Jºo¾
² ´V¸o¶0ºg¯xº
´0®oµ�·o¯�²,ÁJ¹B¾~¿<²,ºo·i³�¹B°V°0¯JÀoÁJÉY´8²,½:¯Jºo¾�²Ç´0¸o¶0º ¯Jºg¹_´0®oµ3¶w´0¸o¶Vº:¼`´8²,½:¯Jºo¾�°0É:°0´0µ3È�°s´0®�²,´n´0®oµ
²,¾Bµ3º:´0°z²@¶0µw³�²,¶V´"¹,»0Ä >d¯x´0® ¶0µ3°0³~µ3±3´z´0¹=±3¹Bº�Ã_µ3¶0°8²,´0¯x¹Bº�²,Á+´0¸o¶0º:¼`´8²@½�¯Jºo¾~¿o´8²,½:¯Jºo¾|´0®oµn¯Jºo¯J´0¯r²,´0¯JÃBµfÂ"¯JÁJÁ
È�µP²,º ´0®�²,´N´0®oµ|²,¾Bµ3º:´"Â"²,º:´0°z´V¹hÈ ²,½Bµw²=³�²,¶0´0¯x±3¸oÁ�²,¶"¸o´0´Vµ3¶8²,ºo±3µB¿~®oµ3ºo±3µ|¯J´"È|¸o°V´"¾Bµ3´N±3¹Bº�´V¶0¹BÁT¹,»
´0®oµs±3¹Bº:ÃBµ3¶0°1²,´0¯J¹Bº�²@ÁS��¹:¹B¶"¯c»K¯J´$·o¹�µ3°Nºo¹B´z²@ÁJ¶0µP²,·oÉ|®�²LÃBµs¯x´PÄ

*Nº ²@¾Bµ3º�´f´0®�²,´Nºoµ3ÃBµ3¶z´1²,½Bµ3°"´0®oµn¯Jºo¯J´0¯r²,´0¯JÃBµNÂ"¯JÁxÁT¹BºoÁJÉ�´8²,½Bµn´0¸o¶0ºo°"¯xº�¶0µP²,±3´V¯J¹Bº�´V¹|´0®oµw´V¸o¶0ºo°
È ²,·oµzÀ:É�´0®oµs¹B´0®oµ3¶z²@¾Bµ3º�´LÄ �~¹B¶$µ�� ²@Èh³oÁJµB¿:¯c» � ²,°0½:° � ² A:¸oµ3°0´0¯x¹BºT¿:´0®oµ3º ºo¹B¶0È ²,ÁJÁJÉ�� Â"¯JÁxÁ�´V¶0É
´0¹ ²,ºo°0Â$µ3¶ � 7Z°�A:¸oµ3°0´0¯J¹BºTÄ L[´sÈh¯J¾_®�´"À~µp¸oºo·oµ3¶0°0´0¹:¹�·Y´0®�²@´P¿�¯xº ²@ºo°0Â$µ3¶0¯Jºo¾|´0®oµ A:¸oµ3°0´0¯J¹_ºT¿ ��±P²,º
²,°0½n»A¹B¶K±3Á�²,¶V¯cÊ�±P²,´0¯J¹_ºo° ²,ºo·=°0¸o±8®T¿:Ào¸o´u¯J´0°H²,±3´0¯x¹Bºo°H²,´H´V®o¯J°K³�¹B¯xº�´$²,¶0µ$ÁJ¯JÈ�¯J´0µ3·nÀ�Ép¯J´0°K±3¹_ÈhÈ�¯J´0È|µ3º:´
´0¹ ²,ºo°0Â$µ3¶0¯Jºo¾ � 7Z°�A�¸oµ3°V´0¯J¹BºTÄ�L[ºg²�È�¯-��µ3·:¼`¯xºo¯J´0¯�²,´V¯JÃBµN°0É�°V´0µ3È ¿~®o¹,Â$µ3ÃBµ3¶P¿~¯J´z±3¹_¸oÁJ·Y®�²,³o³�µ3ºi´0®�²,´
��·oµ3±3¯J·oµ3°s¯J´N®�²,°s°0¹BÈ�µ3´0®o¯Jºo¾|È�¹B¶0µn¯JÈ�³�¹B¶0´1²,º�´$´0®�²@º ²@ºo°0Â$µ3¶0¯Jºo¾ � 7Z°�A:¸oµ3°0´0¯J¹BºY´0¹�°8²LÉB¿+²,ºo·Y°0¹
¶0µ3°0³~¹Bºo·o°wÂf¯J´0® ²NA:¸oµ3°0´0¯x¹BºY¹,»O¯J´V°s¹MÂfºT¿+¹B¶zµ3Ã_µ3ºg²�·o¯J¾B¶0µ3°V°0¯J¹BºÇ¹B¶s¶0µ3´0¸o¶0ºY´0¹�²�³o¶Vµ3Ã�¯J¹_¸o°s´0¹B³o¯J±BÄ
L`ºi²�Èh¯-�oµ3·:¼`¯Jºo¯J´V¯�²,´0¯JÃ_µs°0É�°V´0µ3È ¿~´0®oµp±3¹BÈ�Èh¯x´0È|µ3º:´"´0¹�°0¹BÁJÃBµp´0®oµ=¹MÃ_µ3¶8²,ÁJÁT·o¹_È�²,¯xº�³o¶0¹BÀoÁxµ3È Â"¯JÁJÁ
°0¹BÈ�µ3´0¯JÈ�µ3°"´8²@½Bµ|³o¶0µ3±3µ3·oµ3ºo±3µ ¹,ÃBµ3¶s´0®oµ=±3¹BÈhÈ�¯J´0È=µ3º�´"´V¹ ²,ºo°0Â$µ3¶w² ³�²,¶0´0¯J±3¸oÁr²,¶ A�¸oµ3°V´0¯J¹Bº
¹_¶w´0¹
²,±1®o¯Jµ3ÃBµw²,º:É�³�²,¶0´0¯J±3¸oÁr²,¶$°0¸oÀ:¼`¾B¹�²,Á[Ä

Msµ1Ê�ºo¯xºo¾|¯Jºo¯J´0¯r²,´0¯JÃBµN¯J°N°0¸o¶0³o¶0¯x°0¯Jºo¾BÁJÉ=´0¶0¯J±1½�ÉB¿~²,ºo·�Â"®o¯xÁJµw´0®oµ3¶Vµw¯J°"¾_µ3ºoµ3¶8²,ÁK²,¾B¶0µ3µ3È�µ3º�´$¹BºÇ´0®oµ
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Domain Preference

Domain Knowledge

Intelligent
Collaboration

Intelligent
Advising
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System Knowledge User Knowledge

System Knowledge User Knowledge

�K¯J¾B¸o¶Vµ_�oÄ-+�h L`º:´0µ3ÁJÁJ¯J¾_µ3º�´w²,·oÃ:¯J°0¯xºo¾�ÃBµ3¶0°V¸o°w¯Jº:´0µ3ÁJÁJ¯x¾Bµ3º�´N±3¹BÁJÁr²,À�¹B¶1²,´0¯J¹BºTÄ0�$®oµ|´0¹_³
³o¯J±3´0¸o¶0µ�°0®o¹,Â"°²,º ¯Jº:´0µ3ÁJÁx¯J¾Bµ3º:´�²@·oÃ�¯J°V¹B¶Bhe´0®oµs°0É:°0´0µ3È ®�²@°z²,ÁJÁT´V®oµs½�ºo¹,Â"ÁJµ3·o¾_µw²,À�¹B¸o´f´0®oµs·o¹BÈ ²,¯JºT¿o²,ºo· ´0®oµn¸o°0µ3¶®�²,° ²,ÁJÁ"´V®oµ�³o¶0µ1»Aµ3¶0µ3ºo±3µ3°PÄ �u¹B´0®�´0®oµ�°0É:°0´0µ3È ²,ºo· ´0®oµ�¸o°0µ3¶�½:ºo¹MÂ�´0®�²,´=´0®oµ�°0É:°0´0µ3È ®�²,° ²,ÁJÁ´0®oµ�·o¹BÈ ²,¯Jº�½:ºo¹,Â"ÁJµ3·o¾Bµ I`²,ºo·i¯J°s´0®oµ�µ���³~µ3¶0´=K3¿K²,ºo·
´V®�²,´w´0®oµ�¸o°0µ3¶n¯J°w´0®oµ�¯Jº:»A¹B¶0È ²,´0¯J¹_º:¼`°0µ3µ3½Bµ3¶Â"®o¹�½�ºo¹,Â"°f´0®oµ3¯J¶"³o¶0µ1»Aµ3¶0µ3ºo±3µ3°sÀo¸o´N®�²,°"ºo¹�°0¸oÀo°0´8²@º�´0¯r²,Á+·o¹BÈ�²@¯Jº ½�ºo¹,Â"Áxµ3·o¾BµBÄg* ±1®�²,¶8²@±3´0µ3¶0¯J°0´V¯J±¹,»w°0¸o±1®�²,ºd²@¶0¶8²,ºo¾Bµ3È�µ3º:´|¯J°�´0®�²,´�¹BºoµY°0®o¹B¸oÁJ·�À�µ
²,ÀoÁJµY´0¹i¾Bµ3´ ²
±3¹B¶V¶0µ3±3´�²@ºo°0Â$µ3¶|»A¶0¹BÈ ´0®oµ°0É:°0´0µ3È ´V¹�²@º�ÉNA�¸oµ3°V´0¯J¹Bº�²,À~¹B¸o´"´0®oµs·o¹_È�²,¯xº|À�µ3±P²,¸o°Vµw¯J´"®�²@°z²,ÁJÁ+´0®oµs·o¹BÈ ²,¯Jº=½�ºo¹,Â"ÁJµ3·o¾_µBÄg�$®oµ°0µ3±3¹Bºo·Y³o¯J±3´V¸o¶0µp°0®o¹,Â"°t²@º ¯xº�´0µ3ÁxÁJ¯J¾Bµ3º:´"±3¹BÁJÁr²,À�¹B¶1²,´0¯J¹Bº °VÉ�°0´Vµ3È�huÀ�¹B´V® ´V®oµ�°VÉ�°0´Vµ3È�²,ºo·Y´0®oµp¸o°0µ3¶®�²LÃBµ�°0¹BÈ�µh½:ºo¹,Â"ÁJµ3·o¾Bµ�¹,»s´0®oµ ·o¹BÈ ²,¯Jºg²,ºo·^°V¹BÈhµ=³o¶0µ1» µ3¶Vµ3ºo±3µ3°PÄbL`º�´0®o¯J°p±P²,°0µB¿u´0®oµ�¸oºo¯J¹Bº^¹,»´0®oµp¸o°0µ3¶876°s½�ºo¹,Â"ÁJµ3·o¾_µ�²,ºo·
´V®oµ�°VÉ�°0´Vµ3È 7Z°f½�ºo¹,Â"ÁJµ3·o¾_µ�±P²@º ¯xºo±3ÁJ¸o·oµp´0®oµpµ3º�´0¯x¶0µp·o¹BÈ�²@¯Jº Èh¹:·oµ3Á`¿¹B¶ �V¸o°0´h²Y³�²,¶V´�¹@»t¯J´LÄ *"´p´0®oµ °0´1²,¶0´P¿H²@´�ÁxµP²,°0´P¿K´V®oµ °0É�°V´0µ3È%²,ºo·^¸o°0µ3¶�²,¶0µ ºo¹B´p±3µ3¶0´8²@¯Jº^Â"®�²,´½:ºo¹MÂfÁJµ3·o¾Bµ$´0®oµ$¹B´0®oµ3¶$²,¾Bµ3º:´<®�²,°�IA¹B¶eÂ"®�²,´H²,±3´V¯J¹Bºo°K´0®oµ$¹B´0®oµ3¶K¯x°K±P²,³�²,ÀoÁJµ"¹@» K3¿,²,ºo·|°0¹sµ��o±8®�²@ºo¾Bµ3°±3¹Bºo±3µ3¶0ºo¯xºo¾ �0Â"®o¹N½�ºo¹,Â"°TÂf®�²,´ �N±P²,ºp¹�±3±3¸o¶P¿,¯xºw±3¹Bº:´0¶8²,°V´T´0¹N´0®oµH¯Jº:´0µ3ÁJÁx¯J¾Bµ3º:´<²,·oÃ:¯J°0¯Jºo¾"±P²@°0µ$Â"®oµ3¶0µ°0¸o±1®�A:¸oµ3°0´0¯J¹Bºo°p²,¶0µp°0¸o³~µ3¶���¸o¹B¸o°PÄ f ¯-�oµ3·:¼`¯Jºo¯J´0¯�²@´0¯JÃBµn°0É�°V´0µ3Èh°s²,¶0¯x°0µpÈ�²,¯xºoÁJÉ ¯Jº
´0®oµ=±3¹Bº�´Vµ���´s¹,»¯Jº:´0µ3ÁJÁJ¯x¾Bµ3º�´u±3¹BÁJÁ�²@À�¹B¶8²@´0¯J¹BºTÄ



���������
	�� �� ����	�����������	
�����
�������	�����
��������� �!�����
�"� �BÍ

±3¹B¶0µn¯Jº:´0¸o¯J´0¯J¹_ºo°P¿o´0®oµ3¶0µp¯J°fºo¹ ±3¹Bºo°0µ3ºo°0¸o°s¹BºÇ´0®oµnÊ�ºoµ3¶s·oµ3´8²,¯JÁx°"¹,»H¯Jºo¯J´V¯�²,´0¯JÃ_µB¿�Âf®o¯J±8®Y²,¶0µp¸o°0¸�²,ÁxÁJÉ
·o¯-.Tµ3¶0µ3º:´N» ¹_¶s·o¯-.Tµ3¶0µ3º�´s¶Vµ3°0µP²,¶0±1®oµ3¶0°;I 5 ²,ÁJÁJµ3¶w²@ºo· f ± � ¹,É + ��� � ² K3Ä��$®oµ3¶0µh²@³o³�µP²,¶n´0¹ À�µ|°V¹BÈhµ
À�²,°0¯x±"¶0µP²,°0¹_ºo°KÂ"®�Ép´0®oµ3¶Vµ"¯J°Hºo¹_´KÉBµ3´O²N±3¹BÈ�È�¹BºoÁJÉw²,±3±3µ3³o´0µ3·=·oµ1Ê�ºo¯J´0¯J¹Bº=¹,»T¯Jºo¯J´0¯�²@´0¯JÃBµBÄ �K¯J¶V°0´P¿L¯Jºo¯c¼
´0¯�²@´0¯JÃBµe¯J°<²,ºp²,Ào°0´0¶1²,±3´T±3¹Bºo±3µ3³o´P¿,¯xºw±3¹Bº:´0¶8²,°V´�´V¹z±3¹Bº:ÃBµ3¶0°1²,´0¯J¹Bº�²@ÁP´0¸o¶0ºo°L¿,Â"®o¯J±1®w²,¶0µH±3¹_Èh³�²,¶1²,´0¯JÃBµ3ÁxÉ
µP²,°0É ´V¹|¯J·oµ3º:´0¯c»AÉ IA¯[ÄZµBÄK´0®oµp²,¾Bµ3º:´"Â"®o¹�¯J°"°0³~µP²,½�¯xºo¾h¸o°0¸�²@ÁJÁJÉ�®�²,°z´V®oµ ��¹�¹B¶!K3Ä ��®oµ3¶0µw¯J°L¿�²,Áx°0¹�¿:ºo¹
²,¾B¶Vµ3µ3Èhµ3º:´s¹Bº
´0®oµ=¹Bº�´V¹BÁJ¹B¾B¯x±P²,ÁT°0´8²@´0¸o°w¹,»$¯Jºo¯J´0¯r²,´0¯JÃBµhN°0¹_Èhµ3´0¯xÈhµ3°"¯xºo¯J´0¯�²,´V¯JÃBµ��,È|¯ ��µ3·:¼`¯Jºo¯x´0¯J²,´0¯cÃBµB¿
¯J°u°0³�¹B½_µ3º ¹,»<²,°"²s³o¶0¹B³~µ3¶0´EÉ|¹,» ²�°0É:°0´0µ3È��B²,¾Bµ3º:´��B²,Áx¾B¹,¶0¯J´E®oÈ ¿L²,ºo·h°V¹BÈhµ3´V¯JÈhµ3°e¯Jºo¯J´V¯�²,´0¯JÃ_µ��,Èh¯2�oµ3·:¼
¯Jºo¯J´V¯�²,´0¯JÃ_µ�¯x°w°0³~¹B½Bµ3ºi¹,»z²,°|²,ºg²,Ào°0´V¶8²,±3´wµ3º:´0¯J´EÉB¿eÁJ¯J½_µ�´V®oµh±3¹Bº:ÃBµ3¶0°1²,´0¯J¹Bº�²@Á)��¹�¹B¶L¿<Âf®o¯J±8®^²,¾Bµ3º:´0°
±P²,º
´1²,½BµB¿T·o¶V¹B³T¿Tµ3´0±BÄ0L[´87Z°w¸oºo±3ÁxµP²,¶w¯c»$¯Jºo¯J´0¯r²,´0¯JÃBµn¯J°w°V¹BÈhµ3´V®o¯Jºo¾h´V®�²,´w±P²,º ±3¹BÈhµp¯Jº ·oµ3¾B¶0µ3µ3°P¿q¹B¶
¯J°s²|Ào¯xº�²,¶0É ±3¹Bºo±3µ3³o´P¿+¯ »H¯J´z¯x°t²,ºYµ3È�µ3¶0¾Bµ3º:´"³o¶0¹B³~µ3¶0´EÉ ¹,»O²�°0É:°0´0µ3ÈY¿o¹B¶s²p»A¸oºo·�²,È�µ3º�´1²,ÁTÈ�µ3±8®�²L¼
ºo¯J°0È ´0®�²@´OÈ=¸o°0´KÀ�µsµ��o³oÁJ¯J±3¯J´VÁJÉp³o¶0¹B¾B¶8²@ÈhÈ�µ3·TÄ)> ¯J´0®o¹B¸o´$²p±3¹BÈ�Èh¹BºnÈh¹:·oµ3Á~» ¹_¶H´0®o¯Jºo½:¯Jºo¾|²,À~¹B¸o´
¯Jºo¯J´V¯�²,´0¯JÃ_µB¿B¯J´$¯J°"ºo¹_´"°0¸o¶0³o¶0¯x°0¯Jºo¾p´0®�²,´$´0®oµ3¶0µn¯J°$ºo¹h²,¾B¶Vµ3µ3Èhµ3º:´$¹Bº Â"®�²,´"¯x´OÈ�µP²,ºo°PÄ
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À�µ3´V´0µ3¶s·oµ3ÁJ¯JºoµP²,´Vµ3·g²,ºo·Y¸oºo·oµ3¶0°0´0¹:¹:·TÄ�L`ºg²,·o·o¯x´0¯J¹BºT¿+²�³o¶0µ3±3¯J°0µ�²,±3±3¹B¸oº:´s¹,»O´0¸o¶Vº:¼`´8²,½:¯Jºo¾�²@¯J·o°s¯Jº
´0®oµs°0³~µ3±3¯cÊ�±P²,´0¯x¹Bº�²,ºo·�·oµ3°V¯J¾Bº ¹,»K·o¯�²,ÁJ¹_¾�°VÉ�°0´Vµ3Èh°�I �$®�²,³o´0µ3¶ Í K3Ä

��®oµwÁJ¹B¾_¯J±P²,Á+»A¹B¶0È ²,ÁJ¯J°VÈ »A¹B¶z´V¸o¶0º:¼`´8²,½:¯Jºo¾�¯J°"À�²,°0µ3·Y¹BºY´0®oµn°0¯J´0¸�²@´0¯J¹Bº ±P²,Áx±3¸oÁJ¸o°PÄ L[ºY¯J´0°NÈh¹B°V´
¾Bµ3ºoµ3¶8²@ÁH¶0µ3ºo·oµ3¶0¯xºo¾�¿TÂ$µ|±3¹Bºo°V¯J·oµ3¶|²�°0µ3´w¹,»"¹BÀM�0µ3±3´0°n±P²,ÁJÁJµ3·,>BCJ ; 69E|´0®�²,´w²@¶0µh²,ÀoÁJµ=´0¹�³~¹B°0°0µ3°0°p²
°0¯Jºo¾_ÁJµp¯Jºo·o¯JÃ:¯J°0¯JÀoÁJµp¹BÀM�0µ3±3´�# Iy´0®oµ�����¹�¹_¶ �K3Ä :Nºoµh¹@»O´0®oµh²@¾Bµ3º�´V°P¿+±P²,ÁJÁJµ3·%$�IA¯[ÄZµBÄ��0º�²,´0¸o¶Vµ �K3¿~¯J°
°0³~µ3±3¯�²,Á�²@ºo·�²,±3±3¹_¸oº�´0°�» ¹_¶ �8²,±3´V°K¹,»Tº�²,´0¸o¶0µ ��Ä)*N¾Bµ3º:´�$
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offer(NS,I,EW)

drop(EW,I)

AR

RA

RR

GR

RR

RG

5s

2s

2s

30s

30s
5s

drop(NS,I)
pick-up(EW,I)

offer(EW,I,NS)

pick-up(NS,I)
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SOUTH

EAST

NORTH

WEST
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pause 30s

offer(NS,I,EW)

pause 5s

pick-up(NS,I)

drop(NS,I)

wait for EW
to drop I

pause 2s

North-South

pause 30s

pause 5s

pause 2s

East-West

pick-up(EW,I)

offer(EW,I,NS)

drop(EW,I)

wait for NS
to drop I
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SaturdaySunday Monday Tuesday Wednesday Thursday Friday

SaturdaySunday Monday Tuesday Wednesday Thursday Friday

ENG
200

ENG
200

ENG
200

PHIL
330

PHIL
330

PHIL
330

MATH
251

MATH
251

MATH
251

STAT
220

STAT
220

WRI
100

WRI
100

Master Timetable

Sample Student Schedule

MATH
234 234

MATH
234

MATH

THU: 2pm-3pmTA office hour
W. PodiatrissonTA

FRI: 1pm-2pmLab start/stop times

Lecture start/stop times
M. TorkelsonInstructor
CS100Name

MON:1pm-2pm, WED:1pm-2pm

Sample Course Record
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EV� µ`�HG�|V� N �k~D�D�/�
G�}c���/�6� � ���B�/�I�-�6�k}��V~B�k�c�k�D|V�P}c�-�»�X�D����D}c�I�¸� � �I�V�<�/�I�V�D~D�/~t�»�I�¦���`�k�G�D}c�/�V�l�k�:~D�@|V�-�I�¢~G�/���/~D�G�/�O�dG�|V�
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�c�I�V�¯�HTM���D|V� N ��~D�D�/� G´}c���/�@� � �c�I£I���I�D���D|`�����I�V�¸�/�X�V�D~D���/�I�V�c���k�V�¯�O�k���k���D|V�¸~@�k���¡�`�I~D}��D}c�I�E�³��D�O���D}c�V�
�D|V� N �k~D�G�/� G�}c���/�6� � �c��}�~� |`�k�D��~D�6|V�/�V�V��}c�V���V�D� � �c�/���-�V� �¡�#�k~�� ���������	��
�������
�V�D� � ���/� I 	P�V�D�I�I£��¤���6�-~D�I�E£�
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�O���D�P& X�X � L/£E���V� � ~D�6|V�-�I�P��}c�c�¦�V�/�/���D�����k�I��k�����O�k~D���I�V�o~G�V�6|¹�D}c���/�6� � �c���¯�/�¸�G�/�D�¥¶-�D�O���6|V�/���V�G�@�»�/�D�/�V�/�/~��O�k� � �o�V~G�/�¥�k~�~G�k�»���/�I�V~G�D�6�k}c�-�D~
|V�/�D�I� G�|V� · �D�V�V�/�-� · �6|V�/�V�V�c�I£[�I�o~D�@|V�/�V�V�c���º�I�o~G|V�I�D�O£<}c~ � �k~D�/���I���D|V� N �k~D�G�/� G�}c���/�6� � ���I�
M ~��V}c~D�/�V~D~G�/��}c���D|V�$�D�A`V�O£-~D�V�@|¥�v~D�@|V�/�V�V�c�o}c~��/�D�O���D�/� � ��~D�/�c�/�/�G}c�V���/�I�V�D~G�/~��»�G�I� �D|V� N �k~D�D�/�
G�}c���/�6� � ���3�G|`�k� � �D�O�����V��|`�k�D� �D�D�/°-�V}c~D}c�D� �$�/�X�V~D�D�6�k}��¢�D~4£¢�k�V��~6�k�D}�~j�»���k~�����¢���k�E�D|V��~D�D�V�V�/�-�
�V�D�@�º�/�D�/�V�/�/~��k~0�¯�I~D~D} � �c�I�����I�G���D|`�k�¦�D|V�/�G����}c�c�V�V�/�/���D� � ���I�V� · �D�V�V�/�-� · �@|V�/�V�V�c���`�/��~D�D�V�V�/�-��O�k�@|�~D�/���/~D�D�/�O£V�k~��/�X���`�k�G�/���D����~G}c�V�I�c� N �k~D�G�/� · �@|V�/�V�V�c�v�`�/��~D�/���/~G�D�/�O�
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course offered

teacher
qualifications

teacher
preferences

student demand

Master Timetable

COURSE ADVISOR

STUDENT

Student Schedule

TIMETABLER

D¦}c�I�V�G� EV� µ � 	P�c�-�6�
�V} �k�I�6�k� �»�X�o�D}c���/�6� � ��}c�V����V� �/�I�V�G~D����V�¢}c~G}c�V�`�PG�|V�����k~D�D�/�$�D}����/�6� � �c�
�k�V��~D�D�V�V�/�-��~D�@|V�/�V�V�c�¥�k�G��~D�D�D�V�/�D�V�G�/�)�k~�~D|V�k����}c� D¦}c�I�V�D� EV�R' � G�|V��~D�D�V�V�/�-��~D�@|V�/�V�V�c�¹}c~
�D|V�v�V�D�¢�V�V�/���k�¦�D|V�$}c�-�D�/�6�k�/�G}c�I�$�/�I�c� � � �I�@�k�D}c�I� � �/�j���/�/���D|V�v�/�I�V�D~D�o�k�V�-}c~D}��V��~D�-~D�D�/�(�k�V�¹�D|V�
~D�D�V�V�/�-�O�
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N 7 ��+A5 7 �,H 7 1�� ��1$���E��+,�&1$�41/��+ : �!��( (B�)1$� : ��� �6#/�)�]+E��H ��1���5M�,�&+,+,��12�G�$���,% 7 : �,�,�@"/�����,"/��%�+,��� �.,
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